

[image: image1]
Exploring the applications of artificial intelligence in mechanical engineering education









 


	
	
SYSTEMATIC REVIEW
published: 07 February 2025
doi: 10.3389/feduc.2024.1492308








[image: image2]

Exploring the applications of artificial intelligence in mechanical engineering education

Mohannad Alghazo, Vian Ahmed and Zied Bahroun*


Department of Industrial Engineering, American University of Sharjah, Sharjah, United Arab Emirates

Edited by
 Xinyue Ren, Old Dominion University, United States

Reviewed by
 Y. P. Tsang, Hong Kong Polytechnic University, Hong Kong SAR, China
 Lien Thi Vu, Phenikaa University, Vietnam
 Viet Q. Vu, Thai Nguyen University of Technology, Vietnam

*Correspondence
 Zied Bahroun, zbahroun@aus.edu 

Received 06 September 2024
 Accepted 20 December 2024
 Published 07 February 2025

Citation
 Alghazo M, Ahmed V and Bahroun Z (2025) Exploring the applications of artificial intelligence in mechanical engineering education. Front. Educ. 9:1492308. doi: 10.3389/feduc.2024.1492308
 

In an era marked by technological sophistication, Artificial Intelligence (AI) is increasingly being integrated into various fields, including Mechanical Engineering Education (MEE). This review paper presents a systematic examination of scientific publications in this field, spanning from 2018 to 2023. Utilizing the PRISMA framework, 228 research papers were selected and analyzed to identify research gaps and future directions in AI’s application within the MEE discipline. The diverse applications of AI in MEE identified include personalized learning, smart tutoring systems, digitizing engineering drawings, enhancing simulation and assessment, and boosting student motivation and engagement. Additionally, a bibliometric analysis of AI in MEE was conducted, examining its role in different aspects of MEE, interdisciplinary collaboration, geographic distribution, and research focus. Accordingly, the scope of this review encompasses a comprehensive content analysis and bibliometric evaluation of AI applications in MEE. This review systematically identifies current applications of AI, maps research trends, and analyzes publication data to highlight interdisciplinary collaborations and geographical distributions. Furthermore, this study identifies critical research gaps and offers actionable recommendations, emphasizing future directions such as advancing Generative Artificial Intelligence (GAI) applications in MEE and reshaping curricula to integrate AI-based learning tools. The findings provide valuable insights to support stakeholders in evolving MEE to meet industry needs and enhance educational outcomes.
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1 Introduction

Mechanical Engineering (ME) is a vast field, encompassing a wide range of disciplines such as mechanics, robotics, manufacturing, additive manufacturing (AM), aerospace, and computer-aided design (CAD). ME involves applying engineering principles and methods to solve real-world problems, from the initial stages of design and creation to the introduction of objects into the real world (Prabhu, 2019). Mechanical engineers critically evaluate their work using principles of motion, energy, and force, ensuring that their designs are safe, reliable, and effective. The significance of ME lies in its impact; mechanical engineers address various needs by developing technologies tailored to specific requirements. They are problem solvers who find solutions to challenges across multiple fields, including transportation, climate change, world hunger, healthcare, and more. This versatility is reflected in Mechanical Engineering Education (MEE), which plays a pivotal role in the innovations and challenges of various disciplines. Mechanical Engineers can design a wide array of machines, systems, and processes, from the smallest components to large-scale projects. Consequently, mechanical engineers need a diverse skill set, including problem-solving, creativity, and experiential skills (Prabhu, 2019). As technology evolves, MEE must provide students with an education that aligns with digital advancements, preparing them for the workforce. Students should be equipped with the necessary skills to navigate and address future challenges effectively.

The advent of AI has the potential to significantly facilitate the acquisition of key skills in MEE. By transforming MEE on various levels, AI enhances the educational experience and lessens the burden for both educators and students. It accomplishes this by offering sophisticated facilities such as personalized learning experiences, gamification of the learning process, and the digitalization of educational resources. AI is capable of personalizing education by monitoring students’ performance, providing feedback, offering interfaces for human-computer interaction, and delivering suitable tasks (Zhai et al., 2021). However, the introduction of AI also brings forth concerns about academic integrity, student motivation and engagement, the need for more personalized learning, improved accuracy in engineering drawings and simulations, fault diagnosis in systems, digitization of engineering drawings, assessment, classification, automation of simulations, and the creation of safer learning environments (Cai et al., 2021).

This study is therefore dedicated to exploring and presenting a holistic perspective on the applications of AI in MEE. It achieves this through an in-depth examination of scientific publications focused on this area. By synthesizing and summarizing key findings, methodologies, and recommendations from a broad range of papers, this study offers a valuable resource for researchers, educators, and policymakers who are keenly interested in the integration of AI into MEE. This review paper contributes to the MEE field in several significant ways. First, it provides an extensive overview of the current state of AI in MEE, enabling researchers to identify prevalent themes and research trends within the field. Second, it combines findings and insights from numerous studies, offering a comprehensive perspective on the efficacy of AI in MEE. Additionally, this review pinpoints research gaps and areas that warrant further investigation, thereby guiding future research initiatives.

The methodology used for selecting and analyzing scholarly articles will be elaborated upon in the next section of this study. Subsequently, a detailed content analysis and synthesis of the findings and insights will be presented, highlighting various themes, trends, and prospective research pathways. Moreover, a bibliometric study will be carried out, examining publications related to AI in MEE, the extent of cross-disciplinary collaboration, and the geographical spread of research activities. In conclusion, this review will emphasize the significance of the consolidated findings and recommend future research avenues to propel the AI in MEE field forward.



2 Methodology

The research methodology used in this study adopts a structured strategy to collect and examine literature related to the incorporation of AI into MEE. This involves four main stages, as illustrated in Figure 1 and outlined as follows;
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FIGURE 1
 PRISMA flow diagram.



2.1 Literature retrieval

This phase involves the identification of relevant search terms and keywords to thoroughly identify significant publications pertinent to the chosen subject, marking the first and critical step in the data collection phase. A collection of existing articles and publications within the AI in MEE sphere was gathered from the Scopus database due to its credibility that results from its comprehensive coverage, quality control, global reach, frequent updates, and accessibility. Through the employment of a set of keywords, including “Mechanical,” “Engineering,” “Education,” “Artificial Intelligence,” “Machine learning,” “Neural network,” “Deep Learning,” and “Augmented reality,” “Computer vision,” “Data Mining,” “Computer Aided Design,” “AI,” “Predictive Analytics,” “Natural Language Processing,” “Computational Linguistics,” “CODEX,” “Reinforcement learning,” and “Chatbots,” the researchers performed a focused search through title, abstract, and keyword sections. This endeavor led to the compilation of 765 papers, covering the period from 2018 to 2023.



