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In this paper, we present an advanced conceptual framework for integrating Artificial General Intelligence (AGI) into

engineering education (Artificial General Intelligence Integration into Engineering Education (AGI2E2)). Our aim is to

harmonize technical skills with intrinsic human qualities, such as creativity and ethical reasoning, essential for the

Industry 5.0 landscape. This framework is based on comprehensive literature reviews and empirical data from 916

students and 1127 faculty/staff surveys, analyzed to assess AGI’s potential to foster these human-centered qualities. It

includes dynamic, interdisciplinary learning environments, personalized educational trajectories, continuous adaptation,

and lifelong learning, addressing the ethical issues of AGI application. Building upon a previously published framework

by the authors focused on integrating AI into engineering education, this work advances the field to meet Industry 5.0

demands while fostering holistic, human-centered learning experiences that prepare technically competent engineers

equipped with vital interpersonal skills.
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1. Introduction

In the era of Industry 5.0, engineering education is

at a critical juncture, requiring a reevaluation of

pedagogical strategies to integrate technological

advances with the development of intrinsic human

qualities [1]. This article presents an advanced

conceptual framework that aims to create synergies
between Artificial General Intelligence (AGI) and

human-centered learning in engineering education.

The goal is to prepare engineers who are not only

technically competent but also possess qualities

necessary to solve contemporary challenges, includ-

ing creativity, critical thinking, metacognition, and

self-regulation [2]. This integration is vital for

preparing students for the multifaceted challenges
and opportunities of the modern, technology-

driven world. This work builds upon the research

presented in ‘‘A Framework for Integrating AI into

Engineering Education, Empowering Human-Cen-

tered Approach for Industry 5.0’’ by Balart and

Shryock [1] that introduced a novel conceptual

framework for Artificial Intelligence (AI) integra-

tion into engineering education. The original fra-
mework proposed Dynamic Interdisciplinary

Learning Environments, Personalized Educational

Trajectories, Continuous Adaptation and Lifelong

Learning, 21st-century Skills Development, and

Ethical Considerations. This paper expands on

these concepts by incorporating insights from

recent advancements in AGI and further empirical

data from student and faculty surveys.
Recent literature reveals a gap in current educa-

tional paradigms [1]. While the role of AI in

technical skill development like programming has

been briefly explored [3], its potential to foster

human-centered qualities in engineering students

remains less researched. Studies increasingly high-

light the importance of interpersonal skills along-

side technical knowledge in engineering education

[4]. However, comprehensive frameworks for effec-
tive AGI integration with a focus on fostering these

skills are lacking. AGI represents a significant leap

in AI development, characterized by systems cap-

able of thinking, learning, executing, and coordi-

nating complex multi-tasking behavior similar to

humans [5]. Unlike traditional AI systems, AGI can

set its own goals, devise strategies, and adapt to new

circumstances, mirroring the complex operations of
the human brain [5]. This term proposes the devel-

opment of intelligent machines that possess human-

like cognitive capabilities, such as understanding

and learning. AGI aims to simulate human intelli-

gence, with its various complexities and abilities

such as critical thinking, problem solving, creativity

and adaptability [6]. The transformative potential

of AGI in education lies in its ability to act as both
an instructor and a peer, offering dynamic,

interdisciplinary learning environments and perso-

nalized educational trajectories that foster contin-

uous adaptation and lifelong learning [7].

In response, this research combines a broader

literature review focused specifically on the impact

of AGI in education with empirical data from the

same survey of students and faculty at Texas A&M
University but one year apart, which aimed to
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assess the perceptions among students and teachers

regarding Generative Artificial Intelligence (GAI)

in educational contexts. More detailed information

about the original survey can be found in [8, 9]. The

outcome includes the development of a framework

that emphasizes interdisciplinary learning, perso-
nalized educational pathways, ethical and emo-

tional intelligence development, participatory

pedagogies, and continuous adaptive feedback

mechanisms. This framework moves towards an

educational paradigm in which AGI is not merely

a technological tool but a facilitator of holistic,

human-centered learning experiences. This research

contributes both to theory and practice. Theoreti-
cally, it expands the discourse on AGI in education,

specifically in engineering education, by introdu-

cing a framework that bridges technological skills

with human-centric qualities. Practically, it offers

educators and institutions a preliminary guide of

aspects to consider on AGI in engineering educa-

tion contexts. The intent is to integrate it in a way

that helps prepare students not only as profes-
sionals but as well-rounded individuals capable of

adapting and thriving in the dynamic landscape of

Industry 5.0. Thus, this research contributes sig-

nificantly to the evolution of the field of engineering

education, guiding it towards a more integrated,

balanced and human-centered future.

The research questions of this work are:

1. How can AGI be integrated into engineering

education to balance technical skills with

intrinsic human qualities such as creativity

and ethical reasoning?
2. What gaps exist in current educational para-

digms regarding the integration of AGI in

fostering human-centered qualities in engineer-

ing students, and how can these gaps be

addressed?

3. What aspects should be emphasized when inte-

grating AGI into education, particularly in the

context of engineering and preparing for Indus-
try 5.0?

The integration of AGI in educational contexts,
particularly in engineering education, promises to

significantly reshape the educational ecosystem.

While AGI has the potential to transform educa-

tional practices by fostering collaborative learning

and personalized education, it also raises concerns

about ethical considerations, data privacy, and the

impact on traditional educational paradigms. By

leveragingAGI’s capabilities to facilitate collabora-
tive learning, provide personalized educational

paths, and promote continuous adaptation, we

can prepare students for the demands of Industry

5.0 and beyond. This research aims to contribute to

the ongoing dialogue on the role of AGI in educa-

tion, offering a framework that balances technical

competence with human-centered qualities, thereby

fostering a more holistic, inclusive, and dynamic

educational experience.

2. Background

This literature review builds upon the foundation

laid in the original paper [1]. While the initial review

covered significant ground in understanding the

role of AI in education, this expanded review

delves deeper into recent advancements in AGI

and their implications for engineering education.
A more detailed exploration of AI’s foundational

impacts on education and the foundation of the

proposed framework can be found in the original

paper.

Recent advancements in AI and its growing

influence on educational paradigms have sparked

significant interest in redefining engineering educa-

tion [10]. In the context of Industry 5.0, a shift
towards integrating human-centric skills with tech-

nical knowledge is becoming increasingly impor-

tant [11]. In this work, each section of the

framework defined in [1] has been supplemented

with material found in a second exploratory litera-

ture review on the impact of AGI on education, and

new sections have been identified as well.

The application of AI in education has been
diverse, ranging from personalized learning experi-

ences to adaptive curricular design [12]. Challenges,

such as ensuring pedagogical effectiveness and

addressing ethical concerns, still remain. Several

studies highlight the potential and limitations of

AI for reshaping educational environments. How-

ever, most of them have a tendency to adapt these

new technologies to the system we have always had
without focusing more on how we can use them to

promote a new system. Holistic education that

emphasizes soft skills like critical thinking and

emotional intelligence is gaining recognition as a

crucial component of engineering education. In

recent studies, there has been a growing recognition

of the importance of these skills in engineering

education. Green et al. [4] highlight that while
engineering programs traditionally focus on devel-

oping technical skills, there is a critical need to

integrate interpersonal skills such as communica-

tion, collaboration, and leadership into the curri-

culum. This need is echoed across different

stakeholders, students, faculty, and practicing engi-

neers who agree on the significance of these skills

[4], which are not only valuable in professional
contexts but also in fostering well-rounded and

integral individuals [13]. This body of work suggests

a paradigm shift in educational objectives, aligning

them more closely with humanistic values.
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On the other hand, the interplay between AGI

and the role of human educators has been explored

[7]. The exploratory research on the intersection

between AGI and human-centric learning

approaches within education has highlighted

the potential of AGI to transform educational
practices [14] related to themes of AGI in learning

environments, enhancing skills development, fos-

tering lifelong learning, ethical and accessibility

considerations, and existing frameworks. In June

2021, at the International Conference of the Fin-

land Futures Research Centre, Jerome Glenn gave

the keynote: ‘‘The Transition from artificial narrow

intelligence to artificial general intelligence’’ [15].
On this keynote, he defined three kinds of AI:

Artificial Narrow Intelligence (ANI), Artificial

General Intelligence (AGI), and Artificial Super

Intelligence (ASI). He also stated that the only

way to determine if ASI is going to turn up in a

beneficial way for humanity is to get the conditions

‘right’ on transition from ANI to AGI, which will

change learning and education. An analysis of his
work can be found in [16].

2.1 AGI in Learning Environments

With the potential advanced cognitive capabilities

of AGI, it could significantly enhance learning

environments by creating more interactive and

responsive educational settings [7]. AGI systems
can adapt to the individual learning pace of each

student, providing customized feedback and sup-

port. This adaptability can lead to more effective

learning outcomes, as students receive immediate

assistance tailored to their specific needs [17].

Furthermore, AGI could facilitate collaborative

learning by connecting students with peers and

educators globally, fostering a rich exchange of
ideas and perspectives. The ability of AGI to

simulate real-world scenarios and provide experi-

ential learning opportunities can also deepen stu-

dents’ understanding of complex concepts,

preparing them for practical applications in their

future careers [7].

The authors of [7] also emphasize the importance

of interdisciplinary collaborations between educa-
tors and AI engineers to advance research and

application efforts. This collaboration is crucial

for developing responsible AGI use in academic

settings and ensuring that AGI implementation in

education is culturally relevant and appropriate.

This demonstrates the importance of fostering

interdisciplinary learning environments to better

prepare future generations for a complex, multi-
variable and, in essence, interdisciplinary world.

2.2 AGI that Enhances Skills Development

AGI’s role in enhancing skills development is multi-

faceted. According to [18], the rapid advancement

of these technologies and specifically the creation of

AGI could represent an amazing opportunity to

enhance flourishing in a significant way, and at the

same time, present multiple challenges in order to

not have an negative impact on human cognitive
development. AGI systems can provide persona-

lized coaching and mentoring, helping students

develop critical thinking and problem-solving

skills through interactive and adaptive learning

experiences [13]. By continuously monitoring stu-

dents’ progress and providing real-time feedback,

AGI can help students identify areas for improve-

ment and develop effective learning strategies [17].
AGI has the potential to significantly enhance skills

development in education by complementing and

enriching human capabilities rather than replacing

them. By integrating AGI tools into educational

practices, educators can create dynamic learning

environments that foster critical thinking, creativ-

ity, teamwork, and communication [14].

The integration of AGI in skill development is
not just about enhancing technical knowledge but

also about fostering a holistic set of competencies.

This approach prepares engineering students not

only for the immediate challenges of their profes-

sion but also equips them with the adaptability and

critical thinking skills necessary for lifelong learn-

ing and professional growth in the ever-evolving

landscape of Industry 5.0.

