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Abstract 

 

In Norway there has been an increased focus on participatory planning the latter years. The public is 

now supposed to be included in the planning process. The documents which the public have access 

to usually consists of the project`s technical drawings. In some cases, the documents include 

perspective drawing or computer rendering supplied by the stakeholder. Most affected parties are 

non professional in terms of planning, and have little or no experience dealing with the plans. 

Therefore, the information they rely on most cases is the perspective images, which easily can be 

manipulated. A system that enables all parties engaged in the planning process to visualize planning 

scenarios in a much realistic way is therefore needed. Virtual Reality is a tool that enables the viewer 

to move freely in a three dimensional digital environment. In this virtual world, different levels of 

interactivity can be added. The Norwegian University of Life Sciences (UMB) has recently installed a 

new immersive Virtual Reality system based on the idea of ConCave theatre. This research study is 

making use of the new ConCave theatre in order to test whether VR can be used as an enhancement 

of the communication process between professionals and amateurs and between professionals. By 

presenting digital models of different level of detail to two subject groups consisting of students with 

planning background and two groups without such experience we first investigated perception in an 

immersive VR-environment. The respondents perceived the virtual world to be fairly realistic 

compared to the real world, and the immersion tools worked well in making them feel integrated in 

the model.  We were also comparing a VR –presentation to an analogue presentation when 

communicating an actual building project. This test gave us an indication that a planned 

development is easier understood by both professionals and lay-persons when presented in an 

immersive virtual environment than from the technical drawings and perspective still images.  

 

 

 

 

 

 

 

 

 

 

 



2 

 

Sammendrag 

 

I Norge har det vært et økt fokus på medvirkning i planleggingen de senere år. Brukere skal i økende 

grad være en del av planleggingsprosessen. Dokumentene som er offentlig tilgjengelig inneholder i 

utgangspunktet tekniske tegninger, av og til i sammenheng med perspektivbilder laget av utbygger. 

De fleste berørte parter er uprofesjonelle i plansammenheng og har liten eller ingen erfaring med det 

å lese planer. Derfor vil de fleste basere vurderingene sine på perspektivbildene, som lett kan være 

manipulerende. Et system som kan visualisere fremtidsscenarier på en realistisk måte for involverte 

parter kan derfor sies å være nødvendig. Virtuell Reality er et verktøy som gjør det mulig for 

brukeren å bevege seg fritt rundt i et tredimensjonalt digitalt miljø. I denne virtuelle verdenen kan 

forskjellige nivå av interaktivitet legges til. Universitet for Miljø- og Biovitenskap (UMB) har nylig 

bygget et immersivt Virtuell Reality system basert på et ConCave teater. Denne undersøkelsen gjør 

bruk av denne ConCaven for å se om VR kan brukes til å forbedre kommunikasjonsprosessen mellom 

profesjonelle og amatører, og mellom profesjonelle. Ved å presentere digitale modeller med ulik 

grad av detaljering til to grupper av deltakere med planleggingsbakgrunn og to grupper uten slik 

bakgrunn testet vi først persepsjon i et immersivt virtuelt miljø. Deltakerne oppfattet modellene som 

relativt realistiske i forhold til den virkelige verden, og de immersive virkemidlene fikk dem til å føle 

seg integrert i modellen. Vi sammenliknet også en VR-presentasjon med en tradisjonell presentasjon 

av et virkelig byggeprosjekt. Denne testen ga oss en indikasjon på at en planlagt utvikling lettere blir 

forstått av både profesjonelle og ikke-profesjonelle når den blir presentert i et immersivt virtuelt 

miljø sammenliknet med mer tradisjonelle fremstillinger. 
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Introduction 

 
 

Participatory planning in Norway 
 

Participation according to the law 

 

The Norwegian planning law (PLBL 1985, §16) states that all affected parties should have the 

possibility to participate in the planning process, and the planning authorities are also given the 

imposition to actively spread information. The aim is to make the public aware of different plan 

outlines, and to keep these available at the planning authorities’ office. The term participatory 

planning has often been ambiguously interpreted, but one general definition of what the activity 

should include has been stated by Holsen (2000); “It should be an activity where the public has got 

the right to actively participate in the planning process, and in different ways be included in the 

planning processes, more than just the participation that can be said to exist in the representative 

democracy.” It should also be clarified that there is a distinct difference between the dialogue 

occurring when the public are given the opportunity to comment on plan proposals developed by the 

authorities, and the true participation where the public are allowed to be involved in the actual 

development of the plan (Aslaksen 1995). 

 

 The described way of dealing with participatory planning is stated in the Norwegian planning law 

(PLBL 1985, §16), and is an enhancement of the previous law of 1965, where participation was 

limited to the possibility of complaint after the plan was adopted. The development is therefore 

moving towards more focus on the public participation in the planning process, compared to the 

traditional rational planning process only integrating politicians and planning professionals (Jensen 

1987). In the work prior to the introduction of the 1985 law, we can read that the main reason for 

this focus on participation was the consideration for a more efficient society planning. It was believed 

that making the public able to understand and accept the decision would lead to a more efficient 

accomplishment (Holsen 1996). 

 

 It can be discussed if the current practise really gives the pubic the feeling of participating. Large 

social groups will not have the experience needed to predict the outcome of the plans they now have 

the right to see. The right to participation is also limited in the law to parties that are directly 

affected by the outcome of the plan. In many cases larger groups of people will have interest in the 
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outcome than those that are included in the participation process today. We believe that a more 

widespread involvement of the public can improve the planning process as well as the 

accomplishment of the plan if the communication between the different parties is improved, 

because decision makers then will be provided with the needed knowledge before action (Pløger 

2002). 

 

Obstacles in achieving participatory planning 
 

Today, the public has got the right to see the plans proposed to the planning authorities by the 

stakeholder. There is also a public announcement when the planning process starts, and when the 

plans are about to be adopted. In general information provided in these plans consists of a 

description, the technical drawings, and sometimes perspective images. Due to lack of experience 

when it comes to reading and understanding technical drawings, the latter type will usually work as 

the main visualisation the public rely on. This image will in many cases be manipulated for the 

purpose of convincing the public and the planning authorities to accept the plans. Common 

misleading elements in such renderings can be the use of vegetation or built elements to hide the 

less appealing parts of a project, or the angle of view can be set to an aerial view to make the project 

appear smaller. We believe that this manipulation succeeds to a great extent at misleading the 

public, politicians, and also to some extent the professional planners. These images provide a static 

visualisation of the proposed project from an angle and at a time of year in which it looks at its best. 

In many cases this projection will differ greatly from the impression of the finished result, and in 

other cases the difference might not be significant. Most people will have problems imagining how a 

project will look like from street level, when all the visualisations they are provided with are from an 

aerial view. The ability to imagine the reality of a design concept depends on the viewers experience 

(Orland, Budthimedhee et al. 2001), and this can both lead to public acceptance of projects on the 

wrong terms, but also to scepticism due to lack of understanding. 

 

 In large scale building projects the neighbours are very likely to pass complaints to the authorities, 

because they fear the visual impact of new buildings on the neighbourhood. In these cases a more 

dynamic visualisation will have the opportunity to show the impact of development projects from 

any given angle, and might settle arguments concerning what the actual impacts will be.  Three main 

obstacles has been known to reoccur in the participatory process (Perkins and Barnhart 2005): 

- reaching the large silent majority of community interest through a broadened awareness of 

the issue at hand; 
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- presenting the information in an engaging manner that is easily understood by laypersons 

and other non-design professionals; and 

- providing a convenient and efficient method of collecting large amounts information in a 

manner which is easy to analyse. 

 

The need for a more convincing tool for communication between the parties in a planning process is 

urgent. A more effective planning process could be achieved and costly public enquiry processes 

could be avoided (Miller, Morrice et al. 2005) if the visual impacts could be more reliably predicted. 

 

 

Virtual Reality in general 
 

The term Virtual Reality (VR) is used in many different contexts and the meaning of the term is often 

very subjectively interpreted. There have been many attempts to create a definition, but the 

common conditions are that a VR-system must contain computer generated visualizations of 

complex data. A virtual environment is displayed, and the spectator can move around freely in, and 

interact with the environment. A virtual environment can be defined as “an environment created by 

the computer in which the user feels present” (Bishop, Ye et al. 2001). 

 

The birth of VR can be traced back over 40 years in time to the early 1960s, when a young 

cinematographer named Morton Heiling built a device that could display three dimensional images 

called the Sensorama (Tate, 1996). In 1966 Ivan Sutherland started his experiments on a HMD for 

stereoscopic viewing, which he in 1968 successfully completed. His system also recognized head 

movement, so that the spectator could turn his head to view a panoramic view of different scenes. 

