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Teaching Collaborative BIM in Higher Education: A New Pedagogical 14

Framework 15

Collaborative Building Information Modeling (BIM) plays a critical role in the architecture, 16

engineering, and construction (AEC) industry, yet BIM education still predominantly 17

focuses on technical software skills, often neglecting the collaborative competencies 18

required for interdisciplinary teamwork. This study proposes and validates a pedagogical 19

framework for collaborative BIM education grounded in the Functional Trefoil model, 20

which emphasizes communication, coordination, and production. A hands-on BIM clash 21

detection assignment was designed to replicate professional workflows using industry- 22

standard tools, including Newforma Konekt, Navisworks, Revit, and Tekla Structures, 23

allowing students to engage in model federation, conflict resolution, and structured team 24

collaboration. The assignment was implemented in the BIM830 course at École de 25

technologie supérieure (ÉTS) and evaluated through student surveys. Responses from 42 26

participants revealed increased engagement, satisfaction, and confidence in collaborative 27

BIM practices, with over 85% reporting clear instructions, 90% valuing the collaborative 28

effectiveness of the tools, and more than 80% indicating improved confidence in team- 29

based BIM environments. The results demonstrate that integrating collaborative 30

technologies and structured workflows into BIM education can effectively bridge the gap 31

between theory and practice. The proposed approach offers a scalable and adaptable model 32

for institutions seeking to modernize BIM curricula while highlighting the importance of 33

equipping educators with digital and active learning competencies aligned with industry 34

needs. 35

Keywords: building information modeling; BIM education; functional trefoil; 36

collaborative work. 37

1. Introduction 38

The construction industry, often defined by its complexity, uncertainty, and inherent 39
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risks, relies fundamentally on collaboration among a wide range of stakeholders. 40 

Architects, engineers, contractors, subcontractors, suppliers, and clients—each 41 

contributing unique expertise and perspectives—must coordinate their efforts to achieve 42 

project objectives. Seminal research by the Construction Industry Institute (University of 43 

Texas at Austin. Construction Industry Institute 1991) showed that effective collaboration 44 

improves project performance, reduces costs, and enhances safety outcomes. More recent 45 

studies confirm that collaboration fosters trust, innovation, and more efficient decision- 46 

making across multidisciplinary teams (Forgues and Koskela 2009; Ibrahim et al. 2013) 47 

Despite these benefits, achieving effective collaboration in construction remains 48 

challenging. The industry’s fragmented structure, characterized by multiple stakeholders 49 

with divergent interests, often undermines team cohesion and shared responsibility 50 

(Eriksson 2010; Mignone et al. 2016). Traditional contractual arrangements such as 51 

design–bid–build tend to exacerbate these issues by prioritizing individual gains and risk 52 

transfer over collective success (Lahdenperä 2012). Moreover, the inherent complexity 53 

of construction projects, with numerous interdependencies and evolving requirements, 54 

calls for advanced collaboration mechanisms and communication frameworks (Ghassemi 55 

and Becerik-Gerber 2011). To overcome these challenges, relational contracting 56 

approaches such as alliances, partnerships, and Integrated Project Delivery (IPD) have 57 

been introduced to promote risk- and reward-sharing, joint decision-making, and trust- 58 

based collaboration (El Asmar et al. 2013; Kent and Becerik-gerber 2010). However, 59 

while these contractual models encourage cooperation, their success depends heavily on 60 



the availability of effective digital tools capable of supporting real-time information 61 

exchange and multidisciplinary coordination. In this context, collaborative Building 62 

Information Modeling (BIM) has emerged as a critical enabler, providing shared digital 63 

environments where stakeholders can integrate models, detect conflicts, and manage 64 

information transparently throughout the project lifecycle. By combining contractual 65 

innovation with BIM-enabled collaboration, the construction industry can move toward 66 

more efficient, integrated, and resilient project delivery. 67 

BIM represents a process of creating and managing a digital representation of the 68 

building. This representation encompasses not only its physical attributes, but also its 69 

functional and performance characteristics. This digital model contains data on materials, 70 

systems and spatial relationships, serves as a central repository of information accessible 71 

to all project stakeholders (Sacks et al. 2018). Unlike traditional 2D drawings, BIM 72 

models are interactive, making it possible to visualize and analyze real-time data from 73 

different design scenarios. A characteristic of BIM is its object-oriented nature. Each 74 

element of the model, from walls and doors to mechanical systems and equipment, is 75 

represented as a separate object with its own properties and attributes. Building 76 

Information Modeling (BIM) has become a cornerstone of digital trans-formation in the 77 

architecture, engineering, and construction (AEC) industry. By centralizing project data 78 

and enabling real-time collaboration, BIM enhances efficiency, reduces errors, and 79 

improves decision-making throughout a project’s lifecycle. Indeed, while BIM facilitates 80 

collaboration by allowing stakeholders to access and share project information in a 81 



centralized and integrated manner (Succar 2009), collaborative BIM is an iterative and 82 

multi-party process which aims to establish synergy between stakeholders around a 83 

centralized and interoperable digital model (Sacks et al. 2018). One of the foundations of 84 

collaborative BIM is the adoption of open file formats and common standards, such as 85 

the Industry Foundation Classes (IFC) and the BIM Collaboration Format (BCF). These 86 

standards allow interoperability between software and platforms used by the different 87 

project stakeholders (Sacks et al. 2018). Thus, data can be exchanged independently of 88 

the specific tools used by each actor. This collaborative approach creates an integrated 89 

work environment where information is shared in real time. Conflicts, whether spatial, 90 

temporal or functional, are identified and resolved proactively, with the aim of limiting 91 

the risk of project errors (Sacks et al. 2018). The teaching of collaborative BIM (Building 92 

Information Modeling) presents several key challenges and opportunities (Boton 2020; 93 

Boton et al. 2018). As BIM increasingly becomes the standard in the construction and 94 

architecture industries, it is crucial to equip students with the skills necessary to work in 95 

integrated, multidisciplinary teams.  96 

However, traditional BIM education often prioritizes technical software skills 97 

over essential collaborative competencies, limiting students’ ability to engage effectively 98 

in interdisciplinary teamwork. To address this gap, educational institutions have explored 99 

active learning strategies, such as the flipped classroom model, which has already been 100 

implemented at École de Technologie Supérieure (ÉTS) (Boton 2020). The teaching of 101 

BIM at ÉTS has evolved through a structured three-step approach closely aligned with 102 



industry needs and the institution’s applied engineering mission. The first step took place 103 

between 2009 and 2011 with a “design lab” experiment jointly conducted with McGill 104 

University. This initiative introduced undergraduate students, practitioners, and 105 

administrators to BIM through multidisciplinary design charrettes, emphasizing emerging 106 

technological competencies and showcasing BIM’s potential for problem-solving, 107 

without being tied to a specific academic level (Forgues and Staub-French 2011). The 108 

second step was the creation of a standalone master’s-level BIM course, the first of its 109 

kind in Québec. This intensive course aimed to provide students with a solid introduction 110 

to BIM processes, practical modeling skills, and interoperability issues. The third step 111 

was the establishment in 2017 of a dedicated graduate short program in BIM and a 112 

