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Abstract

This study investigates the practice of reflective learning in construction 
management education by exploring the integration of immersive vir-
tual reality (VR) technologies. Traditional educational approaches often 
struggle to provide students with immersive and practical experiences 
that replicate real-world construction scenarios. VR offers an innovative 
solution by enabling experiential learning in a risk-free environment, 
supporting the development of critical skills such as decision-making, 
safety management, and project execution. The research employs a De-
sign-Based Research methodology to design and evaluate interventions 
that integrate VR into educational frameworks. These interventions 
are guided by the Reflective Practice-Based Learning (RPL) principle: 
“Teaching and learning activities are organized as exploration.” The 
study uses qualitative analysis to examine how VR can enhance students’ 
reflection, deepen understanding, and support knowledge transfer and 
skill development in building design. The findings provide insights into 
how VR can facilitate meaningful engagement with complex building de-
signs and contribute to the near and far transfer in learning. The immer-
sive VR in education demonstrates significant potential for transforming 
traditional educational methods. The study’s practical implications lie 
in providing new educational designs that combine technological tools 
with reflective, practice-oriented learning approaches.
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Introduction

The use of immersive technologies, particularly Virtual Reality (VR), 
is now well established in higher education. VR and 3D environments 
enhance engagement, experiential learning, and knowledge retention, 
making them powerful tools for both theory and practice. Reviews (Ra-
dianti et al., 2020; Wang, 2018) show benefits in spatial learning, moti-
vation, and cognition, while studies in construction education (Le et al., 
2015; Lucas et al., 2018) demonstrate VR’s effectiveness in supporting 
experiential learning and efficiency.

By simulating real-world complexity, VR supports both theoretical 
understanding and professional practice. This aligns closely with the 
principle of explorative learning (Concept 3 – “Teaching and learning 
activities are organized as exploration.)(Horn et al., 2020: Brinkmann, 
2016; Miettinen, 2000). Here, learning is not about reaching a fixed 
point. Through reflection, questioning, data collection, and hypothesis 
building, students are encouraged to interpret situations they experience 
(Horn et al., 2020) from multiple perspectives. This process, often re-
ferred to as abductive learning, supports critical thinking and adaptive 
problem-solving. Explorative learning is characterized by engaging stu-
dents in processes of questioning, hypothesis formation, and abductive 
reasoning, particularly in situations where meaning is uncertain or frag-
mented. Rather than delivering fixed outcomes, such teaching strategies 
invite learners to investigate problems from multiple perspectives, col-
lect and interpret data, and develop informed responses through reflec-
tive practice. The teacher’s role is to design these learning environments 
in ways that stimulate curiosity, support experimentation, and qualify 
the reflective dialogue (Laursen, 2017).

Although immersive VR has been widely studied in industrial con-
texts, there remains a lack of research examining its impact on learning 
processes and outcomes within higher education settings. Therefore, this 
study investigates how the use of immersive VR in architectural tech-
nology and construction management education (ATCM) can support 
effective student learning through exploration, reflection, and applied 
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practice. Guided by the RPL principles and Wahlgren’s theory of trans-
fer (Wahlgren & Aarkrog, 2012), the study examines how immersive 
learning environments support knowledge transfer. Near transfer occurs 
when students apply knowledge in familiar contexts, while far transfer 
requires adapting learning to novel or unpredictable situations. By in-
volving students in reflective, experience-rich learning tasks, we aim to 
understand how VR can enhance the ability to connect theory with prac-
tice and promote learning that is not only engaging but also meaningful 
and transferable to real-world construction work.

Research question is posed as follows: How can the use of immersive 
VR technologies in ATCM education support effective student learning by 
promoting near and far transfer through exploration, reflection, and prac-
tice, understood within the frameworks of Reflective Practice Learning and 
Wahlgren’s transfer theory?

Background

This study is grounded in Bjarne Wahlgren’s theory of transfer (2013), 
which emphasizes the conditions under which knowledge and compe-
tencies acquired in education are applied in real-world contexts. Wahl-
gren identifies multiple dimensions of transfer, particularly near transfer 
(application in familiar contexts) and far transfer (adaptation to novel 
situations), as critical outcomes of effective learning. His framework out-
lines twelve key factors influencing transfer, ranging from learner moti-
vation and confidence to instructional design and workplace support.

