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Abstract
The existing research literature on environmental 
perception is a body of work mainly based on the use 
of static representation of environments. However, 
the real world is usually experienced in a dynamic 
experience. Virtual environments’ technologies offer 
the potential to produce simulated environments 
that create the impression that we are in spaces 
other than those we actually occupy. A review of 
literature on environmental perception revealed 
two components of perception: “space-based” 
and “object-based” perception. An experiment was 
conducted to investigate visual perception obtained 
from a direct experience of an urban landscape and 
from its representations in desktop virtual environments 
(desktop VEs). The issues investigated were: accuracy 
of space-based and object-based visual perception 
obtained from the physical environment and from 
desktop virtual environment. A series of tests were 
administered to assess the visual perception of 
participants who explored the urban environment 
following a direct experience, and X3D-VRML 
models. The results indicated that participants who 
experienced the X3D-VRML models conducted fewer 
errors in space-based perception tests. There was 
evidence that participants in X3D-VRML perceived 
more objects than their counterparts in the physical 
environment. Similarities and differences between 
the physical and virtual environments were discussed 
suggesting the potential and limitations of desktop 

VEs in environmental representation. An agenda for 
future research work is suggested.

Keywords
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Introduction
 

Bell et al. (1996) defined “environmental 
perception” as “the processing of the sensory 
information encountered in everyday life”. 
Theories of visual attention argue that observers 
focus attention on an object in a complex 
scene. (Desimone and J. Duncan, 1995)  In a 
visual scene, objects’ forms are locally based 
on a contiguous geometric structure, such as 
edges, boundaries and contours. Discrete local 
patches can be perceptually linked, based on 
similarity of texture, color and other features, to 
form whole objects (Feldman, 2003). 

There are two theories of visual perception, 
including “space-based” and “object-based” 
theories. Advocates of the “space-based” 
perception theory imply that perceptual 
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attention selects regions of space independent 
of the objects they contain (Posner and Cohen, 
1984; Treisman, and Gelade, 1980). This model 
highlights the significant role of boundaries 
of the space (e.g., walls, and buildings) on 
our sense of perception; however, elements 
within the space do not play an equivalent 
role. Advocates of “object-based” perception 
suggest that perceptual attention select objects 
rather than regions of space (Kahneman et al., 
1992). This, in contrast with the space-based 
model, highlights the significance of elements 
within the space in establishing a consistent 
sense of perception. 

Space-based theory of perception assumes 
that space is represented by a two- or three-
dimensional map of locations with objects 
represented as points in space. This theory 
assumes that distance between objects is 
represented by “Euclidean” metric variables 
(Wolfe, 1994). The significance of these theories 
is that they provide guidelines for understanding 
the way the urban environments are perceived 
by the potential users. A substantial body of 
literature investigated the perception of urban 
spaces indicating a relationship between shape 
and perceived area (Ishikawa et al. 1998). 

Object-based theory of perception indicates 
that space is represented as a two-dimensional 
or three-dimensional array of objects organized 
by “Gestalt” grouping principles (i.e., goodness 
of form). This theory abandons the Euclidean 
distance. In vision, this mode of perceiving is 
described as a biased competition between 
perceptual objects. (Desimone and Duncan, 
1995). Biased competition takes place 
automatically and ubiquitously when there 
are multiple objects in a scene. Which object 

wins the “competition” depends upon both 
on the inherent salience of the objects and 
the influence of volitional, top-down attention, 
which biases the competition to favor objects 
with desired perceptual features (Desimone and 
Duncan, 1995; Yantis, 2005; Shinn-Cunningham, 
2008). 

The existing research literature in environmental 
perception is a body of work mainly based on 
the use of static representation of environments 
(Nasar, 1994). However, the real world is usually 
experienced in a dynamic experience. Through 
a program of research, Gibson (Gibson, 1979) 
indicated how movement enhances the 
process of perceiving environmental features. A 
small number of researchers in the environment-
behavior field have stressed the significance of 
dynamic representation of the environment 
(Appleyard et al., 1964; Lynch, 1960; Thiel, 1997, 
Heft and Nasar, 2000). 

