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This paper investigates the effects of color, luminance, and transparency as depth 
distortion cues in Virtual Reality (VR) Head-mounted Displays (HMD). The aim is to 
tackle more in-depth immersion: focusing on interaction accuracy with transparent 
objects in HMDs. Due to the illumination and absence of texture, transparent objects are 
mainly displayed with colors. Recently, studies on transparent hands and objects have 
elucidated potential approaches regarding interaction with transparent elements. 
However, findings have not considered color and luminance as depth distortion cues for 
interacting in virtual landscapes. This paper used the forced-choice pairwise comparison 
experiment method and evaluated data based on the Kendall coefficient of agreement and 
consistency. Reverse effects of transparency on color and luminance are discovered. Cool 
colors are perceived nearer than warm colors in 90% transparency. Dark colors are 
sensed closer than bright colors in high transparency levels. These results reject the 
classical effects of color and luminance within VR HMDs. These findings help VR design 
tool developers who emphasize a particular use of depth cues. Designers can utilize the 
studied effects of color and luminance on transparent objects as an advantage in 
designing more interactive and immersive virtual landscapes. 

Keywords: Virtual Landscapes, Immersion, Human-Computer Interaction, VR Head 
Mounted Displays, Depth Perception.

INTRODUCTION 
Virtual reality has affected visual fields like 
architecture and landscape architecture more than 
other domains. Afshar et al. (2022) have depicted 
positive results for adapting virtual reality with 
architectural studies. Korkmaz and Kim (2022) have 
confirmed the role of better spatial cognition in 
users' sense of enclosure and perception accuracy in 
virtual reality environments. Interacting and 
manipulating object properties increasingly prevails 
in virtual reality headsets, ranging from 
simple XYZ axis movements to assembling 3D 
objects into existing architectural models in virtual 
reality using remote robots. However, Several 
studies have found that distance could be better 

perceived in VR systems (Creem-Regehr et al., 2005). 
Vienne et al. (2020) illustrated that human factors 
best explain most perceptual distortions in VR 
systems. Hence, this paper investigates the effects of 
color, luminance, and transparency on depth 
perception in VR HMDs. Transparent objects have 
been categorized as primary architectural elements; 
however, their nature produces several phenomena 
that make them challenging to interact with in 
virtual environments. Glass and similar architectural 
materials generally contain no easily detectable 
conventional Computer Vision features. Due to their 
lack of texture and visual elements, Semi-
Transparent Objects (STO) are mostly presented with 
colors. Color and luminance are well-studied human-
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caused pictorial depth cues influencing which 
objects in a visual scene are perceived closer or 
farther away. Color temperature has a practical 
impact on depth perception; Several studies have 
found that warm colors, such as red, are perceived as 
being closer to the user, whereas cool colors, such as 
blue, are perceived as further away (Brewster, 1852). 
Luminance is a well-studied depth cue, and some 
evidence suggests it is more potent than color hue 
(Olguntürk, 2016). Luminance refers to a color's 
relative brightness and darkness. A pair comparison 
experiment was conducted to evaluate the effects of 
color, luminance, and transparency on depth 
perception in VR environments. Objects presented in 
experiments are opaque at the 0% transparency 
level and completely transparent at the 100% 
transparency level. 

RELATED WORKS 
Virtual reality has vastly affected architecture and 
landscape architecture designs. Verinlioglu et al. 
(2022) have published the positive effects of 
implementing VR and AR to create immersive digital 
cultural heritage studies. Estimating absolute depth 
in peripersonal space is critical for accurate and 
efficient reaching and grasping tasks in real and 
virtual environments using HMDs (Sakata et al., 
1997). VR applications like Epic Games' Unreal 
Engine allow objects to be operated in 3D with 
synchronized joysticks or hand movement detective 
sensors. Human distance perception has been 
studied extensively for over 100 years (Cutting, 
1997). Even when only elementary virtual 
environments are presented, participants 
underestimate virtual distances but can perceive 
distances in the correct metric order(Armbrüster et 
al., 2008). Transparent objects are omnipresent, but 
their nature causes a variety of phenomena that 
make them challenging to interact with, mainly in 
HMDs. It is intuitive to think that the perception of 
depth and transparency are linked and in interaction 
(Wallace & Mamassian, 2004). Comprehensive 
studies have depicted object manipulation with 
transparent hands in a virtual world using HMDs. 
They allowed the user to optimize her/her hand 
transparency level to interact tacitly within 

interpersonal space(Van Veldhuizen & Yang, 2021). 
However, studies have not discovered the 
relationship between color and luminance as two 
dominant pictorial depth cues with object 
transparency levels in semi-transparent objects. 

