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Guest Editorial
Special Issue on Transforming

Engineering Education

Abstract—The transformation of engineering education is
necessitated by the crucial need to develop students’ transver-
sal skills, often referred to as “21st century skills,” so they can
address complex, global challenges. This special issue accompa-
nies the in-person 9th International Research Symposium for
Problem-Based Learning (PBL) on the theme of transforming
engineering education, which took place over June 21–23, 2023,
in both campuses of Massachusetts Institute of Technology and
Harvard School of Engineering and Applied Sciences. The issue
features 11 papers selected through a rigorous review process,
exploring various approaches and investigations aimed at facili-
tating the transformation of engineering education. Three themes
feature frequently in the special issue, namely, PBL, first-year
education, and technology integration in higher education. The
guest editors suggest future studies should explore mixed methods
research and comparative studies across countries and institu-
tions. They also highlight the need for research into diversity,
equity, and inclusion, interdisciplinary education, and pedagogi-
cal training for faculty. Overall, the papers in this special issue
provide valuable insights and ideas for transforming engineering
education, showcasing the global and local efforts being made
in this field. The guest editors encourage engineering educa-
tors to learn from each other’s experiences and adapt innovative
solutions to their own educational contexts. The guest editors
acknowledge the transformation of engineering education is a
complex process, requiring time, effort, and strategic consid-
erations; yet, this special issue demonstrates the potential for
meaningful change.

Index Terms—Active learning, education transformation, engi-
neering education, higher education, problem-based learning
(PBL).

I. INTRODUCTION

CALLS for transforming engineering education so that
alumni can tackle complex global challenges are not new.

In recent decades, various international and national organiza-
tions have called for the reforming of engineering curricula and
pedagogy to develop students’ transversal skills, commonly
named “21st century skills,” such as the lifelong learning, col-
laboration, creativity, and systems thinking [1], [2], [3]. These
skills are different to the more traditional, discipline-specific
skills usually emphasized in engineering higher education [4],
[5], [6], [7].

The Merriam-Webster online dictionary provides the follow-
ing primary definition for “transform”: “to change in composi-
tion or structure; to change the outward form or appearance of;
to change in character or condition.” Etymologically, the word
transform is made-up of “trans-” and “-form,” which mean
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“across, beyond,” and “create,” “formulate,” or “to shape,”
respectively. Both the primary definition and etymology pro-
vide a sense of the substantial task facing those who wish to
lead transformations in engineering education: to shape engi-
neering education into something that is beyond what it is
currently, to ensure engineering alumni can successfully tackle
global challenges.

Two recent global phenomena have amplified the need for
transforming higher education: the COVID-19 pandemic [8],
[9], [10] and the more recent explosion in the use and pub-
lic awareness of generative artificial intelligence (AI), such as
chatGPT [11], [12]. These drivers, together with others that
began prior to them, require transformative changes to both
curriculum and pedagogy. From a curriculum that is discipline-
and knowledge-focused to interdisciplinary and “know-how”-
focused, and from a traditional pedagogy that is lecture-based
to student-centered pedagogy involving active learning with
more application, discussion, reflection, and teamwork [4], [5],
[6], [7], [13].

II. THE 9TH INTERNATIONAL RESEARCH SYMPOSIUM

FOR PROBLEM-BASED LEARNING

The International Research Symposium for Problem-Based
Learning (IRSPBL) has been taking place biannually since
2008. The Aalborg Centre for Problem-Based Learning in
Engineering Science and Sustainability under the auspices of
UNESCO in Aalborg, Denmark, has been involved with the
IRSPBL series since inception.

During June 21–23, 2023, the 9th IRSPBL on the theme
of Transforming Engineering Education, acronymized as
TEE2023, took place as an in-person conference on the
campuses of Massachusetts Institute of Technology (MIT)
in Cambridge, MA, USA, and Harvard John A. Paulson
School of Engineering and Applied Sciences in Boston, MA,
USA. The convening institutions behind TEE2023 were MIT,
Harvard University, and Aalborg University. This special issue
accompanies TEE2023.

