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ABSTRACT 
The growing adoption of building information modeling platforms in the construction 

industry requires instructors to design and leverage innovative pedagogical interventions. 
Furthermore, construction instructors must support their students in gaining essential problem-
solving skills such as the analysis and evaluation of proposed construction and design solutions. 
In this study, the research team aimed at designing and developing an educational virtual reality 
game to support students in evaluating and reviewing BIM-based design of residential buildings. 
Research has illustrated that reviewing designs using traditional methods, such as drawings, can 
tax a students’ cognitive process. To tackle this issue, the team has developed the Design Review 
Simulator (DRS), a virtual reality educational simulation game. The learning objectives of the 
game are to support students in developing evaluation and reviewing skills of mistakes in 
construction projects through the use of virtual reality. We used a five-phase instructional design 
framework – A.D.D.I.E. – to analyze, design, develop, implement and evaluate the DRS game. 
Currently, the authors have performed the first three phases of the A.D.D.I.E. process. In the (1) 
analysis phase, the team evaluated literature, the future users of the games, and defined learning 
objectives. We then (2) designed and (3) developed the DRS in the Unity 3D game engine. The 
design proposal used as a test bed for this project was a residential townhouse in the heart of the 
San Francisco Bay Area and the BIM model was developed in Autodesk Revit. The model was 
provided by a local architectural firm specialized in renovations and retrofits. The team and the 
architects selected this model due to the high presence of modeling mistakes, making it effective 
example for educational purposes. The paper reports the analysis, design, and development efforts 
of the DRS in order to support other instructors and designers in developing future virtual reality 
games for construction education. Therefore, this experience’s contribution provides a direction to 
future game developers in designing similar educational virtual reality games.  
  



1. INTRODUCTION 
 
 The growing adoption of virtual reality (VR) in architecture, engineering, construction 
(AEC) industry has illustrated its potential for improving communication and evaluation of design 
proposals, and coordinating building systems [1,2]. With the growing interest in VR by the 
industry, academia has also started to explore the educational potential of VR in the AEC 
disciplines [3]. For example, VR has been explored for its effects on engagement, enjoyment or 
memory [4] or as a means of interactive storytelling [5] as a way to support dynamic and more 
active learning. At the same time, VR as inherently three-dimensional and interactive environment 
can support the students in design and engineering disciplines who are required to build their 
spatial reasoning skills. In this paper, the authors detail the process in designing and developing 
an educational virtual reality game, the Design Review Simulator (DRS) with the aim to help 
students build design review skills. The game was designed to challenge the students in finding 
and evaluating various types of design mistakes. In this paper, we discuss the development of the 
game and frame it in light of the existing literature to further understand the value of VR in the 
design process. In addition to the development experience, we offer a plan for the implementation 
and evaluation of the game with an assessment instrument designed for the game. 
 
2. LITERATURE REVIEW 
 
2.1. Design Review and Visualization  
 

With the growing adoption of building information modeling (BIM) approaches, several 
innovative technology applications for various use cases have started reshaping the process with 
which facilities are planned, designed, built, and operated. One such application is the use of high-
end visualization tools for reviewing building information performance over its lifetime, from the 
planning to the operations phase. Research on visualizations tools has been particularly focusing 
on evaluation and review of design as a way to reduce problems before the facility reaches the 
construction phase. Design review is a process of analyzing and evaluating the proposed design 
solution against program requirements, specifications, and user and owner requirements [6]. This 
process may use different methods and representations, such as physical mock-ups and paper 
drawings to digital and virtual prototypes [7–12]. Three-dimensional models notably supported 
the design review process by reducing the cognitive load demand by allowing the user to visualize 
information more easily [13–15]. Growing implementation in the las two decades of BIM and 
interactive workspaces [16–22] has also lead to the renewed interest in immersive virtual reality 
for its potential to improve the design review process [1,23–31]. For example, Castronovo et al. 
[32], Dawood [33], and Liu et al. [2] have found that VR can support integrated design teams in 
the delivery process of facilities, through the analysis of the proposed design before it reaches the 
construction phase. Similarly, others have found the application of VR to support the collaborative 
design development and verification building and spaces, such as patient rooms and hospitals 
[7,8,34] nuclear power plants [35], and courtrooms [36]. Lastly, immersive VR has been used to 
support AEC students to enhance their design generation process and evaluate their proposed 
solutions [3,37,38] based on the enhanced level of understanding that a virtual facility prototype 
provides if compared to traditional representations, as demonstrated in previous research works 
[39]. 
 