METHODOLOGY 
This research studied the effects of color (6 color 
conditions) and luminance (2 levels) on four different 
transparency levels (10%, 40%, 60%, and 90%) using 
a pair comparison experiment. The studied case was 
two 3D simple spheres with a 7.5 cm radius, 
including 2333 vertexes, 50 cm from the participant. 
Spheres created with Unreal Engine 4.27 editor. The 
Excel worksheet collected primary data from the 
survey and the results from paired comparison 
experiment methods. 

Participants 
Sixty participants (30 females, 30 males) among the 
university students with an average age of 23.68 
years, ranging from 21 to 30, were selected. 
Based on the research survey, 38 participants 
reported that they play digital games regularly. 
Eighteen of the participants use eyeglasses. All of the 
participants have noted that they have stated no 
issues regarding their eyesight.  

Technical Instruments 
The tools implemented in this experiment are 
Monster Abra A7 V11.1 as the base computer for 
executing the experiment and gathering data, along 
with Meta Oculus Quest 2 VR headset for virtual 
reality visualization. Objects that appeared in VR are 
symmetrical in front of the white (#FFFFFF) 
background, within a 50 cm distance from the 
objects. 

Participants were asked to wear the headset and 
launch the Unreal Engine 4.27 VR scene. Participants 
are automatically centered toward the objects they 
see. Participants would press whether left or right 
triggers on the VR controller to choose the shape 
that appeared to be nearer. The results were then 
transferred to an Excel spreadsheet forming the 
preference matrix for each participant. Button 
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functions are integrated into the objects through 
Unreal Engine 4.27 Blueprint Editor. 

Pair comparison method 
The paired comparison method displays two objects 
to a participant and requests them to pick the object 
most exhibiting the tested property. This process is 
recounted for all object pairs (Kendall & Smith, 1940). 
One research considers pair comparison methods 
precisely to calculate depth perception (Bailey et al., 
2006). However, Do et al. (2020) are the most 
relevant practice to this study, which executed 
experiments on the effects of color, luminance, and 
shape fidelity on depth perception in AR 
applications. The forced-choice pairwise comparison 
method results in a minor measurement variance 
and produces the most accurate outcomes. This 
method is also the most time-efficient, assuming a 
moderate number of compared conditions (Mantiuk 
et al., 2012).  

Experimental design  
To evaluate the effects of transparency, color, and 
luminance on depth perception in VR HMDs, a 4x6x2 
within-subject experiment is conducted. Subjects 
concluded four transparency levels (10%, 
40%,60%,90%), six colors (red, magenta, yellow, 
green, blue, and cyan), and two luminance 
conditions (Dark and light). 

Shape Transparency 
Material assets are created in the Unreal Engine 4.27 
editor, creating four different levels of transparency. 
In the material blueprint, the opacity tab to the 
material properties tab is connected, which controls 
the opacity level of the materials to change the 
transparency. This method efficiently alters 
transparency levels in different objects inside Unreal 
Engine 4.27.  

Every participant completed four paired 
comparison tasks, one for each transparency level, 
shown in Figure 1, including color hue and 
luminance. A Latin square was designed to 
counteract the four models' presentation order 

throughout experiments to detour possible ordering 
effects such as learning or tiredness. 

 

 
 
 

 

Color Hue and Luminance 
Regarding do et al. (2020), six colors from the color 
wheel are selected. Three warm colors (Red, 
Magenta, and Yellow) and Three cold colors (Green, 
Blue, and Cyan). Two bright and dark versions of 
each color are included, creating 12 color conditions. 
figure 2 

 

 

Presented spheres are created in Unreal Engine 4.27 
and then illuminated with a white (#FFFFFF) 
directional light with an intensity 1. Throughout the 
experiment, a white (#FFFFFF) background was used 
for all experiments.  

Task Evaluation  
Paired comparison experiments rely on participants 
to select between two same objects (spheres) with 
different color hues based on a shared quality. Via a 
handheld VR interface (Oculus Quest 2), the 
experiment presented participants with two 

Figure 1 
Four studied 
transparency levels 
in paired 
comparison 
method. 

 

Figure 2 
The color varieties 
that were used in 
the paired 
comparisons. Color 
is shown with its 
acronym and hex 
color code. 
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differently colored versions of the same object, as in 
Figure 3. Participants were asked to select the sphere 
that appeared close to them. 