2.2 Literature screening

The procedure for reviewing literature in this study was influenced by the PRISMA guidelines, acknowledged for their comprehensive and clear methodology in the execution of systematic reviews and meta-analyses (Figure 1). The PRISMA framework provides a systematic approach for the identification, selection, and critical assessment of relevant studies, ensuring the review’s credibility and the ability to replicate its findings (Anon.). Initially, a total of 765 papers were gathered. After removing duplicate entries, 523 documents remained, consisting of 359 conference contributions and 164 review articles, book chapters, and scholarly papers. We then conducted a meticulous evaluation of each document, carefully selecting only those papers that aligned with the study’s objectives and met quality standards. This process led to the exclusion of studies not relevant to our research focus. Ultimately, our final selection included 228 works—comprising 140 conference contributions and 88 review articles, book chapters, and scholarly papers—spanning from 2018 to October 2023, ensuring a robust and relevant dataset for our analysis. Figure 2 displays the incremental growth in the quantity of papers throughout the mentioned timeframe. Scopus database was chosen due to its comprehensive coverage across diverse research fields including engineering, in addition to, its essential role as a reliable source of scientific information.

[image: Figure 2]

FIGURE 2
 The number of papers and publications in relation to AI applications in ME (2018-2023).




2.3 Bibliometric analysis

It functions as a methodical assessment of scholarly literature, primarily through the examination of citations and references within research papers. The 228 papers that were chosen during the literature screening process are encompassed in this bibliometric analysis which includes 88 review papers, book chapters, and journal articles and 140 conference papers. This bibliometric approach allows researchers to systematically examine the impact, trends, and interconnections among scholarly publications, providing insights into the development of research themes and collaborative networks within the field. By analyzing citation patterns, co-authorship relationships, and keyword frequencies, bibliometric analysis helps to identify influential authors, foundational studies, emerging research areas, and collaborative trends. This method thus offers a comprehensive view of the field’s intellectual structure and the evolution of its major themes. In this review, we used co-citation, co-authorship, and co-word maps as key methods to highlight the relationships between studies, authors, and topics. To implement these analyses, VOSviewer was utilized to automatically generate occurrence and co-occurrence matrices, applying similarity measures (e.g., association strength) and post-hoc clustering to group related research areas. This combined approach not only visualizes research clusters but also identifies essential figures and studies, offering a detailed map of how AI is integrated into MEE. These methods were selected to reveal both the breadth of topics covered and the intensity of research collaborations, ensuring a comprehensive and insightful analysis of the literature (Chen H. et al., 2023).



2.4 Content analysis

This phase involves the meticulous review and systematic organization of extensive information, such as scholarly articles, to discern prevalent themes and patterns. A further selection was carried out prior to the content analysis, retaining the most pertinent studies, with a significant proportion being journal articles (50 out of 88 journal papers and 36 out of 140 conference papers). The papers chosen for content analysis predominantly explored AI integrations within MEE, representing the most relevant works pertinent to the objectives of this review. The methodology entailed the classification and thematic grouping of the research articles, facilitating a deeper understanding of AI’s influence on education. This structured approach aids in synthesizing key insights and drawing meaningful conclusions from the amassed data. Our content analysis was conducted through a thematic approach, where we manually reviewed and categorized each selected paper. This process involved identifying recurring themes and subthemes by carefully analyzing the content and focus of each study. This manual approach allowed for a nuanced interpretation, ensuring that the themes accurately represented the insights from the reviewed literature.

The following two sections of this paper present a bibliometric analysis, and a content analysis following the methodological steps described in this section.




3 Bibliometric analysis

In this section, an in-depth bibliometric examination is conducted, focusing on AI within the MEE framework. An improved understanding of the current research and development landscape in AI is pursued by analyzing a wide range of articles and studies, numbering 228 in total, sourced from the Scopus database. Additionally, this analysis is aimed at extracting critical insights, identifying emerging trends, and discerning the broader impacts of AI’s integration into MEE through a meticulous review and evaluation of the literature. Through the utilization of the VOS viewer tool, a nuanced understanding of AI’s current standing in MEE is offered through four distinct types of visual representations. These visual aids, featuring circles each symbolizing a specific research focus, with their size indicating the intensity of activity within that domain, are provided. Moreover, the spatial proximity between circles is signified as the strength of their interrelations, providing a visual image for the interconnected nature of AI research within MEE.


3.1 Co-occurrence map based on text data

By analyzing the text data from 228 publications selected through literature screening, the most relevant and frequently occurring terms were identified. This analysis, focusing on the titles and abstracts of these publications, aimed to isolate significant terms and establish a network of co-occurrence links among them. Through this process, it was possible to highlight emerging developments and pinpoint the most influential terms in the realm of smart technologies in MEE. From the data processed by VOSVIEWER, a total of 6,534 terms were generated, out of which 104 terms were selected based on a minimum occurrence threshold of 10. Following this, VOSVIEWER calculated the relevance scores for these terms, selecting the top 60% as the most relevant. As a result, 62 terms were illustrated on the map, as shown in Figure 3. According to Eck and Waltman (2018) Terms with high relevance scores were indicative of more specific subjects within the text data, whereas terms with low relevance scores were generally associated with broader concepts. Nonetheless, as demonstrated in Figure 3, the results have revealed a wide variety of research areas within the integration of artificial intelligence in MEE. The interconnected network of key terms indicates that the study of AI within MEE covers a broad spectrum of technological aspects.
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FIGURE 3
 Co-occurrence map based on text data.


As shown in Figure 3, various clusters reveal connections between different themes, the green cluster focus on “technology,” which is closely associated with several key terms, including “Artificial Intelligence” “Robot” “Augmented Reality” “Machine Learning” and also extends to the educational field with terms like “educator” “feedback” “teaching.” This emphasizes a technological focus within MEE literature, suggesting that AI and related technologies play a vital role in advancing the field. Moreover, the direct link between “technology” and “industry” further implies the necessity for MEE programs to align with industry trends, underscoring the importance of preparing students for the workforce through a technology-integrated curriculum. Furthermore, as illustrated in Figure 4, a detailed view of the connections with “technology” is demonstrated, emphasizing the strong connections that “technology” has with other terms across educational and technical aspects. The red cluster focuses on educational themes, with terms such as “teaching,” “active learning,” and “feedback” underscoring on the pedagogical approaches within MEE. Terms like “skill” and “curriculum” in the yellow cluster suggest an ongoing emphasis on developing student competencies and designing curricula that reflect both technological advancements and industry needs.

[image: Figure 4]

FIGURE 4
 Technology links.


Figures 3, 4 show how research in MEE intersects technology and education, showing a balance between integrating advanced tools, such as AI, AR, and ML, and enhancing teaching methodologies. The clustering terms demonstrates the multidisciplinary nature of MEE, highlighting the potential of AI and related technologies to transform educational approaches and meet industry expectations. These insights offer a comprehensive view of the literature around the topic and emphasize the potential of technological integration in engineering education.

As shown in Table 1, the terms presented along with their rankings, frequency of occurrences, and relevance scores. Accordingly, it is demonstrated that technology occupies the first ranking with “244” occurrences and “0.4” relevance score, followed by model, and data as the top 3 in the table.