2.3 AGI’s Role in Fostering Lifelong Learning

AGI can significantly enhance lifelong learning by

providing continuous access to personalized and

adaptive learning resources. The future role of AGI

in higher education envisions virtual companions

that assist in personalized learning, knowledge
curation, and continual education, providing gui-

dance, counsel, and constant support to individuals

[19]. AGI systems can recommend learning materi-

als and activities based on individual learning styles

and preferences, ensuring that learners remain

engaged and motivated. By analyzing learners’

performance and feedback, AGI can adapt the

learning content to suit their evolving needs and
goals [20]. This personalized approach can help

learners acquire new skills and knowledge at their

own pace, fostering a culture of continuous learn-

ing and improvement. AGI’s ability to provide

real-time feedback and support can also help

learners stay on track and achieve their learning

objectives.

By the other hand, the AGI’s capability of
continuous improvement allows educational para-

digms to be updated to the different industry needs.

AGI systems can continuously learn and adapt

based on feedback, improving their effectiveness
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in supporting both students and instructors. Con-

tinuous improvement in teaching is vital because it

enhances students’ learning experiences, facilitates

the adoption of modern teaching techniques, and

boosts educators’ overall effectiveness. By commit-

ting to ongoing growth and development, educators
can significantly impact the lives of their students

and instill a lasting love for learning. Moreover,

continuous improvement helps instructors adapt to

changes in curriculum, technology, and student

needs, ensuring that instructional methods remain

relevant and impactful. This concept emphasizes

self-reflection, feedback implementation, and pro-

fessional development as fundamental strategies for
enhancing teaching practices and achieving better

outcomes for students. Ultimately, continuous

improvement in teaching is an essential journey

that requires a growth mindset, openness to feed-

back, and dedication to lifelong learning to provide

the best education for all students [21].

2.4 AGI in Curriculum Development

For curriculum development and content creation,

identifying or developing suitable learning oppor-

tunities for students is crucial [14]. Integrating AGI

into curriculum development represents a signifi-

cant leap in the ability to create, deliver, and assess

educational content. As mentioned earlier, AGI

systems can analyze vast amounts of educational
data to identify gaps, recommend improvements,

and personalize learning experiences to meet the

diverse needs of students [22]. By leveraging data

from various sources such as student assessments,

learning behaviors, and engagement metrics, AGI

can create tailored educational experiences that

maximize each student’s potential, and personalize

curriculum to different learning needs [23].
One of the most significant advantages of AGI in

curriculum development is its ability to provide

real-time updates to the curriculum. Traditional

curriculum development processes are often static

and slow to adapt to new information or changing

educational standards. AGI, however, can continu-

ously monitor advancements in various fields and

incorporate the latest knowledge and skills into the
curriculum [7]. This dynamic approach ensures that

the curriculum remains relevant and engaging,

adapting to the changing needs and interests of

students. Additionally, AGI can incorporate var-

iousmultimedia elements such as videos, interactive

simulations, and gamified learning experiences to

cater to different learning preferences [14]. By

continuously analyzing student interactions with
the content, AGI can adjust the difficulty level

and presentation style to optimize learning out-

comes, including adaptive learning methodologies

into the curriculum-building process [20]. It can

also support teachers in creating learner-centered

lessons and assessing student understanding,

enhancing the overall curriculum development pro-

cess [7].

2.5 AGI in Instructor Support Systems

Instructors need ongoing guidance and mentoring

to navigate the AI era effectively [24]. Developing

communities of practice where teachers collabo-

rate, share experiences, and learn from each other

can create an encouraging and dynamic learning

environment. Mentoring programs, where experi-

enced educators provide advice on integratingAGI,
offer valuable insights. Regular feedback and

coaching from instructional leaders and technology

professionals can help teachers refine their AGI

implementation techniques and continuously

improve their instructional practices [17]. Promot-

ing a culture of innovation and experimentation is

also crucial.

According to [14] AGI in education works best
when it collaborates with human educators, sup-

porting and enhancing their pedagogical

approaches. Just as these technologies can create

personalized learning experiences for students, they

could do the same for instructors. AI can provide

personalized professional development opportu-

nities tailored to their individual needs and career

goals [25]. By analyzing data on teaching practices,
classroom performance, and student outcomes,

AGI can identify areas where faculty may benefit

from additional training or resources. AGI can

facilitate continuous learning and provide real-

time feedback to instructors, similar to how it

supports students. By monitoring classroom inter-

actions and student engagement, it can offer con-

structive feedback on teachingmethods and suggest
adjustments to improve effectiveness, which has

been identified as providing a positive impact to

the learning experience [26]. This continuous learn-

ing model provides a foundation for faculty to

constantly improve and adapt to new challenges

in education.

AGI can act as an assistant instructor, offering

personalized feedback, guidance, and support to
students, adapting to individual learning paces, and

providing remedial or advanced content as needed.

It can assist educators in tailoring instructional

methods to align with students’ developmental

stages and learning needs, enhancing the overall

support system in educational settings [7]. It can

also significantly streamline curriculum manage-

ment by automating various administrative tasks,
such as scheduling, grading, and resource alloca-

tion. This automation can reduce the administra-

tive burden on educators, allowing them to focus

more on teaching and mentoring [27].
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2.6 AGI in Assessment and Evaluation

AGI can be used to create assessments for adaptive

learning environments [28]. Adaptive assessments

can significantly reduce the time required for testing

by focusing on the most relevant questions for each

student [29]. This efficiency not only saves time but

also reduces student fatigue and anxiety associated

with lengthy exams [30]. AGI can also provide real-
time feedback on assessments, enabling students to

understand their strengths and weaknesses imme-

diately [20]. This promotes continuous improve-

ment and helps students stay engaged and

motivated in their learning. Real-time feedback is

particularly valuable for formative assessments,

which are used tomonitor student learning progress

throughout a course [31]. This is particularly impor-
tant in engineering where knowledge is often built

on prior knowledge.

Traditional assessments often focus solely on

academic achievement, but holistic evaluation

recognizes the importance of a broader range of

skills and competencies [32]. These tools can facil-

itate holistic evaluation by considering multiple

dimensions of student performance, including cog-
nitive, social, and emotional aspects. This provides

a more comprehensive understanding of students’

abilities and potential. Beyond conventional

metrics, complex abilities and competencies includ-

ing creativity, problem-solving, and critical think-

ing may be evaluated using AGI-driven assessment

systems [33].

2.7 Ethical Considerations

The integration of AGI in educational environ-

ments, as discussed in the preceding sections, neces-

sitates careful consideration of ethical issues. AGI
systems often require vast amounts of data to

function effectively. Ensuring the privacy and

security of this data is paramount [34]. AGI systems

must adhere to stringent data protection regula-

tions to safeguard students’ personal information

from unauthorized access and breaches. Imple-

menting robust encryption methods and secure

data storage practices can help mitigate risks asso-
ciated with data privacy [35].

While AGI can enhance the educational experi-

ence, it is crucial to balance its use with human

interaction. It is vitally important to take a human

centered approach and focus on how the learner

interacts with these technologies [14]. AGI incor-

poration in education should be as a supplementary

tool rather than replacement of human interactions
[36]. Educators need adequate training and support

to effectively integrate AGI into their teaching

practices. Professional development programs can

equip educators with the skills and knowledge

required to utilize AGI tools effectively, ensuring

they can enhance learning while maintaining a

focus on human-centric skills development [17].

AGI’s decision-making processes must be trans-

parent to educators, students, and stakeholders, in

order to address concerns related to its responsible
use [5]. Understanding how AGI systems arrive at

recommendations and decisions is crucial for main-

taining trust. This includes providing clear explana-

tions of the algorithms used, data sources, and

architecture of the models [37]. Additionally, there

should bemechanisms for accountability, where the

decisions made by AGI systems can be reviewed

and challenged if necessary [37]. It is also important
to encourage open dialogue, create transparent

environments to discuss these topics, and provide

training to both students and faculty on how to use

these tools [36]. Another significant challenge in

developing AGI is addressing the biases inherent in

the training data. Such biases can lead to discrimi-

natory outcomes, reinforcing societal inequalities.

Researchers must diligently identify and mitigate
biases to ensure AGI algorithms treat all indivi-

duals equitably [5].

2.8 Accessibility

AGI tools should be designed inclusively to accom-

modate diverse learning needs. This includes fea-

tures that support students with disabilities, such as
adaptive learning technologies that can be tailored

to individual preferences and abilities [7, 38]. Pro-

viding multiple modes of interaction, such as voice

commands, text, and visual aids, can enhance

accessibility for all students. Also, humans learn

best with a multimodal system that encompasses

different learning styles (visual, auditory), targeting

different ways of processing information [14].
The widespread adoption of AI technologies can

increase economic inequalities by centralizing

wealth and power among a few, marginalizing

disadvantaged groups, and worsening social dispa-

rities [37]. To counter this, policies and interven-

tions are needed to promote equitable access to AI

technologies, ensure fair distribution of benefits,

and empower underrepresented communities in
the digital economy [37]. Additionally, fostering

inclusive innovation ecosystems and promoting

diversity in AI research and development can

address systemic biases and enhance social justice

in AGI deployment. Ensuring equitable and inclu-

sive quality education to all students is essential,

and AGI-driven educational tools can help achieve

this goal [7]. Equitable access to AGI technology
can help bridge the digital divide and provide equal

learning opportunities for all students [39]. Algo-

rithmic bias must also be considered when evaluat-

ing accessibility and inclusivity. Ensuring that

A Framework for Integrating Artificial General Intelligence into Engineering Education 175



ethical considerations guide AGI development

requires identifying and correcting these biases to

prevent harm and enhance fairness and to ensure

AGI algorithms treat all individuals equitably [5].

Enhancing diversity in data collection is essential

for reducing bias and promoting inclusivity, ensur-
ing AGI systems serve all societal segments fairly

[5].

2.9 Related Research

Balart and Shryock explored existing frameworks

for integrating AI into education in [1], and addi-

tional insights were considered for this revised
version. However, it is important to also highlight

research that specifically addresses the potential

and challenges of incorporating AGI into educa-

tion.

Latif et al. [7] discusses the emergence ofAGI and

its transformative potential in education through its

ability to replicate human intelligence. AGI

performs complex tasks requiring human-like rea-
soning, problem-solving, and emotional under-

standing. Unlike traditional AI, AGI can adapt to

individual student needs, offering personalized

learning experiences and comprehensive feedback,

thereby enhancing intelligent tutoring systems, edu-

cational assessments, and evaluation procedures.

The authors underscore the necessity of interdisci-

plinary collaboration between educators and AI
engineers to ensure responsible and effective AGI

integration in education. They also highlight ethical

concerns such as data bias, fairness, and privacy,

advocating for codes of conduct to guideAGI use in

academic settings. The paper concludes by encoura-

ging further research into AGI’s impact on peda-

gogy, curriculum design, and the evolving role of

human educators among advancing machine intel-
ligence.

