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Universiti Teknologi PETRONAS launched Malaysia's first Bachelor of
Integrated Engineering with Honours in 2025, featuring a fully integrated
curriculum aligned with 11 Programme Outcomes. This innovative program
combines mechanical, electrical, electronic, and chemical engineering
principles into a unified four-year structure. It addresses the critical gap
between traditional single-discipline curricula and the interdisciplinary
demands of modern engineering practice. Unlike conventional approaches that
limit project-based learning to final-year capstone projects, this program
employs a progressive four-stage learning model reinforced by systematic
course mapping using SMART learning objectives. The study examines the
curriculum's structure and industry alignment, comparing it with international
E E models including Northwestern University's flexible pathways, INSA Lyon's

industry-integrated program, and Purdue's dual-degree approach. The
program'’s significant impact lies in producing engineers capable of addressing
global challenges like climate change and net-zero transitions, while
maintaining rigorous technical training standards. This integrated approach
serves as a model for engineering education reform, effectively bridging the
gap between academic preparation and real-world engineering requirements.
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management skills, and entrepreneurial thinking
(Knapper et al., n.d.). The integration of project-based
learning through capstone courses has inspired
universities to expand this initiative into full-degree
programs. A notable example is the Bachelor of
Integrated Engineering with Honours, first launched in
2025 by Universiti Teknologi PETRONAS (UTP) as
Malaysia's pioneering institution to adopt this model into

1. INTRODUCTION

Engineering in education is widely being acknowledge
that requires many professional skills, knowledge and
attributes (Mitchell et al., 2021). Experts consistently
highlight the necessity for engineering curricula to
address both societal impact and transversal
competencies, including the power of critical thinking

and analysis, ability to contribute well to grouping
projects, socio-economic awareness and sustainability
principles. Engineers who possess these traits can
effectively apply their knowledge in ethical reasoning,

! Corresponding author: Nur Dalila Rizuan
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one establish program. This program is designed to
cultivate multidisciplinary competencies by unifying
core principles from electronic, electrical, mechanical,
and chemical engineering into a single curriculum. This
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distinctive transdisciplinary engineering program has
been developed in response to the growing global
demand for renewable energy solutions, addressing the
market need for innovative engineering education that
complements traditional single-discipline approaches.
Such an approach directly addresses the pressing need to
develop future engineers capable of applying robust
critical analysis methodologies, navigating complex,
interdisciplinary challenges, and aligning technical
solutions with global renewable energy demands.
Theoretical knowledge alone is insufficient to fully
prepare students for real-world challenges. Industry
leaders view interdisciplinary programs as ideal because
they align with efforts to promote workforce diversity.
Employing well-rounded engineers also facilitates career
mobility and enables employees to take on a wider range
of roles within an organization. The recently
implemented Integrated Engineering Program, which
incorporates several core subjects into a single
curriculum within four years of study, aligns well with
the revised Program Outcomes (POs) approach. As we
know, POs are designed to shape students in such a way
that they can obtain as many skills as possible in terms of
knowledge and technical competencies by the time of
graduation.

In efforts to enhance this PO-based teaching framework,
many academicians have reported applying SMART
learning outcome techniques, which work effectively
with program learning outcomes and evaluation methods
(Bjerke & Renger, 2017; Ogbeiwi, 2017). The acronym
SMART stands for Specific, Measurable, Achievable,
Relevant, and Timely. This SMART concept, along with
its definition and significance, is illustrated in Figure 1.
This initiative was originally designed by Doran (1981),
the first person to introduce the SMART method, which
is now widely used, particularly among academic
program coordinators, to develop course programs
(Bjerke & Renger, 2017). Therefore, based on the
SMART learning objective approach, the goal is to
design POs in alignment with course objectives,
assessments, and teaching methods. This ensures that
students can achieve all 11 POs while surpassing the PO
attainment baseline. By following the correct Course
Outcome (CO) and PO alignment, we refer to this process
as CO-PO mapping.

1.1 Project-based Learning based on Existing and
Revised Version of POs (Adress Gap)

Previously, Malaysian engineering programs were
structured around 12 Program Outcomes (POs).
However, starting from 2024, universities have adopted
a revised framework consisting of 11 POs to better align
with evolving industry expectations and societal needs.
While the 12-PO framework previously supported the
development of engineering curricula by addressing
educational goals effectively, the revised 11-PO
framework introduces a more focused emphasis on both
technical competencies and the behavioral application of
knowledge in real-world engineering contexts. If we
compare on a case study basis, the integrated program is
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well-suited to accommodate a project-based learning
(PBL) approach, as shown in Table 1.