TABLE 1 Relevance of score texts.
[image: Table1]

As depicted in Figure 5, the keyword “technology” appears as a central node, with numerous connections extending to related terms, indicating its foundational role in discussions on AI applications. Key terms such as “skill” (yellow cluster) and “accuracy” (green cluster) demonstrate strong associations with technology and AI, revealing that these areas are frequently explored in the context of AI-enhanced skill development and precision in engineering education. In addition, the green cluster involves terms like “machine,” “model,” and “learning,” which connects directly to “technology.” This suggests a focus on ML models and technological frameworks used for educational purposes in MEE. While, the yellow cluster emphasizes “skill” development, underscoring the educational applications of AI to enhance students’ practical and theoretical skills, which are essential in ME fields. Finally, the red and blue clusters represent other themes, such as “robotics” and “curriculum” that are also connected to AI, demonstrating its broader impact across various areas of engineering education.

[image: Figure 5]

FIGURE 5
 Artificial intelligence links.


This visualization highlights the role of AI as a bridge between industry and academia. By linking technology, skill development, and accuracy, AI fosters enhanced learning experiences and prepares students for industry demands. Future investigators and educators can utilize this map to identify well-explores areas, like technology-centered skill enhancement, and to recognize emerging topics that may benefit from further research, such as robotics integration and curriculum innovation. All in all, this figure provides a comprehensive overview of how AI intersects with several educational and industrial themes in MEE, making it a valuable tool for understanding the scope and focus of current research in this field.



3.2 Co-occurrences map based on keywords

By analyzing the bibliographic data from the 228 chosen publications, as illustrated in Figure 6, a total of 2,165 keywords were discovered, from which 50 keywords were selected based on their frequency. A minimum threshold of six occurrences was set for keyword selection. The map displays two categories of keywords: authors’ keywords and index keywords. Authors’ keywords are those specified by the authors of the publications, while index keywords are created by indexes or databases to organize and categorize articles for the purposes of information retrieval and indexing.

[image: Figure 6]

FIGURE 6
 Co-occurrence map based on keywords.


As illustrated in Figure 6 and Table 2, “Engineering education” emerged as the keyword with the highest frequency (174 occurrences) and total link strength (725), indicating a strong connection with other keywords in the field. The total link strength here refers to the overall intensity of connections a keyword has, providing insight into its prominence and centrality within the research landscape. This central position indicates that “Engineering education” is a focal point of studies including AI and MEE, bridging multiple research topics and subfields. Following “Engineering education,” “students” and “curricula” are revealed as the second and third most frequent keywords, respectively. This highlights a prominent emphasis on the educational facets of integrating AI into ME, specifically in terms of student engagement and curriculum development. The keyword map in Figure 6 also emphasizes the strong association between “Engineering education” and “artificial intelligence,” highlighting the increasing integration of AI in engineering pedagogies. The map also demonstrates connections between “artificial intelligence” and specific mechanical engineering subfields, including “manufacturing processes” “3D printing” “machine design” “robotics,” and “failure (mechanical).” These links suggest a keen research interest in the way AI can enhance specific technical areas among ME, potentially leading to innovations in design, process optimization, and predictive maintenance. Both (Figure 6) and (Table 2) highlight the multidisciplinary and transformative potential of AI in reshaping both the engineering curriculum and the technical competencies needed in the field.



TABLE 2 Keywords total link strength.
[image: Table2]

The co-occurrence network in Figure 7 underscores the central role of “engineering education” in the research on AI applications, with strong linkages to advanced AI technologies like “machine learning” “deep learning” and “neural networks.” This indicates a keen enthusiasm for incorporating these cutting-edge AI methods into engineering curricula. The network also reveals a significant relationship between CAD and “automation,” suggesting a focus on automating CAD processes. However, the co-occurrence map in Figure 7 indicates that the integration of more sophisticated deep learning algorithms into CAD is still in its early stages, as the connection between CAD and “deep learning” appears less pronounced compared to the strong ties between other AI techniques and engineering education.

[image: Figure 7]

FIGURE 7
 Network visualization of engineering education keywords: exploring connections between computer-aided design and artificial intelligence.


Furthermore, two supplementary keyword maps were produced. The first map, showcasing the author keywords, features keywords frequently used by authors with a minimum of five occurrences, leading to the identification of 17 authors as illustrated in Figure 8. In this figure, the red cluster includes terms such as “engineering education” and “machine learning,” indicating a strong focus on AI’s role in enhancing educational methodologies. On the other hand, the green cluster connects terms like “robot” and “mechanical design,” indicating an interest in robotics and design-oriented applications of AI. Similarly, the index keyword map (Figure 8), also with a five-occurrence minimum, highlighted 74 authors, demonstrating a more detailed and complex network of keywords. In this figure, “engineering education” stands out as a central node, connected to several sub-themes across different colored clusters, including “augmented reality” and “internet of things” in the blue cluster, emphasizing the role of immersive technologies and internet of things in education, and it is connected with curriculum-related terms, such as “computer aided design” and “curricula” in the yellow cluster, underscoring how AI is integrated into course development’ furthermore, it is connected to keywords related to advanced AI methods, such as “fault diagnosis” and “deep learning” in the red cluster, reflecting AI’s growing applications in predictive maintenance and quality control within MEE. This visual clustering aids in identifying prominent research areas and thematic relationships among keywords used by authors in the field of MEE. Similarly, this analysis of keywords accentuates the emphasis on AI in MEE due to its significant connections with several aspects of ME. By identifying keywords clusters and their thematic associations, these maps provide a comprehensive overview of current research trends, guiding future studies toward areas with enriches academic interests, as well as gaps needing further exploration.

[image: Figure 8]

FIGURE 8
 Keyword mapping in engineering education: author keywords and index keyword interconnections.




3.3 Co-occurrences map based on country of co-authorship

The analysis concerning the geographic origins of the publications reveals significant patterns in global contributions and collaborations. A map illustrating the collaboration between countries was developed, applying a criterion where a country needed to have at least two documents to be considered. Hence, out of 51 countries that have published works, only 32 satisfied this condition, as illustrated in Figure 9.

[image: Figure 9]

FIGURE 9
 Co-occurrence map based on country of co-authorship.


As also shown Figure 9, a strong concentration is observed in some of the world’s most developed countries, with the United States leading in publication volume, followed closely by China and the United Kingdom. This suggests the emphasis these countries place on research in AI and MEE, likely driven by advanced technological infrastructure, substantial research funding, and a high number of institutions with specialized AI research programs. The green and yellow clusters in the map depict collaborations primarily between the United States, China, and the United Kingdom, suggesting a robust global network where research is frequently shared and co-authored across borders. This collaboration is essential as it enhances the cross-pollination of ideas, standardization of AI methodologies in MEE, and sharing of innovations that address educational challenges internationally. On the other hand, Germany, India, and Australia are placed in smaller nodes which suggests that these countries’ emerging contributions and their interactions with leading countries, yet they are presented on the map which indicates a growing interest in integrating AI into engineering education, potentially offering new insights from various educational and industrial contexts. This network analysis focuses on the international effort toward advancing AI applications in MEE, highlighting the importance of global collaboration in fostering innovation. Furthermore, it also points to geographic areas where research might be less active, suggesting potential opportunities for expanding AI applications in MEE in underrepresented regions.