III. PAPER SELECTION PROCESS

Eleven papers in engineering higher education were
accepted for this special issue. Each of these papers outlines
an approach for or an investigation into topics which could
help facilitate engineering education transformation.

The editorial will outline the process for accepting the
papers for the special issue, provide a summary of each paper,
and briefly discuss thematic connections between them. The
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editorial ends with the guest editors’ conclusion and their call
for enhanced transformation of engineering education.

A call for abstracts was distributed and submissions opened
on 2 May 2022. Authors from around the world were invited
to submit short abstracts in English for review. Fifty-seven
abstracts were submitted. Each abstract was reviewed by
two educators and researchers in engineering higher edu-
cation and the final decision was given by all three guest
editors. Decisions were sent to corresponding authors on
1 September 2022, and included comments from the reviewer.

Thirty-eight abstracts were accepted for the next stage—
an invitation to corresponding authors of accepted abstract to
submit full papers for the special issue. Full papers had to
have the same co-authors and concern the same topic as the
accepted abstract, but authors were allowed to change the title
of their paper, if they wished. Submitted full papers underwent
the standard peer review process for IEEE TRANSACTIONS

ON EDUCATION.
Eleven papers were finally accepted for the special issue.

Although not preplanned, the final selection represents a
diversity of geographic regions and sociocultural contexts,
including authors and study populations from Africa, Asia,
North America, and Europe.

IV. SUMMARY OF ACCEPTED PAPERS

Here, follows a summary of papers accepted for the special
issue, in alphabetical order of last name of the first author.

Article [A1] explores first-year engineering students’ effi-
cacy in an online PBL design course in Ghana. Through
quantitative research design with multiple data sources from
an online survey, the study reported positive results with sig-
nificant increase of self-efficacy levels in a PBL environment
including all majors, modalities, and genders. Nevertheless, no
correlation was found between students’ self-efficacy levels
and design activity levels. More research is called for to fur-
ther explore PBL impact on students’ self-efficacy and learning
outcomes.

Article [A2] proposes a conceptual framework for under-
standing supportive sources of academic well-being among
first-year engineering students. A survey was designed and
tested, identifying four factors contributing to students’ well-
being. The study addresses limited research on this topic in
engineering education and emphasizes supporting students’
well-being for professional development. Research questions
explore instrument development and validation for character-
izing well-being sources in problem-based learning (PBL) and
factors fostering well-being in PBL, considering age, gender,
and discipline differences. The survey’s design included lit-
erature review, validity and reliability tests, and exploratory
factor analysis. Findings highlight personal values, agen-
tic action, interactions, and external support as well-being
sources. Gender, age, and discipline show varying impacts.

Article [A3] examines the application of agile and service-
Learning methodologies in a fully online, ninth-semester
software engineering-related course, against the backdrop
of the COVID-19 pandemic. Employing a mixed-methods
approach, combining quantitative and qualitative analyses, the

study reveals that this integration improved teamwork, time
management, and overall job satisfaction. Students positively
evaluated the establishment of clear goal expectations when
working with community partners, and community partners
expressed greater satisfaction with the delivered products. The
study highlights the potential benefits of incorporating the
Service-Learning methodology to enhance educational deliv-
ery by providing students with practical, real-world learning
experiences.

Article [A4] examines the impact of fostering creative
thinking in a PBL approach for first-year students with dif-
ferent course characteristics. Two courses were compared:
one fully remote and the other a mixed course with both
remote and face-to-face interaction. Fostering creativity in
engineering education is challenging, and this work com-
bines a creativity framework with PBL (PBL+C) to motivate
creative thinking. The intended outcomes include improv-
ing creativity, innovation skills, and learning outcomes in
first-year engineering. The PBL+C intervention considers the
creative process, curriculum alignment, teaching and learn-
ing activities, problem types, project progression, support
resources, creative tools, learning environments, facilitation
strategies, and student assessment. Findings indicate increased
creativity factors in the “Person” element, with the mixed
course showing better solutions due to increased student
interaction.

