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I ntroduction

Virtual environments (VEs) have been efficient ur @ays for training and skills in
3D space (Seidel and Chatelier 1997; Winn 1998gs€&happlications require the
trainees to become familiar with the charactesstiof computer-generated
environments and to apply their knowledge to tted weorld; however the differences
of real world and virtual environments in distapegception, navigational awareness,
landmark recognition, spatial ability, the indivadudifferences of trainees in prior
experience towards computers and interface expedrsd wayfinding, which is
described as the ability to find a way to a patéiclocation in an expedient manner
and to recognize the destination when reached (Rept al. 1990), have all been the
topic of several studies that have examined thgegecas in VEs (Leach 2002).

The complete navigational knowledge of an envirommie known by the term

navigational awareness. There are two types ofgaienal awareness: the first is
procedural, which is ego-referenced and is usumtiyuired by the exploration of a
new area, and the second is survey knowledge, wisicicquired after multiple

exploration of an environment using multiple rout&be differences between the
procedural and survey knowledge is that the perglom has procedural knowledge
can move successfully from one landmark to anoblerdoes not know alternative
routes. Survey knowledge characteristic is thais itvorld referenced. Therefore,
although the trainee who acquires procedural kndgdecan navigate through the 3D
model successfully, it is the survey knowledge wWwhis referred as a “primary”

experience in a virtual space (Presson and Hagelk®84). The reason for better
judgment of distance for a specific route travelkedecause learning is formed by
sequential travel. Knowledge of relationships ofgels along this route are
unidimensional, thus a student will be better aalleng when it is in the direction

they learned the route (Allen and Kirasic, 1985).



To reach the level of navigational awareness byogxyg a 3D model in a VE, the

trainee must go through a process called dynamacgss or ‘Sequential and
Hierarchical” model, as described in Siegel & Whi{1®75). To achieve this, four

steps are required. The first and second stepsnacessary for the procedural
knowledge and the third and fourth for the surveywwledge. The first step is

landmark recognition, where objects become landméok their distinctiveness and
their personal meaning (Lynch 1960). The secong isteharacterized by the routes
and links formed as the trainee is traveling betw®e landmarks. The third step is
the primary knowledge acquired by the significaat¢ling through the routes in the
VE. The fourth step is the secondary knowledge Wimwolves the use of maps in
order that the trainee learns more about the VE.

This paper is based on research with a group oéngndduate students in the field of
architecture that are participating in one of thmalf courses for the completion of
their degree requirements. The course is based sing uand exploring the

computational tools used in computer aided architat design to reveal and
reinstate or replace known parameters and expesdgemeferred to architectural
design. Through this course, methods and procecgueegxplored and analyzed, by
which the above mentioned tools can be used to iBmgbace perception and

cognition, which, in turn, can supplement architeat design during the stages of
analysis, conception, implementation, evaluatiod aommunication. Some of the
initial exercises included the development of asprgation video referring to a
computer generated 3-D model of a building. Theletts were divided into groups
and were called upon to select a small, easily cehgnsible building. A written

report was asked with a proposal for a walkthroighthe building based on a
hypothetical scenario by using a storyboard andozement diagram on the plan
drawings. The groups were educated on the bagsiciples of cinematography and
movement over time in 3-D space and they conclutied exercise with a video

presentation of their walkthrough. The evaluatioh tbe results included the

comparison of the final walkthrough scenario andvemoent diagram with those
proposed initially in the written report. It alsacluded the effects of how the
development of a simulated virtual space can chémgeerception and cognition of a
real building perceived only through architectudasdwings and photographs. The
results showed that about 20% of the final walktlgio scenarios tended to review or
totally change their initial scenario after theyt goquainted in the 3-D virtual space.
These differences provided the stimulus for théeaech as explained below.

The experiment

In the experiment each student was examined insdmae room, on the same
computer, with the same lighting conditions and wéesractively shown external and
internal 360° images, representing nodes in virspaice in which they could move
about by selecting an alternative node, thus priodug path. Two different groups of
students were formed. The first group was showntgrbalistic rendered images
(PR), while the other group was shown the same @sagith non-photorealistic
representation (NPR). The method of non-photorgalispresentation was included
to identify parameters that are used for movemmoiigh a virtual space without the



interference of lighting, shadows, colors and teedubecause NPR methods allow us
to emphasize or omit detail in order to communicatermation more effectively. All
the students were asked to move through a virtuigding by moving from one node
to another being free to select their path. Theegrgent involved 40 students of
which 20 where given a PR three-dimensional modeél20 a NPR of the same three-
dimensional model.

