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Abstract 

Artificial Intelligence (AI) has evolved from a niche area of computer science 

into a foundational technology that permeates diverse scientific and engineering 

disciplines. AI-driven computational models, which combine data-driven 

learning with domain-specific knowledge, are enabling breakthroughs in areas 

ranging from biomedical engineering and material science to climate modeling 

and structural engineering. By leveraging techniques such as deep learning, 

reinforcement learning, and hybrid AI-physics approaches, researchers can 

tackle complex, multidisciplinary problems that were previously unsolvable 

using traditional computational methods alone. This paper explores the 

transformative potential of AI-driven computational models as a bridge between 

science and engineering. It analyzes how AI supports predictive modeling, 

optimization, and simulation across fields, presents case studies from 

healthcare, energy, and materials research, and discusses challenges such as 

interpretability, data bias, and integration into existing workflows. The study 

concludes that AI-driven computational models are not merely tools but 

catalysts for multidisciplinary collaboration, accelerating innovation and driving 

more sustainable, efficient, and resilient solutions. 
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Introduction 

In today’s interconnected world, the boundaries between scientific inquiry and 

engineering application are increasingly blurred. Scientists generate vast 

amounts of data through experiments, while engineers seek practical ways to 

apply this knowledge in real-world contexts. However, the complexity of 

modern problems — ranging from predicting climate change impacts and 

designing novel drugs to building resilient infrastructure and advancing 

renewable energy systems — requires approaches that go beyond traditional 

disciplinary silos. 

AI-driven computational models are uniquely positioned to bridge this 

gap. Unlike conventional models, which rely heavily on fixed equations and 

assumptions, AI models learn from data patterns and can adapt to nonlinear, 

high-dimensional systems. By incorporating both computational algorithms and 

domain-specific knowledge, these models offer predictive insights, optimize 

solutions, and enable cross-disciplinary innovation. 

This paper examines how AI-driven computational models facilitate 

multidisciplinary problem-solving. It highlights applications across diverse 

fields, compares their strengths with traditional models, provides real-world 

case studies, and identifies challenges that must be addressed to ensure ethical, 

equitable, and effective deployment. 

 

 

 

 

 

 

 

 

https://www.ajcir.com/research-paper.php?id=1


 American Journal of Computational and 

Interdisciplinary Research 
   Available on https://www.ajcir.com/research-paper.php?id=1 Volume: 01, Issue: 01, Aug 2025 

    

  3 

Methodology 

The research adopted a mixed-method approach consisting of: 

1. Literature Review: Analysis of academic journals, IEEE conference 

proceedings, and applied case studies published between 2015–2025 

focusing on AI-driven computational models in science and engineering. 

2. Comparative Analysis: Evaluation of AI-based computational models 

against traditional computational models in terms of accuracy, scalability, 

and adaptability. 

3. Case Study Approach: Selection of three representative cases across 

biomedical engineering, energy systems, and material science to demonstrate 

multidisciplinary applications. 

4. Qualitative Expert Input: Review of perspectives from interdisciplinary 

research groups highlighting opportunities and concerns. 

Case Studies 

Case Study 1: AI in Biomedical Engineering (Drug Discovery) 

Traditional drug discovery is a costly and time-consuming process, often 

requiring years of laboratory testing and billions of dollars in investment. AI-

driven computational models such as deep generative networks and 

reinforcement learning have accelerated the identification of novel compounds 

by predicting molecular interactions, toxicity levels, and potential therapeutic 

effects. For example, AI-assisted models developed during the COVID-19 

pandemic successfully identified drug candidates in a fraction of the time 

required by conventional methods. This represents a direct convergence of 

computer science, pharmacology, and bioengineering. 

Case Study 2: AI in Energy Systems Optimization 

The integration of renewable energy sources into national grids poses 

challenges due to variability and unpredictability in energy production. AI-

based predictive models, particularly reinforcement learning algorithms, are 
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being used to forecast energy demand, optimize power flow, and reduce waste. 

In multidisciplinary projects, engineers, data scientists, and climate researchers 

collaborate to ensure energy systems remain stable and efficient while meeting 

sustainability goals. 

Case Study 3: AI in Material Science 

Material discovery has historically relied on trial-and-error experimentation. AI-

driven models, especially those that combine deep learning with physics-

informed simulations, can now predict material properties and behaviors before 

they are synthesized in the lab. This multidisciplinary convergence of 

computational physics, engineering, and chemistry has significantly accelerated 

the discovery of lightweight alloys, superconductors, and biodegradable 

materials. 

Data Analysis 

Table 1: Comparison of Traditional Computational Models vs. AI-Driven 

Models 

Feature Traditional 

Computational Models 

AI-Driven 

Computational Models 

Data Dependency Based on predefined 

equations & assumptions 

Learns directly from data 

and adapts 

Flexibility Limited to domain-specific 

applications 

Applicable across multiple 

disciplines 

Speed & Scalability Computationally intensive 

and slower 

High efficiency, scalable 

with big data 

Predictive Accuracy Dependent on quality of 

assumptions 

High accuracy with 

nonlinear systems 

Interdisciplinary 

Integration 

Low High (supports science-

engineering synergy) 
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Table 2: Multidisciplinary Applications of AI-Driven Models 

Domain AI Approach Used Multidisciplinary Outcome 

Biomedical 

Engineering 

Deep Generative 

Models, NLP 

Accelerated drug discovery, 

personalized medicine 

Structural 

Engineering 

Reinforcement Learning, 

Simulation 

Smart infrastructure design, 

disaster resilience 

Climate Science Hybrid AI + Physics 

Modeling 

Improved climate forecasting, 

risk mitigation 

Energy Systems Predictive Analytics, 

Optimization 

Efficient renewable integration, 

reduced losses 

Material Science Deep Learning + 

Quantum Simulation 

Faster discovery of novel 

materials 

 

Questionnaire 

To assess expert perspectives on AI-driven computational models, a structured 

questionnaire was designed: 

1. Do you believe AI-driven models outperform traditional models in terms of 

accuracy and adaptability across disciplines? 

2. What challenges do you perceive in integrating AI into multidisciplinary 

research workflows (technical, ethical, or financial)? 

3. Which scientific or engineering fields, in your opinion, benefit most from 

AI-driven computational models? 

4. How significant is the role of explainability and transparency in adopting AI-

driven models in critical domains like healthcare and climate science? 

5. What policy or institutional measures would you recommend to encourage 

collaboration between scientists and engineers through AI? 
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Conclusion 

AI-driven computational models represent a transformative paradigm in 

problem-solving at the intersection of science and engineering. Their ability to 

process massive datasets, uncover nonlinear relationships, and provide 

predictive insights allows them to address multidisciplinary challenges that 

traditional models cannot effectively resolve. From accelerating drug discovery 

and optimizing renewable energy grids to discovering new materials, AI 

demonstrates its role as both a tool and a bridge between disciplines. 

However, challenges remain — including interpretability, bias in training data, 

unequal access to computational infrastructure, and ethical concerns. 

Addressing these issues requires transparent governance frameworks, 

investment in interdisciplinary training, and fostering collaborations between 

computer scientists, engineers, and domain experts. 

As global challenges such as pandemics, climate change, and resource scarcity 

intensify, AI-driven computational models will become essential in creating 

sustainable and innovative solutions that advance both science and engineering 

in unison. 
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