The top-ranking countries, distinguished by their total link strength are presented in Table 3. This table highlights the most active nations in AI research within MEE, emphasizing both the volume of contributions and the extent of their international collaborations. As shown in the table, a broad geographic distribution of interest, with representation across four continents, including North America, Asia, Europe, and Australia. This widespread engagement reflects the global significance of AI integration into MEE. The table summarizes the countries in a descending order, showing the countries with highest total link strength to the least.



TABLE 3 Country ranking table.
[image: Table3]



3.4 Co-occurrences map based on country of co-citation

A co-citation link is identified when two entities are both cited by the same document (Eck and Waltman, 2018). Numerous studies have explored the incorporation of AI into MEE, leading to the performance of co-citation analysis to highlight the most significant contributions by authors, as well as the interdisciplinary connections among them, especially regarding their focus on AI integration into MEE. The clusters are color-coded, grouping authors whose work is frequently co-cited, which suggests shared research interests or thematic overlap. For instance, the green cluster might represent the authors focusing on AI applications in the ME education to align with industry needs, while the red cluster could include the researchers who focus on enhancing the pedagogical methods and modernizing course materials through AI. These groupings reveal interdisciplinary connections and areas of focus within the field. A threshold was set, requiring a minimum of six citations for an author to be included, with the selection process capped at 100 authors to ensure the network reflects only the most significant contributions. Figure 10 illustrates the frequency with which authors are cited together within the field, while (Table 4) details the authors who possess the highest total link strength. Overall, this co-citation analysis helps map the intellectual structure of AI research in MEE, showing which authors and ideas are most interconnected and influential. It highlights the collaborative nature of the field and points to core contributors driving interdisciplinary advancements in AI-focused educational research.

[image: Figure 10]

FIGURE 10
 Co-citation map.




TABLE 4 Authors of co-citation table.
[image: Table4]



3.5 Data analysis on article sources

From the 228 publications analyzed, the sources were ranked from highest to lowest based on their numbers. As a result, the top 10 sources, as displayed in Figure 11, were identified as those with the highest number of classified papers. According to Figure 12, the leading sources by publication count include the “ASEE Annual Conference and Exposition,” “Journal of Physics,” “Lecture Notes in Mechanical Engineering,” and “Advances in Intelligent Systems and Computing,” which accounted for 31, 9, and 6 publications, respectively.

[image: Figure 11]

FIGURE 11
 Bar graph of the top 10 sources by number of publications.
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FIGURE 12
 Occurrences of themes.


The examination of the sources reveals a compelling overview of the cross-disciplinary interest with AI applications in MEE. Likewise, the wide array of studies drawn from various fields, including Physics, Mechanical Engineering, and Computer Science, underscores the importance of incorporating AI into MEE. This diversity highlights the necessity for further development and improvement of research in this area.



3.6 Data analysis on document themes

The variety of document types presented indicates a substantial interest in AI within ME. These documents cover a range of themes and subthemes identified in the content analysis, such as robotics, additive manufacturing, CAD, AI, and more. Additionally, the papers span various interdisciplinary fields within mechanical engineering, including robotics, mechatronics, and simulations. Moreover, numerous documents highlight the significance of introducing new curricula, considering ethical aspects, bridging the gap between industry and academia, and integrating AI into ME industrial systems, as detailed in the content analysis.

Figure 12 presents the themes identified in the analyzed papers, encompassing intelligent systems like VR/AR, AI, and robotics within the MEE sector. It also highlights the necessity for an updated curriculum that integrates these technologies, the application of AI in the mechanical engineering industry, and the effort to close the gap between industrial practices and academic research.

The bibliometric analysis reveals a strong emphasis in the literature on integrating AI technologies into MEE. Analysis of keyword linkages underscores essential connections between education, technology, and skills, highlighting the interdependence of these areas and their critical role in advancing MEE. Additionally, the global distribution of research contributions demonstrates widespread interest, underscoring the importance of expanding research in this field to achieve a more comprehensive understanding of AI’s impact on engineering education. Key findings from this analysis point to emerging themes and research clusters that focus on personalized learning, intelligent tutoring systems, and simulation-based learning, which reflect the evolving landscape of MEE. These observations inform the subsequent content analysis, which will delve into the primary themes and insights identified across the literature, offering a nuanced view of current trends and potential areas for future research.




4 Content analysis

The primary focus of our exploration is the integration of AI in MEE. In this content review, our emphasis will be on identifying how AI is utilized in MEE, offering a comprehensive overview of scientific publications interested in this field. The key findings of these articles and their future directions that could aid future researchers in delving into this field will be shown. Additionally, this will help in identifying what has been done and what gaps have been found in the exploration of AI in MEE. Furthermore, the advantages provided to the educational experience will be listed. Additionally, various aspects in the field of incorporating AI in MEE will be discussed by this section.

The publications are organized by topic for clarity and relevance. Papers on artificial intelligence in MEE are grouped together, as are studies on virtual/augmented reality, robotics, CAD, and additive manufacturing. This separation helps clarify the contributions and future directions of each technology. Similarly, discussions on the need for a new curriculum, the integration of industry practices into education, and the use of AI in the mechanical engineering industry are each categorized separately. This highlights the importance of incorporating new technologies in MEE. Additionally, breaking down these main topics into subthemes simplifies the explanation and enhances understanding of each specific aspect. The themes and subthemes in this review were categorized through a structured, multi-step process designed to ensure objectivity and relevance. First, the relevant literature was downloaded from the Scopus database and organized in an Excel file for systematic review. Next, each paper was carefully studied to assess its relevance to the scope of our review, and only those papers closely aligned with the study’s objectives were retained for analysis. Following this, an initial scan of the selected papers was conducted to observe recurring patterns, allowing us to identify major and minor themes. To enhance the consistency and rationality of these classifications, we established clear criteria: themes had to appear in at least four different studies to be considered recurring, and subthemes were identified when specific applications or perspectives were frequently associated with a major theme. This process ensured that the themes reflected both the frequency and significance of topics within the literature, rather than subjective interpretation. The remainder of this section discusses the content analysis, providing insights into these themes and their implications for the integration of AI in MEE.


4.1 AI applications in MEE

AI applications are diverse, and integrating this technology offers substantial benefits to students, educators, and institutions in achieving their educational objectives. The incorporation of AI can significantly enhance students’ comprehension of information and assist educators in tailoring assignments to align with individual students’ knowledge levels. Furthermore, AI serves as an efficient tool for conducting assessments. Consequently, this section will highlight scientific publications that have explored the integration of AI into MEE, showcasing its multifaceted advantages in the educational landscape (Table 5).



