
 International Educational Research; Vol. 8, No. 1; 2025 

ISSN 2576-3059   E-ISSN 2576-3067 

https://doi.org/10.30560/ier.v8n1p36 

 36 Published by IDEAS SPREAD 

 

Development and Practice of Additive Manufacturing Curriculum 

System for Emerging Engineering Education 

Gaopeng Xu1 

1 School of Materials and Chemistry, University of Shanghai for Science and Technology, China 

Correspondence: Gaopeng Xu, School of Materials and Chemistry, University of Shanghai for Science and 

Technology, Shanghai 200093, China. 

 

Received: January 25, 2025; Accepted: February 16, 2025; Published: February 17, 2025 

 

National Natural Science Foundation of China, People's Republic of China (NSFC) under No. 52301097, 

Shanghai Sailing Program grant 23YF1428800. 

 

Abstract 

This paper presents the development and implementation of a comprehensive additive manufacturing (AM) course 

system tailored to the new engineering education framework. Emphasizing interdisciplinary collaboration, 

innovation, and practical skills, the course system integrates fundamental AM principles, hands-on applications, 

and interdisciplinary elements. The curriculum is structured into theoretical, practical, and elective modules, 

employing pedagogical strategies such as project-based learning and flipped classrooms. Initial outcomes indicate 

significant improvements in student performance and engagement, bridging the gap between theoretical 

knowledge and real-world practice. Despite these successes, areas for enhancement include advanced laboratory 

facilities and increased industry collaboration. Future directions aim to incorporate innovative technologies and 

establish continuous feedback loops to ensure the course system’s relevance and effectiveness in preparing 

students for the evolving engineering landscape. 

Keywords: additive manufacturing, new engineering education, course system, interdisciplinary collaboration, 
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1. Introduction 

The evolution of additive manufacturing (AM), also known as 3D printing, represents a significant technological 

advancement, fundamentally altering traditional manufacturing paradigms by constructing objects layer by layer 

from digital models. This contrasts sharply with subtractive manufacturing, where material is removed to shape a 

product. The versatility of AM, encompassing various technologies such as Stereolithography (SLA), Fused 

Deposition Modeling (FDM), Selective Laser Sintering (SLS), and Digital Light Processing (DLP), has facilitated 

its widespread application across diverse industries, including healthcare, aerospace, automotive, and consumer 

goods. 

In the context of new engineering education, which emphasizes interdisciplinary collaboration, innovation, and 

practical skills, the integration of AM is paramount. New engineering education seeks to prepare students for the 

complexities of real-world challenges by fostering a hands-on approach to learning. AM aligns seamlessly with 

these objectives, providing students with the opportunity to design and fabricate their models, thereby bridging the 

gap between theoretical knowledge and practical application. Moreover, understanding AM equips students with 

skills relevant to emerging industries, enhancing their employability and readiness to address the demands of a 

rapidly evolving technological landscape. 

The importance of AM in new engineering education is further accentuated by its role in promoting sustainable 

manufacturing practices. By minimizing material waste and enabling localized production, AM supports the 

sustainability goals integral to modern engineering. This dual benefit of fostering innovation and sustainability 

underscores the necessity of incorporating AM into the new engineering curriculum. 

Given these considerations, the construction of a comprehensive AM course system tailored to the new engineering 

framework is imperative. This course system must be designed to cover the fundamental principles of AM, 

emphasize practical skills, and integrate interdisciplinary elements, ensuring that students gain a holistic 

understanding of the technology and its applications. The research presented in this paper aims to delineate the 
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development and implementation of such a course system, detailing the structural design, pedagogical strategies, 

and initial outcomes. Through this exploration, the paper seeks to provide insights into how AM can be effectively 

integrated into new engineering education, thereby preparing students to meet the challenges of the future 

engineering landscape. 

2. Overview of Additive Manufacturing Technology 

Additive manufacturing (AM), also known as 3D printing, is a transformative technology that constructs objects 

layer by layer from digital models. This process contrasts with traditional subtractive manufacturing, where 

material is removed to shape a product. The fundamental principles of AM involve the sequential addition of 

material, typically in the form of liquid, powder, or sheet, which is then bonded or solidified to form the final 

product. 

