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Responding system

Sketching / Designing

Architectural representation

Architecture and forms of representation have always been inseparable
Focusing on an imaginative BIM model, virtual reality (VR) becomes an interesting 
means of communicating and interacting.



A comparative study
To investigate the perception of space and potential use of VR 
models in architecture, an experiment was set up to compare 
a real physical space (A) to its virtual counterpart (B).
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A comparative study
To investigate the perception of space and potential use of VR 
models in architecture, an experiment was set up to compare 
a real physical space (A) to its virtual counterpart (B).

Experiment setup
The experiment was set up using a medium size auditorium (A) as the real life 
scenario and a BIM model of the same auditorium (B) as the virtual scenario, 
using the HMD VR technology Oculus Rift. 
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Point b: 4-8

Point a: 1-3 

Questionnaire
Reflective perception
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Questionnaire results
This part of the research showed high simililarity between the two scenarios

A difference of less than 1 % in 11 out of 20 questions
A difference of 1-2 % i four questions
A difference of 2-3 % in two questions

Only three questions had a difference over 3 % between the two scenarios
height of room (3,4 %), Expectation to the room (4,1 %), Material quality (5,2 %)



PHYSICAL SPACE

LYST
STILLE
ÅBENT
ROLIGT
STORT
TOMT
VENLIGT
FORMELT
HØJT TIL LOFTET
LUFTIGT
ORDNET
AFDÆMPET
AFLANGT
BEHAGELIGT
DIFFUST
DIFFUST LYS
FORLADT

VIRTUAL SPACE

LYST
ÅBENT
TOMT
STORT
RENT
STERILT
STILRENT
HØJT
HØJT TIL LOFTET
KLINISK
LUFTIGT
ROLIGT
RUMMELIGT
VARMT
AFLANGT
ENKELT
FALSK
FARVELØST

Questionnaire results
This part of the research showed high simililarity between the two scenarios

Open questions about the experience of the architectural atmosphere were gave  
surprisingly similar associations.

Bright (67 %), Quiet (33 %), Open (27 %) in the physical scenario
Bright (50 %), Open (30 %), Empty (17 %) in the virtual scenario

Results about brightness and the sensation of well-being showed a difference 
below 1 % even though the model did not contain prceise lighting or shadows.



[Own prototype VR Eyetracker]

Eyetracking
Immediate perception
Collecting eye tracking data related to each question, address a layer of behavioral 
perception less consciously controllable than answering a question about the room. 
A conscious reflection on answering and a less conscious eye movement behavior.



Future studies
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Heat maps > Spot maps

The eye tracking data can be visualized as a heat map (A) or a Spot map (B) allowing 
for a pixel count of the grayscale distribution using the Photoshop difference filter.





Method of comparing

Instance 1 real life (A) compared to instance 1 in virtual reality (B) combined into the 
resulting difference map (C).



The difference between the matching instances and questions in RL and VR amounts to 
30.61 % of the full result while the difference between non-matching questions amounts 
to 69.39 % of the full result. The divergence between the two results are thus 38.78 %.

Comparing the result from the investigation, we can see that the correlation between 
same questions in the two different scenarios is higher than the correlation between 
different questions.

This shows that there is actually a better correspondence in eye movements between a 
scenario in real life and its counterpart in virtual reality, in the specific situations, than 
between eye movements in general when observing the space. In other words, the 38.78 
% divergence shows clearly more consistency between the RL and VR scenarios than 
what can be attributed to coincidence. 



Further comparative analysis

We can further add to the findings of the study by focusing on the specific areas of 
interests in the data obtained from the eye tracking in Instance 1 and Question 7.

Instance 1 was selected being a very open nonverbal eye tracking i.e. the first 10 
seconds of observation in the architectural space, before any questions were posed.

Question 7 represents the more definite and task based eye tracking in relation to 
answering the question “What row would you like to sit for a lecture?”