 

 
 
 

  

All the participants were instructed beforehand to 
evaluate all the possible comparison pairs from the 
set of color conditions. Assume that n is the number 
of colors that are compared with each other. 
Participants are presented with ሺnሺn െ 1ሻሻ/2 pairs 
for a 3D transparent model. Each participant 
compares 66 pairs of stimuli per model in the 
experiment, which has 12 color conditions. Every 
selection receives a user vote, as displayed in Table 
1. After evaluating all pairs for a model, these results 
are aggregated into a single x preference matrix. If a 
matrix cell in row 𝑖 and column j contains a 1, it 
indicates that the participant chose the color in row i 
to be closer than the color in column j. It can be 
inferred that the matrix cell in row j and column i 
would be filled with 0. The preference matrixes of all 
participants are then added together to determine 
overall color scores for each experimental condition, 
as in Table 1. The participant repeats this process for 
all four models, resulting in 264 comparisons. 

 

 

 

 

 

 
 

Research Questions and Hypotheses 
RQ1: How does the transparency of a simple 3D 
sphere interact with color and luminance as 
depth cues in virtual landscapes?  
H1: A high Transparent sphere (90%) tends to be less 
affected by color and luminance.  

The classical impacts of color and luminance as 
depth cues in all transparency levels are expected to 
be observed, which indicates that warm colors are 
perceived as closer than cold and bright colors are 
closer than cool colors. In a 90% transparency level, 
color hue and luminance effects are insignificant and 
barely perceived.  

 
RQ2: How does the color of a 3D transparent 
sphere affect its perceived depth?  
H2: Warm colors will appear closer than cool colors 
of the same luminance.  

It is expected that warm, bright colors would be 
perceived nearer than cool bright colors, and warm 
dark colors would be sensed nearer than cool dark 
colors. 

 
RQ3: How does the luminance of a 3D model 
affect its perceived depth? 
H3: Brighter colors are perceived closer than darker 
colors regardless of transparency levels.  

Due to their contrast with their background 
color, brighter colors are expected to be perceived 
nearer than darker ones.  

Results Evaluation 
All preference matrix results for each transparency 
level are evaluated using Kendall's coefficiency of 
agreement and consistency. 

Kendall Coefficient of Agreement 
All participants answering the same way would lead 
to complete agreement. On the contrary, this is 
rarely the case, and it is essential to determine 
whether or not there is actual concurrence among 
participants. Kendall's coefficient of agreement uses  
 

 

Figure 3 
Sample of 
presented 
environment. 
Participants were 
asked to select the 
shape perceived 
nearer. 
 

 

Table 1 
One participant's 
preference matrix 
when shown 12 
color conditions of 
a given 
transparency level. 
Each color in a row 
is compared to all 
other colors to 
determine a 
preference score. 
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the number of agreements between pairs: 

 

 
Assume in Equation 1, 𝑝௜௝  is the number of times that 
color 𝑖 is preferred to color 𝑗. Since a color is never 
compared to itself, ∑ denotes the sum of the number 
of agreements in pairs, extending over all pairs 
except the diagonal. ∑ can then be applied to 
compute the Kendall and Babington coefficient of 
agreement u among participants (Kendall & Smith, 
1940): 

 
 
 
 

Assume n represents the number of colors and s 
represents the number of participants. If all 
participants made the same choices, then u would 
equal 1. As participants disagree, u decreases, 
tending to -1/ (s െ 1ሻ when n is even and -1/s when 
n is odd. The coefficient of agreement u can suggest 
how much the participants agree. Using a large 
sample approximation to the sampling distribution, 
the significance of u can be tested to determine if 
participants coordinate with one another(Siegel, 
1957): 

 

 

χଶ is asymptotically distributed and has nሺn െ 1ሻ/2 
degrees of freedom. For χଶ, we can use a table of 
probability values. this statistic can be used to test 

the null hypothesis H଴, which states no agreement 
among participants, suggesting that all colors are 
perceptually equivalent. 