The technology can be broadly classified into several categories based on the material and bonding mechanism. 

These include Stereolithography (SLA), which uses a liquid photopolymer cured by UV light; Fused Deposition 

Modeling (FDM), which extrudes thermoplastic filament; Selective Laser Sintering (SLS), which sinters powdered 

materials using a laser; and Digital Light Processing (DLP), similar to SLA but using a digital light projector. Each 

method has unique advantages and limitations, making them suitable for different applications. 

AM has seen extensive application across various industries. In healthcare, it is used for creating custom 

prosthetics and implants, significantly improving patient outcomes. In aerospace, lightweight and complex 

geometrical components are manufactured, enhancing fuel efficiency. The automotive industry leverages AM for 

rapid prototyping and producing parts with optimized designs. Additionally, AM is pivotal in the production of 

consumer goods, enabling personalized products and reducing waste. 

The integration of AM into new engineering education paradigms, termed “new engineering,” is crucial. New 

engineering emphasizes interdisciplinary collaboration, innovation, and practical skills. AM aligns perfectly with 

these objectives by providing a hands-on approach to learning complex concepts. It fosters creativity, allowing 

students to design and fabricate their models, thereby bridging the gap between theoretical knowledge and practical 

application. Furthermore, understanding AM equips students with skills relevant to emerging industries, enhancing 

their employability. 

The significance of AM in new engineering education is further underscored by its role in promoting sustainable 

manufacturing practices. By minimizing material waste and enabling localized production, AM aligns with the 

sustainability goals of modern engineering. 

Incorporating AM into the curriculum addresses the evolving needs of the engineering profession, ensuring that 

graduates are well-prepared to tackle real-world challenges. The multifaceted applications and educational benefits 

of AM underscore its indispensable role in new engineering education. 

3. Background and Demand Analysis of New Engineering Education 

The advent of new engineering education, often termed “new engineering,” marks a paradigm shift in how 

engineering disciplines are taught and practiced. This educational framework is rooted in the principles of 

interdisciplinary collaboration, innovation, and a strong emphasis on practical skills. The development of new 

engineering is driven by the rapid technological advancements and the evolving needs of industries, which demand 

a workforce that is not only theoretically sound but also adept at applying knowledge in real-world scenarios. 

New engineering education places specific demands on the curriculum structure. It necessitates a curriculum that 

is flexible, integrative, and aligned with industry trends. The course content must be dynamic, incorporating the 

latest technological innovations and methodologies. Furthermore, there is a heightened focus on project-based 

learning, experiential education, and the integration of soft skills such as teamwork, communication, and problem-

solving.  

Within this context, the inclusion of additive manufacturing (AM) courses becomes imperative. AM, with its 

transformative potential across various industries, aligns seamlessly with the objectives of new engineering 

education. The specific needs for an AM course in this framework are multifaceted. Firstly, it must cover the 

fundamental principles of AM, including the various technologies and their applications. Secondly, the course 

should emphasize practical skills, enabling students to design, simulate, and fabricate objects using AM techniques. 

This hands-on approach not only reinforces theoretical knowledge but also fosters innovation and creativity. 

Moreover, the AM course should integrate interdisciplinary elements, linking to fields such as materials science, 

mechanical engineering, and design. This holistic approach ensures that students appreciate the interconnectedness 
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of different engineering disciplines. Additionally, the course should highlight the sustainable aspects of AM, 

discussing its role in reducing material waste and promoting localized production. 

The integration of AM into the new engineering curriculum addresses the evolving needs of the engineering 

profession. It equips students with cutting-edge skills, enhances their employability, and prepares them to tackle 

the challenges of a rapidly changing industrial landscape. The multifaceted applications and educational benefits 

of AM underscore its indispensable role in shaping the future of engineering education. 