The model that was used for the experiment wasuaéhdesigned by Marcel Breuer
in Feldmeilen, Switzerland (Breuer 1962). This pobjwas chosen mainly because
the effectiveness of moving through it by offeridgpth simple and complex
orthogonal spaces and was designed using a gndudgh its orthogonal layout of the
plan the visual cues and access of the corridatgl@rooms is very efficient for the
comprehension of the plan, as well as the layouh®fexternal spaces through which
one can witness the external form of the buildegwell as gain access to different
spaces. It is also divided into five distinct zantbe living room, the bedrooms, the
kitchen, the housekeeping, the children and fin#lg working space, thus being
helpful to the distinct incorporation of objectsdafurniture that would make the
comprehension of the building easier. The buildiasg three-dimensionally digitized
producing a model with materials, textures andtifghthat resemble reality.

The methodology used for the experiment can beritbestcas follows. Students were
provided with interactive rotating panoramic imagéshe model that were linked to
each other and were instructed to navigate thrabghmodel. These interactive
rotating images represented nodes in the plan @fbthlding, through which the
statistical calculations of the results could bedenanore efficient. The number of
sequential moves each student could do was limiteétb and the only guideline that
was given was to first make a full rotation of fenoramic image before they make
their next move. The goal of this experiment wasdistinguish the differences
between the two groups in the routes they chosepldces that were disorienting and
how the representation of the model influencedrtlieicision according to their
perceptual field (Hunter 2003), which corresporal$heir perception of form, order,
succession and variation. Additionally, their deatid distance perception was noted,
along with how many objects they remembered findlogng their navigation in the
3D model. Figure 1 shows a typical PR and NPR gonétion of one of the virtual
spaces (node) which were visited by the students.

Results and Conclusions

Figure 2 shows the density of the visits on eaatienooth for the PR (left) and the
NPR (right). Each node is color-shaded accordingpéonumber of visits. The darker
the color, the more frequent the visits that werented. The comparison of these two
figures in connection with the interviews at thel e the walkthroughs reveals that
the students that navigated in PR nodes got arhetterstanding of depth in the VE
than those that were given the NPR ones. Thisas seore clearly in Figure 3 which
shows two curves representing the distributionhef perception of depth (on a scale
from 1 to 5) measured for each student for the RiRthe NPR cases respectively. As
it appears from Figure 3, the curve in the PR cé&sshifted towards higher ranking



in understanding depth in the VE. An additionalgdrof that can be noted by the
routes that the students followed in each casePB&valkthroughs were concentrated
mainly towards access points and corridors thraghbuilding, most probably due
to the students’ better understanding of depths Tésulted that those students did not
feel the need to travel to a node that was closearty far away object. More
specifically, any object in their line of sight ddwe identified from a distance and
therefore the students considered that they haigdisot only the nodes they did, but
also the neighboring ones. The opposite was trileeénmajority of the NPR cases, in
which the understanding of depth was ranked lowan in the case of PR. Therefore,
nodes that contained objects such as the dinniogrdhe living room etc. were
visited more often in the NPR cases than the PR.one

Another interesting result which emerged from #iigdy was the finding of a general

tendency of students that participated in the PfRqdahis experiment to visit spaces

with higher luminosities. This can be attributedtbt® fact that humans, as most
animals do, are attracted to light and brightn&sgrefore, apart from the nodes used
for circulating, the ones that were visited mostevnose with high contrast between
shadows and direct sunlight. A general rule of thuzan be made that visitors tended
to scatter more in high luminosities of the imagested. NPR images have higher

brightness in comparison to PR images, under thee saonditions, because lighting

conditions, shading and colors are not shown awmg the scattering in the NPR

walkthroughs was higher. As a conclusion, if sonee® asked to explore a VE

efficiently a NPR is most probably a better chafeepresentation than a PR.
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Figure 1. Typical PR (left) and NPR (right) of omiethe virtual interactive spaces (node) of
the building.
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Figure 2. Density of the visits on each node botfttie PR (left) and the NPR (right) through
color-shading on the plan of the building.
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Figure 3. Distribution of the perception of depdim @ scale from 1 to 5) measured for each
student for the PR and the NPR cases respectively
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