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ABSTRACT 
This paper explores the implementation and impact of Collaborative Online International 
Learning (COIL) as a pedagogical approach to enhance Lean construction education. COIL 
facilitates collaboration between students from geographically diverse institutions through joint 
projects, promoting international engagement without the need for physical mobility. Two case 
studies are presented, involving Nottingham Trent University (UK) students collaborating with 
partner universities in India (2022) and South Africa (2023), to demonstrate how COIL projects 
were designed and executed to support the global application of Lean principles. Working in 
international teams, students applied Lean to identify and reduce various forms of waste on live 
construction sites. Their digital collaboration, captured through Miro boards, along with 
reflective reports, was analysed to evaluate the learning experience. Findings indicate that the 
structured COIL approach improved students’ understanding of Lean concepts and the UN 
Sustainable Development Goals (SDGs), while also strengthening key skills such as teamwork, 
resilience, and digital literacy. Despite challenges, including time zone differences, uneven 
levels of participation, and technological barriers, the projects highlight COIL’s potential to 
instil a sense of ownership in students' learning and support their personal and professional 
growth. This paper demonstrates how a do-it-yourself (DIY) learning environment can 
successfully foster international collaboration and promote Lean Construction education within 
a globally diverse academic community. 
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INTRODUCTION 
Collaborative Online International Learning (COIL) is an innovative framework that enables 
students from different countries to engage in structured online interactions, thereby removing 
traditional travel barriers (Vahed & Rodriguez, 2020; Wood et al., 2022). Developed at the 
State University of New York (SUNY) COIL Center (2024), the model focuses on equitable 
partnerships, shared learning outcomes, intercultural competencies, and digital platforms to 
facilitate meaningful cross-border collaborations. Evidence suggests that COIL improves 
intercultural awareness, broadens global engagement, and supports both personal and 
professional development (Vahed & Rodriguez, 2020; Huertas-Abril & Palacios-Hidalgo, 
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2023), aligning closely with the concept of internationalising curricula and exposing learners 
to diverse viewpoints (Wihlborg et al., 2018). 

COIL projects often focus on global challenges, making sustainability a highly relevant and 
fitting theme. Tackling issues like climate change demands an international perspective that 
goes beyond national borders. COIL provides students with the opportunity to collaborate with 
peers from around the world on real-world problems that impact all of humanity. The 
construction sector generated 61% of UK waste in 2020 (Department for Environment & Food 
& Rural Affairs, 2024) and continues to lag behind other industries in terms of productivity 
(Office for National Statistics, 2021). COIL projects offer students a valuable opportunity to 
explore these real-world challenges, focusing on enhancing value across the supply chain and 
promoting long-term sustainability. By simulating the multicultural, cross-border teams typical 
of large-scale construction projects, COIL also reinforces the importance of collaboration, an 
essential component of Lean construction. 

Despite extensive research on COIL over the past two decades, its potential within Lean 
construction education remains largely untapped. While successful initiatives like 
Administering and Playing Lean Simulations Online (APLSO) have fostered a global 
community of Lean enthusiasts sharing good practices in game-based learning (Rybkowski et 
al., 2021), a review of the IGLC database shows no recorded use of COIL. This gap underscores 
the need for Lean educators to adopt COIL to prepare students for international collaboration. 
This paper aims to promote COIL as a pedagogical tool for sharing Lean construction principles 
with the wider academic community and with students across different countries and disciplines. 
Featuring case studies from India and South Africa, the paper highlights practical applications, 
discusses key challenges, and introduces a do-it-yourself (DIY) learning environment to 
support international student collaboration. 

