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Abstract: The recent developments in computer and information technology enable 
traditional Computer Aided Design (CAD) and Virtual Reality (VR) programs 
tobe used as alternative tools for design education. However, visual 
perception from two-dimensional representation in traditional CAD programs 
is quite difficult. Immersion, presence, interactivity and dynamism in virtual 
environments are facilitating communication and visual perception of complex 
concepts and information and motivating students to participate in design 
process, by increasing data awareness. Related to these concepts, a case study 
was conducted at Bilkent University with freshmen interior design students, 
taking scale, shape, color and texture as independent variables, to compare 
visual perception in VR and traditional computer presentations, using 
traditional computer program, AutoCad and VR computer program, Virtus. 
The results indicate that the hypothesis, which states that use of VR programs 
provides a more accurate visual perception than traditional computer drawing 
programs, is not rejected except for scale and shape. 

1. INTRODUCTION 

Drawing is a type of modeling that is vital for the designers since it 
assists the extemalisation and development of mental concepts (Donath 
1996). The spatial information given in the architectural design drawings 
allows the designer to understand the space being designed and helps them 
for the next steps in the improvement of the project (Badler 1995). There are 
a wide variety of media or rendering techniques in drawing. Orthographie 
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drawings such as plan, section and elevation are the two dimensional 
abstractions that force the observer to construct the design model in their 
mind. Axonometrie and perspective drawings are the other techniques to 
present the design data, two-dimensional images representing the third 
dimension. Besides there are computer modeling and interactive computer 
generated worlds-Virtual Environments (VE). Both the computer modeling 
and VE give you the experience of building in the same way it would be if 
the building were constructed. Then, the question arises: How does VE differ 
from traditional computer drawings? 

Perception is a matter of data input to the mind from the environment so 
we need more and more input to the senses to observe the sense of real. 
Visual experience is the result of data input to our mind through our eyes. 
The visual world is formed with information about scale, shape, color and 
texture. Continuous changes in the structure of visual world are projected to 
retina (Coyne 1994). A primary goal in examining an image is recognising 
and understanding the features and objects within the image (Hende and 
Wells 1997). Traditional computer graphics allows the observer to Iook 
through a restricted window to perceive the space designed since the 
observer is limited to a single viewpoint each time. Architecture is a static 
entity. Its dynamics come from the aspects of moving through the space 
(Emmett 1992). Thus, the perception of form in VE is much greater than it is 
in traditional computer drawings because of flexibility of movement of the 
viewpoint through the environment (Brill 1993). Virtual worlds can provide 
a better understanding of the image of the space since they are multi
dimensional, interactive computer generated environments, which enable 
people to act in and upon a space with varying degrees of time. Thus, virtual 
environments Iet us leap through the restricted window to experience the 
space. In other words, the observer can directly access and manipulate the 
data in VE. Due to the interactive movement, more cues about scale can be 
captured and used in virtual worlds. Color and texture, on the other hand are 
enhancing the perception with the help of interaction. 

The ability to control a viewpoint oftwo-dimensional moving image and 
the ability for the observer to access and manipulate data, including 
representation choice, increase the experimental understanding. Although the 
observers cannot physically move their body, they are given the possibility 
to control a viewpoint that can be manipulated by keyboard or mouse 
movements. In this way, the observer can control the sequence of events that 
is being observed (V an Dam 1993). Simply, we can say that a universal field 
of sensory input is provided by VE since the idea of virtual reality relies on 
concepts of perception and representation. The components of VE for 
interaction include a means to display visual information, a means of 3D 
location of viewpoint and a means of manipulating the environment. 
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Moreover, there are research studies on the perception of VE however they 
are based upon the equipments such as head mounted displays and data 
gloves, used in more developed virtual reality systems. They include not 
only the visual perception, but also the perception of other senses such as 
hearing, smelling and touching. 

2. RESEARCH DEFINITION 

In this research, the aim is to investigate how VE differ from traditional 
computer drawings in terms of visual perception. The question has arrived 
from the discussion on computer aided architectural design education tools. 
The hypothesis is that using computer programs that generate VE provides a 
more accurate visual perception than the traditional Computer Aided Design 
(CAD) programs in architectural design education. In this study, the 
traditional experimental method is used to test the effectiveness of VE. A 
traditional computer program (AutoCad 14) and a virtual reality program 
(Virtus 1.0) are compared to test the hypothesis. Visual perception is the 
dependent variable that is being studied. Shape, scale, texture and color are 
chosen as the independent variables since visual perception is a combination 
of these properties in human brain. 

The solid that creates the structure and void is called shape. It is a 
medium used by architects since interplay and changes in form and shape are 
observed while moving in the architectural space. Simply, we can say that it 
makes up everything that can be seen and touched. The second independent 
variable, scale contributes to the understanding of the architecture. It 
provides a close estimation of size of the objects and elements by a visual 
comparison. There are three types of scale, physical scale ( direct size 
relationship of one form to another one), human scale (relationship of the 
size of human being to the architectural elements) and proportional scale 
( relationship of forms within the set of objects (Zobel 1995). In this research, 
the relationship of forms within the set of objects, in other words, the 
proportional scale is used to enable the subjects to roughly measure the 
visual field. The other two independent variables, texture and color give 
clues for understanding the size, shape and depth of architectural forms 
(Zobel 1995). Texture is related to the materials of the objects. Color is the 
property of an object carried to the photoreceptors of the eyes by light. It 

provides distinctions or similarities between objects or spaces. When it is 
mixed with surface textures, it revels the basic quality and composition of 
the object, such as purity and material (Zobel 1995). 

