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1 Introduction
Artificial Intelligence (Al) is progressively infiltrating various fields. The incorporation of Al

into civil engineering education signifies a notable transformation in the training of future civil
engineers. As the construction sector advances with new technologies like smart materials, real-
time monitoring, and intelligent design systems, the educational frameworks that underpin it must
also adapt. This discourse examines the necessity, advantages, challenges, and suggested

framework of a civil engineering curriculum enhanced by Al, along with anticipated future trends.
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1.1 The Necessity of Al in Civil Engineering Education
Civil engineering has historically depended on deterministic approaches, manual

computations, and judgment based on experience. Nevertheless, the swift increase in data
availability (from sensors, GIS systems, drones, BIM models, etc.) and computational capabilities

offers opportunities to improve design, planning, and maintenance decisions through the use of Al.

1.2 Key Factors Affecting Civil Engineering Tasks & Education
There are important elements due to Al and technologies affecting civil engineering work

and education.

» Data proliferation — Advancement of IoT sensors and monitoring instruments produces
extensive datasets.

« Intelligent infrastructure — Predictive maintenance, autonomous construction, and traffic
optimization rely on Al models.

« Sustainability requirements — Al aids in simulating environmental effects and optimizing
resource utilization.

e Industry 4.0 — Highlights the importance of automation, real-time data, and intelligent
systems.

In terms of job market demand, it is important to emphasize that Al literacy and skills are
increasingly in demand by employers within the civil engineering sector. Graduates lacking these
competencies may encounter significant disadvantages.

2 Literature Review

There are indications of increasing interest in the integration of Al into civil engineering
education. Naixin et al. (2024) reviewed 82 empirical studies and pinpointed six AI-enabled areas—
intelligent tutoring systems, adaptive learning, virtual laboratories, personalized curriculum
design, among others—while also addressing challenges related to infrastructure, equity, and
faculty resistance. Additional surveys classify applications (machine learning, computer vision,
generative Al, reinforcement learning) within subfields such as structural analysis, geotechnical
engineering, traffic systems, smart infrastructure, and BIM integration (Mohammed et al. 2025).

Islam et al. (2024) discussed that Al-driven tutoring systems provide immediate feedback,
identify knowledge deficiencies, customize exercises, and adjust the pace based on performance.
Jiang et al. (2025) conducted a review of generative Al in civil engineering education, emphasizing
its educational potential as well as the challenges it presents, such as hallucinations, accuracy
within specific domains, and the absence of tailored frameworks and empirical validation.

Al-driven simulations and virtual laboratories enable students to engage with intricate real-
world situations (for instance, structural health monitoring and infrastructure operations), thereby
connecting theoretical knowledge with practical experience. Islam et al. (2024)

Incorporating Al literacy and computational thinking at an early stage in educational

curricula guarantees their relevance. Hasanah et al. (2025) highlighted the importance of
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interdisciplinary collaboration with computer and data science departments to establish essential
skills.

Sajja et al. (2025) assessed an Al-driven learning assistant within undergraduate civil and
environmental engineering courses. Through surveys, usage logs, and qualitative prompts, they
noted a strong student acceptance regarding homework assistance and conceptual comprehension,
yet encountered varied opinions on the quality of instruction. Ethical issues and ambiguous
institutional policies emerged as significant obstacles.

Clarifying the importance of explainability, Love et al. (2022) conducted a review of
Explainable AI (XAI) in the construction sector. They advocated for its implementation to reduce
skepticism, improve transparency, and foster trust among stakeholders, which is pertinent to the
acceptance of students in educational environments.

Artificial Intelligence is a transformative force in Civil Engineering. It is important to
highlight that Al is not merely a buzzword; rather, it represents a practical array of tools that are
already revolutionizing the fields of design, construction, monitoring, and maintenance. It is
essential for students to comprehend its influence across all sub-disciplines, including structural,
geotechnical, transportation, water resources, construction management, spatial & surveying, and

urban planning. (Witchayangkoon et al. 2025).

3 Advantages of Incorporating Al into the Civil Engineering
Curriculum

3.1 Improved Learning Experience
To provide personalized education, adaptive Al platforms are capable of meeting the distinct

requirements of every student. By developing intelligent tutoring systems, Al-driven technologies
can offer hints, explanations, and targeted feedback. Enhancing the learning experience through
simulation and visualization, Al tools allow students to visualize complex structures and simulate

failure scenarios in real-time.

3.2 Enhanced Design and Decision-Making
The application of Al in structural design involves the utilization of neural networks and

genetic algorithms to improve design quality. In the realm of traffic modeling, machine learning
models are capable of predicting traffic patterns and simulating dynamic systems. Regarding
construction management, Al can enhance design and decision-making by anticipating project

delays, budget overruns, and optimizing resource allocation.