BENEFITS AND CHALLENGES OF COIL 
COIL has gained prominence in higher education for its ability to foster global learning 
experiences and enrich both students' and academic staff's learning. By enabling international 
peer interaction, shared online activities, and exposure to diverse cultures, COIL effectively 
enhances students’ intercultural competence  (Gutiérrez-González et al., 2023; Huertas-Abril 
& Palacios-Hidalgo, 2024; Kiegaldie et al., 2022; Vahed & Rodriguez, 2020). Empirical studies 
show that these COIL significantly improve student performance in project-based tasks and 
problem-solving (Appiah-Kubi & Annan, 2020; Hackett et al., 2023; Munoz-Escalona et al., 
2022; Vahed & Rodriguez, 2020). Moreover, the inclusion of culturally diverse teams broadens 
students’ perspectives, enriching subject matter understanding and boosting their 
communication and negotiation skills (Appiah-Kubi & Annan, 2020; Soetanto et al., 2015). 
Consequently, students gain confidence, adaptability, and global awareness—competencies 
highly valued in modern workplaces (O’Dowd, 2021; Sierra et al., 2022). 

Despite its advantages, COIL implementation faces multiple challenges. Securing a suitable 
institutional partner emerges as one of the most critical hurdles, often demanding alignment of 
course objectives and learning outcomes (Appiah-Kubi & Annan, 2020). Moreover, time zone 
differences, varying academic calendars, and language barriers can complicate synchronous 
interactions, while cultural differences can impede communication and collaboration 
(Kiegaldie et al., 2022; Rahmawati et al., 2022). Technological limitations, including 
inadequate internet access or unfamiliarity with digital tools, pose additional constraints, 
particularly in resource-limited settings (Munoz-Escalona et al., 2022). Effective COIL 
implementation also requires significant effort from educators, encompassing careful planning, 
coordination of learning activities, and clear guidelines for assessment (Rahmawati et al., 2022). 
Institutional commitment plays a pivotal role in integrating COIL into existing curricula, 
necessitating both top-down support and bottom-up enthusiasm. Buy-in at the departmental and 
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school levels, as well as professional development opportunities focused on COIL pedagogy, 
are essential for sustainability and scaling (Wihlborg et al., 2018). Overall, overcoming these 
obstacles hinges on strategic planning and innovation, with digital technologies creating 
supportive environments for meaningful cross-border learning. By addressing pedagogical 
differences, recognising varied communication preferences, and demonstrating strong 
institutional commitment, COIL can offer transformative, globally oriented education that 
prepares students for the international job market (Soetanto et al., 2015).  

COIL IN THE BUILT ENVIRONMENT DISCIPLINE 
The application of COIL within the built environment discipline demonstrates its effectiveness 
in bridging geographical and cultural gaps while fostering innovation. In one instance, 
architecture and civil engineering students from diverse universities collaboratively designed a 
viewing deck roof, blending aesthetic, structural, and durability considerations through virtual 
whiteboards and 3D modelling software (Rahmawati et al., 2022). Another example paired 
engineering technology students from the University of Dayton with materials science and 
engineering students from the University of Ghana, creating a culturally diverse learning 
environment that facilitated project-based collaboration and interpersonal skill development 
(Appiah-Kubi & Annan, 2020). A further COIL initiative united architectural science students 
from Ryerson University with civil engineering students from Coventry University, simulating 
real-world industry practices through local cost data analysis, building code research, and a 
BIM-enabled portal (Poh et al., 2018). This experience exposed students to varied architectural, 
engineering, and construction approaches. Finally, a partnership between An-Najah University 
in Palestine and Memphis University in the USA focused on designing a sustainable community 
centre that accounted for cultural context, climate, and international codes (Ryosuke & Kazuma, 
2024). Collectively, these studies affirm COIL’s capacity to enrich built environment education, 
promote sustainable design, and enhance students’ global competencies. 