His system contained stereoscopic viewing, but did only display simple geometric forms. However 

the  idea of a head mounted display was further developed by the military and NASA to create 

simulations of flight (Tate 1996). Through the gaming industry non immersive VR has found its way 

into Landscape planning, but the use of immersive VR is yet to be used in Norway. 

 

 

Digital models 
 
The environment described by Bishop, Ye et al. (2001) consists of a digital model. Ervin (1999) 

defines digital models as; “those intangible ones inside computer memory, which take form or 
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appearance only when rendered, either to a paper print or photograph, a computer screen, an 

immersive display environment, or a computer-generated physical model formed from plastic, 

cardboard, wood, etc”  

 

According to Ervin (1999) digital models can be divided into six essential elements; 

1. Landform 

2. Vegetation 

3. Water 

4. Structures (including architecture and infrastructure) 

5. Animals (including people) 

6. Atmosphere (including sun, wind, etc) 

 

Immersive and non Immersive VR 
 

Virtual Reality can be divided into non immersive and immersive VR. Non immersive is the simplest 

form of VR, and usually regular PC input and output is used to create the interaction between the 

user and the system. Immersive VR contains some sort immersion into the model. More advanced 

equipment for both input and output is being used to create an impression of being inside the virtual 

world. Usually a three dimensional effect is created by using a stereoscopic display as output, and a 

large field of view is achieved either by a Head Mounted Display (HMD) or a projection of images on 

a large screen in a CAVE. Additional equipment frequently used to create the illusion of being inside 

the virtual environment is headphones, gloves, body suits etc. The most common displays used for 

visualizations like computer screens, televisions and projectors usually fill a very small percentage of 

the human range of view that approximately reaches 200° (lateral) and 125° (vertical) (Bishop, Ye et 

al. 2001). Widescreen displays have been more common the latter years, and are more appropriate 

because the human vision has a much larger horizontal to vertical ratio than the 4:3 traditionally 

used (Bishop and Lange 2005). To achieve immersive virtual reality we need an even higher width 

ratio than the 16:9 of the widescreen, an also we need to fill nearly 100 percent of our field of view. 

An additional feature often considered to be vital in creating a real immersive effect, is the stereo 

display. This causes the effect of stereoscopic vision by providing two different images with a slightly 

differing viewpoint to each eye (Bishop and Lange 2005). The possibility of acquiring depth is then 

added (see Figure 2). 
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Level of abstraction 
 

The real world consists of an infinite number of details, so the virtual reproduction will always imply 

some abstraction as seen in Figure 1.

 

Figure 1: The Pyramid of abstraction (Kjem 2000) 

 

Only in more recent years have we been able to achieve the lowest level of abstraction through the 

development of advanced computer technology. The traditional 2D-representations found in 

technical plans need a high level of abstraction due to the amount of three-dimensional information 

that is to be displayed. Often these abstractions are used and very well understood by professionals, 

but are not intuitive enough for lay persons to fully understand. According to Perkins (2005) this non-

human-eye view can lead to uncertainty in the minds of non-professionals due to the amount of 

information presented, and also to the graphic manner in which the information is provided. Virtual 

Reality has a third dimension added, and allows three dimensional objects to be represented in a 

three dimensional way. Virtual Reality visualizations are perceived to be closer to the actual 

environment, but it is important to remember that they are still abstractions of the real world (Lange 

2005). 

 

The use of still images generated from digital 3D models has become commonly used in 

communicating design ideas in the 21st century, and has been subject to a few studies. The Virtual 

Reality tool however has not been tested to any great extent. What we wanted to get a better 

understanding of, were whether the same principles those were valid when working with still images 

also could be made valid for Virtual Reality. 
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The Virtual Reality Laboratory at UMB 
 
In the spring of 2007, the Norwegian University of Life Sciences installed a Virtual Reality Laboratory 

consisting of a ConCave (see figure 2). The Institute for Landscape Planning is heading the project, 

and will be using it for research on the use of an immersive environment as a tool in both Landscape 

Architecture and Spatial Planning. The system is provided by EON Reality, and consists of three 

projectors projecting images to a screen curving 180 degrees around an audience of maximum 24 

people. This causes a much broader view than traditional displays. When combining this field of view 

with the feeling of depth caused by an active stereoscopic display (Bishop and Lange 2005) as seen in 

figure 3 and 4, true Immersive Virtual Reality is achieved. How well this immersive display works in 

making the respondents feel immersed into the virtual world is one of the objectives we intend to 

clarify during our research. 

 

 

Figure 2: The UMB ConCave (Illustration by Ramzi Hassan) 
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Figure 3: One of the subject groups wearing the glasses providing active stereoscopic display 

 
Figure 4: The screen projected with stereoscopic images 
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We also wanted to test was whether the wide field of view in the Lab enabled the spectators to use 

their peripheral system in addition to only the foveal vision that is the only one common computer 

outputs enable. The foveal vision is what we use to focus on and study objects with, and is the only 

vision system that most displaying techniques enable. In addition to the foveal vision, the human eye 

also makes use of another vision system called the peripheral system. This is what makes us detect 

what is happening close to the limit of our sight range, and one of the main purposes of it is to catch 

our attention (Danahy 2000). 

 
We assumed that virtual environments like the ones we were to create very easily would be 

compared to virtual environments previously experienced by the subjects. We figured that the main 

virtual environment they would have previously experienced was the one found in three dimensional 

computer games. 
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Method 
 

 

Aim and Objectives 
 

Our main aim is to test whether VR based on a ConCave setting can be used as an enhancement of 

the communication process between professionals and amateurs and between professionals. In 

order to do this two areas were modelled to test the following two sets of objectives:  

 

 

Campus Virtual Reality Model 
 

Using two slightly different models of the UMB Campus, we were investigating some general 

objectives concerning the use of VR in landscape planning.  

• Perceived realism 

o Is there a correlation between the perception of different levels of realism in still 

images and in an immersive environment? 

o Are the principles of working with background, middleground and foreground as 

detected in still image research making it hard to achieve a high level of realism 

when working with virtual reality? 

o Is experience with virtual environments affecting the level of perceived realism? 

 

• Level of detail on the building variable 

o Do realistically represented buildings increase the respondents` ability of detecting 

building related errors compared to conceptually represented buildings? 

o Does the same difference in building representation affect the ability of detecting 

non building related errors? 

o Is the level of detail affecting the trust in the model? 

 

• The projection tool 

o Is the immersive virtual environment making the respondents feel immersed into the 

model? 

o Is the increased angle of view enabling the subjects to make use of the peripheral 

visual system? 
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Ås building project; VR compared to commonly used visualizations.  
 

In order to investigate whether VR can be an enhancement to the traditional presentation 

techniques we were using an actual building project in Ås. We presented two subject groups with a 

traditional presentation of the project, and two groups with a Virtual Reality presentation in order to 

compare the results from each. 

 

• Virtual Reality compared to the common visualization tools used today when communicating 

an actual building project 

o Does virtual reality improve the understanding of a project compared to the present 

techniques? 

o Which of the two presentation techniques leads to the most positive reactions to the 

project? 

o Which presentation technique inspires the participants the most into participating in 

the local planning process?  

 

 

Building the models 
 

A digital model can be static and dynamic considering both display (Bishop and Lange 2005) and 

content . In virtual reality the display is always dynamic, but our content was static due to software 

restrictions. The surroundings in real life change through the different seasons of year, and even 

through the day. We therefore needed to decide which conditions to display in our models. The 

perception of the environment is affected by the conditions we chose (Bohrmann and Bishop 2002). 

Our modelling process was conducted in the early spring of 2007, and because this season was when 

we took the photographs for our textures, this will be the season displayed. The inclusion of sunlight 

was not possible due to software and hardware inadequacies.  

 

The two areas we decided to use for our models are both fairly complex areas, and are containing all 

of the VR-elements mentioned by Ervin (2001). The large data sets we are dealing with, certainly 

suggest a GIS-based approach (Lange 2000), but the area also include complicated building structures 

that the current GIS-based modelling software had difficulties reproducing from the data set 

available (see Figure 5).  



15 

 

 

Figure 5: Tårnbygningen at campus reproduced by using the GIS-based software 

 

We therefore ended up with a mixed approach, where we modelled some of the infrastructure using 

the traditional CAD-approach, but used the GIS-based software for making all the other elements. 