Figure 1: The SMART breakdown learning objectives
that have been classified into five key characteristics:
Specific, Measureable, Achievable, Relevant, and
Timely methods (Bjerke & Renger, 2017; Ogbeiwi,
2017).

By providing several examples of applications, the table
demonstrates how the existing PBL approach contributed
to achieving outcomes under the old framework, while
the Integrated-PBL approach is more directly aligned
with the revised Pos effectively closing the gap between
theoretical learning and practical application. The
relevance of the revised 11 POs is also reflected in the
design of integrated course structures, as tabulated using
similar Table 1. This aligns with findings by Lavado-
Anguera et al. (2024), who emphasize that project-based
learning significantly enhances both technical and
professional skills, making it an effective methodology
for outcome-based engineering education (Lavado-
Anguera et al., 2024).

As mentioned in the previous paragraph, the PO
transition should positively impact the development of
courses offered in the integrated engineering program.
Thus, Figure 2 illustrates how this revised program
outcomes contribute to program development efforts by
showcasing the well-structured curriculum of the
Bachelor of Integrated Engineering program designed by
UTP in 2025. From the figure 2, we can see the
curriculum  features interdisciplinary courses with
carefully selected subjects designed for seamless
integration across disciplines The four-year program
structure consists of 12 semesters, organized into four
progressive developmental stages: Apprentice (Year 1),
Competent (Year 2), Proficient (Year 3), and Practitioner
(YYear 4). This intentionally scaffolded approach ensures
students develop from fundamental to advanced
competencies while guiding them towards practical
engineering solutions as well as cultivating lifelong
learning skills, directly aligning with Program Outcome
12 (Lifelong Learning). Also, the program introduces
foundational concepts through 'Introduction to Integrated
Engineering' in the first year, demonstrating the
interdisciplinary approach. Core subjects - including
Solid Mechanics, Integrated Electronics, Data-driven
Intelligence, and Electro-mechanical Systems are
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strategically sequenced across Years 1 through 3. This

structure
electronic,

establishing comprehensive
competencies. As we move toward a sustainable green
world, students are taught to become more responsible,

integrates
and computing disciplines,
integrated engineering

principles

from

think critically to connect concepts, integrate different

learning principles

into unified systems,

embrace

inclusivity, and contribute sustainably to society by the

time of graduation.

Table 1. Evolution of Program Outcomes: Project-Based Learning Approaches and Gap-Closing Strategies