TABLE 5 AI in MEE.
[image: Table5]

The above table reveals a range of findings from literature that relate to the integration of AI in MEE. The cited papers show that AI can facilitate learning, promote personalized learning, and advocate for student centered learning through the integration of chatbots in mathematical concepts, smart tutoring systems with feedback provider by utilizing deep learning (DL) and reinforcement learning algorithms. As such, this has a positive impact on the creativity and efficiency of educational experience, as well as enhanced students’ motivation, engagement, and industry preparedness. AI plays a transformative role in personalized learning by creating adaptive learning paths that guide students through step-by-step solutions tailored to their unique needs. Data is collected through various channels, including student interactions with course materials, performance metrics, and behavioral data during learning activities. This rich data is then analyzed using machine learning and deep learning algorithms, which identify patterns and adjust content delivery to match individual learning styles and pace. Key algorithms facilitate this personalization: supervised learning algorithms, like linear regression and decision trees, analyze student progress to suggest appropriate learning steps; reinforcement learning algorithms, such as Q-learning and Deep Q-Networks, adaptively refine these paths based on real-time feedback; clustering techniques, like K-means and hierarchical clustering, group students by learning style or performance to provide similar guidance; and collaborative filtering, such as matrix factorization, offers recommendations based on peer learning behaviors. Natural Language Processing (NLP) algorithms, including word embedding and sentiment analysis, enhance personalized interactions by understanding and responding to student language. Finally, neural networks, such as feedforward and recurrent networks, continuously learn from new data to provide increasingly effective and personalized learning experiences. Literature also reveals that some of the studies have delved into the integration of auto-assessment tools in MEE. Accordingly, some have discussed the usage of AI and others have stated the potential of integrating AI within assessment tools to provide better accuracy. Lastly, the publications have discussed the utilization of ML algorithms for the classification of group projects or task allocation, based on student’s expertise within the course of their study which can be often challenging with human bias and complexity. Therefore, AI has shown promising results in theme allocation for tasks and group projects resulting in enhanced learning outcomes.

Further research is therefore imperative to identify best practices in personalized learning, to consider aspects such as ethics, gamification for active engagement, and NLP to facilitate human-robot interaction, to make sure that the field of MEE continually aligns with technological advancements and student’s. There is also potential for further research to examine the integration of AI in the field of development of auto-assessment tools since there are insufficient number of studies that have investigated this field. Similarly, the investigation of using AI in assessment tools for better accuracy can be conducted. AI shows promise not only enhancing assessment accuracy but also identifying student retention rates. However, future research should consider ethical implications, AI-assisted peer assessment, NLP for written assessments, simulations for hands-on assessments, and the creation of intelligent grading and feedback systems. Moreover, it is crucial to explore the use of AI in theme allotment and task assignment across all ME courses, considering students’ experience and skills. There is also a pressing need to develop AI techniques, encompassing ML, DL, and reinforcement learning algorithms, that can process larger datasets more effectively, yield more accurate predictions, and precisely gauge student performance.



4.2 VR/AR in MEE

Virtual Reality (VR) and Augmented Reality (AR) are transforming multiple sectors, including MEE, by providing immersive and interactive experiences. VR offers lifelike simulations that enable hands-on learning, foster collaboration, improve spatial skills, and facilitate the visualization of complex data. Concurrently, AR enhances real-world environments by overlaying digital information, offering features like remote assistance, and enriching traditional laboratory settings. These technologies significantly aid in the comprehension of ME concepts by creating dynamic, interactive learning environments. This section will delve into various publications that have explored the integration of VR and AR into MEE education, highlighting their impactful contributions to the field (Table 6).



TABLE 6 VR/AR in MEE.
[image: Table6]

The research papers in this section focus on the integration of VR/AR technologies in MEE. The papers show the integration of VR/AR technologies in MEE can simplify to students the visualization of complex engineering drawings and enhances their spatial abilities; also, these technologies can accommodate for higher number of students and provide them a safer environment which can be hazardous in real life. Thus, this resulted in positive impacts on students’ academic journey as it boosted their motivation, understanding, and memory retention in the content of their study. Furthermore, these technologies have developed numerous advantages, including enhanced problem-solving, critical thinking, sustained attention, and reduced cognitive load on learners. Some of the studies have investigated the utilization of VR/AR technologies to encompass all ME laboratories which creates a safer environment to students; moreover, these technologies have been examined for assembly and disassembly of automotive components creating an interactive learning experience. Consequently, this offers students a hands-on experience and reveals a bigger opportunity for industry preparedness. A study has examined the integration of gamification within these technologies to increase engagement and joyfulness. Another study has investigated the integration of AI in VR technology using deep reinforcement learning algorithms to create interactive and intelligent simulations. It can aid learners by controlling objects, providing real-time feedback, and adapting to students’ actions, improving their understanding of complex CAD designs. Nonetheless, the data is retrieved from 3D models and learner interaction with the environment. Hence, AI learns by conducting trial and error, improving the decision making by continuously interacting with the virtual environment by maximizing rewards for correct actions and minimizing penalties for errors.

Further research is imperative to investigate the use of sophisticated AI algorithms, including ML and DL, to facilitate the creation of personalized content, interactive simulations, and the provision of timely feedback all of which contribute to enhanced learning outcomes and a more enriching educational environment. However, the implementation of VR and AR is not without challenges. These include the necessity for faculty training to adeptly handle these technologies, the need for continuous updates and maintenance, ensuring accessibility to technology and internet connectivity, and addressing pertinent privacy and security concerns. Furthermore, there is a need for more comprehensive studies on student motivation and the inclusion of larger sample sizes to validate the impact of these technologies. The employed technologies must align with course delivery objectives, seamlessly integrate AI for customized learning experiences, and incorporate gamification elements to boost engagement and motivation. Additionally, leveraging NLP for personalized simulated environments can further tailor the learning experience to match the students’ pace and course requirements. Hence, a deeper exploration into VR and AR technologies is warranted to fully harness their potential in achieving optimal learning outcomes.



4.3 Robotics in MEE

Robotics plays a significant role in reshaping the landscape of MEE. As a multidisciplinary field of engineering, electronics, and computer science, robotics introduces students to the practical applications of theoretical concepts. In MEE, robots serve as powerful tools for hands-on learning, enabling students to delve into control systems, mechatronics, and automation. The integration of robotics and robotics platforms in education not only fosters technical expertise but also cultivates creativity and innovation, preparing students for the evolving challenges in the field of ME. This section will present publications that have discussed the usage of robotics in the MEE (Table 7).



