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ABSTRACT

This paper describes the insights gained from a transnational learning collaboration of a
capstone project between Singapore Polytechnic (SP), School of Mechanical and
Aeronautical Engineering (MAE) and Politeknik Negeri Batam, Indonesia or Polibatam (PB).
It highlights the constraints and the benefits using framework outlined by Augouri (2023, p.9)
for a deeper academic collaboration in an international setting. It emphasises the importance
of cross-cultural sensitivities, transdisciplinary coordination and practical learning experiences
in institute of higher learning, and how synergies could be forged in an international
collaboration. Both institutions involved being members of the CDIO (Conceive, Design,
Implement, and Operate) international network, therefore the CDIO Framework lends itself
readily to facilitate such cross-border collaboration. The deployment of the CDIO framework
and its relevance and the benefits in bringing about the learning outcomes needed to prepare
graduates in an interconnected global working environment were discussed. 13 students
comprise of 3 nationalities were grouped to observe their collaboration process, guided by
faculties from SP and PB. The student teams from both countries aimed to use their domain
knowledge to solve the problem faced by a household in a village in Batam, Indonesia.
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INTRODUCTION

Internationalisation of curriculum has been a common feature in many schools globally for
many years. This can be observed by the many students social and cultural exchange
programmes before and after the COVID-19 pandemic period. Many Institutes of Higher
Learning (IHL) also allow students to gain credit by reading a few courses abroad, usually via
credit transfer. Overseas capstone programme is also well documented. Bovill C. et al (2015,
p.13) observed that “internationalization are often responding to national and global
pressures to maximise knowledge transfer, where knowledge is viewed as a global
commodity.”. While the advantages from the learning outcomes are obvious, the resource
intensive nature of such learning can be challenging when educators have to work in a
different environment culturally. In Singapore recently, there has been a strategic shift from
the Singapore’s Ministry of Education (MOE, 2024) with a "70-70" initiative which aims for
70% of local IHL students to have some form of overseas exposure, and 70% of these
students to have exposure to ASEAN countries, China or India (ACI). The authors feel that
transnational learning fosters collaborative and cross-cultural competence by enabling
students to work in multi-disciplinary, transnational teams, engage in international projects,
and develop strong communication skills. Innovation and systems thinking are emphasized
through design thinking, sustainability integration, and understanding the global impact of
engineering solutions. The author also feels that such collaboration affords good opportunity
to bring about transdisciplinary learning outcomes among participating students. McPhee et
al (2018, p.3) described the difference between transdisciplinary, multidisciplinary and
interdisciplinary innovation. Transdisciplinary approaches place disciplinary interaction “in
an integrated system with a social purpose, resulting in a continuously evolving and adapting
practice”. He pointed out that a “by-product of transdisciplinary innovation is that the
integrated solution contributes back to the disciplines it drew upon to evolve them, too”.
Angouri (2023, p.9) highlighted the benefits of transnational collaboration illustrated in figure
1.

Angouri (2023) noted that: “The complexity of problems faced by modern society requires
universities, as generators of new knowledge and educators of the future global citizens, to
find ways to transcend national, discipline and linguistic borders in research, innovation,
teaching and learning. The changing population demographics, skills gap agenda and
geopolitical changes also necessitate a rethink of the types of education and the modalities
of the offering that should be available to the citizens of the future”. (p.8)

Attempts were made to link these benefits from the CDIO skillsets perspective and how
transnational collaboration can be an effective strategy in bringing out the CDIO skillsets.