2.2. Educational Gaming 
 

Educational research has focused attention to the use of multimedia tools to enhance the 
student learning in a classroom environment [40,41]. This can be attributed to the influence of 
constructivist learning theory, which advises instructors to develop learning environments where 
students learn by actively engaging with the material presented [42]. In particular, Mayer’s 
cognitive theory of multimedia learning emphasizes that instructors should develop interventions 
were students can learn by developing “mental representations” from words and pictures [41]. One 
such approach learners can benefit from is educational simulation games. Such games enable the 
learner to interact with a repeatable and individualized learning environment [43]. Research has 
found that educational games enable the students to engage with the learning material by providing 
them with a risk-free environment [44–46]. In particular, educational games allow learners to 
visualize, explore, and interact through instant feedback with the desired concepts [47–49]. Such 
interventions have shown that students can develop real-world knowledge and meeting learning 
objectives [50–52]. The application of simulation games in the AEC education has illustrated that 
students can gain problem-solving skills transferrable to real-world scenarios [52–54], while being 
engaged and motivated [55,56]. However, little research, within the domain of AEC education, 
examines the value of educational games for teaching students architectural design review skills. 
 
2.3. Virtual Reality and Education 
 

Virtual reality has been recognized as a type of media that can engage students in 
experiential educational experiences. In particular, increasing research in immersive VR is 
focusing on its ability to promote spatial presence and immersion of the user inside a virtual 
environment [57]. Through the use of immersive VR, students’ engagement and motivation in 
learning are enhanced [4,5]. For example, at the University of Iceland, a program called 
“Innovation Education” provided VR experiences to their engineering students, allowing them to 
understand the concepts in their textbooks [58]. The benefits they found from this study were that 
students not only gained basic textbook knowledge, but experiential knowledge as well. In this 
virtual environment, the students were able to see and experiment with the software and use trial 
and error to solve problems. They were able to test their products in the simulated world, as well 
as to gain knowledge and express their creativity with their projects. Based on these benefits, VR 
can be seen as a suitable learning environment that stimulates and educates students. VR, in fact, 
offers an opportunity for students to emotionally connect with how their actions and consequences 
affect the environment [59]. According to Riva et al. [59], VR can provide a strong mental 
connection with the presented content because of its immersive capability and a sense of presence 
within the reality virtually represented. Controlling the environment and problems presented 
through a virtual medium could allow for a distinct user content experience that is unparalleled in 
conventional audiovisual implementations. Once students are able to make an emotional and 
cognitive connection with the consequences of their actions, they would be more likely to solve 
complex and real-world problems. While some reach has started evaluating the impact of VR to 
teach design review skills in undergraduate students [3], further investigation in the interaction 
that VR and design review skills have on pedagogy. Based on the value VR possesses and the 
existing research gap, the research team, has set the objective to evaluate the potential effect that 
a VR educational game has on learning. 
 



3. RESEARCH GOAL 
 
 With the growing implementation of BIM and visualization technologies in AEC education 
and industry, instructors are tasked to develop and deliver educational experiences that sufficiently 
challenge students’ thinking and engage them in an active and dynamic learning process. As 
discussed previously, educational gaming has shown the potential for engaging students in 
developing problem-solving skills. Building on the constructivist principles embodied by 
simulation games on one hand, and the salient features of VR for spatial and exploratory learning, 
the authors of this paper set forward the goal to develop an educational game – Design Review 
Simulator (DRS) – to engage students in developing design review skills. The development team 
was composed of five faculty members, one doctoral student, and two undergraduate students. The 
role of the faculty was to guide the development of the educational game, while the doctoral 
students supported the development of the literature review and learning objectives of the game. 
The undergraduate students focused on the development of the game. We used a five-phase 
instructional design framework – A.D.D.I.E. – to analyze, design, develop, implement and evaluate 
the DRS game. Here, we document the first three phases of the virtual reality educational game 
and we also discuss the development of the educational assessment material for the classroom 
implementation. 
 