The infrastructure related to the road was also automatically reproduced by the GIS-software, but 

the results from this needed to be manually remodelled to achieve a smooth result. The results from 

these two modelling approaches were put together in a third program that were both compatible 

with the two other approaches, and could finally communicate with the EON software. This 

modelling process is displayed in figure 6. The animal element we decided to leave out of the model, 

because this element is potentially distractive to the perception of the other elements. 
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Figure 6: The modeling process 

 

Landform 
 
The landform is described by Ervin (1999) as the base layer of most landscapes. Producing the 

landform in our models, we used all the 3d landscape information data available in the SOSI standard 

data set, containing both contour lines and breaklines. From this information we produced a grid 

covering a large area around the case study areas, where we used 10m as the length of every side of 

the squares in the grid. The grid landform presentation has the advantage of displaying large scale 

terrain using relatively little computer memory, but has the disadvantage of having a fixed resolution. 

Triangulation (TIN) is an elevation surface representing landforms, using all the landscape points 

available in the data set to produce a network of triangles. TIN does not have a fixed resolution, and 

is therefore more accurate in representing changes in elevation compared to the grid (Discoe 2005). 

For an optimal landform representation we decided to combine these using a grid for the areas 

further away, and TIN on the areas close to the observer (see Figure 7). 
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Figure 7: The TIN is used to represent the landform in the area close to the viewer, and a grid to 

represent the area further away in order to optimize the model. 

 

As a texture for the landscape we used orthophotos on both the grid and the TIN, but on the grid we 

used an image with a smaller resolution then on the one on the TIN. This is due to the fact that these 

areas will only be in the background, and keeping the raster resolution low, will optimize the model 

some. This method of mixing computed geometric models with photographs of the real world is 

called texture mapping and can be described as a hybrid approach (Danahy 2000). 

 

Vegetation 
 
The data set we used for making our models lacked good vegetation info, so requiring additional data 

gathering from orthophotos and on-site registrations. The problems connected to the accurate 

modelling of vegetation are well known to all that have been working with landscape modelling. 

Plants have irregular complex structures and very large number of individual objects differing 

between species and location (Muhar 2001). To generalise such diverse objects, and keep the level of 

realism up, is a challenge that can be solved in several different ways. The most common technique 

of dealing with the challenge is described by Ervin (1999) as the billboard approach. Here the object 

is represented by a 2D image with an alpha channel. This will provide photo realism to individual 
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images, but has limitations when applied in VR. When seen side on the billboards disappear or are 

reduced to thin lines (Ervin 1999). The solution to this is to place the billboard on several intersecting 

planes, but when seen from directly above this projection is still insufficient. Overcoming these 

obstacles requires a 3D approach. However the level of detail needed to make a realistic model of a 

tree would provide us with millions of polygons, so that the finished landscape would be impossible 

to deal with real time with the current technology. 

 

Instead of using the billboard approach with intersecting planes, our GIS-based software provides the 

possibility of using facing planes. This means that the vegetation billboard is facing the observer at all 

times when moving around in the virtual environment. The software necessary for projection in the 

VR-lab did however not have this function. We therefore had to replace our facing planes with the 

mentioned crossing planes. 

 

The GIS-based software used provided us with some predefined alpha channel trees, but the areas 

we were modelling were containing many very characteristic trees besides the ones found in the 

software library. In those cases we added our own photos, and created the texture from scratch. 

Since our work was done during winter and spring, the trees did not have leaves on them when the 

photographs were taken. We could therefore not use many of the predefined trees, because they 

were summer representations. This caused some extra work in making textures, but the results were 

a lot more convincing. The predefined textures were also in our opinion not as well made as our own, 

because the limits defined by the alpha channel in many cases were not accurately showing the 

whole tree. Sometimes a white border were surrounding the outlines of the tree, making it look like 

it was covered in snow. We solved this problem on our trees by making the background colour of the 

texture darker, and not white as used by the software developers.  

 

Water 
 

The water element is traditionally very hard to make a realistic virtual representation of. It both 

contains a level of transparency and reflection. It is almost never a flat surface but usually rippled 

from the wind. Making a still image or movie renderings containing water can achieve a high degree 

of realism, but since we are dealing with real time Virtual Reality this is impossible. To represent the 

water in the model we therefore used the same orthophoto as to represent the terrain. 
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Structures 
 
Reproducing buildings, the GIS-software automatically generated buildings from their airborne 

survey data, which can be described as the automatic method (Ziuriene, Mesliute et al. 2006). The 

data set we used was accurate, but as the registrations only were done using aerial photographs the 

outcome seemed random. Many of the buildings within our test areas consist of fairly complex 

shapes, and when two points on a building got the same z-value, only the point highest from the 

ground is registered. This representation from the GIS-data set did not communicate well with the 

GIS-based modelling software, and the results often had major differences compared to the actual 

building when automatically generated (Fig 3). Also in the cases were the buildings were well 

reproduced, we found the way of assigning materials to these unnecessarily complicated, and 

therefore decided to manually model the essential buildings using data from the GIS (Discoe 2005). 

We used the building data from the GIS data set as a starting point, and then used on-site 

registrations to accurately model the buildings (Fig 6).  

 

 

Figure 8: The building “Boksmia” showing the GIS data set in AutoCad. 
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The simplest form of a surface in AutoCAD is a 3DFace. 3DFaces are flat surfaces with 3 or 4 straight 

edges. This function was used to make the surfaces for the walls and roofs. The information was 

exported to SketchUp and we had to assure that the faces were correct. The faces were supposed to 

appear as white surfaces. If not, they had to be reversed (Fig 9). 

 

Figure 9: The building “Boksmia” showing the appearance of faces in SketchUp. 

 

 

To reduce the size of the model the number of faces were kept to a minimum.  Details like chimneys, 

doors, windows etc. were left out of the structure, only represented by the texture. The model was 

then draped with a façade photo as texture, and resulted in representations as seen in figure 10. 

 

Figure 10: The building “Boksmia” manually modeled, using actual façade photos as texture 
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Less essential buildings and buildings further away, were reproduced automatically using the GIS-

based software (Fig 11). These buildings are part of the background scene, and the time and effort 

needed to register and model all the buildings in the area would make a manual approach impossible 

in our case. 

 

Figure 11: Less essential buildings were reproduced relatively accurate using only the GIS-based 
software 

 

The other infrastructure in the model was created using the GIS-based software. The data set we 

used contained 3d-roadlines which we used along with the other break lines and the contour lines to 

create the terrain. In the study area we used the TIN approach described earlier, and therefore the 

points along the 3d-roadlines were used as points in the triangles making up the TIN (Fig 10). As the 

software had problems reproducing the road in areas with a lot of variation to the Z-value, the 

automatically generated outcome was not satisfying. Triangles were frequently crossing the road 

lines (Fig 13), and manually modeling was necessary to avoid assigning asphalt material to the 

terrain, terrain material to the road, and to avoid irregular height differences on the road. The results 

from the manually correcting are displayed in Figure 14 and 15.  

 

Figure 12: How the  

TIN should work when dealing with road lines 

(Black contour lines, blue 3d-road lines) 
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Figure 13: The road colored blue, and the terrain white to show how the triangles cross the road lines 
resulting in an irregular road shape 

 

 
 

 

Figure 14: The roundabout before manually modelling 
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Figure 15: The roundabout after fixing the problems by manually modeling 

 

We also used the GIS-software to add road paint and signs. The signs are planes draped with a 

texture with an alpha channel, but contradictory to the trees they are not crossed faces. 

 

Atmosphere 
 
Real time projection of a 3d-model will not have the same possibilities to generate conditions 

determined by the atmosphere as still image renderings due to limitations in computer technology. 

Generation of sunlight will for example be impossible using the current technology. Our atmosphere 

is therefore limited to consisting of a clear blue sky with no rays of sun.  

 

The 3 Virtual Reality-models 
 

The Campus Detailed Model 
 

In this model all elements of the UMB Campus are depicted with the highest level of realism. The 

vital buildings are represented with their shape, and a texture consisting of the actual façade is 

draped on as texture (Fig 16).  



 

Figure 16: Screenshot from the Camp

 

The Campus Conceptual Model
 

All elements in this model are depicted exactly similar to the ones of the Detailed Model, except for 

the buildings. In this model buildings are only represented as volumes, and with a white texture

17). 

