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Abstract: This study explores the opportunities and challenges of integrating artificial intelligence
(AI) into engineering education. Through a review of the literature and a qualitative focus group
study, an assessment was made for the role of Al in personalizing learning, enhancing simulation
engagement, providing real-time feedback, and preparing students for Al-integrated workplaces.
The study emphasizes how Al may significantly improve educational experiences by making them
more dynamic, interactive, and successful. It also draws attention to important issues, such as moral
questions, algorithmic biases in Al, infrastructure constraints, the need for Al literacy training for
educators, and a range of student perspectives on Al engineering education. The results support a
systematic approach to Al integration, highlighting the necessity of cooperative efforts by educators,
legislators, curriculum designers, and technologists in order to overcome these obstacles. The study
makes the case that Al can transform engineering education by negotiating these challenges and
providing students with the information and skills needed for the digital future, all the while assuring
fair and moral access to technology-enhanced learning.
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1. Introduction

We are becoming more and more technologically interconnected, and artificial intelli-
gence (Al) and related technologies are playing a significant role in the digital economy [1].
They are critical to the digital economy and have the power to fundamentally change a
number of facets of our lives, including education, as our technological connections make
us more interconnected than ever. Al has the power to drastically alter our lives and
the way we work, learn, travel, and communicate in the future [1]. As we explore more
about Al, it becomes evident that this continuous development in Al will change the way
engineering is taught in a significant manner. Digitalization will influence every aspect of
society as the use of new technologies, such Al and the Internet of Things, is predicted to
rise [2]. It will also have an impact on engineering disciplines [2]. Al encompasses a broad
spectrum of digital technologies that can effectively process information to help humans
with various tasks [3]. Over the past few decades, there has been a major evolution in the
integration of Al into education, moving from simple automated systems to complex tools
that can improve a variety of educational processes. Al-powered engineering applications
can tackle complicated engineering challenges and work with unclear design parameters,
which are not achievable with conventional design techniques [4]. In other words, Al
continuously learns and develops on its own, whereas traditional software never changes
unless humans update it [3]. Transitioning from the general impact of Al, we see its intense
influence in the educational sector. Al tools have revolutionized education, bringing about
a significant change in the way that learning environments are improved, innovation is
generated, and students are prepared for the challenges of the digital age [5]. The potential
of Al-driven platforms, such as ChatGPT chatbots, to revolutionize educational methods
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and results has garnered a lot of attention [5]. Moreover, research and education are just
two of the fields that Al has completely transformed [6]. Large language models like
GPT-4 and BARD, along with natural language processing techniques, have greatly im-
proved our understanding and use of Al in these domains [6]. This brings us to a critical
turning point: this development emphasizes how much change educational systems must
undergo in order to integrate Al and provide more personalized, inventive, and interactive
learning environments [5]. However, the integration of Al is not without its challenges.
The gradual incorporation of Al into curricula raises a number of ethical concerns, calls for
a thorough redesign of the curriculum, and requires the adoption of continuous learning
techniques to guarantee compliance with changing industry standards [5]. Thus, Al offers
both unique chances and significant challenges for designing curricula. In the context of
educational institutions, when Al is used in educational institutions, it makes learning
more personalized, keeps students more interested, and makes it easier to efficiently grade
students. However, in order to reach this goal, we need to carefully handle a wide range of
issues related to ethics, resource sharing, and changes in the manner in which we teach.
Acknowledging the complexity of this integration, the rapid growth of Al integration in
engineering education signals a paradigm-shifting period. According to Memarian and
Doleck (2023), the application of Al is surging in education. Al is becoming more and more
prevalent in areas that may need some automation and (induced) logic, such as student
admissions and recruitment, adaptive learning, and assessment [7].

This paper aims to navigate through this evolving landscape by examining the growing
amount of research on Al’s role in engineering curriculum creation. It examines a number
of studies in an attempt to provide a sense of the complicated effects Al has on education.
Focusing specifically on engineering education, by looking at how Al is currently used
in engineering education and listing the opportunities and challenges that come with
it, we find promising applications. Using Al in civil engineering courses, for example,
has shown promise in greatly improving students” actual skills by giving them a deeper
understanding of project construction and the use of professional mechanical equipment
in the classroom [8]. Additionally, engineering students” attitudes concerning their final
year projects and the prerequisite courses were strongly linked to how successfully they
performed in school [9]. This suggests that having positive thoughts about Al-enabled
lessons can lead to better results in education.

The pathway to integrating Al into the engineering curriculum is not simple and
includes several obstacles and gaps to cover. Concerns about bias and the digital gap,
along with other social issues related to Al, make it challenging to know how to employ
Al fairly in schools [10]. Other problems that need to be addressed are the need for an
array of tools and for teachers to get more training on how to use Al tools effectively
in educational settings [11]. In light of these challenges, this paper contributes to the
growing discussions about how Al is changing education, especially in engineering, where
employers need graduates who are not only technically skilled but also competent to
work with Al systems that are becoming more intelligent constantly. This study aims
to investigate Al’s transformational potential in engineering education. The engineering
field’s nature requires the ability to think critically and solve complicated problems. Al
can improve these educational experiences by offering individualized learning settings,
enabling real-time feedback, and equipping students for the Al-integrated workplaces of
the future, the incorporation of Al can improve these educational experiences. Al-driven
personalized learning platforms, as well as the use of Al for formative assessment and
real-time feedback, are examples of current trends in Al integration in education. In order
to equip students for the appropriate use of Al technology, there is an increasing emphasis
on incorporating Al ethics into curricula. The final objective is to provide an outline of
current opportunities, challenges, and recommendations for effective integration so that
it gives educators, lawmakers, and curriculum creators useful information about how to
implement Al effectively in engineering classes.
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2. Methodology

In order to obtain a wide range of viewpoints on Al in engineering education, this
study combined a thorough literature review with a qualitative focus group study. This
mixed-methods approach allowed researchers to investigate the integration of Al into
engineering education. Figure 1 illustrates the methodological process of this study.

Literature Review

v

Focus Group Study

v

Analysis

v

Research Themes

Figure 1. The methodological research process.

