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ABSTRACT 
The rapid advancement of science and technology necessitates a multidisciplinary research approach to address 

complex challenges and unlock transformative innovation. This short communication paper discusses the future 
requirements and challenges associated with the integration of the latest technologies, including Artificial Intelligence 
(AI), Machine Learning (ML), Deep Learning, Medical Imaging, Electronic Health Records (EHR), Precision Medicine, 
Personalized Healthcare, Clinical Decision Support Systems, AI-Based Screening Systems, Federated Learning, and 
Point Cloud Processing. By understanding these requirements and challenges, researchers can navigate the 
multidisciplinary landscape and leverage technology’s potential for scientific progress. 
Keywords: multidisciplinary research; Artificial Intelligence; Machine Learning; Electronic Health Records; Precision 
Medicine; healthcare; AI-Based Screening Systems; Federated Learning; Explainable AI 

1. Introduction 
In recent years, the multidisciplinary research approach has 

gained significant momentum as a means to accelerate scientific 
advancement. Integrating various disciplines and leveraging the latest 
technologies are crucial for addressing complex scientific challenges 
and fostering innovation. This paper highlights the future 
requirements and challenges of multidisciplinary research in the 
context of advancing science and technology. The advancement of 
multiple futuristic research approach in science and technology plays 
a pivotal role in addressing complex challenges and driving progress 
in various domains. Figure 1 shows the integration of the latest 
technologies and also explained further such as Artificial Intelligence 
(AI), Machine Learning (ML), Deep Learning, Medical Imaging, 
Electronic Health Records (EHR), Precision Medicine, Personalized 
Healthcare, Clinical Decision Support Systems, AI-Based Screening 
Systems, Federated Learning, and Point Cloud Processing, 
researchers can unlock new frontiers and foster transformative 
innovation[1]. 

1) Artificial Intelligence (AI): AI encompasses the 
development of intelligent systems that can simulate human 
intelligence and perform tasks autonomously. It enables the analysis 
of vast amounts of data, pattern recognition, and decision-making, 
thereby aiding researchers in extracting valuable insights from 
complex datasets and accelerating scientific discovery[2]. 
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2) Machine Learning (ML): ML empowers computers to learn from data without being explicitly 
programmed. By using algorithms and statistical models, ML enables researchers to analyze and interpret 
complex datasets, identify patterns, and make predictions. ML algorithms help uncover hidden relationships 
and provide researchers with valuable tools for data analysis in multidisciplinary research[3]. 

 
Figure 1. Integrated approach for advancement of science and technology. 

3) Deep Learning (DL): Deep Learning is a subfield of ML that focuses on training artificial neural 
networks to perform complex tasks. By leveraging deep neural networks, researchers can analyze large 
volumes of data, including images, speech, and text, enabling breakthroughs in areas such as image 
recognition, natural language processing, and data classification. 

4) Medical Imaging: Medical Imaging techniques, such as X-rays, computed tomography (CT), 
magnetic resonance imaging (MRI), and ultrasound, provide non-invasive visualization of the internal 
structures of the human body. By utilizing advanced image analysis algorithms and AI techniques, 
researchers can extract valuable information, aid in diagnosis, and monitor treatment response, leading to 
improved healthcare outcomes. 

5) Electronic Health Records (EHR): EHR systems facilitate the digital storage, retrieval, and 
exchange of patient health information. They enable researchers to access comprehensive patient data, 
analyze trends, and identify correlations between different variables. EHRs are valuable resources for 
conducting large-scale studies and conducting multidisciplinary research. 

6) Precision Medicine and Personalized Healthcare: Precision Medicine aims to tailor medical 
treatment and interventions based on an individual’s genetic profile, lifestyle, and environmental factors. By 
incorporating genetic and molecular information, researchers can develop targeted therapies and preventive 
strategies, leading to more effective and personalized healthcare[3,4]. 

7) AI-Based Screening Systems: AI-Based Screening Systems utilize AI algorithms to analyze 
medical images, detect anomalies, and aid in the early diagnosis of diseases. These systems have the 
potential to improve screening efficiency, accuracy, and patient outcomes by identifying subtle abnormalities 
and assisting in disease prevention and intervention. 