Coefficient of Consistency 
Paired comparison experiments frequently assess a 
participant's consistency or transitivity. For example, 
if a participant selects that color A is closer than 
color B and that color B is closer than color C, they 
should also select that color A is closer than color C. 
They would have created a circular triad if they had 
chosen otherwise. Inconsistency is expected when 
the items being compared are alike, and making 
conclusions is challenging. Kendall and Babington 
coefficient of consistency ζ can be calculated for 
even n, where c symbolizes the number of circular 
triads(Siegel, 1957): 
 

 

The number of circular triads c can be calculated 
using the formula below (Clarke & David, 1989): 

 

 

Where n is the number of colors and p୧ is the score 
assigned to each color. Participants can have a high 
coefficient of agreement u and a low coefficient of 
consistency ζ. Individually, participants can make 
inconsistent decisions and yet have a high u if they 
all agree on these inconsistent decisions. ζ ∈ ሾ0,1], 
where 1 indicates perfect consistency. As 
inconsistency increases, ζ tends to zero.  

 
 
 
 
 
 
 
 
 
 

Table 2 
Statistical analysis 
of the four 
transparency levels 
with 66 degrees of 
freedom. 

Volume 1 – Digital Design Reconsidered – eCAADe 41 | 153



RESULTS 
The preference matrixes of all participants were 
tabulated in one combined preference matrix for 
each transparency level. Figure 4 depicts the total 
scores of each color in each of the transparency 
levels.  

The coefficient of consistency was sufficient to 
rank statistical data's accuracy for a 10% 
transparency level. For a 10% transparency level, the 
same traditional effects of color and luminance on 
depth perception were observed. Warm colors were 
perceived nearer than cool colors, and bright colors 
were perceived nearer than dark colors. 
Although bright red is perceived closer than bright 
yellow at a 10% transparency level, the dark version 
of yellow is sensed closer than dark red. Bright red 
scored the highest among all the other colors in the 
10% transparency level. While the score difference 
between the bright version of red and blue is 
arguably significant, in the dark version in the 10% 
transparency sphere, the amount of this difference 
could be disregarded. In the 40% transparency level, 
though the same traditional impacts took place 
among warm/cool and bright/dark color versions, 
small turbulences regarding the traditional effects of 
color and luminance could be observed. Bright 
magenta is seen to be nearer than the bright version 
of yellow. Dark yellow has obtained a higher 
compared to bright cyan. Dark yellow is perceived to 
have the highest score among all the dark colors. 
Despite being the last in the score list, Dark cyan 
increased in score compared with the 10% 
transparency level.  

With a 60% transparency level, bright yellow has 
obtained the highest score among all the other 
colors. Bright versions of red, blue, and cyan were 
perceived to be in the same perceptional grouping. 
Dark yellow is perceived to have a higher rank than 
the bright versions of red, blue, and cyan. Dark red 
and dark blue are in the same perceptional 
grouping. Also, dark magenta and dark green have a 
similar perceptual effect on depth perception within 
HMDs. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 4 
Bar Graphs of the 
total score of each 
color per each 
transparency level. 
Colors are ordered 
from the highest to 
the lowest score. 
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At a 90% transparency level, contrary effects with the 
formal studies on color and luminance can be 
observed. Cool colors are perceived nearer than 
warm colors. Furthermore, dark colors are perceived 
as nearer than bright colors. Blue scored highest 
among all the others. Blue and dark blue are 
observed to be perceptually equivalent. In addition, 
dark magenta, dark green, and dark cyan are in the 
same perceptual grouping. It can be inferred that 
bright cyan and dark yellow belong to another 
perceptual grouping and score relatively low. Bright 
yellow scored the lowest among all the other colors. 

As represented in Table 2, the coefficient of 
consistency can be indicated as reasonably high to 
conclude that there is certain consistency among 
participants. 

Using the overall circularity test proposed by 
Dunn-Rankin et al. to analyze the average number of 
circular triads, results rejected the null hypothesis 
that participants have the same circularity as picking 
at chance with 𝛼 = 0.05 level and 66 degrees of 
freedom for all four transparency levels (Dunn-
Rankin et al., 2014). 