Research Framework For this study, two groups of twelve participants 
(totally twenty-four subjects) were chosen randomly from the Department of 
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Interior Architecture and Environmental Design at Bilkent University. All of 
the subjects were at the same education Ievel, freshman students who have 
almost the same experience in architectural design and no computer 
experience in drawing. Two different tasks are used for comparison. One of 
them is a traditional computer program-AutoCad 14 and the other one is 
Virtual Reality Program- Virtus 1.0. The same interior space with abstract 
forms is drawn on computer using both programs (see Figure 1). 
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Figure 1: Top view of the abstract space 

Abstract forms are preferred in order to avoid assumptions that can 
appear related to the observer's experience. For instance, if achairwas used 
as an object in the project, the observer may want to use its size as a criterion 
for proportion. In Figure I, the top view of the abstract space can be seen 
however the participants did not observe this view. The views observed by 
the subjects can be seen in Figures 2 and 3. Finally, a questionnaire was 
developed to be given to both of the group of subjects including twenty 
questions about shape, scale, texture and color, consisting of five questions 
for each. 
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Figure 2: The four perspective views of the abstract space created in AutoCad 

Figure 3: A view from the abstract space created in Virtus VE 

The two groups of samples were allowed to observe the same four 3D 
perspective views - created from four different viewpoints - presented in 
AutoCad drawing and experience the 3D virtual world constructed using 
Virtus, one by one. The first group of twelve subjects was asked to observe 
AutoCad presentation. Since it is impossible to manipulate data on computer 
in AutoCad, they were allowed to zoom in and out to view the details in the 
perspective views only. The second group of twelve subjects experienced 
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VE created by Virtus and were able to move through and around the space 
using mouse only. After each observation, the questionnaire was given to the 
subject respectively and asked to answer the twenty related questions. There 
was no time constraint. It took each sample about 15 to 20 minutes to 
observe and complete the questionnaire. 

Questionnaire The questionnaire was composed of four parts about 
scale, shape, color and texture. First part, scale, included questions about the 
relationship of height of the elements, such as parapet and columns, with the 
room and questions that compare length and width of the space and 
openings. Descriptive questions were asked in the second part, to understand 
how the shape and form of the room and elements in the room is perceived. 
The third part, color, involves two approaches in which relative questions 
about the color of the surfaces and objects were investigated and descriptive 
questions in which color chips were used. Finally, the last part, texture, 
included descriptive questions in which texture and material of the surfaces 
were asked to be defined from the verbally or visually given choices. 

Measurement The results of the questionnaire were ana1ysed by using 
statistical methods, because statistical methods represent the summary and 
analysis procedures for determining group performance, more precisely and 
conveniently than visual inspection of raw data. Since the nurober of 
subjects used in a group in this study was small (less than 30), non
parametric statistics was used. 

Statistical Analysis Non-parametric method of ana1ysis offers alternative 
procedures. It is used in case of normal distributions such as small sample 
size. Non-parametric method of analysis are descriptive, they are based upon 
statistical models for data. They require fewer assumptions to be built into 
the model (Cooper and Weeks 1983). They have generally higher variance 
than distributiona1 statistics. Comparison is made between parameters. In 
this study, we tested our hypothesis by using Mann-Whitney Test, which is a 
non-parametric method of analysis. In this test, the focus is on the median as 
the measure of location or central tendency. When the objective is to test for 
a significance difference between two locations statistics computed from two 
independent samples, Mann-Whitney Test is usually used (Daniel and Terell 
1995). Mann-Whitney Test is preferred for this study since the sample size is 
small (less than 30) in our case. The raw data can be seen in Table 1. 

Table 1: Raw Data (the correct answers given to the 20 question. PI is the population for 
AutoCad and P2 is the population for Virtus) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
P1 11 5 6 12 9 6 2 8 1 7 4 9 5 1 7 9 1 5 3 
P2 11 4 9 8 9 9 6 9 2 7 8 9 10 12 11 12 9 11 9 

20 
5 
11 
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The null hypothesis is that the medians of two populations are equal. The 
alternative hypothesis is that the median of the population using AutoCad is 
less than the one using Virtus. Minitab is used to apply the Mann-Whitney 
Test and the results were as follows: 

MTB>Mann-Whitney 95.0 c2 cl; 
SUB> Alternative -1 
Mann-Whitney Confidence Intervaland Test 
C2 N=20 Median= 5.500 
Cl N=20 Median= 9.000 
Post Estimate for ETA1-ETA2 is -3.000 
95.0 pctc.i. for ETA1-ETA2 is (-4.999, -1.000) 
W=302.0 
Test forETAl=ETA2 vs. ETAt I.t. ETA2 is significantat0.0018 
The test is significant at 0.0016 (adjusted for ties) 

