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Abstract:

Artificial intelligence's (Al) role in dermatology is given in this study. Our conversation centers on technique, Al
applications for different skin conditions, constraints, and potential future developments. We examine the present
image-based models' implementation across disease subgroups in dermatology and draw attention to the obstacles
to their broad use. In order to highlight the significance of creating responsible, just, and equal models in
dermatology, we also go over how Al in dermatology may develop in the future as well as the new concept of
multi-modal models and large language.

Keywords: Artificial Intelligence (Al), Dermatology, Machine Learning (ML), Federated
Learning, Large Language Models (LLM), Melanoma.
What We Already Know:

e The use of artificial intelligence (Al) in dermatology has grown, especially in image-
based diagnosis tools for melanoma, skin lesions, and other dermatological disorders.

¢ In dermatology, machine learning, deep learning, and natural language processing are
often employed artificial intelligence techniques for tasks like text analysis and
categorization.

e Al models have shown promise in increasing the efficiency and accuracy of diagnosis,
especially in areas with limited resources and restricted access to professionals.

What This Article Adds:

e This manuscript highlights recent developments in Al models and methodologies while
giving a summary of the present uses of Al in dermatology, with an emphasis on
dermatopathology, inflammatory diseases, and skin malignancies.

e The essay addresses the difficulties of applying Al in dermatology, including issues
with interpretability, bias, and data quality, and suggests ways to deal with these
problems in the future.
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e It highlights how large-scale models like Federated Learning and multimodal Al, as
well as hybrid human-Al models, have the potential to enhance dermatology's
diagnostic precision and individualized treatment.

1. Introduction

The potential of Al models in medicine has garnered attention due to recent advancements [1].
These models include large language models (LLMs) for text analysis [2], computer vision
algorithms for medical image interpretation [3], and multi-modal algorithms that handle both
text and images [4]. Al algorithms can generate synthetic image data to improve model training
[5, 6], discover new patterns in large datasets [7], and analyze unstructured data like clinical
notes [8].

Dermatology benefits significantly from Al tools due to its visual diagnostic nature and the
growing availability of dermoscopy images, clinical photos, and electronic health records
(EHRs) [9, 10, 11, 12]. Al can help bridge access gaps in dermatology care, especially in
regions with limited specialists [13, 14] and a shortage of dermatologists in the US [15].
However, integrating Al into dermatology workflows remains challenging, and new medical
applications highlight unresolved issues.

This work analyzes Al methods in dermatology, focusing on classifications, training strategies,
and the use of Al in predicting and diagnosing skin disorders. It also addresses the challenges
of explainability, bias, and generalizability in dermatology Al algorithms. Finally, potential
research directions are discussed to improve Al applications in dermatology. Our goal is to
provide readers with a comprehensive understanding of Al's role and developments in
dermatology.

The paper is structured as follows: Section 2 provides an overview of Al, Section 3 details the
methodology, Section 4 discusses applications in dermatopathology, ulcers, inflammatory
diseases, skin cancers, and text-based analysis, Section 5 explores hybrid human-AI models,
Section 6 covers ethical and legal considerations, and Section 7 concludes with future prospects
and key findings.

2. Overview of Artificial intelligence (AI)

Al is divided into two categories: "artificial," meaning human-made, and "intelligence," which
remains debated in terms of its exact definition [16]. Below, we provide a brief summary of
three key factors.

2.1 What is Artificial intelligence (AI)?

Artificial intelligence (AI) refers to machines that simulate human cognitive processes such as
learning and problem-solving [17]. Intelligent agents are systems that perceive their
environment, take actions to achieve goals, learn from experiences, and apply knowledge
flexibly [18, 19].
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ARTIFICIAL INTELLIGENCE

A program that can sense, reason,
act, and adapt

MACHINE LEARNING

Algorithms whose performance improve

as they are exposed to more data over time

DEEP
LEARNING

Subset of machine learning in
which multilayered neural
networks learn from
vast amounts of data