The paper by Lee et al. [14] presents a compre-

hensive examination of how multimodal AI

approaches are advancing towards the realization

of AGI in educational settings. It highlights the

importance of multimodality in AI, which includes

auditory, visual, kinesthetic, and linguistic modes

of learning. The integration of AGI in education is
seen as transformative, enhancing teaching and

learning effectiveness, addressing gaps in existing

methodologies, and focusing on ethical considera-

tions. The paper emphasizes AGI’s capability to

process and integrate diverse data types, making it

suitable for complex, real-world applications. It

discusses the potential of AGI to improve peer

assessment, personal, and adaptive learning pro-
cesses. Initiatives such as the Generative AI initia-

tive and the AI4STEM Education Center at the

University of Georgia are highlighted as efforts to

integrate AGI into educational contexts. The paper

concludes by addressing the ethical considerations

and advocating for responsible AGI.

According to [40], AGI’s ability to comprehend,

learn, and perform tasks akin to human cognition,

generates significant anticipation across scientific,

commercial, and societal fields, particularly within
the Internet of Things (IoT). This research explores

the opportunities and challenges of integratingAGI

into IoT, starting with the fundamentals of IoT and

the critical role of AI, then delving into AGI basics

and proposing a framework for AGI’s seamless

integration within IoT. In this article, a broad

spectrum of AGI-based IoT applications in differ-

ent domains, including education are explored. It
highlights AGI technologies that enhance educa-

tion by providing personalized and interactive

learning experiences, offering formative assessment

prompts, feedback and relevant references to drive

student engagement and understanding. It is also

mentioned that these tools help teachers plan les-

sons by expanding content knowledge and perspec-

tives, resulting in more effective and engaging
lessons. AGI facilitates individualized and adaptive

learning, tailoring instruction and assessment to the

needs of each learner, which improves educational

outcomes and student success. In addition, the

integration of AGI encourages educators to adopt

innovative teaching methods, fostering students’

creativity and critical thinking skills.

C. Chan [36] developed an AI education policy
for higher education. She commented that ‘‘while

GPT-3.5 andGPT-4 are not true AGI systems, they

represent significant progress towards achieving

AGI’’. This presents both opportunities and chal-

lenges for academic settings but has the potential to

significantly impact education by revolutionizing

teaching and learning processes. On one hand, AGI

can enhance personalized learning by providing
real-time feedback, adaptive learning paths, and

support to students, potentially improving learning

outcomes and digital competence. However, there

are concerns about academic integrity, as these

tools can facilitate cheating and plagiarism. More-

over, the reliance on AGI could undermine the

development of critical thinking and writing skills

among students. As a result, educational institu-
tions must develop comprehensive AI policies that

address ethical considerations, data privacy, and

equitable access to AI technologies. By fostering an

environment where AI is used responsibly and

ethically, universities can leverage the benefits of

AGI while mitigating its risks, preparing students

for anAI-driven future and ensuring the integrity of

educational practices while underscoring the
importance of human-AI collaboration to enhance

pedagogical approaches and create efficient, adap-

table learning environments.
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P. Godbole [20] states that AGI holds the poten-

tial to revolutionize education by enhancing learn-

ing processes and academic systems. AGI’s

capabilities, such as human-like understanding,

reasoning, learning, and problem-solving, can be

harnessed to create personalized learning experi-
ences, tailored curricula, and automated assessment

procedures. By analyzing vast amounts of student

data, AGI systems can customize educational pro-

grams to individual needs, improving engagement

and learning outcomes. AGI-driven tutoring sys-

tems can provide real-time adaptive assistance,

enhancing comprehension and retention. Addition-

ally, AGI can automate and refine assessment
processes, offering immediate feedback and deeper

insights into student performance. However, the

integration of AGI also necessitates addressing

ethical considerations, ensuring fairness and inclu-

sivity, and continuously adapting to the evolving

educational landscape.

Finally, in ‘‘Redefining the teacher’s role in

education through Artificial General Intelligence’’
[17]. It is discussed that the integration of AGI in

education holds transformative potential, redefin-

ing traditional teacher roles and improving peda-

gogical methods. AGI, with its human-level

cognitive capabilities in various tasks, can process

large volumes of data, providing personalized

learning experiences tailored to the individual

needs of students. This technology enables real-
time feedback, adaptive learning and collaborative

environments, fostering student engagement and

improving academic outcomes. In addition, AGI

can help teachers create dynamic and interactive

lessons, address knowledge gaps, and facilitate

critical thinking and creativity. However, the adop-

tion ofAGI in education requires careful considera-

tion of ethical issues such as data privacy,
algorithmic bias, and equitable access to the tech-

nology. By equipping educators with the skills and

support necessary to harness the capabilities of

AGI, the education system can ensure a harmo-

nious coexistence of human teachers and advanced

technology, ultimately preparing students for a

rapidly evolving future.

3. Survey

To gain insights and attempt to understand percep-

tions of GAI at Texas A&M University (TAMU)

following the release of ChatGPT, two surveys were

conducted: one targeting students at the university

and the other to faculty/staff on campus. TAMU, a
major public research institution classified as R1

(very high research activity) and designated as a

Hispanic-serving institution, is one of the largest

universities in the United States with over 77,000

students. It has a strong emphasis on engineering

and technology, with the College of Engineering

being one of the largest in the nation. In the first

round of distribution, a fewmonths after the release

of ChatGPT, 243 responses were collected from

faculty and staff members and 813 responses from
students. Of these, 89% of the faculty/staff

responses and 83% of the student responses were

from the College of Engineering. The full survey

and some preliminary data can be found in [8, 9].

A year later, the same survey was distributed

again to the same community, gathering a total of

103 student responses and 884 faculty/staff

responses with 74% of the student respondents
being from the College of Engineering. Preliminary

results from the analysis of the faculty responses in

this second survey can be found in [41].

The main goals of the survey include: under-

standing how students and faculty/staff use

ChatGPT for various academic activities such as

research, tutoring, content generation, and perso-

nalized learning; evaluating the comfort level of the
academic community in integrating ChatGPT and

other AI tools into their educational or teaching

practices; investigating perceptions of academic

dishonesty associated with AI use; examining the

impact of AI on critical engineering skills like

problem-solving, critical thinking, and teamwork,

as well as aspects of student development like self-

efficacy and academic performance; and trying to
anticipate how AI might influence various aca-

demic disciplines in the future. The survey consists

of a range of quantitative and qualitative questions

to obtain detailed insights. Preliminary findings

suggest a mixed reaction towards AI, with some

recognizing its potential to enhance learning and

others concerned about its impact on academic

integrity and skill development. The results of this
survey are intended to inform educational strategies

and policies, helping institutions adapt to the evol-

ving landscape of AI in education. The survey’s

comprehensive nature, covering multiple facets of

AI in academia, makes it a valuable tool for under-

standing the current state and future potential of

GAI in educational settings. For the purpose of this

particular analysis, we considered only responses
from faculty and students to the question: How do

you think AI tools like ChatGPT will influence the

future of your discipline?

3.1 Main Insights from Faculty

The responses from faculty members regarding the
impact of AI tools like ChatGPT on their disci-

plines highlight a range of perspectives, concerns,

and potential applications. These insights reflect

both the opportunities and challenges posed by
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the integration of AI into academic and profes-

sional settings.

3.1.1 Enhancement of Academic Efficiency

In the first place, faculty members recognize the

potential of AI tools to streamline administrative

and academic tasks, such as email drafting and

basic research activities. They appreciate the effi-

ciency these tools bring, allowing for more focus
on complex and creative tasks. In 2024, one of

ChatGPT’s most frequently mentioned advantages

remains its ability to handle routine academic tasks

efficiently. Professors highlight how AI can stream-

line processes such as report writing, email manage-

ment and basic code generation, allowing students

and professionals to focus on more complex and

creative tasks.

Spring 2023:

‘‘I think it will move students from effort in some areas
to effort in other areas. As an engineer, it will make
them more efficient as in able to complete more work
per unit time.’’

‘‘More efficient, writing feedback, customize problems/
solutions, explore topics, brainstorm’’

Spring 2024:

‘‘AI tools like ChatGPTwill reduce the amount of time
mundane tasks take, such as report writing, email, and
even code generation for modeling and simulation,
allowing for more time to focus on creative and
complex tasks.’’

‘‘It has already benefitedmy discipline tremendously in
its ability to help with developing outlines and editing
materials. Writing tasks that used to take a couple
hours can now be accomplished in just a small fraction
of that time.’’

3.1.2 Pedagogical Adaptation and Curriculum

Redesign

There is a consensus that AI tools necessitate a

rethinking of pedagogical strategies. Faculty

members foresee a shift towards assignments and

assessments that promote critical thinking and

originality, making it hard for AI to replicate
student work. The traditional methods of teaching

and assessment, such as homework and exams, are

likely to evolve in response to AI tools. Faculty

members suggest a move towards in-class assess-

ments, oral exams, and synchronous evaluations to

mitigate the potential misuse of AI for cheating. A

year later, the perception among educators is still

that they must adapt their teaching practices to
integrate AI tools, ensuring that students learn to

critically analyze and verify AI-generated informa-

tion. Developing skills that go beyond mere auto-

mation is essential to prepare students for a future

in which AI is ubiquitous.

Spring 2023:

‘‘I’ve had to rethink how I’ll administer my final exam
. . . it will have a very significant impact.’’

‘‘A lot of homework exercises would have to be
redesigned. Coding exercises are easy to get help
from ChatGPT.’’

Spring 2024:

‘‘Traditional teaching using homework and exams will
go away’’

‘‘It will require faculty to level up their teaching. Gone
are the dayswhenwe rely on essays andmultiple choice
tests or problems that we have given out for the last 20
years. We have to rise to the challenge and ensure that
we are teaching how to critically think and problem
solve for ourselves within the world we are sending
these students into.’’

3.1.3 Impact on Critical Thinking and Problem-

solving

A frequent concern among faculty is the potential

decline in students’ critical thinking and problem-

solving skills. The ease of access to information and

solutions through AI tools could lead to a depen-

dency that undermines these essential skills. At the

same time, they stress the positive impact that

empowering these skills with technology could
have if used correctly. The professors mention the

importance of balancing AI support with human

intellect and creativity. They stress that while AI

can offer substantial assistance, it cannot replace

the nuanced understanding and critical judgment

provided by human educators. A year later, con-

cerns from faculty about over-reliance on the tools

seem to have increased. They comment that overuse
of these tools could hinder the development of

students’ critical thinking and problem-solving

skills. Faculty members advocate integrating AI in

a way that continues to foster deep learning and

creativity, ensuring that students do not become

dependent on AI to the detriment of their intellec-

tual growth.

Spring 2023:

‘‘Students ‘could’ have a negative impact to critical
thinking skills by using AI to do their homework for
them. However, students could also see a positive
impact if they use AI as a tool for enhancing their
learning and diving deeper into a subject or asking
deeper questions with more immediate feedback rela-
tive to emailing instructors or attending office hours.’’

‘‘I believe that this tool will likely reduce the amount of
time spent in foundational/rote/brute force writing and
thinking skills. However, this does not substitute for
creative and critical thinking and writing skills.’’