Diploma of Specialized Studies (DESS) in BIM and Digital Innovation, designed in 113 

response to growing industry demand for highly skilled professionals. These programs 114 

are organized around a set of 10 courses, with BIM830 functioning as the foundational 115 

introduction to BIM. While these initiatives contributed to raising awareness and 116 

improving technical competencies, they also revealed challenges such as limited 117 

integration of collaborative frameworks and insufficient emphasis on interdisciplinary 118 

teamwork. Thus, despite considerable efforts made over the past few years, the teaching 119 

of BIM-based collaboration remains a major area for improvement.  120 

We sought to improve collaborative BIM education at ETS by: (1) Developing a 121 

theoretically-grounded pedagogical framework; (2) Re-designing the clash detection 122 

assignment to align with the new framework; and (3) Gathering student feedback on the 123 



effectiveness of the new clash detection assignment. The framework is based on theories 124 

from computer-supported collaborative work scientific domain, and organizes BIM 125 

collaboration into three key dimensions: communication, coordination, and production. 126 

This study adopted a design science research (DSR) approach (Hevner and 127 

Chatterjee 2004; Johannesson and Perjons 2021) to iteratively improve collaborative BIM 128 

instruction in a classroom setting. The research process included a literature review to 129 

establish a theoretical foundation for BIM collaboration, an analysis of existing BIM- 130 

based practical sessions to identify challenges and learning practices, the development of 131 

revised instructional activities informed by these findings, and the pilot implementation 132 

and exploratory assessment of these activities within an academic course. 133 

The steps of the methodology are presented in Figure 1. 134 

 135 

2.  Literature Review and Theoretical Framework 136 

Research on BIM education consistently points to a misalignment between the 137 

skills emphasized in academic programs and those demanded by industry. While many 138 

curricula prioritize technical proficiency in software such as Revit, Navisworks, or Tekla, 139 

employers increasingly highlight the importance of interdisciplinary collaboration, 140 

communication, and coordination as essential competencies for BIM-enabled practice 141 

(Abdirad and Dossick 2016; Barison and Santos 2010; Sacks and Pikas 2013). Studies 142 

show that this software-centric approach leaves graduates underprepared to address the 143 

teamwork, decision-making, and conflict-resolution challenges inherent in collaborative 144 



BIM projects (Bozoglu 2016; Peterson et al. 2011). Zhao et al. (Zhao et al. 2015) further 145 

argue that without structured opportunities for joint problem-solving, students risk 146 

perceiving BIM as an individual rather than a collective activity. More recent works 147 

confirm these gaps, pointing to the persistent mismatch between employer expectations 148 

and graduate capabilities, and stressing the need for pedagogical strategies that explicitly 149 

cultivate collaborative competencies alongside technical skills (Dotta Correa et al. 2025). 150 

Addressing this misalignment is critical not only for improving graduate employability 151 

but also for supporting the construction industry’s ongoing digital transformation. 152 

2.1 Conceptual analysis 153 

The first step of this study was a detailed review of the scientific literature on 154 

Computer-Supported Cooperative Work (CSCW), which provided the theoretical 155 

foundations for analyzing collaboration in digital environments. CSCW research has 156 

produced several influential models that conceptualize collaboration as the interplay 157 

between communication, coordination, and production, often referred to in francophone 158 

literature as the “trèfle fonctionnel” (Béguin and Darses 1998; Salber et al. 1995). These 159 

models highlight that effective collaboration is not limited to information exchange but 160 

also involves aligning tasks and resources, managing interdependencies, and producing 161 

shared outputs. Such frameworks were essential in identifying which theories could 162 

support the design of a coherent pedagogical approach to collaborative BIM. 163 



The theoretical foundations of the Functional Trefoil model proposed in this paper 164 

are rooted in these well-established models. This model highlights the three main 165 

dimensions of collaboration: communication, coordination, and production. 166 

Communication facilitates the exchange of information among team members and 167 

encompasses multiple layers, including verbal and non-verbal exchanges, formal and 168 

informal channels, and synchronous as well as asynchronous interactions. Shannon and 169 

Weaver’s (Shannon and Weaver 1949) seminal work laid the foundation for 170 

communication theory, emphasizing the transmission of signals and the disruptive role of 171 

noise in the communication process. Expanding on this, Daft and Lengel (Daft and Lengel 172 

1986) introduced media richness theory, which posits that the effectiveness of 173 

communication depends on the fit between the communication medium and the 174 

complexity of the information being conveyed. In collaborative settings, rich media such 175 

as face-to-face meetings or video conferencing are more effective for complex and 176 

ambiguous tasks, whereas lean media such as emails or memos are adequate for routine 177 

exchanges. Furthermore, communication dynamics are shaped by social and cultural 178 

factors. For example, Tannen’s (Tannen 1990) work on gender and discourse illustrates 179 

how differences in communication styles may influence collaborative interactions, 180 

underscoring the need for adaptability in diverse teamwork environments. 181 

Coordination refers to the alignment of tasks, resources, and activities to achieve 182 

collective goals. Malone and Crowston (Malone and Crowston 1994) define coordination 183 

as the management of dependencies between activities, identifying mechanisms such as 184 



standardization, mutual adjustment, and direct supervision, each suited to specific 185 

organizational contexts. In project management, coordination is often facilitated through 186 

methodologies such as Agile and Scrum, which emphasize iterative planning, continuous 187 

feedback, and adaptive workflows (Schwaber and Beedle 2002). Effective coordination 188 

also relies on shared mental models, suggesting that team members must develop a 189 

common understanding of tasks, roles, and processes to collaborate effectively. Such 190 

shared cognition improves efficiency, reduces misunderstandings, and enhances 191 

collective problem-solving (Cannon-Bowers et al. 1993). 192 

Production, the third dimension of the Functional Trefoil, concerns the creation 193 

and delivery of collaborative outputs. It involves both the technical execution of tasks and 194 

the strategic achievement of objectives. In collaborative contexts, production is inherently 195 

interdependent: one team member’s output frequently becomes the input for another, 196 

reinforcing the need for integration across tasks. Insights from work design theories, 197 

particularly Hackman and Oldham’s (Hackman and Oldham 1976) Job Characteristics 198 

Model, explain how task structuring through dimensions such as variety, identity, 199 

significance, autonomy, and feedback can improve motivation and performance at both 200 

the individual and team levels. 201 

To ensure a comprehensive understanding, the literature review also encompassed BIM 202 

pedagogy and collaborative learning research. Systematic reviews and empirical studies 203 

confirm that BIM education has often prioritized technical software skills while paying 204 

insufficient attention to collaborative competencies (Abdirad and Dossick 2016; Sacks 205 



and Pikas 2013). At the same time, recent works show that project-based and 206 

interdisciplinary approaches significantly enhance students’ teamwork and problem- 207 

solving abilities, better reflecting real-world professional contexts (Monson et al. 2015; 208 