2.1. Literature Review

The initial phase involved a systematic review of the literature. Several electronic
databases, such as the Saudi Digital Library and Google Scholar, were used for this study to
find research material that was directly connected to the topic of the paper. Al, education,
curriculum design, engineering, students, and “challenges and opportunities” were some
of the keywords that were used. The studies were considered if they met the following
criteria: (1) they were published in peer-reviewed journals or conference proceedings;
(2) they looked at how Al could be used to improve engineering curriculum design;
(3) they discussed the opportunities and challenges of using Al in education; and
(4) they were written in English. Articles that were not peer-reviewed, studies that were
not directly linked to Al’s role in designing engineering curricula, and articles that were
not available in full text were all ruled out. A significant number of records came up in the
initial search—about 90 references. They were sorted by title and abstracts to determine
how relevant they were to the study questions. Then, the full texts of studies that might
have been useful were found and read carefully. The assessment of the quality of the
studies included the research goals’ clarity, the data analysis method’s usefulness, and the
results” usefulness. The final number of papers used in this research was 41 references.

2.2. Focus Group Study

In order to obtain comprehensive insights into the complex and diverse experiences,
opinions, and attitudes of stakeholders concerning the incorporation of Al in engineering
education, a qualitative focus group was chosen as a method of data collection for this study.
Open-ended discussions during qualitative focus groups can reveal rich, comprehensive
information that may not be revealed by quantitative approaches alone, making them
perfect for exploratory studies. Focus groups facilitate dialogue, fostering consensus and
understanding among participants, thereby aiding in the research of stakeholder percep-
tions and experiences. It was carried out after the literature analysis to obtain qualitative
insights from a wide range of stakeholders who are directly involved in engineering educa-
tion. This stage sought to investigate in-depth opinions regarding the possible advantages,
difficulties, and moral implications of integrating Al into the curriculum.

2.3. Participant Selection

To reflect a wide range of viewpoints and experiences on the subject of engineering
education, eight individuals were chosen. Professional experience in engineering education
or curriculum design, familiarity with Al technology, and a readiness to participate in
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in-depth conversations regarding the incorporation of Al into teaching practices were
among the selection criteria. Table 1 illustrates the demographics of the eight participants.

Table 1. Participant demographics.

Participant Code Educational Qualification Specialty Years of Experience Administrative Roles
1 PhD Mechanical Engineering 16 Member of various committees
2 Undergraduate student Civil Engineering None None
3 Undergraduate student Civil Engineering None None
4 PhD Industrial Engineering 23 Member of various committees
5 PhD Civil Engineering 27 Member of various committees
6 PhD Industrial Engineering 14 Vice-dean
7 PhD Architecture 15 Head of department
8 PhD Civil Engineering 32 Member of various committees

2.4. Data Collection

Ensuring accessibility for all participants, the focus group was held using a virtual
meeting platform during March 2024, which included all participants. Questions aimed
at collecting in-depth responses on experiences with Al in education, perceived advan-
tages and difficulties of Al integration, ethical considerations, and recommendations for
efficiently utilizing Al technologies in engineering curricula were used to guide a semi-
structured interview format.

2.5. Data Analysis

The focus group data were analyzed using thematic analysis, which included tran-
scriptions of the discussions, response coding, and theme identification. With an empha-
sis on transformative potential, personalization and engagement, obstacles and barriers,
ethical considerations, and recommendations for successful integration, this qualitative
investigation sought to identify significant trends surrounding the integration of Al in
engineering education.

2.6. Integration of Findings

The results of the focus group study and the literature analysis were combined to
create a thorough picture of the state, difficulties, and potential future directions of Al in
engineering education. By fusing in-depth, qualitative viewpoints from practitioners in the
area with evidence-based ideas from published research, this mixed-methods approach
enhanced the study’s conclusions.

2.7. Study Validity and Reliability

The study used a systematic literature review and a focus group study to establish
a theoretical foundation for Al in engineering education. The review used electronic
databases and clear inclusion and exclusion criteria to select studies. The focus group used
a semi-structured interview format with open-ended questions to elicit in-depth responses.
Ethical considerations were addressed through transparency and participant consent. The
study acknowledged limitations due to sample size, demographic characteristics, and its
context-specific nature, but aimed to maximize the validity and reliability of its findings.

3. Opportunities Presented by Al in Curricular Design

Al can be used to improve many areas of education, especially in engineering fields,
by being built into curricula. At the forefront of educational innovation is Al, which
can perform previously unattainable tasks like customizing lessons to each student’s
needs, analyzing data in real time, and offering perceptive viewpoints on current market
trends and sustainability issues [5]. The integration of Al into curriculum design not
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only improves the educational programs’ efficacy and relevance, but also guarantees that
students possess the necessary knowledge and abilities to tackle the complex sustainability
challenges prevalent in the industry 4.0 terrain [5]. One practical way to incorporate Al into
engineering education is to introduce a small part of the technology into already-existing
courses [12]. Al can be included into already-taught courses to educate students about a
variety of numerical techniques, such as statistical or numerical methods [12]. The teaching
of Al components should be led by faculty members with experience in programming
and applications, taking into account their expertise [12]. This section discusses the main
research opportunities and provides evidence in the form of findings from more recent
studies. Table 2 at the end of this section presents the major findings about opportunities
presented by Al in curricular design.

3.1. Personalized Learning Environments

Personalized learning is an instructional strategy that adapts to each student’s par-
ticular requirements, interests, and ability level. Al’s ability to analyze massive quantities
of data makes it possible to create personalized educational environments that change
based on each student’s needs [1,7]. Educators can improve learning outcomes and student
engagement by identifying areas of struggle for their students and providing targeted
interventions by utilizing Al’s data-driven insights [6,7]. For example, Al can change the
level of difficulty of tasks based on how well students do on them, which lets them learn at
their own pace [8]. This personalization includes finding out where students are falling
short in their learning and giving them the right resources to help them improve [13]. Fur-
thermore, Al performance prediction models are frequently used to create student-centered
learning pathways, pinpoint high-risk students who have a history of failing, and enhance
instructional design and development [14]. Since each student is different, Al helps teachers
by pointing out crucial elements of effective learning that might not be seen otherwise.
A personalized learning environment can change content and learning variables and give
individualized feedback by looking at real-time student performance data [15]. Immersion
case studies, similar to those used in engineering ethics guidance, greatly improve the
capacity to customize individualized learning experiences [16]. Teachers support a shift
from theoretical to immersive case studies based on factual or current data and set in real
or realistic contexts [16]. In addition to increasing student engagement, these immersive
experiences encourage in-depth thought on the ethical issues that are prevalent in modern
engineering practices [16]. Inspired by the findings of Martin et al. (2021), this method
argues that incorporating Al-powered, interactive case studies into engineering courses
increases student engagement and fosters a deep comprehension of complex engineering
problems. This approach emphasizes the transformative potential of personalized learning
environments in engineering education by preparing students for a range of complex
challenges they may encounter in their professional careers. This type of education not only
democratizes learning but also ties in with the dynamic needs of the engineering industry,
where flexibility and lifelong learning are critical [7]. Al tools that personalize content
delivery are an example of this kind of cooperation; they reduce learning time and discour-
age studying for exams at the last minute [17]. Al agents also enable question-answering
services, offering prompt support even outside of regular school hours [17].