These dimensions are particularly relevant when immersive technol-
ogies like VR are used to support education. VR environments allow 
for both direct rehearsal of workplace tasks (supporting near transfer) 
and conceptual exploration that generalizes across contexts (supporting 
far transfer). This dual potential aligns with Reflective Practice-Based 
Learning (RPL) (Horn et al., 2020), which frames learning as a process of 
inquiry, hypothesis-building, and reflection in and on action. The use of 
VR in construction is grounded in theories of cognitive load reduction, 
collaboration, and experiential learning. VR’s immersive 1:1 environ-
ments enhance spatial understanding and reduce abstraction compared 
to traditional 2D/3D reviews (Haahr, 2023). It fosters interdisciplinary 
collaboration by providing a shared virtual space, supporting real-time 
interaction and decision-making aligned with Social BIM principles 
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(Zaker and Coloma, 2018). Additionally, VR promotes reflective prac-
tice through simulation and exploration, supporting knowledge transfer 
within frameworks like RPL (Zaker and Coloma, 2018). When integrat-
ed with BIM, VR further enhances design comprehension, clash detec-
tion, and stakeholder engagement (Alizadehsalehi et al 2020) despite 
challenges like cost and adoption resistance.

Research settings 

This study is situated within “De Digitale Dage 2025”, a national, cross-in-
stitutional educational initiative that bridges professional construction 
practice and vocational education through digital and collaborative ex-
perimentation. The project engages students from multiple institutions 
– including UCN, AAU, EUC Nord, and Tech College – who work in 
interdisciplinary teams to develop a building design proposal for the 
renovation and refurbishment of a public school into a training centre 
for the North Jutland Police.

Participants assume professional roles such as project manager, BIM 
coordinator, and sustainability advisor, collaborating across disciplines 
using industry-standard tools like BIM 360, Revit, Dalux, and LCA Byg. 
The project’s 12-week format and emphasis on teamwork, role-based re-
sponsibility, and final presentation offer a highly authentic educational 
setting. Within this framework, a VR-based learning intervention was 
introduced to investigate how immersive VR technologies can support 
exploratory learning, reflective practice, and knowledge transfer.

Methodology: Design-Based Research (DBR) Approach

To explore and develop educational practices grounded in real-life con-
texts, this study employs a Design-Based Research (DBR) methodology. 
DBR is well-suited for the dual aim of generating both practical inter-
ventions and theoretical insights within complex educational settings. 
Rooted in pragmatism (Maxcy, 2003), DBR embraces flexible, iterative, 
and context-sensitive inquiry, closely aligned with both RPL and Wahl-
gren’s transfer theory (2013).

As described by Ann Brown (1992) and Anderson and Shattuck (2012), 
DBR supports the creation of educational innovations that respond to 
actual learner needs, while simultaneously contributing to broader the-
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oretical development. The project was structured around four iterative 
DBR phases, tailored to the educational context and timeline of “De Dig-
itale Dage”.

Phase 1: Contextual and Theoretical Foundation. This phase focused 
on building a foundation for the intervention, including reviewing rel-
evant literature in Design-Based Research, transfer of learning (Wahl-
gren, 2013), and RPL, mapping the technological and pedagogical en-
vironment of “De Digitale Dage”, and identifying key competencies and 
tasks where a VR intervention could meaningfully enhance learning and 
reflection.

Phase 2: Design of the VR Learning Intervention. Based on the ini-
tial analysis, a VR-based module was developed. The design was built 
to do three things: first, to give students practice with realistic construc-
tion tasks and decisions; second, to encourage creative thinking, open 
exploration, and thoughtful discussion; and third, to help students use 
their learning in the given case and in future construction practice. The 
design also followed Mingfong et al.’s (2010) four effectiveness criteria: 
a structured framework, effective use of VR features, accurate domain 
knowledge, and attention to the learning context’s needs.