Figure 1: Overview of Artificial Intelligence

2.2 The Evolution of Al in Medicine and Its History:
In 1936, Alan Turing introduced the "Entscheidungsproblem" and "effective calculability,"
laying the groundwork for algorithms [20]. In 1943, the first electrical circuit-based artificial
neural network (ANN) was created [21], and in 1956, Dartmouth College coined the term
"artificial intelligence" [22]. The first ANN-based computer study was completed in 1959 with
"ADALINE" and "MADALINE" models [23]. Al's first medical use in computer-aided
diagnosis came in 1963 for analyzing pulmonary nodules [24]. By 1998, the U.S. FDA
approved the first mammography CAD system [25], followed by Al's use in dermatology with
MelaFindTM for melanoma detection [26]. Deep learning (DL), a subfield of machine learning,
emerged after the 2010s, enabling automatic property extraction from large datasets [27]. Al
in dermatology and medicine has since grown rapidly, with breakthroughs like DeepMind's
protein structure prediction [28] and advancements in generative adversarial networks (Style
GAN3) and computer vision (SEER) to improve AI CAD systems [29]. A detailed timeline is
shown in Figure 1.

First Artificial s Frmtapplied o FormofMachine * First CAD in Dermatology 5 B3¢
neural network computer aided Learning = Emergence of Deep
(ANN) diagnosis % Bamlh = Alpha Fold 2
= Multi layer ANN 9 « Style GAN 3
= Dendral * ImageNet
|
v
= Turing test * Google Brain ??

Proposal of = Emergence of Al MYCIN program * Deep Blue won
algorithm « First Al program human
* First computer * First approves CAD
research on ANN system

e Siri
« Alpha Go
* Deep Mind

Figure 2: Flowchart showing the selection of studies and the literature search
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2.3 Artificial Intelligence Principles:

Al simulates human cognition, with key subfields like machine learning (ML) and natural
language processing (NLP). In dermatology, ML is used for tasks like melanoma diagnosis.
Deep learning (DL), a subset of ML, identifies complex patterns from raw data.

ML includes supervised learning (for image models), unsupervised learning (for pattern
detection), and reinforcement learning (where agents improve through feedback). NLP
combines linguistics and Al to interpret and generate human language. Emerging multimodal
Al models, like Med-PalLM, enhance medical data handling in healthcare.

Supervised Learning Unsupervised Learning Reinforcement Learning

. LS

Deep Learning

5 O
O O

Ogz20
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Health data :‘:"" O %E ayer
O tput Laye

\ g L Hidden Layers

Figure 3: Machine learning classifications: supervised, unsupervised, and reinforcement
learning. Deep learning combines all three using neural networks.
2.4 Relevant AI Concept in Dermatology:
Classical Al research focuses on knowledge engineering and representation [30], with its
structure built on machine learning (ML) and deep learning (DL). Machine learning enables
Al models to improve automatically through experience and historical data [31], while deep
learning uses artificial neural networks (ANNs) to mimic biological neural networks. ANN
performance is influenced by the configuration of its layers and training data [32]. Deep
learning is commonly used for detecting and classifying skin tumors and lesions [33], with
popular models including recurrent neural networks (RNNs), generative adversarial networks
(GANSs), and convolutional neural networks (CNNs) [34].
CNNs, often used in medical image processing, are widely applied in dermatology [35], with
popular architectures like GoogleNet, Inception-V3, and ResNet [36]. The accuracy of Al
models depends on high-quality image datasets, which are crucial for training CNNs [37].
Common dermatology image sets for Al training include ISIC archives, BCN20,000,
HAM10000, and PH2 [38]. Table 1 summarizes Al concepts and elements in dermatology.
Table 1: Key terms related to artificial intelligence (Al) in dermatology

Terms Meaning
Artificial Intelligence (AI) The ability of human-made machines to mimic
natural intelligence, or the intelligence they display.
Knowledge Representation It is the area of artificial intelligence devoted to

expressing world knowledge in a way that machines
can use to resolve challenging problems like making
a medical diagnosis or having a natural language
conversation.
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Feature Learning A group of methods that enable an algorithm to
automatically extract from raw data the shows
required for feature identification or categorization.