Peterson et al. 2011). By combining insights from CSCW and BIM education literature, 209 

this phase established a coherent and rigorous theoretical foundation for developing our 210 

pedagogical framework. 211 

2.2 Development of a theoretical framework 212 

This phase focuses on developing a theoretical framework to guide educators in 213 

enhancing collaborative BIM teaching. The framework provides a structured approach to 214 

fostering interdisciplinary collaboration and serves as a foundation for integrating these 215 

principles into practical coursework. 216 

Building on insights from the literature review, key concepts are systematically 217 

organized into a coherent framework. The development process involves identifying 218 

fundamental principles and components of collaborative BIM teaching, structuring these 219 

elements into a logical and practical framework, and validating the framework through 220 

its application in a real course setting. To facilitate this process, concept mapping tools 221 

such as Microsoft PowerPoint and Lucidchart are used to visually structure and refine the 222 

framework. 223 

The proposed framework, based on the “Functional Trefoil” model of 224 

collaboration, which encompasses the communication space, the coordination space and 225 



the production space, provides a structured approach to strengthen and improve BIM 226 

collaboration in student projects (Figure 2). 227 

2.2.1 The communication space 228 

The literature review highlights the need to use digital communication platforms and a 229 

common data environment (CDE) to streamline communication (Bedoiseau et al. 2022; 230 

Hochscheid et al. 2022). Tools such as Microsoft Teams, Slack and Zoom provide 231 

platforms for synchronous and asynchronous interactions, while a CDE like Autodesk 232 

Construction Cloud (ACC) or Newforma Konekt centralizes BIM models and associated 233 

documents. Establishing structured communication protocols, including guidelines 234 

regarding frequency, channels and etiquette, is important. Regular meetings and updates 235 

should be scheduled to ensure ongoing dialogue and problem resolution. Transparency of 236 

information flow can be maintained by documenting all changes, updates and comments 237 

in the CDE. 238 

To assess the effectiveness of the communication space, various metrics can be 239 

used, such as frequency and quality of interactions, effectiveness of the feedback loop, 240 

and student engagement levels. Surveys and communication logs can help track these 241 

metrics, providing insight into the communication dynamics within the project. The 242 

feedback loop can be measured by evaluating how students respond to feedback through 243 

improvements in performance, engagement, and the quality of subsequent work (Jellicoe 244 

and Forsythe 2019). 245 



2.2.2 The coordination space 246 

It is important to clearly define roles and responsibilities within the project team, as this 247 

helps distribute the workload evenly and leverage individual strengths. A BIM Execution 248 

Plan (BEP) in the form of a map, which describes the processes and standards for BIM 249 

implementation, serves as a guiding document for coordination efforts. 250 

Phased planning divides the project into key deliverables with specific deadlines, 251 

while role-based coordination assigns tasks based on students' strengths and learning 252 

goals. Implementing standardized processes for mock-up creation, data sharing and 253 

version control ensures quality throughout the project. 254 

Coordination effectiveness can be assessed using measures such as task 255 

completion rates, clarity and execution of defined roles, and adherence to the BEP. Peer 256 

and instructor reviews, as well as project tracking tools, can provide valuable data on 257 

these aspects. 258 

2.2.3 The production space 259 

Standard BIM software such as Autodesk Revit, ArchiCAD or Tekla Structures are 260 

essential for creating models. Model integration tools facilitate conflict detection and 261 

coordination between different disciplinary models. Quality control mechanisms, such as 262 

scheduled review sessions for mock-up verification and clash detection, are intended to 263 

support the alignment of student work with defined instructional and industry standards. 264 

These standards include model accuracy, adherence to project specifications, 265 



coordination efficiency, and conformance to modeling protocols defined in the BIM 266 

Execution Plan (BEP). Regular review cycles also promote early detection of modeling 267 

errors and allow for the iterative improvement of coordination practices (Paik et al. 2022). 268 

Collaborative modeling sessions, in which students work together on the BIM 269 

model, promote collaboration and real-time learning. Implementing version control 270 

systems and documentation procedures makes it possible to manage changes and 271 

maintain the integrity of the model. Production space efficiency can be evaluated based 272 

on the clarity, consistency, and spatial accuracy of the coordinated outputs produced by 273 

the students, as well as the effectiveness of their proposed conflict resolution strategies. 274 

 275 

3. Analysis of a current practical work 276 

3.1 Documentation analysis 277 

The objective of this analysis is to evaluate existing assignments to identify areas for 278 

improvement in BIM collaborative learning. The practical sessions analyzed are part of 279 

the BIM courses taught at École de Technologie Supérieure (ÉTS), and the selected 280 

assignment must be directly related to BIM collaboration. To achieve this, a comparative 281 

analysis was conducted on the deliverables of the compulsory BIM courses in the master’s 282 

program in project management, specifically BIM810, BIM820, BIM830, and BIM840. 283 

 284 

The selection criteria for identifying relevant practical sessions include BIM 285 

collaboration, Project-based learning, Software-based learning, Interoperability between 286 



BIM software, Federation of multidisciplinary models. All mandatory BIM course 287 

assignments are reviewed and classified based on their relevance to collaborative BIM. 288 

One assignment is then selected for in-depth analysis. The selected practical session is 289 

examined across four key dimensions: 290 

• Processes – Workflow structure and student interactions. 291 

• Software – Tools and technologies used. 292 

• Educational materials – Resources provided for learning. 293 

• Educational objectives – Alignment with learning outcomes. 294 

To gain student perspectives, a survey is conducted among those who have 295 

completed the assignment. The survey, administered via Microsoft Forms, collects 296 

feedback on their learning experience, challenges faced, and areas needing improvement. 297 

Data analysis is carried out using Excel for quantitative insights, while document analysis 298 

tools are employed to assess teaching materials and assignments. 299 

The expected outcomes of this phase include a comprehensive evaluation of the 300 

existing assignment, the identification of specific areas for improvement, based on both 301 

theoretical frameworks and student feedback, a structured plan for developing an 302 

improved version of the assignment. 303 

 304 

3.2 The survey of the old deliverables 305 

The survey was administered to the students registered in the BIM830 course in 306 

the sessions before the winter 2024 session. The questionnaire included several questions 307 



aimed at assessing different aspects of deliverable 3 (Navisworks) and the associated 308 

learning experience. Deliverable 3 was selected as the focus of this case study because it 309 

is the first major team-based assignment in the course that requires students to integrate 310 