Instance 1

VR

RL





Comparison of amount of time spent on fixations at AOIs
In relation to instance 1

Eye tracking data

Virtual FIX ms
Real

FIX ms
Difference in %

Wall side (without acoustic wall) 791,0 1332,0 6

Wall with box 361,2 388,3 0,5

Screen 401,3 735,9 3,8

Artwork 519,7 368,7 1,3

End wall (without window) 295,3 448,1 1,6

Wooden floor 416,7 178,6 2,3

Wall with loudspeaker 290,0 339,2 0,7

Window (back wall) 376,6 299,9 0,7

Row 1 190,4 318,6 1,2

Row 2 202,0 71,7 1,3

Row 3 138,4 282,1 1,5

Row 4 82,3 155,8 0,7

Row 5 87,2 77,3 0,1

Row 6 37,5 79,3 0,4

Row 7 170,5 131,0 0,4

Rear wall (without window or door) 352,3 81,4 2,7

Ceiling (low part) 388,5 257,1 1,3

Tile floor 197,2 149,6 0,4

Projector 165,4 59,3 1

Acoustic wall 1 76,7 311,7 2,6

Acoustic wall 2 140,2 238,0 1

Acoustic wall 3 160,0 205,4 0,7

Acoustic wall 4 196,6 145,6 0,5

Ceiling (high part) 199,0 191,0 0

Large window side 345,8 0,0 3,5

Door 136,6 0,0 1,4

Tables 52,1 84,7 0,3

Wall around screen 448,3 927,2 4,8

Window wall (without window) 586,8 398,6 1,9
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Large window side

One of the most striking observations is, that the Large window side receives a lot 
of attention in virtual reality, but close to none in the real situation. 

An explanation to this might be, that in reality the test subjects are logically aware 
about what they will find outside – since they have just arrived from the outside a 
few minutes ago.

One way to check this hypothesis, would be to include the arrival situation in the 
simulation, so they had the fundamentally same visual experience of the outside, 
and perhaps no need to check the view outside the window.



Rear wall, Wall side, Wall around screen, Screen, Acoustic wall 1

The difference between fixations on the Rear wall in virtual reality and the Wall side, 
Wall around screen, Screen, and Acoustic wall 1 in the real situation, could be 
explained by the visual appearance of the interviewer (or lack thereof in VR) .

All the four top scorers for the real situation are pointing away from the interview 
person, which could indicate that the test subjects are less likely to turn directly 
towards the interviewer, when they can see him.

Another factor could be, that the new VR technology instigates curiosity in the test 
persons, causing them to look around more than they would normally do.

Yet another factor concerns the difference between the peripheral vision in the virtual 
reality head mounted display.

The fact that this screen is currently only in front of the test persons eyes, limits the 
field of view considerably, perhaps making it necessary to turn around more.



Question 7

VR

RL





Comparison of amount of time spent on 
fixations at AOIs 

In relation to question 7

Eye tracking data
Virtual FIX 

ms
Real

FIX ms
Difference

%
Row 1 533,2 423,8 2,1

Row 2 929,1 1184,2 5,3

Row 3 418,7 847,2 8,8

Row 4 573,5 723,1 3,1

Row 5 251,8 322,0 1,4

Row 6 376,8 116,4 5,1

Row 7 417,3 188,2 4,5

Rest of the room 327,0 300,4 0,5
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The eye tracking in relation to Question 7 shows also a high correlation 
between respectively virtual reality and the real situation. 

The difference between eye tracking in the architectural experience of 
the two situations ranges in percent from 0.5% up to 8.8%, with an 
average of 3.85%.

A comparison between the virtual reality and the real situation is not 
considered so obvious, due to the relatively high correlation between the 
trends in both situations. 

However, observing the results of the eye tracking in relation to the 
Question 7 allows for an overall analysis of the behavior in the specific 
situation of choosing where to sit.

Findings – Question 7



Where to sit?

Generally, this part of the study indicates, that the test subjects are following the 
question by looking at the seats, and therefore meanwhile not watching the rest 
of the architectural space. 

In response to the questionnaire, a clear majority in both the real situation and in 
virtual reality chose to sit on row 3 or 4.