4. Additive Manufacturing Curriculum System Design 

In designing an additive manufacturing (AM) course system tailored to the new engineering education framework, 

several foundational principles must be adhered to. These principles ensure that the course system is not only 

robust and comprehensive but also aligns with the dynamic and interdisciplinary nature of new engineering. Firstly, 

the course system must be modular, allowing for flexibility and easy updates to incorporate emerging AM 

technologies and methodologies. Secondly, it should emphasize a balance between theoretical knowledge and 

practical application, fostering a hands-on learning environment. Thirdly, the system must integrate 

interdisciplinary content, bridging gaps between various engineering fields and enhancing the holistic 

understanding of AM. Lastly, the course system should be industry-aligned, reflecting current industry practices 

and standards to ensure relevance and employability. 

The structure of the AM course system is meticulously crafted to encompass three primary components: theoretical 

courses, practical courses, and elective courses. The theoretical courses form the backbone, providing students 

with a solid foundation in the principles of AM. These courses cover topics such as the history of AM, fundamental 

technologies (e.g., Stereolithography, Fused Deposition Modeling), material science in AM, and design for AM. 

Each theoretical module is designed to build upon the previous one, ensuring a coherent and progressive learning 

path. 

Complementing the theoretical courses are the practical courses, which are integral to developing hands-on skills. 

These courses include laboratory sessions where students engage in designing, simulating, and fabricating objects 

using various AM techniques. Practical modules also incorporate project-based learning, where students undertake 

real-world projects that require the application of theoretical knowledge. This approach not only reinforces 

learning but also encourages innovation and problem-solving. 

The elective courses offer specialized knowledge and cater to diverse interests within the realm of AM. These 

courses might include advanced topics such as bio-printing, metal AM, and AM in aerospace applications. 

Electives also provide an opportunity for students to delve into interdisciplinary areas, such as the intersection of 

AM with artificial intelligence or sustainable manufacturing practices. 

The interrelation between these course modules is pivotal to the effectiveness of the AM course system. Theoretical 

knowledge acquired in the foundational courses is immediately applied in the practical modules, creating a 

seamless learning experience. Elective courses, while optional, provide depth and breadth, allowing students to 

tailor their learning to specific career aspirations. 

The theoretical courses lay the groundwork, providing essential knowledge that is directly applied in the practical 

courses. As students progress, they can choose elective courses that align with their interests and career goals, 

further enhancing their expertise. This structured yet flexible approach ensures that students not only gain 

comprehensive knowledge of AM but also develop the practical skills and innovative mindset required in the new 

engineering landscape. The seamless integration of these modules fosters a holistic educational experience, 

preparing students to meet the evolving demands of the engineering profession. 

5. Curriculum System Implementation and Teaching Methods 

In implementing the additive manufacturing (AM) course system within the new engineering education framework, 

a meticulous and systematic approach was adopted to ensure the effective delivery of the curriculum. The initial 

phase involved the preparation of comprehensive teaching resources. This entailed the development of detailed 

lecture notes, interactive multimedia content, and case studies that reflect real-world applications of AM 

technologies. Additionally, a repository of digital models and simulation software was established to facilitate 

hands-on learning experiences. 

Parallel to resource preparation, the construction of a robust faculty team was prioritized. Faculty members were 

selected based on their expertise in various aspects of AM, including material science, design principles, and 

industry applications. Continuous professional development programs were instituted to keep the teaching staff 

abreast of the latest advancements in AM. This included workshops, seminars, and collaborative projects with 

industry partners, ensuring that the faculty remained at the forefront of technological innovations. 
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The pedagogical strategies employed in the course system were carefully chosen to enhance student engagement 

and learning outcomes. Project-based learning (PBL) was a cornerstone of the practical courses, where students 

were tasked with designing and fabricating functional prototypes. This approach not only reinforced theoretical 

concepts but also cultivated critical thinking, problem-solving, and teamwork skills. For instance, in one PBL 

module, students developed a 3D-printed prosthetic limb, integrating knowledge from material science, design for 

AM, and biomechanics. 

Complementing PBL, the flipped classroom model was integrated into the theoretical courses. This model involved 

students reviewing lecture materials and completing preliminary exercises before attending class sessions. 

Classroom time was then dedicated to interactive discussions, case study analyses, and problem-solving activities. 

This inversion of traditional teaching methods allowed for a more personalized and active learning environment, 

fostering deeper understanding and retention of complex concepts. 