Visual Perception of Virtual Environments
Virtual environments are described as a “pure 
representation of the external world, extending 
it by penetrating inside objects, enlarging them, 
and transcending space and time” (Pragier 
and Faure-Pragier, 1995). Virtual environments’ 
technologies offer the potential to produce 
simulated environments that create the 
impression that we are in spaces other than 
those we actually occupy (Amith, 1998). The 
rationale of using 3D-computer representation 
in further includes that it controls possible factors 
affecting the perception of the area of an open 
space. It also creates a hypothetical reality 
of walking in an actual city. It enables one to 
collect data in a less costly way than in a field 
setting.
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Perception of abstract virtual environments has 
been discussed (Wann and Mon-Williams, 1996). 
“Depth sensitivity” was defined as the ratio of 
viewing distance to the depth discrimination 
threshold, hence the sensation of reality in 
a picture occurs because of visual depth 
perception (Wann and Mon-Williams, 1996). This, 
in fact, indicated that perception of depth and 
distance in virtual environments is no different 
from physical environments as it depends on 
equivalent cues for depth perception. 

Wann and Mon-Williams (1996) argued that 
display of virtual environments should satisfy 
criteria that arise from the nature of human 
spatial perception. Perceptual criteria would 
act as the foundation of an effective VE display. 
They proposed that VEs-based design must 
concentrate on the user’s “perceptual-motor 
capabilities” in the context of the undertaken 
task. Shape constancy, according to Borresen 
& Lichte (1962), involves requesting that the 
viewer make some estimate of the geometric 
properties of an object. It does not disappear 
during static, monocular viewing. This concludes 
that perception of a virtual environment could 
be enhanced if virtual objects are close to 
users’ internal 3D-models and their geometry, 
and further, by relating them to the realistic 
surroundings. 

Most of the virtual environments-based 
presentations include desktop virtual 
environments (desktop VEs), which, are mostly 
displayed on 2D screens (Pimentel and Teixeira, 
1995, Burdea et al., 1996). The problem might 
be that the 3D simulated environments are 
displayed in a pictorial display. Hence, if 
the desktop VEs are used in environmental 
representations, some limitations should be 

considered, for example, the effect of viewing 
a pictorial display from too close or in addition 
far. Perception of desktop VE is expected to be 
rather different from perception of objects in 3D 
immersive VE, and consequently, more different 
from perception in real environments. Some 
depth misjudgments would be expected.

Ishikawa et al. (1998) empirically investigated 
the perception of the area of an open space 
using desktop VEs to present subjects with a 
simulated environment. Their representation 
created a “hypothetical reality” of being in 
an actual city. However, it was limited by lack 
of rotation options, fixed masses’ heights. Their 
results showed that shape and location of an 
open space affect the perception of the area 
(width/depth ratio effect & visible area effect). 

The objective of this paper is to explore the 
differences in visual perception in virtual 
and real environments. An experiment was 
conducted to investigate the visual perceptions 
obtained from a direct experience of an urban 
landscape and from its representations in 
desktop virtual environments (desktop VEs). The 
issues investigated were: accuracy of space-
based and object-based visual perception 
obtained from the physical environment and 
from desktop virtual environment.

VRML is one of Web 3d technologies that has 
been in existence since 1995 and has become 
the most popular tool for providing interactive 
3D models on the Web Several Web3d 
technologies such as Pulse3D, Cult3D, Viewpoint 
and Shockwave3D, etc. are developed or 
being developed now but only VRML can be 
practically used for walk-through simulation. 
VRML is a high-performance language for 3D 



Archnet-IJAR, International Journal of Architectural Research - Volume 5 - Issue 1 - March 2011

Assessment of Visual Perception of Web-Based Virtual Environments Simulations of an Urban Context
A

YM
A

N
 H

A
SS

A
A

N
 A

. M
A

HM
O

UD
117

visualization on the WWW (world wide web). 
As a programming language and library for 3D 
computer graphics, VRML has many functions 
such as shading, setting objects, projection, 
and texture mapping. Virtual reality worlds can 
be easily built on the WWW with this technology. 
VRML 1.0 was introduced in 1994 and VRML 
2.0 (97) with more dynamic and interactive 
functions was made in 1996. GeoVRML and 
X3D, which are the successors of VRML, are 
currently being developed. In this study, VRML 
97 was used in the present system. Users working 
with a browser who supports VRML can easily 
download programs written in VRML from the 
WWW and view 3D images on their personal 
computers. These VRML browsers are available 
for the Windows, Macintosh and Unix operating 
systems, as well as other platforms. In this study, 
Cosmo Player2.1.1 (Silicon Graphics Inc.) was 
used as a VRML browser with Internet Explorer6 
(Microsoft Inc.) on Windows (Microsoft Inc.). 
Several VRML browsers were tested on Internet 
Explorer and on Netscape with Windows XP 
(Service pack 3).  