BIM concepts in a collaborative manner. Unlike earlier assignments, which are mainly 311 

introductory and individual, Deliverable 3 emphasizes teamwork, role distribution, and 312 

the use of collaborative tools—making it a critical component for assessing 313 

communication, coordination, and production, as conceptualized in the Functional Trefoil 314 

model. 315 

The student survey was designed to capture both quantitative and qualitative 316 

feedback on the redesigned assignment. It combined closed-ended Likert-scale items and 317 

a limited number of open-ended questions. The closed-ended questions focused on clarity 318 

of instructions, workflow efficiency, task distribution, relevance of learning resources, 319 

and the extent to which the assignment supported the learning objectives. The open-ended 320 

items invited students to provide feedback on challenges encountered and suggestions for 321 

improvement. To ensure content validity, the survey questions were adapted from prior 322 

studies on BIM education and collaborative learning (Abdirad and Dossick 2016; 323 

Peterson et al. 2011) and reviewed by two faculty members with expertise in BIM 324 

pedagogy. A pilot test was conducted with a small group of graduate students not involved 325 

in the course to refine clarity and wording. 326 

Here are some sample questions: 327 

• "How clear and understandable did you find the instructions for deliverable 3?" 328 



• "How do you evaluate the effectiveness of the software used for deliverable 3?" 329 

• "Have you encountered any difficulties in distributing tasks within your team?" 330 

Participants were asked to rate each question on a satisfaction scale ranging from 331 

"Not at all" to "Very well". This evaluation measures students' perceptions of the quality 332 

of instructions, the effectiveness of software tools, collaboration within teams and the 333 

relevance of learning resources. The main objective was to collect feedback from students 334 

regarding deliverable 3. Survey results can also be used to adjust teaching methods and 335 

identify areas where improvement is needed. 336 

4.  Development of Revised BIM Sessions 337 

This phase focuses on developing a revised version of the BIM course practical sessions 338 

based on the proposed framework, integrating key improvements to enhance 339 

collaboration. The main objectives are to develop a new version of the assignment with 340 

clearly defined elements, ensure that the revised assignment aligns with the theoretical 341 

framework, strengthen the collaborative aspects of the learning experience. The revised 342 

practical sessions are structured around four key elements: 343 

• Processes: Establishing clear workflows and structured collaborative procedures. 344 

• Software: Integrating appropriate BIM tools to facilitate teamwork and 345 

coordination. 346 

• Instructional materials: Developing comprehensive educational resources. 347 



• Learning objectives: Refining outcomes to better align with collaborative 348 

competencies. 349 

This structured approach is intended to promote student engagement in realistic, 350 

industry-relevant collaboration, potentially reinforcing both technical proficiency and 351 

teamwork skills. 352 

 353 

4.1 Developing a new process map  354 

A new process map has been developed based on the principles of the proposed 355 

theoretical framework. This revision addresses the challenges identified in the analysis of 356 

the original practical sessions. The new process is represented both visually, using 357 

Lucidchart, and textually, with detailed explanations. 358 

The following methodology was used to create the process mapping, including 359 

the meaning of key graphic elements and the roles of participants: 360 

• Green circles indicate the starting point, marking the beginning of activities. 361 

• Red circles represent the end of the process, signaling task completion. 362 

• Green tasks correspond to communication activities between team members, 363 

such as meetings, information sharing, and task status updates. 364 

• Black tasks are dedicated to modeling activities, focusing on BIM software for 365 

model creation and modification. 366 



• Red iteration points highlight critical decision-making stages, typically 367 

formulated as yes/no questions that dictate whether tasks proceed or require 368 

adjustments. 369 

• Files in the last row represent the models and documents produced or utilized 370 

throughout the process. 371 

• Role-specific tracks define team responsibilities, including the manager, 372 

architect, and engineer, providing a clear visualization of assigned tasks and 373 

collaborative workflows. 374 

This structured representation enhances clarity, ensuring that all participants 375 

understand their roles, interactions, and decision points within the BIM collaboration 376 

framework. 377 

This section presents the new process for carrying out the new proposed practical sessions 378 

in detail. This process is presented in Figure 3b while the old process is presented in 379 

Figure 3a, for comparison purposes. These processes are related to the deliverable 3. 380 

During the third week's practical work, students use Navisworks Manage to integrate the 381 

two models created in the previous weeks, perform multidisciplinary coordination, detect 382 

and resolve clashes and other coordination issues, and provide recommendations to the 383 

professionals involved. 384 



 

 

 385 

4.2 Collaborative platform  386 

The new process mapping integrates the use of a collaborative platform to enhance 387 

communication, tracking, and traceability in managing conflicts between different 388 

disciplines. The selected platform, Newforma Konekt (formerly known as BIMTrack), 389 

serves as a centralized hub for information exchange, ensuring that all project 390 

stakeholders have access to up-to-date data and structured workflows. 391 

To assess its potential integration, a detailed analysis of Newforma Konekt’s 392 

functionalities was conducted. The objective was to clearly identify the key features that 393 

can be leveraged in the new deliverable and evaluate how they can enhance student 394 

collaboration. The analysis focused on several critical aspects: 395 

• Centralized communication: Integrated messaging and issue-tracking tools 396 

streamline interactions, ensuring that discussions and decisions are documented 397 

and easily accessible. 398 

• Version control and document management: Students can upload, share, and 399 

review BIM models, reducing inconsistencies and miscommunication related to 400 

outdated files. 401 

• Task assignment and workflow automation: The ability to assign tasks, set 402 

deadlines, and track progress ensures a structured approach to collaborative 403 

work. 404 

• Commenting and annotation Features: Students can annotate BIM models, 405 

providing clear visual feedback on issues and proposed solutions. 406 



 

 

By incorporating Newforma Konekt (formerly known as BIMTrack) into the 407 

practical sessions, students are expected to gain hands-on experience with real-world 408 

collaboration tools, reinforcing industry-standard practices. The platform supports a more 409 

structured, transparent, and potentially more efficient approach to BIM conflict 410 

management and coordination, which may help students begin to bridge the gap between 411 

theoretical knowledge and practical application. 412 

 413 

4.3 The educational material part of the improved deliverable 414 

To address the issues identified, the teaching materials have been updated, particularly 415 

the video modules developed to help learners complete the practical work, while adapting 416 

our teaching approach to better meet students' needs. A total of 30 video modules, each 417 

averaging 3 minutes in length, were developed on the use of Autodesk Revit, Tekla 418 

Structures, Navisworks Manage, and Newformat Konek software to support the 419 

completion of practical assignments. We used OBS Studio, a free and open-source 420 

software for video capture and live streaming, configured to record in Full HD 421 

(1920x1080) at 60 frames per second. This setup ensures smooth playback and clear 422 

visuals. For video compression, we selected the H.264 codec, known for its efficiency 423 

and compatibility with most devices. The compression profile was set to "High" with a 424 

bitrate of 5000-10,000 kbps to maintain optimal visual quality. 425 

For video editing, we opted for DaVinci Resolve, a professional-grade software 426 

offering advanced editing, color correction, and audio enhancement tools. This choice 427 

allowed us to adjust brightness and contrast for improved readability, perform color 428 

corrections for consistent visuals, cut unnecessary segments to maintain focus, and add 429 

smooth transitions and animations to explain complex concepts. The tutorials were 430 

structured logically, guiding students step by step through the learning process. Once 431 