3.2. Enhanced Engagement through Simulation

Simulations that are powered by Al have been shown to get students much more
interested and motivated. ChatGPT and other Al technologies have the potential to revo-
lutionize a range of tasks, including ideation, business model creation, plan writing, and
customer interviews [3]. Furthermore, simulations powered by Al can create realistic,
interactive situations where students can use what they have learned in a virtual setting,
connecting theory and practice [18]. Over 20,000 students took part in a study that looked
into the design of Al-driven interfaces for Intelligent Tutoring Systems (ITSs). The results
showed that the Al-enhanced interfaces made students much more interested in learning,
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with improvements of up to 25.13% [19]. This finding emphasizes how important Al is
for improving student engagement and motivation in educational environments [19]. Al’s
ability to get students more interested in learning through interactive simulations and
game-based learning makes a strong case for including it in the design of curricula [18].
These technologies can make learning more fun and interesting by making difficult engi-
neering topics easier to understand [20]. Furthermore, one feature of Al courses meant for
non-specialists is that they are frequently organized into brief, manageable sections [21].

3.3. Real-Time Feedback and Assessment

Al makes it possible to give and receive feedback in real time, which gives students
a quick glance into the way they are learning. This immediate feedback can help rein-
force ideas and clear up confusion very quickly, which is especially helpful in difficult
subjects like engineering, through formative assessment and hands-on learning [22]. The
potential of ChatGPT to raise student involvement and enhance the entire student expe-
rience is one of its main advantages in engineering education [23]. Students can engage
in conversational interactions with ChatGPT, asking questions in real time and receiving
individualized feedback [23]. Additionally, Al can help grade student work, giving teachers
more time to work on more complex educational tasks [24]. Parambil et al. (2022) talk
about an Al-powered system that can track students’ emotions and attention in real time in
the classroom. This system gives teachers instant graphical feedback, which helps them
accurately measure and respond to the level of student engagement [25]. This kind of
technology makes teaching more effective, meeting the needs of a wide range of students
and possibly leading to better academic results [25]. Al can also be used to forecast student
performance. Researchers were able to develop an Al-enabled prediction model for student
academic performance in online engineering courses [26]. The results show that knowledge
acquisition, class participation, and summative performance are the dominant variables in
academic performance, with prerequisite knowledge not playing a key role [26].

3.4. Preparing Students for Al-Integrated Workplaces

The engineering fields have seen a rise in the use of Al tools in recent years [27].
Given that designing products and services is the primary responsibility of engineers,
investigating the use of Al in design software packages is crucial [27]. As Al systems
become more common in the workplace, courses that include Al elements can better
prepare students for their future jobs. Students who engage in Al learning programs will
be more equipped to interact with Al, come up with original Al concepts, and recognize
the benefits and societal implications of Al. Aligning students” abilities and competencies
with their ethical development is a significant program realization [7]. Including Al in
education is not solely about using technology to assist students in learning; it is also
about getting them ready for the future of work, where AI will be a crucial component of
every aspect [28]. In addition to technical knowledge, this preparation involves helping
people understand how Al will affect society and how to make ethical decisions [29].
Educational institutions can give students the skills they need to do well in a job market
that uses Al by teaching them how to use Al instruments and techniques [30]. This training
is very important for engineering students because they are likely to interact with Al
in different ways [31]. For example, Biihler et al. (2022) say that engineering education
needs to change to meet the needs of the Fourth Industrial Revolution, which is mainly
driven by AL Their study suggests an engineering curriculum that combines traditional
teaching methods with new Al-focused components [32]. Active e-learning, case studies,
and immersive technologies like visualization and gamification are all parts of this [32].
Not only does the curriculum teach technical skills, but it also focuses on developing
people’s skills like empathy and creativity [32]. The goal is to give engineering students
the skills they need to work well in the Al-driven professional world, which is known for
being complex and involving numerous stakeholders [32]. Al has the potential to greatly
improve engineering education by offering cutting-edge research and curricula that adapt
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to the demands of businesses and students simultaneously. A study on Al’s application
in geotechnics and engineering education emphasizes the need for a partnership between
educational institutions and engineering businesses to develop innovative research and
educational programs, addressing employer requests for increased specialized education

in Al applications, thereby achieving strategic objectives [33].

Table 2. Major findings about opportunities presented by Al in curricular design.

Opportunity Major Findings
-Creates personalized educational environments tailored to each student’s needs.
Personalized -Identifies student struggles and provides targeted interventions.

Learning Environments

-Adjusts task difficulty based on performance.

-Offers real-time performance data and feedback.

Enhanced Engagement
through Simulation

-Al-powered simulations increase student engagement and motivation.

-Provides realistic, interactive scenarios connecting theory and practice.

-Demonstrated a 25.13% increase in student engagement in a study involving over 20,000 students.

Real-time Feedback
and Assessment

-Provides instant feedback, reinforcing ideas and clearing up confusion.

-Assists in grading, freeing up teachers for complex tasks.

-Al systems track student emotions and attention, providing real-time feedback for better engagement.

Preparing Students for
Al-integrated Workplaces

-Courses with Al elements prepare students for Al-integrated workplaces.

-Al learning programs equip students with the skills to interact with Al, develop original concepts, and
understand its benefits and societal implications.

-Combines traditional teaching with Al-focused components like active e-learning and gamification.