A VR laboratory was established and equipped with four Meta Quest 
2 headsets and one Meta Quest 3 headset, providing students access to 
high-quality standalone VR head-mounted displays (HMDs). The labo-
ratory utilized Autodesk XR Workshop, a commercial software solution 
that facilitates the seamless transfer of building designs from Revit into 
a virtual environment. Autodesk XR Workshop is a multi-user VR plat-
form specifically designed to support collaboration within the architec-
ture, engineering, and construction (AEC) sectors. The platform enables 
users to explore building designs at a 1:1 scale within an immersive vir-
tual environment, fostering collaboration, discussion, and reflection on 
spatial configurations and design decisions in real-time.

Phase 3: Implementation in “De Digitale Dage”. The intervention was 
implemented with three student teams (A, B, C). The VR module was in-
tegrated into their collaborative work process as they progressed through 
design, coordination, and construction planning tasks (Table 1). Each 
session began with a brief onboarding that covered how to put on the VR 
headset and launch the software. Once students were in-headset and the 
application was running, the instructor (one of the authors) provided re-
al-time support and ongoing guidance while students explored. Halfway 
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through each session, the instructor paused the activity to ask students 
to reflect on their VR experience and how it could be used in other situ-
ations in their studies and in their future jobs in building construction.

Data collection was qualitative and conducted through participato-
ry observation, guided by a structured observation protocol and focus 
group interviews, which captured students’ reflections on their use of 
VR. These approach was explicitly designed to align with the RPL frame-
work and Wahlgren’s transfer theory, particularly focusing on how stu-
dents engage in meaning-making, collaborative problem-solving, and 
practical application of knowledge.

Table 1: Data collection

Category Session (Group A) Session (Group B) Session (Group C)

Duration of 
Session

~45 minutes ~10 minutes ~45 minutes

Students and 
Backgrounds

6 ATCM (4th 
semester), EQF 6

1 Energy Design, 
EQF 7

1 Construction 
Management, EQF 7

2 ATCM (4th 
semester), EQF 6

1 Electrician, EQF 3/4

2 ATCM (4th 
semester), EQF 6

Theme of 
Session

Exploring possibilities 
with VR

Review of initial 
proposal

Recording VR 
experience for 
presentation

Design review of 
team’s model

Exploring possibilities 
with VR

Design review of 
team’s model

Data 
Collected

∙ �Observation: 30–35 
min

∙ �Interview: 13 min 
19 sec

∙ �VR video (student): 7 
min 58 sec

∙ �VR video (teacher): 7 
min 30 sec

∙ �Observation: 10 min

∙ �VR video (student): 5 
min 34 sec

∙ �VR video (teacher): 5 
min 20 sec

∙ �Observation: 25–30 
min

∙ �Interview: 29 min 
31 sec

∙ �VR video (student): 
15 min 33 sec

∙ �VR video (teacher): 7 
min 30 sec
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Phase 4: Analysis and Reflection. In the final phase, collected data were 
analyzed through thematic coding (Saunders et al., 2023) and interpre-
tive analysis, focusing on: Evidence of near and far transfer; Manifesta-
tions of exploratory learning and abductive reasoning; Students’ capacity 
to reflect on their learning process and relate it to professional practice. 
Findings were interpreted considering the underlying theoretical frame-
works and used to refine the intervention. This phase also supported 
broader conclusions about the effectiveness of immersive learning envi-
ronments in educational contexts.

Limitations

The study has several limitations. First, it rests on a single, short-term ed-
ucational event, which makes it difficult to assess far transfer. The sample 
comprises only thirteen students, and the VR sessions occurred in a con-
trolled laboratory setting, limiting generalizability to typical classroom 
or workplace conditions. Finally, the instructor’s dual role as author and 
facilitator could be a source of bias (Saunders et al., 2023).

Results and findings

In this section, we present the results of the analysis of the executed ed-
ucational program. The data were collected in 3 sessions, and the main 
results are presented in Table 2. As shown, students mostly demonstrat-
ed near transfer. They applied VR insights to familiar tasks, for exam-
ple by identifying construction errors: “that’s the house, and it’s not built 
correctly.” Far transfer was rarer. It appeared in Group C, where students 
experimented with model changes: “what if we make the wall thicker? 
When the wall becomes thicker, you suddenly get another solution”. This 
observation shows the evidence of how skills could be used in future 
contexts.
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Table 2: Results and findings

Theme Session (Group A) Session (Group B) Session (Group C)

Duration of 
Session

~45 minutes ~10 minutes ~45 minutes

General Un
derstanding

Some students lacked 
clarity about planning 
and purpose. Unclear 
on how VR connected 
to their learning tasks.