Machine Learning (ML) The study of algorithms for computers that
automatically get better with practice.

Deep Learning (DL) A subset of machine learning techniques that combine
representation learning and artificial neural networks.

Supervised Learning It describes the machine learning project of using

sample input-output pairs to learn a function that
translates an input to an output. It uses labeled
training data, which consists of a collection of training
samples, to infer a function.

Transfer Learning A model for machine learning known as transfer
learning enables a model created for one task to be
used for another after being adjusted and enhanced.
Artificial ~ Neural = Networks | Artificial Neural Networks (ANNs), sometimes
(ANNSs) commonly referred to as neural networks (NNs), are
computer systems that are loosely modeled after the
biological neural networks found in animal brains.
Convolutional Neural Networks | CNNs belong to the feedforward neural network class
(CNNs) of neural networks. Their artificial neurons, which are
most frequently used to analyze visual imagery, can
react to a portion of the nearby units in the surface

region.
Generative Adversarial Networks | GANs are an unsupervised learning technique that
(GANs) uses competition between two neural networks to
learn.

3. Applications of Al in Dermatology
Numerous Al has been applied across various dermatological fields, including text-based
analytics, dermatopathology, inflammatory skin disorders, and skin cancers [38]. Recent
developments explore multimodal approaches integrating clinical texts and patient data
alongside imaging, offering new diagnostic insights.
3.1 Malignancies of the skin
Al has been extensively used for detecting and differentiating between benign and
malignant skin lesions, such as melanomas and keratinocyte carcinomas. Esteva et al. used
a dataset of over 100,000 clinical images to train CNNs for classifying melanoma and
benign nevi. Other studies have focused on detecting metastases in lymph nodes using CNN
models with histological tissue samples [39].
3.2 Skin conditions that cause inflammation, such as dermatitis and psoriasis:
Al has also been applied to conditions like psoriasis, dermatitis, and acne. CNNs and deep
learning models have been used to classify skin lesions and predict the effectiveness of
biologic therapies [40]. Additionally, Al models have been developed to forecast treatment
outcomes based on patient demographics and clinical history, enhancing personalized
medicine [41].
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3.3 Assessment of ulcers
Al techniques have been used to classify skin lesions and assess ulcer severity. Recent
studies have explored the use of pixel-level image analysis to evaluate wound edges and
anticipate pressure ulcers, helping clinicians manage wound care more effectively [42].
3.4 Pathology of Dermatology
In dermatopathology, Al is used to support the diagnosis of skin cancers, such as basal
cell carcinoma, and other dermatological diseases. CNNs have been used to categorize
histology slides and assist with melanoma diagnoses [43].
3.5 Text-based analysis and various multiclass categorization
Text-based analysis using natural language processing (NLP) has been employed to
analyze unstructured medical records and social media for insights into disease impact on
patients. These approaches are being applied in areas like patient education, physician
support, and triaging of cutaneous neoplasms.
3.6 Hybrid Human-AI Models
Hybrid human-AI models, combining clinician expertise and Al capabilities, have shown
promising results in diagnostics. For example, a CNN outperformed 58 dermatologists in
diagnosing melanoma, highlighting Al's potential in clinical settings. Studies like those by
Marchetti et al. and Han et al. demonstrate Al's role in enhancing diagnostic accuracy,
suggesting a growing integration of Al in dermatology [44].
4. Al Drawbacks and Ethical Issues for Dermatology
Al in dermatology faces several challenges, including biases in training datasets,
interpretability issues, and regulatory barriers. Datasets often contain confounders, like
surgical markers, that can affect model wvalidity. Biases in datasets, such as
underrepresentation of darker Fitzpatrick skin tones, can lead to inaccurate results [45].
Image quality variability, caused by differences in devices and capturing methods, also
impacts Al performance. The "black box" nature of Al hinders transparency, making
interpretability methods essential [46]. Ethical concerns, such as patient consent, data
security, and responsibility for errors, further complicate Al deployment in clinical settings.
Lack of prospective, multi-site validation limits the generalizability of FDA-approved Al
models, which are often trained on historical data. Maintaining the doctor-patient
relationship and ongoing model testing is crucial for integrating Al effectively in clinical
practice [47].
5. Opportunities and future directions:
5.1 The development of generalist medical AI and LLMs:
Dermatology is exploring large-scale language models (LLMs) and Vision-Language
Models (VLMs), which combine textual and visual data. Models like Skin-GPT4 show
potential in diagnosing skin lesions, while VLMs demonstrate competence in medical
visual question-answering. These technologies could lead to a generalist medical Al,
improving diagnoses and personalized treatments by integrating clinical images, genetic
data, and demographics.
5.2 Local Models and Federated Learning in Dermatology:
Federated learning (FL) allows deep learning algorithms to be trained on decentralized
datasets, preserving privacy while improving model performance. This method can
enhance the generalizability of dermatology models by including diverse demographics
and underrepresented skin types. Localized models tailored to specific institutional needs
could improve accessibility in resource-limited environments.
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5.3 Improvements to Model Architecture and Assessment Criteria