Figure 17: Screenshot from the Campus Conceptual Model
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Screenshot from the Campus Detailed Model 

The Campus Conceptual Model 

All elements in this model are depicted exactly similar to the ones of the Detailed Model, except for 

the buildings. In this model buildings are only represented as volumes, and with a white texture

Screenshot from the Campus Conceptual Model 

 

All elements in this model are depicted exactly similar to the ones of the Detailed Model, except for 

the buildings. In this model buildings are only represented as volumes, and with a white texture (Fig 

 



 

The Ås Building Project Model
 

In this model all the elements are represented in an as realistic as possible way. All significant existing 

buildings are modeled manually to a

18).  

Figure 18: Screenshot from the Ås Building Project Model

 

Adding errors to the Campus Models
 

We wanted to test whether the mentioned two different building repr

subjects` ability to detect errors. We assumed prior to the study that when the buildings were 

accurately depicted, errors to them would be easier to notice. We also suspected that a conceptual 

representation would move focus away 

making it easier to detect abnormalities occurring on other elements. We therefore added two 

building-related errors to the model and two non building

- A sign is telling us to drive on the left side of the road

- A sign was telling the speed limit to be 80 km/h while it should be 50 km/h

- One building was moved to a new location (Fig 

- Two extra houses were added to a row of three, making it five houses on a row
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The Ås Building Project Model 

this model all the elements are represented in an as realistic as possible way. All significant existing 

manually to achieve the accurate shape, and textures are added to them

Screenshot from the Ås Building Project Model 

Adding errors to the Campus Models 

We wanted to test whether the mentioned two different building representations affected the 

subjects` ability to detect errors. We assumed prior to the study that when the buildings were 

accurately depicted, errors to them would be easier to notice. We also suspected that a conceptual 

representation would move focus away from the buildings and to other elements in the landscape, 

making it easier to detect abnormalities occurring on other elements. We therefore added two 

related errors to the model and two non building-related errors: 

on the left side of the road (Fig 19) 

A sign was telling the speed limit to be 80 km/h while it should be 50 km/h 

One building was moved to a new location (Fig 21) 

Two extra houses were added to a row of three, making it five houses on a row

this model all the elements are represented in an as realistic as possible way. All significant existing 

chieve the accurate shape, and textures are added to them (Fig 

 

esentations affected the 

subjects` ability to detect errors. We assumed prior to the study that when the buildings were 

accurately depicted, errors to them would be easier to notice. We also suspected that a conceptual 

from the buildings and to other elements in the landscape, 

making it easier to detect abnormalities occurring on other elements. We therefore added two 

 (Fig 20) 

Two extra houses were added to a row of three, making it five houses on a row 



 

Figure 19: The sign telling us to drive on the left side

Figur 20: The 80-signs in front, and the 
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The sign telling us to drive on the left side 

signs in front, and the two extra buildings in the background 

 

 



 

Figure 21: The building that were moved to th

 

In order to test whether the lab makes use of the peripheral system, we decided to include an error 

occurring in the outer limit of the sight range. 

50% longer than the actual building it 

the VR-Lab this building will appear far to the right on the screen, but when displayed on a traditional 

screen it will not be seen at all. If the subjects detect this error, they will have used the

vision to detect that something is wrong, and then focus with their foveal vision to detect what the 

abnormality is. 
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The building that were moved to this new location 

In order to test whether the lab makes use of the peripheral system, we decided to include an error 

occurring in the outer limit of the sight range. One of the buildings in the campus

50% longer than the actual building it was supposed to represent. When going through the tour in 

Lab this building will appear far to the right on the screen, but when displayed on a traditional 

screen it will not be seen at all. If the subjects detect this error, they will have used the

vision to detect that something is wrong, and then focus with their foveal vision to detect what the 

 

In order to test whether the lab makes use of the peripheral system, we decided to include an error 

One of the buildings in the campus models was made 

was supposed to represent. When going through the tour in 

Lab this building will appear far to the right on the screen, but when displayed on a traditional 

screen it will not be seen at all. If the subjects detect this error, they will have used their peripheral 

vision to detect that something is wrong, and then focus with their foveal vision to detect what the 
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Survey subjects 
 
Our subjects were local students that knew the modeled areas well. Half of these students were 

studying planning at the third year or above, and therefore had experience in working with technical 

drawings with a high level of abstraction. The other half was students from several other fields, and 

did not have this experience. We got the participants to sign up for the survey by using e-mail, phone 

and posters at Campus. This resulted in 80 subjects signing up and 69 showing during the two days of 

research.  

In order to obtain comparable results we needed to perform two different presentations on the two 

different groups. We therefore ended up with a total of four presentations groups as presented in 

table 1. 

 

Group name Background Time of survey Participants 

A1 Planners Thursday 24. May, 11.00 15 

A2 Planners Friday 25. May, 11.00 19 

B1 Non planners Thursday 24. May, 15.00 18 

B2 Non planners Friday 25. May, 15.00 17 

Table 1: The presentation schedule 

 

 

Procedure 
 

Our presentations were conducted by presenting four different groups with two different 

presentations during two days in May 2007. The schedule for the event can be seen in Figure 20. On 

Thursday May 24th one group consisting of planners and one group consisting of non planners were 

presented with the technical drawings for the Ås building project and the Campus Conceptual Model. 

The next day two new groups consisting of the same two segments were presented with the Campus 

Detailed Model and the VR-model of the Ås building project. 
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Thursday May 24th; Group A1 and B1 
 
First we needed the subjects` response to an actual building project when exposed to traditional 

technical drawings and perspective images commonly used in planning today. The problem with this 

was that we had invited all the subjects to participate in a study concerning Virtual Reality, and they 

would naturally have expectations exceeding looking at paper copies of a project. We thought that 

the subjects would understand that the analogue presentation they got of the building project were 

supposed to be compared to a VR-presentation, and therefore they would believe that the “correct” 

answers in this study were answers that showed that this presentation gave them less understanding 

of the project.  The way we decided to solve this was to fool the participants into believing that the 

presentation was not related to our study, and that we had been hired by Ås Municipality to get 

students` opinion on the development of Ås. Based on the oral comments we got after finishing the 

test the participant believed us. In order to retrieve the subjects` perception of the project two 

questionnaires was used. Part 1 was handed out along with the perspective images of the project, 

and Part 2 along with the technical drawings. Before Part 2 was handed out, Part 1 was handed in, 

but they kept the perspective images, so that during Part 2 they had both technical drawings and 

perspective images to base their opinions on. This was done to both collect information about what 

would be the publics` first impression of a project, and what would be their opinion after studying 

plans. Perspective images are what will be printed in newspapers and on posters, and are therefore 

the presentations most people rely on when making up their opinion of a project.  

This analogue presentation we got from the planning authorities in Ås, and it is the base for the 

decision-making in this project. In most cases the drawings would, however, be accompanied by a 

written or oral presentation by the stakeholder (Lange 2005). Therefore compared to the actual 

decision makers our subjects received less information. However the information they received was 

identical to the information the public have a right to see according to the Norwegian planning law. 

This first group therefore had the same grounds for having an opinion about the project as the 

general public has in this actual case. 

Both of the questionnaires were completed within the time limit of 8 minutes each. Afterwards we 

asked if there were any comments to the presentations they had been presented with. 

 

After the Ås building project presentation stereoscopic glasses were handed out before we 

presented them with a predefined walk through the Campus Conceptual Model as presented in 
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figure 22. This presentation lasted for approximately 5 minutes and afterwards the projection was 

turned off and the lights on. The Campus questionnaire was handed out and they were provided with 

6 minutes to complete it. After these forms were handed in they were once again asked to provide us 

with oral comments to the presentation.  

 
Figure 22: The predefined trip around the Campus models 

1. Andedammen 
2. Aud.Max 
3. Biotek 
4. Boksmia 
5. Cirkus 
6. Eika 
7. GG-hallen 
8. Høyskoletunet 
9. Meieribygningen 
10. Meierikrysset 
11. Meieri-museet 
12. Museet 
13. Parkgården  
14. Posten 
15. Samfunnet 
16. Tekniske Fag – TF 
17. Tivoli 
18. Tuntreet 
19. Tårn 
20. Ur 
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Friday May 25th, Group A2 and B2 
 
At the last day of testing, both groups were handed out stereoscopic glasses right from the start. 

Then they were taken through the same route at campus as the subjects had the day before, except 

this time they were driving through the Campus Detail Model. After finishing the predefined path, 

the projection was turned off and the Campus questionnaire was handed out asking the same 

questions as to the groups of the Campus Conceptual presentation the previous day. Also these 

groups had 6 minutes available for completing the form, before they had the possibility of providing 

us with oral comments to the presentation.  

In order to achieve the same setting as when performing the analogue presentation we needed to 

make also these subjects believe that their results would be provided to the planners of Ås. In this 

case the presentation concerning the building project was presented after the UMB – Campus case. 