Spring 2024:

‘‘I fear that people will become less creative in their
thinking and ability to formulate and solve problems,
because they will rely on a tool to do these things for
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them. This dependence on technology to organize
thought and seek information will degrade people’s
ability and appetite to take the time and energy to
contemplate, explore, fail, learn, and achieve.’’

‘‘Overall, it will have a positive impact in the long term.
However, it will take some time for everyone to learn
how best to use AI to enhance human creativity,
intelligence, and humanistic values.’’

3.1.4 Ethical and Academy Integrity

Considerations

The ethical use of AI in academia, especially con-
cerning academic integrity, is a significant concern.

Faculty members are wary of the potential for AI to

facilitate plagiarism and academic dishonesty,

impacting the authenticity of student work. Some

faculty members also raise concerns about the

accessibility of AI tools and the potential for

exacerbating educational inequities. Ensuring

equal access to these advanced technologies is
seen as a critical challenge. There is a consensus

that AI can foster innovation and productivity if

leveraged responsibly. ChatGPT can help save time

and automate low-reward tasks, but it should not

replace critical thinking and deep engagement with

problems. Responsible use involves ensuring that

AI aids learning rather than becoming a crutch.

Faculty members stress the importance of develop-
ing clear policies and ethical guidelines for AI use in

academia. Ensuring that student work remains

authentic and original is critical, and new strategies

are required to address this challenge.

Spring 2023:

‘‘Until we can figure out how to easily detect it, we will
likely need to adjust our grading scheme...I can no
longer trust that students completed homework on
their own.’’

‘‘I worry about students cheating on lab reports. I
worry more about students getting incorrect chemistry
information from ChatGPT. It does not understand
chemistry and it is terrible at working through chem-
istry problems.’’

Spring 2024:

‘‘I think AI could be a powerful tool that would foster
important innovations in my field IF and only if
leveraged responsibly.’’

’’Students need to know the basics, have strong ethical
values, exercise compassion and empathy, and develop
skills that AI currently cannot replicate.’’

3.1.5 Inclusivity and Accessibility

Faculty members highlight the role of AI tools in
making education more inclusive and accessible. AI

tools can be particularly beneficial for students with

learning and/or physical disabilities or those who

are non-native English speakers. By improving

academic performance and task management, AI

can make education more inclusive and accessible,

helping all students succeed. Results from the

spring 2023 faculty survey did not provide any

specific references to these in the qualitative data.

This demonstrates in part that the ways of using

these tools have evolved and new uses and
approaches have been found, especially related to

learning disabilities, accessibility, and inclusivity.

Spring 2024:

‘‘As a disabled faculty member, ChatGPT is a valuable
tool that helps me complete the more administrative
tasks of my job quickly and effectively, making educa-
tion more accessible.’’

‘‘From the standpoint of biology as a discipline, they
will save tremendous time in all types of writing
(grants, lesson plans, memos, recommendation letters,
reports, etc.), as well as serve as a valuable repository
of knowledge to draw upon for developing lectures
and/or research projects. Additionally, they will save
time and enhance inclusivity in creating assessments to
test student knowledge in a class.’’

3.1.6 Adapting to a Rapidly Evolving AI Landscape

There is an acknowledgment of the rapid evolution

of AI tools and the need for faculty and institutions

to keep pace. This includes staying informed about

the latest developments and integrating these tools
responsibly into the curriculum. Faculty members

express the need to prepare students for a future

workforce where AI tools are commonplace. This

involves teaching students not only how to use these

tools effectively but also how to critically evaluate

their outputs. In the second version of the survey,

faculty members across various disciplines

acknowledge the transformative potential of
ChatGPT and other large language models

(LLMs). Many draw parallels to the impact of

past technological advancements, such as the web

browser, suggesting that the integration of AI in

education could be equally, if not more significant,

and is here to stay.

Spring 2023:

‘‘ChatGPT is one of the contemporary tools. This type
of tool will only expand in its presence in various
domains. It is our responsibility to make sure our
students know how to take advantage of tools like
ChatGPT and use them correctly.’’

‘‘AI-based natural language generation tools, such as
OpenAI ChatGPT, are still in development and have
known bugs, but they are rapidly evolving and here to
stay, so they should be introduced to the future work-
force.’’

Spring 2024:

‘‘ChatGPT and other LLMs will definitely transform
my field and many other STEM disciplines. I cannot
predict how, but its impactmay be similar to that of the
web browser (if not greater).’’
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‘‘Working to ‘block’ the usage of AI tools is a very
short-sighted closed-minded way of thinking, just like
limiting Google search would be. We need to embrace
these technologies and utilize them to create more
productive, more capable and more hirable students
and professionals.’’

3.2 Main Insights from Students

Based on the student responses provided, it is

evident that AI tools, such as ChatGPT, have a

profound impact on engineering education and the

future of various disciplines. They highlight the

need for balancing AI tool utilization with skill

development, ethical considerations, and the culti-

vation of a mindset geared towards adaptation and

continuous learning in the Industry 5.0 era. In the
responses, we can see reflections on its potential

impacts on various aspects of learning and profes-

sional development. These insights are pivotal in

understanding the evolving landscape of education

in the context of emerging technologies.

3.2.1 Learning and Understanding

Many students find that the ability to use ChatGPT

enhances learning and understanding. Some stu-

dents mention that AI tools are beneficial educa-

tional aids, similar to having a TA available at all

times. They mention that it is beneficial for under-

standing complex concepts. Such insights suggest

that when used ethically, AI tools can significantly
enhance learning experiences, offering personalized

and accessible explanations. A year later, students

still have similar perceptions about it; they com-

ment that AI tools like ChatGPT significantly

enhance learning for students by providing instant

explanations and support outside traditional class-

room hours. Students appreciate the ability to get

help with time-consuming tasks such as writing
emails and scheduling, which frees up time for

more critical learning activities. Students find AI

particularly useful for gaining unbiased informa-

tion on complex topics like climate change, making

the learning process more straightforward and less

politically charged. Overall, from the student per-

spective AI could serve as a valuable tutor-like

resource, offering quick, reliable assistance that
complements classroom learning.

Spring 2023:

‘‘ChatGPT is like having a TA available outside office
hours, without the embarrassment of asking ’stupid’
questions.’’

‘‘I will use AI to help my learning. I specifically try not
to cheat because I actually want to learn.’’

Spring 2024:

‘‘I honestly think it is very helpful in explaining
concepts when the professor isn’t or you are unable

to find the solution towhat you’re looking for online. It
also helps you get time-consuming activities done like
writing emails, scheduling, etc.’’

‘‘A partner that has a knowledge base on every topic is
the equivalent of having a professor as a tutor.
Obviously it can be used for mal intentions but more
so for bettering self. One can learn topics that take
weeks in hours through spending dedicated time enga-
ging in discussion and participating with GPT.’’

3.2.2 Accessibility

The role of AI in democratizing education and

providing personalized learning experiences is high-

lighted. Students remark that AI tools could play a

significant role inmaking educationmore accessible

and tailored to individual learning needs. By pro-
viding explanations and simplifying complex

topics, AI tools like ChatGPT can make various

disciplines more accessible, particularly for stu-

dents who might struggle with traditional learning

methods. Students appreciate the ability of AI to

facilitate easier access to research materials and

streamline the process of gathering information.

This capability is especially valuable for those in
fields that require extensive literature reviews and

data analysis. The personalized nature of AI tools

can help cater to the unique learning styles and

needs of individual students, ensuring a more

inclusive educational experience.

Spring 2023:

‘‘I feel that ChatGPT makes high-level understanding
more accessible as it is trained on a survey of internet
knowledge’’

‘‘ChatGPT is going to vastly change the way that
students learn and are tested in academics. Whether
you think it is negative or positive, it is here and it is
accessible to students of all ages. It promotes less
critical thinking skills and hinders students from
really working through problems – but, it opens up
the opportunity to learn further and have so many
resources and such vast information at one’s fingertips.
It is changing the future of the college of engineering,
and we need to be prepared for both the good and the
bad.’’

Spring 2024:

‘‘AI tools will provide a quicker way of accessing
research material and allow for more ideas to flow. It
will not be used to solve the ideas because of the
common mistakes it makes.’’
‘‘I thinkAI toolsmakemy disciplinemore accessible to
people. I’m an Environmental

Geosciences student and being able to ask AI about
climate change and other environmental topic

makes the information significantly more accessible

and less likely to be politically charged. My hope is

that it will allow people to look at the environment

in a less divisive and political point of view.’’
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3.2.3 Critical Thinking and Problem-solving

The potential impact of AI on critical thinking

and problem-solving skills has mixed comments.

While some students fear a diminishment of these

skills due to over-reliance on AI, others see an

opportunity for enhancement. They worry that

reliance on AI for tasks like coding and research

might devalue these skills. AI’s ability to quickly
provide research materials and generate ideas is

appreciated, but its tendency to make common

mistakes highlights the importance of human

oversight. The challenge lies in ensuring that AI

tools enhance learning without replacing the

critical thinking and problem-solving skills that

are crucial for academic and professional success.

At the same time, students find AI tools like
ChatGPT invaluable for support and problem-

solving. These tools offer a reliable backup for

understanding difficult concepts, especially when

traditional resources are unavailable. AI aids in

troubleshooting, debugging, and answering ques-

tions, making it easier for students to overcome

academic challenges. This support can prevent

frustration and encourage persistence, trans-
forming seemingly insurmountable problems

into manageable tasks. The key is using AI as a

supplementary resource that enhances learning

and problem-solving abilities without diminish-

ing the importance of personal effort and under-

standing. This perspective underscores the need

for a balanced approach to AI integration, ensur-

ing that these tools complement rather than
replace critical thinking and problem-solving

exercises.

Spring 2023:

‘‘ChatGPTmay havemixed effects on problem-solving
skills. On one hand, it can provide instant solutions to
problems, which could reduce the need for students to
actively engage in problem-solving processes.’’

‘‘AI tools like ChatGPT allow the productivity of one
person to be greatly increased. There is also a lot of
critical thinking that goes into creating the prompts for
ChatGPT to get the best results. This is why I say it can
actually have a positive impact on problem solving and
critical thinking. There are new problems that must be
solved in new ways.’’

Spring 2024:

‘‘Using AI tools during education kills many impor-
tant skills, most importantly critical thinking which is
quite essential for Human Intelligence.’’

‘‘I think the way AI tools are used greatly differs from
people to people, and that is the real problem. If used
with good intentions, AI tools can provide ways to
think outside of your knowledge, reduce time con-
straints, etc. If used to just solve homework or project
quickly without critical thinking, it would hinder
academic achievement.’’

3.2.4 Academic Dishonesty

On the other hand, there is an acknowledgment of

the potential misuse of AI tools for plagiarism and

academic dishonesty. Students express concerns

about ethical implications and the importance of

responsible use. The need for ethical guidelines and

professional responsibility in the use of AI tools is

also highlighted. This apprehension accentuates
ethical challenges posed by AI tools in academic

settings, emphasizing the need for robust policies

and ethical guidelines to govern their use. In the

second version of the survey, the ethical use of AI

tools is still a major concern among students. They

emphasize that AI should not replace the human

element in their work and express worries about the

inaccuracies AI can produce. Responsible use of
AI, where it complements rather than replaces

student effort, is crucial. This includes using AI to

understand complex topics or improve the quality

of work, rather than letting it do the work outright.