The rendering speeds of these VRML browsers 
were almost the same. To write and run VRML 
code only a VRML browser and Internet browser 
are required. Cosmo Player and other VRML 
browsers can be downloaded as freeware, and 
the development environment can be built 
economically. VRML crime maps are more useful 
as they allow a better understanding of data. 
3D VRML models allow users to explore the data 
by animations and various manipulation tools, 
e.g. tilting and rotating (Lodha et al., 1999).
VRML is recently being replaced by X3D (Bullard, 
2003) based on the “eXtensible” Markup 
Language (XML). The Web3D Consortium 
and the World Wide Web Consortium (W3C) 

have established X3D as an XML-compliant 
ISO standard for interactive 3D on the web 
(Kumaradevan and Kumar, 2001). X3D uses 
XML to express the geometry and behavior 
capabilities of 3d models (Brutzman, 2002), yet 
as it is extensible, metadata may be embedded 
in the file and linked to any other spatial or non-
spatial dataset. The power of this technology 
is that it permits a user to interact with the 
embedded datasets in the 3D model in real 
time over the Internet. The use of level-of-detail 
nodes enables data that is ‘out of scope’ to be 
ignored, assisting navigation and management 
of complex large environments (Barton et al., 
2005).

Previous studies have successfully presented 
virtual tourism sites, through which users can 
access virtual models of towns and cities, or 
interrogate information regarding cultural 
heritage. These include web sites containing 
navigable VRML models, where an emphasis 
is placed on providing pertinent data as users 
move through a space (for example, Salgado 
et al. 2001; Webb and Brotherhood, 2002). 
These studies were concurrent with research, 
which concentrated on the development 
of the VRML technologies themselves, which 
allowed users to navigate interactive and 
photo-rendered spaces (Schaerf and Tessicini, 
1999). A key strength of such systems are that 
they are capable of containing and displaying 
a suitable range of text and image based data, 
potentially selected and presented in response 
to specific user characteristics (for example, 
Bonfigl et al. 2004; Tan et al., 2006).

Developments in the construction and 
presentation of virtual environments suggest that 
it is time to reconsider experiential approaches 
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to preference research rejected as too complex 
in the 1980’s. Some aspects of behavior in the 
landscape can now be effectively observed in a 
computer-generated world at reasonable cost 
and with more complete control of variables 
(Groner, R., at al., 2004; Bishop et al., 2001).

Methods

Participants
Participants included undergraduate and 
postgraduate students and workers randomly 
selected from an Egyptian University Campus 
within the Greater Cairo Region. 110 participants 
were recruited to take part in between users’ 
experiment. 58 participants were female and 52 
were male. Their average age was 32. Further, 
96% of participants had a minimum of a high 
school standard education. Participants were 
randomly assigned into two groups, including, 
control group (N = 20), and experimental groups 
(N = 20).

The Environmental Display
The University campus was utilized in this 
investigation based on a number of criteria. 
According to Booth (1983), since the research is 
designated to provide enhancement to the visual 
simulation of an environment, it was essential to 
consider the use of an environmental context 
that represents a variety of landscape elements. 
Danford and Williams (1975) provided a set of 
criteria that could be used in selecting study 
areas for landscape preference investigations. 
According to their criteria, the study area would 
fulfill (a) homogeneity in design; (b) relative 
isolation from external environments; and (c) 
accessibility and proximity for participants. 
Fig. (1) illustrates the layout of the university 

campus.

The Stimuli-Set
The stimuli-set employed in this investigation 
included two urban spaces within the University 
Campus. The stimuli set for the experimental 
group (X3D -VRML group) included an X3D-
VRML simulation model of the same urban 
spaces. The desktop V.E. system included 
hardware, software, and a geometry database. 
The hardware included an IBM compatible 
PC equipped with an Intel Pentium Duo 2 
Core processor 3.4G, 4 GB RAM, 320 GB hard 
disk, and 512 MB graphics card. Input device 
included standard optical 2-D mouse, while the 
output device included 17 inches PC true color 
LCD monitor. The software used to create the 
virtual model included 3D Studio Max version 
9.0 software, Flux Player version 2.1 plug-In as 
an X3D-VRML browser. All software was running 
under the Microsoft Windows 7 operating system 
platform. 