 

 

finalized, the videos were exported in optimized formats for various platforms, including 432 

YouTube and Moodle, ensuring consistent quality and seamless accessibility. 433 

To reduce cognitive overload and maintain student engagement, we restructured 434 

the videos into short, focused segments. Each tutorial now lasts between five and fifteen 435 

minutes, concentrating on a single task or software feature. Videos are indexed with 436 

chapters, allowing students to quickly access relevant sections. High-quality AVC 437 

(H.264) compression settings were used to maximize clarity, and all recordings are 438 

available in Full HD (1080p) resolution for crisp, detailed visuals. Clear and well-439 

articulated subtitles were added, displayed over a black background to improve 440 

readability. 441 

All tutorials have been updated to align with the latest software versions, 442 

including Autodesk Revit 2024 and Navisworks 2024. These updates introduce students 443 

to new features, interface modifications, and industry best practices, ensuring they 444 

develop skills that are directly applicable in professional BIM environments. By 445 

integrating modern video production techniques and industry-aligned content, this 446 

revamped approach provides students with high-quality, interactive, and accessible 447 

learning resources, reinforcing both technical proficiency and practical application in 448 

BIM software. 449 

 450 

 451 

 452 

 453 

 454 



 

 

 455 

5. Pilot of Revised BIM Sessions 456 

The final phase consisted of the pilot implementation of the enhanced lab in an authentic 457 

educational setting, accompanied by an exploratory evaluation based on student 458 

feedback. In line with the Trefoil model, the primary objectives of this phase were to 459 

integrate the revised lab into the BIM830 course on a trial basis, to collect and analyze 460 

student feedback, and to conduct a preliminary comparison with the original assignment 461 

in order to identify potential areas of improvement. 462 

Under the supervision of the instructor, students completed the revised assignment 463 

as part of this pilot, with the implementation process being closely monitored to document 464 

its application and to ensure alignment with the proposed guidelines. Upon completion, 465 

students participated in a final survey aimed at gathering indicative feedback on 466 

instruction clarity, collaboration effectiveness, and overall satisfaction, rather than 467 

establishing conclusive measures of effectiveness. 468 

Survey responses and student performance data were analyzed to compare the 469 

revised assignment with the original version. Student performance data referred 470 

specifically to the quality of the submitted assignments, as assessed by the course 471 

instructor within the standard evaluation framework of BIM830. The grading criteria 472 

emphasized model completeness, accuracy, coordination outcomes, and adherence to 473 

assignment requirements. Key indicators included student engagement, quality of 474 

collaborative work, and achievement of learning objectives. Data collection were 475 

conducted via Microsoft Forms, while analysis is performed using Excel. 476 

The expected outcomes included validating the effectiveness of the revised 477 

practical sessions in improving collaboration and identifying strengths and areas for 478 



 

 

further enhancement. The survey was administered to 42 students enrolled in the Winter 479 

2024 session of BIM830, using the same questionnaire as in the initial analysis phase. 480 

 481 

5.1 Context of the pilot 482 

During the Winter 2024 session, students in the BIM830 course were introduced 483 

to the revised deliverable as part of a pilot implementation. The study involved the full 484 

cohort of 32 students enrolled in the course during this implementation semester. While 485 

this sample corresponds to the total course enrolment, it is treated as a convenience cohort 486 

intended to capture the range of perspectives available within the pilot context, rather than 487 

to support statistical generalization.  488 

The students are divided into different roles, such as architect, engineer, and BIM 489 

manager, to collaboratively work on a project using various software tools. The process 490 

begins with a kickoff meeting where the team defines the project objectives and assigns 491 

roles. The manager sets up the project in the Newforma Konekt platform, adding team 492 

members and their respective responsibilities. The architect and engineer then check the 493 

compatibility of their models in Revit and Tekla, exporting them in formats (NWC for 494 

Revit and IFC for Tekla) for sharing through Newforma Konekt. The manager uses 495 

Navisworks to check the models, identify conflicts between the architectural and 496 

structural models, and communicate necessary corrections to the team. These conflicts 497 

are resolved by adjusting the models in Revit and Tekla, followed by re-exporting and re-498 

checking until all issues are resolved. The final versions of the models and conflict reports 499 

are archived in Newforma Konekt for future reference. 500 

The educational goal of this practical is to enhance students' understanding and 501 

skills in BIM project management. Students learn to use industry-standard software like 502 



 

 

Revit, Tekla, Navisworks, and Newforma Konekt for model creation, validation, and 503 

coordination. They develop communication and collaboration skills through the 504 

centralized platform, Newforma Konekt, and practice conflict detection and resolution 505 

using Navisworks' Clash Detective tool. Additionally, students gain experience in 506 

managing a BIM project, organizing roles, and ensuring that the models are accurately 507 

exported and documented. The course is supplemented by a series of instructional videos, 508 

which provide detailed explanations and visual aids, helping students better grasp the 509 

concepts and tools involved in BIM project management. These resources aim to equip 510 

students with the practical knowledge needed to succeed in the industry. 511 

To assess the impact of the revised assignment, both collaborative skills and 512 

technical proficiency were evaluated through complementary instruments. Collaborative 513 

skills were measured using survey items designed to capture students’ perceptions of 514 

teamwork, role distribution, and communication effectiveness, supported by self-515 

assessments of group dynamics. Technical proficiency was assessed through instructor 516 

rubrics applied to the submitted BIM models, focusing on criteria such as accuracy of 517 

geometry, completeness of information, interoperability between disciplines, and the 518 

ability to resolve model clashes. Although peer evaluations and external benchmarks were 519 

not employed in this pilot, these limitations are acknowledged and identified as areas for 520 

future refinement. 521 

5.2 Survey results 522 

Figure 4 to Figure 10 presents how the results of the second survey on the new 523 

practical sessions compare to the results of the first survey.  524 

Overall, students perceived the collaborative tools as more effective after the 525 

introduction of the new platform. Prior to its use, most respondents rated the software as 526 



 

 

only “somewhat effective” (86%), with a small minority describing it as “effective” 527 

(14%). Following the pilot implementation, perceptions improved substantially: 71% of 528 

students rated the tools as “effective” and 21% as “highly effective” (Figure 4). Beyond 529 

percentages, open-ended feedback revealed that students particularly valued the 530 

platform’s ability to centralize communication and track design conflicts, which they 531 

perceived as reducing misunderstandings and delays within teams. This directly aligns 532 

with the communication and coordination dimensions of the Functional Trefoil model, as 533 

students felt that the platform provided clearer channels for exchanging information and 534 

better mechanisms for managing interdependencies. At the same time, some respondents 535 

reported difficulties in mastering the interface and integrating it seamlessly into their 536 

workflow, pointing to a learning curve that limited its immediate impact on the production 537 

dimension. These results suggest that while the platform enhanced collaboration, 538 

complementary training and ongoing support are necessary to fully realize its benefits. 539 

