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Abstract: The Artificial Intelligence (AI), Machine Learning (ML), and Deep Learning (DL), 

each built on a higher level of the proved technology driving innovation and efficiency. There are 

a few other futuristic trends clearly on the horizon too, such as the incorporation of AI with Internet 

of Things (IoT) devices to create environments that are smarter and more responsive. Explainable 

Artificial Intelligence (XAI) is also becoming more important, as is the need for transparency and 

accountability in AI decision-making. Federated learning has also emerged as an interesting 

approach towards privacy-preserving model training in ML by training de-centralized models 

across multiple devices without sharing raw data. Transformer model such as GPT-4 and BERT 

are transformer models that have revolutionized the field of natural language processing (NLP) in 

DL, which are capable of more nuanced understanding and generation of human language. Their 

usage has increased dramatically, and they are used in everything from healthcare diagnostics to 

automated content creation. Also, the implication of blockchain-enabled AI to develop hack-proof 

AI applications, largely in finance and supply chain management is increasingly becoming popular. 

More research arises in the future, that will be around building hybrid AI models that contains both 

symbolic reasoning and neural networks, where we expect future research, will be focused on 

building much more stronger and flexible AI systems. Certainly, further study of the ethical issues 

around AI deployment - especially what is learned about bias and fairness - will remain an 

important area of investigation.  
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6.1 Introduction  

Over the last few years, Artificial Intelligence (AI), Machine Learning (ML), and Deep 

Learning (DL) have quickly transformed from novelties to technologies used in 

innovations in a broad range of fields and daily life (Michalski et aal., 2013; Ongsulee, 

2017; Jakhar, & Kaur, 2020; Paramesha et al., 2024a). In healthcare, finance, 

transportation, entertainment, and more, these advancements have sparked revolutions, 

enabling previously unimagined efficiencies and opportunities (Das et al., 2015; Panch et 

al., 2018; Rane et al., 2024a). The adaptation of AI, ML, DL to regular applications has 

made it evident that there is a long way to go and explore (Michalski, et al., 2014; 

Campesato, 2020). Furthermore, researchers are also paying more attention on the 

explanation and interpretability of AI models, the data and algorithmic bias that still exists 

in these systems and improvement in making these systems more robust and secure (Helm 

et al., 2020; Paramesha et al., 2024b). Further, the fusion of AI with other emerging 

technologies, such as the Internet of Things (IoT) and blockchain, introduces new vistas 

as well as challenges. With the fast pace of developments in AI, ML, and DL, recognizing 

and learning the new trends is vital to help direct the future of research in these fields and 

realize the full benefits of AI, ML, and DL as well as reduce any possible threats. This 

research presents an in-depth analysis and benchmark of the current status and trends of 

AI, ML, and DL. 

Contribution of the research work: 

1) Presents a comprehensive review of the recent developments and the ongoing research 

in AI, ML, and DL, discusses the various trends and limitation of the existing research 

as well. 

2) Applies advanced bibliometric methods to the keyword co-occurrence networks, and 

uses clustering methods to identify what research groups can be extracted currently, 

for understanding the research landscape in an organized manner and its evolution. 

6.2 Methodology 

The approach used to perform investigation is a systematic bibliographic study on AI, 

ML, and DL using the tools and techniques of bibliometric analysis to ascertain emerging 

trends and future lines of research. The first step was to search the most applicable 

databases of academic research such as Scopus, Web of Science, and IEEE Xplore for 

literature published over the previous ten years. We used keywords, like "artificial 

intelligence," "machine learning," "deep learning," "emerging trends," and "future 

research" in the research to ensure adequate selection. A data extracted from the literature 

was then analysed keywords co-occurrence analysis to identify the frequently mentioned 

keywords and its relations with others. Those keyword networks can be visualized, and 
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in this way, this analysis plays a role in mapping the intellectual structure of the field with 

a graphical output. VOSviewer software was utilized to accomplish co-occurrence 

analysis, which revealed the important themes with their interconnections. Moreover, 

cluster analysis was performed on identified keywords related to AI, ML, and DL to 

classify them into thematic groups, corresponding individual subfields or main topics in 

AI, ML, and DL. This allowed us to cluster the publications and find research-clusters 

and trending-topics in research. First, the results of the keyword co-occurrence and the 

cluster analyses were integrated, which were used to identify the current trends in these 

research topics and provide indications for future studies in this fast-developing areas. 