4. Challenges Presented by Al in Curricular Design

Even though Al holds great promise for changing educational paradigms, a careful
review of the literature reveals significant discrepancies, especially in the ethical area of
using Al in educational settings [5]. This discrepancy highlights a crucial oversight because
the moral implications of incorporating Al into curriculum have not received sufficient
consideration [5]. Other drawbacks to using Al and IT systems in sustainable education
include possible biases in algorithms and machine learning models, privacy and data
security concerns, and other issues [34]. To get the most out of Al in education, these
challenges need to be fixed. The literature brings up a number of important issues that
require consideration. Table 3 at the end of this section presents the major findings about

challenges presented by Al in curricular design.

Table 3. Major findings about challenges presented by Al in curricular design.

Challenge

Major Findings

Ethical Considerations
and Prejudice

-Al systems can be biased, leading to unfair decisions.

-Ethical implications of Al in education need thorough research.

-Training data preparation is crucial to avoid biases.

-An ethical framework to guide Al application in education is required.

Infrastructure and
Resource Requirements

-Al requires significant infrastructure, such as hardware, software, subscriptions, and reliable
internet access.

-High costs can limit access to Al-enhanced education.

-Progress in Al and related technologies is necessary to overcome these challenges.
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Table 3. Cont.

Challenge

Major Findings

Teacher Training and

-Teachers must receive training on Al technologies.

-Lack of Al knowledge among teachers can hinder effective Al use in classrooms.

Al Literacy -Ongoing support and professional development are essential.
-Teachers’ roles shift to facilitators of ethical reasoning and critical thinking.
-Students” acceptance of Al-driven learning methods is crucial for successful integration.
Student Attitudes -Some students may prefer traditional methods.

and Acceptance

-Overcoming skepticism and gaining student buy-in is important.

-Al can enhance critical thinking and engagement in students.

4.1. Ethical Considerations and Prejudice

One of the greatest challenges is that Al systems can be biased and need to be considered
from an ethical point of view. There is concern with the lack of thorough research into the
ethical implications of Al in education, which calls for a thorough and nuanced approach to
identify and reduce any potential risks [5]. Al algorithms often rely on training datasets, which
can be biased, leading to biased decisions [27]. Even the handling of sensitive data like age, sex,
and race can be influenced by these biases [27]. Therefore, careful preparation of training data
is crucial to avoid such biases [27]. For instance, Amazon’s Al-based screening system was
scrapped due to gender bias, because it favored men over women [27]. Therefore, careful goal
definition is essential to avoid undesired results in Al algorithms [27]. Other examples include
Microsoft’s Al chatbot, which “learned” racist slurs within a day by reading Twitter feeds, and
Facebook’s chatbot, which could only reply appropriately to 30% of its Messenger services [35].
This is an extremely sensitive topic in learning environments, where fairness and equality
are very important. Significant ethical issues are raised when Al is included in engineering
curricula, especially in light of possible biases in Al systems [7]. The fairness of the data used
to train Al algorithms is a fundamental requirement for their integrity [7]. Because of this,
these systems may unintentionally reinforce preexisting biases, which emphasizes the need for
ethical consideration when implementing them [7]. Moreover, it emphasizes the significance of
an ethical framework that directs the application of Al in education, guaranteeing that these
tools improve learning outcomes without fostering societal biases [7]. The integration of Al
into engineering education presents ethical challenges, especially when focusing on technical
aspects and ignoring human-centered aspects [35]. The black-box nature of Al systems can
lead to physical and mental harm [35]. A holistic approach incorporating human-centered
design principles is needed to ensure the effective and ethical use of Al technology. A major
challenge for curriculum designers is making sure that Al tools are used effectively and do not
harm any group of students [36]. Maintaining the values of justice and equity in educational
settings requires constant observation and improvement of Al applications, protecting against
the unanticipated effects of bias in Al-driven educational tools [7]. Furthermore, using Al for
evaluations should be limited, and people should be aware of their limits. The fact that Al
might not understand what students are conveying or might not record all of their learning
makes it even more important for humans to be involved in the assessment process [37].

4.2. Infrastructure and Resource Requirements

Al often needs a lot of infrastructure, such as hardware, software, and a reliable
internet connection, which may not be easy to find in every educational institution [38].
Also, these technologies can be very expensive, which makes it hard for everyone to get
access to Al-enhanced education [38]. Furthermore, paid submissions for Al services
should be considered as part of the infrastructure and resource requirements. There are
problems with incorporating Al into education, like not having enough infrastructure and
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resources. However, progress in Al and related technologies is necessary for moving ahead
of these challenges to ensure the new educational policies perform properly [39].

4.3. Teacher Training and Al Literacy

The use of cutting-edge Al tools in education, like ChatGPT, highlights the vital role
teachers play in helping students navigate the always-changing digital landscape [5]. For
Al to be employed effectively in the classroom, teachers must receive training on how to
use these technologies. Teachers are not familiar with sufficient information regarding Al
at the present time, which could make it harder for them to effectively employ Al tools
in the classroom [40]. To solve this issue, it is very important to give teachers ongoing
support and professional development [5,40]. It is clear that faculty members need to be
knowledgeable about these technologies because their proficiency affects their ability to
use Al to enhance learning experiences while addressing the pedagogical, ethical, and
technological challenges that come with such integration [5]. In order to achieve this, we
need to fully understand and use Al as well as evaluate its use and think about the ethical
issues it raises. Developing this kind of literacy requires a wide range of training programs
with different lessons and useful tools. In this manner, teachers will be able to employ
Al effectively in their classes, which will lead to long-term professional growth [40]. The
role of the teacher in the era of digital transformation changes from that of a traditional
knowledge disseminator to that of a facilitator of ethical reasoning and critical thinking [5].

4.4. Student Attitudes and Acceptance

Human factors have a major effect on how Al is used in education, and how well Al is
integrated depends on how students feel about it and how willing they are to use it. Some
students might not like Al-driven learning methods and would rather use old-fashioned
ones [41]. To successfully use Al in curriculum design, it is important to get past skepticism
and get students on board. Research indicates that students view ChatGPT as an effective
instrument for honing important elements of their business model canvas, particularly
Channels, Key Resources, and Key Activities [3]. These components are usually rigorous
in terms of research and conceptual depth, suggesting that students can benefit greatly
from Al'’s capacity to process and analyze enormous volumes of data in these areas [3].
Additionally, this method can create a more active and participatory learning environment
in the classroom by pushing students to think critically and creatively about the issues at
hand and encouraging deeper engagement with the material.