8) Federated Learning: Federated Learning enables collaboration and model training (in Figure 2) 
across multiple institutions without sharing raw data. It allows researchers to combine knowledge and 
resources, enhancing the accuracy and robustness of AI models. 

This approach ensures data privacy and security while facilitating interdisciplinary research 
collaborations[5]. Table 1 shows the comparison with other learning of AI technology. 
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Figure 2. Federated Learning based model training. 

Table 1. Comparison of Machine learning, Federated Learning, and Explainable AI. 

Machine learning Federated learning Explainable AI 

A subset of AI that focuses on creating 
systems that can learn from data and 
improve their performance without 
explicit programming. 

A technique that allows multiple parties to 
collaboratively train a ML model without 
sharing their raw data, thus preserving 
privacy and security. 

A branch of AI that aims to produce a 
human-interpretable justification for 
each output. 

Requires access to large amounts of data 
to train and evaluate the models. 

Allows training the models on 
decentralized data without compromising 
data privacy or security. 

Does not directly affect the data 
requirements, but it may help improve 
the data quality or reliability by 
providing feedback or explanations. 

Involves designing and selecting 
appropriate algorithms and architectures 
for the models based on the task and the 
data. 

Involves coordinating and aggregating the 
model updates from multiple parties 
without sharing the data. 

Involves generating and presenting 
meaningful explanations for the model 
outputs based on the context and the 
audience. 

Aims to optimize the performance of the 
models based on various metrics, such as 
accuracy, precision, recall, etc. 

May face some challenges in achieving 
optimal performance due to communication 
overhead, heterogeneity of devices or data, 
or malicious attacks. 

May face some trade-offs between 
performance and explain ability, as 
some models may be more accurate but 
less interpretable than others. 

Can provide various benefits for different 
domains and tasks by enabling data-
driven decision making, automation, 
prediction, etc. 

Can provide additional benefits by 
enhancing data privacy and security, 
reducing bandwidth consumption, 
increasing scalability, and enabling edge 
computing. 

Can provide additional benefits by 
increasing confidence, transparency, 
trust, accountability, and ethics in AI 
systems. 

Encompasses many subfields and 
applications, such as supervised learning, 
unsupervised learning, reinforcement 
learning, natural language processing, 
computer vision, etc. 

Can be applied to various domains and 
tasks that involve sensitive or personal 
data, such as healthcare, finance, or social 
media. 

Is particularly important in domains 
where accountability, transparency, and 
trust are required, such as medicine, 
law, or education. 

Has many challenges and limitations, 
such as data quality, bias, overfitting, 
underfitting, generalization, etc. 

Has many challenges and limitations, such 
as communication efficiency, system 
heterogeneity, data heterogeneity, incentive 
mechanisms, security threats, etc. 

Has many challenges and limitations, 
such as explanation quality, explanation 
complexity. 

2. Future requirements 
2.1. Collaboration and cross-disciplinary exchange 

To fully exploit the potential of multidisciplinary research, fostering collaboration and promoting cross-
disciplinary exchange becomes essential. Researchers from different fields must come together, share their 
expertise, and cultivate an environment that encourages interdisciplinary cooperation[6]. 

2.2. Ethical and responsible innovation 
As technologies like AI, ML, and Precision Medicine advance, ensuring ethical and responsible 

innovation becomes paramount. Researchers must consider the ethical implications and potential risks 
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associated with the use of emerging technologies, safeguarding the well-being and privacy of individuals. 

2.3. Data integration and accessibility 
Efficient integration and accessibility of diverse datasets, including Medical Imaging, EHRs, and 

genetic information, are crucial for enabling multidisciplinary research. Developing standardized formats, 
ensuring data privacy, and facilitating secure data sharing platforms will be key requirements for future 
endeavors[7]. 

3. Challenges 
3.1. Data quality and interpretation 

Dealing with large volumes of data requires addressing challenges related to data quality, integrity, and 
interpretation. Ensuring accurate data collection, preprocessing, and appropriate analytical methods will be 
critical to extract meaningful insights from complex datasets. 

