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This study investigates how Virtual Reality (VR) technologies can be utilized to 

manipulate movement and decision-making within built environments, emphasizing 
control as the mastery of altering and regulating one’s physical surroundings (Evans and 
McCoy, 1998). VR enables architects to refine their designs virtually before construction, 
enhancing precision and usability. The research explores how traditionally utilitarian 
spaces can be transformed into interactive environments by influencing navigation and 
information flow. The primary goal is to examine how technological tools can affect the 
design and materiality of architectural spaces, particularly focusing on how control over 
information availability influences user decisions. The project applies theoretical 
frameworks to develop a VR-based methodology for testing spatial configurations. Four 
variations of a single layout were created in Unreal Engine VR, each differing in wall 
transparency and thus in the level of visual information available to users. Twenty 
participants navigated these environments while their movements and decision-making 
times were tracked. Participant feedback was collected to identify helpful or confusing 
design features. The study analyzed the impact of wall transparency, corridor 
configurations, and user interactions on navigation confidence and efficiency. The 
experiment’s aim is to design spaces that intuitively guide users by offering essential 
environmental cues, thereby enhancing wayfinding and spatial comprehension. Rather 
than focusing on one specific design solution, the research presents a repeatable 
methodology that integrates VR into the architectural design process. This allows design 
teams to evaluate and refine spatial layouts based on user experience data before 
physical implementation, maximizing functionality and clarity in built environments.  
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INTRODUCTION 

This paper aims to study the integration of 
Virtual Reality in the architectural design process 

by proposing a novel methodology for evaluating 
architectural elements before committing to 
physical construction. Through the design 
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process of a co-disciplinary research center at the 
Salk Institute, this study demonstrates how VR can 
be used to test spatial configurations, analyze 
user navigation, and refine design decisions. By 
tracking participant behavior in a simulated 
environment, architects can gain greater control 
over wayfinding and spatial perception, ensuring 
that spaces are both intuitive and functional. This 
data-driven approach aims to minimize design 
errors, enhance usability, and reinforce VR’s role 
as a critical tool in modern architectural practice. 
The authors gratefully acknowledge the Digital 
Media Lab, of the Technical University of Crete, for 
providing the necessary equipment and access to 
the laboratory used for the experiment. Special 
thanks are extended to Professor Anna Karagianni 
for her invaluable guidance and support 
throughout the research. 
 

THEORETICAL BASIS  
The architectural typology of a research center is 
strictly defined, due to its special needs. Labs, 
Research Facilities, Apparatus, make the space 
feel uncomfortable and indifferent. Marc Auge 
categorizes such spaces as non-places, for their 
lack of Relation, History and Concern for Identity. 
According to Augé, non-places are transient 
spaces such as airports, train stations, and 
supermarkets where human interaction is 
minimal, and the identity of the space is defined 
by its functionality rather than its history or 
relationships. 

The placement of the proposal near the Salk 
Institute raises the question of relation and 
history. How will a new structure intervene on 
Louis Khan’s Masterplan? By utilizing the footprint 
of Louis Kahn's buildings, the fundamental 
typology is translated into a simple rectangular 
geometry that engages with historical structures 
without overpowering them. The proposal’s 
articulation is another point of relation, by 
mirroring and reusing the architect’s movements 
around the campus on a smaller scale.  