Figure 4: Computer Results 

Calculations for each variable are given in the Figures 5, 6, 7 and 8: 

MTB>Mann-Whitney 95.0 cl c2; 
SUB> Alternative -1 
Mann-Whitney Confidence Interval and Test 
c2 N=S Median= 9.000 
cl N=S Median= 9.000 
Post Estimate for ETA 1-ETA2 is 1.000 
95.0 pctc.i. for ETA1-ETA2 is (-4.001, 5.002) 
W=29.5 
Test for ETA1=ETA2 vs. ETAt I.t. ETA2. 
Cannot ~ect since W is g.t. 27.5 

Figure 5: Calculations for Scale 

MTB>Mann-Whitney 95.0 c3 c4; 
SUB> Alternative -1 
Mann-Whitney Confidence Intervaland Test 
c3 N=S Median= 6.000 
c4 N=S Median= 7.000 
Post Estimate for ETA1-ETA2 is -1.000 
96.3 pctc.i. for ETA1-ETA2 is (-6.999, 4.001) 
W=22.5 
Test for ETAI=ETA2 vs. ETAt I.t. ETA2 is significantat 0.1736 
The test is significant at 0.1706 (adjusted for ties) 
Cannot reject at alpha=O.OS 

Figure 6: Calculations for Shape 

MTB>Mann-Whitney 95.0 c3 c4; 
SUB> Alternative -1 
Mann-Whitney Confidence Intervaland Test 
es N=S Median= s.soo 
C6 N=S Median= 9.000 
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Post Estimate for ETAI-ETA2 is -3.000 
96.3 pct c.i. for ETA I-ET A2 is ( -7 .. 998, -0.000) 
W=18.0 
Test for ETA1=ETA2 vs. ETA1 l.t. ETA2 is significantat 0.0301 
The test is significant at 0.0289 (adjusted for ties) 

Figure 7: Calculations for Color 

MTB>Mann-Whitney 95.0 c3 c4; 
SUB> Alternative -1 
Mann-Whitney Confidence Interval and Test 
C7 N=5 Median= 5.000 
C8 N=5 Median= 11.000 
Post Estimate for ETA1-ETA2 is -6.000 
95.0 pctc.i. for ETA1-ETA2 is (-9.999, -2.000) 
W=16 
Test for ETA1=ETA2 vs. ETA1I.t. ETA2 is significantat 0.0108 
The test is significant at 0.0096 (adjusted for ties) 

Figure 8: Calculations for Texture 

Evaluation Of Statistical Analysis According to the calculations done 
with a computer, the results of the Mann-Whitney Test, for total 20 
questions, indicated that null hypothesis iwa rejected. The alternative sub
command (less than, <) was used to do a one-sided test, for specifying the 
level of confidence desired for interval estimate. The confidence interval for 
point estimate went from -4.999 to -1.000. This meant that the medians of 
correct answers using AutoCad program was 1 to 5 less than the Virtus. The 
chance of observing two samples when in fact the populations have the same 
median was 0.0018. The p value, in other words the probability of 
committing error was 0.05 since the degree of confidence is 95%. When we 
Iook at the table of Mann-Whitney Test Statistics, quartiles (lower critical 
value for test statistics) at 0.05 is 139. Since the critical value for test 
statistics is less than the calculated value W (139<301), the null hypothesis 
was rejected. When we evaluated each variable, scale, shape, color and 
texture individually in the same logic (see Figures 5-8), the null hypothesis 
was rejected for color and texture. However, the null hypothesis could not be 
rejected in scale and shape at probability of committing error of 0.05, since 
the critical values for the test statistics was greater than the calculated values. 

3. DISCUSSION 

In this study, in order to examine which computer application would be 
more productive in architectural design education, freshman students without 
any experience in computer drawing was preferred. As we can see from the 
results, our hypothesis, which stated that usage of virtual reality computer 
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programs provided a more accurate visual perception than traditional 
computer drawing programs, was not rejected except for the scale and shape. 
The null hypothesis for scale and shape can be rejected, however the 
medians of the scale and shape data of two computer programs were quite 
close to each other (see Figures 5-6). Since it was a small sample test, we 
can say that, it supported the idea that using virtual environments in 
architectural design practice is better than traditional computer drawing 
programs for a more accurate visual perception. 

As it was stated before, the movement, interactivity and flexibility in VE 
enables the observer to visually perceive the data of projects more 
accurately. Thus, the design concepts, examples and projects can be 
presented to the design students in VE as weil as students can work on their 
own design projects in VE. The feedback, crits, provided to students about 
architectural design projects would be more reliable if a model is constructed 
and observed in a VE since it is possible to perceive the space designed as a 
whole with all the clues needed to understand a space. 

Moreover use of VE is spreading in many design institutes throughout 
the world, using other advantages of VE other than visual perception, such 
as collaborative design studios or multimedia applications. The reliability of 
VE in architectural design education can be studied in further research, 
improving the study in this case with more subjects and more developed 
tools to produce solutions to the problems in VE. 
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