
Enhancing Construction Education through Integrated 2D, 

3D, and VR Visualization Technologies 

  
Sanjeev Adhikari1, Adeebuddin Hussaini Mohammed1, and Pavankumar Meadati1 

1Kennesaw State University 

 

This research investigates the integration of digital construction technologies specifically two-

dimensional (2D) prints, three dimensional (3D) modeling, and immersive visualization using Virtual 

Reality (VR) to enhance learning outcomes in construction management education. Traditional 

pedagogical methods that rely on static 2D drawings often fail to effectively convey the spatial and 

functional complexities of architectural, structural, and Mechanical, Electrical, and Plumbing (MEP) 

systems. To address this limitation, the study introduces a multi-phase methodology that guides 

students from interpreting 2D plans to engaging with dynamic 3D models and immersive 

environments. Utilizing platforms such as Autodesk Navisworks and Workshop XR, students gain 

hands-on experience navigating virtual building projects, thereby fostering deeper comprehension, 

critical thinking, and problem-solving skills. The implementation centers on a selected building 

project, through which students participate in structured visualization exercises and collaborative 

activities. Anticipated outcomes include increased student engagement, enhanced interdisciplinary 

understanding of architectural and MEP systems, and strengthened partnerships with industry 

stakeholders. This approach bridges the gap between theoretical instruction and practical application, 

equipping students with the digital literacy and analytical capabilities required to meet the evolving 

demands of the construction industry. 
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Introduction 

 

In the dynamic and rapidly evolving field of construction management, the ability to accurately 

visualize and interpret architectural, site, foundation, structural, and Mechanical, Electrical, and 

Plumbing (MEP) plans is essential. These documents serve as the foundational blueprint for 

construction projects, guiding every phase from initial design through final execution. However, 

traditional instructional methods, primarily reliant on two dimensional (2D) printed drawings, often 

fall short in helping students fully comprehend the spatial and functional relationships inherent in 

complex building systems. 

 

This proposal advocates for the integration of emerging technologies into construction management 

education to enhance students’ understanding of these critical documents plans (Chen et al., 2022; 

Kissi et al., 2023).  By incorporating 2D prints, three dimensional (3D) modeling, and immersive 

environments, the initiative aims to create a more engaging and comprehensive learning experience. 
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This approach bridges the gap between theoretical instruction and practical application, equipping 

students with the skills needed to become competent and confident professionals. 

 

The primary goal of this project is to enrich the educational experience of construction management 

students by embedding advanced visualization technologies into the curriculum. Specifically, it seeks 

to improve students’ ability to interpret construction plans and foster a deeper understanding of 

building systems, ultimately enhancing their readiness for real-world challenges in the construction 

industry. 

 

Background and Literature Review 

 

Building Information Modeling (BIM) and 3D modeling have emerged as transformative tools in 

construction education, marking a significant shift from traditional pedagogical approaches. These 

technologies enable students to visualize, coordinate, and engage with complex building systems prior 

to encountering them in real-world projects. Since 2013, global enrollment in BIM-related higher 

education programs has increased, though the extent of integration varies from tool-centric “BIM-

focused” instruction to more holistic “BIM-enabled” environments that emphasize collaboration and 

decision-making (Olowa et al., 2020; Olowa et al., 2019). 

 

Classroom studies show that combining 2D and 3D visualization techniques significantly enhances 

students’ understanding of structural behavior and fosters a more dynamic, student-centered learning 

environment. While traditional methods such as chalkboard instruction remain effective for problem-

solving exercises, the incorporation of visualization tools promotes deeper conceptual engagement 

(Gao et al., 2007). Innovations like Building interactive Modeling (BiM), which merges BIM 

capabilities with virtual environments, further support immersive collaboration, role-play, and 

geographically distributed teamwork highlighting the added value of integrating classical instruction 

with visualization-driven technologies (Ku & Mahabaleshwarkar, 2011). 