LEAN AND SUSTAINABILITY AS A THEME FOR COIL 
This section explains the rationale for selecting waste as the central theme of the COIL project 
and explores its connection to sustainability. Waste identification and minimisation are critical 
in Lean construction because they reveal inefficiencies that consume resources without adding 
value, thereby undermining productivity and profitability (Dazmiri & Hamzeh, 2023; Koskela 
et al., 2023). While traditional construction typically focuses on physical waste, expanding the 
definition to include non-physical factors such as administrative burdens, poor decision-making, 
and unclear workflows allows Lean practitioners to identify systemic issues more accurately 
(Sarhan et al., 2019). Although physical waste often takes precedence in construction, 
conceptualising waste in multifaceted ways creates a more robust framework for improvement 
(Koskela et al., 2012). A broader perspective fosters a holistic approach to waste reduction and 
aligns with sustainability goals, yet it remains underutilised in both academic and industrial 
settings, often treated as a niche rather than a mainstream principle (Koskela et al., 2012). To 
address this gap, emerging frameworks recommend systematic stages, such as Problem 
Identification, Value Stream Mapping, Development of Interventions, and Simulation and 
Validation (Dazmiri & Hamzeh, 2023). This approach was partially implemented in two COIL 
project case studies, providing a structured workflow that guided students through each task. 

Lean waste was selected as the central theme for the COIL projects because it serves as a 
gateway to understanding other foundational Lean concepts, particularly those related to flow, 
collaboration, and value. Concepts like just-in-time (JIT) can be more readily understood when 
connected to transportation and motion waste (Hasan et al., 2024), while tools such as the Last 
Planner System illustrate the broader principle of flow and provide a structured method for 
pinpointing the root causes of inefficiencies (Aisyah et al., 2023). Similarly, collaborative 
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models like Integrated Project Delivery (IPD) encourage shared responsibility for reducing 
waste (Bølviken & Koskela, 2016), and Lean leadership fosters a deeper understanding of 
continuous improvement, guiding practitioners away from reactive “firefighting” and toward a 
more preventative, systematic mindset (Bølviken & Koskela, 2016). Furthermore, Value 
Stream Mapping (VSM) supports these efforts by visualising the current state, highlighting 
problem areas such as prolonged lead times and negative iterations (Dazmiri & Hamzeh, 2023). 
Therefore, selecting waste as a theme enabled educators to guide students in application of Lean 
construction concepts and tools to address live issues in construction projects. 

Focusing on the identification and elimination of Lean waste also establishes a link to 
sustainability. Sustainability is a fitting theme for COIL, as addressing its challenges requires 
global collaboration and cross-cultural understanding. Several authors have argued that the 
synergy between Lean Thinking and sustainability stems from their shared emphasis on 
resource efficiency and waste minimisation (Francis & Thomas, 2020; Purushothaman et al., 
2020; Waheed et al., 2024). Although their interpretation may be somewhat misleading, given 
that the primary focus of Lean is on flow, the connection between Lean and sustainability 
remains a valuable argument. While Lean centres on eliminating non-value-adding activities 
for customers (de Carvalho et al., 2017), sustainability emphasises reducing the environmental, 
social, and economic impacts of construction processes. While some researchers argued that 
eliminating Ohno’s seven wastes does not necessarily address environmental and social waste 
(Arroyo & Gonzalez, 2016), others have shown that Lean practices can directly advance 
environmental sustainability. For instance, Lean can minimise resource consumption by 
reducing overproduction and overprocessing, decrease emissions by limiting transportation and 
motion, and lower pollution through defect reduction and inventory control (Francis & Thomas, 
2020). Furthermore, Hasan et al. (2024) found that SDGs focused on clean water, sanitation, 
clean energy, decent work, infrastructure, sustainable cities, responsible production, and 
ecosystem conservation collectively have 63 “extremely important” linkages and 251 “very 
important” linkages with Lean construction principles. They discussed that waste minimisation 
is directly aligned with SDG 12 (Responsible Consumption and Production) and SDG 11 
(Sustainable Cities and Communities), underscoring the significant contributions Lean can 
make to global sustainability objectives. These findings underscore the importance of waste 
identification and minimisation, laying a solid foundation for the COIL project. By focusing on 
waste reduction, students can deepen their understanding of Lean concepts and discover how 
Lean strategies foster sustainable construction outcomes. 