Based on the evaluation of results, a reasonably 
sufficient among of 𝑢 was obtained. The null 
hypothesis H0 was rejected at 𝛼 = 0.05 level for 11 
degrees of freedom to conclude that there is a 
certain agreement among the participants.  
 H1 can be rejected: Since a high p-value for Kendall's 
coefficient of agreement for 90% transparency was 
obtained. Thus, specific perceptual differences 
among colors were observed. According to the 
analytical visualizations in Figures 4 and 5, this paper 
supports H2 in 10% and 40% transparency levels. 
However, in 60% and 90% levels, H2 was rejected 
due to the contrary results regarding the classical 
effects of cool and warm colors. 
Referring to figures 4 and 5, in 40% and 
60%transparency levels, Results can support H3. 
However, in 60% and 90% transparent spheres, H3 
was rejected. Darker colors are perceived as nearer 
than bright colors in 60% and 90% of transparency. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 
Overview of 
transparency 
effects on color and 
luminance as depth 
perception cues. 
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DISCUSSION 
This paper declared that the transparency levels of 
an object interact with its color and luminance as 
depth perception cues in VR landscapes. The study's 
findings on object transparency, color, luminance, 
and depth perception cues in virtual environments 
bear significant technical implications for VR tools, 
architecture, virtual landscape design, and machine 
learning. These insights enhance the authenticity 
and immersion of virtual experiences by 
manipulating transparency levels and leveraging 
color and luminance cues. Such advancements 
benefit architectural visualization and game 
development, improving design evaluation and 
fostering user engagement. Moreover, the findings 
contribute to the advancement of object recognition 
algorithms in machine learning. These algorithms 
achieve enhanced accuracy and performance by 
incorporating depth estimation techniques based 
on color and luminance cues, thereby advancing 
computer vision technology in real-world scenarios. 

The implications extend to scene understanding 
and rendering algorithms in virtual reality, vital in 
creating visually captivating and realistic virtual 
environments. By incorporating the study's insights, 
scene rendering algorithms can accurately simulate 
the interplay of transparency, color, and luminance, 
resulting in more visually compelling virtual 
landscapes. Additionally, these findings inform user 
experience design by guiding the manipulation of 
transparency levels and color choices, leading to 
intuitive interactions within virtual environments 
and optimizing usability and engagement. 

Furthermore, the outcomes have practical 
significance in machine learning through training 
data augmentation. Leveraging the knowledge 
gained from this study, machine learning models are 
better equipped to interpret visual cues, enhancing 
their performance and accuracy in real-world 
scenarios. 

LIMITATIONS 
The number of colors examined was relatively low, 
which decreased the number of comparisons.  

The research narrowed its analysis and observation 
to only four different transparency levels. 

Although the results have achieved a general 
relation regarding transparency, color, and 
luminance, the nature of the results reflects that 
different transparency levels may have various 
impacts on color and luminance. This study used a 
white (#FFFFFF) background for pared comparison 
experiment. Different background colors would 
yield different results.  

CONCLUSION 
This article compared the effects of four 
transparency levels on color and luminance as two 
pictorial depth cues. To estimate these impacts, we 
applied a paired comparison experiment. Results 
suggest that 10% and 40% of transparency, color, 
and luminance depict the classical effects on depth 
perception. However, in 60% and 90% transparency, 
results have discovered the reversed effects of 
transparency on color and luminance.  

In 60% and especially in 90% transparent 3D 
objects, cool colors are perceived nearer than warm 
colors, and dark colors are sensed nearer than bright 
colors.  

Future research can focus on employing 
machine learning to anticipate the effects of color 
tones and transparency levels in virtual 
environments. This includes supervised learning 
with labeled datasets and generative adversarial 
networks for synthetic environments, enhancing 
anticipation capabilities through analyzing varied 
color and luminance alternatives. 

Current results will help understand the spatial 
cognition in virtual landscapes, besides helping 
digital design tool developers improve interaction 
accuracy to enhance immersion in virtual 
landscapes. 

REFERENCES 
Afshar, S. V., Eshaghi, S., Kim, I. (2022). 'Pattern 

Analysis of Virtual Landscape within 
Educational Games', Wichmann Verlag. 
https://doi.org/10.14627/537724042 

156 | eCAADe 41 – Volume 1 – Digital Design Reconsidered



Armbrüster, C., Wolter, M., Kuhlen, T., Spijkers, W., 
Fimm, B. (2008). 'Depth Perception in Virtual 
Reality: Distance Estimations in Peri- and 
Extrapersonal Space', CyberPsychology & 
Behavior, 11(1), 9–15. 
https://doi.org/10.1089/cpb.2007.9935 

Bailey, R., Grimm, C., Davoli, C. (2006). 'The effect of 
warm and cool object colors on depth 
ordering', ACM SIGGRAPH 2006 Research Posters 
on - SIGGRAPH '06, 195. 
https://doi.org/10.1145/1179622.1179845 

Brewster, D. (1852). IV. Notice of a chromatic 
stereoscope. The London, Edinburgh, and Dublin 
Philosophical Magazine and Journal of Science, 
3(15), 31–31. 
https://doi.org/10.1080/14786445208646944 