. . . Project-based
Existin Project-based Revised :
Pro ranql LearJnin based Program LEAnling opeztl € NS
9 Existing Version 9° 9 Revised Version Revised Version of (Closing the
Outcome on Existing Outcome POSs (Adress the Gap)
(PO) Version of POs (PO) Gap) P
Engineering Knowledge - Engineering Knowledge -
Apply knowledge of Apply knowledge of
mathematics, natural Students applied mathematics, natural science, Added computing Computing
science, engineering basic computing and engineering tools such as
fundamentals, and an thermodynamics and fundamentals, and an MATLAB for
PO 1 . . I . . PO 1 . . A . X .
engineering specialisation fluid mechanics to engineering specialization as efficiency simulations
as specified in WK1 to design the specified in WK1 to WK4 of the purification
WK4 respectively to the purification system. respectively to develop system
solution of complex solutions to complex Develop
engineering problems engineering problems.
Problem Analysis - Problem Analysis - [dentlfy,
: formulate, research literature
Identify, formulate,
: and analyze complex
conduct research literature . d bl be i db
and analyse complex Identified water engineering problems Can be improved by
. d Lo reaching substantiated applying Sustainable
engineering problems contamination issues lusi ina fi
PO 2 reaching substantiated but lacked PO 2 conclusions using first Development Goal
- A S principles of mathematics, (SDG 6-Clean Water .
conclusions using first sustainability . oo Sustainable
L . . . natural sciences and and Sanitation) for
principles of mathematics, considerations. . . . . - e Y development
. engineering sciences with water identification
natural sciences and - . -
A . holistic considerations for
engineering sciences :
(WKL to WK4) sustainable development
: (WK1 to WK4)
Design/Development of Deyg_n/DeveIopment of . .
a . Solutions - Design creative Creative
Solutions - Design solutions for complex Whole-life cost
solutions for complex engineerin robIst and analysis for materials i
engineering problems and degi ns st%rels components mairzltenance can be Y Whole-llfg cost
design systems, Prototype focused gn sy: » comp - analysis
L or processes to meet considered. Net-zero
components or processes on functionality, identified needs with carbon design for
PO 3 that meet specified needs with minimal PO 3 approoriate consideration for solar panel 9
with appropriate environmental/cost pprop pane’ Net-zero carbon
! b . . public health and safety, recyclability.
consideration for public analysis. whole-life cost. net zero Community
health and safety, cultural, b "’
societal. and carbon as well as resource, engagement to assess Communit
environ'mental cultural, societal, and cultural acceptance. Yy
considerations (WKS) environmental considerations Engagement
' as required (WK5);
Investigation - Conduct Investigation - Conduct Synthesis of data with
investigation of complex investigation of complex statistical significance
engineering problems engineering problems using testing. Provide
using research-based research methods including efficient research
Lab tests were
knowledge (WK8) and conducted. but data research-based knowledge, methods by
PO 4 research methods, A " PO 4 including design of implementing Efficient research
] : . interpretation was ; . h .
including design of superficial experiments, analysis and comparative studies method
experiments, analysis and P ) interpretation of data, and such as current
interpretation of data, and synthesis of information to measurement method
synthesis of information to provide valid conclusions vs. traditional
provide valid conclusions. (WK8) measurement methods.
Create, select and apply Excel is used for Iimitggoﬁs of a| rogriate Python software can
appropriate techniques, - L . pprop be used for predictive
basic efficiency techniques, resources, and X
resources, and modern calculations. No modern engineering and IT modelling of solar
engineering and IT tools, o . n engi g anc panel efficiency. With
PO 5 : . . critical evaluation of PO 5 tools, including prediction .
including prediction and tool limitations or and modellina. to complex the data, MATLAB or Recognize
modelling, to complex . - etling, P Simulink) can be used limitation
: > advanced modeling. engineering problems.
engineering problems, to document
with an understanding of limitations in reports.
the limitations (WKE6).
The Engineer and Society SDG Integration can
- Apply reasoning Generic safety be attained by linking Sustainable
informed by contextual checklist and the design to SDG 6 Intearation
knowledge to assess minimal SDG (Clean Water) and 9
PO 6 societal, health, safety, alignment. PO 6 SDG 7 (Affordable
legal and cultural issues Carbon footprint Energy).
and the consequent analysis was The Engineer and the
responsibilities relevant to optional. World - Analyze and Prepare holistic report Societal cost-
professional engineering evaluate sustainable that can cover societal benefit

231



The Cornerstone Revolution: A Fully Integrated Bachelor’s in Engineering Curriculum Aligned with Eleven Program
Outcomes

practice and solutions to
complex engineering
problems (WK7)

Environment and
Sustainability -
Understand and evaluate

development impacts to:
society, the economy,
sustainability, health and
safety, legal frameworks,
and the environment, in
solving complex engineering
problems (WK1, WKS5, and
WKT7)

cost-benefit, lifecycle
emissions, and legal
compliance, for
example, water safety
standards.