In terms of transnational learning collaboration, it is one notch higher and hence resource
intensive. The CDIO (Conceive, Design, Implement, Operate) framework lends itself an
effective milestones and skillsets for planning and executing transnational collaborations.
Due to policy and culture differences, many blind spots have to be uncovered. To forge for a
deeper transnational collaboration with as part of curriculum design, a capstone project would
be a good start to explore academic and resource requirements and constraints faced by
partnering institutes. This will eventually pave the way for a sustainable scaling up of the
collaboration.
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Figure 1: Benefits of transnational collaboration (Angouri 2023, p.9)

BACKGROUND ON JOINT SP-PB CAPSTONE PROJECT

SP is an early adopter and had piloted with CDIO in 2004 to transform its engineering
education. This was later expanded to all engineering programs in 2008 with the objective of
transforming unmotivated and uninterested first-year engineering students into engineering
graduate who are innovators with a social cause. To this end, empathy studies to uncover
unmet needs of stakeholders (using Design Thinking) was infused into the C-D stages of the
framework. Since then, CDIO has continued to be an important part of education in SP. For
examples, Soh (2010, 2011) had demonstrated that the CDIO is a meaningful framework in
capstone projects in SP. SP recognizes that key learning outcomes for polytechnic education
are to equip students with both technical competencies and global collaboration skills. Given
the increasing importance of transnational learning, these outcomes should align with
preparing students to work effectively in an interconnected world. Soh et al (2014) for
example explored a 2-week transnational programme, engaging multidisciplinary students,
using their domain knowledge to solve real-world social issues. However, the geographical
distance between institutions posed significant logistical challenges to bring together
students from different IHLs for relatively longer periods of time to work together to complete
the full CDIO cycle. The advent of technology especially affordable online video conference
call now made such endeavours more realizable.

This transnational collaboration with Polibatam (PB) is therefore a renewed effort to execute
a transnational program. Both are members of the international CDIO community. A relatively
newcomer, PB adopted the CDIO Framework in 2021 as a pilot to enhance the quality of
project-based education and learning in the Applied Bachelor of Robotics Engineering Study
Program. This initiative was later expanded to 18 study programs at PB. The collaboration
between the School of Mechanical and Aeronautical Engineering (MAE) from Singapore
Polytechnic (SP) and Polibatam (PB) is a natural fit due to their geographical proximity to one
another and an emphasis on project-based learning while teaching relevant disciplinary skills
and knowledge.
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The SP-PB collaboration aims to provide students with cross-cultural, multidisciplinary and
practical learning experiences. The project involves students and staff from both polytechnics
working together on a social project to help a household in Batam produce banana chips with
improved safety and productivity. The project involves transdisciplinary collaboration
involving engineering students from Electronic Engineering, Mechatronic Engineering,
Instrumentation Engineering and Aeronautical Engineering.

TRANSNATIONAL PROJECT COLLABORATION FRAMEWORK

The project was divided into four phases: Conceive, Design, Implement, and Operate. As
illustrated in Figure 2, both institutions had decided to meet in-person at the end Conceive and
Operational phases. Online milestone meetings were set before the project “kick off” and the
end of Design phase. MS Team and Zoom were used for online milestone meetings although
students often rely on messaging tool such as WhatsApp for communication. Katsumata et al
(2020, p.20) observed that “Intercultural telecollaboration projects increase cultural knowledge
and skills”. Hence, online mode of collaboration can be an economical and effective tool. In a
trans-national setting, it is highly possible that divergence of ideals and solutions would occur.
The supervisors from both institutions adopted a flexible approach by allowing a possibility of
delivering multiple solutions to the stakeholders. From the bold central arrow, as shown in
figure 2, attempts were made to guide students to converge (thin arrows) as best as possible
at every stage. If divergence (thin arrows) were unavoidable, the team could possibly end up
with 2 sets of solutions. By working closing with each other, the team decided at the
Implementation stage to deliver one solution, but each group will take care of fabricating
different portion of the final product. Throughout the whole process, business students would
have to rework their analysis based and marketing plans based on the latest Engineering
updates. Design students focus on packaging while the media students came up with good
storyline to develop a video documentary of the product creation process. Face-to-face
meeting in Indonesia for assembly and delivery, and training were provided to the stakeholder
premise.