We therefore told the subjects that the testing was finished, but that Ås Municipal had hired us to 

make a model of the local development and to collect opinions about it. Also these groups presented 

with this lie seemed to believe it. The subjects were first taken on a virtual tour around the proposed 

buildings, both flying in the air and walking on street level. After a predefined trip they were asked if 

they wanted to observe from additional viewpoints. If there were any requests, we moved to the 

desired position. After moving around freely in the virtual environment, the projection was turned 

off, and a questionnaire was handed out asking the same questions as answered by the other groups. 

The form was collected after 6 minutes, and a round of oral commenting were performed. 
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Figure 23: The predefined trip around the proposed building project 

21. Erik Johansen 
22. Bunnpris 
23. Rådhuset 
24. Mega 
25. Proposed building project 

 

 

Questionnaires 
 
When retrieving input from the subjects we decided to measure opinions by using a Likert scale 

ranging from 1 to 5. The subjects were to assign a value representing their opinion on different 

matters in the model or drawings. A Likert scale is usually treated as an ordinal scale (Wikipedia 

2007), because the difference between the numbers may be perceived differently by different 

persons. To get feedback on who perceived the different errors in the model, we added a field at the 

end of the form where the subjects could inform us whether they detected any errors. We also 

added an explicit space for them to fill in the speed limit at the mentioned sign. 

 



33 

 

Analysis 
 

In order to analyze the answers from our questionnaire, we used both Microsoft Excel for arranging 

the results and providing us with descriptive statistics, and SigmaStat for the more advanced 

statistical analysis. When working on the results we were in many cases basing our discussion on 

descriptive statistics as the average and mean of the groups, but in most cases inferential statistics 

(Trochim 2006) were obtained by using Spearman`s Rank Correlation test or a Mann-Whitney test. 

The Spearman test is a suiting tool for analyzing paired data to find correlation between them. In 

order to describe this correlation the Spearman`s rank correlation coefficient was used due to the 

ordinal data from our testing. Whenever there is a positive correlation (1>P>0), the two variables are 

increasing together, while a negative correlation (-1<P<0) describes a situation where one variable is 

increasing when the other is decreasing Altman (1991). Mann-Whitney on the other hand can be 

used in cases where we are not dealing with paired data, and we want to investigate whether one of 

two datasets tend to be higher than the other. This is done by comparing the medians as well as the 

spread of the data (Hart 2001). 
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Results 
 

Campus Virtual Reality Model 

In order to answer the first set of objectives, two slightly different models of the UMB Campus were 

used. 

Table 2: Mean and Median of the Campus Detailed Model and the Campus Conceptual Model 

 
Perceived realism 

 

To determine whether there is a correlation between the perception of 3d still images and Virtual 

Reality we compared the results Lange (2000) got when presenting still images and asking them to 

rank the realism on a 1-5 Likert scale. We will also use this comparison to determine whether it is 

hard to achieve high level of realism on VR presentations due to the dynamic foreground, 

middleground and background situation.  Lange got an average of 3,48 with a median of 4 on the 

realistic buildings, and 2,587 with a median of 3 on the conceptual buildings. Our average from the 

groups viewing the model with the realistically represented buildings was 3,583 with a median of 4 

while the conceptual representation scored an average of 3,333 with a median of 3 (Table 2). 

 QUESTIONS Detailed 
Model 

Conceptual 
Model 

  Mean Median  Mean Median  

Q1 Male-1, Female-2 1,389 1 1,455 1 

Q2 How realistic was the virtual world compared to the real world? 3,583 4 3,333 3 

Q3 How well were the buildings represented? 3,389 3 2,273 2 

Q4 How well was the vegetation represented? 3,417 4 3,697 4 

Q5 How well was the terrain represented? 3,694 4 3,576 4 

Q6 How well was the signs and road paint represented? 4,111 4 3,788 4 

Q7 Comments?     

Q8 What was the speed limit right after we turned off from the roundabout? 71,765 80 76,129 80 

Q9 Did you get the feeling of being inside the virtual model? 3,833 4 3,879 4 

Q10 To what extent do you feel the model is correct in showing the 
environment as it really is? 

3,556 4 3,5 3,5 

Q11 Did you feel sick or dizzy during the tour? 1,714 1 2,091 2 

Q12 To what extent have you been playing 3D computer games? 2,111 1 1,848 1 

Q13 To what extent have you been doing 3D-modelling yourself? 2 1 1,515 1 

Q14 Which elements do you remember the best?    

Q15 Was there any errors compared to the real world? Yes-1, No-2  

Q16 What?     

Q17 Comments?     
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In order to test whether experience is affecting the level of perceived realism, we used a Spearman 

test to determine any correlation between answers given in Q2 and Q12, and in Q2 and Q13. For  the 

students viewing the campus detailed model the correlation between their experience with 3D 

computer games and their perception of realism, there are no significant relationship(P: 0,795).  The 

correlation between 3D-modelling experience and the level of realism perceived, there are no 

significant relationship (P: 0,924). For the students viewing the campus conceptual model there are 

no significant relationship between the same questions (P:0,843 and P: 0,608). 

 

 

 

Level of detail on the building variable 

 

In order to determine whether the presentation of the building variable is affecting the perception of 

the model, we added both building related- and non building related- errors to the model. The 

results from the error detection can be seen in table 3. 

ERRORS Detailed Model Conceptual Model  

 Non 
planners 

Planners Both 
groups 

Non 
planners 

Planners Both  
groups 

 NR. % NR. % NR. % NR. % NR. % NR. % 

Wrong side sign 0 0 0 0 0 0 0 0 0 0 0 0 

Did not catch the speed limit 4 23,5 6 31,6 10 27,8 4 22,2 2 13 6 18,2 

Extra houses 0 0 1 5,2 1 2,8 0 0 0 0 0 0 

50% stretched house 0 0 1 5,2 1 2,8 0 0 0 0 0 0 

Wrong location house 1 5,9 2 10,5 3 8,3 3 16,6 2 13 5 15,2 

Removed house 4 23,5 4 21,1 8 2 0 0 0 0 0 0 

Table 3: The statistics from the error detection in both Campus models 

 

In order to figure out if the level of detail is affecting the trust in the model, we compared the results 

from the groups observing the campus detailed model and campus conceptual model. When asked 

whether they feel the models are correct, the difference in the median values is not great enough to 

exclude the possibility that the difference is due to random sampling variability. There is not a 

statistically significant difference (P = 0,762). 
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The projection tool 
 

Is the immersive virtual environment making the respondents feel immersed into the 
model? 
 

When analysing the results from the immersion question, we merged the answers from planners and 

non planners as we assume no difference in the two groups. We will however still keep the differing 

between conceptual and realistic building presentation, because any change here indicate that the 

content of the model have an effect on the level of immersion felt. When merging the answers from 

both groups seeing the Conceptual Building model, we get an average of 3,879 with a median of 4. 

The average from the Realistic Building model is 3,833 with a median of 4. When performing a Mann-

Whitney test on these results, no significant difference is found.  

 

Is the increased angle of view enabling the subjects to make use of the peripheral visual 
system? 
 

When we were to determine whether the lab enabled the peripheral vision system, we added an 

error in the outer range of the screen. One building was made 50 percent longer than in reality. This 

error was only spotted by one planner observing the Detailed Model as can be seen in table 3. 
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Ås building project; VR compared to commonly used visualizations 
 
 

Table 4: Results from the technical drawing presentation 

 

 

 

 QUESTIONS Non planners Planners  Both grops 

  Mean Median  Mean Median  Mean Median  

 Part 1       

Q1 Male-1,Female-2 1,389 1 1,533 2 1,455 1 

Q2 How tall do you think the "Bunnpris"-building is? 9,917 9 8,733 9 9,379 9 

Q3 How well do you understand the planned 
development? 

3,722 4 4,2 4 3,939 4 

Q4 How well do you feel the planned development fit 
into the existing surroundings? 

3,111 3 3,2 3 3,152 3 

Q5 To what extent do you feel that you have enough 
information to make up an opinion about the 
project? 

2,556 3 2,733 3 2,636 3 

Q6 How positive are you to the project? 3,389 3 3,333 3 3,364 3 

Q7 How tall do you think the new buildings are at 
their tallest? 

15,667 13,5 14,867 15 15,303 15 

        

        

 Part 2       

Q8 How well do you feel the perspective drawings 
represent the plans and section drawings? 

3,833 4 3,923 4 3,871 4 

 Comments?       

Q10 How well do you understand the planned 
development after seeing perspective drawings, 
plans and section drawings? 