the sustainability and Lifecycle
impact of professional emissions
PO 7 . . :
engineering work in the
solutions of complex
engineering problems in
societal and environmental Legal li
contexts. (WK7) egal compliance
Ethics - Apply ethical Conduct community
principles and commit to consent workshops for
. . professional ethics and norms : Ethical
Ethics - Apply ethical X ; . ethical engagement.
L X . . of engineering practice and Engagement
principles and commit to Basic plagiarism adhere to relevant national
PO 8 professional ethics and disclaims reports PO 7 - N Short briefing on the
: . : o and international laws. f
norms of engineering using Turnitin. right laws, for
N Demonstrate an
practice (WK7). - example, .
understanding of the need . . International
) . . . international water .
for diversity and inclusion rights laws right laws
(WKO9); 9 '
Used Agile
Individual and Collaborative methodology with
Individual and Team Work Teamwork - Function assigned roles, for
- Function effectively as effectively as an individual, example, use Scrum
individual Ad-hoc group roles. | ! hni
PO 9 an individual, and asa (without proper PO 8 ar_ld asa mer_nber or eader in Master technique Collaborative
member or leader in lanning) diverse and inclusive teams team
diverse teams and in P 9 and in multidisciplinary, face- | Peer reviews assessed
multidisciplinary settings. to-face, remote and in teamwork,
distributed settings especially during face-
to-face meeting.
Communication - Communication - Inclusive
Communicate effectively Communicate effectively and communication
on complex engineering inclusively on complex
activities with the . engineering activities with the
: . . Generic report- . . . .
engineering community writing and engineering community and Inclusive Cultural
and with society at large, resentat?ons and with society at large, such as communication that differences
PO 10 such as being able to sould be one-wa PO 9 being able to comprehend and | can show cultural and
comprehend and write resentations to trile write effective reports and language differences.
effective reports and P audiences design documentation, Two-way dialogues Language
design documentation, making effective differences
make effective presentations, taking into
presentations, and give and account cultural, language, Learnin
ive clear instructions and learning differences ; 9
Teceve ¢ ' differences
P.rOJECt Management and Project Management and Multidisciplinary
Finance - Demonstrate . Iv knowl . - .
knowledge and Finance - App y know edge economic deC|s_|on— !E_conomlc_
. . and understanding of making like doing the decision-making
understanding of Theoretical cost engineering management comparisons stud
engineering management estimates, basic gin 9 geme mpar y
incinl : . principles and economic using lifecycle cost
PO 11 principles and_ economic . bu_dgetlng and PO 10 decision-making and apply analysis and active
decision-making and apply | timelines, and could N A
X . these to one’s own work, as a leadership conducted Active leadershi
these to one’s own work, have passive team member and leader in a team in diverse teams. To ctive feadership
as a member and leader in member role . A y
f and to manage projects in expose the students to
a team, to manage projects multidisciplinar real-world engineerin
in multidisciplinary environmepnts Y mana ementg ’
environments 9 : Management
Life Long Learing - pacsive avareness t
Life Long Learning - Recognise the need for, and gctive future-
Recognise the need for, have the preparation and .
. General o N proofing.
and have the preparation technological ability for i) independent and Prepare portfolios
PO 12 and ability to engage in adaptation and only PO 11 life-long learning ii) showcasing iterative

independent and life-long
learning in the broadest
context of technological
change.

do annual literature
reviews

adaptability to new and
emerging technologies and
iii) critical thinking in the
broadest context of
technological change (WK8)

learning.

Make the learning
experience somehow
demonstrable and
future-ready.

Future-ready
awareness
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With all courses specifically designed for this Integrated
Program at UTP, students possess strong potential to
achieve all 11 revised POs, thereby bridging the gap to
provide greater real-world exposure, particularly through
the significant merger of former PO6 and PO7 into the
new single PO6 ("The Engineer and The World"). In
conventional engineering programs, students typically
encounter Capstone/Engineering Team Project (ETP)
projects for just one semester to enhance their critical
thinking in project integration. In contrast, the new
Bachelor of Integrated Program features a substantially
more project-based learning approach throughout all four
years of study, which can enable them to further broaden
their capabilities and thinking at larger scales. The
courses offered are relevant to the revised POs, which
focus the students more on the ethical reasoning and
decision-making, inclusive collaboration and teamwork,
cross-cultural communication competencies,
technological agility and adaption, and lifelong learning
for evolving technological environments. By cross-
referencing the revised POs from the previous Table 1
with the courses offered in the Bachelor of Integrated
Program, we have summarized the findings in next
tabulated information which is Table 2. This table
identifies which courses can potentially be cross-
disciplinary, remain relevant to industry needs, and

effectively support each PO. Table 2 specifically presents

Year 1 APPRENTICE

SEM1 SEM2 SEM3
Thermodynamics @
Industry

Intro to Integroted Eng. Quant. Eng. Anatysis Il

Quant. Eng, Analysis 1

GLEAN Challonge MPU(Ethic & Language)

Solid Mechanics

Reimagine Engineer

Fluld Synergy MPU(Anti-comuption)

Co-curricular 1
r

=M 40 QRRE 99

Student Intemnship

Pr h h

Project oject Zonit Projoct Zenith 2
Project Innovate 1 Project Innovete 2
Speciatization 1 Specialization 3
Specialization 2

the potential subjects that align with the revised POs,
responding to the Ministry of Education’s initiative to
bridge educational gaps while ensuring an efficient
learning experience for students. This paradigm shift
redefines the engineer's role, transforming it from that of
a purely technical problem-solver to that of a socially
responsible professional committed to inclusive and
sustainable societal contributions