5. Focus Group

After examining the various opportunities and challenges that Al offers for improving
the design of engineering curricula, it is critical to place these challenges and opportunities
in the context of educators’” and students’ real-world experiences. In order to collect differ-
ent perspectives on the incorporation of Al technology into engineering curricula, a focus
group was organized. The goal of this qualitative technique was to uncover the complex
feelings, perceptions, and expectations of those who will be directly influenced by the use
of Al in educational settings. The focus group discussed a variety of subjects, including the
first impressions and individual experiences with Al tools, as well as anticipated difficulties,
ethical issues, and the possibility that Al will change engineering education. The purpose of the
insights from these discussions is to supplement the literature research by offering a practical
perspective that allows for a deeper analysis of the opportunities, difficulties, and potential
directions of Al in engineering education. With the potential to completely transform the way
engineering concepts are taught and learned, the incorporation of Al into engineering educa-
tion marks a significant shift in pedagogical approaches. The opinions of eight participants,
each of whom provided distinct insights on the possible advantages, difficulties, and ethical
issues surrounding Al in this context, are synthesized in this study. Their combined viewpoints
offer an in-depth understanding of Al's contribution to improving educational results and
getting students ready for the challenges of the contemporary engineering environment.
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5.1. Al's Potential in Engineering Education

All participants agree that Al has the power to revolutionize engineering education.
Participant 1 emphasizes how Al has the potential to “drastically alter our lives and the
way we work,” highlighting the wide-ranging effects of the technology. The hope expressed
by Participant 2 that AI will make “learning more personalized” illustrates a common
optimism about Al’s ability to customize educational experiences to meet the needs of each
individual. This view is further echoed by Participant 4’s excitement about Al “revolu-
tionizing learning processes” and Participant 3’s reference to Al regarding “personalized
learning environments”. The focus placed by Participant 5 on Al “offering tailored sug-
gestions” and the idea put forth by Participant 6 that Al is “completely transforming
the learning process” demonstrate the broad support that Al-enhanced education has.
Viewing Al as a dynamic tool for “interactive learning” and “real-world applications,”
Participants 7 and 8 demonstrate the technical capabilities of Al

5.2. Challenges and Ethical Considerations

Participants expressed concerns about incorporating Al into the curriculum despite their
excitement. Participant 2 raises concerns about Al technologies “limiting student exposure
to diverse approaches,” while Participant 1 warns of “significant challenges” in curriculum
integration. The ethical conundrums involved are highlighted by Participant 3’s anxiety about
“ethical concerns” and Participant 4’s worry about “data privacy and security” difficulties.
The possibility of “algorithmic bias” and the “necessity for strong data governance,” respec-
tively, are discussed by Participants 5 and 6. The concerns expressed by Participant 7 over
“bias affecting learning outcomes” and Participant 8’s criticism of the “challenges in ensuring
data privacy” highlight the difficulties involved in using Al ethically in education.

5.3. Thematic Analysis of Participants’ Perspectives on Al in Engineering Education
Theme 1: Transformative Potential of Al

All participants agree that Al has the ability to significantly improve engineering
education. They emphasize how Al can transform education by enabling personalized
support, dynamic tools, and interactive learning. Al has the potential to “drastically
alter our lives,” for example, according to Participant 1, yet Participant 8 highlights AI's
contribution to “real-world applications to improve student engagement.” This theme
highlights a common optimism about Al’s potential to improve engineering education.

Theme 2: Personalization and Engagement

The promise of Al to enhance student engagement and personalize learning experiences
is a recurring subject in the comments. Participants highlight Al’s capacity to generate realistic
simulations, adjust to each learner’s unique learning style, and offer real-time feedback.
Two participants highlight the importance of “personalized learning,” while Participant 7 talks
about Al’s capacity to “provide real-time feedback for each individual student.” This theme
highlights a general understanding of how critical it is to use Al to customize instructional
materials and delivery strategies to fit the wide range of student needs.

Theme 3: Challenges and Barriers to Integration

While participants are optimistic about Al's potential, they are also worried about
the difficulties and obstacles that stand in the way of integrating Al into the engineering
curriculum. These include reluctance to adapt, constraints in the infrastructure, students’
reliance on Al, and worries about data security and privacy. The “challenge of ensuring
data privacy” is mentioned by Participant 4, and “opposition to change” is mentioned by
Participant 6 as major barriers. The practical concerns and worries that must be addressed
for an Al integration to be successful are encapsulated in this theme.

Theme 4: Ethical Considerations and Bias Mitigation

Critical factors to take into account include the possibility of bias in Al tools and
ethical problems. The significance of tackling algorithmic bias, data privacy, and the
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moral use of Al in education is emphasized by the participants. Concerning “algorithmic
prejudice”, Participant 3 suggests “transparency and strong data governance” as remedies.
Participant 5 also has similar concerns. This subject emphasizes how important it is to
create moral standards and methods for reducing bias in order to guarantee the ethical
application of Al in engineering education.

Theme 5: Recommendations for Effective Integration

Several recommendations have been brought forward by participants to tackle these
difficulties. Participant 1 makes the suggestion to “implement Al with caution,” high-
lighting the necessity of cautious integration. In order to promote the efficient use of Al,
Participant 2 is an advocate for “training programs for educators”. “Ethical guidelines” are
demanded by Participants 3 and 4 to control the use of Al in education. In order to facilitate
Al integration, Participant 5 emphasizes the significance of “bias mitigation strategies”,
whereas Participant 6 emphasizes the necessity of “infrastructure improvements”. To avoid
prejudice, Participant 7 suggests “continuous monitoring” of Al tools; Participant 8 offers
“partnering with industry” to obtain knowledge about useful Al applications.

5.4. Focus Group Overview

A generally positive assessment of Al’s potential to transform engineering education
is highlighted by the thematic analysis of the participants” input; however, this optimism
is constrained by realistic worries about obstacles, moral dilemmas, and the possibility
of bias. A balanced approach to integrating Al into engineering courses is crucial, with
a focus on tailored learning experiences, engagement augmentation, careful navigation
of barriers, and adherence to ethical norms. This varied set of participants’ perspectives
highlights this point. This sophisticated comprehension of Al’s possibilities and drawbacks
offers a useful starting point for formulating plans to make the most of Al technologies in
educating the upcoming generation of engineers for the problems of the future.