3,667 4 3,467 4 3,576 4 

Q11 To what extent do you feel that you have enough 
information to make up an opinion about the 
project? 

2,882 3 3,214 3 3,032 3 

Q12 How positive are you to the project? 3,722 4 3,357 3,5 3,563 4 

Q13 How tall do you think the "Bunnpris"-building is? 9,278 8,5 10,067 10 9,636 10 

Q14 How tall do you think the new buildings are at 
their tallest? 

15,833 14,5 18,733 20 17,152 18 

Q15 To what extend did you feel commitment about 
the development in the community before you 
saw this plans? 

1,944 2 2,357 2 2,125 2 

Q16 To what extend do you feel commitment after 
seeing this plans? 

2,889 3 3,429 4 3,125 3 

        

R1 Relationship between the estimates of the existing 
and planned building, part 1. 

1,56 1,46 1,7 1,66   

R2 Relationship between the estimates of the existing 
and planned building, part 2. 

1,7 1,54 1,9 2   
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 QUESTIONS Non planners Planners  Both grops 

  Mean Median  Mean Median  Mean Median  

        

Q1 Male-1,Female-2 1,235 1 1,526 2 1,389 1 

Q2 How well do you understand the planned 
development? 

4,471 5 4 4 4,229 4 

Q3 How well do you feel the planned 
development fit into the existing 
surroundings? 

3,588 3 2,789 3 3,167 3 

Q4 To what extent do you feel that you have 
enough information to make up an opinion 
about the project? 

3,176 4 2,947 3 3,056 3 

Q5 How positive are you to the project? 3,412 3 3,105 3 3,25 3 

Q6 Do you consider the model to be correct? 
Yes1 - No2 

1,059 1 1,105 1 1,083 1 

 Comments?       

Q8 How tall do you think the "Bunnpris"-
building is? 

7,688 7,5 9,842 10 8,857 9 

Q9 How tall do you think the new buildings are 
at their tallest? 

15,706 15 18,842 20 17,361 16 

Q10 To what extend did you feel commitment 
about the development in the community 
before you saw this plans? 

1,824 2 2,263 2 2,056 2 

Q11 To what extend do you feel commitment 
after seeing this plans? 

2,882 3 3,368 3 3,139 3 

 Comments?       

        

R3 Relationship between the estimates of the 
existing and planned building. 

2,04 1,79 1,92 1,75   

Table 5: Results from the Virtual Reality presentation 

 

 

Does virtual reality improve the understanding of a project compared to the present 
techniques? 
 

Understanding volumes 

To try and figure out how well the groups presented with different presentations understand the 

planned development, we asked them to estimate the height of two buildings. One of the buildings is 

an existing building commonly known as the “Bunnpris”-building, while the other is the estimated 

tallest building of the new project. The Bunnpris-building is 10 meters tall, while the new project is 19 

meters at its tallest.  

The traditional presentation groups were first asked to estimate the height when presented with the 

perspective still images. These images were all from an aerial view, and made it hard to make the 
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correct estimates. However when the first form was handed in, they received all the technical 

drawings in a 1:1000 scale. They were also informed that there were rulers to be found under their 

seats. The groups presented only with a VR-presentation were asked to make the estimations after 

the presentation was over. The results from the height estimations can be seen in figures 24-29. 

Figure 24: Height estimation – Non planners – technical drawings- “Bunnpris” building  (X: Meters 

estimated. Y: Number of people) 
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Figure 25: Height estimation – Non planners – technical drawings- New buildings    (X: Meters 

estimated. Y: Number of people) 

Figure 26: Height estimation –Planners – technical drawings- “Bunnpris” building     (X: Meters 

estimated. Y: Number of people) 

 

 



41 

 

Figure 27: Height estimation –Planners – technical drawings- New buildings   (X: Meters estimated. Y: 

Number of people) 

 

Figure 28: Height estimation – Both groups – VR – “Bunnpris” building    (X: Meters estimated. Y: 

Number of people 
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Figure 29: Height estimation – Both groups – VR – New buildings       (X: Meters estimated. Y: Number 

of people) 

 

Stated understanding 

In addition to the testing of how well the respondents understood the volumes, we asked them to 

quantify their understanding of the project. When comparing the results from both groups seeing VR 

and technical plans (part 2), the difference in the median values is greater than would be expected by 

chance. There is a statistically significant difference (P = 0,002) according to Mann-Whitney Rank Sum 

Test. It means that the understanding was on a higher level for the ones gaining the VR-presentation. 

 

Enough information 

When comparing the results from both groups seeing VR and technical plans (part 2), the difference 

in the median values is not great enough to exclude the possibility that the difference is due to 

random sampling variability. There is not a statistically significant difference (P= 0,916) according to 

Mann-Whitney Rank Sum Test.  
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Which of the two presentation techniques leads to the most positive reactions to the 
project? 
 

Stated positiveness 

From the two presentations conducted on planning students, we get the average of 3,11 on the 

Virtual Reality presentation, and 3,58 on the traditional presentation when asked how positive they 

are to the project. The same numbers from the non planners are 3,41 and 3,72. As we now are not 

interested in separating the two segments, we will merge the answers from both planners and non 

planners. The VR-presentation will then have an average of 3,25 with a median of 3, and the 

traditional presentation will have an average of 3,56 with a median of 4. 

When comparing the results from both groups seeing VR and technical plans (part 2), the difference 

in the median values is not great enough to exclude the possibility that the difference is due to 

random sampling variability. There is not a statistically significant difference  (P = 0,162) according to 

Mann-Whitney Rank Sum Test. 

 

How well the planned development fits into the existing surroundings 

When comparing the results from both groups seeing VR and technical plans (part 1), the difference 

in the median values is not great enough to exclude the possibility that the difference is due to 

random sampling variability. There is not a statistically significant difference (P = 0,856) according to 

Mann-Whitney Rank Sum Test.  

 

 

Which presentation technique inspires the participants the most into participating in the 
local planning process?  
 

As mentioned by Perkins and Barnhart (2005) the issue of engaging the public in the planning process 

is one of the main obstacles in achieving participation in planning processes. We asked the subjects 

to rank their engagement in the local development both before and after they participated in the 

project. This was of course a leading question, but as we asked the same question to all groups, we 

can still compare increase or decrease between the groups to find whether a presentation technique 

is more inspiring than the other. When comparing the results from both groups seeing VR and 

technical plans, the difference in the median values is not great enough to exclude the possibility 

that the difference is due to random sampling variability. There is not a statistically significant 

difference (P= 0,720) according to Mann-Whitney Rank Sum Test. 
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Discussion 
 

Perceived Realism 
 

As we can see we unexpectedly got a higher degree of realism on both tests than Lange achieved. 

We expected prior to the testing that because we did not have a static image, the degree of realism 

would not be perceived as high as the one of a still image. The reason for the unexpectedly high 

score might be that our models were sufficiently accurate and well produced, so that even a 

changing viewpoint did not reveal errors or lack of details. It is safe to say that many of the views 

presented during the virtual walk are much less realistic than the image Lange used. Also a few errors 

caused by both software flaws and poor modeling are revealed. We believe that the reason for the 

high score lies beyond the mere content of the model, because even when decreasing the level of 

detail on such an important element as the buildings, the degree of realism does not fall nearly as 

much as when doing the same on a still image presentation. This might have something to do rather 

with the presentation tool than with what is presented. In the Immersive Virtual Reality environment 

the freedom of free movement, a highly improved angle of view and a stereoscopic vision is added 

compared to the still image. These freedoms are what most people enjoy in the everyday life, and 

are probably affecting the results to some extent.  

As we already have discussed, Lange got a decline of almost one point on the five point scale when 

representing the buildings as conceptual blocks. Our decline is not nearly as obvious, as we only go 

from 3,583 to 3,333 making the difference 0,25 points. One reason for this less significant decline is 

already discussed; other freedoms are raising the score. Another reason for the low difference might 

be that we use a study area with a low density of buildings. Lange`s image shows a landscape not 

very densely built either, but the view he chose had couple of buildings as foreground. This obviously 

makes the observer focus on this element, and changes to it are more likely to have a major effect on 

the results. In our case we are moving around freely and buildings is just another element as all other 

elements. Sometimes a building is in the foreground, middleground or background, and sometimes 

no buildings are even visible. It is hard to decide what the reason is why our results differ from Lange 

in such a distinct way, but what is easy to conclude is that we should be very careful when 

researching which principles are valid for Virtual Reality and not automatically use the same 

principles found valid for still image presentation of digital models. 