2. GLOBAL CONTEXT AND
PEDAGOGICAL FOUNDATIONS OF
INTEGRATED ENGINEERING

2.1 Evolution of Integrated Engineering Education
The transformation toward multidisciplinary engineering
education represents a fundamental epistemological shift
from traditional disciplinary silos to integrated
knowledge systems, addressing the complex socio-
technical challenges of the 21% century (Lattuca et al.,
n.d.; Van den Beemt et al., 2020). This paradigm shift is
theoretically grounded in constructivist learning theories
and systems thinking approaches that emphasize the
interconnected nature of engineering problems (Johnson
& Johnson, 2014).

SEM 4 SEM K TN 2

Data-driven Intelligence Project Management Eloctro-mech Systomns

Integrated Electronics Entreprenourship Be Enterprising

Buitd the Wortd MPU (Language) MPU (Current Issues)

Co-Curriculor Il

SEM9
Electromagnetic Student Internship
Communication Trakning

Integrated Processes

Instrumentation and
Control System

Engineers in Soclety

Design to Deliver

[ Sem 5: International student exchange programme

Specialization: Glean Energy, Ecodesign, Energy Oversight, Internet of Things, Edge Computing, Smart Grid ]

Figure 2: The well-structured curriculum and courses distribution for Bachelor of Integrated Engineering (Honours)

Program in Universiti Teknologi PETRONAS.

While Universiti  Teknologi PETRONAS (UTP)
launched Malaysia's pioneering Bachelor of Integrated
Engineering with Honours in 2025, this educational
transformation has been evolving internationally for over
three decades, with institutions worldwide developing
sophisticated pedagogical models to address the growing
demand for transdisciplinary engineering competencies.

The historical trajectory of integrated engineering
education commenced with the Engineering Council's
pilot programmes initiated at Cardiff University,
Nottingham Trent University, Portsmouth University,
and Sheffield Hallam University in 1989 (Engineering
Council, 1989).
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Table 2: Addressing Gaps in Programme Outcomes (POs) and Potential Subjects Offered in the Bachelor of Integrated

Engineering Programme.

Potential Subject Offered in
Bachelor of Integrated Program Semester
ress and Closing the Gap ased on Revised Version o ere
Add d Closing the G based on Revised Version of Offered
POs
PO 1 Added computing tools such as MATLAB for efficiency Quant. Eng. Analysis | 19
simulations of the purification system Quant. Eng Analysis |1 '
Can be improved by applying Sustainable Development Goal Eco Design
PO 2 (SDG 6-Clean Water and Sanitation) for water identification Energy Oversight 10,11,12
GLEAN Energy
Whole-life cost analysis for materials, maintenance can be Smart Grid
PO 3 considered. Net-zero carbon design for solar panel recyclability. MPU-Ethics and Lanauade 3,10,11,12
Community engagement to assess cultural acceptance. guag
Synthesis of data with statistical significance testing. Provide Intearated Process
efficient research methods by implementing comparative studies 9
PO 4 . Project Innovate 7,11,12,8
such as current measurement method vs. traditional measurement Desian to Deliver
methods. 9
Python software can be used for predictive modelling of solar
PO 5 panel efficiency. With data, MATLAB or Simulink can be used to Project Zenith 11,12
document limitations in reports.
SDG Integration can be attained by linking the design to SDG 6 Glean Ener
(Clean Water) and SDG 7 (Affordable Energy). Enaineers in ngiet
PO 6 Prepare holistic report that can cover societal cost-benefit, Comrgnunit Enoa em)ént 78,12
lifecycle emissions, and legal compliance, for example, water Pr):)'ec? g
safety standards.) )
Conduct community consent workshops for ethical engagement. Commun;tr);_Ee r;?agement
PO 7 Short briefing on the right laws, for example, international water MPU (Antifcorruption) 3,7
rights laws. MPU (Ethics and Language)
Integrated Electronics
Used Agile methodology with assigned roles, for example, use Colrr:wt;guﬁfj g;ogezsnizm
PO 8 Scrum Master technique. Peer reviews assessed in teamwork, Projec? g 4,5/7,8,
especially during face-to-face meeting. International Student Exchange
Program
Inclusive communication that can show cultural and language International Student Exchange
PO 9 - . Program 5
differences. Two-way dialogues Student Internship Program
Multidisciplinary economic decision-making like doing the .
comparisons study using lifecycle cost analysis and active E;;rgﬁgre:::zlp
PO 10 leadership conducted in diverse teams. To expose the students to Student Interns%i T?ainin 5,6,9
real-world engineering management. P g
Transformed from passive awareness to active future-proofing. Build the World
PO 11 Prepare portfolios showcasing iterative learning. Specialization 41112
Make the learning experience somehow demonstrable and future- Project Innovate e
ready. Project Zenith
These foundational initiatives established core major geographical regions over the 36-year period from
pedagogical principles that continue to influence 1989 to 2025. The data illustrates Europe's early
contemporary integrated  curricula, emphasizing leadership following the UK pilot initiatives, with steady