Moreover, the experience highlights the potential of integrating similar platforms into 540 

other BIM-related courses or programs, offering a transferable model for improving 541 

collaborative competencies across curricula. 542 

 543 

Students’ perceptions of the clarity of the instructions and workflow also 544 

improved following the pilot implementation (Figure 5). In the initial survey, only 43% 545 

of respondents considered the instructions “clear,” while 29% rated them as “somewhat 546 

clear” and 14% as “not clear.” After revisions, 79% of students rated the instructions as 547 

“clear,” and no respondent selected “not clear.” The proportion of students identifying 548 

the instructions as “very clear” remained constant at 14% across both surveys. Beyond 549 

percentages, student comments suggested that the revised instructions provided more 550 

explicit guidance on sequencing tasks and using the platform, thereby reducing ambiguity 551 



 

 

during group work. This improvement reflects stronger coordination, as clarified 552 

instructions enabled students to better align roles, responsibilities, and task dependencies. 553 

At the same time, the absence of growth in the “very clear” category signals a need to 554 

refine the pedagogical design further, for instance by incorporating step-by-step 555 

exemplars or interactive tutorials that support both communication and production 556 

dimensions of the Trefoil. More broadly, these findings illustrate how refining 557 

instructional clarity can directly enhance collaboration, and they suggest that similar 558 

improvements could be extended to other BIM assignments or integrated into curricula 559 

at different institutions to foster more effective teamwork and project-based learning. 560 

 561 

Students generally perceived the workflow as supportive of efficient time 562 

management and task completion (Figure 6). In the first survey, more than 80% of 563 

respondents rated the workflow as “effective,” while around 14% considered it 564 

“somewhat effective.” In the follow-up survey, responses became more distributed: 565 

although a small proportion of students now rated the workflow as “highly effective,” the 566 

percentage selecting “effective” decreased, and more respondents identified it as 567 

“somewhat effective.” Importantly, no students in either survey considered the workflow 568 

to be “not effective.” Beyond these numbers, student feedback suggested that the revised 569 

workflow provided greater structure and accountability but also introduced additional 570 

steps that some found time-consuming. This ambivalence reflects a tension between 571 

coordination (ensuring systematic task alignment) and production (completing 572 

deliverables efficiently). While the structured workflow improved transparency in team 573 

interactions, it sometimes constrained flexibility, leading certain groups to perceive it as 574 

less efficient. These findings underscore the importance of balancing rigor with 575 

adaptability when designing collaborative processes. For future iterations, scaffolding the 576 



 

 

workflow with optional shortcuts or adaptive pathways could help reconcile these two 577 

dimensions. More broadly, these results provide valuable lessons for other BIM courses: 578 

workflows must be designed not only for consistency but also with room for 579 

customization to better reflect the realities of interdisciplinary collaboration in 580 

professional contexts. 581 

 582 

The distribution of tasks and roles was generally perceived as satisfactory, with 583 

the majority of students reporting positive experiences and only one participant 584 

expressing dissatisfaction (Figure 7). In the first survey, more than 60% of respondents 585 

reported being “satisfied” or “very satisfied,” while 29% indicated being “somewhat 586 

dissatisfied.” In the second survey, perceptions improved: 71% of students rated the 587 

distribution as “satisfied,” and the proportion of “somewhat dissatisfied” responses 588 

decreased to 7%. Beyond these numbers, student comments suggested that clearer role 589 

definitions and structured guidance in the revised framework contributed to reducing 590 

ambiguity in team responsibilities, strengthening the coordination dimension of the 591 

Functional Trefoil model. At the same time, lingering dissatisfaction appears to stem from 592 

unequal workloads or a mismatch between assigned roles and individual competencies, 593 

highlighting the complexity of achieving fairness in collaborative settings. These results 594 

suggest that while structured frameworks improve clarity, additional strategies—such as 595 

peer-negotiated role assignments or rotating responsibilities—could enhance 596 

both communication and production by ensuring more equitable engagement. From a 597 

broader perspective, this insight underscores the importance of role management in 598 

collaborative BIM education and offers a transferable lesson for other courses and 599 

institutions seeking to foster stronger team dynamics. 600 

 601 



 

 

Regarding the learning resources, most participants rated them as relevant or very 602 

relevant to the tasks associated with Deliverable 3 (Figure 8). In the first survey, however, 603 

perceptions were less positive: over 40% of students considered the resources only 604 

“somewhat relevant,” with relatively fewer identifying them as “relevant” or “highly 605 

relevant.” Following the pilot implementation of the collaborative platform, evaluations 606 

shifted markedly, with 79% of respondents rating the resources as either “relevant” (43%) 607 

or “highly relevant” (36%). Importantly, no students in either survey rated the resources 608 

as “not relevant.” Beyond percentages, student feedback indicated that the revised 609 

materials were perceived as more practical, better tailored to the new workflow, and 610 

easier to integrate into team-based activities. This alignment illustrates stronger support 611 

for both communication (clearer references and shared understanding) and production 612 

(direct applicability to modeling tasks) within the Functional Trefoil model. However, 613 

the persistence of “somewhat relevant” ratings highlights that certain resources may still 614 

lack depth or contextual examples, suggesting a need for further refinement, such as 615 

adding case-based tutorials or interactive guides. From a curricular perspective, these 616 

findings emphasize the importance of continuously updating and contextualizing learning 617 

resources, not only to meet evolving software requirements but also to reinforce 618 

collaborative competencies across BIM education programs. 619 

 620 

Additionally, the resources were perceived as effective or very effective in 621 

supporting the understanding of key concepts and techniques, thereby fulfilling their 622 

educational purpose (Figure 9). In the first survey, the majority of students (around 70%) 623 

rated the resources as “effective,” while smaller proportions considered them either 624 

“highly effective” or “somewhat effective.” After the pilot implementation of the 625 

collaborative platform, the distribution of responses became more balanced: the share of 626 



 

 

“effective” responses decreased to 43%, but this was offset by an increase in students 627 

rating the resources as “highly effective” (36%). The proportion of “somewhat effective” 628 

responses remained stable across both surveys. Beyond percentages, students highlighted 629 

that the revised resources provided more concrete examples of conflict detection and 630 

resolution, which made abstract concepts easier to apply in practice. This improvement 631 

directly reinforced the production dimension of the Functional Trefoil model, as 632 

resources were perceived not only as informative but as enabling tools for completing 633 

tasks more effectively. At the same time, the persistence of “somewhat effective” ratings 634 

suggests that some materials still lacked sufficient scaffolding to fully support diverse 635 

learning preferences, particularly for students less confident in technical modeling. For 636 

future iterations, layering resources with both introductory and advanced materials could 637 

strengthen inclusivity and adaptability. From a broader perspective, this result underlines 638 

the critical role of high-quality, practice-oriented resources in bridging theoretical 639 

understanding with applied collaborative BIM skills—an insight transferable to other 640 

courses and institutions seeking to balance technical and teamwork competencies. 641 