Recent advances in Al model architectures require a broader evaluation framework that

includes clinical relevance, fairness, and subpopulation performance. Dermatologists,

scientists, and patients should collaborate to establish guidelines that balance equity and

performance.

5.4 Utility and Regulation in Environments with Limited Resources
As Al models evolve, strong regulations are needed to ensure safety and trust. Models must
be standardized and validated through rigorous studies to ensure their generalizability and
reliability in diverse settings. Explainability remains a key issue for widespread adoption,
particularly for "black box" models, and addressing this will enhance Al integration in
dermatology.

6. Conclusion

The application of artificial intelligence (Al) in dermatology holds significant potential to
revolutionize patient management, disease diagnosis, and treatment optimization. While
still in its early stages, Al has already shown transformative promise in improving
workflow within dermatology. However, challenges such as ethical concerns, regulatory
hurdles, and the need for diverse, high-quality datasets to ensure fairness and accuracy
remain. The future success of Al in dermatology depends on collaboration between
dermatologists, Al researchers, and policymakers to establish standardized regulations that
prioritize safety, equity, and transparency. With continued development and responsible
integration, Al has the potential to become a cornerstone of dermatological practice,
enhancing the precision and personalization of treatments. The active involvement of the
dermatology community will be crucial in guiding the responsible growth and application
of Al in clinical practice.

Reference:

1. Dorr DA, Adams L, Embi P. Harnessing the promise of artificial intelligence
responsibly. JAMA. (2023) 329:1347-8. doi: 10.1001/jama.2023.2771

2. Rajpurkar P, Lungren MP. The current and future state of Al interpretation of medical
images. N Engl J Med. (2023) 388:1981-90. doi: 10.1056/NEJMra2301725

3. Goh KH, Wang L, Yeow AYK, Poh H, Li K, Yeow JJL, et al. Artificial intelligence in
sepsis early prediction and diagnosis using unstructured data in healthcare. Nat
Commun. (2021) 12:711. doi: 10.1038/s41467-021-20910-4

4. Lee P, Bubeck S, Petro J. Benefits, limits, and risks of GPT-4 as an Al Chatbot for
medicine. N Engl J Med. (2023) 388:1233-9. doi: 10.1056/NEJMsr2214184

5. Moor M., Huang Q., Wu S., Yasunaga M., Zakka C., Dalmia Y., et al. (2023)
‘Medflamingo: a multimodal medical few-shot learner’, arXiv [cs.CV]. Available at:
http:// arxiv.org/abs/2307.15189.

6. Esteva A, Robicquet A, Ramsundar B, Kuleshov V, DePristo M, Chou K, et al. A guide
to deep learning in healthcare. Nat Med. (2019) 25:24-9. doi: 10.1038/s41591-018-
0316-z

7. Bohr A, Memarzadeh K. Chapter 2 — The rise of artificial intelligence in healthcare
applications In: A Bohr and K Memarzadeh, editors. Artificial intelligence in
healthcare. Cambridge, MA: Academic Press (2020). 25-60.