The consensus is that while AI can be a powerful

tool, its use must be balanced with a commitment to

maintaining academic integrity and personal

accountability.

Spring 2023:

‘‘It’s up to the students if they want to make the
decision to negatively impact their own learning by
using an AI to do all of their work.’’

‘‘I am concerned that it will make all at-home work
done meaningless.’’

Spring 2024:

‘‘ChatGPT and other AI tools like it, take humanness
out of work. It is not perfect and can create lies about
whatever topic it is on.’’

‘‘Overall, ChatGPT will help increase productivity
across the board if it’s used correctly and ethically.’’

3.2.5 Impact on Curriculum, Teaching Methods,

and Professional Development

AI tools are expected to significantly reshape curri-

culum and teaching methods. Students believe that

AI will help eliminate redundant coursework that
does not contribute to critical thinking or profes-

sional advancement. Instructors may need to adapt

by incorporating more in-class assessments and

focusing on creative and critical thinking skills.

The integration of AI into education will require a

shift away from traditional assignments towards

more dynamic and interactive learning experiences,

ensuring that students develop the necessary skills
to thrive in an AI-enhanced world. AI is anticipated

to transform professional and career development

by automating routine tasks and requiring deeper

expertise from human workers. AI might handle

most associate-level tasks, pushing professionals to
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engage in more complex problem-solving early in

their careers. This shift emphasizes the need for

students to develop a deep understanding of their

fields to remain competitive. AI’s role in profes-

sional settings highlights the importance of contin-

uous learning and adaptation to leverage these tools
effectively and advance in their careers.

Spring 2023:

‘‘Similar to how the industrial revolution eliminated
many jobs in the manufacturing industry, AI will
probably eliminate jobs that don’t constitute critical
thinking, problem solving, or advanced interpersonal
communication skills.’’

‘‘Both industry and education need to pivot to making
the best of these new AI tools for their students and
employees, or they will be left behind.’’

Spring 2024:

‘‘In an academic context, I think it will affect the way
that students navigate their coursework, for better or
for worse. In some classes, using outside materials . . .
will help students find another way to explain a tricky
concept or break a complex task into chunks. How-
ever, some students may use it to avoid engaging in the
sometimes uncomfortable work of learning new mate-
rial.’’

‘‘I think they will change the curriculum of the school.
For example I currently have GPT premium and they
released this thing called custom GPTs, so I can make
my own. For my POLS class I uploaded the entire 800
page textbook into it, and now the only information it
knows is from the textbook. Since the class is online
and open note, all the readings we have to do I just
make it summarize those readings and any test ques-
tion I ask it pulls directly from the notebook.’’

3.2.6 AI-integrated Future

Students acknowledge that AI tools like ChatGPT
are integral to the future workforce and industry

practices, necessitating a shift in educational focus

towards these technologies. They also recognize

that AI tools require a transformation in educa-

tional methodologies and job market preparation.

This indicates the anticipation of a paradigm shift

in how education is delivered and the skill sets

required in the evolving job market. This perspec-
tive underscores the importance of integrating AI

tool proficiency into educational curricula to pre-

pare students for the demands of Industry 5.0. A

year later, the future integration of AI into various

disciplines is seen as inevitable and transformative.

Students recognize that AI will significantly impact

every industry, acting as a tool that can enhance

productivity and efficiency. In technical majors,
while AI currently faces limitations, its potential

for future applications, such as in computer-aided

design and advanced data analytics, is immense. AI

is expected to become an integral part of the

professional toolkit, much like calculators and

computers did in the past. Embracing AI technol-

ogy is essential for staying current and unlocking

new levels of creativity and collaboration.

Spring 2023:

‘‘It’s the future, it’s coming, and it’s here. We need to
adapt to it.’’

‘‘It will be essential to learn how to use AI tools to
increase your personal productivity within software
development to keep up with the movements in the
industry’’

Spring 2024:

‘‘AI will heavily impact every industry and aspect of
society’’

‘‘Embracing these technologies isn’t just about staying
current, it’s about unlocking new levels of creativity
and collaboration as we navigate the ever-evolving
landscape of manufacturing engineering.’’

4. Conceptual Framework

The conceptual framework of this research centers

on integrating AGI into engineering education,

fostering a human-centric approach in the era of

Industry 5.0. This framework is built on the premise

that engineering education must evolve to balance

technical skills with intrinsic human qualities, such

as creativity, critical thinking, self-awareness, and
emotional intelligence [1]. The framework com-

prises five interconnected components, each

designed to address specific aspects of this integra-

tion. The development of this conceptual frame-

work is supported by literature highlighting gaps in

current educational paradigms and is refined with

survey data from faculty and students that revealed

specific needs and preferences in engineering educa-
tion [1]. It blends technical skill development with

intrinsic human qualities, such as creativity, critical

thinking, and ethical reasoning. The framework

comprises several interconnected components,

each playing a vital role in shaping a comprehensive

engineering educational experience.

TheAGI Integration into Engineering Education

(AGI2E2) framework proposed in this work, as
shown in Fig. 1, is based on the five core inter-

connected components related to a human-centered

approach for Industry 5.0 originally described by

Balart and Shryock [1]. These elements include:

Dynamic Interdisciplinary Learning Environ-

ments, Personalized Educational Trajectories, Con-

tinuous Adaptation and Lifelong Learning, 21st-

century Skills Development, and Ethical Consid-
erations. TheAGI2E2 framework is an expansion of

the previous work and provides additional data

regarding the potential impact of AGI on education

in each of the original components and includes a

new set of elements related to essential supports
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needed for the five core components. Fig. 2 provides
more details on the five core interconnected com-

ponents related to a human-centered approach for

Industry 5.0 that are shown in the center of the

framework. Specifics on each of these elements are

provided in the following sections, 4.1–4.5. Next,

sections 4.6–4.11 provide specifics of the next layer

in the AGI2E2 framework shown in Fig. 1 that

includes elements related to essential supports
needed for these five core components.

4.1 Dynamic Interdisciplinary Learning

Environments

In [1], the use of AI to create dynamic, interdisci-

plinary learning environments is evaluated. Using

AI ‘‘. . . highlights the importance of multidisci-
plinary approaches by evaluating platforms that go

beyond traditional engineering education, integrat-

ing humanities, social sciences and ethical studies.

The approach broadens the scope of education,

fostering well-rounded engineers with a global

perspective’’ [1].

In these settings, AGI serves as a bridge, con-

necting various disciplines to provide a cohesive
and interconnected learning experience. This

approach takes advantage of the possibility of

bringing together elements from engineering,

humanities, social sciences, and ethical studies,

fostering well-rounded engineers with a global

perspective. Also, this technology promotes a

dynamic and interactive learning environment, fos-

tering lifelong learning and collaboration among
educators, institutions, and students [20].

In the context of engineering education, the

integration of AGI to create dynamic, interdisci-

plinary learning environments is especially impor-

tant. Modern engineering challenges are often
complex and multifaceted, requiring solutions that

go beyond the boundaries of traditional engineer-

ing. By integrating insights from the humanities,

social sciences and ethical studies, engineers are

better equipped to develop solutions that are not

only technically sound but also socially responsible

and ethically grounded.

The intersection of various disciplines, facilitated
by AGI, could foster innovative thinking, as expo-

sure to different fields can inspire engineers to think

creatively, approach problems differently, and

devise novel solutions [42]. It can also create simu-

lated real-world scenarios that allow students to

apply their knowledge in practical contexts, enhan-

cing their understanding of complex concepts and

preparing them for real-world applications. These
simulations provide hands-on experience, bridging

the gap between theoretical knowledge and prac-

tical skills.

4.2 Personalized Educational Trajectories

The original framework leverages AI data proces-

sing to deliver personalized educational experiences
tailored to each student’s preferences and goals. By

analyzing learning behaviors, strengths, and inter-

ests, AI algorithms facilitate personalized learning

trajectories, aligning each student’s path with their

unique capabilities and industry needs. AI-driven

tools have shown effectiveness in enhancing student

engagement, satisfaction, and academic perfor-

mance [43]. Personalized learning through AI
allows students to progress at their own pace and

in their preferred style, improving outcomes and

nurturing individual strengths [44]. Additionally,

AI technologies like intelligent tutoring systems,
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chatbots, and automated grading increase efficiency

and provide consistent feedback.

Educators can also benefit from AI technologies

by automating administrative tasks, generating

instructional materials, and delivering personalized

feedback to students, allowing them to individua-
lize their teaching approach and create more enga-

ging learning environments [45]. On the other hand,

AGI could be helpful in creating more personalized

teaching experiences and even in proposing appro-

priate faculty development strategies for each

instructor. In the same way that AGI can develop

personalized learning paths tailored to individual

students’ needs, learning styles, and preferences.
By continuously analyzing students’ perfor-

mance and feedback, AGI could adjust the curri-

culum and provide targeted support to optimize

learning outcomes. For example, AGI could auto-

mate the creation of individualized learning sche-

dules that align with each student’s pace and

progress. It could also handle the grading of assign-

ments and assessments, providing instant feedback
to students and freeing up educators’ time for more

personalized interactions. Provide real-time feed-

back and support to students, helping them identify

areas for improvement and develop effective learn-

ing strategies. This personalized approach enhances

students’ motivation and engagement in the learn-

ing process, ensuring that each student’s educa-

tional path is aligned with their unique
capabilities and future industry needs. This perso-

nalized approach does not focus solely on technical

competence but also emphasizes the cultivation of

human-centric qualities. By adapting learning

paths based on students’ personal development in

creativity, emotional intelligence, and metacogni-

tive skills, AGI tools could foster self-awareness

and reflective practices.

4.3 Continuous Adaptation and Lifelong Learning

AGI2E2 framework recognizes the need for contin-

uous adaptation and lifelong learning in response to

the rapid evolution of technology and industry

needs. AI is pivotal in this process, offering ongoing

learning opportunities and resources that align with
industry trends and personal development, ensur-

ing graduates stay relevant and adaptable in a

dynamic professional landscape.

As new skills become essential with industry

evolution, AGI can identify these by analyzing job

market trends, industry publications, and academic

research. This enables educational programs to

quickly integrate new topics and skills, ensuring
students learn relevant, up-to-date content for their

future careers. AGI bridges academia and industry

by providing real-time insights, integrating real-

world case studies into the curriculum, facilitating

collaborations, and enabling virtual internships

and projects with industry partners.

Central to lifelong learning is cultivating a

growth mindset, the belief that abilities and intelli-

gence can develop over time. AI supports this by

offering optimally matched challenges, feedback,
encouragement, and helping set and achieve incre-

mental goals, fostering resilience and a positive

attitude towards continuous learning. Leveraging

AGI, our framework creates a dynamic educational

environment that equips students with current

knowledge and skills and instills a culture of con-

tinuous growth and adaptability. This approach

ensures graduates are competent for today’s chal-
lenges and ready to lead in future technological

landscapes, promoting lifelong learning.