3.3 Alignment with Industry Needs
To align with industry requirements, it is essential to prepare students for a workforce that

emphasizes digital skills. It encourages interdisciplinary collaboration (for instance, the
integration of data science with civil engineering). This approach enhances employability by
utilizing contemporary toolsets such as Python, TensorFlow, MATLAB, and Al-enhanced CAD/BIM

tools.
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4 Obstacles and Hurdles

4.1 Complexity of Curriculum Overhaul
In terms of the Complexity of Curriculum Overhaul, the incorporation of AI might

necessitate the elimination or reduction of conventional subjects, leading to potential pushback. It

is important to train faculty is crucial yet frequently insufficient.

4.2 Limitations of Resources
Limitations of resources, investment in Al laboratories, cloud computing services, and

licensed software are required. Also, not every institution possesses the technical infrastructure

necessary to facilitate this integration.

4.3 Gap in Interdisciplinary Knowledge
Students may be deficient in programming and data literacy, complicating the introduction

of Al concepts. It is vital to establish coordination between civil engineering departments and
computer science faculties.
5 Proposed Curriculum Structure

Artificial Intelligence (AI) possesses the capability to tackle some of the most significant
challenges currently faced in education, enhance teaching and learning methodologies, and
expedite advancements in the educational sector (UNESCO, 2025). To incorporate Al into the civil

engineering curriculum, the pertinent question is what should be taught (see Table 1.

Table 1: Al & What to teach in Civil Engineering Program.

Al topics What to teach
Fundamental Al Principles: -Programming Fundamentals: Python is frequently favored because of its
Offer a comprehensive comprehensive Al libraries.

introduction to pertinent Al concepts -Data Science Basics: Involves data collection, cleaning, visualization, and

statistical analysis.

-Machine Learning (ML) Fundamentals: Covers supervised, unsupervised,

and reinforcement learning, along with common algorithms such as

regression, classification, and clustering.

-Deep Learning (DL) Basics: Provides an introduction to neural networks,

including convolutional neural networks (CNNs) for image processing and

recurrent neural networks (RNNs) for sequential data.

-Generative Al: Focuses on understanding the functionality of tools like

large language models, including their capabilities and limitations.

The Applications of Al in Civil -Design & Optimization: Generative design, structural optimization, and

Engineering: Include specific material selection. _ _ o

instances and projects that illustrate -Constructtlon I(\j/la.r;ageme.rgt: 'PrOth]Ct scr;]edullng:[resquyce allocation, risk
Sioati assessment, and site monitoring through computer vision.

the utilization of Al -Infrastructure Monitoring & Maintenance: Predictive maintenance,

structural health assessment, and damage detection.

-Smart Cities & Transportation: Optimization of traffic flow and urban

planning.

-Geotechnical Engineering: Prediction of soil behavior and analysis of

slope stability.

-Environmental Engineering: Modeling of pollution and optimization of

resources.

Tools and Software Familiarize students with both industry-standard and emerging Al tools

and platforms pertinent to civil engineering (for instance, Python libraries

such as TensorFlow, PyTorch, and Scikit-learn; commercial Al-integrated

BIM software, and specialized simulation tools).
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5.1 Undergraduate Program (B.Tech/B.Engr./B.Sc.)

For the undergraduate program, students pursuing a Bachelor of Technology (B.Tech) or
Bachelor of Engineering (B.Engr.) or Bachelor of Science (B.Sc.) degree in Civil Engineering (CE)
may consider the curriculum that incorporates Artificial Intelligence into Civil Engineering

Education, as outlined in Table 2.

Table 2: Proposed undergraduate program integrating Al into Civil Engineering

Year of study Curriculum incorporating Al

Year 1-2: Foundations * Basic programming (Python or MATLAB)
* Introduction to Civil Engineering
* Engineering Mathematics & Statistics
» Mechanics, Materials, and Structural Analysis
Year 3: Applied Al Modules » Course: Introduction to Al for Engineers

- Basics of ML, Al, and data preprocessing
 Course: Data Science for Civil Applications

- Data collection (from sensors, GIS)

- Data cleaning, visualization (using Pandas, NumPy)
* Al Applications Lab

- Case studies (e.g., traffic prediction, flood forecasting)
Year 4: Specialized Topics &  Course: Al in Structural and Geotechnical Engineering

Capstone  Course: Al for Smart Cities and Infrastructure
» Capstone Project
- Team-based project integrating Al into a real-world CE challenge

5.2 Graduate Program (M.Tech/M.Engr./M.Sc.)

For the graduate program, students who are working towards a Master of Technology
(B.Tech), Master of Engineering (M.Engr.), or Master of Science (M.Sc.) degree in Civil Engineering
(CE) should look at the curriculum that includes Artificial Intelligence in Civil Engineering
Education, as shown in Table 4. However, it is crucial for students to have a background in Al as a
prerequisite (Table 3). To excel in these specialized courses (Table 4), students need a strong
foundation in mathematics, programming, and core Al concepts. The courses listed in Table 3 are
highly technical and build upon these fundamentals in Table 3, applying them to the specific

domain of civil and construction engineering.