 

6.3 Results and discussions 

Co-occurrence and cluster analysis of the keywords 

The Fig. 6.1 is segmented into several related clusters, represented in different colours 

that encapsulate different topic domains in the huge AI, ML, and DL fields. This analysis 

of keyword occurrence in research publications provides evidence of the importance and 

interconnectedness of clusters around certain themes. The primary (and the biggest) 

bunch, which is demonstrated by red shading is about "Artificial intelligence. The cluster 

brings out the importance of AI in many contexts and its connection to broader 

technological paradigms. Here, the relevance of AI to support the development of 

sustainable and innovative solutions by sustainable development, sustainability, big data, 

decision support systems, innovation. This group highlights the interdisciplinary nature 

of AI in relation to big data analytics, decision-making, and the promotion of 

sustainability. Some of these include figuring out how to use digital technologies, creating 

metadata catalog, and engaging in competition to enable a competitive edge. 

On the left side of the main AI cluster exists a separate green cluster dedicated to the 

values of "Industry 4.0" and "Industry 5.0". This group is focusing on AI and ML help in 

shaping the future of industrial automation, smart manufacturing and cyber physical 

systems. Words of the technology "network security", "blockchain ", "virtual reality", 

"cloud computing" and "5G mobile communication system", represent the complicated 

network of technology support to both Industry 4.0 and 5.0. The value all these sectors 

get from operating with more artificial intelligence dictating the operational efficiency, 

stronger security measures and a culture of being creative. Emphasis on engineering 

education, industrial research, and life cycle rankings highlights a commitment to 

education and research as key educational and research components, reflecting the 

importance of life-long learning and industrial technology advancement. The blue circle 

represents "deep learning" and its "learning systems. The historical importance of deep 
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learning algorithms, in neural networks, convolutional neural networks (CNNs) and long 

short-term memory (LSTM) networks, has even been documented in a compilation. The 

terminology for the same learning algorithms, reinforcement learning, neural networks, 

support vector machine (SVM), and classification of data are often used in various ways 

highlighting the leading approaches and methodologies underpinning DL. Words like 

'object detection', 'feature extraction' and 'forecasting' emphasise the pragmatic 

applications of DL in areas such as the integration of computer vision, natural language 

processing and predictive analytics. This sector is helps in the progress of education 

systems and its influence on multiple sectors. 

 
Fig. 6.1 Co-occurrence analysis of the keywords in literature 

Light blue cluster, on the theme of "machine learning" - heavily linked to the DL focusing-

cluster. This collection shows the various ways that machine learning algorithms and 

models can be used to optimize operations and improve performance. And is clear from 

the feature class names like "optimization," "quality control," "simulation," "construction 

industry," and even the domain name, ML is definitely integral toward making many 
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processes more efficient and more precise in industries. It with other terms, such as calling 

them "machine learning" in all three cases: "predictive maintenance," "risk assessment," 

and "diagnosis." Emphasizing the importance of acting proactively and preventively, 

especially in the construction and health-care sectors. The breadth of domain areas served 

by machine learning algorithms is clearly evident in the collection, providing examples 

of how machine learning techniques are used in a wide range of both technical and non-

technical fields. 

Purple cluster shows the interactions of AI/Human, for phrases including human, humans, 

article, nonhuman, adult. This community is dedicated to the ethical, sociological, and 

psychological aspects of AI and its applications in liberal arts and sciences, humanities, 

practical and theoretical philosophy. Their use of words such as "human", "article" 

"humans" means the emphasis on academic papers on the interaction of man and AI; 

ethical reflections and its social implications. Use of phrases such as "drug industry" and 

"controlled study" highlights the imperative of deploying established scientific processes 

and ethical requirements in AI research, particularly in sensitive domains including 

healthcare and pharmaceuticals. One of the largest parts of blue cluster involves research 

over learning algorithms and neural networks, The significant terms "learning 

algorithms," "neural networks," "convolutional neural networks," "support vector 

machines," and "decision trees" are indicating pure basics for getting the possessed with 

the most recent tweaks in the realm of AI. It is important to note that a significant number 

of AI applications (most notably in the areas of image and voice recognition), require the 

use of "deep neural networks e.g., "object detection", "feature extraction" etc. to be 

incorporated. This cluster focuses on the recent research that seeks to enhance the 

precision and efficiency of learning algorithms and their integration into different AI 

systems. 

Interspersed among this network are terms that relate to specific applications and 

examples, where AI, ML, and DL have real-world effects. The choice of terms like 

"accident prevention," "performance," "quality control," "case studies," and "natural 

language processing systems" seems to hint at a wide array of applications they are 

considering. These themes underscore the value of understanding what a variety of 

industries can do to benefit from AI technologies to address specific problems, enhance 

efficiency, and optimize performance across sectors. It includes the fusion of AI, ML, and 