TABLE 7 Robotics in MEE.
[image: Table7]

The papers in this section highlight the widespread use of robotics in education to enhance the learning experience, particularly in MEE. Robotics, mechatronics, and AI integration are employed to stimulate students’ interest in ME courses. Robotic educational platforms offer an inclusive educative system with tasks and tutorials in ME courses, and perform several tasks in 3D design, programming, controlling, operating, and planning. Similarly, they can simplify the concepts and enhance the learning experience, as they can provide instructional aid which enhances the learning experience and increases students’ motivation. The usage of robotic kits can be an attractive opportunity to provide students with the hands-on experience which has been revealed to increase the engagement of students and develop better learning outcomes. Publications have shown that the integration of AI within these robotic platforms can add flexibility that accommodates different interests and skillsets in multidisciplinary courses. Other publications have emphasized that the integration of AI can facilitate the simulating process of mechatronics systems and simplify them to students.

The research has focused on specific fields and courses, indicating a need to expand the exploration of robotics education and problem-based learning across various educational settings. Additionally, further studies are necessary to enhance the capabilities and applications of robots, potentially through the use of AI. Integrating robotics with environmental and sustainability initiatives could also promote the use of recycled materials and energy-efficient designs in robotics projects. Finally, employing NLP could improve human-robot interactions, enabling more personalized learning experiences and facilitating interdisciplinary integration.



4.4 Mechanical engineering and curriculum

The dynamic nature of the world, and ongoing technological advancements in industries, necessitates the restructuring of the traditional MEE curriculum. This reshaping ensures that students are equipped with the latest skills, preparing them to face the ever-evolving challenges of modern engineering. In this section, we investigate scientific publications that emphasize the imperative need for reshaping the MEE curriculum (Table 8).



TABLE 8 Mechanical engineering and curriculum.
[image: Table8]

The papers in this section reveal the importance of integrating technologies in educational settings as they can greatly facilitate the learning process. Also, the publications discuss the evolution of delivery methods is essential to keep in pace with technological advancements, including the incorporation of advanced technological tools that can accommodate for both virtual and real worlds. The studies demonstrate frameworks of technologies for educative use to compromise for the rapid shift of educational delivery methods, underscoring the essential nature of adaptability in modern education. In particular, the incorporation of some technologies like Generative Artificial Intelligence (GAI) into MEE must be carefully managed to align with these evolving educational standards. The integration of technologies in the MEE curricula should adhere to the principles set forth by the Engineering Education Accreditation (EEA), with a focus on developing engineering professionals who are not only technically proficient but also globally conscious and capable of adapting to continuous economic and societal shifts. Also, with the utilization of advanced technologies like GAI, a cautious approach is paramount due to their potential for misuse. It is critical to implement strategies that counteract academic misconduct effectively. These strategies should encompass comprehensive education for students on the responsible use of technologies like NLP models, the establishment of clear and concise academic policies regarding technology use, and the integration of these tools in a manner that enhances critical thinking skills. Additionally, employing advanced plagiarism detection software capable of identifying content generated by AI is crucial. Equally important is the promotion of a collaborative learning environment and group work, which together play a vital role in upholding academic integrity while fully leveraging the advantages GAI offers in the academic sphere.

The integration of AI in MEE significantly enhances learning experiences, making education more accessible and interactive through technologies like computer-aided translation and NLP. This shift demands changes in teaching methods, with a focus on adaptability and the integration of digital tools. The careful incorporation of GAI is key, emphasizing the development of globally aware, adaptable engineering professionals. Addressing the potential for AI misuse is crucial, requiring strategies for responsible technology use, promoting critical thinking, and fostering a collaborative learning environment. This approach ensures the effective and ethical use of AI in enhancing MEE.



4.5 AI applications in engineering drawings and simulations

The field of ME heavily relies on CAD modelers, as nearly every ME process or system incorporates engineering drawings and simulations. These tools enable engineers to materialize any concept, allowing for testing in a cost-effective and safe environment. Consequently, advancing this aspect of ME is crucial, as it significantly contributes to enhancing the efficiency and performance of this subfield. Integrating AI into CAD modelers, engineering drawings, and simulations has the potential to unlock a myriad of benefits. This section will encompass scientific publications that explore this domain within the context of AI (Table 9).



TABLE 9 AI in CAD and engineering drawing.
[image: Table9]

The papers highlight the impactful integration of AI in CAD for ME, showcasing its effectiveness in enhancing learning, concept demonstration, and addressing spatial analysis challenges in drawing interpretation. AI, particularly through ML and DL algorithms, plays a crucial role in the digitization of engineering drawings, improving the accuracy and efficiency of detecting, classifying, and converting elements to 3D models. The digitization process involves several steps. First, preprocessing is applied, which includes binarization, noise reduction, and thinning. Subsequently, vectorization converts raster images into scalable and editable graphics, utilizing techniques like morphological operation and line detection to identify shapes and lines. AI plays a key role in shape and symbol detection through the usage of deep learning algorithms, classifying symbols by learning from labeled data and using graph-based approaches to detect connections. Feature extraction and classification then apply statistical and structural features to refine the digitized symbols, removing distortions, completing broken lines, and normalizing shapes. In the contextualization stage, AI infers relationships between symbols and analyzes how components are connected, utilizing both shape recognition and contextual rules. This process aids learners by recognizing mistakes in their CAD designs, suggesting corrections, automating design adjustments, and optimizing the design. Also, AI assists in the transition from 2D drawings to 3D CAD models by recognizing and reconstructing geometric shapes. This digitization not only enhances accessibility and preserves documents but also increases efficiency by automating the identification and interpretation of drawing elements. AI’s integration into CAD is praised for automating design processes, analyzing vast data, fostering creativity, enhancing decision-making, and reducing design-related costs and time. Despite the challenges and time consumption in using CAD modelers, AI’s role in automating and optimizing the design process is recognized as a significant advantage. The papers further identify the potential for future research in AI’s role in manufacturing and product design, especially in developing algorithms for new product generation and advancing manufacturing research through 3D CAD model data analysis.

Several gaps have been identified in the digitization of engineering drawings. These include a scarcity of annotated examples, the absence of domain-specific datasets, and a lack of guidelines for interpreting drawings. There is also a need for further research on the contextualization of digitized information from specific types of engineering drawings, a lack of standardization across engineering drawings, and limited testing in the application of machine vision and ML techniques. Additional gaps include a limited scope of investigation, the need for a more judicious selection of ML models, and issues with generalizability. Consequently, further research in this area is imperative. This research should focus on extending to more complex shapes, enhancing accuracy, integrating with CAD modeling, exploring ML models, and addressing existing limitations. Moreover, the development of hybrid approaches that combine heuristic-based methods and document image recognition with DL techniques, the creation of specialized datasets, the introduction of advanced testing methods, the contextualization of digitized information, and the integration of emerging technologies like DL are also critical. Importantly, there is a significant need for continued research in implementing techniques that facilitate the generation of new products using CAD modelers.



4.6 AI applications in additive manufacturing (AM)

AM, commonly known as 3D printing, holds great significance as it transforms drawings into tangible 3D models. This process notably aids in the enhancement of students’ spatial abilities and offers them enriched hands-on experience, thereby bolstering their skills, and deepening their knowledge base. Consequently, the advancement of AM is crucial, and this can be achieved by integrating AI, which promises to bring a multitude of benefits to these processes (Table 10).