4.4 21st-Century Skills Development

The framework [1] underscores the importance of

developing 21st-century skills, such as critical

thinking, creativity, communication, collaboration,
and innovation on the integration ofAI in engineer-

ing education. AGI integration in engineering edu-

cation is pivotal in cultivating these skills, ensuring

that graduates are well-equipped to navigate and

contribute effectively to the Industry 5.0 landscape.

Integrating active methodologies like project-based

learning (PBL) and challenge-based learning (CBL)

can significantly enhance the development of trans-
versal competences in engineering education. These

methods promote critical thinking, teamwork,

communication, and problem-solving skills by

engaging students in real-world projects and com-

plex problem-solving scenarios. Incorporating PBL

and CBL aligns educational practices with industry

needs, fostering a holistic skill set that prepares

students for dynamic and interdisciplinary engi-
neering roles [46].

AGI-powered tools present students with com-

plex problems and scenarios that require critical

thinking and creative problem-solving. These tools

encourage students to analyze, evaluate, and create

innovative solutions. AGI also could enhance com-

munication and collaboration by facilitating team-

work and simulating real-world engineering
projects, preparing students for global engineering

challenges. AGI can support the development of

creativity and innovation skills by providing oppor-

tunities for students to engage in complex problem-

solving tasks and collaborative projects. AGI can

suggest new ideas and perspectives, inspiring stu-

dents to think creatively and develop novel solu-

tions. This approach helps students develop
analytical and strategic thinking abilities, preparing

them for real-world engineering challenges. It can

also integrate interactive experiences and simula-

tions that immerse students in scenarios requiring
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ethical judgment and emotional understanding.

These experiences enhance students’ ethical deci-

sion-making abilities and emotional intelligence,

crucial for effective leadership and teamwork and

many other skills.

4.5 Ethical Considerations

Regarding the ethical considerations, there is a need

to teach students about the ethics and sociotechni-

cal implications of AGI development and usage.

The use of AGI in education could involve the

collection and processing of large amounts of

personal data from students, raising significant
privacy concerns. It is imperative to establish

robust data protection measures and policies that

comply with legal standards and respect the con-

fidentiality of student information. We address

critical issues such as data privacy, algorithmic

transparency, and bias, ensuring that AGI is used

responsibly and equitably. Students should be edu-

cated on AGI ethics, understanding the risks and
concerns related to its use, and will be prepared to

apply these principles in their professional lives. As

mentioned above, AGI systems can inadvertently

perpetuate biases if not carefully designed and

monitored. Thus, it becomes imperative to periodi-

cally monitor AGI systems for biases and imple-

ment diverse training datasets to ensure that AI

algorithms perform fairly across different learner
populations.

The AGI2E2 framework also emphasizes the

development of ethical reasoning as a core

human-centric skill in future engineers. The ethical

use of these technologies, understanding biases in

the systems, and developing transparent decision-

making processes are all crucial skills needed by

engineers. The focus on ethical education aims to
create engineers who are not only technically profi-

cient but also conscious of the social and moral

implications of their work. On addressing this, the

integration of an AGI ethics curriculum in engi-

neering education programs is paramount. The

curriculum needs to be designed to educate engi-

neering students about the ethical implications of

AGI in their field, including responsible AGI usage,
understanding AGI limitations, and the societal

impact of AGI technologies. By incorporating

case studies and real-world examples, students

could be encouraged to critically engage with ethi-

cal dilemmas in AI, preparing them to make

responsible decisions in their professional lives.

AGI systems must adhere to stringent data

protection regulations to safeguard students’ per-
sonal information. Implementing robust encryp-

tion methods and secure data storage practices

can helpmitigate risks associated with data privacy.

On the other hand, AGI’s decision-making pro-

cesses must be transparent and accountable. Pro-

viding clear explanations of algorithms and their

potential biases can help build trust and ensure

fairness in educational outcomes.

The ethical implications of AGI in education

extend beyond privacy and bias. They include
considerations about the impact of these tools on

the learning process, student autonomy, and the

potential for AGI to replace human interaction in

education. Balancing AGI use with human interac-

tion is crucial for developing social and emotional

skills. Over-reliance on AGI could lead to a reduc-

tion in human engagement, which is essential for

developing social and emotional skills. Ensuring
that AGI systems complement rather than replace

human educators can help maintain a holistic

educational approach.

Recognizing the complexity of ethical issues in

AI, our framework promotes a collaborative

approach involving educators, students, AI devel-

opers, and policy-makers. This collaboration aims

to create a shared understanding of ethical AI use in
education and to develop guidelines and best prac-

tices that reflect diverse perspectives and needs. As

we can see, ethical considerations in AI implemen-

tation form a critical pillar of our framework,

ensuring that AGI is used in a way that respects

individual privacy, operates transparently,

addresses biases, and upholds the highest ethical

standards. It is essential that both faculty and
students understand these AGI concepts and their

ethical considerations to act accordingly and intro-

duce them into education. By embedding these

considerations into the fabric of AGI-driven engi-

neering education, we aim to prepare students not

only as technically proficient engineers but also as

ethically aware professionals, capable of navigating

and shaping the AGI-influenced landscape of
Industry 5.0.

4.6 Curriculum Development

AGI has the potential to significantly impact curri-

culum development by offering innovative solu-

tions and resources for educators. It can

contextualize learning experiences by integrating
real-world scenarios and problem-solving tasks

into the curriculum. By simulating industry-specific

challenges and case studies, AGI can provide stu-

dents with hands-on experience that closely mirrors

professional environments. This practical approach

not only enhances understanding but also prepares

students for real-world applications of their knowl-

edge.
In rapidly evolving fields like computer science

and engineering, AGI’ ability to provide real-time

updates to the curriculum can ensure that the

curriculum includes the most current technologies,
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programming languages, and industry practices.

This real-time updating capability ensures that

students are always learning the most relevant and

up-to-date information, better preparing them for

the workforce. It can generate engaging and inter-

active course outlines, including components like
course overview, objectives, activities, and assess-

ments, providing educators with valuable tools for

designing curriculum content. AGI can be used as a

supplement to traditional textbooks and resources,

liberating instructors from limitations and broad-

ening their content knowledge. Faculty can access a

variety of content and resources generated by AGI

to enrich lesson planning and assist students in
expanding their perspectives.

Our framework also promotes the integration of

AGI with real-world applications and industry

needs. By fostering collaborations between acade-

mia and industry, AGI facilitates the practical

application of theoretical knowledge, increasing

the relevance and impact of engineering education.

This integration ensures a consistently up-to-date
curriculum that enables students not only to

acquire technical knowledge but also to know

how to apply it in real-world contexts to address

current and future industry challenges.

By leveraging AGI’s capabilities, educational

institutions can develop curricula that are continu-

ously updated, contextually relevant, and tailored

to the diverse needs of students. This not only
enhances the quality of education but also prepares

students for the ever-evolving demands of the

modern workforce. As AGI technology continues

to advance, its role in curriculum development is

likely to expand, offering even more innovative and

impactful solutions for education.

4.7 Instructor Support

The integration of AGI into instructional support

systems offers a transformative potential to

enhance teaching effectiveness and efficiency. By

providing personalized professional development,

assisting with classroom management, and offering

tailored instructional support, AGI can support

faculty to deliver high-quality education and
foster a positive learning environment.

With AGI capability to enable personalized

experiences, it could provide professional develop-

ment opportunities for faculty, helping them stay

updated with the latest educational practices and

technologies. For example, AGI can recommend

specific professional development courses, work-

shops, or certifications based on an instructors’
strengths and areas for improvement. This targeted

approach ensures that professional development is

relevant and impactful, helping faculty enhance

their skills and stay updated with the latest educa-

tional practices and technologies. It is important to

emphasize that AGI should enhance, not replace,

instructors, emphasizing the unique human skills of

emotional intelligence, adaptability, and building

meaningful student connections.

AGI can assist with classroom management by
monitoring student behavior and engagement in

real-time. Using data from various sensors and

classroom technologies, AGI can detect patterns

that indicate potential issues, such as decreased

student participation or disruptive behavior. For

instance, AGI can alert instructors to students who

may need additional support or intervention, allow-

ing them to address issues promptly before they
escalate. This proactive approach helps maintain a

positive learning environment and ensures that all

students receive the attention they need to succeed.

As AGI technology continues to evolve, its role in

supporting instructors is likely to expand, offering

even more innovative solutions to address the

challenges of modern education. This holistic

approach ensures that faculty are well-equipped
to meet the diverse needs of their students and

thrive in an increasingly dynamic educational land-

scape.

4.8 Assessment and Evaluation

The integration of AGI in assessment and evalua-

tion could represent a paradigm shift in how
student performance and progress are measured.

AGI can offer innovative solutions that provide

more accurate, efficient, and fair methods for asses-

sing student learning. Continuing with AGI’s cap-

abilities to personalize learning experiences, it can

create adaptive assessments that adjust their diffi-

culty based on the individual student’s responses

[7]. Unlike traditional standardized tests, adaptive
assessments dynamically tailor questions to the

learner’s ability level, providing a more accurate

measure of their knowledge and skills. AGI offers

transformative potential in assessment and evalua-

tion practices, providing more accurate, efficient,

and fair methods for measuring student perfor-

mance and progress.

Assessing transversal competences poses signifi-
cant challenges in higher education due to their

complex and often subjective nature. Effective

evaluation requires careful planning of activities

and assessment methods that are directly aligned

with learning outcomes. These assessments must

capture not only technical knowledge but also the

broader skills such as teamwork, communication,

and ethical reasoning [46]. Thus, integrating AGI
tools for continuous feedback and personalized

assessment can help address these challenges by

providing more nuanced and timely evaluations.

As previously discussed, AGI could create adap-
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tive assessments that adjust their difficulty based on

the individual student’s responses. Unlike tradi-

tional standardized tests, adaptive assessments

dynamically tailor questions to the learner’s ability

level, providing a more accurate measure of their

knowledge and skills. For example, if a student
answers a question correctly, the subsequent ques-

tion might be more challenging. Conversely, if a

student struggles with a question, the following

question might be easier. This approach ensures

that assessments are neither too difficult nor too

easy, maintaining an optimal level of challenge for

each student. Adaptive assessments help identify

specific areas where students excel or need addi-
tional support, enabling more targeted interven-

tions. Additionally, adaptive assessments can be

more engaging for students, as they are continually

challenged at an appropriate level, which can

enhance their motivation and interest in the subject

matter.