If this is compared to the eye tracking data, we learn that the first four rows are 
showing far most fixations. It can also indicate that the last rows in the back (rows 
5 to 7) are very fast screened as being not wanted as seating places.

The first row is considered slightly longer but also rejected. 

Row two is considered for the longest span of time, but is also, after some 
consideration, rejected in favor the decision to choose row 3 or 4 as the more 
preferable place he sit.



The plan & section scenario

The drawings from the plan & section scenario. They were presented i scale 1:50 
hanging  on a wall side by side.



The three freely words chosen for describing the architectural atmosphere of the 
space were collected for all test subjects. The outcome of theses answers can be 
compared between the different experiences of the space as shown.

The seven highest scoring words from each of the three scenarios are shown, 
while the rest is put in the ‘other’ category.

It is noteworthy that in the plan & section scenario a relatively large amount of 
test subjects felt unable to describe the architectural atmosphere of the space.

The plan & section scenario



The plan & section scenario
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Estimated size
There is a high correlation between the perceived length, width, and height of the 
room in respectively the physical scenario and the virtual reality scenario. 

The estimations diverge from the actual measure with a maximum of 3.9 m (length 
of the room), and are thus not completely right in relation the actual real measures,
but it is noteworthy that the divergence between the physical and virtual is similar 
within a margin of less than 1 m. 

In comparison the divergence between the plan & section scenario and the actual 
measures are much higher with a maximum of 11.5 m. In all the estimations of the 
plan & section scenario, the divergences are higher than between the physical and 
the virtual scenario.

Where to sit for a lecture 
When comparing the answers to the question of what row to sit in for a lecture, the 
similarity between the physical and the virtual is also very high, while less between 
the plan & section scenario and the two others.

The plan & section scenario



Students and professionals

We decided to make a cross check with a small group of professional architects as a 
pilot study addition to the research.

It is obvious that the students (left) are more dispersed in their eye movements than 
the professionals (right) are. The students spend a relatively long time looking at the 
tree icons outside the building, and not very long time at the section view in 
comparison to the professionals.

The plan & section scenario



Students and professionals

Estimating the Height of the room

The plan & section scenario



Students and professionals

Estimating the Width of the room

The plan & section scenario



Students and professionals

Where to sit for a lecture

The plan & section scenario



Conclusion
Sustaining the assumptions of VR with BIM

The conclusion from this part of the study is that the eye tracking using AOIs are 
sustaining the previous assumptions about the correlations between virtual reality and 
real-life situations and the usefulness of virtual reality in combination with building 
information models for simulating an architectural experience or architectural 
atmosphere. 

The time used to extract and convert eye tracking data for analysis does not completely 
equal the increased degree of awareness. 

Nevertheless, the study shows that a more precise use of eye tracking with BIM 
models, can begin to show how behavior is influenced by the experiencing and 
interaction with architectural space.

It seems worthwhile to continue working for an integration of virtual reality and 
behavioral science, within the field of architecture, in order to maintain both the 
objective quantities and measurements, but also to include the subjective behavioral 
aspects of how architecture influences our lives.



Discussion
Simulation as an architectural and urban designtool

A virtual scenario contains the possibility to incorporate elements 
of interaction that cannot be provided to the same extent, using 
traditional drawings or even non-immersive 2D and 3D.

It has become apparent that a virtual environment through the 
visual dimension of perception, in combination with interactivity 
feedback, can be helpful in generating the sensation of being 
present in a specific architecture.

Even a simple BIM model can through HMD VR can convey rather 
precise information about both subjective and objective 
experiences of architectural space, ambience and atmosphere.
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Ongoing research
VSR – a virtual scenario responder system -

http://vsrlab.dk/



http://vsrlab.dk/
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VSR the vision

file:///C:/Users/anders.hermund/Desktop/VSR_nov_2017/VSR_VISION_AH_01.mp4
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VSR Unity Prototype

VSR_UnityPrototype.mp4
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http://pharnen.dk/scenarios
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