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ABSTRACT

This work focuses on the need of Project-Based Learning (PBL) and industry partnerships in engineering
education across multiple institutions. With the use of various case studies, the integration between them is
discussed. With the use of these case studies the PBL approaches are explored and how this enhances student
engagement, practical skill developments and in the preparation of engineering careers is studied. This study
highlights new programs such MIT's NEET, Stanford's ME310, Purdue's EPICS, and others that have shown
successful integration of two domains. It is observed that this integration will lead in the development of both
technical and soft skills of the students. This will further help the students to have an authentic learning experience
which can align with engineering education with real world industry demands.
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Introduction:

In the 2 Ist century, in an environment that is interconnected and interdependent, it is essential for the learning of
potential engineers to equip students with abilities that are aligned with the present circumstances, as well as instil
in them the appropriate principles and mindsets. Active pedagogies, wherein one can take on a leadership role in
their own education while the instructor acts as a learning guide, are being recognised as an effective approach to
achieving this comprehensive instruction. PBL is extensively used in the field of engineering since the latter half
of the 20th century to enhance students' academic progress and develop their useful abilities. The development of
this teaching-learning system originated as PBL in medical education, in order to address the issues caused by
mere memorising in students studying health sciences. PBL not only enhances academic achievement and sustains
student focus and involvement, but also fosters the acquisition of both technical and non-technical competencies
that are crucial for achieving success in one's professional career. Considering this setting, it is important to
acknowledge the significance of Bloom's classification in the classroom of engineering. The hierarchy offers a
well-organized structure for cultivating advanced cognitive abilities, allowing scholars to not only comprehend
and utilise mathematical principles but also critically assess, appraise, and generate inventive resolutions for
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intricate engineering challenges. Etzkowitz argues that whereas schools and the manufacturing industry were
formerly strictly separate, their link has now grown more direct and widespread [2]. The convergence between
manufacturing and training is a prevalent area of study in worldwide vocational schooling and a shared objective
in the advancement of professional schooling in many nations. In China, the fusion between manufacturing and
education is needed in vocational schools due to the demands of industrial advancement and local economic
growth amidst the ongoing profound industrial revolution. Furthermore, the fusion of production and education
may provide robust backing for the enhancement of the essence of vocational education (VE) and the advancement
of company and engineering. This approach to someone growth is both academic and feasible, keeping up with
the current times. It not only includes essential material but also offers a clear path for execution in a way to
establish a contemporary VE structure. In the context of integration, "production" can be recognised as the
function of creating or "learning how to do" something, which is a crucial component of useful education.
"Education" relates to the process of instructing and usually encompasses practical instructing tasks and content.
The integration of theory and practice is a basic prerequisite. The merger of production and education entails the
collaboration and amalgamation of the manufacturing industry and educational institutions, with the objective of
enhancing the practicability of schooling and technological innovation. Given this context, project-based teaching
serves as a significant organisational structure used to execute collaboration tasks which combine production and
education. Compared to industrialised Western nations, vocational schooling in China has been somewhat slow
to grow, and the implementation of project-based teaching approaches has also been delayed. Currently, the
majority of newly converted vocational colleges in China are at the early stages of integrating production and
education. Their skill growth strategies remain at a low level, and as a result, that they have not yet achieved the
desired level of deep integration between manufacturing and education. Engineering is a career that utilises
expertise in mathematics and natural sciences, acquired via research, hands-on experience, and practice, to find
practical applications for both forces and materials found in its very nature, ultimately benefiting humanity [1].
The engineer uses their expertise to conceive and create functional gadgets, processes, and structures. The process
involves making decisions, typically in a repetitive manner, by using the principles of fundamental sciences,
mathematics, and engineering to efficiently use resources in order to fulfil specified requirements [3]. Successfully
completing a CD programme in environmental and civil engineering is a crucial endeavour. Replicating projects
seen in design workplaces may be a difficult task, since there is a possibility that graduation design courses may
end up focusing more on analysis rather than practical implementation [4]. Civil and environmental engineering
design is often dictated by site circumstances and municipal legislation. Teachers with no practical expertise will
not have the same educational influence as professionals actively engaged in the subject. As a result, multiple
organisations collaborate with industry customers to financially support capstone projects. The participation of
industries is an essential element in student learning as it provides valuable experience and knowledge via
connected activities. In the field of technological education, there is widespread consensus on the significance of
professional skills such as relationships, collaboration, interaction, and ability to solve problems. However,
companies have noted a significant disparity between their expectations and the actual proficiency of graduates
in these areas. One of the key motivations for doing this research was to fulfil our objective as teachers to equip
students in engineering with the necessary skills for thriving in their professional careers in the industry. Regarding
engineering practice, existing research has shown notable disparities in the level of thoroughness in design and
expertise between academic settings and professional work environments. Hence, the inclusion of a group of
engaged engineers and experts from the industry will enhance the professional aspects of schooling in engineering.
Company participation in capstone courses is often achieved by company sponsoring of design initiatives. This
sponsorship generally includes providing mentoring, financing, and support to the assignments and team
members. Based on a 2005 survey on CS courses in the United States, it was found that 71% of these courses
included projects funded by industries. Capstone teachers see the course as a platform for students to use their
knowledge gained all through their undergraduate education by engaging in an unrestricted design project inside
a simulated real-world setting. The literature has extensively highlighted the advantages of involving practicing
engineering experts. Research found that feasible initiatives could be implemented when there was a robust
collaboration between the institution and the municipality. The writers contended that a completed project had
exceptional public relations prospects both for the institution and town, while also cultivating a group of fresh
experts that comprehended the intricacy and red tape associated. Additionally, several of these engineers later
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became workers for the companies that sponsored the programme. They determined that the ideal number of
pupils in a group was four, with one of them being skilled in sketching. Teams consisting of less than four
members often found themselves confused by all of the elements they were required to examine throughout the
design process. Teams consisting of more than four people sometimes had a lack of significant contribution from
individual members, which in turn led to the team overwhelming the consultant [3]. The industry gains advantages
by obtaining technical support from experienced students who do initial analysis and designs to evaluate various
potential solutions and offer innovative ideas for addressing current issues. The students gain advantages from
engaging in practical challenges, collaborating with expert engineers, and encountering practical limitations
related to economics, law, and regulations that are not typically covered in traditional undergraduate courses.
Additionally, there is the potential for the students to secure employment with their mentors upon completing their
studies. As a result, students obtain essential knowledge about the fundamental aspects of design in their specific
subject and develop the necessary abilities to join the profession.