8. Castiglioni I, Rundo L, Codari M, di Leo G, Salvatore C, Interlenghi M, et al. Al
applications to medical images: from machine learning to deep learning. Phys Med.
(2021) 83:9-24. doi: 10.1016/j.ejmp.2021.02.006

1341



QUALITATIVE RESEARCH JOURNAL FOR SOCIAL STUDIES

ISSN Online: 3006-4686, ISSN Print: 3006-4678
Volume No: 02 Issue No: 03 (2025)

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Chen RJ, Lu MY, Chen TY, Williamson DFK, Mahmood F. Synthetic data in machine
learning for medicine and healthcare. Nat Biomed Eng. (2021) 5:493-7. doi:
10.1038/s41551-021-00751-8

Raghupathi W, Raghupathi V. Big data analytics in healthcare: promise and potential.
Health Inf Sci Syst. (2014) 2:3. doi: 10.1186/2047-2501-2-3

Turing, A.M. On Computable Numbers, with an Application to the
Entscheidungsproblem. J. Math. 1936, 58, 5.

Feng H, Berk-Krauss J, Feng PW, Stein JA. Comparison of dermatologist density
between urban and rural counties in the United States. JAMA Dermatol. (2018)
154:1265-71. doi: 10.1001/jamadermatol.2018.3022

Kimball AB, Resneck JS Jr. The US dermatology workforce: a specialty remains in
shortage. ] Am Acad Dermatol. (2008) 59:741-5. doi: 10.1016/j.jaad.2008.06.037
Coustasse A, Sarkar R, Abodunde B, Metzger BJ, Slater CM. Use of Teledermatology
to improve dermatological access in rural areas. Telemed J E Health. (2019) 25:1022—
32. doi: 10.1089/tm;j.2018.0130

Tsang MW, Resneck JS Jr. Even patients with changing moles face long dermatology
appointment wait-times: a study of simulated patient calls to dermatologists. J Am Acad
Dermatol. (2006) 55:54-8. doi: 10.1016/j.jaad.2006.04.001

Daneshjou R, Vodrahalli K, Novoa RA, Jenkins M, Liang W, Rotemberg V, et al.
Disparities in dermatology Al performance on a diverse, curated clinical image set. Sci
Adv. (2022)

Russell, S.; Norvig, P. Artificial Intelligence: A Modern Approach, 4th ed.; Prentice
Hall: Hoboken, NJ, USA, 2020.

Monett, D.; Lewis, C.W.P.; Thorisson, K.R.; Bach, J.; Baldassarre, G.; Granato, G.;
Berkeley, I.S.N.; Chollet, F.; Crosby, M.; Shevlin, H.; et al. Special Issue “On Defining
Artificial Intelligence”—CommentarJohn McCarthy’s Definition of Intelligence.les
and Author’s Response. J. Artif. Gen. Intell. 2020, 11, 1-100. [CrossRef]

Kaplan, A.; Haenlein, M. Siri, Siri, in My Hand: Who’s the Fairest in the Land? On the
Interpretations, Illustrations, and Implications of Artificial Intelligence. Bus. Horiz.
2019,

McCulloch, W.S.; Pitts, W. A Logical Calculus of the Ideas Immanent in Nervous
Activity. Bull. Math. Biophys. 1943, 5, 115-133. [CrossRef]

McCorduck, P. Machines Who Think: A Personal Inquiry into the History and Prospects
of Artificial Intelligence, 2nd ed.; AK Peters Ltd.: Natick, MA, USA, 2004.

Widrow, B.; Lehr, M.A. 30 Years of Adaptive Neural Networks: Perceptron, Madaline,
and Backpropagation. Proc. IEEE 1990, 78, 1415—-1442. [CrossRef]

Lodwick, G.S.; Keats, T.E.; Dorst, J.P. The Coding of Roentgen Images for Computer
Analysis as Applied to Lung Cancer. Radiology 1963, 81, 185-200. [CrossRef]
Lindsay, R.K.; Buchanan, B.G.; Feigenbaum, E.A.; Lederberg, J. Applications of
Artificial Intelligence for Organic Chemistry: The DENDRAL Project, 1st ed.;
McGraw-Hill: New York, NY, USA, 1980.