Perception of desktop VEs representations would 
be more successful in replicating perception 
of the real environment if few guidelines were 
applied (1997). Synthesis of components of the 
virtual environment followed the “geometrical 
principles” of their real world counterparts. This 
includes replicating the actually proportions, 
shapes and units. The geometry database 
was adapted from a former digital survey 
of the campus. On-site measurements were 
conducted to edit the existing database and 
to update important geometrical details. The 
3D CAD model followed basic morphological 
details of both masses (e.g., openings, mass 
geometry, and projected/recessed ornaments) 
and spaces (e.g., ground and spatial vegetation 
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elements, land topography, stairs and ramps). 
Primary 265-colour index was used to represent 
a texture difference. 

Surroundings (e.g., building facades) as well as 
the discrete elements within the space (e.g., 
furniture elements) were carefully considered. 
“Landmarks” were emphasized by contrasting 
colors or shapes. Multiple “vantage points” 
were provided within the virtual environments 
using “cameras” to offer alternative viewpoints 
for users to start their navigation. Objects 
were related to foreground and background 
according to actual physical relationships. 
Sense of navigation was maintained using a 
35-mm (Focal length) camera representing 
a human eye placed 170-cm above the 
ground. Each of the three cameras was 
carefully placed to maintain a vantage point 
from which participants would be asked to 
start their navigation. Desktop VEs, however, 
were expected to show some limitations of 
understanding of depth; these limitations were 
managed providing scale references within the 
virtual environment, for example, considering 
floor patterns. The final model is illustrated in 
figure (2).

“Bitmap” textures were not used for three reasons. 
First, the research was not interested in simulating 
the very details of textures of the environment 
because this was not recommended by Kaplan 
(1977). Second, to avoid larger file sizes in order 
not to affect the rendering speed of the X3D-
VRML browsers at the end. Third, 3D Studio Max 
recommended minimizing the use of “texture 
maps” and keeping the “polygon count” of 
the objects down as they were considered 
effective factors in enhancing the performance 
of the X3D-VRML model. The X3D-VRML model 

was exported from 3D Studio Max using the 
VRML 2.0 export plug-In. The final VRML model 
included the three-dimensional geometry, initial 
viewpoint for animation and textures. 

Procedure
The Real Environment Experience
Participants were handed a self-report form that 
included the perception tests. They were asked 
to spend 10 minutes moving through the space 
A respectively, they were asked not to move 
outside the boundaries and to move freely to 
explore different sides of the space. 

The off-site part of the test included sketch-
map-drawing task. Participants were asked to 
gather in a room that was isolated from the 
environmental context, and were given a blank 
A4 size sheet of paper. They were asked to 
recall their guided tour within the spaces and 
represent it in a drawn sketch. Participants were 
asked to include all elements they could recall 
from memory to assist in directing the stranger. 

Procedure for Virtual Environment Navigation
Participants of the VRML group performed all 
the tasks in a lab-like condition. Participants 
performed the test one at a time. After being 
handed the self-report form, participants were 
asked to take a seat and were introduced to the 
desktop virtual environment system provided 
to them. The test proceeded through three 
phases, including pre-training, desktop virtual 
environment navigation test, and sketch-map 
drawing test.

In pre-training, the researcher demonstrated 
the functions of each device of navigation 
tools of the desktop virtual environment system. 
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Participants were asked to practice on the 
desktop virtual environments system for about 
5 minutes in an abstract simulation that was 
different from the simulation selected for the test 
phase. The practice environment was of a similar 
structure to those used in the corresponding test 
condition. They were asked to navigate through 
the virtual environment to reach a particular 
point and return to the start point. This pre-
training exercise was thought to enhance users’ 
familiarity with the navigation tools. A number of 
participants reported difficulty in managing the 
navigation devices; yet, they mastered them by 
the end of the 5-minute pre-training session.

Participants started the navigation from the 
same point from which the participants of 
the control group started. Participants used 
the two-dimensional navigation device to 
navigate through the three-dimensional virtual 

environment using a set of buttons at the bottom 
of the screen. 