TABLE 10 AI in additive manufacturing.
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The papers in this section were examined to illustrate the critical role of AM in MEE, particularly robotics education and to show how the integration of AI can positively impact these technologies enhancing the learning experience. The papers highlight the benefits of AM in MEE, as AM accelerates the design process and enables rapid prototyping and iterative refinement of robotic components. Moreover, AM’s capacity to create complex and functional systems due to its adeptness in producing complex geometric and employing lightweight materials, makes it an invaluable tool in the ME field. Thus, the findings have concluded that this not only allow students to quickly test and adjust their designs but also significantly improve their understanding and practical skills in designing and manufacturing robotic systems, as it provides them hands-on experience, effectively preparing them for future industry challenges, as well as it cultivates creativity, boosts confidence, enhances design capabilities, and deepens understanding of core of ME concepts.

The integration of AI in AM significantly optimizes the process by controlling and enhancing various aspects. AI contributes to AM by improving process control, offering real-time monitoring, and enabling predictive outcome modeling. It also aids in designing new materials, reducing waste and production time, and decreasing costs through ML, DL, and reinforcement learning algorithms. Furthermore, AI is involved in detecting defects during AM process, showcasing its comprehensive utility in enhancing the efficiency and quality of AM. Additionally, AI strategically chooses processing parameters, optimizing product design, and notably accelerating delivery timeline from production to application.

Optimizing AM through the utilization of advanced AI techniques, such as improved ML models, is of great significance. Additionally, fostering a collaborative environment between humans and machines can significantly enhance the printing process, with generative AI playing a key role in customizing printed materials to meet specific individual needs. Moreover, further exploration into the use of AI for advanced simulation and modeling in AM processes is warranted. Ultimately, future research in this domain is crucial to identify and establish best practices in the integration of AI within the context of AM.



4.7 Bridging the gap between industry and education

As mentioned in the previous section, it is important for institutions to get students to acknowledge the industry, so they develop the required skills in using specific technologies during their academic journey which will prepare for the workforce. This section discusses the publications that have focused on combining industry and education to bridge the gap between them (Table 11).



TABLE 11 Converging industry and education.
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AI technologies are rapidly evolving and finding applications in numerous fields, including both industrial and educational sectors. It is, therefore, crucial to examine scientific publications that focus on this area of interest. These publications are helpful in bridging the gap between industry and academia, and they aim to equip students with competencies needed to utilize in industry technologies effectively. This preparation is vital for students entering the workforce, as it promises to yield significant advantages in the industry’s future. The papers in this section highlight the importance of integrating AI in the educational context of ME since students encounter equivalent challenges that are present in the industry. They also emphasize the importance of bridging the gap between academia and industry to bridge the gap between them providing students an enhanced preparedness for the industry and better practical skills. The publications have discussed the cruciality of students acknowledging AI and its uses in some of ME applications as employees in industry, as well as the importance of implementing a curriculum that can accommodate for such technology. Furthermore, the papers have highlighted the enhanced learning experience that has resulted by the usage of AI and VR.

However, there is a need for further exploration of improved digital simulations, and educational institutions should consider integrating AI technologies into their curricula. Such integration will familiarize students with industry standards, enhancing their knowledge and skills in engineering systems. Additionally, the curriculum should place greater emphasis on hands-on experience and practical exposure to industrial practices, ensuring students are well-prepared for the demands of the industry.



4.8 Application of AI in mechanical engineering industry

This section delves into the integration of AI within the ME industry, which plays an essential role in narrowing the gap between industry and academic learning, as illustrated in Table 12. This table categorizes relevant publications into three distinct areas: AI in the ME industry, AI in ME systems, and AI in the manufacturing industry. The significance of this classification lies in its comprehensive coverage of current industry practices. By familiarizing institutions and stakeholders with these practices, it enables them to equip students with relevant, industry-aligned knowledge and skills. This approach not only enhances students’ understanding of real-world applications of their studies but also effectively prepares them for their future roles in the workforce, thereby effectively bridging the industry-education divide.



TABLE 12 The applications of AI in ME industry.
[image: Table12]

The development of technology and the progress of industries necessitate an examination of AI technologies used in industry 4.0 to determine the content of future curricula for ME students. The publications in this section emphasize the utilization of AI in many industries including manufacturing and aerospace industries, as well as in mechatronics systems. AI is being utilized for numerous purposes, i.e., enhance work efficiency, automate repetitive tasks, diagnose defects, provide predictive solutions, develop safer environment, and predict and evaluate mechanical properties using ML and DL algorithms. Furthermore, AI has boundless usage in manufacturing industry as to assist manufacturers in visualizing the challenges that were drastically difficult to acknowledge, uncovering concealed bottlenecks, and identifying unprofitable production lines. Also, AI improves accuracy of rotating machinery, reduces time and cost, enables online status detection and remote monitoring of mechanical equipment, and increases efficiency of detection. In addition, the incorporation of AI in Aerospace field has brought several benefits including enhanced automation in aerospace systems, intelligent robotics, autonomous control systems for unmanned vehicles, better sensor technology, and valuable educational opportunities with hands-on experience. Also, it is used for many purposes including image and speech recognition, predictive maintenance, and recommendation systems. Additionally, the publications have stated the potential of AI in mechatronics systems such as quality control, optimization of processes, providing autonomous systems, decision-making, and analyze data gathered from sensors to predict future damages. Industry’s main objective is to achieve higher levels of efficiency, product quality, and productivity. Therefore, some of the future directions of the industry is to focus on the development of smart manufacturing, advanced robotics, digital twins, and predictive maintenance.

Nevertheless, the acknowledgment of the industry advancements in utilizing technologies is crucial for institutions as their main objective is to prepare students to the work field; thus, it is crucial to study industry and their advancement which will get the students with more familiarity regarding the technologies utilized.

The incorporation of AI in industry has brought diverse benefits as it has optimized the processes and has increased efficiency. Secondly, it has created a safer environment for employees as it has automated several operations. Also, it has helped in creating a valuable opportunity for educational and training by providing a hands-on experience with more enhanced technologies. Nonetheless, the advantages that AI has brought to industry reveals the cruciality of this technology to be integrated in many fields including MEE. Thus, this can enhance the learning experience and benefit students, educators, and institutions in a wide range of opportunities. Accordingly, it is important to address unresolved issues, advance AI techniques, and integrate AI with more technologies.