OVERVIEW OF THE COIL PROJECTS  
This study examines two COIL projects aimed at achieving zero Lean waste in construction. In 
2022, students from Nottingham Trent University (NTU) collaborated with their peers from 
NICMAR University in India over 12 weeks, involving 70 students and 10 staff members from 
both institutions. The project was replicated in 2023 with the University of Johannesburg in 
South Africa, engaging 89 students and 5 staff members across the two universities. The 
projects aimed to deepen students’ understanding of Lean principles and the connection 
between Lean and sustainability through practical DIY learning environment. In each COIL 
project, students from both institutions formed eight joint teams, with each team focusing on a 
specific type of Lean waste: Transportation, Inventory, Motion, Waiting, Overproduction, 
Overprocessing, Defects, or Unused Skills. 

Miro, an online collaborative whiteboarding platform, served as the project’s virtual 
workspace, enabling international collaboration. Miro addressed common COIL challenges 
associated with time zone differences and conflicting academic calendars by providing an 
accessible space for synchronous and asynchronous teamwork. A dedicated Miro board was 
created for each team, enabling students to collaborate, upload their materials, and ultimately 
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present their work. Additionally, to improve accessibility for students at both universities and 
minimise the challenges of using two separate virtual learning environments, educators created 
a "Learning Hub" on Miro before initiating the project. This centralised platform provided 
access to the project brief, learning materials, online sessions recordings, and submission 
requirements (Figure 1). At NTU, the COIL served as a summative assessment for the Lean 
Construction MSc module, requiring students to submit a themed Miro board (group 
submission) and an individual reflective report, collectively contributing 60% of the overall 
module grade. 

 

 
Figure 1: Learning Hub (India Project) 

The main project tasks for students included several key stages: 
1. Teams conducted a literature review to develop an understanding of their assigned type 

of Lean waste. Students were required to define both "value" and "waste" in the context 
of their research. At this stage, students also deepened their understanding of the 
connection between Lean principles and the UN SDGs by reviewing existing literature.  

2. Partner university students collected data from live construction sites, capturing 
examples of the specific type of waste allocated to their team. These images, along with 
relevant metadata, were uploaded to the dedicated Miro board for analysis by NTU 
students. In some cases, students conducted interviews with site staff too. 

3. NTU students applied visual analysis techniques to examine the site photos and identify 
instances of waste. They then used analytical tools such as the Fishbone Diagram and 
the 5 Whys method to explore the root causes of the problems. 

4. Based on their analysis, students developed context-specific solutions aimed at reducing 
or eliminating the identified waste, applying Lean construction principles throughout. 

5. Each group mapped their type of waste to relevant UN SDGs and discussed how their 
proposed solutions contribute to advancing those goals. 

6. As a formative assessment, each team delivered a seven-minute presentation of their 
solutions, which was evaluated by academics from both universities. 

Three online joint sessions were held to support project coordination, covering project startup, 
progress checkpoints, and final presentations. An additional workshop guided partner students 
on Lean waste types and effective data collection from live construction sites. 
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METHOD  
To reflect on the effectiveness of the COIL project, student-created Miro boards were analysed 
using a thematic analysis approach tailored for visual data. This analysis focused on how 
students visually arranged and structured information to construct a DIY learning environment 
and how they applied Lean principles and tools to solve real-world problems. Additionally, 
thematic analysis was conducted on students’ individual reflective reports. An inductive coding 
approach was adopted to capture unique student perspectives and provide deeper insights into 
the project’s impact on learning. In the thematic analysis, six steps were followed: data 
familiarisation, generation of initial codes, searching for themes, reviewing and refining themes, 
defining and naming themes, and finally, producing the report. 