Similar confusion 
about planning; did 
not fully grasp what 
was expected during 
the VR activity.

Same issues as S2. 
Students questioned 
the purpose and 
relevance of VR 
activities.

Digital Skills 
& Tool Use

Unfamiliarity with 
VR tools caused 
hesitation. Some 
students had not 
previously used a VR 
headset. 

Reported lack of 
familiarity with 
VR and digital 
coordination tools.

Some students lacked 
access or had trouble 
navigating technical 
requirements.

Exploratory 
Learning 
(RPL Pr. 3)

Explored possibilities 
for how to use VR 
but felt lost without 
clearer learning goals.

Mentioned wanting 
more direction for 
how to engage in 
learning via VR.

Engaged in the 
activity but lacked a 
sense of direction or 
educational value.

Transfer of 
Knowledge

Some evidence of near 
transfer in applying 
VR learning to digital 
models.

Minimal signs of 
applying learning 
beyond the session.

Students applied 
technical skills 
directly to the case 
and discussed how 
they could use their 
competencies in 
future contexts. 

Collaboration

Collaboration was 
mixed; some relied 
on peers, others 
struggled due to 
unclear group roles.

Group dynamics less 
effective; students 
found teamwork 
fragmented.

Same as S2, but some 
noted attempts to help 
each other understand 
the task.

Discussion

Students entered the VR sessions with diverse educational and profes-
sional backgrounds, influencing how they interpreted tasks and engaged 
with the technology. This diversity, while beneficial for interdisciplinary 
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learning, also created confusion when instructions or objectives were 
unclear. A lack of shared understanding often reduces focus and engage-
ment. As one participant expressed: “Some students come directly from 
high school and don’t know what we’re referring to when we discuss cer-
tain things. In those cases, VR allows us to point and say: that’s the house, 
and it’s not built correctly.”

Many students had limited prior experience with BIM and VR tools. 
This gap created initial barriers in navigation and understanding the 
digital workflow. These findings emphasize the importance of early on-
boarding and digital preparation to enable effective learning transfer, as 
discussed by Wahlgren (2013).

Some students demonstrated exploratory learning through tri-
al-and-error and model revision. As one participant noted, “…I’ve been 
playing around with it these last two days and gained a lot of experience 
just by testing the program – what can it do, what can’t it do…” How-
ever, the lack of structured guidance hindered their ability to connect 
such experimentation to broader learning goals. Support for abductive 
reasoning and reflective framing is therefore essential to maximize VR’s 
potential as a tool for meaningful exploration

As shown in findings, evidence of near transfer was present when stu-
dents applied insights gained in VR to immediate design tasks. Far trans-
fer has been observed in session C, and was limited in session B. These 
results can point to that structured reflection and instructor support are 
crucial to enable deep, transferable learning outcomes, consistent with 
Wahlgren’s model.

Collaboration outcomes varied. Effective peer learning occurred in 
groups with clear task distribution and communication. In less struc-
tured groups, unclear roles and weak interaction limited knowledge ex-
change. Clear team roles and guided collaboration strategies are recom-
mended to enhance social learning. Students across sessions expressed a 
clear need for stronger instructional support. 

Importantly, the findings suggest that instructor presence within the 
VR environment is also crucial. In session B, for example, extensive guid-
ance was needed to help students navigate tasks effectively. This indicates 
that active instructor involvement during VR experiences is essential to 
maintain focus on learning goals and support both near and far knowl-
edge transfer.
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Conclusion 

These findings highlight the importance of designing immersive learning 
activities with structured goals, clear facilitation, and preparatory digital 
training. VR can effectively bridge theory and practice in construction 
education, but its success depends on didactic integration, reflective sup-
port, and inclusive collaboration.

Further studies should investigate the long-term impact of VR learn-
ing on real-world application, the role of structured reflection tools in 
enhancing transfer, and how immersive technologies shape professional 
identity in construction education. Additionally, more research is need-
ed on the role of instructor training and equity in access to digital tools.
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