As computer games the latter years have become very detailed and lifelike, we assumed that people 

with a lot of experience from computer gaming would assign our model with a lower R`Degree than 

people without this experience. We also assumed that people that have been dealing with digital 
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model making of their own would assign our model with a higher score, as they would recognize the 

effort needed to create such a comprehensive virtual environment. In order to test whether 

experience affected the perceived level of realism, we ran a Spearman-test on both R`Degree and 

experience with 3D modelling and also R`Degree and experience with 3D computer games. However 

we found it to be no significant correlation between either of the experiences mentioned. This is 

perhaps caused by the fact that there is no such correlation, or maybe because our total number of 

subjects were too low. For now we cannot conclude either way. 

 

Level of detail on the building variable 
 

We expected that the half watching the presentation where the buildings were presented as volumes 

would be less likely to detect the building related errors we added to the model. However we also 

added two infrastructural errors. Our expectations here were that the group watching the simplified 

buildings would be more likely to find the errors on the signs, because we expected that more details 

on some elements would remove focus from other elements. 

- Non building related  

Of the two non building related errors, the first sign telling us to drive on the left side of the road was 

not detected by anyone. We will therefore look away from this, and focus on the results from 

noticing the speed limit. As we can see from the tables there is a small trend showing that more 

people observing the conceptual building representation notice the correct speed limit. The 

difference might not be significant, but at least the suspicion we had is now closer to being 

confirmed.  

- Building related 

When it comes to the detection of the building related errors, it also seems to be a correlation 

between level of detail and capability of detecting errors. None of the subjects viewing the 

conceptual model detected the stretched building or the extra two houses, while there was one 

detecting each of them during the detailed presentation. There was also none at the conceptual 

presentation detecting the removed house, but 5 subjects noticed that there was an extra house 

between “Tivoli” and “Ur”. 8 of the students at the detailed building projection detected that the 

building was missing, but only 3 saw that it was placed somewhere else. The reason for it to be 5 

people detecting the extra building between “Tivoli” and “Ur” at the conceptual group compared to 

the 3 at the other group might be that a higher degree of realism makes it easier to trust that the 

model is accurate (Appleton and Lovett 2003), or simply the realistic representation of the 
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surrounding more complex buildings remove focus. In general, however, it is obvious that the level of 

detail is important for the detection of errors. 

 

The Projection tool 
 
As we can see from the results, there is no significant difference between the two building 

representations when asked to what extent they were immersed into the model. Earlier we 

concluded that the two representations of the building element had a small, but noticeable effect on 

the total level of realism of the model. We can therefore assume that the quality of the model has 

little to none effect on the level of immersion felt. The total average of all groups is 3,855 with a 

median of 4. This tells us that the subjects feel a rather high level of immersion, but still there is a 

way to go in creating the illusion of being fully integrated into the system. 

 

We expected that the wider field of view in the lab would enable the peripheral visual system to be 

used. This did not happen however. No one from the two groups watching the conceptual building 

model, and only one from the two other groups detected the error. This is most likely caused by the 

glasses used to achieve the stereoscopic effect, as they block the view to the sides. Considering this 

design of the glasses, the broad screen might seem a bit redundant, but perhaps the ability to freely 

move your head observing different elements is necessary in achieving a high level of immersion.  

 

Figure 30: The glasses that are blocking the view to the sides 
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Virtual Reality compared to the common visualization tools used today when 
communicating an actual building project 
 

Does virtual reality improve the understanding of a project compared to the present 
techniques? 
 

- Perspective images and Technical Plans 

Both planners and non planners are in general estimating the new building mass to be lower than it 

actually is based on the perspective images provided by the stakeholder. On the 19 meters tall 

proposed building the estimates are ranging from 7 – 23 meters among planners, and 7 – 30 meters 

among non planners, making an average of 14,9 and 15,7 meters.  These estimates show that the 

subjects in general perceive the building to be lower than what is the case, and that the extreme 

values are significantly wrong. These results alone however do not tell us much more than that 

people does not get a realistic enough perception of height from the images provided. What is more 

interesting is to test how well the architect succeeds in presenting the height of the proposed 

buildings compared to the already existing buildings. The “Bunnpris”-building is 10 meters tall, which 

both groups fairly accurately estimated. The planners also in this case had a lower average than the 

non planners, and estimated the building to be 8,7 meters compared to 9,9 of the other group. 

 

That both groups are failing to estimate the correct heights is an expected result, but what is more 

interesting to look at is the relationship between the estimates of the existing and planned building. 

The correct heights are as mentioned 10 meters and 19 meters, making the correct ratio number 1,9. 

Non planners had an average ratio number of 1,56 with extreme values from 0,9 to 2,2, while the 

planners had a closer average of 1,7 with extreme values from 1,25 to 2,33. Neither of the groups 

can be said to have come very close to the correct ratio, and we will therefore conclude that a 

presentation consisting of only still images from an aerial view is not sufficient in communicating 

future building heights.  

 

In the second part of this case drawings with a 1:1000 scale were handed out, and considering that 

they had rulers available it should have been easy to perform the correct measurements. However, 

when observing the results, almost none of the non planners seem to have performed these 

measurements. We expected there to be someone that did not understand how to use a ruler to 

measure a drawing at a given scale, but that so few people got the heights right is a surprise. One 

person even believed that the ratio was 1 at this point, and a few more had ratios down to 1,2 - 1,4 

(correct ratio; 1,9). This tells of an even lower understanding of plans than we had hoped to expect. 
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Even though the planners did better in measuring the heights, some did still not get it right at this 

point. All subjects in the experiment had at least three years of planning experience at university 

level, and should have been well familiar with measuring the dimensions of a proposed project. 

When the technical plans were studied, only about half of the subjects seemed to make use of the 

ruler, even when specifically told that it was to be found under their seats. They were also located in 

the same room as the people using their rulers, and still they did not think of using it themselves. 

 

Even though few of the respondents estimated the correct height, the average ratio of the 

estimations of the planners are very close to the correct of 1,9. The non planners also came a little 

closer at this attempt ending up with a ratio of 1,7.  

 

 

- Virtual Reality Presentation 

We did not expect the subjects during the VR-presentation to estimate the correct heights, because 

they did not have any tools available to perform any exact measurements. Neither did they have the 

presentation in front of them when performing the estimates. What we hoped to find out however 

was that the ratio between the two buildings were perceived more accurately when they had the 

possibility of free movement and a street level view point. The planners estimated the tallest new 

building to be everything between 10 and 35 meters, while the non planners were estimating 

between 8 and 30 meters. These estimates led to the averages of 18,8 and 15,7. In the case of the 

“Bunnpris”-building planners estimated between 6 and 15 meters, and winded up with an average of 

9,8, while the non planners assumed from 3 to 11 meters with an average of 7,7. In both these two 

groups the estimates are ranging between some pretty extreme values, but a closer look at the 

numbers reveals a clustering around the accurate numbers of 10 and 19.  

 

As mentioned it is not whether the actual estimates are correct or not that is interesting in this study, 

but how accurately they estimate the ratio between the two buildings. In this case the average ratio 

of the planners were dead on the correct of 1,9, while the non planners were a little above with an 

average of 2,0. This is even more accurate results than when the other two groups had the possibility 

of measuring technical drawings. This is however not the results we consider it natural to compare 

the VR-test with.  The technical drawings are in a scale, and therefore the subjects should have been 

able to figure out the correct ratio. Both the VR presentation and the perspective drawings are 

meant as illustrations, so it is the results from these tests that are interesting to compare. For 

planners we then get the ratio of 1,7 compared to the VR-results of 1,9. Non planners got an even 
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bigger gap of 1,6 and 2,0. This implies that the Virtual Reality presentation gave the audience a more 

realistic view of the volumes of the proposed project compared to the existing buildings.  

 

The understanding of a project of course goes beyond understanding the heights of the buildings, but 

the variable of volume is probably the easiest to test whether people understand or not. It is also the 

variable that the planning authorities have the greatest control over in Norway. Even though there is 

a paragraph in the Norwegian Planning Law that enables the authorities to stop a project on 

aesthetic grounds (PLBL §74 – 2), this is very rarely used. What is very common in processes like this 

however is to very precisely regulate building heights and volumes. However we still asked questions 

to clarify how well the subjects themselves felt that they understood the development. Their 

statement can of course be affected by the fact that they believe that they understand it even 

though they don’t, but still we might get an indication which of the groups feel the least confused.  