Clarke, G. M., and David, H. A. (1989). 'The Method of 
Paired Comparisons', The Statistician, 38(4), 307. 
https://doi.org/10.2307/2349065 

Creem-Regehr, S. H., Willemsen, P., Gooch, A. A., 
Thompson, W. B. (2005). 'The Influence of 
Restricted Viewing Conditions on Egocentric 
Distance Perception: Implications for Real and 
Virtual Indoor Environments', perception, 34(2), 
191–204. https://doi.org/10.1068/p5144 

Cutting, J. E. (1997). 'How the eye measures reality 
and virtual reality', Behavior Research Methods, 
Instruments, &amp Computers, 29(1), 27–36. 
https://doi.org/10.3758/BF03200563 

Do, T. D., LaViola, J. J., McMahan, R. P. (2020). 'The 
Effects of Object Shape, Fidelity, Color, and 
Luminance on Depth Perception in Handheld 
Mobile Augmented Reality', 2020 IEEE 
International Symposium on Mixed and 
Augmented Reality (ISMAR), 64–72. 
https://doi.org/10.1109/ISMAR50242.2020.0002
6 

Dunn-Rankin, P., Knezek, G. A., Wallace, S. R., Zhang, 
S. (2014). Scaling Methods (0 ed.). Psychology 
Press. https://doi.org/10.4324/9781410611048 

Kendall, M. G., and Smith, B. B. (1940). 'On the 
Method of Paired Comparisons', Biometrika, 
31(3/4), 324. https://doi.org/10.2307/2332613 

Kim, I., Hong, S., Lee, J.-H., Bazin, J.-C. (2018). 
'Overlay Design Methodology for virtual 
environment design within digital games', 
Advanced Engineering Informatics, 38, 458–473. 
https://doi.org/10.1016/j.aei.2018.08.014 

Korkmaz, S., and Kim, I. (2022). 'The Optimal D:H 
Ratio Assessment for Sense of Enclosure in 
Virtual Landscapes', Wichmann Verlag. 
https://doi.org/10.14627/537724041 

Mantiuk, R. K., Tomaszewska, A., Mantiuk, R. (2012). 
'Comparison of Four Subjective Methods for 
Image Quality Assessment', Computer Graphics 
Forum, 31(8), 2478–2491. 
https://doi.org/10.1111/j.1467-
8659.2012.03188.x 

Olguntürk, N. (2016). 'Psychological Color Effects' In 
M. R. Luo (Ed.), Encyclopedia of Color Science and 
Technology (pp. 1077–1080). Springer New York. 
https://doi.org/10.1007/978-1-4419-8071-7_230 

Sakata, H., Taira, M., Kusunoki, M., Murata, A., 
Tanaka, Y. (1997). 'The TINS Lecture The parietal 
association cortex in depth perception and 
visual control of hand action', Trends in 
Neurosciences, 20(8), 350–357. 
https://doi.org/10.1016/S0166-2236(97)01067-9 

Siegel, S. (1957). Nonparametric Statistics. The 
American Statistician, 11(3), 13–19. 
https://doi.org/10.1080/00031305.1957.105010
91 

Van Veldhuizen, M., and Yang, X. (2021). 'The Effect 
of Semi-Transparent and Interpenetrable Hands 
on Object Manipulation in Virtual Reality', IEEE 
Access, 9, 17572–17583. 
https://doi.org/10.1109/ACCESS.2021.3050881 

Varinlioglu, G., Vaez Afshar, S., Eshaghi, S., Balaban, 
Ö., Nagakura, T. (2022). 'GIS-Based Educational 
Game Through Low-Cost Virtual Tour 
Experience', Khan Game. 69–78. 
https://doi.org/10.52842/conf.caadria.2022.1.06
9 

Vienne, C., Masfrand, S., Bourdin, C., Vercher, J.-L. 
(2020). 'Depth Perception in Virtual Reality 
Systems: Effect of Screen Distance, Environment 
Richness and Display Factors', IEEE Access, 8, 

Volume 1 – Digital Design Reconsidered – eCAADe 41 | 157



29099–29110. 
https://doi.org/10.1109/ACCESS.2020.2972122 

Wallace, J. M., and Mamassian, P. (2004). 'The 
efficiency of depth discrimination for non-
transparent and transparent stereoscopic 
surfaces', Vision Research, 44(19), 2253–2267. 
https://doi.org/10.1016/j.visres.2004.04.013 

 

158 | eCAADe 41 – Volume 1 – Digital Design Reconsidered



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 566.929]
>> setpagedevice