DL and is termed as the network residing at the peak fashion of technology. All advanced 

technologies integrate seamlessly with AI, as the terms such as "blockchain" "virtual 

reality," "5g mobile communication system," and "cyber-physical system", is visible in 

the diagrams used by the researchers. This integration ends up bringing about the 

development of outstanding, reliable solutions that serve complex problems with high 
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efficiency. In an "Industry 4.0" and "Industry 5.0," AI is being used to revolutionize 

industrial operations by enabling intelligent automation and connectivity. It identifies 

additional potential paths for the subsequent exploration by the network. These decades 

have seen the use of sustainable development and sustainability as well as big data and 

decision support systems growing in terms of frequency in connection with AI, suggesting 

an increasingly attention to sustainability and AI and decision-making. Indeed, the high 

use of terms such as "optimization", "quality control" and "performance" seems to suggest 

a trend of improvement in the efficiency and efficacy of AI algorithms. The interrelations 

between these groups illustrate the diversity and fluidity of the research activities in AI, 

ML, and DL. 

 

Emerging trends in artificial intelligence, machine learning, and deep learning 

technologies 

Natural language processing (NLP) is one of the major trends we continue to see in AI 

(Baidoo-Anu, & Ansah, 2023; Currie, 2023; Paramesha et al., 2024c). The NLP 

technologies have evolved significantly with models like Open AI's GPT-4 (Fitria, 2023; 

Rane et al., 2024b). For example, it learns a language model based on Internet text and 

have since performed remarkably well both in NLP applications, such as customer service 

chatbots, and more specialized content generation tools. The push for more context-aware 

AI systems and conversational experiences isn't going to stop and we find it running a bit 

faster thanks to better research and large language models being integrated into all sorts 

of platforms. A related trend is the increase in social motivators for 'Ethical AI'. With 

greater prevalence of AI systems, issues around bias, transparency and accountability in 

AI have taken center stage (Leavy et al., 2020; Schwartz et al., 2022; Ferrara, 2023; Rane 

et al., 2024c). This growing list of frameworks and guidelines are a focus to commercial 

businesses working in AI, but also, are increasingly needing to be considered as we see 

more broadly how power and authority are being exercised through technology and data. 

This involves enforcing fairness in AI algorithms, enhancing explainability and making 

AI systems transparent and accountable. The ethical AI movement is an important 

development for establishing public trust in AI and ensuring that AI technologies serve 

everyone on a society-wide basis (Schwartz et al., 2022; Ferrara, 2023). Table 6.1 shows 

the emerging trends in AI, ML, and DL.  

Table 6.1 Emerging trends in AI, ML, and DL technologies 

References Trend Description Applications Key 

Technologies/Meth

ods 
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Emmert‐Streib 

et al., (2020); 

Arrieta, et al., 

(2020) 

Explainable 

AI (XAI) 

Enhancing the 

transparency 

and 

interpretability 

of AI models. 

Healthcare, 

Finance, Legal 

SHAP, LIME, 

Model-agnostic 

explanations 

Zhang et al., 

(2021); 

Mammen, 

(2021); 

Banabilah et al., 

(2022) 

Federated 

Learning 

Training ML 

models across 

decentralized 

devices or 

servers holding 

local data 

samples. 

Healthcare, 

Mobile 

Devices, IoT 

Federated 

Averaging, Secure 

Aggregation 

Iodice, (2022); 

Zaidi et al., 

(2022) 

TinyML Implementing 

ML models on 

low-power and 

resource-

constrained 

devices. 

IoT, Edge 

Computing, 

Wearables 

Model Quantization, 

Pruning, Edge AI 

Pan, (2020); 

Kim, & 

MacKinnon, 

(2018); Niu et 

al., (2020) 

Transfer 

Learning 

Utilizing 

knowledge from 

pre-trained 

models for new 

tasks with 

limited data. 

Natural 

Language 

Processing 

(NLP), 

Computer 

Vision 

Pre-trained Models 

(e.g., BERT, GPT) 

Krishnan et al., 

(2022); Rani et 

al., (2023) 

Self-

supervised 

Learning 

Training models 

with minimal 

labeled data by 

leveraging large 

amounts of 

unlabeled data. 

NLP, Image 

Recognition, 

Robotics 

Contrastive 

Learning, 

Autoencoders 

Leavy et al., 

(2020); 

Schwartz et al., 

(2022); Ferrara, 

(2023) 

 

AI Ethics and 

Bias 

Mitigation 

Developing 

methods to 

ensure fairness, 

accountability, 

and 

transparency in 

AI systems. 

Hiring 

Processes, Law 

Enforcement, 

Lending 

Fairness-aware 

Algorithms, Bias 

Audits 

Li, (2017); 

François-Lavet 

et al., (2018); 

Dong et al., 

(2020) 

Reinforceme

nt Learning 

(RL) 

Training models 

through trial and 

error to 

maximize 

Robotics, 

Game Playing, 

Autonomous 

Systems 

Q-learning, Deep Q 

Networks (DQN) 
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cumulative 

rewards. 