Knowledge transfer in form
of a conference.
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Figure 1: Peer education is an innovative approach to conventional teaching [5]

This work brings out the uses and benefits of integrating PBL and Industry Partnerships in Engineering Education.
With the use of many cases, we will discuss these topics

Flipped Classroom as a Learning Environment

The work in [4] was conducted at a university where the FC method, an innovative teaching style, is used across
all levels and courses. Through the reversal of the conventional classroom dynamics, we have successfully
attained improved learning outcomes, enhanced student comprehension, and heightened efficacy process. Many
use the structural components of pre-home preparation, active classroom activities (such as collaboration,
problems-solving assignments, and discussion formats). The instructor, in the position of a mentor, facilitates
personalised learning by accommodating individual learning speed and style, and promotes active student
engagement. Additionally, it facilitates group collaboration and fosters peer-to-peer learning, often known as
collaborative learning. We combine technology from the internet with the Teams and Moodle platforms to provide
pre-learning resources in a digital format, including videos, online measurements, and engaging tasks. Within this
educational setting, the process incorporates feedback and evaluations, enabling students to promptly rectify and
enhance their performance. Within this dynamic and interactive learning setting, the work already achieved
superior outcomes in learners as compared to the prior, more traditional instructional environment. When
assessing the level of enthusiasm to study, they have taken into account student feedback obtained via electronic
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means and written submissions, both throughout the courses and at the conclusion of each semester.