Participants were given the same instructions 
as those given to the participants of the control 
group. They were also restricted with the same 
time-allocation for each task. Participants 
had the freedom to decide the route of their 
navigation within the space. A few participants 
experienced problems in returning to their initial 
viewpoint, at that stage. The researcher had to 
interfere in order to help the participant. 

In order to extract components of visual 
perception data from sketch maps two methods 
were applied. First, to extract the space-
based perception accuracy, each map was 
converted into a digital format by scanner, and 
files were imported into AutoCAD Architecture 
2008 software in order to be converted into a 

Figure 1: Layout of the University Campus.
(Source: Author).

Figure 2:  Snapshot of the VRML simulation from position A. 
(Source: Author). 
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vector format. The aim of converting the maps 
into a vector format was to determine the 
geometrical parameters of the shapes of the 
drawn elements of space. Those geometrical 
parameters -including shape indices reported 
by Ebdon (1985)- would be considered a 
quantitative measure of environmental 
perception equivalent of the visual sketch 
map. Four shape indices were computed, S1, 
S2, S3 and S4. Shape index is defined by the 
equation:
S = 1.27AL2
Where A = area of shape in km2 and L = the length 
of the longest axis in km.

A value of 1.0 expresses maximum compaction, 
where the shape is circular. As the shape is 
elongated, the less compact is the slope, and 
the lower the value of the index. A Mean Shape 
Index (S) for the space has been calculated 
as a measure for space-based perception 
of the urban landscape. Second, in order to 
analyze the object-based perception data, 
landscape elements included in each sketch 
map was quantified. Landscape elements 
included buildings, furniture, pavement, spatial 
vegetation, ground cover vegetation, and site 
structures.

Results
Initially, each self-report form was given a label 
to indicate the group type of the participant 
and an ID number. Personal data as well as 
collected numerical data were entered into 
SPSS version 13 (Statistical Package for Social 
Scientists) software in the form of a rectangular 
data matrix (scale in columns and respondents 
in rows). Form-recognition results were 
converted from the nominal scale (true/false) 

into a numerical scale (true = 1, false = zero). 
Sketch-map data were entered in the same 
ordinal scale obtained.

The difference between-groups data were 
analyzed on a pair-wise basis. The interest of 
this phase of investigation is to test the effect 
of stimuli type as an independent variable on 
preference variables. Hence, the Multivariate 
ANOVA test would be used to investigate the 
significant difference between groups. 

Sketch Map Analysis
In the shape index test, it was found that the mean 
error of shape index for the space was slightly 
lower in the PE group than in the VRML group 
(p > 0.05). Another measure of environmental 
perception was the quantitative analysis of the 
sketch maps, in which, landscape elements of 
each sketch map were listed, and classified into 
Booth’s elements of landscape architectural 
design. Those elements included buildings, 
furniture, pavement, spatial vegetation, ground 
cover, and site structures (1983). 

Table (1) depicts the descriptive statistics of 
objects that appeared in sketch maps. Mean 
frequency of “buildings” was slightly less in 
the PE group than in the VRML group (p > 
0.05). Considering “furniture”, it was found 
that the mean frequency of the PE group was 
considerably higher than the VRML group, there 
was a statistically significant difference between 
frequencies of both groups (p < 0.05). Table (2) 
depicts results of ANOVA test.

Results of ANOVA revealed that the mean 
frequency of the PE group was considerably less 
than the VRML regarding “pavement” element, 
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with a statistically significant difference between-
group difference (p < 0.05). Regarding “spatial 
vegetation”, it was found that the PE group was 
considerably less than the VRML group, and 
a significant between-group difference was 
found (p < 0.05). Considering the site structures, 
it was found that the mean frequency of the PE 
group was considerably greater than the VRML, 
with a strongly significant between-groups 
difference (p < 0.05). In summary, the VRML 
group was different from the PE group in different 
landscape components as less furniture, more 
pavements, and more spatial-vegetation; and 
fewer site structure elements were perceived. 
However, they were no different in perception 
of buildings.

Group Bldg Furnit. Pavem. Veg. Struct.

PE 5.241
(0.236)

0.483
(0.146)

0.034
(0.034)

0.931
(0.192)

2.172
(0.243)

VRML 5.444
(0.422)

0.111
(0.076)

0.167
(0.090)

1.944
(0.286)

0.944
(0.347)

Table 1: Means and Standard deviations (between 
parentheses) of frequencies of objects mentioned in sketch 
maps as a function of group type (Source: Authors).