Xu et al., (2021); 

Franchini et al., 

(2023) 

 

Neural 

Architecture 

Search 

(NAS) 

Automatically 

designing and 

optimizing 

neural network 

architectures. 

Image 

Classification, 

NLP, 

Automated ML 

Evolutionary 

Algorithms, 

Reinforcement 

Learning 

Panch et al., 

(2018); 

Rubinger et al., 

(2023) 

AI in 

Healthcare 

Applying AI for 

diagnosis, 

treatment 

recommendatio

ns, and 

personalized 

medicine. 

Radiology, 

Drug 

Discovery, 

Patient 

Monitoring 

CNNs, RNNs, 

Medical Image 

Processing 

Dunjko, & 

Briegel, (2017); 

Khan, & Robles-

Kelly, (2020); 

Umer, & Sharif, 

(2022) 

Quantum ML 

(QML) 

Leveraging 

quantum 

computing to 

enhance ML 

algorithms and 

solve complex 

problems. 

Cryptography, 

Material 

Science, 

Optimization 

Problems 

Quantum Circuits, 

Quantum Algorithms 

Jackson, (2018); 

He et al., (2020); 

Rayhan, (2023) 

Autonomous 

Systems 

Developing 

self-operating 

systems capable 

of performing 

tasks without 

human 

intervention. 

Self-driving 

Cars, Drones, 

Industrial 

Automation 

RL, Computer 

Vision, Sensor 

Fusion 

Baltrušaitis, et 

al., (2018); 

Cukurova, et al., 

(2019); Blasch 

et al., (2021) 

Multimodal 

Learning 

Integrating and 

processing data 

from multiple 

modalities (e.g., 

text, image, 

audio). 

Virtual 

Assistants, 

Content 

Recommendati

on 

Multimodal 

Transformers, Fusion 

Networks 

Goodfellow et 

al., (2020); Ali 

et al., (2021) 

Generative 

Adversarial 

Networks 

(GANs) 

Using neural 

networks to 

generate 

realistic data, 

such as images 

and videos. 

Image 

Synthesis, Data 

Augmentation, 

Art and Design 

GANs, StyleGAN, 

CycleGAN 
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Nishant et al., 

(2020); Kar et 

al., (2022); 

Taghikhah et al., 

(2022) 

AI for 

Sustainability 

Applying AI to 

address 

environmental 

and 

sustainability 

challenges. 

Climate 

Modeling, 

Energy 

Management, 

Wildlife 

Conservation 

Predictive Analytics, 

Optimization 

Algorithms 

Wang et al., 

(2020); Maadi, 

et al., (2021); 

Saha et al., 

(2023) 

Human-AI 

Collaboration 

Enhancing the 

synergy 

between human 

intelligence and 

AI capabilities. 

Creative 

Industries, 

Decision 

Support 

Systems 

Co-creation Tools, 

Interactive ML 

Hua e al., 

(2023); Merenda 

et al., (2020) 

Edge AI Deploying AI 

algorithms on 

edge devices to 

process data 

locally and 

reduce latency. 

Smart Devices, 

Autonomous 

Vehicles, IoT 

Edge Computing, 

On-device ML 

Li, (2018); 

Ansari et al., 

(2022); Kaur et 

al., (2023) 

AI in 

Cybersecurit

y 

Utilizing AI for 

threat detection, 

prevention, and 

response in 

cybersecurity. 

Network 

Security, Fraud 

Detection, 

Malware 

Analysis 

Anomaly Detection, 

Behavioral Analysis 

Paris et al., 

(2013); Gatt, & 

Krahmer, 

(2018); Baidoo-

Anu, & Ansah, 

(2023); Currie, 

(2023) 

Natural 

Language 

Generation 

(NLG) 

Generating 

human-like text 

from data inputs 

using AI. 

Content 

Creation, 

Chatbots, Data 

Summarization 

GPT-4, Transformer 

Models 

Hermann, 

(2022); 

Averineni et al., 

(2024); 

Bhardwaj et al., 

(2025) 

AI-driven 

Personalizati

on 

Customizing 

user experiences 

and 

recommendatio

ns using AI. 

E-commerce, 

Streaming 

Services, 

Digital 

Marketing 

Collaborative 

Filtering, DL 

Lv, & Xie, 

(2022); 

Radanliev, et al., 

(2022); Shen, et 

al., (2023) 

Digital Twins Creating virtual 

replicas of 

physical 

systems using 

AI for 

simulation and 

analysis. 

Manufacturing, 

Healthcare, 

Smart Cities 

Simulation Models, 

IoT Integration 
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Rahman et al., 

(2018); Kadam, 

& Vaidya, 

(2020) 

 

Zero-shot and 

Few-shot 

Learning 

Training models 

to perform tasks 

with little to no 

labeled data. 