The project timeline is as shown in Figure 3. While students from both SP and PB started on
week 1 by meeting online, actual work from SP students started on week 3 after their
examination. Hence, they missed the on-site empathy studies using the Design Thinking
process and both teams will do their own ideation separately based on established data points.
Occasionally, students communicated remotely (e.g. WhatsApp) to update each other. They
meet in-person on week 5 to share their outcomes and to finalise their design direction.
Students from SP are progressing with the end of design phase by themselves as BP students
are preparing for their mid-semester test from week 8 to week 11.
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Figure 2: Divergence and convergence of ideas at each project phase
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Figure 3: Project timeline of Polibatam
J
Students’ Feedback

Students were asked to provide their views on the benefits of an international collaboration,
what went well and what can be further improved on. This is to gain insights from the project,
challenges faced and how they were overcome, and the impact of the collaboration on their
personal and professional development. The main results are summarized in Table 2, and the
maijor findings discussed.

When asked if they find international collaboration useful for executing their project, all
responded positively. The students' feedback highlights the significant benefits of their
transnational learning experience. Working with international partners brought innovative
ideas, enriched design and functionality, and provided new perspectives, especially in
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engineering and the CDIO framework. This collaboration improved their cross-cultural
communication, teamwork, and problem-solving skills while exposing them to diverse
standards and approaches, contributing to their professional development. The experience
facilitated valuable knowledge exchange and offered insights into different work cultures and
technological approaches. Even initial unsuccessful attempts served as valuable learning
experiences, reinforcing the importance of cultural nuances and interpretation.

The students indicate that their collective project faced significant challenges, primarily due to
misinformation and technical issues. Additionally, incomplete information and
misunderstandings during the conceive stage led to improper tool selection. Delays in budget
planning and issues with storage of materials further complicated the project, highlighting the
need for better coordination and expertise in future attempts. To improve the flow of the
project, students suggested that it is essential to enhance communication within the team,
conduct more detailed research on machine requirements, and engage experts to refine the
machine's functionality. Testing prototypes early will identify and address issues, while better
understanding of materials and tool compatibility through direct surveys will minimize errors.

The most frequently reported challenges in remote international collaboration were language
barriers, lack of face-to-face interaction, and time zone differences. Despite these challenges,
most students rated communication and overall teamwork effectiveness as 'Well' or 'Very
Well', indicating that teams were generally able to overcome barriers and collaborate
successfully.

Table 2. Students’ feedback on their transnational collaboration

Effectiveness of Level5 D
teamwork between -
Singapore Polytechnic 4.46 R ——"
and Batam state Average Rating
Polytechnic students? * % W W 1
How effective was the
communication among Level 5 N 6
team members during Level 4 QM 4
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* % % N Level 2

Level 1

Challenges you faced
while working remotely
with team members
from a different country
and discipline.

@ Time zone differences 4

@ Language barriers 10
® Different working styles

@ Technical issues (e.g, internet connectivity)
® Cultural misunderstandings

@ Difficulty in coordinating tasks

® Lack of face-to-face interaction

= vV W o N ow

@ Other (please specify below)
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LEARNING POINTS FROM FACULTY REFLECTIONS

The transnational project served as a powerful catalyst for both student growth and institutional
learning. The collaboration between students from PB and SP has many advantages for
students. Students can improve their interpersonal skills, such as teamwork and
communication skills. Because this project was conducted by two different institutions coming
from different countries, Indonesia and Singapore, communication skills, especially in English,
are essential for students and educators.

Transnational capstone project can be resource intensive. A trip from Singapore to Indonesia
Batam involved additional budget for ferry tickets, working permit (even for a few hours of
physical meeting) and travel insurance. Angouri (2023, p.42) concluded that “true international
collaboration is achieved when it is deeply and fully embedded in the daily experience of
students and staff. To build on momentum, we need to approach internationalisation with a
new holistic approach which must cut across resourcing, careers, administrative/pedagogical
support, and infrastructure”. Faculty reflections affirmed that transnational collaboration
successfully delivers broad academic and professional benefits to both institutions and
students, validating the 6 benefits outlined by Angouri (2023).
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Capacity Building

The international collaboration between Polibatam and Singapore Polytechnic in the
implementation of Project-Based Learning has contributed significantly to capacity building,
particularly within Polibatam. Several lecturers and laboratory technicians gained new
experiences and insights that can be applied to institutional development at Polibatam.