Enhancing student engagement and enthusiasm in the educational process

The TLP is still defined by the enduring use of conventional approaches, where the educator serves as the conveyer
of knowledge and pupils passively receive it. Research shows that the format of a master-class or lecture-style
setting is not conducive to students actively engaging in their learning. This is because their level of participation
and dedication to class activity decreases as their drive declines during the process. At first, inverted learning
sparked debate amongst students and their parents. The increased learning by yourself by educators throughout
the epidemic has been very significant for enhancing their knowledge, skills, and talents, notwithstanding the
accompanying stress. Yet, students were able to recognise that their gaming skills surpassed those of professors
in aesthetic matters. Nevertheless, they were not very adept at self-learning. The significant aspect of this situation
is that due to the lockdown, several educators had the chance to establish a rapport with information and
communication technology (ICT). This, in turn, facilitated the streamlining of the assessment process and
enhanced desire to complete tasks. Databases like the Web of Science and Scopus have had a substantial impact
on the current level of knowledge and have sparked research interest because of the significance and organisation
of their materials. However, it is important not to overlook other sources that are freely accessible. Therefore, it
is essential to modify the teaching methods and dynamics of the classroom environment in order to empower
students and engage them actively in their own learning process. Research has shown that this approach enhances
students' comprehension, academic achievement, and classroom progress. It also has a greater impact on students'
attitudes, expertise, drive, dedication, and happiness with their schooling compared with conventional methods of
instruction. Diverse pedagogical approaches foster student engagement and provide a novel alternative to the
conventional patterns that have persisted throughout time. These interactive strategies enhance educational
outcomes and cultivate individuals with the ability to think deeply, evaluate critically, analyse effectively, and
regulate their own learning. PI is an instructional approach that successfully encourages active, engaged, and
interactive learning. It creates an environment for student involvement and provides formative feedback. This has
been supported by several studies. Due to its distinctive features and instructional versatility, this tool may be
customised to suit various settings, academic levels, and classroom conditions in alignment with their educational
goals. Problem-based instruction (PI) is an interactive educational approach that assesses the learner's
comprehension of a particular subject via the implementation of questions and answers. It also encourages student
engagement through conversation and debate. Prior to this, students should possess a preliminary understanding
and familiarity with the subject matter that will be covered in the class. Consequently, the relationship is enhanced
with individual expertise. By implementing inverted learning, the TLP can optimise class time by shifting the
focus from information transmission to tasks which promote knowledge integration, directed engagement,
problem-solving, and consolidation of learning. Conversely, lessons on knowledge transfer are conducted at
home, allowing students to engage with the subject matter eagerly and allocate sufficient time for private study.
This serves as a foundation for their eventual engagement in class. However, it is important to note that technology
is playing a growing function in facilitating the adoption of innovative interactive teaching techniques that cater
to the interests and demands of students and modern society. Information and communication technologies (ICT)
have become increasingly prevalent in the educational sector, resulting in more engagement and improved
outcomes when using these innovative teaching approaches. PI is not an exception in this regard, since the optional
use of ICT enhances the experience for the participants. Yet, the achievement of technology depends on the
pedagogical expertise that underlies digital knowledge and abilities. These, in turn, facilitate the achievement of
the educational goals set by the teacher's field of study. Gaining knowledge in engineering is crucial for driving
innovation in the TLP. The use of technology in education is grounded in principles of engineering and aligned
with the learning sciences in order to effectively adapt to the ever-evolving nature of education. Therefore, by
integrating the educational, technical, and subject-specific expertise that a teacher needs, it is feasible to
effectively address present difficulties and optimise the utilisation of these approaches. The purpose of this paper
is to demonstrate how a collaborative instructional method based on PI may be used, using a learning design
approach, to bring innovation to the TLP. This is a reaction to the issue addressed in the current study about the
durability of conventional teaching techniques, which need more student engagement and motivation in relation
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to their TLP. Therefore, it is crucial to encourage instructors to think creatively and establish innovative
instructional approaches [5]. This will enable them to enhance their classroom environment, as seen in Figure 1.

Methodologies

The Figure 2 shows the various universities and their PBL models. The cases of these models are discussed in
detail in the following sections