NLP, Image 

Recognition, 

Voice 

Assistants 

Meta-learning, 

Transfer Learning 

Kruse et al., 

(2019); Hentzen 

et al., (2022) 

AI in 

Financial 

Services 

Applying AI for 

fraud detection, 

trading, and 

personalized 

banking 

services. 

Banking, 

Investment, 

Insurance 

Predictive Analytics, 

NLP, ML 

Algorithms 

Mazzone, & 

Elgammal, 

(2019); Cheng, 

(2022) 

 

AI for 

Creative Arts 

Using AI to 

generate art, 

music, and other 

creative content. 

Art Generation, 

Music 

Composition, 

Film 

Production 

GANs, RNNs, Style 

Transfer 

Khalid, et al., 

2023); 

Torkzadehmaha

ni, et al., (2022) 

Privacy-

preserving AI 

Developing AI 

techniques that 

protect data 

privacy and 

confidentiality. 

Healthcare, 

Finance, 

Personal Data 

Management 

Differential Privacy, 

Homomorphic 

Encryption 

Davenport, 

(2018); Prat, 

(2019); 

Alghamdi, & 

Al-Baity, (2022) 

 

Augmented 

Analytics 

Leveraging AI 

to enhance data 

analytics 

processes, 

including data 

preparation and 

insight 

generation. 

Business 

Intelligence, 

Data Science, 

Decision 

Support 

Automated ML, 

NLP, Predictive 

Analytics 

 

A notable trend in ML, automated ML (AutoML) on the rise (Singh, & Joshi, 2022). The 

purpose of AutoML is to tell it in very easy terms to be used by naturals who don't know 

ML, that applies to the entire process of applying machine study to real-world problems 

and makes it available for non-experts (Karmaker et al., 2021; Singh, & Joshi, 2022). This 

is not only due to the current push to make ML more accessible to other organizations for 

democratization reasons, but also because they should not need to be considered an ML 

expert to best utilize ML. AutoML tools take care of identifying the best models, 

hyperparameter tuning and deployment optimization of ML models hence minimizing the 

time and effort required to build effective ML solution DL - a subset of ML - is still rapidly 

evolving with new architectures and techniques breaking the limits of what is achievable. 

Transformers are one such, more efficient, neural network architecture that has shown 
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unparalleled performance in NLP and in computer vision - a new architecture that 

wouldn't have been possible some years ago. Leveraging large-scale data and powerful 

hardware for training, these models can learn complex patterns providing state-of-the-art 

performance on tasks such as image recognition, language translation, and game playing. 

Also, increasingly lower-weight as well as edge-optimized DL models are of interest, that 

can be deployed on processors with lesser capabilities, which makes it possible to apply 

AI in realms such as the IoT, or mobile computing.  

AI and ML as everyone knows are a boon but still rising even further is AI with other 

cutting-edge technologies such as quantum computing. Quantum computing is a 

promising new technology that may be able to solve complex problems faster and on a 

larger scale than classical computers, and its combination with AI might lead to major 

progress in areas such as cryptography, optimization, and drug development (Dunjko, & 

Briegel, 2017; 

Khan, & Robles-Kelly, 2020; Umer, & Sharif, 2022; Paramesha et al., 2024d). How 

quantum algorithms can be injected into the ML models is being researched to solve 

previously uncleavable issues (Khan, & Robles-Kelly, 2020; Umer, & Sharif, 2022; 

Paramesha et al., 2024e). A new wave of applications taking advantage of AI is moving 

towards more customization. AI algorithms are customized and trained to learn from user 

behaviour and perform accordingly. In cases like personalized medicine, where the 

recommendations made by AI algorithms about the type of treatment plan that needs to 

be followed for a patient after an analysis of the data of the patient, or e-commerce, where 

recommendation to the user based on his/her behaviour to buy or not buy a particular 

product, these algorithms provide the results as a function of bins. AI technologies are 

enabling businesses to deliver personalized experiences at scale and to a degree of 

personalization hitherto unimaginable. 

Another major trend is the role of AI in the development of autonomous systems (He et 

al., 2020; Rayhan, 2023). The race to develop more advanced and reliable autonomous 

vehicles, drones, and robotics is accelerated by AI and DL training. In short, these are 

technologies that allow machines to understand the world around them, make decisions 

based on the information available, and learn from their experiences to create safer and 

more efficient machines. The self-driving era of cars has made significant progress. AI 

and ML are changing the way industry like healthcare and patient care can be 

revolutionized using this. Medical images are being analysed, disease outbreaks are being 

predicted and treatment plans are tailored using AI algorithms. A most illustrious outlier 

in this line is the use of AI for drug discovery and development (Deng et al., 2022; Mak 

et al., 2023). ML algorithms can scan extremely large datasets to find leads for new drugs, 

predict the likely success of such compounds and further optimize the chemical structure 
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of the drug, etc. These speeds up the development of new therapies and simultaneously 

lowers the costs making healthcare more affordable. 