MIRO BOARDS VISUAL ANALYSIS 
Students displayed creativity in their Miro board designs, producing diverse, innovative layouts 
to examine Lean waste. Despite stylistic variations, a typical board was structured into seven 
core sections: (1) Team Profile and RACI Matrix, (2) Definition and Examples of Waste, (3) 
Sustainability Study and SDG Mapping, (4) Visual Assets and Data, (5) Root Cause Analysis, 
(6) Recommendations and Solutions, and (7) +Delta Table (Figure 2).  

 
Figure 2: Transportation waste Miro board submitted by students (South Africa project) 

Students self-constructed the literature section of their Miro boards, typically beginning with a 
brief explanation of Mura, Muri, and Muda, before narrowing the focus to their allocated type 
of Lean waste. A commonly used tool was the mind map, which students used to visually 
present causes of waste, examples, and potential consequences (Figure 3).  

 

 
Figure 3: Innovative layout and Learning Ownership - Unused Skills (South Africa project) 



Collaborative Online International Learning: A Catalyst for Advancing Lean Construction Education 

Proceedings IGLC33, 2-8 June 2025, Osaka and Kyoto, Japan  1522 

Some teams incorporated case studies to support their arguments, while others used external 
video sources, cartoons, and graphics to help clarify key ideas and communicate their message 
more effectively. Figure 3 illustrates how students demonstrated ownership of their learning by 
creatively designing the layout and structure of their learning space, rather than relying solely 
on instructor-provided resources. However, the depth of the literature review was generally 
shallow, likely due to a limited understanding of what constitutes a strong academic review. 
Many students did not adequately evaluate or synthesise high-quality academic sources. 
Additionally, citation practices were inconsistent, suggesting that students placed greater 
emphasis on visual representation than on academic content and rigour. 

The second task required students to conduct a visual data analysis using photos from live 
construction sites provided by their partner students, which enhanced their skill to "see waste". 
As shown in Figure 4, students identified issues such as poor ergonomics and unnecessary 
movement when analysing photos associated with motion waste. The use of annotated images 
and the practice of highlighting specific areas within the photos promoted critical thinking and 
problem-solving, making the task both engaging and highly relevant to real industry challenges. 

 

 
Figure 4: Examples of visual data analysis to identify waste (India project) 

The third task focused on root cause analysis, aimed at identifying underlying issues to prevent 
their recurrence. All teams applied both the Fishbone Diagram and the 5 Whys technique as 
structured problem-solving tools. The Fishbone Diagram helped categorise potential causes, 
providing a comprehensive overview of contributing factors, while the 5 Whys technique 
enabled deeper investigation into core issues. As shown in Figure 5, students identified lack of 
training and Push Planning as root causes of improper concrete compaction. This exercise 
encouraged students to move beyond treating symptoms and focus instead on addressing root 
causes, forming the foundation for continuous improvement in construction. 

 
Figure 5: Example of root cause analysis - Defect waste (India project) 

An important objective of these two COIL projects was to encourage students to move beyond 
theory and apply Lean concepts and tools to solve real-world problems. Engaging with 
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authentic challenges made the learning experience more meaningful, increasing student 
motivation and ownership of the learning process. As illustrated in Figure 6, students proposed 
various Lean tools such as the Last Planner System (LPS), Just-in-Time (JIT), visual 
management, 5S, Poka Yoke, and Kanban to address challenges related to Motion waste and 
Overproduction. To complete this task, students first explored the theoretical foundations of 
these tools, then strengthened their understanding by developing actionable strategies and 
practical solutions, effectively bridging theoretical knowledge with real-world complexities. 
 

 
Figure 6: Providing solutions for Motion (India-left) and Overproduction (South Africa-right) 

STUDENTS REFLECTION ANALYSIS 
A total of 73 reflective reports submitted by NTU students (India: 30 and South Africa: 43) 
were analysed in this paper. This section summarises students' views on the COIL project. In 
their reflections, students highlighted several key aspects of the COIL projects, including the 
use of digital tools, personal growth, project execution challenges, sustainability integration, 
and emotional experiences.  