 642 

Most students reported that Deliverable 3 contributed either moderately or 643 

significantly to achieving the intended learning objectives (Figure 10). In the first survey, 644 

prior to the introduction of the collaborative platform, the vast majority of students (86%) 645 

perceived its contribution as “moderate,” with only a small proportion (14%) rating it as 646 

“significant.” Following the pilot implementation, perceptions shifted noticeably: half of 647 

the students (50%) rated the deliverable’s contribution as “significant,” while “moderate” 648 

responses dropped to 43%. A small minority (7%) considered the impact to be only 649 

“light,” and no students selected “not at all” in either survey. Beyond the percentages, 650 

student feedback indicated that the new assignment design better supported collaboration 651 



 

 

through clearer workflows and improved communication channels, which reinforced both 652 

the communication and coordination dimensions of the Functional Trefoil model. At the 653 

same time, the deliverable’s technical complexity provided more authentic opportunities 654 

for students to engage in production, linking conceptual learning with practical 655 

application. Nonetheless, the persistence of “moderate” and “light” ratings suggests that 656 

not all students benefitted equally, likely reflecting variations in prior experience or 657 

comfort with the new tools. This highlights the need for additional scaffolding and 658 

adaptive support to ensure more consistent learning gains. More broadly, the findings 659 

point to the potential of structured, collaborative assignments to strengthen the integration 660 

of technical and teamwork skills in BIM education, offering valuable insights for the 661 

design of curricula in other institutions. 662 

 663 

In sum, the survey results provide valuable insights into participants' experiences 664 

and perceptions regarding Deliverable 3 and the tools used in the BIM830 course. 665 

Overall, feedback was positive, with most students highlighting improvements in the 666 

software, instructions, workflow, task distribution, and learning resources. These findings 667 

suggest that the revised assignment better supported collaboration by clarifying 668 

communication processes, streamlining coordination, and reinforcing the production of 669 

deliverables—three interdependent dimensions emphasized by the Functional Trefoil 670 

model. At the same time, some variability in responses indicates that certain students still 671 

experienced challenges, particularly related to workload balance and the efficient use of 672 

the platform. Addressing these areas for improvement could further enrich the 673 

collaborative learning experience and ensure more consistent engagement across the 674 

cohort. Beyond this course, the lessons learned highlight how a theoretically grounded 675 

framework can inform the design of BIM curricula, offering guidance for future 676 



 

 

adaptations in related courses and across institutions seeking to strengthen collaborative 677 

competencies alongside technical proficiency. 678 

 679 

6. Discussion and lessons learned 680 

6.1 Discussion 681 

The primary objective of this study was to improve collaborative BIM education 682 

at ÉTS through the development and pilot implementation of a theoretically grounded 683 

pedagogical framework based on the Functional Trefoil model. The results indicate that 684 

this objective was effectively achieved. By explicitly structuring the learning activities 685 

around communication, coordination, and production, the proposed framework translated 686 

abstract collaborative principles into concrete, assessable practices within a BIM learning 687 

environment. Student feedback demonstrates not only increased engagement and 688 

satisfaction but also improved confidence in collaborative BIM workflows, suggesting 689 

that the framework successfully supported the development of non-technical 690 

competencies that are often underemphasized in traditional BIM education.   691 

Most respondents found the software effective or very effective in supporting the 692 

collaborative aspects of the deliverable, indicating an overall positive perception of the 693 

collaborative capabilities of the tools used. Additionally, most participants rated the 694 

instructions and workflow as clear, with only one respondent finding them somewhat 695 

clear and another finding them very clear, suggesting a good general understanding of the 696 

instructions. Students also felt that the workflow was efficient, facilitating optimal time 697 

management and task completion. The distribution of tasks and roles was considered 698 

satisfactory or very satisfactory by the majority, although one participant expressed some 699 

dissatisfaction. This indicates an overall positive team dynamic but highlights the need to 700 

address individual concerns to further improve this dynamic. Regarding the learning 701 



 

 

resources, most participants found them relevant or very relevant to the tasks of 702 

deliverable 3. Additionally, they were considered effective or very effective in helping to 703 

understand the necessary concepts and techniques, achieving thus their educational 704 

objective. Most students felt that the deliverable helped them achieve the learning 705 

objectives moderately or significantly, with only one participant rating it slightly. 706 

In sum, the survey results provide insight into participants' experiences and perceptions 707 

regarding deliverable 3 and the tools used in the BIM830 course. Feedback was generally 708 

positive, with a majority liking the software, instructions, workflow, task distribution and 709 

learning resources. Considering the identified areas for improvement could further enrich 710 

the collaborative learning experience and ensure better student engagement with the 711 

course teaching materials.  712 

This study highlights the importance of integrating collaborative workflows into 713 

BIM education and demonstrates how structured, project-based learning can enhance 714 

students' technical and teamwork skills. By analyzing the limitations of traditional BIM 715 

teaching methods, this research addressed key challenges such as the lack of standardized 716 

collaborative processes, fragmented communication, and inconsistent student 717 

engagement in interdisciplinary work. 718 

These findings confirm that grounding BIM pedagogy in a clear theoretical model 719 

can enhance both the learning experience and the acquisition of collaborative skills 720 

aligned with professional practice. The results confirm that adopting a structured, 721 

collaborative framework—centered on communication, coordination, and production—722 

improves the overall learning experience. The use of Navisworks’ Clash Detective 723 

module appeared to support students in developing a more nuanced understanding of 724 

Building Information Modeling (BIM) concepts, while also fostering competencies 725 

related to 3D coordination and conflict resolution. This activity involved conducting 3D 726 



 

 

coordination on Revit architectural model and the Tekla structural model previously 727 

developed in earlier practical sessions. In addition, students engaged with role distribution 728 

practices by identifying and assigning responsibilities for detected clashes, 729 

communicating issue details and deadlines through BIM Collaboration Format (BCF) 730 

files, and maintaining traceability of proposed modifications via the Newforma Konekt, 731 

the collaborative platform. The integration of such a platform may have contributed to 732 

improved communication and information exchange, potentially addressing some of the 733 

inefficiencies observed in earlier iterations of the course. 734 

One of the most notable improvements was the redesign of instructional materials, 735 

particularly through high-quality, structured video tutorials. These resources provided 736 

students with on-demand guidance, reducing reliance on external sources and enabling 737 

more efficient self-directed learning. However, further refinements could be made, such 738 

as incorporating voice-over explanations and expanding coverage of BIM software 739 

functionalities to accommodate different learning paces. 740 

Despite these successes, some challenges remain. The structured workflow, while 741 

effective in guiding students, may have constrained creativity and problem-solving 742 

flexibility. Future iterations of the course could introduce more open-ended tasks to en-743 

courage innovative approaches and critical thinking. Additionally, while the results 744 

indicate strong improvements in student engagement and collaboration, long-term studies 745 

could assess the retention of these skills in professional settings. 746 

Ultimately, this study underscores the necessity of continuously adapting BIM 747 

education to reflect industry advancements. By fostering an interactive, technology-748 

driven learning environment, institutions can better prepare students for the evolving 749 

demands of the AEC sector. 750 



 