4. INSTRUCTIONAL DESIGN OF THE DESIGN REVIEW SIMULATOR 
 
 To understand better the value of VR in how it may support undergraduate students in 
reviewing and evaluating the facility design, the team developed the virtual reality educational 
game DRS. The main learning objective for the game is for the students to learn to identify and 
evaluate the types of design-related and construction-related mistakes that can be found in the BIM 
model of a townhouse. The development platform that was chosen for the game was the Unity 3D 
game engine, and for the VR headsets, the team chose the Oculus Rift. During the gameplay, the 
students are immersed inside the 3D model of a townhouse in the heart of San Francisco and are 
asked to walk around and identify design mistakes such as layout, material and coordination issues 
or missing components. To guide the development of the game, the team selected the A.D.D.I.E. 
framework for instructional design, stands for analysis, design, development, implementation, and 
evaluation [60] (see Figure 1). The framework developed by the Center for Educational 
Technology at Florida State University is commonly leveraged for the design of instructional 
experiences [61]. 
 
4.1. Analysis 
 
4.1.1. Audience and Environment 
 

In the analysis phase, the first two steps are to identify the target audience and environment 
for the DRS. The chosen audience for this game is undergraduate students pursuing degrees in the 
AEC field and who are currently in their second or third year of studies when they are typically 
introduced to design problems. However, at other institutions, the game can be implemented at the 
instructors’ discretion and preference. The environment for the game is a classroom equipped with 
VR-ready desktops and VR headsets. The initial implementation of the game took place in the 
Visualization and Immersion Classroom (VIC) at the first author’s University. The VIC was 



designed to deliver VR experiences for large groups, therefore it is equipped with 48 high-end 
computers and 15 Oculus Rift headsets (see Figure 2). (The project has already received IRB 
approval and all of the students in Figure 2 have signed the IRB consent forms for the researchers 
to use their data and pictures taken during the implementation). 
 

 
Figure 1. A.D.D.I.E. Process for the Design Review Simulator Game 

 
4.1.2. Game Learning Objectives 
 

The last step in the analysis phase is the definition of the learning objectives, which 
educational gaming research has identified as an essential step in the development of games 
[53,62]. Additionally, the definition of the learning objectives enables the development of the 
assessment instruments for the implementation and evaluation phase of the game and measure the 
extent to which the students learn by playing the game. The learning objectives of the game were 
developed by using the revised Bloom’s Taxonomy [63,64], particularly focusing on the cognitive 
domain. Within this domain, the team selected the remembering and understanding cognitive 
thinking skills levels. For each of these levels, the team selected the following action verbs: define, 
explain, match, and identify. These action verbs are aligned with a cognitive level of thinking skills 
set by the taxonomy. Through the selection of these levels and verbs, the four resulting learning 
objectives for the DRS were defined (see Table 1). These game learning objectives are not aligned 
to any particular course learning objectives. The researchers decided not to align the game’s 
learning objectives to a course learning objectives to maximize implementation across multiple 
courses. 
 

Table 1. Game Learning Objectives for the Design Review Simulator 

Cognitive Domain Action Verb Game Learning Objective 

  At the end of the pedagogical intervention the students will be able to: 

Remembering 
Identify 
Define 
Match 

1. Identify the different types of design mistakes 
2. Define the provide design mistake 
3. Match the provide mistake to the correct design mistake description 

Understanding Explain 
Summarize 4. Explain/Summarize the identified design mistake 



 

 
Figure 2. Cal State East Bay Students in the Visualization and Immersion Classroom 

 
4.2 Design 
 
4.2.1. Game Story and Mechanics 
 

According to Schell [65], when developing a game, it is essential to create four 
components: mechanics, story, technology, and aesthetics. The story of the game was set at the 
beginning of the game when the learner is introduced to the challenge. The narrative at the start of 
the game introduces the students to their task: “You have been hired to review the proposed design 
model for the renovation of a townhouse in the heart of San Francisco. You will need to perform 
a virtual walkthrough to find design mistakes. Mistakes include poor spatial layout (20 pts), 
coordination issues (15 pts), missing elements (10 pts), and improper material choices (5 pts). Try 
to find as many mistakes as possible! Good luck and have fun!”.  