AI and IoT integration are a new trend (Alahi et al., 2023). When used together as AIoT, 

smart systems linked to the internet can gather and analyse information, driving even 

further actionable behaviour and decision making. This can be used in widespread sectors 

like smart homes, healthcare monitoring, industrial automation etc. One of the big trends 

in AI research these days is on improving AI model interpretability and explainability. 

The more complex an AI system gets, the more difficult it becomes to understand why 

that system takes a certain decision. To address it, researchers are coming up with ways 

to reveal details of the AI model that allows users to understand the logic behind the 

decisions made by the AI model. It matters even more in life and death cases such as 

healthcare and finances where AI systems need to be trusted. 

 

Future research in artificial intelligence, machine learning, and deep learning 

technologies 

Interpretability, explainability, responsibility, and understandability have been one of the 

central issues in ML and AI research (Arrieta, et al., 2020; Emmert‐Streib et al., 2020). 

The situation is becoming even more complex with the increased complexity of DL 

models in AI systems, and it can be unclear how they make decisions (Arrieta et al., 2020; 

Hassija et al., 2024). Methods for increasing the intelligibility, or transparency, of AI 

systems can be an area of focus for future work. It may involve developing new algorithms 

that generate human interpretable explanations for their predictions; this is one of the 

techniques to ensure trust in AI systems, especially in areas where the results are critical, 

such as health care, finance, or self-driven cars. Table 6.2 shows the future research in AI, 

ML, and DL.  

Another one is Ethical AI which is a very important point of research in future (Schwartz 

et al., 2022; Ferrara, 2023). As AI systems proliferate, it is increasingly important that 

they be designed and implemented in ways that are fair, transparent, and not 

discriminatory. Further research into developing ethically-usable frameworks and 

guidelines for AI technologies are anticipated. These involve methods for bias detection 

and mitigation in AI systems; developing robust privacy-preserving techniques; and 

making sure AI systems are aligned with human values. The challenge is to fabricate AI 

not only potent but also reliable and congruent with the societal conventions, ethical 

norms. 

Table 6.2 Future research in AI, ML, and DL technologies 
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References Future 

Research 

Applications Key Technologies/Methods 

Emmert‐Streib et 

al., (2020); 

Arrieta, et al., 

(2020) 

Explainable AI 

(XAI) 

Healthcare, finance, 

legal systems, 

autonomous vehicles 

Model interpretability, 

causal inference, feature 

attribution, visualizations 

Zhang et al., 

(2021); Mammen, 

(2021); Banabilah 

et al., (2022) 

Federated 

Learning 

Healthcare data 

analysis, mobile device 

personalization, 

finance 

Decentralized training, 

secure multiparty 

computation, differential 

privacy 

Leavy et al., 

(2020); Schwartz 

et al., (2022); 

Ferrara, (2023) 

Ethical AI Automated decision 

systems, HR and 

recruitment, loan 

approval 

Fairness algorithms, bias 

detection and mitigation, 

ethical frameworks 

Dunjko, & 

Briegel, (2017); 

Khan, & Robles-

Kelly, (2020); 

Umer, & Sharif, 

(2022) 

Quantum ML Drug discovery, 

cryptography, 

optimization problems 

Quantum algorithms, 

quantum circuits, variational 

quantum eigensolver 

He et al., 2020; 

Rayhan,  

(2023); Jackson, 

(2018) 

Autonomous 

Systems 

Self-driving cars, 

delivery drones, 

robotic process 

automation 

Sensor fusion, path planning, 

control systems, 

reinforcement learning 

Cowls et al., 

(2023); Kaack et 

al., (2022) 

AI for Climate 

Change 

Environmental 

monitoring, disaster 

prediction, sustainable 

resource management 

Climate modeling, anomaly 

detection, geospatial 

analysis, predictive analytics 

Shastri et al., 

(2021); Sun et al., 

(2021) 

Neuromorphic 

Computing 

Real-time processing 

in IoT devices, brain-

computer interfaces, 

adaptive robotics 

Spiking neural networks, 

analog computing, 

neuromorphic hardware 

Bengesi, et al., 

(2024); Wang et 

al., (2024) 

Generative 

Models 

Content creation, data 

augmentation, virtual 

reality, gaming 

Generative Adversarial 

Networks (GANs), 

variational autoencoders 

(VAEs), diffusion models 

Li, (2017); 

François-Lavet et 

al., (2018); Dong 

et al., (2020) 