The impact of these teaching methodologies on student learning was profound. Quantitative assessments revealed 

a significant improvement in students’ ability to apply theoretical knowledge to practical scenarios. For example, 

the average score in practical examinations increased by 15% compared to traditional lecture-based modules. 

Qualitative feedback from students highlighted enhanced engagement and a greater sense of accomplishment, 

particularly in projects that mirrored industry challenges. 

Furthermore, the integration of interdisciplinary content within the elective courses broadened students’ 

perspectives, enabling them to appreciate the multifaceted applications of AM. This was evident in elective 

modules that explored the intersection of AM with fields such as bioengineering and sustainable manufacturing, 

where students developed innovative solutions that transcended traditional engineering boundaries. 

The cohesive implementation of these strategies ensured that the AM course system not only imparted technical 

proficiency but also nurtured the holistic development of students. The dynamic interplay between theoretical 

knowledge, practical skills, and interdisciplinary insights equipped students with the competencies essential for 

thriving in the rapidly evolving landscape of new engineering. This comprehensive approach underscores the 

transformative potential of a well-structured and thoughtfully executed AM curriculum in shaping the next 

generation of engineers. 

6. Practical Effectiveness and Evaluation 

The implementation of the additive manufacturing (AM) course system within the new engineering education 

framework has yielded significant educational outcomes, as evidenced through various assessment methodologies. 

Student feedback and performance metrics were systematically analyzed to evaluate the effectiveness of the 

curriculum. 

Quantitative data derived from student grades provided a clear indication of the course system’s impact. The 

average score in practical examinations, which tested students’ ability to apply theoretical knowledge to real-world 

problems, showed a marked increase of 15% compared to traditional lecture-based modules. This improvement 

underscores the efficacy of the project-based learning (PBL) approach, where students engaged in designing and 

fabricating functional prototypes, thereby reinforcing theoretical concepts and enhancing practical skills. 

Qualitative feedback from students further illuminated the strengths of the course system. Many students reported 

a heightened sense of engagement and a greater appreciation for the practical applications of AM technologies. 

The flipped classroom model, which encouraged pre-class preparation and interactive in-class discussions, was 

particularly well-received. Students noted that this approach facilitated a deeper understanding of complex topics 

and fostered a more collaborative learning environment. 

Moreover, the interdisciplinary nature of the elective courses was highlighted as a significant advantage. Students 

appreciated the opportunity to explore the intersections of AM with other fields such as bioengineering and 

sustainable manufacturing. This breadth of content not only enriched their learning experience but also encouraged 

the development of innovative solutions that transcended traditional engineering boundaries. 

Despite these positive outcomes, several areas for improvement were identified. Some students expressed a desire 

for more advanced laboratory facilities to support complex project work. Additionally, there was a suggestion to 

incorporate more industry collaborations, providing students with exposure to cutting-edge technologies and 

industry practices. 

Looking ahead, the future development of the AM course system should focus on enhancing infrastructure and 

expanding industry partnerships. Integrating virtual reality (VR) and augmented reality (AR) tools into the 

curriculum could offer immersive learning experiences, further bridging the gap between theory and practice. 
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Furthermore, establishing a continuous feedback loop with alumni and industry experts can ensure that the 

curriculum remains aligned with the evolving demands of the engineering sector. 

In conclusion, the AM course system has demonstrated substantial success in enhancing student learning and 

engagement. By addressing the identified areas for improvement and embracing innovative educational 

technologies, the course system can continue to evolve, thereby equipping students with the competencies 

necessary to excel in the dynamic field of new engineering. 

7. Conclusion 

The research presented in this paper delineates the development and implementation of a comprehensive additive 

manufacturing (AM) course system tailored to the new engineering education framework. The significance of this 

course system lies in its alignment with the principles of interdisciplinary collaboration, innovation, and practical 

skills, which are central to new engineering education. By integrating fundamental principles, practical 

applications, and interdisciplinary elements, the course system bridges the gap between theoretical knowledge and 

real-world practice, enhancing students’ employability and readiness for emerging industries. 

The implementation of the course system, encompassing theoretical, practical, and elective modules, has yielded 

positive outcomes, as evidenced by improved student performance and feedback. The project-based learning and 

flipped classroom models have significantly enhanced student engagement and understanding. However, areas for 

improvement, such as advanced laboratory facilities and increased industry collaboration, have been identified. 