 

Expanding on these foundations, Virtual Reality (VR) technology is redefining construction education 

by simulating real-world jobsite conditions. These immersive tools enhance scheduling, safety 

training, communication, and hands-on practice without exposing students to the risks of live 

construction environments (Shakil, 2019). Empirical studies show that VR not only boosts student 

engagement and motivation but also improves the ability to detect sequencing errors and manage task 

execution time, especially when paired with 4D-BIM simulations (Abouelkhier et al., 2024). 

 

Recent studies have explored the practical applications of Augmented Reality (AR) in construction, 

highlighting its potential to enhance real-time visualization, improve communication, and support on-

site decision-making (Adhikari et al., 2024). BIM’s influence extends beyond visualization, 

significantly impacting project coordination, cost estimation, and stakeholder collaboration 

throughout the construction lifecycle (Adhikari & Roca, 2024). Virtual Reality has also been 

effectively applied in safety training contexts, such as fire emergency simulations, offering 

immersive, risk-free environments for experiential learning (Karoti & Adhikari, 2024). The 

integration of BIM with Digital Twin technologies is emerging as a transformative approach in 

construction, enabling real-time monitoring and lifecycle management of built assets (Nguyen & 

Adhikari, 2023). 

 

Despite their benefits, challenges persist. High costs, motion sickness, technical unfamiliarity, and the 

absence of robust pedagogical frameworks hinder widespread adoption particularly in resource-

constrained settings (Onatere-Ubrurhe et al., 2025). Moreover, literature critiques highlight that much 

of the existing research focuses on lower-order cognitive skills, underscoring the need for theory-
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driven studies and educator upskilling to fully realize the potential of immersive technologies in 

construction education (An et al., 2023; Mastrolembo Ventura et al., 2022; Wang et al., 2018). 

 

To address this gap, scholars have called for the integration of experiential learning theories (Kolb, 

1984) and immersive interface design principles (Dede, 2009) into construction curricula. These 

frameworks support the development of higher-order thinking skills and promote active, student-

centered learning. Studies by Pedro et al. (2016) and Wang et al. (2014) further demonstrate the 

effectiveness of VR-based training in improving safety awareness and construction sequencing skills. 

 

The integration of BIM, 3D modeling, and VR technologies offers a powerful framework for 

enhancing construction management education. While evidence supports their effectiveness in 

fostering student-centered learning and practical competence, strategic investment in infrastructure, 

curriculum redesign, and faculty development is essential to overcome existing barriers and maximize 

educational outcomes. 

 

Methodology 

 

This methodology integrates traditional 2D prints, 3D modeling, and immersive technologies such as 

Virtual Reality (VR) to enhance construction management education. The approach is designed to 

progressively build students’ competencies from interpreting conventional drawings to engaging with 

fully immersive environments bridging the gap between theoretical knowledge and practical 

application. This study employed a pre-post survey design to evaluate the impact of immersive 

visualization technologies on students’ understanding of construction plans. The intervention 

consisted of demonstrations using 2D prints, 3D modeling, and Virtual Reality (VR) tools. 

 

Section A: Visualization Techniques 

 

Students begin by analyzing traditional 2D construction documents including architectural, site, 

foundation, structural, and MEP plans which serve as the foundational tools for understanding 

building layout, design intent, and system coordination. These 2D prints are then transformed into 

detailed 3D models using industry-standard software, enhancing spatial awareness and enabling 

exploration of complex building systems from multiple perspectives. Building on this foundation, 

immersive technologies such as Virtual Reality (VR) are introduced to create interactive 

environments where students can virtually walk through the building. These immersive experiences 

deepen comprehension of spatial relationships, system integration, and real-world scale, while 

fostering critical thinking and problem-solving skills essential for construction management practice. 

 

Section B: Integration of Tools 

 

To support the visualization process, the methodology incorporates two key technological platforms: 

Autodesk Navisworks and Autodesk Workshop XR. Navisworks functions as a centralized hub for 

model coordination, clash detection, and collaborative review, allowing students to manage and 

analyze integrated building systems within a unified digital environment. Complementing this, 

Workshop XR transforms 3D models into immersive experiences accessible through VR headsets. 

This tool enables students to interact with building designs in a realistic and engaging manner, 

deepening their understanding of spatial configurations and enhancing their overall learning 

experience. 