6. Discussion

Incorporating knowledge from the focus group discussion with the literature analysis
on Al in engineering education yields numerous important findings that deepen our
understanding and provide future directions for practical solutions. This is a thorough
analysis of the conclusions and recurring research themes.

6.1. Integration of Theory and Practice through Al

The literature and the results of the focus group both highlight Al'’s ability to close the
gap between theoretical understanding and real-world applicability. Personalized learning
environments and Al simulations let students apply theoretical knowledge in simulated real-
world circumstances, while also improving student engagement. This combination points to a
future trend in curriculum design that heavily leverages Al to make a smooth transition from
studying theoretical foundations to using them in real-world, hands-on settings.

6.2. Ethical and Bias Considerations Require a Holistic Approach

The focus group talks strongly illustrate the ethical issues and potential biases raised
by the literature review. These viewpoints’ convergence highlights the need for an all-
encompassing strategy for integrating Al that incorporates moral principles, techniques for
reducing bias, and a structure for ongoing ethical evaluation. It emphasizes how critical it
is to create Al tools and curricula in accordance with moral principles that give equality,
openness, and diversity the top priority.

6.3. The Critical Role of Infrastructure and Accessibility

A major obstacle noted in both the literature review and focus group is the availability
of resources and infrastructure. According to the conversation, in order to democratize
access to Al-enhanced education, major investments in technology infrastructure are re-
quired. This covers not only actual technology and software but also dependable internet
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connectivity and initiatives for digital literacy. Achieving fair access to these resources is
essential to the effective incorporation of Al into engineering education.

6.4. Teacher Empowerment through Professional Development

The focus group’s emphasis on the value of Al literacy and teacher preparation
aligns with conclusions from the literature on the same topic. The necessity for thorough
professional development programs that give teachers the know-how and abilities to
successfully integrate Al into their lesson plans is highlighted by this convergence. In order
to fully utilize Al tools to improve learning outcomes and navigate the digital transition of
education, it is imperative that instructors are empowered.

6.5. Student-Centric Al Integration

The literature’s discussion of personalized learning environments and the focus group
feedback regarding students’ attitudes towards Al-driven learning approaches indicate that
a student-centric approach to Al integration is necessary. This includes actively integrating
students in the creation and assessment of Al tools and approaches in addition to modifying
instructional material and delivery to accommodate a variety of learning demands. Using
this method would guarantee that Al improvements are in line with students’ interests and
learning styles in addition to being technically sound.

6.6. Collaborative Frameworks for Continuous Improvement

The findings from the focus group and the literature as a whole point to the significance
of developing cooperative frameworks that include academics, students, technologists,
and business experts in the ongoing development of Al in engineering education. These
frameworks should make it easier for people to exchange ethical considerations, creative
solutions, and best practices, guaranteeing that Al integration stays flexible, adaptable, and
in line with the changing demands of the engineering community.

7. Conclusions

The integration of Al into engineering education presents both revolutionary possibili-
ties and significant obstacles. It offers students real-time feedback, individualized learning
experiences, and simulations to connect theory and practice. This shift towards a more
personalized, effective, and engaged learning environment equips students for success in a
digital and Al-integrated world. However, challenges include addressing ethical issues,
thorough teacher preparation, infrastructural needs, and student acceptance and attitudes
towards Al-enhanced learning. Collaboration between educators, legislators, curriculum
designers, and technologists is essential for fully utilizing Al in engineering education. This
involves a progressive, cooperative effort that values student-centered methods, ethical
considerations, and seamless integration of theory and practice. This study uses real-world
experiences and literary analysis to paint a picture of how Al’s eventual transformation of
education will become more than simply a theoretical concept. Al will serve as a catalyst
for an educational revolution by embracing inclusion, exercising ethical care, and pursuing
continuous improvement. This will equip students with the critical thinking and ethical
discernment necessary to negotiate the complexity of today’s world.

8. Study Limitations and Future Research

The study highlights the need for longitudinal studies to understand the long-term
impacts of Al on engineering students’ learning abilities. It explores the integration of Al'in
engineering education, but its limitations include its focus on a Saudi Arabian engineering
college and potential biases in data collection. There is a need to highlight the importance
of a broader scope, diverse samples, and methods to better understand the long-term
effects and sustainability of Al integration in engineering education. Future research
should explore Al applications in diverse educational settings and real-world methods
while considering ethics and bias. A broader demographic range, including graduate
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students and junior faculty, can provide valuable insights into Al integration. Gender
diversity in focus groups can also help identify gender-specific challenges and biases.
By considering these demographic factors, future studies can better understand the full
spectrum of Al’s impacts on engineering education, leading to more effective and inclusive
integration strategies.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data can be shared up on request.

Conflicts of Interest: The author declares no conflict of interest.

References

1.  Gudoniene, D.; Staneviciene, E.; Buksnaitis, V.; Daley, N. The Scenarios of Artificial Intelligence and Wireframes Implementation
in Engineering Education. Sustainability 2023, 15, 6850. [CrossRef]

2. Gumaelius, L.; Kolmos, A. The Future of Engineering Education: Where Are We Heading? In Proceedings of the SEFI 47th
Annual Conference, Budapest, Hungary, 16-20 September 2019; pp. 1663-1672.

3. Vecchiarini, M.; Somia, T. Redefining entrepreneurship education in the age of artificial intelligence: An explorative analysis. Int.
J. Manag. Educ. 2023, 21, 100879. [CrossRef]

4. Yiiksel, N.; Borklii, H.; Sezer, H.; Canyurt, O. Review of artificial intelligence applicationsin engineering design perspective. Eng.
Appl. Artif. Intell. 2023, 118, 105697. [CrossRef]

5. Abulibdeh, A.; Zaidan, E.; Abulibdeh, R. Navigating the confluence of artificial intelligence and education for sustainable
development in the era of industry 4.0: Challenges, opportunities, and ethical dimensions. J. Clean. Prod. 2024, 437, 140527.
[CrossRef]

6.  Algahtani, T.; Badreldin, H.; Alrashed, M.; Alshaya, A.; Alghamdi, S.; Saleh, K.; Alowais, S.; Alshaya, O.; Rahman, I.; AlYami, M.;
et al. The emergent role of artificial intelligence, natural learning processing, and large language models in higher education and
research. Res. Soc. Adm. Pharm. 2023, 19, 1236-1242. [CrossRef] [PubMed]

7. Memarian, B.; Doleck, T. Fairness, Accountability, Transparency, and Ethics (FATE) in Artificial Intelligence (AI) and higher
education: A systematic review. Comput. Educ. Artif. Intell. 2023, 5, 100152. [CrossRef]

8. Xie, M.; Meng, E; Zou, ].; Feng, W.; Ma, S. Application of Artificial Intelligence in Civil Engineering Education. In Proceedings
of the 5th Annual International Conference on Information System and Artificial Intelligence [ISAI2020], Hangzhou, China,
22-23 May 2020.