One notable example is the application of design thinking in the implementation of project-
based learning. A sound understanding of design thinking is essential for lecturers, laboratory
technicians, and students, as it supports the development of innovative products and services.

In addition, this transnational project has had a positive impact on improving the quality of
laboratory equipment and materials. The collaborative initiative created opportunities for
laboratories—especially mechanical and electrical laboratories—to acquire new equipment
and components. Internally, Polibatam provided institutional support to enhance the capacity
of selected laboratories in order to effectively support the collaborative project with Singapore
Polytechnic.

Production and Diversification of Knowledge

Working across national borders facilitates a "by-product of transdisciplinary innovation"
where solutions contribute back to the original disciplines, evolving them further. By integrating
engineering, business, and media disciplines in a transnational setting, students and staff
generate new knowledge that transcends linguistic and national borders. This diversification
is essential for addressing the complexity of problems faced by modern society.

Increased Quality of Teaching and Learning

The collaborative project contributed to the enhancement of teaching and learning quality for
lecturers, laboratory technicians, and students at Polibatam. Polibatam lecturers and
laboratory technicians gained valuable knowledge regarding project management practices
and idea development through communication and joint project implementation with lecturers
and students from Singapore Polytechnic. This collaborative activity also served as a
benchmarking reference for Polibatam in the development of curricula within relevant study
programs, particularly by providing insights into the implementation of capstone projects in the
teaching and learning process.

Furthermore, students from the Electrical Engineering program at Polibatam benefited
substantially from collaboration with students from Singapore Polytechnic, who came from a
different discipline, namely Mechanical Engineering. Knowledge and exposure to mechanical
design and fabrication processes offered new learning experiences for Polibatam students.
Improvements in teamwork and communication skills were also evident among Polibatam
students as a result of their participation in the collaborative project.

Increased Revenue from Students and Staff

Essentially, lecturers, laboratory technicians, and students from Polibatam did not receive
direct financial benefits from the implementation of this collaborative project, as it was
specifically designed as a community engagement initiative. The products developed through
the project were donated to Micro, Small, and Medium Enterprises (MSMEs) in Batam.
Nevertheless, Polibatam lecturers, laboratory technicians, and students gained substantial
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indirect benefits, including valuable experience, enhanced insights, skill development, and the
establishment of new professional networks.

Enhanced Inter-cultural Awareness

The transnational project between Polibatam and Singapore Polytechnic enhanced
awareness of the importance of cultural differences brought by lecturers, laboratory
technicians, and students from both institutions. Polibatam lecturers, laboratory technicians,
and students became more aware of the cultural diversity embodied by their counterparts from
Singapore Polytechnic, allowing differences in culture and background to be recognized as
natural and non-disruptive to the collaborative process. Such intercultural awareness
facilitates students’ development of knowledge, perspectives, and skills, particularly in
preparation for future opportunities to study, work, or travel abroad in environments
characterized by different cultural contexts.

Student Employability

Polibatam students involved in the collaborative project with Singapore Polytechnic gained
numerous benefits, including improved English language proficiency, adaptability skills,
teamwork, intercultural awareness, and communication competence. Several of the skills
developed through participation in this transnational project constitute valuable elements of
students’ professional portfolios, which can be leveraged when applying for employment after
graduation. This is particularly relevant in the context of Batam, where most industries operate
as multinational companies with strong international working cultures. Students who are
already accustomed to, or have prior experience in, international collaboration are therefore
more likely to have enhanced employment opportunities within these industries.