 

Section C: Implementation Plan 

 

Visualization Technologies in Construction Education Adhikari, Mohammed and Meadati

2



The implementation plan begins with the selection of a single building project that serves as the 

foundation for all instructional activities. This project will be chosen for its complexity and relevance 

to core construction concepts such as architectural design, structural systems, and MEP coordination. 

The instructional process unfolds in three phases: interpretation of 2D drawings, development of 3D 

models, and creation of immersive environments. Each phase is supported by a series of interactive 

classroom activities, including pre- and post-surveys, group and individual exercises, and design 

challenges that encourage students to identify and resolve construction issues. Pre-survey responses 

were collected from 27 participants (88% undergraduates), while post-survey responses were obtained 

from 21 participants, reflecting a 22% drop-off primarily due to scheduling conflicts and class 

attendance variability. This structured, hands-on approach ensures that students progressively build 

their skills while engaging with increasingly sophisticated visualization tools. The implementation 

was carried out on a sophomore-level construction management course (3-credit hours) that focuses 

on construction graphics and visualization. Most participants were undergraduates (88%), enrolled in 

a full-time course load. While the majority had limited prior exposure to real-world construction 

projects, some had completed internships or site visits. 

 

The survey instrument consisted of structured questions designed to capture students’ perceptions of 

their familiarity, confidence, and comfort with visualization technologies. Items included Likert-scale 

questions (e.g., ‘How confident are you in interpreting 2D construction plans?’ rated from 1 = Not 

confident at all to 4 = Very confident) and questions on prior exposure to 3D modeling and VR/AR 

tools. Additional items assessed perceived impact of immersive technologies on learning and comfort 

levels with using these tools. The instrument was developed in-house based on course learning 

objectives and informed by prior studies on technology integration in construction education (e.g., 

Gao et al., 2007; Pedro et al., 2016). Open-ended questions were included to capture qualitative 

feedback on usability and learning experience. 

 

Comparative Demonstration: CAD vs. BIM vs. VR section 

 

The comparative demonstration highlights the progression from traditional drafting to immersive 

visualization in construction education. Computer-Aided Design (CAD) is primarily used for 

producing precise 2D documentation such as floor plans and plumbing layouts, focusing on drafting 

and detailing without integrating multiple building systems (Figure 1A: Plumbing drawing in 

Bluebeam; Figure 1B: Floor plan layout). Building Information Modeling (BIM) advances this by 

enabling the creation of coordinated 3D models that integrate structural, mechanical, and electrical 

systems, supporting clash detection, quantity takeoffs, and informed decision-making (Figure 2A: 3D 

model in Navisworks; Figure 2B: 3D view of plumbing and HVAC systems). Virtual Reality (VR) 

takes visualization further by immersing students in a realistic 3D environment, allowing them to 

experience spatial relationships and construction details as if physically present, thereby promoting 

experiential learning and deeper engagement (Figure 3: VR demonstration and Student engagement 

with VR environment). It is also acknowledged that Pablo Giraldo Clavijo, Construction Technology 

Manager, contributed to the VR demonstration and student engagement within the VR environment. 
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Figure 1A. Plumbing 2D drawing 

 

Figure 1B. 2D floor plan 

 

 
 

Figure 2A. 3D model opened in Navisworks. 

 

Figure 2B. Plumbing and HVAC systems in 

3D view 

 

 
 

Figure 3. Students engaging with Virtual Reality during demonstration 

 

Data Analysis and Results 

 

Survey data were analyzed using descriptive statistics (frequency counts, percentages) to summarize 

responses across categorical scales (e.g., confidence, familiarity, comfort). Comparative interpretation 

focused on shifts in distributions between pre- and post-surveys. Where appropriate, we report 

absolute counts alongside percentages to allow readers to gauge effect magnitude given the sample 

sizes (pre: n = 27; post: n = 21). 