By developing the story, the team then set the game mechanics outlining the game flow 
(Figure 3). Following the introduction, the learners are transported to the virtual model of a 
townhouse in the heart of San Francisco. To identify and flag a design mistake, they point the 
crosshair to a design mistake and press “enter”. If the mistake is correctly identified, the game 
displays a message with the type and description of the mistake. The game was designed to present 
to the students four types of design mistakes, each with a specific point associated with it (see 
Table 2). The point system was based on the severity of the type of mistake. The team selected for 
the game the following mistakes: (1) spatial layout, (2) coordination issues, (3) missing elements, 
and (4) improper material choices. 

 
Table 2. Types of Mistakes 

Mistake Type Associated Points 
Spatial Layout 20 

Coordination Issues 15 
Missing Elements 10 
Improper Material 5 

 



 
Figure 3. Game Mechanics 

 
The game was designed for learners to work as a group, therefore, after five mistakes, the 

learner that is the “driver” is asked to switch with another leaner. Once the learners have found all 
of the mistakes, the game then prompts them to close the game. Based on the game mechanics the 
team then developed a game scene structure (see Table 3). The technology and aesthetics 
components of the game are discussed in the following section. 

 
Table 3. Structure of the Design Review Simulator 
Game Scene Game Mechanics Purpose of the Scene 
Start Screen Start Game Start the game 

Introduction Scene Introduction Narrative Introduce the game and learning objectives. 

Main Game Scene Walk around the townhouse 
Point and find mistakes 
Load mistake message 
Prompt switch after 5 mistakes 
 

Main scene where the user has to walk around the 
townhouse and find the design mistakes 

End Screen End Game End the game 
 
4.2.2. User Interface and Interaction 
 
 The next game design phase focused on developing user interface with considerations for 
the aesthetics and a specific look and feel of the game [65]. The aesthetics include the graphical 
user interface of the game (GUI) with which the learner will interact with the virtual environment. 
The development of the aesthetics of the game was guided by educational design research and 
theory, such as Mayer’s cognitive theory of multimedia learning [41]. Therefore, the interface 
included elements that provided verbal and pictorial information aligned to the learning objectives, 
and instructions that directed the learners to read specific words and images. The design of GUI 
started with the drawing of storyboards that mapped the user interaction and the aesthetics of the 
game. In these storyboards, the design and research team translated the game mechanics into 
graphical elements and interaction processes. For example, in the start screen, the user is 
introduced to the game, the instructions for the game, and buttons to start the game or find 
information about the development team (see Figure 4). Another example is the main screen 



storyboard, where learners can walk around the house, click on mistakes and see their score and 
numbers of identified mistakes (see Figure 4). Once the entire game was storyboarded, the design 
team started the development of the game in the Unity 3D game engine. 
 

 
Figure 4. Start Screen and Main Screen Storyboard 

 
4.3. Development 
 
4.3.1 Game Development 
 
 For the development of the game, the research team chose the Unity 3D game engine 
because it allowed the team to develop virtual reality interfaces and a relatively easy transfer of 
BIM models. Additionally, the game can be published for multiple platforms, such as Windows 
and Macs [66]. In a first development step, the team collaborated with an architecture firm in San 
Francisco that specializes in the renovation of townhouses. Together with the architecture firm, 
the team selected a townhouse model, which was generated directly on-site with Revit and which 
had not yet been reviewed by the firm. Upon reviewing the model, we identified several design 
mistakes, which made the model suitable to use for the game. The model was then exported in an 
FBX format from Revit and imported into Unity. The game engine was used in conjunction with 
the Oculus Rift Virtual Development Kit. This kit allowed the teams to generate a custom GUI 
that would work with the Oculus Rift headset (see Figure 5 and 6). The team then translated the 
storyboards and the game mechanics into GUI elements. The coding language that was used for 
the game was C#. 
 