University Engineering Programs

Figure 2: Diagram showing all the cases studied

Massachusetts Institute of Technology (MIT) - NEET Program

The demands of industry and society for engineering education have evolved over the last several decades, but
the conventional bachelor engineer curriculum has remained mostly unaltered. In the autumn of 2016, the Dean
of the School of Engineering at MIT established the New Engineering Education Transformation (NEET)
programme. The program's objective is to educate engineers in the development and construction of innovative
devices and systems that can effectively tackle the significant community demands and obstacles of the 21st
century. NEET graduates will be equipped to function as entrepreneurs, inventors, creators, and explorers by
acquiring and using the NEET Styles of Thoughts: cognitive strategies that enhance students' ability to think,
strategize, and acquire knowledge autonomously and collaboratively. The programme saw a consistent growth in
student enrolment, starting with 28 students in Fall 2017, increasing to 52 students in Fall 2018, and reaching 83
students in Fall 2019. This growth has made the programme considerably bigger than the majority of recently
established academic programmes, as well as larger than many other majors. In Fall 2018, NEET initiated a pilot
programme at MIT to implement the Ways of Thinking (WoT) concept. This involved collaboration between
faculty and colleagues from the School of Humanities, Arts and Social Sciences, the School of Architecture +
Planning, and the engineering faculty. The main objective was to create concise modules to facilitate the
development of WoT skills. A total of 25 courses were implemented over the Fall 2018, Spring 2019, and Fall
2019 semesters. These modules focused on the subjects of Ethics, Creative Thinking, Critical Thinking, and Self-
learning. We provide a detailed account of the development and piloting of those modules, the assessment of their
effectiveness, the insights gained from their deployment, and the implications for future endeavours. An important
discovery is that the Ways of Thinking should be more closely included into how students do project work in
NEET [16-18].

Stanford University - ME310 Design Innovation

Innovation has evolved throughout time, and organisations are always striving to improve their operations in order
to gain an edge over their competitors. Creativity has become recognised as an inclusive and cooperative process,
including the participation of many stakeholders within the overall system [19-22]. Universities are highly suitable
candidates for transforming the climate of innovation and making significant contributions to the development of
a knowledge-based economy. This research investigates a partnership between a university and industry,
specifically focusing on an innovation initiative under the ME310 programme. Porto Design Factory (P.Porto)
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and IKEA Industry collaborated to address a challenge using the Human-Centred Design (HCD) methodology.
The case study technique facilitates comprehension of the results that demonstrated the capacity of HCD to
address a technical issue while improving the customer experience. Moreover, it is feasible to acknowledge the
advantages that each institution gained via collaboration. The business's invention endeavour was supported by
research, prototypes, and detailed documenting that captured all the information created throughout the process.
PDF also provided unique learning environments and job prospects for its pupils. The results indicate that firms
gain advantages by establishing interfaces with other organisations, as well as that institutions play a significant
role in the community of innovators, fulfilling their third goal. Additional inquiry might examine the extent to
which the ideas derived from these collaborations are put into practice, as well as their long-term effects on the
organization's values and work processes [19, 23-26].

Purdue University - EPICS Program

The Engineering Projects in Community Service (EPICS) programme at Purdue University is an innovative
endeavour that integrates project-based learning with community service and collaborations with industry. Below
is a concise summary of the programme: EPICS was established at Purdue University in 1995 with the objective
of involving engineering students in the process of designing, constructing [27-31], and implementing actual
solutions to address engineering-related issues among regional community service and educational organisations.
The programme has since grown to include several campuses around the United States and beyond. EPICS is
fundamentally organised around interdisciplinary groups of students that collaborate on enduring projects that
have a positive impact on the community [32]. These projects usually extend across many semesters, which
enables the maintenance of consistency and the creation of intricate solutions. Students from diverse engineering
specialties, as well as other sectors such as business and the liberal arts, work together in these teams. The
programme collaborates with local non-profit organisations, schools, and community organisations to identify
issues that may be resolved via technical solutions [33-35]. Initiatives include the development of assistive
technology for those with impairments, the creation of teaching tools for K-12 STEM education, and the design
of environmentally friendly remedies for environmental concerns. EPICS also engages industrial partners in
diverse roles. Corporations have the option to financially support initiatives, guide and support groups of students,
or provide their specialised knowledge and assets. Students benefit from industry interaction since it provides
them with opportunities to familiarise themselves with professional standards and procedures while engaging in
socially conscious initiatives. The EPICS approach places equal emphasis on the acquisition of technical abilities
and the cultivation of business abilities, including project management, collaboration, communication, and ethical
issues. Students acquire skills in customer interaction, budget management, and navigating the intricacies of
bringing about solutions in real-world scenarios [20].