As a third parameter Auge (1995) introduces 
Identity. In his work, writes; “It is spatial 
arrangements that express the group’s identity”. 
The chosen rectangular shape, with its simple 
geometry, contrasts with the historically complex 
structure, establishing its own distinct identity. 
The same issue is also addressed in the work of 
Evans and McCoy (1998, p.85-94), who examine 
the optimal configurations and strategic 
placement of these arrangements, bringing this 
matter into the smaller scale.” Good surveillance 
opportunities, clearly delineated and visibly 
marked boundaries, semi-public spaces that 
provide community meeting space and smaller, 
subunits of large living complexes can all enhance 
feelings of territoriality…Territoriality enables 
regulated use and occupancy of space. It also 
enhances the expression of personal or group 
identity.” “Given extensive research on wayfinding 
at the urban scale showing this, it is like that 
distinctive, interior landmarks located at decision 
nodes and at major path termini and origins 
would facilitate coherence in buildings”. (Figure 1) 
On major decision points, the proposal aims at 
breaking the established grid, by introducing 
shapes that seem unfamiliar, in comparison to the 
rest of the building, like curves or false dead-ends, 
enabling the two disciplines to find identity in the 
space (Aguirre et al., 1998). 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

 
Figure 1 
Navigation Hierarchy: 
Spatial arrangements 
create points of 
importance that help 
users navigate. 
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This leads to the conclusion that the 
disciplinary workspaces should be defined, 
through spatial means. The two spaces should 
communicate, while stating their own differences, 
to create a healthy environment. In “Evaluating 
architectural legibility” by Jerry Weisman (1981, 
p.189-204), it is stated that “The ability to find 
one’s way into, though, and out of a building is 
clearly a prerequisite for the satisfaction of higher 
goals.” 

DESIGN DIRECTIONS 
The result is a rectangular floor plan, unfolding 
from a main axis, that defines itself from the Salk 
Institute. Two rectangular voids, mirrored along 
the axis and form semi-public open spaces, 
dedicated to each specific discipline (Figure 2). 
The two primary laboratories and the event 
spaces are strategically placed along side the 
main corridor which follows the central axis of the 
complex (Figure 2). This layout ensures that the 
labs are easily accessible and central to the flow 
of movement within the building. Secondary-use 
spaces such as the library, gym, lounge, 
restaurant, restrooms, kitchen, and warehouse are 
organized around the atriums, and are accessible 
via the two secondary corridors on each side of 
the building (Figure 3).  

 
 
 

 
 
 
 
 
 
 
 
 
 

The proposal focuses on the concepts of 
movement and decision-making within the built 
environment. A key factor in decision-making is 
the information that visitors gather from their 
surroundings, manipulating the levels of comfort, 
coherence and fascination (Coburn et al., 2020). 
By manipulating materiality, the design controls 
the visibility of certain areas and elements, 
thereby influencing the user experience. This 
approach led to the development of variations, 
particularly in wall placement and material 
choices.  

THE EXPERIMENT 
The experiment utilized Unreal Engine to simulate 
various architectural layouts, testing visibility, 
material transparency, and circulation. 
Participants navigated these environments in VR. 
The use of Virtual Reality (VR) was essential, as it 
enables users to engage in a three-dimensional 
experience that closely simulates the real 
perception of spatial environments. Data 
collection included navigation times and user 
feedback, providing insights into spatial efficiency 
and wayfinding effectiveness. Major decision 
points were defined as locations where users were 
required to make navigational choices regarding 
the continuation of their route. These decisions 
were influenced both by the users’ cognitive 
understanding of the building’s spatial 
configuration and by the visual cues available at 
each point. The research team utilized user 
feedback and response times to classify specific 
points within each layout version into two 
categories: decision points and points of 
confusion. 

3D modeling,  
materiality and VR environment 
“People like small amounts of change but do not 
adapt well to large amounts of variation. Thus, 
familiarity and routine will influence reactions to 
stimulation levels. […] People need enough 
complexity and mystery to provide challenging 

Figure 2 
The Mirror axis works 
as a design direction 
inherited by the 
historical relation  
 

Figure 3 
The basic floor plan 
(1.Exhibition 
2.Architerure Lab 3. 
Neuroscience Lab 4. 
Restaurant 5.Lounge 6. 
Gym) 
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opportunities so that meaningful problem solving 
can happen.” (Evans and McCoy, 1998, p.85-94). 
To guide the user experience, glass was used to 
provide information through transparency, 
allowing visitors to gain visual access to other 
areas (Figure 4). In contrast, solid walls were used 
to limit visibility and control the flow of 
movement (Figure 4). “Stress can occur when 
changes or disruptions in physical surroundings 
make prediction difficult.” (Evans and McCoy, 
1998, p.85-94), that is why simple materiality and 
a standard floor plan is used throughout the 
experiment. Depending on the information 
intended to be revealed or concealed, the 
materiality of each space was adjusted.  
 