3.2. Interdisciplinary communication 
Effective communication among researchers from different disciplines remains a challenge. Bridging 

the gap in language, methodologies, and perspectives will facilitate better understanding, collaboration, and 
the integration of diverse knowledge domains. 

3.3. Technological limitations and advancement 
Table 2 shows the latest technologies such as AI, ML, and Deep Learning have shown immense 

potential, they still face certain limitations. Researchers must address challenges related to scalability, 
interpretability, algorithm bias, and computational resources to harness the full power of these technologies. 

Table 2. Comparison of the multidisciplinary research approach w.r.t advancement of science & technology[1–4,8]. 

Development area Future requirements Challenges Applications 

Artificial Intelligence Explainable AI models Data privacy and ethical 
considerations 

Healthcare, finance, customer 
service 

Nanotechnology Integration with biomedicine and 
electronics 

Safety concerns, scalability Medicine, energy, electronics 

Sustainable energy Improved energy storage 
technologies 

Cost-effectiveness, infrastructure Renewable energy systems 

Precision Medicine Personalized treatment strategies Data integration, privacy 
concerns 

Disease diagnosis and treatment 

Internet of Things (IoT) Enhanced cybersecurity 
measures 

Data privacy, interoperability Smart homes, healthcare 
monitoring 

Quantum computing Error correction and scalability Technical complexity, cost Optimization problems, 
cryptography 

Synthetic biology Standardization of biological 
parts and workflows 

Ethical considerations, biosafety Biotechnology, biofuels 

Data analytics Real-time processing and 
analysis capabilities 

Data quality, scalability Business intelligence, research 

4. Future directions 
4.1. Explainable and transparent AI 

As AI technologies become more pervasive, there is a growing need for explainable and transparent AI 
systems. Researchers must develop methods to interpret and explain the decision-making process of AI 
models, ensuring accountability and building trust among end-users. 
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4.2. Integration of real-time data 
Real-time data integration poses a significant challenge in multidisciplinary research. Incorporating 

real-time data streams from various sources, such as wearable devices, sensors, and social media platforms, 
can provide valuable insights. Developing robust frameworks for data fusion and analysis will be crucial for 
future research endeavors. 

4.3. Interdisciplinary training and education 
Promoting interdisciplinary training and education programs is essential for nurturing researchers who 

can bridge the gap between different disciplines. Encouraging collaboration, fostering communication skills, 
and providing platforms for interdisciplinary learning will equip researchers with the necessary tools to 
tackle complex scientific problems. 

5. Challenges in implementation 
5.1. Data privacy and security 

With the integration of sensitive data, such as EHRs and genetic information, ensuring data privacy and 
security becomes a critical challenge. Implementing robust data protection mechanisms, adhering to ethical 
guidelines, and complying with regulatory frameworks will be essential for maintaining public trust and 
safeguarding individual privacy[8]. 

5.2. Resource allocation 
Multidisciplinary research often requires substantial resources, including funding, computational power, 

and access to specialized equipment. Overcoming the challenge of resource allocation and ensuring equitable 
distribution of resources among interdisciplinary teams will be crucial for promoting inclusivity and 
fostering collaborations. 

5.3. Cultural and organizational barriers 
Multidisciplinary research often faces cultural and organizational barriers, including differences in 

terminology, research methodologies, and publication practices. Breaking down these barriers requires open-
mindedness, flexible organizational structures, and supportive policies that recognize the value of 
multidisciplinary collaborations[9,10]. 

6. Conclusion 
The multidisciplinary research approach, driven by the integration of the latest technologies such as AI, 

ML, Deep Learning, Medical Imaging, EHR, Precision Medicine, and others, holds tremendous promise for 
advancing science and technology. Meeting the future requirements and addressing the associated challenges 
will require collaborative efforts from researchers, policymakers, and funding agencies. By embracing a 
multidisciplinary mindset, fostering cross-disciplinary collaborations, and overcoming barriers, we can 
harness the full potential of emerging technologies and unlock transformative breakthroughs in the 
advancement of science and technology. 
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