Georgia Institute of Technology - Capstone Design Program

Capstone Design is an advanced course provided to undergraduate students in many fields at the Georgia Institute
of Technology, serving as the last and most important subject in their curriculum. Students collaborate in groups
to create, construct, and evaluate prototypes that have practical uses in the real world [36-38]. Students display
their work at the "Capstone Design Expo" at the conclusion of each semester. This offers students the chance to
collaborate on real-world, complex, multidisciplinary problems presented by sponsors from industry and academic
projects. They acquire and use the technical design method, which involves establishing functional demands,
conceptualising ideas, doing analysis, identifying potential hazards and corresponding preventive measures,
making selections, and creating physical prototypes. Student teams create and construct functional, tangible
prototypes to verify the effectiveness of their proposals. Through collaborative work, individuals enhance their
abilities in management, teamwork, managing problems with scheduling, fulfilling weekly goals and deadlines,
and effective communication with teammates, supervisors, and course teachers. Teams participate in lectures
delivered by industry and academia specialists on various subjects such as industrial design, production, research
on markets, advertising, patents, starting a business, code and requirements, and ethics. At the conclusion of the
semester, student teams present and promote their ideas and commercial potential to a committee of judges, invited
guests, media, and other students, all while vying for monetary rewards. This is a wonderful chance for sponsors
to see the conceptualization of their project by the teams at the expo [21].
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Olin College of Engineering - SCOPE Program

The engineering programme at Olin College places a strong emphasis on experiential learning and design. Starting
from the first semester, all students actively participate in the creative endeavour of conceptualising, developing,
constructing, and evaluating a device, system, or process with the aim of accomplishing a certain objective. The
design process is conducted in a collaborative team setting inside an open-source studio environment [39-41].
This environment allows for the public presentation of the design process, which serves as the primary means of
social discussion on campus. The design emphasis is maintained throughout all eight semesters, gradually
increasing in complexity and breadth, fostering significant proficiency in collaboration and practical science. This
culminates in the senior year, where all students are obligated to undertake a two-semester capstone experience
known as the Senior Consulting Project in Engineering (SCOPE). This particular project consolidates the
preparation from several fields and applies it to a significant technological challenge that a corporate customer is
ready to spend a big amount to solve. This project is the final culmination of a four-year educational programme
designed to provide students with the necessary skills and knowledge to become engineers. The programme
focuses on providing students with hands-on experience rather than only teaching them theoretical concepts via
applied science courses. At Olin, they hold the belief that engineering is better characterised as a dynamic and
creative art form rather than a passive and analytical scientific discipline. Thus, it is inherent that a genuine
achievement should hold the primary position for every student in fulfilling an Olin education. Olin's SCOPE
project goes above the norm by pushing the edge in various areas, even though many engineering schools now
include a mandatory senior design project. Furthermore, it strives to fulfil the primary learning goals of each of
these three B.S. degree programmes, but there are other components of the educational programme that also target
one or more of these purposes [22].

University of Waterloo - Co-operative Education Program

This program works as an alternate way for the students who wish to complete the four-month academic term in
the campus, a four-month work in industry follows that. This pattern continues throughout the degree course
helping students to complete four to six work terms by graduation. A unique feature of Waterloo’s cooperative
program is well integrated curriculum. This feature is one of the core components in Many engineering programs.
The strong bond between industry and academia will help students to secure their cp-op positions. There are
various support firms which help students to develop skill, develop job search and build career. Students often
move from entry-level tasks in their first work term to more complex, project-based work later. This helps for the
practical application of academic knowledge and the development of professional skills. This program helps both
students and employers. Students gain valuable work experience and can have different career paths, and get
secure full-time employment upon graduation were as employers can access to a pipeline of talent and can evaluate
likely future hires over extended periods [23].

Aalborg University (AAU) (Denmark) - Problem-Based Learning Model

Engaging in Problem Based Learning with a focus on the Sustainable Development Goals can be a profoundly
inspiring catalyst, particularly when the solutions generated can be implemented and have tangible effects on
individuals and communities. There is the collaboration between three engineering students from Aalborg
University, Denmark, and the South African Organisation Green Shoots. The objective of this collaboration was
to provide IT-supported Maths instruction to underprivileged learners from townships and rural regions in the
Western Cape. The initiative afforded the Danish students an unparalleled educational opportunity and had a
lasting influence on the participating communities. The project's main objective was to introduce IT-supported
Maths education to learners in disadvantaged areas of the Western Cape. Additionally, the project offered valuable
insights into the implementation of student projects that aim to benefit communities facing socio-economic
challenges such as poverty. Furthermore, the work examined three crucial factors to establish the feasibility of
such projects: aligning learning objectives with project outcomes, ensuring that the project generates value for the
partner organisation and communities, and managing the workload of university supervisors to prevent overload.
They are of the opinion that student projects centred on Sustainable Development Goals (SDGs) has significant
potential in terms of offering extremely inspiring student projects while also making a positive impact on the
world via solutions that continue to be used even after completion. Nevertheless, our research was limited to a
solitary instance involving a single cohort of three students. The work anticipate that the study will provide
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motivation for doing more extensive research, which would include collecting more quantitative data to determine
the most effective approach for implementing successful projects. Additionally, the research aims to showcase
the benefits that these projects may provide to both students and society [24].