problem-based learning, industry collaboration, and
multidisciplinary project experiences. The CDIO
(Conceive-Design-Implement-Operate) approach,
developed at MIT and subsequently adopted across
multiple institutions, provided a comprehensive
framework for engineering education reform that
emphasized hands-on learning and real-world problem
solving (Rethinking Engineering Education, 2007). The
theoretical underpinning of these programmes drew from
Kolb's experiential learning theory and Bloom's
taxonomy of educational objectives, creating
frameworks that prioritize active learning and higher-
order thinking skills (Anderson et al., 2008). Figure 3
demonstrates the remarkable global proliferation of
integrated engineering programmes from these modest
beginnings, revealing a convergent evolution across five
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growth supported by the establishment of the European
Network for Accreditation of Engineering Education
(ENAEE) in 2006, which promoted quality standards in
engineering education across Europe (Augusti, n.d.).
European expansion was further accelerated through EU-
funded programmes that established integrated
engineering curricula at universities in Bulgaria and
Hungary by 1993, demonstrating the transnational
commitment to educational innovation. North America
subsequently emerged as a significant contributor, with
institutions developing comprehensive integrated
programmes that emphasized evidence-based teaching
practices and systematic curriculum reform (Borrego &
Henderson, 2014a). The Asia-Pacific region
demonstrates the most dramatic growth trajectory,
expanding from zero programmes in 1989 to substantial
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representation by 2025, reflecting the region's strategic
investment in STEM education integration and research-
driven pedagogical approaches.

Contemporary research in engineering education
demonstrates that integrated programmes significantly
enhance students' systems thinking capabilities,
collaborative skills, and adaptability to technological
change (Borrego & Henderson, 2014a; Jesiek et al.,
2009). Evidence-based teaching strategies, implemented
across multiple institutions, have shown measurable
improvements in student learning outcomes and
professional competency development (Borrego &
Henderson, 2014b). The comprehensive meta-analysis
conducted by (Lattuca et al., n.d.) revealed that graduates
from interdisciplinary  engineering  programmes
demonstrate superior performance in complex problem-
solving scenarios compared to their traditionally
educated counterparts. This quantitative evidence base
supports UTP's theoretical foundation, which aligns with
constructivist pedagogical principles through its
systematic integration of the revised 11 Programme
Outcomes (POs) within a unified curriculum framework,
as detailed in Chapter 1.

The integration philosophy underlying UTP's
programme resonates with contemporary educational
theories emphasizing authentic learning experiences and
situated cognition (Brown et al., 1989). Research in
cognitive science demonstrates that knowledge transfer
occurs most effectively when learning contexts mirror
real-world applications, supporting UTP's project-based
learning approach that spans all four academic years
rather than concentrating authentic experiences in
capstone projects (Strobel & van Barneveld, 2009). The
global convergence toward integrated curricula, as
evidenced by the consistent growth patterns across all
regions in previous Figure 3 and supported by
international accreditation frameworks (International
Engineering Alliance, 2013; ABET, 2019), validates this
theoretical approach and positions UTP within a well-
established international movement toward holistic
engineering education reform.

2.2 Global Models and Comparative Insights

Global institutions have developed diverse architectural
approaches to integrated engineering education, each
reflecting distinct pedagogical philosophies and
institutional ~ contexts.  Northwestern  University's
McCormick Integrated Engineering Studies (MIES)
programme exemplifies the individualized pathway
model, enabling students to construct personalized
interdisciplinary degree programmes through guided
academic exploration (Northwestern University, 2024).
This approach, grounded in self-determination theory
and autonomous learning principles (Deci & Ryan,
2000), contrasts significantly with UTP's structured
interdisciplinary framework.