Based on the above, four versions of the 
layouts were created.  

• Version A: The walls of the Event Space, 
running parallel to the entrance corridor, are 
solid. As a result, visitors entering the building 
can only recognize the labs alongside the 
main path by looking through the open sides 
of the main path, into the Event Space, and 
further into the labs (Figures 5 and 6).  

• Version B: The walls of the Event Space 
parallel to the entrance corridor are 
transparent, allowing visitors to see into the 
labs through the corridor (Figures 7 and 8). 

• Version C: The walls of the Event Space 
parallel to the entrance corridor are 
transparent, allowing visitors to see into the 
labs through the corridor, while the walls 
along the main path remain solid (Figure 9 
and 10).  

• Version D: The walls of the Event Space 
parallel to the entrance corridor are solid, 
while the walls along the main path are 
transparent, allowing visitors to explore the 
surrounding spaces (Figure 11 and 12). 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

Figure 4 
Left: A transparent 
barrier providing 
visibility 
Right: A solid wall 
blocking visibility  
 
 
Figure 5 
Version A  
Green: Transparent walls, 
Red: Solid walls 

 
Figure 6 
User view from the 
entrance in Version A 

Figure 7 
Version B 
Green: Transparent walls, 
Red: Solid walls 

 
 

 
Figure 8 
User view from the 
entrance in Version B 
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The Virtual Reality space was developed using 
Unreal Engine due to its ease of use and 
exceptional material rendering capabilities, 
enabling the creation of semi-realistic simulations 
of the design. The engine’s rendering features 
accurately depicted materials such as steel and 
glass, providing an immersive experience for 
participants, as they navigate the three-
dimensional space. 

A total of twenty participants were recruited 
to navigate these virtual spaces. Without prior 
knowledge of the layout, they were tasked with 
locating two specific destinations in sequence, 
either the architects’ (ARCH) or neuroscientists’ 
(NEURO) workspace, followed by the restaurant 
(RES), lounge (LOUNGE) room or gym (GYM) 
facilities. Each participant experienced only one of 
the four floor plan variations to maintain an 
unbiased perspective. Their navigation times were 
recorded, and feedback was collected regarding 
elements of the environment that were perceived 
as confusing or helpful. Additionally, participants 
provided insights into aspects that induced stress, 
confusion, or encouragement during navigation. 
Their movement patterns, timing, and emotional 
responses were tracked to assess the strengths 
and weaknesses of each layout. 

 
Navigation and  
lighting in Unreal Engine 
The experiment utilized Meta’s Quest Pro 
headset, selected for its high-resolution, low-
latency screens, which helped participants 
unfamiliar with VR headsets avoid dizziness and 
disorientation. The environment was run on a 
high-performance computer capable of handling 
the graphical load, with the headset connected 
via a wired connection to minimize latency and 
prevent screen tearing. The player's perspective 
was first-person, with the VR Pawn’s camera 
positioned relative to the player's actual height 
(figures 13 and 14). Navigation was controlled 
through the headset’s controller joysticks. 