Article [A5] explores themes of faculty skills considered
particularly useful when facilitating interdisciplinary design
projects and compiles these into a guide for engineering edu-
cators in mentoring first-year interdisciplinary design projects.
The authors argue that while there is a growing call to intro-
duce interdisciplinary courses to undergraduate engineering
students, the ability of faculty to teach and mentor students
from multiple disciplines in such processes and projects is
a major concern. The qualitative study is based on semi-
structured interviews with engineering faculty and focus group
interviews with students and a thematic analysis of their
experiences with mentoring in first-year undergraduate inter-
disciplinary student projects at a university in India. The study
highlights the need for faculty training in three interconnected
subsets of skills identified in the study, including project man-
agement, interdisciplinary, and interpersonal skills; the latter
being particularly critical when mentoring freshman students
who might not recognize when they need support or openly
seek for the faculty support.

Article [A6] highlights PBL, integration, and critical reflec-
tion’s effectiveness in creating significant learning experiences
without increasing course hours. Technology’s influence has
shifted teaching paradigms to prioritize integration and critical
reflection. Engineering education has responded by increas-
ing classroom hours. The paper introduces integrated learning
stream (ILS), a project-based approach fostering significant
learning through communities, reflection, and skill development.
ILS adopts a holistic view, promoting a learner-centered curricu-
lum. Qualitative analysis shows improved efficiency, problem
solving, better learning habits, and improved well-being.

Article [A7] is a position paper that examines how to inte-
grate massive open online courses (MOOCs) into traditional,
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face-to-face, undergraduate engineering courses. MOOCs have
attracted a lot of attention as an innovative approach to online
learning with distinctive features, such as ease of access
and cost-effectiveness for large audiences, thus potentially
contributing to global challenges in engineering education.
However, the integration of MOOCs into traditional, on-
campus courses and programs in higher education remains an
open problem. The study explores MOOC-blending strategies
for traditional, on-campus engineering programs through a lit-
erature review on the utilization of MOOCs within face-to-face
undergraduate education, identifying the MOOC-based flipped
(MBF) classroom strategy as the most promising for MOOC-
based blending. This is followed by a case study on MBF
in a digital signal processing course within an undergraduate
electronics engineering program used to illustrate how the
MBF design principles can be implemented in practice to sup-
port active learning in synchronous face-to-face sessions while
fostering the adoption and usage of MOOCs.

Article [A8] investigated the association of student behav-
ioral and cognitive engagement with video contents and
learning in a PBL environment in an Indian context. Focusing
on explore how first-year student engagement could be studied
through reflective practices in a blended mode of learning envi-
ronment, the study reported no association between student
engagement with video content and the content produced by
their reflective answers. Such a result calls for further research
on this topic.

Article [A9] provides a framework for intended cognitive
learning outcomes for students working in narrow interdis-
ciplinary projects. The study is based on related research
highlighting different challenges when engineering students
work with complex problems in an interdisciplinary setting
crossing different disciplinary boundaries, as well as findings
from a case study on 18 student groups in engineering and
their experiences taking part in a “narrow” interdisciplinary
project (interdisciplinary project involving students from dif-
ferent yet related disciplines) in the spring of 2022. Data
were collected through eight qualitative group interviews and
observations from meetings, status seminars, etc., and catego-
rized according to a model for learning outcomes, providing
a list of intended learning outcomes related to interdisci-
plinary understanding, reflexivity, enactment, and particularly
coordination, suggesting more focus on student leadership in
interdisciplinary engineering education.