While Northwestern emphasizes student agency in
curriculum design, UTP achieves integration through
systematic application of all 11 POs across
predetermined courses, as demonstrated in Table 2 of

Chapter 1. Columbia University's integrated Bachelor's-
Master's programmes represent vertical integration
across degree levels, facilitating seamless transitions
between undergraduate and graduate education within

traditional ~ disciplinary ~ boundaries  (Columbia
University, 2024).

Global Growth of hitegrated Enginvering Programs (1980-2025)

1

- Eutope

~o= North Assetics o

——  Avia-Pacific ~

Midkllo Exst i P

w Latin Amwricn

Number of Institutlons

Your

Figure 3: Timeline of Integrated Engineering Program
Growth by Region (1989-2025)

This model reflects scaffolded learning principles while
maintaining disciplinary depth, contrasting with UTP's
horizontal integration approach that simultaneously
addresses POs 1-3 (Engineering Knowledge, Problem
Analysis, and Design/Development of Solutions) across
multiple engineering domains within the undergraduate

experience.
European institutions have pioneered sophisticated
integration models  emphasizing international

collaboration and industry partnerships. INSA Lyon's
five-year integrated master's programme, recognized as
France's premier integrated engineering education
model, demonstrates how extended programme duration
can facilitate deeper industry integration while
maintaining academic rigor (INSA Lyon, 2025). The
programme's partnership with SAFRAN through the
INSA-ECAM  chair in Innovative  Mechanical
Transmissions for Aeronautics exemplifies industry-
academia integration that enhances student learning
outcomes and professional preparation (Dehmel, 2006).
Canadian institutions, particularly Western University,
have developed programmes that closely parallel UTP's
interdisciplinary  approach.  Western's  Integrated
Engineering programme incorporates case-method
innovation courses with core components from civil,
chemical, electrical, and mechanical engineering
following a common first year (Western University,
2024). This structure demonstrates pedagogical
convergence with UTP's progressive development model
(Apprentice-Competent-Proficient-Practitioner), though
Western emphasizes case-method learning rather than
UTP's sustained project-based framework. Research
comparing case-method and project-based pedagogies
suggests that project-based approaches generate superior
outcomes for complex problem-solving and innovation
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capabilities (Hmelo-Silver, 2004; Pearlman & Thomas,
2000). Industry-focused integration models have
emerged at institutions recognizing the intersection of
engineering and business competencies. Purdue
University's Integrated Business and Engineering (IBE)
programme, launched in 2025, enables students to earn
dual degrees exploring business-engineering
intersections (Purdue University, 2025). This dual-
degree model reflects growing industry demand for
engineering professionals with commercial acumen,
paralleling UTP's emphasis on PO 10 (Project
Management and Finance) and PO 11 (Lifelong
Learning). Research on engineering entrepreneurship
education demonstrates that integrated business-
engineering programmes enhance graduates' innovation
capabilities and career advancement potential (Duval-
Couetil et al., n.d.).

2.3 Evidence-Based Pedagogy

Contemporary research provides substantial empirical
support for integrated engineering education approaches,
with multiple systematic reviews demonstrating positive
learning outcomes across diverse institutional contexts.
A comprehensive analysis of interdisciplinary STEM
education from 2016-2024 reveals consistent evidence
that integrated programmes enhance students' critical
thinking, collaboration skills, and adaptability to
emerging technologies (Qiu & Natarajarathinam, 2024).
These findings validate UTP's pedagogical foundation,
particularly its emphasis on SMART learning objectives
(Specific, Measurable, Achievable, Relevant, Timely)
illustrated in Figure 1 of Chapter 1. Recent longitudinal
studies tracking engineering graduates demonstrate that
integrated programme  alumni  exhibit  superior
performance in complex, multidisciplinary work
environments compared to traditionally-educated
engineers (B. K. Jesiek et al., 2009; Lattuca et al., n.d.).
These outcomes align with industry reports emphasizing
demand for engineers capable of systems thinking, cross-
functional collaboration, and technological adaptation
(National Academy of Engineering, 2020). The evidence
supports UTP's comprehensive integration approach,
which addresses contemporary industry needs through
systematic alignment of curriculum content with the
revised 11 POs.