The possibility of having real-time feedback on

assessments could allow students to understand
their strengths and weaknesses immediately. If

after completing an assessment, students receive

detailed feedback on each question, including

explanations for correct and incorrect answers,

this allows them to learn from their mistakes in

real time, promoting a continuous improvement

cycle. AGI can also provide personalized recom-

mendations for further study, guiding students on
how to improve their understanding and perfor-

mance in specific areas. AGI can generate ongoing

assessments that provide immediate feedback, help-

ing teachers and students adjust their strategies as

needed to achieve learning goals. This approach

ensures that students receive timely support and

guidance, enhancing their overall learning experi-

ence.
With the potential to understand context and

different human capabilities, AGI can facilitate

holistic evaluation by considering multiple dimen-

sions of student performance, including cognitive,

social, and emotional aspects. AGI can assess not

only students’ knowledge and problem-solving

abilities but also their collaboration, communica-

tion, and critical thinking skills. By analyzing data
from various sources such as classroom interac-

tions, project work, and peer feedback, AGI can

provide a comprehensive evaluation of students’

overall development. AGI can support contextual

and competency-based evaluation, which assesses

students’ ability to apply their knowledge and skills

in real-world scenarios. This approach aligns with

the demands of modern education and the work-
force, where practical competencies are increasingly

valued.

Finally, with its extensive data processing and

data analysis capabilities, AGI can generate

detailed performance analytics that help educators

understand each student’s learning journey. These

analytics can include trends in performance over

time, specific areas of strength and weakness, and

comparative analyses with peer groups. It can track
a student’s progress in mastering specific concepts

and provide visual reports that highlight improve-

ment areas. This detailed analysis helps educators

tailor their instruction to meet the unique needs of

each student, promoting amore personalized learn-

ing experience. It can also be used to forecast

students’ future performance based on current

and historical data. This capability allows educa-
tors to identify students who may be at risk of

falling behind and intervene early with targeted

support.

By providing personalized adaptive assessments,

real-time feedback, and holistic evaluations, AGI

can ensure that students’ learning progress is accu-

ratelymeasured and supported. AsAGI technology

continues to advance, its role in assessment and
evaluation is likely to expand, offering even more

sophisticated and impactful solutions for educa-

tion, which could eventually transform assessment

and evaluation practices by providing more accu-

rate, efficient, and fair methods for measuring

student performance and progress. This compre-

hensive approach ensures that students are well-

prepared for their future careers, equipped with
both technical knowledge and essential soft skills.

4.9 Inclusivity and Accessibility

The framework emphasizes the importance of

inclusivity and accessibility in AGI implementa-

tion. It ensures that students from diverse back-

grounds have equitable access to AGI-driven
educational tools, addressing disparities in technol-

ogy access and usage. By designing inclusive learn-

ing environments, the framework supports diverse

learning needs, including those of students with

disabilities, ensuring that all students can benefit

fromAGI-enhanced education. Regular audits and

updates to AGI algorithms can help minimize

biases and ensure inclusivity in educational out-
comes. Designing AGI systems that consider

diverse learning needs and backgrounds is essential

for creating an equitable educational environment.

AGI tools could significantly enhance the educa-

tional experience for students with disabilities by

providing personalized support and adaptive learn-

ing techniques. For instance, AI can help in con-

verting text to speech for visually impaired students
or generate subtitles and transcripts for students

who are hard of hearing. Moreover, AI can assist in

creating more accessible learning materials tailored

to the specific needs of students with disabilities,
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thus ensuring they have equal opportunities to

succeed. These tools can also provide translations,

simplify complex texts, and offer grammar and

writing assistance. A personalized approach could

be beneficial for students who may struggle with

traditional teaching methods, ensuring that they
receive the support they need to excel. By providing

resources that cater to diverse learning needs, AI

tools contribute to creating a more inclusive learn-

ing environment. These tools can offer various

formats for learning materials, such as videos,

interactive modules, and quizzes, accommodating

different learning styles and preferences.

The accessibility considerations for integrating
AI in education emphasize the importance of ensur-

ing that students from all socioeconomic back-

grounds have access to AI-driven educational

tools, which involves providing the necessary hard-

ware, software, and internet connectivity, especially

to underprivileged students. Equitable access to

advanced technology is crucial in the field of

engineering, a globally significant industry with a
substantial economic impact. In this domain, inno-

vation is key, and technology greatly influences the

competitiveness of individuals, companies, and

nations. Additionally, educators require sufficient

training and support to effectively incorporate AI

into their teaching methods, ensuring they can

utilize these tools to enhance learning while focus-

ing on developing human-centric skills.

4.10 Governance and Infrastructure

The integration of AGI into educational settings

necessitates robust institutional governance and

infrastructure to ensure effective and ethical imple-

mentation. Establishing policies for clear govern-

ance is a crucial early step for the responsible
implementation of AGI in educational institutions.

These policies should address various aspects,

including data privacy, ethical use, and equitable

access. According to Nguyen et al. [34], governance

frameworks should ensure that AI systems adhere

to stringent data protection regulations to safe-

guard students’ personal information. Addition-

ally, transparency in AI’s decision-making
processes is vital to maintain trust among educa-

tors, students, and stakeholders. Institutional or

governmental policies should also focus on the

ethical considerations of AGI use, such as prevent-

ing biases and ensuring fairness in educational

outcomes. Regular audits and updates to AGI

algorithms can help mitigate biases and ensure

inclusivity. By fostering an environment where
ethical guidelines are integral to AGI development

and deployment, institutions can uphold high stan-

dards of integrity and accountability.

To support the integration of AGI, educational

institutions should invest in the necessary techno-

logical infrastructure. It should be capable of hand-

ling the computational demands of AGI systems

and ensuring seamless access for students and

faculty. Furthermore, educational institutions

should provide the necessary hardware, software,
and internet connectivity to ensure equitable access

to AGI-driven tools. This is particularly important

for underprivileged students, whomay otherwise be

at a disadvantage. Ensuring that all students have

access to the necessary technology is essential for

creating an inclusive learning environment.

Effective resource management is critical for

optimizing the use of AGI in educational settings.
AGI can help streamline the allocation of educa-

tional resources by analyzing usage patterns and

student performance data. This ensures that

resources such as textbooks, digital tools, and lab

equipment are utilized efficiently and effectively.

For instance, AGI can identify which resources

are most beneficial for student learning and recom-

mend their wider adoption, while also pinpointing
underutilized resources that may need reevaluation

or repurposing. Additionally, AGI can support

faculty in finding and utilizing the best educational

resources for their classrooms. By analyzing course

learning outcomes and student needs, AGI can

recommend textbooks, digital tools, and multime-

dia resources that align with instructional goals.

Creating a supportive institutional environment
is essential for the successful integration of AGI.

This includes establishing communities of practice

where educators can collaborate, share experiences,

and learn from each other. Mentoring programs,

where experienced educators provide guidance on

integrating AGI, offer valuable insights and sup-

port. Regular feedback and coaching from instruc-

tional leaders and technology professionals can
help faculty refine their AGI implementation tech-

niques and continuously improve their instruc-

tional practices.

Promoting a culture of innovation and experi-

mentation is also crucial. Educational institutions

should encourage faculty to explore new teaching

methods and technologies, providing the necessary

support and resources to implement innovative
practices. By fostering an environment that values

continuous improvement and adaptation, institu-

tions can ensure that their educational programs

remain relevant and effective in the face of rapid

technological advancements. In conclusion, the

successful integration of AGI into educational

institutions requires comprehensive governance

policies, advanced infrastructure, effective resource
management, ongoing professional development,

and robust institutional support structures. By

addressing these components, educational institu-
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tions can create an environment that maximizes the

benefits of AGIwhile ensuring ethical and equitable

use, ultimately enhancing the quality of education

and preparing students for the challenges of Indus-

try 5.0.

4.11 Future Innovations in AGI for Education

The future of AGI in education holds immense

potential for creating personalized learning paths

and adaptive learning environments. The core edu-

cational components in the AGI2E2 framework

could be fundamental in guiding this evolution.

AGI systems are expected to revolutionize educa-

tion by offering real-time customization of lesson
plans, pacing, and assessments tailored to indivi-

dual student needs. Predictive analytics can forecast

student performance, allowing for proactive inter-

ventions to address learning gaps. This personaliza-

tion ensures that each student’s educational journey

is optimized for their unique learning style and

pace, enhancing overall learning outcomes.

Furthermore, AGI can significantly enhance col-
laborative learning and lifelong education, building

on the components of continuous adaptation and

lifelong learning. Advanced virtual learning envir-

onments powered by AGI will enable students from

diverse geographical locations to collaborate in

real-time, fostering a global educational commu-

nity. AI-driven peer learning platforms can match

students with peers for subject-specific assistance,
promoting peer-to-peer learning. Additionally,

AGI can support lifelong learning by acting as AI

mentors and coaches, guiding individuals through

their continuous education journeys and providing

personalized advice and resources.

Addressing ethical and societal challenges,

another core component, will be crucial as AGI

becomes more integrated into education. Ensuring
the ethical development and use of AGI, with a

focus on transparency, accountability, and fairness,

will be essential to prevent biases and protect

student privacy. Future research should also

explore the broader societal impacts of AGI,

including its effects on job markets, educational

equity, and access to resources. Innovations in

curriculum development, such as dynamic curricu-
lum design and interdisciplinary integration, will

further prepare students for the evolving demands

of the job market, ensuring that education remains

relevant and effective in an AGI-enhanced world.

5. Discussion

5.1 Implications of the Framework

The AGI2E2 framework presents significant impli-

cations for both engineering education and the

broader landscape of higher education. By incor-

porating AGI, this framework positions itself as a

transformative tool that reshapes educational

approaches, making them more adaptable, inter-

disciplinary, and human-centric to meet the evol-

ving demands of Industry 5.0. The framework

suggests a shift towards dynamic and interdisciplin-
ary learning environments that integrate huma-

nities, social sciences, and ethical studies into

traditional engineering curricula. This integration

encourages the development of well-rounded engi-

neers equipped not only with technical skills but

also with the capacity for ethical reasoning, crea-

tivity, and critical thinking. The framework empha-

sizes the importance of personalized educational
trajectories, which can revolutionize traditional

teaching methods by leveraging AGI’s capabilities

to tailor learning experiences to individual students’

needs. This approach can lead to curricula that are

more aligned with the needs of modern industries,

fostering innovation and enhancing the overall

quality of engineering education. It also promotes

a more inclusive education system that addresses
diverse learning styles and paces, potentially redu-

cing achievement gaps and enhancing student

engagement and retention.

The integration of AGI in education also brings

forward critical ethical considerations, including

data privacy, algorithmic transparency, and

equity. The framework calls for careful manage-

ment of these aspects to ensure responsible use of
AGI, fostering trust among stakeholders. More-

over, by emphasizing ethical education, the frame-

work aims to produce engineers who are not only

technically proficient but also aware of the social

responsibilities and potential biases inherent in AI

technologies.

5.2 Strategies for Implementation

To effectively implement the AGI2E2 framework in

engineering education, several key strategies should

be considered. One way would be to promote

interdisciplinary environments. In this case, educa-

tional institutions could design and implement

interdisciplinary courses that merge technical sub-

jects with humanities, ethics, and social sciences.
These courses would encourage students to think

beyond traditional boundaries, fostering a holistic

approach to problem-solving and decision-making.