 

6.2 Lessons learned and future directions 751 

This case study highlights several lessons learned from the pilot implementation 752 

that can inform both the refinement of the proposed pedagogical framework and its 753 

potential adaptation to related curricula. First, the integration of collaborative tools such 754 

as Newforma Konekt and Navisworks indicated that structured workflows can support 755 

students’ ability to coordinate tasks and address conflicts; however, the pilot also revealed 756 

that additional instructional time is necessary to facilitate adequate familiarity with these 757 

platforms. Second, the iterative design of the assignments underscored the need to balance 758 

technical skill development with collaborative competencies, suggesting that future 759 

iterations could benefit from a stronger emphasis on reflective activities and peer 760 

feedback to further support teamwork development. 761 

While the approach showed promising outcomes within the BIM830 pilot context, 762 

its transfer to other courses or programs would require careful adjustment to variations in 763 

class size, disciplinary composition, and available technological resources. Overall, these 764 

observations provide preliminary guidance for improving the current course and outline 765 

potentially transferable principles that may inform the design of interdisciplinary, project-766 

based learning environments in architecture, engineering, and construction education, 767 

subject to further testing and validation.  768 

Looking forward, these insights suggest several avenues for future improvement. 769 

The assignment could be further enhanced by integrating interdisciplinary projects 770 

involving students from architecture, civil, and construction programs to more closely 771 

simulate real-world collaboration. The framework could also be adapted into earlier 772 

courses, providing students with progressive exposure to collaborative BIM practices 773 

before entering advanced modules. Finally, extending this approach across the curriculum 774 

would allow for a longitudinal assessment of how structured collaborative learning 775 

impacts students’ readiness for professional BIM-enabled practice. 776 



 

 

6.3 Limitations and Future Research 777 

While this study demonstrates the value of a theoretically grounded framework 778 

for collaborative BIM education, several limitations should be acknowledged. First, the 779 

research was conducted within a single academic context, namely one BIM course 780 

(BIM830) at École de technologie supérieure (ÉTS) and within a single cohort of 781 

students. This contextual specificity may limit the generalizability of the findings to other 782 

institutions or curricular settings. To mitigate this limitation, future implementations of 783 

the framework are planned across multiple courses, academic levels, and institutions, 784 

allowing comparative and cross-contextual validation. 785 

Second, the assessment of collaborative and technical skills relied primarily on 786 

student self-reported surveys and analysis of assignment deliverables. While this 787 

approach provided valuable insights into students’ perceptions, engagement, and 788 

confidence, it may be subject to response bias and does not fully capture individual 789 

contributions within group-based work. Future iterations will mitigate this limitation by 790 

integrating peer evaluations, instructor assessments, and standardized rubrics specifically 791 

designed to evaluate collaboration in BIM-based learning environments. 792 

Third, although BIM was used as a collaborative platform to simulate professional 793 

workflows, BIM-based coordination itself presents inherent limitations. These include 794 

interoperability challenges between software tools, varying levels of user proficiency, and 795 

the tendency for BIM processes to emphasize technical coordination over social and 796 

organizational dimensions of collaboration. To address these limitations, the proposed 797 

framework explicitly incorporates non-technical dimensions—communication and 798 

coordination—alongside production, ensuring that collaborative competencies are 799 

intentionally scaffolded rather than assumed. Additionally, future work will explore 800 

enhanced interoperability workflows, clearer role definitions, and the integration of 801 

emerging cloud-based BIM collaboration technologies to reduce technical friction. 802 



 

 

Fourth, the study did not include a longitudinal or comparative design, making it 803 

difficult to assess the long-term retention of collaborative skills or to directly compare the 804 

proposed framework with alternative pedagogical approaches. This limitation will be 805 

mitigated in future research through longitudinal studies tracking student performance 806 

over time and by introducing control or comparison groups using different instructional 807 

designs. 808 

Finally, data triangulation was limited, as the study primarily relied on student 809 

feedback and assignment outputs. A more holistic evaluation of learning outcomes could 810 

be achieved by incorporating feedback from industry practitioners and external reviewers. 811 

Future research will therefore seek to include industry partner evaluations and objective 812 

BIM model quality metrics—such as clash resolution efficiency, coordination accuracy, 813 

and model completeness—to strengthen the robustness and practical relevance of the 814 

findings. 815 

7. Conclusion 816 

This study introduced a novel pedagogical framework for teaching collaborative Building 817 

Information Modeling (BIM), structured around the functional Trefoil model. By 818 

integrating communication, coordination, and production within project-based learning, 819 

the revised practical sessions bridge the gap between theoretical BIM concepts and real-820 

world interdisciplinary collaboration. 821 

The results suggest increased student engagement, technical proficiency, and 822 

teamwork skills when compared with the traditional approach. The hands-on and 823 

interactive nature of the revised assignments appears to support students’ understanding 824 

of BIM tools and may contribute to greater confidence in their use, indicating a promising 825 

potential for better alignment with industry-related expectations. 826 



 

 

Beyond its immediate impact on student learning, this research offers a 827 

transferable framework for other institutions seeking to improve BIM education. For 828 

future iterations, several improvements could be made to strengthen the assessment of 829 

students’ collaborative and technical skills. First, the inclusion of peer evaluations would 830 

provide richer insights into individual contributions within group work, complementing 831 

self-reported survey data. Second, the adoption of standardized rubrics specifically 832 

designed for evaluating collaboration in BIM education could ensure more consistent and 833 

transparent assessment across groups. Third, Collaborative skills and technical 834 

proficiency were assessed through student surveys and analysis of deliverables rather than 835 

standardized rubrics or peer/instructor evaluations. While this provided useful insights, 836 

future work should integrate more rigorous instruments—such as rubrics, peer 837 

evaluations, and BIM model quality metrics—to enhance reliability. Finally, 838 

triangulating these data with instructor evaluations and, when possible, feedback from 839 

industry partners would provide a more holistic understanding of students’ preparedness 840 

for real-world collaborative BIM environments. Future efforts will also focus on refining 841 

digital teaching materials, increasing flexibility in learning pathways, and further 842 

integrating emerging BIM collaboration technologies. Ultimately, fostering 843 

interdisciplinary, technology-driven learning environments will be key to equipping 844 

future professionals with the skills necessary for the evolving AEC industry. 845 

Data Availability Statement:  846 

Some or all data, models, or code that support the findings of this study are available from 847 

the corresponding author upon reasonable request. 848 
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