Gao, Y.; Geras, K.J.; Lewin, A.A.; Moy, L. New Frontiers: An Update on Computer-
Aided Diagnosis for Breast Imaging in the Age of Artificial Intelligence. Am. J.
Roentgenol. 2019, 212, 300-307. [CrossRef]

Gutkowicz-Krusin, D.; Elbaum, M.; Jacobs, A.; Keem, S.; Kopf, A.W.; Kamino, H.;
Wang, S.; Rubin, P.; Rabinovitz, H.; Oliviero,

1342



QUALITATIVE RESEARCH JOURNAL FOR SOCIAL STUDIES

ISSN Online: 3006-4686, ISSN Print: 3006-4678
Volume No: 02 Issue No: 03 (2025)

27.

28.

29.

30.

31.

32.

33.

34.

35

36.

37.

38.

39.

40.

41.

M. Precision of Automatic Measurements of Pigmented Skin Lesion Parameters with a
MelaFindTM Multispectral Digital Dermoscope. Melanoma Res. 2000, 10, 563—570.
[CrossRef]

Esteva, A.; Robicquet, A.; Ramsundar, B.; Kuleshov, V.; DePristo, M.; Chou, K.; Cui,
C.; Corrado, G.; Thrun, S.; Dean, J. A Guide to Deep Learning in Healthcare. Nat. Med.
2019, 25, 24-29. [CrossRef] [PubMed]

Jumper, J.; Evans, R.; Pritzel, A.; Green, T.; Figurnov, M.; Ronneberger, O.;
Tunyasuvunakool, K.; Bates, R.; Zidek, A.; Potapenko, A.; et al. Highly Accurate
Protein Structure Prediction with AlphaFold. Nature 2021, 596, 583-589. [CrossRef]
[PubMed]

Karras, T.; Aittala, M.; Laine, S.; Hiarkonen, E.; Hellsten, J.; Lehtinen, J.; Aila, T. Alias-
Free Generative Adversarial Networks. Adv. Neural Inf. Process. Syst. 2021, 34, 852—
863.

Goyal, P.; Caron, M.; Lefaudeux, B.; Xu, M.; Wang, P.; Pai, V.; Singh, M.; Liptchinsky,
V.; Misra, L.; Joulin, A. Self-Supervised Pretraining of Visual Features in the Wild.
arXiv 2021, arXiv:2103.01988.

Russell, S.J.; Norvig, P. Artificial Intelligence. In The ACM Computing Classification
System 1998; Association for Computing Machinery Inc.: New York, NY, USA, 2007;
pp. 320-363.

Mitchell, T. Machine Learning, 1st ed.; McGraw-Hill Education Ltd.: New York, NY,
USA, 1997.

Yegnanarayana, B. Artificial Neural Networks, 1st ed.; Prentice-Hall of India Pvt. Ltd.:
2004.

. Erickson, B.J.; Korfiatis, P.; Kline, T.L.; Akkus, Z.; Philbrick, K.; Weston, A.D. Deep

Learning in Radiology: Does One Size Fit All? J. Am. Coll. Radiol. 2018, 15, 521-526.
[CrossRef] [PubMed]

Manne, R.; Kantheti, S.; Kantheti, S. Classification of Skin Cancer Using Deep
Learning, Convolutional Neural Networks Opportunities and Vulnerabilities—A
Systematic Review. Int. J. Mod. Trends Sci. Technol. 2020, 6, 101-108. [CrossRef]
Dildar, M.; Akram, S.; Irfan, M.; Khan, H.U.; Ramzan, M.; Mahmood, A.R.; Alsaiari,
S.A.; Saeed, A.H.M.; Alraddadi, M.O.; Mahnashi, M.H. Skin Cancer Detection: A
Review Using Deep Learning Techniques. Int. J. Environ. Res. Public Health 2021, 18,
5479. [CrossRef] [PubMed]