Article [A10] presents a model for knowledge-based rec-
ommendations in subject allocation among faculty members.
Outcome-based education has gained prominence, and data
mining and machine learning tools offer valuable insights for
improving teaching pedagogy based on system requirements.
The objective is to develop an effective model for subject
allocation in engineering studies, considering factors, such as
scope, faculty strengths, responsibilities, and interests. The
model utilizes artificial neural networks to train and test avail-
able data, aiming to allocate subjects for maximum outcome.
The system provides percentage-wise correlations among pos-
sible subjects and identifies the best-fit subject to allocate. The
study highlights individual involvement in academics, admin-
istration, and research, qualifications, experience and proposes

a user-friendly model applicable at various levels within the
institute.

Article [A11] provides a review of collaborative engineer-
ing design activities in education, using the cultural historical
activity theory (CHAT) framework. It examines their influ-
ence on students’ collaboration and learning outcomes. The
study reviews 111 articles from 2011 to 2021, finding that col-
laborative learning develops technical and nontechnical skills.
Elements like common objectives, rules, and division of labor
are vital for effective collaboration, aided by digital tools
and educator support. While implementations of collabora-
tive engineering design activities have contributed to learning
outcomes, the authors advise caution due to methodological
limitations with some of the reviewed articles.

V. THEMES OF PAPERS

The authors found three themes to feature frequently in
this special issue: PBL (seven papers), first-year education
(five papers), and integration of information technology (IT)
in higher education (five papers).

Active learning approaches, of which PBL is one, are widely
recognized as being effective for fostering students’ transversal
and 21st century skills [14], [15], [16], [17]. PBL is also included
in the name of the conference associated with this special issue
(IRSPBL), so it is not surprising this was a prominent category
of papers. The papers included in this category are [A1], [A2],
[A3], [A4], [A6], [A8], and [A9]. These studies highlight
the adoption of PBL in engineering higher education, while
seemingly increasing worldwide, is mostly undertaken at the
course level and not at the institutional, system-wide level, as
reported in a recent systematic review [18]. An example of the
latter is one of TEE2023’s conveners, Aalborg University [19].

By its nature, first-year education is a crucial stage in any
engineer’s academic and professional journey. It is also a
powerful leverage point for institutions in general and for
instructors in particular to affect students’ career trajectory
and professional development. As such, first-year education is
a suitable theme for transforming engineering education. The
papers included in this category are [A1], [A2], [A4], [A5],
and [A8].

Finally, while the integration of IT in higher education has
been a subject of scholarly study for many decades [20],
[21], the advent of emergency (online) teaching during the
COVID-19 pandemic and the recent explosion in generative
AI applications have both placed this topic at the forefront
of many educators’ minds [10], [22]. It is, therefore, not sur-
prising to find this theme reflected in the special issue. The
papers included in this category are [A3], [A7], [A8], [A10],
and [A11].

The themes of pedagogical training for faculty and of inter-
disciplinary education both feature in this special issue as well,
in [A4] and in [A4], [A8], respectively. These themes are key
to transforming engineering education and therefore should be
given due focus in scholarship and practice [4], [8].

While the studies included herein represent a variety
of research methods, including qualitative, quantitative, and
review, the guest editors propose future studies also focus
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on mixed methods research and comparative studies between
countries, institutions, and so on. In addition, none of the stud-
ies included herein focused on issues of diversity, equity, or
inclusion, a topic which also requires substantial attention.

VI. CONCLUSION

This special issue presents 11 studies in engineering educa-
tion from a diverse set of countries, educational contexts, and
perspectives. The guest editors believe each paper presents
insights and ideas for helping to transform engineering
education.

It must be acknowledged that transformation, especially at
established institutions, takes time, effort, and strategic con-
sideration. However, the guest editors are encouraged by the
numerous and diverse efforts for transforming engineering
education, some of which are highlighted in this special issue.

The papers in this special issue demonstrate that transform-
ing engineering education is both a global and local endeavor.
While educational contexts do indeed vary from country to
country and from institution to institution, there also exist
many common challenges, and hopefully also many common
solutions and insights engineering educators can learn from
each other and adapt to their own context.
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