COLLABORATION WITH INDIA 
Students emphasised that Miro played a key role in helping them share and organise complex 
data. Its intuitive interface and strong visualisation capabilities enhanced communication across 
culturally diverse teams, easing language barriers and boosting engagement. Nonetheless, 
students also pointed out Miro’s steep learning curve, underlining the importance of early and 
more targeted digital training, embedded within in-person seminars. They also noted that time 
zone differences and cultural barriers initially posed challenges; however, structured team-
building activities and the project’s flexible schedule enabled the development of a meaningful 
international partnership. 

Throughout the project, students reported notable personal growth. Reflection reports 
commonly highlighted the development of skills such as problem-solving, communication, and 
adaptability. Students also expressed increased confidence in managing professional challenges 
within international contexts. In terms of project execution challenges, students noted 
competing workload, clashing academic deadlines and inconsistent team engagement. However, 
students viewed these challenges as valuable learning experiences to improve their leadership, 
communication, and task allocation skills in future. 

Students found the Lean waste-sustainability mapping exercise valuable for deepening their 
understanding of the UN SDGs and recognising how project management practices can 
negatively impact them. However, they also noted that the 169 targets and over 200 indicators 
of SDGs can be overwhelming and challenging to grasp fully. Ultimately, students’ emotional 
experience evolved from initial uncertainty to a strong sense of collective achievement, 
supported by accessible staff guidance and effective teamwork within each group. 
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COLLABORATION WITH SOUTH AFRICA 
Students noted that engaging with South African partners broadened their understanding of 
diverse work cultures and construction practices, fostering mutual respect and the development 
of meaningful professional relationships. However, they said communication barriers, such as 
delayed responses and limited engagement, made collaboration more difficult. Similar to the 
India project, Miro served as the primary collaboration platform, with students highlighting its 
role in visually organising ideas and streamlining task management. However, they also noted 
that complementary tools like WhatsApp and MS Teams were essential for bridging 
communication gaps and ensuring timely coordination. Despite Miro’s overall effectiveness, 
students encountered technical issues and inconsistent usage, particularly among partner 
students, pointing to the need for more effective onboarding and training in future projects. 

Students reported significant personal and professional development, gaining confidence, 
adaptability, and leadership skills. They learned to navigate cultural barriers, resolve conflicts, 
and manage tasks effectively, preparing them for success in global professional settings. Project 
execution challenges included time zone differences, imbalanced task allocation, and limited 
engagement of partners, which placed additional burdens on active students. This underscored 
the value of structured communication protocols and equitable workload distribution. 

Students found the integration of sustainability and Lean waste particularly challenging, 
which was reflected in the relatively lower quality of this section on the Miro boards. Although 
asynchronous materials were provided and partner students had studied a sustainable 
construction module, some students expressed the need for more guidance on how specific 
waste reduction strategies contribute to achieving individual SDGs. Students also shared that 
the COIL project enhanced their understanding and application of Lean concepts and tools, 
including Kaizen, workflow optimisation, Collaborative Planning, the Transformation-Flow-
Value (TFV) model, and 5s. Students initially expressed feelings of frustration and mental strain 
as they navigated collaboration and cultural challenges. However, they ultimately viewed the 
project as a success, noting that their participation in the COIL project strengthened their 
resilience, perseverance, and adaptability. 

COMPARISON OF TWO CASES 
The COIL projects in India and South Africa revealed distinct dynamics shaped by cultural 
contexts, collaboration methods, and resource availability. In India, similarities between UK 
and Indian participants often facilitated smoother initial interactions, yet this familiarity limited 
exposure to broader cultural perspectives. In contrast, the South Africa project provided richer 
cross-cultural insights but faced greater challenges, including delayed responses and 
inconsistent engagement. Indian students had relatively easier access to construction sites and 
contributed extensive on-site data, enhancing practical learning. Meanwhile, resource 
constraints and limited digital infrastructure hindered participation and data sharing in South 
Africa. Both projects reinforced Lean principles and sustainability; however, India focused 
more heavily on practical data collection and root cause analysis through tools like the fishbone 
diagram. South Africa centred on integrating Lean methods with SDGs, though uneven use of 
digital platforms underscored the need for improved onboarding. Overall, these differing 
experiences underscore how cultural, logistical, and contextual factors influence collaboration, 
learning, and the successful application of Lean construction concepts in projects. 