 

Pre demonstration Survey Results 

Visualization Technologies in Construction Education Adhikari, Mohammed and Meadati

4



Pre-demonstration survey results from 27 participants primarily undergraduates (88%) indicate 

limited prior exposure to advanced visualization technologies in construction management. Most 

students reported being only slightly (48%) or moderately (32%) familiar with 2D construction plans, 

and confidence levels mirrored this, with 52% feeling only slightly confident and just 8% very 

confident in interpreting architectural, plumbing, mechanical, HVAC, and structural drawings (Figure 

4). Additionally, 72% had never used 3D modeling software, and 84% had no experience with VR or 

AR in an educational context. 

 

Despite this limited background, students expressed strong interest in immersive technologies. Sixty 

percent anticipated a significant impact from VR on their learning, with another 16% expecting a very 

significant impact (Figure 5). While comfort levels with new technologies varied, nearly half were 

neutral, and 44% felt somewhat or extremely comfortable. Open-ended responses reflected 

enthusiasm for gaining a deeper understanding of construction drawings, improving spatial 

visualization, and connecting theory with real-world applications. Concerns were minimal and 

centered on usability, accuracy, and physical discomfort (e.g., eye strain). These findings highlight a 

clear opportunity to enhance construction education by integrating 2D, 3D, and VR tools to address 

foundational gaps in plan interpretation while leveraging student enthusiasm for immersive learning. 

 

  
Figure 4. Confidence in Interpreting 2D Plans 

 

Figure 5. Expected Impact of VR on Learning 

 

Post demonstration Survey Results 

Post-survey responses from 21 participants indicate a clear positive impact of integrating 2D, 3D, and 

VR visualization technologies into construction management education. The majority (86%) reported 

moderate to very significant improvement in understanding 2D construction drawings, suggesting that 

visual and interactive methods effectively clarified complex technical content (Figure 6). Similarly, 

91% experienced enhanced ability to visualize construction projects in 3D, with nearly half noting 

moderate improvement highlighting the value of immersive tools like 3D modeling and VR in 

developing spatial understanding (Figure 7). 

 

Comfort with emerging technologies also increased. Seventy-one percent of students now feel 

moderately to extremely comfortable using VR/AR for educational purposes, reflecting growing 

acceptance and readiness to engage with digital tools (Figure 8). Confidence in interpreting 

construction plans improved for 90% of students, and 75% believe these technologies will 

significantly impact their future studies. The demonstrations were well received, with 67% finding 

4%
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Not confident at all Slightly confident

Moderately confident Very confident

8%

16%

60%

16%
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Significant impact Very significant impact
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them very or extremely engaging and interactive. Importantly, 95% of respondents would recommend 

the use of 2D, 3D, and VR visualization methods to peers, confirming their perceived value in 

enhancing learning outcomes. These results support the continued integration of immersive 

technologies into construction education to improve comprehension, engagement, and practical 

readiness. 

 

  
Figure 6. Improvement in Understanding of 2D 

Plans 

 

Figure 7. Improvement in 3D Visualization 

Ability 

 

 

Figure 8. Comfort with VR/AR for Educational Purposes 

 

Results and Discussion 

 

The pre-survey revealed a significant gap between students’ familiarity with conventional 2D 

construction drawings and their exposure to emerging visualization technologies. Most had little to no 

experience with 3D modeling (72%) or VR/AR (84%), consistent with broader trends in construction 

education where digital proficiency remains limited. This lack of exposure hindered students’ ability 

to interpret technical drawings and engage with advanced tools, as reflected in their moderate comfort 

levels nearly half were neutral about using VR/AR. These findings reinforce the need for early 
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integration of digital visualization tools into the curriculum to build foundational skills and meet 

industry demands for digitally literate graduates. 

 

Post-survey results demonstrated the strong impact of incorporating 2D, 3D, and VR/AR 

demonstrations into instruction. After the intervention, 86% of students reported improved 

understanding of 2D plans, and 91% noted enhanced ability to visualize construction projects in 3D. 

Confidence in interpreting technical drawings rose for 90% of participants, and 71% felt moderately 

to extremely comfortable using immersive technologies.  