AAU is very well known for its unique PBL model, which has been a main talking point of the university from

the time it started in 1974 [42-43]. All disciplines in the university follow this model but mainly it is acquired
from engineering disciplines. This model mainly focuses on project work in collaboration. The student spends
half the time during this course to complete the course work and remaining half time on real world problem
solving. This makes sure that the students acquire both theoretical as well as practical skills. The projects are
usually semester long and are sponsored and worked with industry collaboration. The projects are faced on the
problems that are faced by industries or even by the society. As the problem statements are worked in consultation
with the industry experts, the students will be able to work on projects which are relevant to the industry and
current demands. The students are clubbed in the group consisting of 4-6 individuals. They plan the problem
statement, research methodology, and develop the solution for the problems. As this is self-directed approach
students are exposed to real time problems and due to this, they acquire critical thinking and team work skills.
The role of instructors is just like facilitators. They help the students in the learning process, give their valuable
feedback if required, and makes sure the project will be in line with the study outcome. This model is available to
students from first to eight semesters of their study time [44-46]. The beauty of this project is that, as the students’
progress through this project, the difficulty level increase and the students acquire more skills. The students are
assessed for their individual and group work components. They are assessed on their collaboration skills, the
process they have acquired and their individual contributions to the project. The outcome of this course is found
to have produced students who are ready for industry level challenges and can work for any real-world problems
which can help the society. And, any companies actively seek out these students from AUU for these qualities
[47-48].

RMIT University (Australia) - Engineering Practice Academy

RMIT has an engineering practice academy which focuses on PBL in a professional environment. The program
is designed to be a workplace like system for the students are referred as associates and educators as coaches of
engineering practice. The curriculum focuses on real industry projects apart from traditional teaching methods.
Students work on the projects as a team to arrive at the solutions to complex problem with the help of industry
experts. This allows for the integration of technical knowledge, professional skills, industry standards with a
practical approach [49-51]. The infrastructure is designed to mimic a workplace rather than a academic structure
which helps associates to get accustomed to workplace scenario and professional settings right from early stages
of career building. They learn skills like team work, project management, engineering ethics, communication
skills etc. They are motivated to take responsibility of their own learning and professional development [52-54].
Conclusion and Future Scope

When PBL integrates with industry partnerships, it becomes a big step in the development of engineering
education, which helps the education become more practical and enhances industry-based learning experience.
The case studies in this work have shown that when they are properly implemented, they will help in the
developing the student engagement, and develop important professional skills. For this to be success, careful
planning, allocating the resources and good collaboration between industry and academia is required. The future
research should focus on the collaboration of industry and academia which can provide long term solutions. It
should also help in creating more jobs and also higher education opportunities. As these models gets better, the
advanced level will help more institutions to acquire the techniques and get benefit from it. More projects need to
be planned and more industry academia collaboration is required as there are lot of problems which needs to be
tackled by the society and for this, these types of plans are very essential. The models as discussed in this work
looks very promising in the development of future PBL techniques and the industry collaboration.

The future scope for PBL and industry collaboration integration should consist of several aspects. There should
be a long-term study which will identify the major problems; this will help in building a very standard best
practices for dealing the issues in real-time. The model should also use adaptive learning method by which the
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quality of solutions provided will be enhanced. There is a lot of demand and need for these models to be explored
and get new models which will faster in getting the solutions and provide a standard solution to the problems. The
objective of these research and development endeavours is to enhance and broaden the efficacy of problem-based
learning (PBL) and collaborations with industries in equipping upcoming engineers to tackle the changing
demands of their field.
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