Table 3: Foundational Al background needed for students to take Al-integrated Civil Engineering education.

Needed background Corresponding needed skills

¢ Mathematics Students will need a solid grasp of linear algebra (essential for understanding matrix operations
used in neural networks), calculus (especially derivatives for optimization algorithms like
gradient descent), and probability and statistics (for data analysis and model evaluation).

e Programming Proficiency in a language like Python is a must. You should be comfortable with its libraries for
data manipulation (Pandas, NumPy), visualization (Matplotlib), and machine learning
frameworks (PyTorch or TensorFlow).

o Core Al Concepts | Abasic understanding of machine learning principles is crucial. This includes concepts like
supervised and unsupervised learning, model training, and common algorithms (e.g., linear
regression, classification).
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Table 4: Proposed graduate program integrating Al into Civil & Construction Engineering.

Graduate Course

Proposed Al-integrated CE

Specific Needs

Infrastructure

Advanced Machine Learning for

This course requires a deeper understanding of machine learning
theory, including more complex algorithms, model validation,
and deployment (MLOps).

Monitoring (e.g., drone image
analysis)

Computer Vision for Construction

This course builds on the foundation with a focus on image
processing and deep learning. Students will need to know about
Convolutional Neural Networks (CNNSs), which are the primary
models for image analysis.

Prediction

Deep Learning for Material Behavior

This course demands a strong grasp of deep learning
architectures and data handling. Knowledge of different types of
neural networks, backpropagation, and data preprocessing for
material science applications is key.

Monitoring Systems

Smart Structures and Real-Time

This is an interdisciplinary course. It requires knowledge of
sensor technology, data acquisition, and signal processing, in
addition to how to apply Al models to time-series data for tasks
like anomaly detection and predictive maintenance.

Twins

Al-Enhanced GIS, BIM, and Digital

This course combines geospatial and construction modeling with
Al. Students should be familiar with GIS (Geographic
Information Systems) and BIM (Building Information Modeling)
software and data structures. Students will then learn how to use
Al to automate tasks, analyze data, and create digital twins.

modeling, design, or operations

Thesis/Dissertation on Al-enhanced

For an Al-based thesis, students will need all the above skills
plus research methodology. This includes the ability to identify a
research gap, design experiments, and analyze and interpret
results to contribute new knowledge to the field.

6 Pedagogical Approaches - How to Teach

While Table 1 discusses what to teach, Table 5 shows how to teach, e.g., using various

pedagogical approaches with details for Al-integrated CE education.

Table 5: Pedagogical approaches for Al-integrated education.

Pedagogical Approaches

Details

e Practical and Project-
Oriented Learning

This is essential. Students acquire knowledge most effectively through hands-
on experiences. Integrate a variety of practical projects, case studies, and
simulations utilizing authentic or realistic civil engineering datasets.

e Challenge-Based Learning

Emphasize how Al can address particular civil engineering issues, rather than
merely instructing on Al principles in a vacuum.

e Cross-Disciplinary
Collaboration

Promote projects and possibly joint courses with computer science, data
science, and other pertinent departments.

e Faculty Training

Offer comprehensive training, workshops, and resources for civil engineering
faculty to develop Al proficiency. Motivate them to work alongside Al experts.

e Industry Speakers and
Engagement

Bring in industry professionals who are currently applying Al to share their
knowledge and experiences.

e Hybrid Learning

Merge online courses, face-to-face lectures, laboratory sessions, and self-
directed project work.

e Personalized Learning

Explore the use of Al-driven personalized learning systems to accommodate
various student backgrounds and learning speeds.
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7 Practical Tools, Platforms, and Technologies to Introduce
By enhancing capabilities, it is essential to emphasize how Al empowers civil engineers to

address intricate challenges, refine designs, make informed decisions based on data, boost
efficiency, improve safety, and foster sustainability in ways that were once beyond imagination.

Table 6 details CE areas with various tools.

Table 6: Studied CE area with tools.