 

Notably, 95% of students said they would recommend these visualization methods to peers, 

underscoring their perceived academic and professional value. These outcomes align with current 

research advocating for immersive technologies in construction education—not only to improve 

technical competence but also to boost engagement, motivation, and real-world readiness. 

 

Summary and Conclusions 

 

This research assessed construction students’ awareness, confidence, and comfort with digital 

visualization technologies through pre- and post-surveys conducted around demonstration exercises 

involving 2D plans, 3D modeling, and VR/AR tools. Pre-survey results revealed limited familiarity 

with 2D drawings and minimal exposure to 3D modeling (72% had never used it) and immersive 

technologies (84% had no experience), reflecting a broader trend of digital skill gaps in construction 

education. Students also expressed moderate comfort levels with VR/AR, indicating a need for early 

and structured exposure to these tools. The workflow demonstrated in this study closely aligns with 

entry-level roles in construction management. Tasks such as interpreting 2D drawings, developing 

coordinated 3D models, and reviewing designs in immersive environments mirror responsibilities 

commonly assigned to junior estimators, project engineers, and BIM coordinators. These roles require 

proficiency in plan interpretation, clash detection, and digital collaboration skills that students 

practiced through the integrated use of CAD, BIM, and VR tools in this study. 

 

Following the demonstrations, students reported significant improvements across all areas. Eighty-six 

percent showed better understanding of 2D plans, 91% improved their ability to visualize projects in 

3D, and 90% reported increased confidence in interpreting technical drawings. Comfort with VR/AR 

rose to 71%, and 95% of students recommended integrating these technologies into construction 

education. These findings highlight the effectiveness of immersive instruction in bridging technical 

knowledge gaps, enhancing engagement, and preparing students for real-world industry demands. The 

results support broader curriculum integration, investment in digital infrastructure, and faculty 

development to ensure graduates are equipped with essential digital competencies.  

 

This study has several limitations that should be acknowledged. First, it did not include a control 

group, which limits the ability to attribute improvements solely to the intervention. Second, the 

findings reflect short-term outcomes based on immediate post-survey responses, and do not capture 

long-term retention or performance-based metrics. Future research should incorporate longitudinal 

designs to measure sustained learning effects and include objective performance indicators such as 

task accuracy, time efficiency, or application of visualization skills in real-world projects. 

 

Accessibility and safety considerations were addressed during the demonstrations. A few students 

reported mild eye strain, but no significant motion sickness incidents occurred. To maintain hygiene, 

headset cleaning protocols were implemented between uses. For students who preferred not to use VR 

headsets, alternative options such as observing the VR environment on a monitor or engaging with 3D 
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models on a computer were provided. These measures ensured inclusivity and minimized health risks 

while promoting engagement. 

 

Research Future Directions 

 

Further research is encouraged to explore the long-term integration of 2D, 3D, and VR/AR 

technologies into construction curricula through multi-institutional studies involving diverse student 

populations. Larger sample sizes and comparative analyses between traditional and immersive 

instructional methods would strengthen evidence on learning outcomes, particularly in developing 

higher-order thinking skills such as problem-solving, evaluation, and creativity. Future studies should 

also address challenges related to cost, accessibility, and faculty training, while exploring the value of 

hybrid approaches that combine BIM, immersive technologies, and real-world site experience. 

Additionally, emerging tools such as digital twins, AI-driven simulations, and fully immersive 

collaborative environments offer promising avenues to further enhance student engagement, 

professional readiness, and alignment with evolving industry practices.  
 
While immersive technologies offer significant educational benefits, practical barriers such as cost, 

faculty training, and equipment availability often hinder adoption. To mitigate these challenges, 

institutions can consider low-cost alternatives such as affordable VR headsets, shared resource models 

where equipment is pooled across departments, and faculty development workshops to build 

confidence and technical skills. To improve reproducibility and support educators in implementing 

similar approaches, future work will include sharing instructional artifacts such as sample lesson 

plans, grading rubrics, and model files used for 3D and VR demonstrations. These resources will be 

made available through institutional repositories or supplementary materials, enabling faculty to adapt 

and integrate immersive technologies into their own curricula effectively. 
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