The conceptual framework presented below (Figure 13) inspired by Bahroun et al. (2023), offers a detailed visualization and categorization of publications that discuss the diverse applications of AI in MEE across various domains. The framework features a spider graph with a central dark black circle connecting to a two-tier structure: the initial tier represented by dark gray circles and the second tier by light gray circles. The black circle represents the overarching theme of “AI in MEE,” the initial tier highlights primary themes of AI applications, while the second tier is linked to secondary themes. For instance, “3D Printing” is linked to themes like “Accelerated material research” and “Mathematical chatbots,” showcasing areas where AI can enhance materials research and provide educational tools. The size of the circles in the spider graph varies, with larger circles indicating themes that are more prevalent and prominent. Conversely, smaller circles suggest fewer scientific publications have considered the theme they represent. This graphical representation provides a comprehensive overview for future researchers, offering insights into which areas require more development and enhancement, which have been less explored, and which exhibit the most significant gaps in the literature. Consequently, researchers in the field can target their investigations toward these areas, potentially contributing to their growth and development.

[image: Figure 13]

FIGURE 13
 AI in MEE framework.


The content analysis in this review offers a structured overview of AI-driven tools and methodologies that can significantly enhance the pedagogical design of engineering education. By categorizing AI applications across various educational contexts, this review provides educators and curriculum developers with practical insights into integrating AI to create more effective, personalized, and industry-aligned learning experiences. The analysis reveals AI’s potential to transform traditional teaching methods through adaptive learning systems, automated assessment tools, and simulation-based learning environments that support hands-on and experiential approaches. These insights are particularly valuable for designing courses that respond to individual learning needs, facilitating adaptive feedback and intelligent tutoring. Furthermore, the content analysis underscores the role of AI in fostering essential technical and analytical skills, preparing students for the technologies they will encounter in the workforce. By integrating these AI applications, educational institutions can enhance student motivation, engagement, and preparedness for industry, making the curriculum more dynamic and aligned with technological advancements in engineering fields.

However, the integration of AI in MEE is also accompanied by its challenges and limitations. Ethical concerns, such as data privacy and potential biases in AI-driven assessments, must be carefully addressed to ensure responsible application. Furthermore, the need for substantial technological infrastructure, including powerful computing systems and specialized software, poses a barrier to widespread AI adoption. Faculty training is also crucial, as instructors must be equipped to effectively use AI tools and adapt their teaching methods accordingly. Without proper training, faculty resistance to change and unfamiliarity with AI could hinder successful integration. Addressing these limitations is essential for realizing AI’s full potential in MEE and ensuring that it enhances the learning experience rather than detracts from it.




5 Conclusions and future research

AI technology is rapidly evolving, and its applications are expanding across various fields, including MEE, where it is transforming education at different levels. In MEE, AI is utilized for a variety of purposes such as personalized learning, smart tutoring systems, digitizing engineering drawings, simulations, fault diagnosis, and more. The incorporation of AI in MEE has raised several concerns, calling for enhanced accuracy, more personalized learning approaches, improved simulations, increased efficiency, and academic integrity. These concerns are driving changes in the curriculum, elevating it to new heights. A thorough literature review has resulted in the analysis of 228 publications, with the most relevant papers being discussed in detail, showcasing their findings, and outlining future research directions.

First, a bibliometric analysis of AI applications in MEE has been conducted. This analysis began with an initial poll of 765 articles sourced from the Scopus database. After a meticulous process of literature screening and the removal of duplicates, the focus narrowed down to 228 publications specifically addressing AI in MEE, spanning the years 2018 to 2023. This comprehensive bibliometric analysis yielded several key insights. The results highlighted a range of interdisciplinary ME subfields globally incorporating AI. Moreover, it revealed a significant volume of scientific publications dedicated to this domain. Additionally, numerous authors have notably contributed to the discourse on integrating AI into MEE, bringing diverse perspectives and insights to the field.

Following the bibliometric analysis, the next step involved conducting a content analysis to thoroughly investigate the application of AI in MEE. This analysis yielded significant findings, highlighting the diverse applications of AI across various aspects of MEE, including manufacturing, AM, thermodynamics, simulations, and engineering drawings. Additionally, it brought attention to areas such as smart tutoring systems, classification, and personalized learning. AI tools like VR and AR have been noted for their substantial role in developing students’ spatial skills and enhancing their motivation and engagement. Similarly, robotics and robotic platforms have proven beneficial in student learning within numerous robotic courses and other science education domains. Moreover, the integration of AI in robots and VR/AR technologies has shown positive impacts, enhancing their functionality. Furthermore, the reviewed scientific publications have revealed the numerous benefits that AI brings to MEE, with many papers stressing the importance of incorporating these technologies into the ME curriculum.

The promising outcomes that AI has brought to MEE have been notably highlighted in various studies. This review delves deep into the potential that AI unfolds in enriching MEE. Building on these findings, it suggests several future research directions that could further explore and expand the integration and impact of AI in this field.

Integrating GAI and Large Language Models (LLMs) like ChatGPT into the MEE curriculum offers a transformative opportunity to revolutionize this field. By leveraging LLMs that utilize NLP, educational approaches in MEE can be enhanced with personalized learning, intelligent tutoring systems, and effective feedback mechanisms. For example, ChatGPT, known for its advanced NLP capabilities, can be especially beneficial for MEE courses, facilitating tailored explanations of complex engineering concepts and improving interactive learning experiences. The vast potential of such technologies includes assisting in the instruction of challenging topics, providing instant feedback, and simulating real-world engineering problem scenarios. Specifically, GAI tools offer the potential to transform several aspects of the MEE curriculum. In simulations, AI can create complex engineering scenarios, enabling students to engage with real-world problem-solving in virtual environments. For coding exercises, these tools can provide instant feedback and code suggestions, accelerating learning for computational tasks. In research support, AI can assist students with literature reviews, trend analysis, and insights into emerging fields. For theoretical and computational problem-solving, AI offers step-by-step guidance on complex concepts and calculations, making abstract topics more accessible and interactive. However, these applications come with challenges, such as ethical risks (e.g., potential misuse and biases), accuracy concerns, faculty resistance, and a need for specialized training. Additionally, there are practical barriers, including possible reductions in critical thinking, technical limitations, accessibility, and compatibility issues with existing software. Addressing these challenges will be crucial to fully harnessing the educational benefits of GAI in a responsible and effective manner.

The future of MEE stands on the brink of significant advancements, primarily driven by the integration of AI. A crucial step forward involves developing theoretical guidelines or conceptual frameworks to assist educators and stakeholders in effectively implementing AI models, such as GAI, within the MEE curriculum. A key focus area is the automation of AM processes, where the use of machine learning algorithms is set to boost efficiency and performance. Additionally, advanced deep learning and reinforcement learning algorithms are expected to transform automated simulations, particularly in generating new products through 3D CAD model analysis. Another promising development is the creation of intelligent tutoring systems in mechanical engineering. These systems, which integrate GAI models with multimedia elements like animations and simulations, aim to simplify complex concepts for students. Efforts are also being made to enhance the precision of digitizing engineering drawings, utilizing AI for more accurate innovations. Moreover, addressing ethical considerations in using AI, particularly models like ChatGPT in educational settings, is essential for ensuring their responsible application. Finally, strengthening the connection between industry and academia is vital. This connection aligns academic learning with industry practices, equipping students with the skills needed to tackle real-world engineering challenges and meet industry standards.
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