DISCUSSION ON ACHIEVEMENTS 
The COIL project provided a DIY learning experience that encouraged students to adopt a Lean 
mindset. This section explores how student-led activities are aligned with principles of the 
Toyota Production System. It also discusses the paper’s pedagogical contributions. 
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Students examined how their proposed solutions supported the UN SDGs, particularly 
highlighting the long-term environmental benefits in line with Principle 1. By investigating 
various forms of waste such as Motion, Overprocessing, and Overproduction, students 
identified process bottlenecks and worked towards achieving a continuous and efficient 
workflow, reflecting Principle 2. They employed tools like Value Stream Mapping (VSM) and 
5S to visualise and refine processes, while pull systems aligned production with actual demand 
(Principle 3), exemplified by JIT delivery to minimise Overproduction and Inventory waste. 
Miro boards facilitated visual management (Principle 7), enabling task tracking and bottleneck 
identification. Field-based data collection embodied Principle 12, and the 5 Whys provided a 
structured method for uncovering the root causes of Lean waste (Principle 14).  

Beyond these technical aspects, students developed critical professional skills, including 
communication, problem-solving, resilience, and cross-cultural collaboration. Virtual 
teamwork using Miro fostered peer learning, cultural awareness, and practical insights into 
remote working dynamics. Research abilities were also enhanced through literature review, data 
collection, and qualitative data analysis. Submitting a reflective report created a pathway for 
continuous improvement by helping students articulate their academic and professional 
development. 

The COIL projects made pedagogical contributions by establishing a globally connected 
learning environment that emphasised student autonomy, authentic assessment, technological 
integration, and the internationalisation of the curriculum. Within a DIY framework, students 
took ownership of their learning, collaboratively constructing knowledge and addressing real-
world challenges, thereby deepening their understanding of Lean principles and SDGs. This 
experiential approach fostered engagement, as students identified discipline-specific problems 
while simultaneously broadening their views on global environmental and social concerns.  

A significant strength of the COIL project was its utility as an authentic assessment method. 
Students were required to apply knowledge, collaborate with peers worldwide, and propose 
viable solutions to real construction problems, mirroring genuine professional complexities. By 
emphasising originality and context-specific problem-solving, COIL projects also met the 
growing demand for assessments that resist automation (Generative AI). Miro’s real-time 
progress monitoring feature enabled educators to provide timely guidance and ensure alignment 
with course objectives. However, tracking individual contributions proved challenging when 
external platforms were used before bulk uploads to Miro. 

Furthermore, the project advanced curriculum internationalisation by integrating cross-
cultural collaboration and fostering competencies vital for thriving in international work 
environments. Beyond student learning, the COIL project generated fresh avenues for academic 
inquiry. The eight detailed Miro boards, focusing on Lean waste types and sustainability, 
represent a dataset for researching the intersection of these two concepts. 

CONCLUSION  
This study advocates for COIL as a pedagogical model to advance Lean Construction education. 
Two international case studies, connecting NTU with partner institutions in India and South 
Africa, illustrate how digital tools like Miro and DIY learning environments can bridge 
geographical divides, foster intercultural collaboration, and deepen students’ understanding of 
Lean principles and the UN SDGs. Analysis of Miro boards and reflective reports revealed 
significant growth in students’ problem-solving abilities, resilience, and professional 
competencies such as communication and leadership. While challenges such as uneven 
participation and unfamiliar technologies emerged, the findings highlight the value of 
structured guidance, clearly defined objectives, and supportive digital platforms. Future 
research should explore the scalability of this model to other institutions and examine the 
effectiveness of associated assessment strategies. 
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