CE Area Tools
Programming & Al Python, R, MATLAB, TensorFlow, Scikit-learn, Keras, OpenCV
Civil Design AutoCAD, Revit, ETABS, SAP2000
GIS, Remote Sensing & Mapping | QGIS, ArcGIS, Google Earth Engine
BIM/Digital Twin Autodesk Forge, Bentley iTwin, Revit
Project Collaboration GitHub, Google Colab, Jupyter Notebooks
Drone/loT Integration DJI Drone SDK, Raspberry Pi, Arduino, MATLAB
CE Simulation ANSYS, SAP2000, ETABS, Abaqus
Data Collection l0T sensors, Arduino, Raspberry Pi, drones
Visualization Power BI, Tableau, Matplotlib
ML Frameworks Scikit-learn, TensorFlow, PyTorch

8 Collaboration with Industry and Research
To foster collaboration with the industry, internships can be arranged with civil engineering

firms that integrate AI technologies. Additionally, hackathons and Al-related challenges can be
organized, focusing on urban planning, disaster forecasting, and related fields. It is feasible to
conduct collaborative courses in conjunction with the Computer Science/Al departments and Civil
Engineering. Furthermore, partnerships can be established with organizations or emerging

startups within the construction technology sector.

9 Challenges & Barriers

Due to technical and infrastructural factors, the requirements for high-performance
computing and reliable internet connectivity can hinder effective implementation—especially in
regions with limited resources (Islam et al. 2024). Ethical and privacy concerns include biases in Al
outcomes, data confidentiality, transparency, equity, and academic integrity. Students often voice
uncertainty about institutional Al policies (Islam et al. 2024; Hasanah et al. 2025; Sajja et al. 2025).
Regarding issues related to faculty expertise and institutional resistance, inadequate training for
educators and reluctance to shift from traditional teaching methods obstruct the adoption (Islam et
al. 2024). Concerning the risk of over-reliance, excessive dependence on Al support may
compromise critical thinking and problem-solving skills if not carefully managed (Islam et al.
2024). In terms of interpretability and trust, it is crucial for both students and educators to have
access to transparent and explainable Al tools—particularly in high-stakes engineering contexts
(Islam et al. 2024).
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10 Recommendations & Future Trends
To achieve curriculum integration, it is essential to incorporate artificial intelligence literacy

and computational thinking from the beginning, collaborating across different departments to
promote the cultivation of foundational skills (Hasanah et al. 2025). In order to create domain-
specific generative Al frameworks, systems must be established that are specifically tailored for
civil engineering, aimed at reducing hallucinations and improving accuracy; empirical testing
should be conducted in real classroom environments (Sajja et al. 2025).

For certain recommendations, it is advisable to develop Al tutors and mentors to facilitate
self-directed learning in civil engineering. Additionally, the integration of digital twin technology
for managing the lifecycle of infrastructure should be taken into account. The application of Al for
enhancing climate resilience in infrastructure design may also be considered. Furthermore, the use
of robotics and autonomous construction, directed by Al, is worth exploring. Implementing virtual
and augmented reality alongside Al presents an effective approach for immersive education and
planning.

11 Conclusion

The integration of Al in civil engineering education is not merely a trend; it is an essential
requirement. The engineers of the future must possess the ability to analyze large datasets, utilize
intelligent systems, and incorporate Al technologies into the design and management of physical
infrastructure. Achieving this necessitates a collaborative and phased strategy that includes
meticulous planning, investment in resources, training for faculty, and alignment with industry
standards. This paper introduces a framework designed to enhance civil engineering education
through AI for both undergraduate and graduate programs. Pedagogical approaches have been
presented. Recommendations and future trends are given.

12 Availability of Data and Materials

Data can be made available by contacting the corresponding author.

13 References

Love, P. E., Fang, W., Matthews, J., Porter, S., Luo, H., & Ding, L. (2022). Explainable Artificial Intelligence
(XAl): Precepts, methods, and opportunities for research in construction. arXiv. DOIL:
10.48550/arXiv.2211.06579

Hasanah, N. A., Aziza, M. R., Junikhah, A, Arif, Y. M., & Garcia, M. B. (2025). Navigating the Use of Al in
Engineering Education Through a Systematic Review of Technology, Regulations, and
Challenges. Pitfalls of Al Integration in Education: Skill Obsolescence, Misuse, and Bias, 371-398.
DOI: 10.4018/979-8-3373-0122-8.ch016

Naixin, Z., Wai Yie, L., Tong, Z., & Changqing, W. (2024). Artificial Intelligence in Engineering Education:
A Review of Pedagogical Innovations. INTI JOURNAL, 2024(46), 1-10.