Another strategy for implementation of the frame-

work would be for institutions to invest in the

development of AGI-based adaptive learning tools

that can personalize the learning experience. These

tools should be designed to identify individual
learning gaps, offer customized feedback, and sug-

gest tailored resources to help students achieve their

learning objectives. An example of a third potential

strategy could be to integrate courses specifically
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focused on the ethics of AI and AGI, which could

encourage students to understand the broader

implications of these technologies. This could pre-

pare students to navigate the ethical challenges they

might face in their professional careers.

Successful implementation of the AGI2E2 frame-
work will require a paradigm shift where the sup-

port of all stakeholders involved is needed.

Therefore, faculty training and development will

be key. Faculty members need adequate training to

effectively integrate AGI tools into their teaching

practices. Institutions should provide professional

development programs focused on AGI technolo-

gies, highlighting both their potential benefits and
limitations. Establishing communities of practice

where educators can share experiences and best

practices can further enhance the effective use of

AGI. It is understandable that these implementa-

tions will take time and will need an iterative

process in order to improve until a successful

implementation is achieved. Pilot programs could

be launched to test the integration of AGI into
specific courses or modules. Collecting feedback

from students, faculty, and industry partners can

provide valuable insights to refine and optimize the

framework’s implementation.

5.3 Validation of the Framework

To ensure the AGI2E2 framework is both effective
and applicable across diverse educational contexts,

a comprehensive validation strategy is necessary.

This begins with theoretical validation, which

should ground the framework in established educa-

tional theories such as constructivism, experiential

learning, and humanistic education. These theories

emphasize personalized, student-centered ap-

proaches and the cultivation of critical thinking
and ethical reasoning skills, providing a strong

theoretical foundation for the framework’s applica-

tion.

Empirical validation is also crucial and should

include studies that apply the framework in real-

world educational settings. This might involve pilot

programs in engineering courses where learning

outcomes, student satisfaction, and engagement
levels are measured and analyzed. Controlled

experiments comparing traditional educational

methods with those employing the AGI2E2 frame-

work will provide robust quantitative data to

demonstrate its effectiveness. Additionally, feed-

back from stakeholders, including educators, stu-

dents, industry representatives, and policymakers,

should be actively incorporated to ensure the fra-
mework is practical, relevant, and aligned with the

needs of the modern workforce. Regular feedback

loops and iterative improvements will further refine

the framework and enhance its applicability. Asses-

sing scalability will be another essential component,

requiring the framework to be tested in various

educational contexts from small-scale classroom

settings to larger, institution-wide implementa-

tions. This assessment will help identify potential

challenges and opportunities for effectively scaling
the framework.

Finally, a continuous monitoring and evaluation

process should be established to regularly assess the

framework’s impact on educational outcomes and

make necessary adjustments. This ongoing process

will ensure that the AGI2E2 framework remains

relevant and effective in addressing the evolving

needs of the educational landscape. By focusing
on these areas, future research can also build a

more robust foundation for the AGI2E2 frame-

work, ensuring its adaptability, scalability, and

sustainability in diverse educational contexts.

5.4 Limitations

While the AGI2E2 framework presents a promising
model for integrating AGI into engineering educa-

tion, several limitations must be acknowledged.

First, the framework relies heavily on emerging

AGI technologies, which are still in the develop-

mental stage and may not yet be fully mature or

widely available for educational purposes. This

reliance on cutting-edge technologies could lead to

challenges in implementation, especially in institu-
tions with limited resources or technological infra-

structure. Additionally, the framework assumes a

level of readiness and acceptance among educators

and students, which is significantly influenced by

perceived ease of use and usefulness, as evidenced in

studies of online education environments [47]. The

integration of AGI tools in education requires a

cultural shift and significant investment in training
and professional development, which might not be

feasible for all institutions. Resistance to change

from faculty and students, concerns about job

displacement, and fear of over-reliance on technol-

ogy could impede the successful adoption of AGI-

based learning environments; however, change

models already exist that could help faculty develop

a mindset on handling disruptions that are occur-
ring faster and faster in today’s society [48].

Another limitation concerns the assessment of

interpersonal skills, which is a critical component of

the AGI2E2 framework. Current research indicates

a lack of standardized methods for teaching and

assessing these skills, leading to inconsistencies in

evaluation [4]. The subjective nature of interperso-

nal skills such as teamwork, leadership, and com-
munication complicates their measurement, as

different stakeholders (students, faculty, and indus-

try professionals) often have varied interpretations

of what proficiency in these skills entails [4]. This
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inconsistency in assessing interpersonal skills could

affect the evaluation of the framework’s effective-

ness, as the development of these competencies is a

core objective of the AGI2E2 model. At the same

time, it highlights the importance of standardized

assessment rubrics and tools that are sensitive to the
context of engineering education while ensuring

reliability and validity. There is also the potential

to deepen existing inequalities. Access to AGI

technologies and related resources may be unevenly

distributed, favoring well-funded institutions over

those with fewer resources. This disparity could

widen the gap in educational quality and opportu-

nities between different socioeconomic groups, con-
tradicting the framework’s goal of creating a more

inclusive educational environment. Furthermore,

the ethical concerns surrounding the use of AGI

in education, such as data privacy, algorithmic bias,

and transparency, present significant challenges.

While the framework emphasizes these ethical con-

siderations, addressing them effectively requires

continuous effort and monitoring, and there is a
lack of standardized guidelines or regulations in

this rapidly evolving field. Finally, the framework’s

effectiveness is heavily dependent on the accuracy

and reliability of the AGI tools used. Given that

AGI is still an emerging technology, there are

uncertainties regarding its performance, including

potential errors and biases in AI outputs, which

could negatively impact educational outcomes if
not properly managed.

5.5 Future Directions

Future work should focus on several critical areas

to further advance the potential of the AGI2E2

framework. One important direction is the devel-

opment of AGI tools specifically tailored for engi-
neering education. These tools should facilitate

dynamic curriculum adjustments, personalized

learning experiences, and real-time feedback sys-

tems, thereby offering a more customized educa-

tional experience that aligns with the framework’s

objectives. Future developments in AGI should

focus on enhancing human-AI collaboration,

enabling more seamless and effective interactions
between educators, students, and AI systems. This

includes developingAI systems that can understand

and respond to human emotions and behaviors,

creating amore empathetic and supportive learning

environment. By fostering stronger human-AI part-

nerships, educators can leverage AI to augment

their teaching practices, allowing for a more perso-

nalized and responsive educational experience. This
collaboration can also extend to student projects

and research, where AI can assist in data analysis,

provide insights, and facilitate complex problem-

solving tasks. Ultimately, the goal is to create a

synergistic relationship where human creativity and

emotional intelligence complement the analytical

and processing power of AI, leading to more

innovative and effective educational outcomes.

Longitudinal studies will be important to track

the performance of students exposed to AGI-
enhanced education over time, helping to determine

the long-term benefits and potential challenges

associated with implementing this framework.

Furthermore, research must explore the ethical

and social impacts of AGI in education, focusing

on issues such as bias, data privacy, and equitable

access. Addressing these concerns is critical for

developing guidelines and best practices for respon-
sible AGI use in educational settings.

Additionally, there is a need to explore the ethical

and social implications of AGI in education, parti-

cularly concerning issues such as bias, data privacy,

and equitable access. This exploration is crucial for

developing guidelines and best practices that ensure

the responsible use of AGI in educational settings.

Addressing these ethical and social concerns will
help mitigate risks and promote trust among all

stakeholders involved. Innovations in ethical AI

design could focus on creating transparent, fair,

and accountable AGI systems that prioritize the

well-being and rights of all learners. This includes

developing frameworks and guidelines for the ethi-

cal use of AGI in education, ensuring that AI

technologies are used responsibly and equitably.
Ethical AI design involves rigorous testing to iden-

tify andmitigate biases, ensuring thatAI systems do

not inadvertently perpetuate inequalities. Addition-

ally, ethical AI practices must include transparency

in how decisions are made by AI systems, allowing

educators and students to understand and trustAI’s

role in their education. By embedding ethical con-

siderations into the core design and implementation
of AGI, educational institutions can build systems

that respect privacy, promote fairness, and enhance

the overall learning experience without compromis-

ing ethical standards. By focusing on these areas,

future work can build upon the foundation laid by

the AGI2E2 framework, driving innovation in engi-

neering education and fostering the development of

engineers who are well-prepared for the challenges
and opportunities of the Industry 5.0 era.

6. Conclusion

In conclusion, the AGI2E2 framework represents a

forward-thinking approach to evolving engineering

education for the Industry 5.0 era. By harmonizing
technical skills with essential human qualities such

as creativity, critical thinking, and ethical reason-

ing, this framework aims to create a more holistic

and human-centric educational experience. The
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framework builds upon existing research and incor-

porates empirical data from student and faculty

surveys, reflecting the diverse needs and expecta-

tions of various stakeholders within the academic

community. This framework not only offers a novel

pathway for integrating AGI into educational prac-
tices but also provides a comprehensive guide for

educators and institutions to prepare students for

the multifaceted challenges of a technology-driven

world. The proposed approach emphasizes

dynamic, interdisciplinary learning environments,

personalized educational trajectories, and contin-

uous adaptation, ensuring that graduates are

equipped with both the technical competencies
and the humanistic qualities required in contem-

porary and future workplaces.

However, the successful implementation of this

framework requires careful consideration of ethical

implications, including data privacy, transparency,

and equity. It also demands robust faculty training

and the development of AGI tools specifically

tailored to the unique needs of engineering. The
integration of AI into engineering education, as

outlined in this framework, has the potential to

significantly enhance the educational experience by

providing personalized learning paths, fostering

interdisciplinary collaboration, and supporting

continuous learning and skill development. By

addressing ethical considerations and ensuring

equitable access, this framework also aims to

create a more inclusive and fair educational envir-

onment. In doing so, this work helps to shape a

future in which AI-driven education is more inclu-

sive, dynamic, and responsive to the needs of

students and society. The evolution of AI in educa-

tion holds promise not only for improving educa-
tional outcomes but also for preparing a generation

of engineers who are well-equipped to lead and

innovate in the face of future challenges.

This framework thus contributes to the broader

goal of creating an educational system that not only

imparts technical knowledge but also nurtures the

holistic development of individuals, ensuring they

are ready to contribute positively to an increasingly
complex and interconnected world. In summary,

this paper advocates for a balanced integration of

AI in engineering education, emphasizing the

importance of technical expertise and human-cen-

tric skills. It calls for ongoing research, dialogue,

and collaboration among educators, policymakers,

and technologists to refine and implement strategies

that will shape the future of education in a rapidly
evolving world. Ultimately, the AGI2E2 framework

positions itself as a crucial step towards transform-

ing engineering education to better align with the

evolving demands of Industry 5.0, fostering a gen-

eration of engineers who are not only proficient in

their technical fields but also capable of navigating

complex, interdisciplinary, and ethically challen-

ging environments.
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