 

The accuracy in communicating the relationship between existing and proposed buildings seems 

better when using Virtual Reality than still images. We also wanted to check how well the subjects 

felt they understood the development, and to what extent they felt that they had received enough 

information to make up an opinion. When performing the Mann-Whitney test on the level of 

understanding stated by the respondents themselves, we found that there is a significant difference. 

The subjects provided with the VR-presentation clearly feel that they understand the development 

better than the subjects of the traditional presentation. The possibility of the participants having 

misunderstood the project, and therefore feel that they understand the project even though they 

don’t, may have interfered with the result. However the results from the volume estimation already 

discussed indicates that this is not so. We have already concluded that VR provided the most 

accurate visualization when comparing new buildings to the existing, and now we see that the 

participants themselves feel more convinced that they understand the development. Therefore we 

believe we can assume that virtual reality is a more suiting tool than analogue presentations when it 

comes to making both lay people and professionals understand the visual impact of a proposed 

project.  

 

Interesting to note is that when receiving the technical drawings, many respondents feel that they 

get a better grounds for making up an opinion, but their overall understanding of the project is 

decreasing. In other words when getting more information, they understand less. This could have 

been caused by lack of correlation between the plans and the perspectives, making the outcome very 

confusing to predict, but when asked specifically about this correlation only one person answers that 

something is wrong. Another thing interesting point is that it is the planners that seem to become 
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the most confused about the information in the technical drawings.  The average understanding 

amongst planners in part 1 was at 4,2 points on the five point scale, but this average declined to 3,47 

when studying part 2, making the understanding 0,73 points lower. Among non planners the decline 

is only 0,06 points, which makes it hard to conclude that this group is in general increasingly 

confused. What we can conclude is that none of the groups feel any more certain about the outcome 

of the project at this point, even though they now have a much more realistic impression of the 

building volumes. 

 
 

Which of the two presentation techniques leads to the most positive reactions to the 
project? 
 

As we can see from the results, there is a decline from the traditional display compared to the VR-

presentation. However when applying a Mann Whitney Rank Sum test, the results proved to not be 

statistically significant. We can therefore not conclude either way when it comes to the participants 

stated positivity of the project. 

 

Also when it comes to the question of whether the planned project will fit well into the existing 

surroundings or not, the results don’t differ significantly enough to conclude either way. We can 

therefore assume for now that the reactions of building proposals presented in virtual reality can be 

as positive as the traditional displays. This will probably differ between projects, but perhaps this 

project seemed equally positive from both the aerial view provided by the architect and from all the 

viewpoints of the VR-presentation. 

 

 

Which presentation technique inspires the participants the most into participating in the 
local planning process?  
 

We expected both groups to feel more engaged after viewing the presentations, both due to the lack 

of information they had about the project prior to our presentations, and also to the fact that our 

question was somewhat leading. As we can read from the results our expectations proved to be 

correct. This was however not what we were investigating by asking the question. We wanted to 

figure out whether VR can be more engaging than the commonly used displays. The Mann-Whitney 

analysis showed that the increase in engagement felt by the participants viewing the VR-presentation 

was not significantly higher than on the groups viewing the traditional presentation techniques. We 
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can therefore conclude that in this case virtual reality did not engage the subjects enough to be 

superior to traditional presentations. If these analogue presentation techniques are insufficient in 

overcoming the second obstacle mentioned by Perkins and Barnhart (2005) we can conclude that 

neither virtual reality is a sufficient tool to present the information in an engaging manner.  

 

 

Errors in the models 
 

The most significant errors in the models were caused by software inadequacies. We built the model 

using traditional modeling for the buildings, and a GIS-based automated approach for the rest of the 

environment. In the process of producing the models needed to conduct our studies, we did not have 

enough knowledge about how the system running the VR-lab worked to predict the occurrence of 

these errors. All we knew were that the models we were planning to merge together for the 

presentations could be exported to a format that the VR-system could import.  

 

The most significant error of them all is probably the one occurring when using Alpha channel 

textures to represent vegetation. Whenever one alpha channel texture were in front of another, the 

system did not know which of the textures that was to be presented in front. The result was that 

somewhere forest areas far away in the landscape were projected in front of the trees closer to the 

viewer. When this effect is combined with the stereoscopic view that enables the viewer to clearly 

tell what is closer, the resulting image was quite confusing.  

 

Another very significant error was also related to the vegetation. Most software producers have 

realized the problems related to accurately model vegetation, and they have incorporated a 

technique of representing vegetation in a both space efficient and fairly realistic way called facing 

planes (explained earlier in this chapter). This function is however absent in the EON software. We 

therefore ended up with trees represented as a plane, that when seen from the side became 

invisible. The way we solved this problem was by adding a crossing plane, but still the result is much 

less representative than when using facing planes. 

 

  

 

 

 



52 

 

Conclusion 
 

The studies that now have been conducted suggest that a ConCave based Virtual Reality 

environment has great potential for enhancing the communication in planning processes.  

 

We have found it to be possible to achieve a relatively high degree of realism in an environment that 

enables the respondent to move around freely, even though this exposes model flaws that still image 

renderings may very easily conceal. This suggests that the freedoms provided by Virtual Reality 

presentations may be well appreciated by the audience and that in realistically representing the 

environment VR has advantages compared to still images. We can conclude that the immersive 

virtual environment enables the respondents to feel immersed into the model, even though there 

might be some technical inadequacies that have to be overcome before an even higher level of 

immersion is achieved.  

 

When Virtual Reality is used to communicate an actual building project, we have discovered that this 

presentation technique has advantages compared to the traditional displays. Building volumes are 

more easily understood when being presented as a VR model than as technical drawings and 

perspective still images, and the participants also feel that they understand the project better when 

provided with a VR presentation. This study did not reveal any difference in how positive the 

development was perceived to be, or how well the audience believed the project would fit into the 

environment. The subjects felt more engaged in the local development after being presented with 

the VR presentation than before, but this was also the case with the subjects observing the analogue 

presentation. Therefore we cannot assume that VR is a more inspiring tool for use in public 

participation than the tools already in use. 
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Denne våren har UMB blitt innehaver av et Virtual Reality Laboratorium
(VR-Lab). I korte trekk er VR-Laben en liten ”kinosal” med plass til 24

personer. Lerretet er kurvet 180 grader rundt publikum, og man har på seg
3D-briller som gjør at presentasjonen blir tredimensjonal. Dette er den

første VR-laben av sitt slag i Norge.

Denne våren har vi valgt som masteroppgave å teste dette nye utstyret, og
har valgt å utføre en studie av hvordan ulike personer oppfatter et slikt

virtuelt miljø. I den sammenheng trenger vi frivillige studenter til å
delta på en presentasjon. Presentasjonen foregår i et lokale på planteskolen, 

og vil maks. vare 1 time.

Det er avgjørende for vår masteroppgave å få med nok folk til testene, og
håper du kan ta deg fri en liten time til å delta. Deltagerne må være studenter ved UMB, 3.klasse og oppover

Hvis det høres interessant ut å være med på dette opplegget, må vi ha svar snarest  på:

.......................................................student@3dmaster.no........................................................
med  følgende informasjon ferdig utfyllt:

    Navn:.................................................................

    Telefon: .............................................................

    Studieretning: ...................................................

    Tidspunkt:  Torsdag 24.mai kl 15.00 og/eller Fredag 25.mai kl 15.00
      (Skriv det som passer  best)

INVITASJON
Testing av det nye 

Virtual Reality Laboratoriet på UMB.

Med vennlig hilsen

Jostein A. Thorvaldsen  og  Tellef Dannevig

1

2

3

4
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INFO &
VEIBESKRIVELSE

Vel møtt!

Med vennlig hilsen

Jostein A. Thorvaldsen  og  Tellef Dannevig
       99798040                     91308467

Heisan!

Som du forhåpentligvis husker er du påmeldt til spørreundersøkelse 
torsdag 24.mai eller fredag 25.mai. 

Se www.3dmaster.no for oppdaterte deltagerlister og tidspunkt for oppmøte. 
Om det er noe som ikke stemmer eller om du i værste fall ikke kan komme må det gis beskjed snarest. 

Oppmøtested er på planteskolen som ligger mellom Andedammen og Ås kirke.

Det er viktig at du møter opp noen minutter før tiden slik at vi kommer igang presis.

Jostein
Text Box
APPENDIX D2


	Front-page
	Virtual Reality in Landscape Planning.pdf
	APPENDIX A(1-5)-Quationnaires
	APPENDIX B(1-5)-Ås-sentrum-perspective-drawings
	APPENDIX C(1-16)-Ås-sentrum-technical-drawings
	APPENDIX D(1-2)-Preperations to the tests