Reinforcement 

Learning (RL) 

Game AI, robotics, 

personalized 

recommendations, 

financial trading 

Q-learning, policy gradients, 

deep Q-networks (DQNs), 

actor-critic methods 
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Wang et al., 

(2020); Maadi, et 

al., (2021); Saha 

et al., (2023) 

Human-AI 

Collaboration 

Collaborative robotics, 

decision support 

systems, creative 

industries 

Human-in-the-loop learning, 

mixed-initiative interaction, 

co-adaptive systems 

Panch et al., 

(2018); Rubinger 

et al., (2023) 

AI in Healthcare Disease diagnosis, 

treatment planning, 

patient management, 

drug discovery 

Medical imaging analysis, 

predictive modeling, natural 

language processing for 

clinical data 

Paris et al., 

(2013); Gatt, & 

Krahmer, (2018); 

Baidoo-Anu, & 

Ansah, 2023); 

Currie, 2023) 

Natural 

Language 

Processing 

(NLP) 

Chatbots, virtual 

assistants, language 

translation, sentiment 

analysis 

Transformer models, BERT, 

GPT, attention mechanisms, 

sequence-to-sequence 

models 

Hua e al., (2023); 

Merenda et al., 

(2020) 

Edge AI Real-time analytics in 

IoT, smart cameras, 

industrial automation 

On-device ML, model 

compression, hardware 

accelerators, federated 

learning 

Wang, (2021); 

Huisman et al., 

(2021) 

Meta-Learning Few-shot learning, 

rapid adaptation to new 

tasks, transfer learning 

Model-agnostic meta-

learning (MAML), meta-

reinforcement learning, self-

supervised learning 

Li, (2018); Ansari 

et al., 2022; Kaur 

et al., (2023) 

AI for 

Cybersecurity 

Threat detection, 

anomaly detection, 

intrusion prevention 

ML-based detection systems, 

adversarial training, 

behavioral analysis, 

cryptographic methods 

Deng et al., 

(2022); Mak et al., 

(2023) 

AI for Drug 

Discovery 

Identifying new drug 

candidates, 

personalized medicine, 

repurposing existing 

drugs 

Molecular modeling, DL, 

bioinformatics, 

cheminformatics 

Zhao et al., 

(2019); Spanaki et 

al., (2022) 

Swarm 

Intelligence 

Coordination of 

drones, autonomous 

vehicles, robotic 

systems 

Multi-agent systems, 

distributed computing, 

collective behavior 

algorithms 

Rahman et al., 

(2018); Kadam, & 

Vaidya, (2020)  

 

Zero-Shot 

Learning 

Image recognition, 

natural language 

processing, anomaly 

detection 

Semantic embeddings, 

transfer learning, generative 

models 

Konar, (2018); 

Dong et al., 

(2020) 

Cognitive 

Computing 

Enhancing human 

cognition, brain-

machine interfaces, 

Neuromorphic hardware, 

natural language processing, 

DL 
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improving decision-

making 

Colchester et al., 

(2017); Kabudi et 

al., (2021) 

Adaptive 

Learning 

Systems 

Personalized 

education, adaptive 

training programs, e-

learning platforms 

ML algorithms, student 

modeling, intelligent 

tutoring systems 

Tomašev et al., 

(2020); Floridi et 

al., (2021) 

AI for Social 

Good 

Poverty alleviation, 

disaster response, 

public health 

interventions 

Predictive analytics, social 

network analysis, data 

mining 

Janowicz et al., 

(2020); Martin, & 

Freeland, (2021); 

Chen et al., 

(2023); Palmini, 

& Cugurullo, 

(2023) 

Spatial AI Autonomous 

navigation, augmented 

reality, geospatial data 

analysis 

Computer vision, sensor 

fusion, SLAM 

(Simultaneous Localization 

and Mapping) 

Yusupova et al., 

(2021); Gratch, 

(2021) 

Emotion AI 

(Affective 

Computing) 

Human-computer 

interaction, mental 

health assessment, 

customer service 

Sentiment analysis, facial 

expression recognition, 

speech emotion recognition 

Eli-Chukwu, 

(2019); Sood et 

al., (2022) 

 

AI in 

Agriculture 

Precision farming, 

crop disease detection, 

yield prediction 

Remote sensing, UAVs 

(unmanned aerial vehicles), 

machine vision, predictive 

analytics 

Buchholtz, 

(2020); 

Mania, (2023) 

AI for Legal 

Technology 

(LegalTech) 

Contract analysis, legal 

research, predictive 

justice 

Natural language processing, 

information retrieval, 

predictive modeling 

Aguilar et al., 

(2021); Rocha et 

al., (2021); Li, et 

al., (2023) 