Mohammed, M., Mohammed, A., Ilhmedee, F., Adam, T., Betar, B., & Gopinath, S. (2025). Emerging

artificial intelligence methods in civil engineering: A Comprehensive Review. Al-Rafidain Journal of
Engineering Sciences, 280-293.

http://TuEngr.com Page | 8



Islam, M.D., et al. (2024). Artificial Intelligence in Civil Engineering Education. The 3rd International
Conference on Advancements in Engineering Education (ICAEED2024).
DOI:10.71427/iCAEED2025/14

Jiang, N., Zhou, W., Hasanzadeh, S., & Duffy, V.G. (2025). Application of Generative Al in Civil
Engineering Education: A Systematic Review of Current Research and Future Directions. In CIB
Conferences (Vol. 1(1), p. 306).

Sajja, R., Sermet, Y., Fodale, B., & Demir, I. (2025). Evaluating Al-powered learning assistants in
engineering higher education: Student engagement, ethical challenges, and policy implications. arXiv
preprint arXiv:2506.05699.

UNESCO. (2025). Artificial  Intelligence in  Education. https://www.unesco.org/en/digital-
education/artificial-intelligence Accessed January 2025.

Witchayangkoon, B. B., Phothong, T., Arab, Y., Hassan, A. S., Chearnkiatpradab, B., and Thongjub, P.
(2025). A Deliberation on Modern Al-Driven Research within Civil Engineering. International
Transaction Journal of Engineering, Management, & Applied Sciences & Technologies, 16(1),
16A1C, 1-21. http://TuEngr.com/V16/16 A1C.pdf DOI: 10.14456/ITJEMAST.2025.3

Alif Samsey is currently pursuing his PhD at the Department of Civil Engineering at Thammasat University in Thailand.
He earned his Bachelor of Engineering in Civil Engineering from the same university. Additionally, he obtained a Master
of Engineering in Civil & Environmental Engineering from Gifu University, Japan. His research focuses on Social
Engineering aimed at Improving People's Quality of Life.

Dr.Bhattraradej (Boonsap) Witchayangkoon is an Associate Professor of the Department of Civil Engineering at
Thammasat School of Engineering, Thammasat University. He received his B.Eng. from King Mongkut’s University of
Technology Thonburi with Honors. He continued his PhD study at the University of Maine, USA, where he obtained his
PhD in Spatial Information Science & Engineering. His interests encompass the application of emerging technologies
within the field of civil engineering.

Koltouch Anantakarn is a Lecturer at the Faculty of Engineering and Architecture, Rajamangala University of
Technology Tawan-ok, Uthenthawai Campus, Bangkok, Thailand. He received a Bachelor of Engineering degree in Civil
Engineering from King Mongkut Institute of Technology, Ladkrabang, and a Master of Engineering degree from
Rajamangala University of Technology, Tawan-ok, Uthenthawai Campus, Thailand. His research focuses on GPS/GNSS
Surveying Engineering and Spatial Technology.

Dr. Kritsada Anantakarn is an Assistant Professor at the Department of Civil Engineering Technology, Faculty of
Engineering and Architecture, Rajamangala University of Technology Tawan-ok, Uthenthawai Campus, Thailand. He
earned his Bachelor of Engineering (Civil Engineering) from Rajamangala Institute of Engineering, and a Master’s degree
in Urban and Environmental Planning from King Mongkut's Institute of Technology Ladkrabang, and a PhD from
Thammasat University. He is interested in GPS/GNSS, Spatial Engineering & Technology.

http://TuEngr.com Page | 9



	1 Introduction
	1.1 The Necessity of AI in Civil Engineering Education
	1.2 Key Factors Affecting Civil Engineering Tasks & Education

	2 Literature Review
	3 Advantages of Incorporating AI into the Civil Engineering Curriculum
	3.1 Improved Learning Experience
	3.2 Enhanced Design and Decision-Making
	3.3 Alignment with Industry Needs

	4 Obstacles and Hurdles
	4.1 Complexity of Curriculum Overhaul
	4.2 Limitations of Resources
	4.3 Gap in Interdisciplinary Knowledge

	5 Proposed Curriculum Structure
	5.1 Undergraduate Program (B.Tech/B.Engr./B.Sc.)
	5.2 Graduate Program (M.Tech/M.Engr./M.Sc.)

	6 Pedagogical Approaches – How to Teach
	7 Practical Tools, Platforms, and Technologies to Introduce
	8 Collaboration with Industry and Research
	9 Challenges & Barriers
	10 Recommendations & Future Trends
	11 Conclusion
	12 Availability of Data and Materials
	13 References