Young AT, Xiong M, Pfau J, Keiser MJ, Wei ML. Artificial intelligence in dermatology:
a primer. J Invest Dermatol. (2020) 140:1504—12. doi: 10.1016/5. j1d.2020.02.026
Alzubaidi, L.; Zhang, J.; Humaidi, A.J.; Al-Duyjaili, A.; Duan, Y.; Al-Shamma, O.;
Santamaria, J.; Fadhel, M.A.; Al-Amidie, M.; Farhan, L. Review of Deep Learning:
Concepts, CNN Architectures, Challenges, Applications, Future Directions; Springer
International Publishing: Cham, Switzerland, 2021; Volume 8, ISBN 4053702100444.
Mugaddas, M., Majeed, S., Hira, S., & Mumtaz, G. (2024). A Systematic Literature
Review on Performance Evaluation of SQL and NoSQL Database Architectures.
Journal of Compu-ting & Biomedical Informatics, 7(02).
https://jcbi.org/index.php/Main/article/view/548/502

Zahra, W. U., Zaman, F. U., Mumtaz, G., Salahuddin, M., Khan, M. Z., Sultan, S. A.,
Hira, S., & Parveen, F. (2025). Approaches to predict cardiovascular issue using
machine learning method. Spectrum of Engineering Sciences, 3(4), 417-429.

1343



QUALITATIVE RESEARCH JOURNAL FOR SOCIAL STUDIES

ISSN Online: 3006-4686, ISSN Print: 3006-4678
Volume No: 02 Issue No: 03 (2025)

42.

43.

44,

45.

46.

47.

48.

Parveen, F., Igbal, S., Mumtaz, G., & Salahuddin, M. (2024). Real-time intrusion
detection with deep learning: Analyzing the UNR intrusion detection dataset. Journal
of Computing & Biomedical Informatics, 7(02).
https://jcbi.org/index.php/Main/article/view/554

Afzal, M., Salahuddin, M., Hira, S., Sultan, M. F., Ahmad, S. Z., & Igbal, M. W. (2024).
A systematic literature review of understanding the human-computer interaction
collaboration with user experience design. Bulletin of Business and Economics, 13(2),
723-729. https://doi.org/10.61506/01.00386

Zaman, F.U., Khan, M.Z., Imroz, A., Khan, A.A., Salahuddin, M. and Kainat, M., 2024,
December. Student Performance Analysis in Higher Education Using Integrated
Approach of Machine Learning Techniques. In 2024 International Conference on
Sustainable Technology and Engineering (i-COSTE) (pp. 1-6). IEEE

Salahuddin, M., Zaman, F. U., Mumtaz, G., Khan, M. Z., Kainat, M., Hira, S., Parveen,
F., & Mahmood, R. (2025). Integrating network intrusion detection with machine
learning techniques for enhanced network security. Spectrum of Engineering Sciences,
3(4), 612—-625. https://sesjournal.com/index.php/1/article/view/286

H. Asif, R. Mahmood, M. W. Igbal, M. W. Igbal, M. Ibrar, Y. Khan, and K. Hamid,
"Leveraging Multilingual BERT for Contextually Coherent Dialogue Systems in Low-
Resource Settings," Annual Methodological Archive Research Review, vol. 3, no. 7, pp.
481-508, 2025.

Moeez, M., Mahmood, R., Asif, H., Igbal, M. W., Hamid, K., Ali, U., & Khan, N.
(2024). Comprehensive Analysis of DevOps: Integration, Automation, Collaboration,
and Continuous Delivery. Bulletin of Business and Economics (BBE), 13(1).
Mahmood, R., Mustafa, S., Asif, H., Raza, A., & Salahuddin, M. (n.d.). Leveraging
artificial intelligence to optimize software project management: Enhancing efficiency,
risk mitigation, and decision-making. Contemporary Journal.
https://doi.org/10.12345/t42212z57

1344