AI in Energy 

Management 

Smart grids, energy 

consumption 

optimization, 

renewable energy 

integration 

Predictive maintenance, 

demand response, 

optimization algorithms, IoT 

integration 

 

Reinforcement learning (RL), a type of ML where an agent learns to take decisions by 

executing some actions and receiving rewards, is expected to see major improvements 

(Li, 2017; Dong et al., 2020). Research in RL will probably increasingly investigate the 

efficiency and scalability of RL algorithms (Li, 2017; François-Lavet et al., 2018). This 

includes crafting new strategies for the large state and action spaces the real-world often 

exhibits, as well as generating more sample-efficient algorithms that require fewer 

teacher-student interactions. Furthermore, combining RL with other learning paradigms, 
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e.g., supervised and unsupervised learning, should lead to more robust and flexible AI 

systems. 

AI and ML are expected to be the source for many opportunities across different verticals, 

healthcare being one of the most promising ones (Rubinger et al., 2023). Indeed, more 

likely in the future will be research on personalized medicine, meaning that large amounts 

of data can be analysed by AI systems to offer tailor-made treatments for those. This 

requires combining data from different sources like genomes, medical history, and 

lifestyle factors to produce accurate and personalized predictions. More broadly, the 

research is expected to also probe new areas of AI in drug development, medical imaging, 

and the prediction and prevention of disease. The combination of AI and wearables with 

IoT may create a new tool for monitoring patients and even more accurate and earlier 

diagnosis that ultimately leads to better health. 

Another direction with interesting options for research is the combination of AI with other 

emerging technologies. By streamlining computations this way, we can power the very 

efficient data processing on-the-fly features that the internet of things (IoT) requires by 

merging AI and edge computing (Alahi et al., 2023). In the same way, integrating AI with 

blockchain technology could strengthen the resilience, security, and transparency of AI 

systems. Integration of AI and quantum computing is also quite interesting, as quantum 

could greatly speed up the training of intricate AI models that would allow problems 

currently impossible. Another exciting area would be breaking this down into general 

intelligence, which would be artificial general intelligence (AGI) systems. Unlike Narrow 

AI, which is developed for specific tasks, AGI is meant to become a general-purpose 

system with the capacity to reason, learn, and apply knowledge across a wide range of 

tasks, much like human intelligence. AGI, on the other hand, will demand innovations 

within a number of diverse fields, such as transfer learning, meta-learning and the creation 

of more generative and learning algorithms. 

Future research plans to focus on Human-AI collaboration as well (Xu, et al., 2021). 

Rather than being seen as a substitute for human labour, researchers are more interested 

in how AI can be used to enhance human productivity and performance. Commercial 

deployment requires AI systems not only to work collaboratively with human 

counterparts, but AI software must also have an accurate understanding of a user, 

anticipating their intentions and able to flexibly adapt to different work styles. But, better 

natural language interpretation over improved interfaces, clearer contextual 

understanding makes human and AI interaction standardized and more reliable, i.e., or 

less prone to error/ misuse in the workplace. This indicates that environmental 

sustainability is of growing concern to AI research. Concerns regarding the environmental 

impact of large AI models in the context of training being an energy consumption process 
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have also been raised. In the future, research may further explore more energy-efficient 

algorithms and hardware, as well as how AI might be applied to environmental challenges 

such as climate change, resource management, and conservation efforts. 

6.4 Conclusions 

One of the most prolific trends that are set to emerge is the integration of IoT with AI 

improving and streamlining means for real-time data processing and decision-making. 

Here, the synergy is revolutionizing the fields of healthcare - predictive analytics to 

discover diseases in early stages, and smart cities - which relay on resource management. 

In addition, explainable AI (XAI) is growing as well to meet the crucial needs for 

transparency and trust in AI systems. With increasingly complex AI models, it is 

important to have an idea of the decision-making process, especially in fields with high-

stakes decisions i.e., construction, finance, healthcare. This pattern has clear implications 

for the development of "interpretable" AI methods that trade off performance for 

interpretability. Another major trend is Edge AI, which means running AI algorithms 

directly on the device rather than using centralized cloud-based solutions. This minimizes 

the delay, ensures protection of data and helps in taking prompt actions. Edge AI is well-

suited for sectors such as autonomous driving and industrial automation that require the 

ability to process huge amounts of sensor and camera data instantly. The remaining future 

work is also focused on the ethical and societal impacts of AI and ML. All imperative to 

ensure that AI systems are fair, unbiased and respectful of privacy. Quantum computing 

can offer a vast boost to the amount of computational power which is available for AI and 

ML algorithms - because its speed putatively grows exponentially. This growing trend 

portends of a tomorrow where AI runs in the underneath all sorts of things, bringing 

effortlessness innovations and new opportunities across all walks of life. 
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