9. Dobela, J.; Seboni, L. Attitudes and Academic Performance of Engineering Students in both Prerequisite Courses to Final Year
Project and Final Year Project. Int. |. High. Educ. 2023, 12, 45-69. [CrossRef]

10. Vargas-Murillo, A.; Pari-Bedoya, I.; Guevara-Soto, F. Challenges and Opportunities of Al-Assisted Learning: A Systematic
Literature Review on the Impact of ChatGPT Usage in Higher Education. Int. |. Learn. Teach. Educ. Res. 2023, 22, 122-135.
[CrossRef]

11. Zhao, Z; Wu, J,; Li, T; Sun, C; Yan, R.; Chen, X. Challenges and Opportunities of AI-Enabled Monitoring, Diagnosis & Prognosis:
A Review. Chin. ]. Mech. Eng. 2021, 34, 1-29.

12.  Naser, M. A Faculty’s Perspective on Infusing Artificial Intelligence into Civil Engineering Education. J. Civ. Eng. Educ. 2022,
148, 02522001. [CrossRef]

13.  Whitfield, I; Duffy, A.; Grierson, H. Delivering A Total Engineering Education. In Proceedings of the 21st International Conference
on Engineering and Product Design Education (E&PDE 2019), Glasgow, UK, 12-13 September 2019.

14. Ouyang, F; Wu, M.; Zheng, L.; Zhang, L.; Jiao, P. Integration of artificial intelligence performance prediction and learning
analytics to improve student learning in online engineering course. Int. |. Educ. Technol. High. Educ. 2023, 20, 1-23. [CrossRef]

15. Sowmiya, S.; Meiyalagan, R.; Manimuthu, P; Kannan, S.; Tamilarasan, M. Artificial Intelligence Technologies for Personalized
Elearning. Int. . Creat. Res. Thoughts 2023, 11, f941-945.

16. Martin, D.; Conlon, E.; Bowe, B. Using case studies in engineering ethics education: The case for immersive scenarios through
stakeholder engagement and real life data. Australas. |. Eng. Educ. 2021, 26, 47-63. [CrossRef]

17.  Jin, S.; Im, K.; Yoo, M.; Roll, I; Seo, K. Supporting students’ self-regulated learning in online learning using artificial intelligence
applications. Int. ]. Educ. Technol. High. Educ. 2023, 20, 37. [CrossRef]

18. Leavy, A.; Dick, L.; Meletiou-Mavrotheris, M.; Paparistodemou, E.; Stylianou, E. The prevalence and use of emerging technologies
in STEAM education: A systematic review of the literature. J. Comput. Assist. Learn. 2023, 39, 1061-1082. [CrossRef]

19. Kim, B; Suh, H.; Heo, J.; Choi, Y. AI-Driven Interface Design for Intelligent Tutoring System Improves Student Engagement.

arXiv 2023, arXiv:2009.08976.


https://doi.org/10.3390/su15086850
https://doi.org/10.1016/j.ijme.2023.100879
https://doi.org/10.1016/j.engappai.2022.105697
https://doi.org/10.1016/j.jclepro.2023.140527
https://doi.org/10.1016/j.sapharm.2023.05.016
https://www.ncbi.nlm.nih.gov/pubmed/37321925
https://doi.org/10.1016/j.caeai.2023.100152
https://doi.org/10.5430/ijhe.v12n1p45
https://doi.org/10.26803/ijlter.22.7.7
https://doi.org/10.1061/(ASCE)EI.2643-9115.0000065
https://doi.org/10.1186/s41239-022-00372-4
https://doi.org/10.1080/22054952.2021.1914297
https://doi.org/10.1186/s41239-023-00406-5
https://doi.org/10.1111/jcal.12806

Societies 2024, 14, 89 14 of 14

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Cao, C.; Ding, Z.; Lee, G.-G; Jiao, J.; Lin, J.; Zhai, X. Elucidating STEM Concepts through Generative AI: A Multi-modal
Exploration of Analogical Reasoning. arXiv 2023, arXiv:2308.10454v1.

Laupichler, M.; Aster, A.; Schirch, J.; Raupach, T. Artificial intelligence literacy in higher and adult education: A scoping literature
review. Comput. Educ. Artif. Intell. 2022, 3, 100101. [CrossRef]

Abdulla, M.; Motamedi, Z.; Majeed, A. Redesigning Telecommunication Engineering Courses with Cdio Geared for Polytechnic
Education. In Proceedings of the 10th Conference on Canadian Engineering Education Association Ottawa, ON, Canada,
8-12 June 2019.

Nikolic, S.; Daniel, S.; Haque, R.; Belkina, M.; Hassan, G.; Grundy, S.; Lyden, S.; Neal, P.; Sandison, C. ChatGPT versus
engineering education assessment: A multidisciplinary and multiinstitutional benchmarking and analysis of this generative
artificial intelligence tool to investigate assessment integrity. Eur. J. Eng. Educ. 2023, 48, 559-614. [CrossRef]

Celik, I.; Dindar, M.; Muukkonen, H.; Jarveld, S. The Promises and Challenges of Artificial Intelligence for Teachers: A Systematic
Review of Research. TechTrends 2022, 66, 616-630. [CrossRef]

Parambil, M.; Ali, L.; Alnajjar, F.; Gochoo, M. Smart Classroom: A Deep Learning Approach towards Attention Assessment
through Class Behavior Detection. In Proceedings of the 2022 Advances in Science and Engineering Technology International
Conferences, ASET 2022, Dubai, United Arab Emirates, 21-24 February 2022.