Variable SS df MS F P

Shape Error 0.0168 1 0.0168 3.157 0.08

Buildings 0.4130 1 0.4130 0.186 0.669

Furniture 2.0540 1 2.0540 4.491 0.041

Pavement 0.2690 1 0.2690 3.985 0.053

Vegetation 6.9900 1 6.9900 5.305 0.027

Structures 17.437 1 17.4370 8.810 0.005

Table 2:  Results of ANOVA test (Source: Author).

Discussion
This study aimed to investigate the differences 
and similarities between visual perception 
obtained from a direct experience of a 
real environment and the experience of its 
representation in three typed of desktop VEs. 

Space-based Visual Perception
This study revealed that participants within the 
VRML group were successful in maintaining a 
competent space-based visual perception 
of the space. However, they tended to show 
more errors in the shape index, yet this was 
not statistically significant when considering 
individual errors. It is important to mention here 
that the participants were instructed to include 
the details of the environment and not only the 
outline of space boundaries.

Object-based Perception
The results for object-based visual perception 
in VRML suggest that participants tended to 
perceive more buildings than real-environment 
participants. Even though this observation was 
not statistically significant, it might be argued that 
buildings in VRML were the dominant landscape 
element because of their legible geometrical 
forms and well-defined edges that enhance 
their perception. When Gibson’s phenomenon 
is applied (Gibson, 1979), it appears that VRML 
sustained continuous dynamic changes that 
were mainly dominated by buildings.

Furniture and site structure elements were 
less perceived in the VRML than in the PE. This 
observation might be related to four facts. 
Firstly, using furniture or site structure elements 
was a part of experience within the PE group, 
yet participants within the VRML were certainly 
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unable to use and feel them. Secondly, VRML 
participants tended to “fly” over the normal 
viewpoint and could not make sense of the 
small-scale furniture elements or site structures, 
including ramps and stairs on the ground. 
Thirdly, furniture elements by nature are “very” 
small compared with other landscape elements 
limiting the chance of perceiving them. The 
fourth fact is that furniture elements were not 
“physical obstacles” in VRML as they were, in 
reality, since people could go through them 
because of the lack of “collision detection”. 

Since pavement textures and ground cover 
vegetation in the VRML model were based on 
the AutoCAD 256-colours index, pavement did 
not appear either realistic or harmonious with 
other elements of space. Additionally, large 
areas of pavement colors tended to dominate 
the display within the VRML presentation. On the 
other hand, ground cover vegetation appeared 
to be more realistic in their dark green color. For 
this reason, it was found that VRML participants 
reported more pavement textures than PE 
participants did. However, it was not difficult for 
real-environment participants to perceive the 
ground cover elements, since they consisted 
of considerable large areas of the two spaces. 
Spatial vegetation elements were abstracted 
in the VRML model in order to reduce the final 
file size. However, it seems that this abstraction 
was a reason for enhancing their perception 
according to the “goodness of shape” theory, 
hence it was found that VRML participants 
perceived more spatial vegetation elements 
than PE participants did. 

Conclusions
To conclude, this study intended to empirically 
investigate the similarities and differences 

between visual perception obtained from 
direct experience of a physical environment 
on an urban landscape and the experience 
of its representation in desktop VEs. This study 
revealed important observations concerning 
visual perception in VRML, which provided 
participants with sufficient information to 
maintain a space-based visual perception of 
smaller and well-defined spaces rather than 
larger less-defined spaces. VRML was found 
more efficient on representing information and 
perceptual cues that enabled the participants 
to develop a better understanding of space-
based visual perception. Another outcome of 
this study is that abstracting spatial elements 
in VRML might enhance their perception by 
participants’. The latter outcome might point at 
the potential of VRML simulation in enhancing 
object-based visual perception of landscape 
settings. 

This study suggests that perception of the desktop 
VEs used to represent this specific environmental 
context was replicating the perception of the 
real environment. This research was, however, 
limited to the typology of a specific example 
of urban landscape (a university campus). It 
has also been limited to the hardware and 
software available for this investigation. Further 
empirical investigations are needed to apply 
using desktop VEs, as representation media, to 
measure the visual perception of various types 
of environmental settings. The development 
of hardware technology might provide 
environmental researchers with more enhanced 
and affordable desktop VEs tools.
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