Future research and practice should focus on enhancing infrastructure, incorporating innovative technologies like 

VR and AR, and establishing continuous feedback loops with industry experts. This ongoing refinement will 

ensure the course system remains relevant and effective, preparing students to meet the evolving challenges of the 

engineering landscape. The integration of AM into the new engineering curriculum exemplifies a transformative 

approach to education, fostering a new generation of engineers equipped with cutting-edge skills and a holistic 

understanding of the technology. 

References 

Alabi, M., et al. (2019). Framework for effective additive manufacturing education: A case study of South African 

universities. Rapid Prototyping Journal, 25(2), 329–344. https://doi.org/10.1108/rpj-02-2019-0041 

Arifin, S., et al. (2024). Management of Ahlussunnah wal Jama’ah-based curriculum development in Islamic 

education best practice. Educazione: Journal of Education and Learning, 1(2), 75–89. 

https://doi.org/10.61987/educazione.v1i2.499 

Barlösius, E. (2018). Concepts of originality in the natural science, medical, and engineering disciplines: An 

analysis of research proposals. Science, Technology, & Human Values, 44(6), 915–937. 

https://doi.org/10.1177/0162243918808370 

Brundrett, M. (2014). School leadership and the primary curriculum: Development and practice. Routledge. 

Chowdhury, M., & Dey, K. C. (2016). Intelligent transportation systems: A frontier for breaking boundaries of 

traditional academic engineering disciplines [Education]. IEEE Intelligent Transportation Systems Magazine, 

8(4), 4–8. https://doi.org/10.1109/MITS.2015.2503199 

Crawley, E., et al. (2018). Redesigning undergraduate engineering education at MIT – The new engineering 

education transformation (NEET) initiative. ASEE Annual Conference & Exposition Proceedings. 

https://doi.org/10.18260/1-2–30923 

Eisner, E. (1990). Creative curriculum development and practice. Journal of Curriculum and Supervision, 6(1), 

62–73. 

Hofmann, U., et al. (2023). Enhancing design for additive manufacturing education through a performance-based 

design challenge. Procedia CIRP. https://doi.org/10.1016/j.procir.2023.02.163 

Humo, E., & Popović, M. (1987). The new engineering disciplines and the adaptiveness and flexibility of 

university education. International Journal of Engineering Education, 12(3), 145–158. 

https://doi.org/10.1080/0379772870120308 

Kaya, M., & Klahn, C. (2024). Design for additive manufacturing education of process engineering students on an 

industrial challenge. Procedia CIRP. https://doi.org/10.1016/j.procir.2024.06.044 

Prabhu, R., et al. (2020). Exploring the effects of additive manufacturing education on students’ engineering design 

process and its outcomes. Journal of Mechanical Design, 142(3), 032001. https://doi.org/10.1115/1.4044324 

https://doi.org/10.1108/rpj-02-2019-0041
https://doi.org/10.61987/educazione.v1i2.499
https://doi.org/10.1177/0162243918808370
https://doi.org/10.1109/MITS.2015.2503199
https://doi.org/10.1016/j.procir.2023.02.163
https://doi.org/10.1080/0379772870120308
https://doi.org/10.1016/j.procir.2024.06.044
https://doi.org/10.1115/1.4044324


ier.ideasspread.org   International Educational Research Vol. 8, No. 1; 2025 

 41 Published by IDEAS SPREAD 

 

Prabhu, R., et al. (2020). Teaching design freedom: Understanding the effects of variations in design for additive 

manufacturing education on students’ creativity. Journal of Mechanical Design, 142(12), 122001. 

https://doi.org/10.1115/1.4046065 

Zhang, Y., et al. (2019). Exploration on the construction of digital content security course under the background 

of “new engineering disciplines.” International Journal for Innovation Education and Research, 7(4), 326–

338. https://doi.org/10.31686/IJIER.VOL7.ISS4.1394 

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 

license (http://creativecommons.org/licenses/by/4.0/). 

https://doi.org/10.1115/1.4046065
https://doi.org/10.31686/IJIER.VOL7.ISS4.1394