AREAS OF IMPROVEMENT
From the authors’ experience supervising this project, the following points are recommended:

¢ Administrative and Policy support: As highlighted by Angouri (2023), a well-structured
policy enables sustainable collaborations in the future. Partnering institutions need to
establish comprehensive administrative protocol (e.g. signing of a Memorandum of
Cooperation and IP agreements), to streamline the operation of transnational learning
projects. Fulfilling national policies such as the 70-70 initiatives and targeting on
ASEAN, China and India institutions would provide rationale to push forward the
implementation of such learning projects.

e Resource allocation: Transnational collaborations for design and implement
experiences are resource intensive. For continual engagements with strategic
partners, special funding must be set aside beyond hardware and software
development. Expenses for transport, working visas, food and insurance coverage
must be considered. In situation where students need to bring fabricated parts
overseas for final assembly of the project, it would be good to prepare relevant
documents for the custom clearance (see appendix) and to check for any cost incurred.

e Pedagogical Synchronisation: Despite a staggered in academic calendar by 2 weeks
and the difference in cultures, both institutions had coped well mainly because both
are CDIO collaborators and students were taught the Design Thinking methodology.
Future collaborations should emphasise more on the “social” dimension so that
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students would understand the purpose of their endeavours and not just fulfil the
technical requirements.

CONCLUSION

This transnational capstone collaboration between Singapore Polytechnic (SP) and Politeknik
Negeri Batam (PB) demonstrates the potential of international, cross-cultural, and
transdisciplinary project-based learning in engineering education. Anchored in the CDIO
framework, the project brought together students from diverse nationalities and disciplines to
address a real-world problem faced by a household producing banana chips in Batam. With
emphasis on empathy studies during the Conceive phase of the project, the team was able to
meet the stakeholder’s technical expectations. Furthermore, the collaboration succeeded in
achieving important learning outcomes related to communication, empathy, teamwork, and
iterative problem-solving.

The challenges encountered—including cultural differences, misaligned academic calendars,
remote coordination, and technical setbacks—highlight the complexity and resource-intensive
nature of such initiatives. Nevertheless, the students gained valuable exposure to global work
practices and intercultural collaboration. Faculty reflections affirmed that the project deepened
student learning through stakeholder engagement and iterative prototyping and laid the
groundwork for sustained partnerships. To scale and sustain such collaborations, future efforts
should focus on streamlining administrative processes, aligning academic timelines, and
enhancing remote collaboration tools. Ultimately, this model offers a meaningful pathway to
prepare graduates for an interconnected and complex global landscape.
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Appendix: Document prepared for custom.

polibatam

KEMENTERIAN PENDIDIKAN TINGGI,
SAINS, DAN TEKNOLOGI
POLITEKNIK NEGERI BATAM

Julan Ahmad Yani, Batam Centre, Kecamatan Batam Kota, Batam 29461
Telepon +62 T78 469856 - 469860, Faksimile +62 778 463620

Laman: www.polik ac.id, Surel: info@polibatam.ac.id

©

No. 1626/PL2Y/VIF2025
Batam, 17th July 2025
To:

Mr. Soh Kim Fai

Singapore Polytechnic
Singapore

Subject: Invitation for Educational Meeti

Wanmn greetings,

Politcknik Negeri Batam (Polibatam) 15 pleased to invite you and group of students from
Singapore Polytechnic (SP) to visit Polibatam and attend an educational meeting as detaiked
below:

Date < Thursday, 24™ July 2025

Time 1 OR.00 - End

Place : BRAIL Lab Polibatam

Agenda : Educational Meeting on Leaming Application

Delegation 5 persons

We expect you 1o bring along the leaming equipment (attached here in this letter} for a
demonstration, so students can have better understanding on how it works and how it can benefit
10 their expertise,

If you have any inquiries or further information, please do not hesitate to contact Mr. Muhammad
Arnifin, Head of Study Program for Electronics Manufacturing of Polibatam, via c-mail:

epolibatam.oc.id

ding und coor in this matter,
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