 
Figure 5. Start Screen  

 



 
Figure 6. Mistake Message 

 
Table 4. Assessment Instrument 

Learning Objective Question 
Type Question 

1. Identify the different types of 
design mistakes. 
 
3. Match the identified mistake 
to the correct design mistake 
description. 

Multiple 
Choice 

1. Which of the following is not a potential type of 
design mistake? 

2. The following is what type of mistake in the picture 
to the right? (Coordination) 

3. The following is what type of mistake in the picture 
to the right? (Spatial Layout) 

4. The following is what type of mistake in the picture 
to the right? (Missing Element) 

2. Define the identified design 
mistake. True or False 

5. A material mistake can be defined as building 
elements have the incorrect material assigned. (T/F) 

6. A coordination design mistake can be defined as 
building elements that are not positioned correctly in 
the design. (T/F) 

7. A spatial layout design mistake can be defined as 
building elements that don’t align to each other or 
interfere with each other. (T/F) 

8. An architectural can be defined as building elements 
that are not included or present in the design. (T/F) 

4. Explain/Summarize the 
identified design mistake. 

True or 
False  

Multiple 
Choice 

9. Design review is an essential process to be performed 
during construction. (T/F) 

10. Evaluating design with paper drawings is an _____ 
process.  

 
4.3.2 Educational Material 
 
 In addition to the game development, the research team designed a set of educational 
material and assessments to support the adoption of the game in a classroom environment. The 
material was developed to assist future instructors in implementing the game in their courses. The 
material includes an Instructor’s Guide, User’s Guide, and a Knowledge Test. The Instructor’s 
Guide contains instructions of how to implement the game, a presentation on the game, learning 



objectives of the lecture and activity, technological requirements, duration of the activity and 
testing, and a solutions key to the Knowledge Test. The Knowledge Test includes a set of ten 
questions, ranging from multiple choice to true or false, to test the students’ achievement of the 
game’s learning objectives (see Table 4). The questions in the test are aligned with the game 
learning objectives set in Table 1. This material will be hosted on the research team’s website 
STEM Educational Gaming Research Group. Together with the game, this material will be open-
source and free for download for any instructor to implement in their courses. 
 
5. CONCLUSION AND FUTURE WORK 
 
 Virtual reality and educational games have been largely recognizing for their ability to 
enhance learning in the classroom. While both VR and educational games have been explored for 
their effects on the levels of engagement, knowledge retention or motivation, their potential to 
support the students in design and construction-related disciplines still remains largely untapped. 
The purpose of this paper was to document the development of an educational simulation virtual 
reality game to teach about the design review process and support students in the development of 
evaluation skills. Based on this potential, our goal was to develop a VR game that would support 
the students in learning how to review and evaluate facility design and in the process, for us to 
understand the value of VR as an education tool. VR as a platform for the DRS game was chosen 
due to its capability to immerse the user an environment bringing close to realistic experience, 
which is conducive to learning and performing design reviews. The research team used the 
A.D.D.I.E. framework to guide the development of this game. In particular, in this paper, the team 
illustrated their process in the analysis, design, and development of the DRS game. The main 
contribution of this paper is to provide an experience in developing an educational game for 
gaining of design review skills alongside the framework for evaluating such skills through the 
assessment instrument in Table 4.  

The next phases in the research and the A.D.D.I.E. framework are the implementation and 
evaluation of the designed intervention or game. As the next step, the research team will gather 
evidence illustrating the role that an educational virtual reality game has in supporting the 
development of design review skills. The team has already received IRB approval for the 
implementation of the game in their construction management courses. Additionally, the research 
team has designed an experiment to evaluate the impact that the game has on the students’ learning. 
In particular, the team will utilize an ABBA experimental design, where the student groups 
performing design review through the DSR game will be compared to those who will use 2D 
drawings of the townhouse (game vs. 2D drawings) in order to quantitatively compare the user 
performance adopting the two media for the same purpose. Additionally, demographic and 
educational background, as well as familiarity/experience with VR/computer-based games, will 
be collected as control variables. This experimental design will evaluate the between and within 
subjects’ effects on meeting the learning objectives. By assessing the impact of the game in the 
classroom, the team can provide further evidence that VR and educational game have educational 
value in the classroom. To conclude, future publications will document the implementation and 
evaluation process, and the team hopes to contribute to the growing body of knowledge that is 
evaluating the impact that VR has in the classroom. 
 
  

https://www.fadicastronovo.com/research-groups/stem-educational-gaming-research-group
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