Figure 9 
Version C 
Green: Transparent 
walls, Red: Solid walls 
 

Figure 10 
User view from the 
entrance in Version C 

 
 

Figure 11 
Version D 
Green: Transparent 
walls, Red: Solid walls 
 

Figure 12 
User view from the 
entrance in Version D 
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Although teleportation movement is common in 
VR environments, it was excluded to maintain 
immersion and prevent any interference with the 
study’s results. To ensure accurate lighting 
conditions that could influence player emotions 
and impact the findings, the models were 
positioned relative to their real-world 
counterparts. Additionally, artificial lighting 
specifications were optimized to reflect real 
indoor lighting solutions, replicating color 
temperature in Kelvin units and brightness in 
lumens. Tracking was conducted using invisible 
planes that triggered a debug message to inform 
the research team of the participants' locations. 
The final output was a text file detailing the 
sequence in which each participant collided with 
these planes and thus creating a path in each 
layout. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Experiment data 

• Version A: The average time for achieving 
goal A and B was 2 minutes and 15 seconds 
(Table 1). Conversations with participants 
revealed that the blank walls in the entrance 
corridor helped them identify the location of 
the secondary spaces while keeping their 
focus on the main path to navigate toward the 
labs. This layout consistently yielded the best 
results in our testing. Tracking results showed 
that, on average, participants found the 
second corridor disorienting. Additionally, 
several other major decision points in the 
layout caused them to pause and reconsider 
the correct path to their destination, often 
leading to incorrect choices (Figure 15).  

• Version B: The average time for achieving goal 
A and B was 2 minutes and 38 seconds (Table 
2). In contrast, the walls along the main path 
are solid. Interviews with participants revealed 
that while the lack of visibility beyond the 
main path did not aid navigation, it sparked 
their curiosity. Among the four layouts tested, 
this design achieved the second-best results. 
Tracking results showed again that, on 
average, participants found the second 
corridor disorienting, in multiple positions, 
because of its lack of visibility in the research 
areas. Additionally, several other major 
decision points in the layout caused them to 
pause and reconsider the correct path to their 
destination, often leading to incorrect choices 
(Figure 16). 

• Version C: The average time for achieving goal 
A and B was 3 minutes and 37 seconds (Table 
3).  Participant interviews yielded similar 
findings but revealed significantly more 
negative feedback toward both corridors. This 
led us to conclude that the combination of 
transparent materials and visual openness 
along the corridors overstimulated visitors, 
making it harder for them to identify the main 
path leading to the labs. This also explains the 

Figure 13 
Screenshot of the Unreal 
Engine environment 

 
 

Figure 14 
Screenshot of the Unreal 
Engine environment 
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inconsistencies in their navigation times. 
Despite its similarity to Layout B, this design 
performed the worst among the four variants. 
Tracking results showed that, on average, 
participants found the second corridor 
disorienting. Additionally, several other major 
decision points in the layout caused them to 
pause and reconsider the correct path to their 
destination, often leading to incorrect 
choices. The entrances to the research 
laboratories appeared to be the main issue, as 
their lack of visibility from the main corridor 
contributed to participants' confusion (Figure 
17) 

• Version D: The average time for achieving 
goal A and B was 3 minutes and 4 seconds 
(Table 4). However, participants noted that 
upon entering the building, they could not 
immediately see their destination, causing 
some to lose focus and miss the transition to 
the second corridor. Despite this challenge, 
the layout ranked third in performance but, 
due to 2 participants dropping out, it had to 
be eliminated. Despite this challenge, the 
layout ranked third in performance. However, 
it had to be eliminated due to the withdrawal 
of two participants who found the navigation 
difficult and confusing. Tracking results 
showed that, on average, participants found 
both corridors disorienting, because of their 
lack of visibility to the atriums. Additionally, 
several other major decision points in the 
layout caused them to pause and reconsider 
the correct path to their destination, often 
leading to incorrect choices (Figure 18). 