Jiao, P; Ouyang, E; Zhang, Q.; Alavi, A. Artificial intelligence-enabled prediction model of student academic performance in
online engineering education. Artif. Intell. Rev. 2022, 55, 6321-6344. [CrossRef]

Blake, R.; Mathew, R.; George, A.; Papakostas, N. Impact of Artificial Intelligence on Engineering: Past, Present and Future.
Procedia CIRP 2021, 104, 1728-1733. [CrossRef]

Akram, B.; Magooda, A. Analysis of Students’ Problem-Solving Behavior when Using Copilot for Open-Ended Programming
Projects. In Proceedings of the 2023 ACM Conference on International Computing Education Research, Chicago, IL, USA,
7-11 August 2023.

Dogan, M.; Dogan, T.; Bozkurt, A. The Use of Artificial Intelligence (AI) in Online Learning and Distance Education Processes:
A Systematic Review of Empirical Studies. Appl. Sci. 2023, 13, 3056. [CrossRef]

Sakib, N.; Anik, E; Li, L. ChatGPT in IT Education Ecosystem: Unraveling Long-Term Impacts on Job Market, Student Learning,
and Ethical Practices. In Proceedings of the 24th Annual Conference on Information Technology Education, Marietta, GA, USA,
11-14 October 2023; pp. 73-78.

Rodriguez, A.; Pradhan, P; Puttannaiah, K.; Das, N.; Mondal, K.; Sarkar, A. A Comprehensive Academic Success and Professional
Development (ASAP) Framework that uses Career-Steering/Shaping Projects to Train Engineering Students and Develop Critical
Life/Professional Skills: Part [I—Impact on Key Groups. In Proceedings of the IEEE Frontiers in Education Conference (FIE),
San Jose, CA, USA, 3-6 October 2018; pp. 1-9.

Biihler, M.; Jelinek, T.; Niibel, K. Training and Preparing Tomorrow’s Workforce for the Fourth Industrial Revolution. Educ. Sci.
2022, 12, 782. [CrossRef]

Lez’er, V.; Semeryanova, N.; Kopytova, A.; Kvach, I. Application of artificial intelligence in the field of geotechnics and engineering
education. In Proceedings of the International Science Conference SPbWOSCE-2018 “Business Technologies for Sustainable
Urban Development”, St. Petersburg, Russia, 10-12 December 2018.

Lin, C;; Huang, A.; Lu, O. Artificial intelligence in intelligent tutoring systems toward sustainable education: A systematic review.
Smart Learn. Environ. 2023, 10, 141. [CrossRef]

Ahmad, K.; Abdelrazek, M.; Arora, C.; Bano, M.; Grundy, ]. Requirements practices and gaps when engineering human-centered
Artificial Intelligence systems. Appl. Soft Comput. 2023, 143, 110421. [CrossRef]

Atabey, A.; Scarff, R. The Fairness Principle: A Tool to Protect Childrens Rights in Their Interaction with Emotional Al in
Educational Settings. Glob. Priv. Law Rev. 2023, 4, 5-16. [CrossRef]

Chen, J.; Lai, P; Chan, A.; Man, V,; Chan, C.-H. Al-Assisted Enhancement of Student Presentation Skills: Challenges and
Opportunities. Sustainability 2023, 15, 196. [CrossRef]

Jaynes, T.; Abdrisaev, B.; Glenn, L. Socially Good Al Contributions for the Implementation of Sustainable Development in
Mountain Communities Through an Inclusive Student-Engaged Learning Model. In The Ethics of Artificial Intelligence for the
Sustainable Development Goals; Mazzi, F., Floridi, L., Eds.; Springer: Berlin/Heidelberg, Germany, 2023; Volume 152.
Gauravkumar, K. Reshaping Learning and Teaching: Ensuring Equal Accessibility, Affordability and Multi-Disciplinary approach
in Higher Education through Technology. Grad. Res. Eng. Technol. (GRET) 2022, 1, 39-44.

Zhao, L.; Wu, X.; Luo, H. Developing Al Literacy for Primary and Middle School Teachers in China: Based on a Structural
Equation Modeling Analysis. Sustainability 2022, 14, 14549. [CrossRef]

Hutson, ]J.; Ceballos, J. Rethinking Education in the Age of Al: The Importance of Developing Durable Skills in the Industry 4.0.
J. Inf. Econ. 2023, 1, 26-35. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.caeai.2022.100101
https://doi.org/10.1080/03043797.2023.2213169
https://doi.org/10.1007/s11528-022-00715-y
https://doi.org/10.1007/s10462-022-10155-y
https://doi.org/10.1016/j.procir.2021.11.291
https://doi.org/10.3390/app13053056
https://doi.org/10.3390/educsci12110782
https://doi.org/10.1186/s40561-023-00260-y
https://doi.org/10.1016/j.asoc.2023.110421
https://doi.org/10.54648/GPLR2023002
https://doi.org/10.3390/su15010196
https://doi.org/10.3390/su142114549
https://doi.org/10.58567/jie01020002

	Introduction 
	Methodology 
	Literature Review 
	Focus Group Study 
	Participant Selection 
	Data Collection 
	Data Analysis 
	Integration of Findings 
	Study Validity and Reliability 

	Opportunities Presented by AI in Curricular Design 
	Personalized Learning Environments 
	Enhanced Engagement through Simulation 
	Real-Time Feedback and Assessment 
	Preparing Students for AI-Integrated Workplaces 

	Challenges Presented by AI in Curricular Design 
	Ethical Considerations and Prejudice 
	Infrastructure and Resource Requirements 
	Teacher Training and AI Literacy 
	Student Attitudes and Acceptance 

	Focus Group 
	AI’s Potential in Engineering Education 
	Challenges and Ethical Considerations 
	Thematic Analysis of Participants’ Perspectives on AI in Engineering Education 
	Focus Group Overview 

	Discussion 
	Integration of Theory and Practice through AI 
	Ethical and Bias Considerations Require a Holistic Approach 
	The Critical Role of Infrastructure and Accessibility 
	Teacher Empowerment through Professional Development 
	Student-Centric AI Integration 
	Collaborative Frameworks for Continuous Improvement 

	Conclusions 
	Study Limitations and Future Research 
	References