Research on project-based learning in engineering
education provides strong theoretical support for UTP's
pedagogical approach. Meta-analyses demonstrate that
sustained project-based experiences enhance student
engagement, knowledge retention, and professional skill
development more effectively than traditional lecture-
based instruction (Rizgiawan et al., 2019; Strobel & van
Barneveld, 2009). UTP's implementation of project-
based learning throughout all four academic years, rather
than concentrating such experiences in capstone projects,
represents an innovative application of established
pedagogical principles that may influence future
programme development globally.

Sustainability integration research reveals growing
consensus that environmental and social responsibility
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considerations must be embedded throughout
engineering curricula rather than treated as separate
modules (Lozano etal., 2013; Watson et al., 2013). UTP's
explicit integration of Sustainable Development Goals
within PO 6 (The Engineer and The World) reflects
contemporary best practices in sustainability education.
The innovative merger of former PO 6 and PO 7 into the
revised PO 6 demonstrates sophisticated understanding
that environmental sustainability and societal
responsibility represent interconnected aspects of
contemporary engineering practice. Assessment and
quality assurance research provides frameworks for
evaluating integrated programme effectiveness. Studies
emphasize the importance of outcome-based assessment
systems with clear alignment between learning
objectives, instructional methods, and evaluation criteria
(Felder & Brent, 2003; Shuman et al., 2005). UTP's
systematic CO-PO mapping approach, detailed in
Chapter 1, represents exemplary implementation of
evidence-based assessment principles. The programme's
comprehensive mapping of courses to the 11 POs
provides a robust foundation for continuous
improvement and quality assurance that could inform
similar initiatives internationally.

2.4 Challenges and Future Directions

The international landscape of integrated engineering
education reveals convergent challenges and innovative
solutions that inform future programme development.
Research identifies common implementation challenges
including faculty development, resource allocation, and
assessment complexity (Borrego & Henderson, 2014b).
Successful ~ programmes  demonstrate  systematic
approaches to these challenges through comprehensive
faculty training, strategic resource investment, and
sophisticated assessment  frameworks. Digital
transformation  presents both  opportunities and
challenges for integrated engineering education. The
COVID-19 pandemic accelerated adoption of digital
learning technologies, creating new possibilities for
international collaboration and distributed learning
experiences (Liguori & Winkler, 2020). UTP's emphasis
on remote and distributed collaboration capabilities
within PO 8 (Individual and Collaborative Teamwork)
anticipates continuing evolution toward hybrid learning
environments that combine physical and digital
experiences.  Diversity, equity, and inclusion
considerations  increasingly  influence integrated
programme design. Research demonstrates that inclusive
pedagogical approaches enhance learning outcomes for
all students  while specifically ~ supporting
underrepresented populations (Cox & Cordray, 2008;
Godwin et al., 2013). UTP's emphasis on inclusive
communication and cultural competency within PO 9
(Communication) reflects contemporary understanding
of engineering as a globally distributed, culturally diverse
profession requiring sophisticated interpersonal skills.
Technological advancement creates both opportunities
and challenges for integrated engineering education.
Artificial intelligence, data science, and emerging
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technologies require curriculum adaptations that
maintain fundamental engineering principles while
incorporating contemporary tools and methodologies.
UTP's emphasis on computing tools proficiency within
PO 1 and PO 5 positions graduates to navigate rapidly
evolving technological landscapes while maintaining
strong theoretical foundations. Industry partnership
evolution requires sophisticated approaches to academic-
industrial collaboration. Research demonstrates that
effective partnerships require sustained commitment,
clear communication channels, and mutual benefit
recognition (Ankrah & AL-Tabbaa, 2015). UTP's
industry-relevant course mapping, demonstrated in Table
2 of Chapter 1, illustrates systematic approaches to
maintaining industry relevance while achieving
comprehensive educational outcomes. Global mobility
and international collaboration increasingly define
contemporary engineering practice. Programmes must
prepare graduates for culturally diverse, geographically
distributed work environments requiring sophisticated
communication and collaboration skills (B. Jesiek,
2018). UTP's international perspective, embedded
throughout the revised PO framework, positions
graduates for effective participation in global engineering
communities while maintaining strong local relevance.

3. CONCLUSION

Universiti Teknologi PETRONAS's pioneering Bachelor
of Integrated Engineering with Honours program
represents a transformative approach to 21st-century
engineering education, successfully bridging the gap
between traditional disciplinary silos and contemporary
industry demands through its innovative alignment with
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