 
 

 
 
 
 
 

 

 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table 3 
Data for Version C 

 
 

Figure 17 
Red dot: Confusion point, 
orange dot: Decision 
point (Version C) 

 
 

Table 1 
Data for Version A 

 
 

Figure 15 
Red dot: Confusion point, 
orange dot: Decision 
point (Version A) 
 

Table 2 
Data for Version B 

 
 

Figure 16 
Red dot: Confusion point, 
orange dot: Decision 
point (Version B) 
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THE RESULTS AND  
ADAPTATIONS IN THE FINAL DESIGN 
Based on the above, the conclusion was that 
Version A was the most promising but required 
some adjustments based on participants’ 
feedback and the tracked results. The statistics 
further support this, showing that the average 
time needed for participants to reach the given 
goal was significantly shorter in Version A 
compared to the others (Figure 19).  

A significant change was the removal of the 
second corridor (Figure 20), which caused 
disorientation as participants often overshot their 
goal and continued deeper into the building (This 
confusion point is shown in figures 15, 16, 17 and 
18). This adjustment allowed us to create a more 
intuitive layout and made room for a versatile 
event space.  

 Removing this corridor also eliminates a key 
decision point at its junction with the main  
corridor, improving overall navigation. In contrast, 
the building's entry layout was clear: primary 
spaces were directly ahead, while secondary 
spaces were positioned to the left. Participants 
noted that this rule aided their navigation, as it 
allowed them to accurately hypothesize the 

possible location of their destination. The 
strategic use of glass for visibility and blank walls 
for privacy and direction, significantly influenced 
the ease with which participants navigated the 
space. The open visibility of the event space, 
along with the clear sightlines to the laboratories 
through it, allowed participants to identify their 
destination more quickly. Additionally, 
participants noted that the curvature of the walls 
enhanced visibility from the entrance, making 
them feel more comfortable navigating the space. 
This process of iterative testing and refinement 
allowed us to hone our design to better serve its 
intended purpose.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4 
Data for Version D 
 

Figure 18 
Red dot: Confusion point, 
orange dot: Decision 
point (Version D) 

 
 

Figure 19 
Average time to find 
destination 
 

Figure 20 
The final floor plan 
(1.Exhibition 
2.Architecture Lab 3. 
Neuroscience Lab 4. 
Restaurant 5.Lounge 6. 
Gym) 
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Potential factors  
affecting results &  
areas for further investigation 
The research team observed that, despite using 
state-of-the-art hardware, some participants 
experienced dizziness and disorientation multiple 
times. Additionally, some individuals were more 
focused on exploring the Virtual Reality 
experience rather than strictly following the 
experiment’s directions. 

Another potential influence on the results was 
the participant pool composition. The 70% were 
architecture students, which may have biased 
their feedback, as they viewed the space through 
the lens of their expertise (Weinberger et al., 
2022). However, their results, on average, aligned 
with participants from other fields. 

A study with a larger and more diverse 
participant pool could provide more detailed 
insights. Furthermore, as VR technology 
continues to advance and become more widely 
accessible, these influencing factors may diminish 
over time. 

CONCLUSIONS 
This study underscores the transformative 
potential of Virtual Reality (VR) in the architectural 
design process, demonstrating how immersive 
simulations can give architects greater control 
over spatial planning and user experience. By 
integrating VR as a design tool, architects can 
move beyond traditional visualization methods, 
testing and refining layouts in a dynamic, 
interactive environment before construction 
begins. 

The methodology used in this research 
highlights how VR enables precise evaluation of 
spatial navigation, decision-making, and user 
perception. By simulating real-world interactions, 
designers can assess the effectiveness of visibility, 
material transparency, and circulation strategies, 
ensuring that spaces are both functional and 
intuitive. The ability to track participant 
movement and gather direct feedback allows for 

data-driven adjustments, reducing uncertainties 
and refining design choices with greater 
confidence. 

Beyond its role in individual projects, VR has 
the potential to revolutionize architectural 
workflows, making iterative design more efficient 
and minimizing costly post-construction 
modifications. As VR technology continues to 
advance, its integration into architectural practice 
will not only enhance spatial design but also 
empower architects with unprecedented control 
over the usability and success of their creations. 
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