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Abstract  As the education and training is such a virtual environment is applied to various fields, its 

usability is endless. However, there is an underestimation of the depth of perception in the training 

environment. In order to solve this problem, we tried to solve the problem by applying the top-down 

correction method. However, it is difficult to classify the result as a learning effect or perception 

change. In this study, it was confirmed that the proportion of spatial components of urine had a 

significant effect on the depth perception, and it was confirmed that the size perception were corrected 

together. In this study, we propose a correction method using spatial component and depth perception 

to improve the accuracy of depth perception.
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  약  가상 경  용한 시뮬 과 같  , 훈  등  다양한 야에 용 고 는 만큼 그 용  무 무

진하다. 하지만 가상 경에  훈  함에 어 지각  과 추  재하 , 는 향후 훈  타당도에 문 가 

 수 다.  연 에 는  해결하  해 하향식 보 안  용하여 문  해결하  하 나 그 결과가 

학습에 한 과 지 실  지각  변 지에 한  어 다는 단  다. 에 본 연 에 는 실험결과  

통하여 공간 수  비 가 지각에 미한 향  끼치는 것  하 , 비  지각 단  함께 

보 하여 실험할 경우 지각  크 지각  매우 해진다는 것  하 다. 에 본 연 에 는 지각  

도   해 공간  지각  용한 보 안  시한다.
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1. Introduction 

1.1 Virtual Reality Utilization Status 

With the advent of 5G and the fourth 

industrial revolution, virtual reality has been 

applied and used in various fields. Typically, in 

the game industry, games utilizing virtual reality 

are emerging, and the entertainment industry is 

actively taking advantage of them. In the 

manufacturing industry, it is possible to design an 

efficient process by planning and adjusting processes 

and assembly processes using virtual reality [1].

The reason why virtual reality is attracting 

attention is that it is possible to simulate 

situations that are difficult to actually happen or 

urgent situations, and to learn about repetitive 

actions and coping methods.

1.2 Depth Perception Problem in Virtual 

    Reality

In a virtual environment, it is important to 

have experience similar to the actual situation 

for realistic simulation [2]. However, according to 

Lécuyer et al., The object size of a virtual space 

on an HMD (Head Mounted Display) is smaller 

than the size of an actual object. Also, it is 

repeatedly verified that there is a tendency to 

underestimate the distance in virtual reality [3]. 

Underestimation operates on simulations and 

creates distortions in distance and size. 

Distortion is a question of the reliability and 

validity of results for simulation and user 

experience.

In this study, we try to find a correction 

method to have depth perception similar to 

reality in virtual environment. For this purpose, 

we identify the major factors affecting the depth 

perception in the virtual environment, among 

spatial components and perceptual clue factors, 

and conduct calibration experiments according 

to major factors and user characteristics. The 

purpose of this study is to construct.

2. Background and Related Research

2.1 Virtual Reality and Depth Perception

Virtual reality refers to a user's interaction 

with a virtual environment based on a virtual 

environment and feeling 'Presence' as a reality. 

Virtual reality is a realistic virtual environment. 

Presence means that it is present in Hear and 

now, to make it feel like it is here in the virtual 

environment, and to cause behavior similar to 

the actual situation. Behavior similar to the 

actual situation is effective for simulation 

training through iterative proficiency [4].

Depth perception is the perception of the 

depth of space. In this study, we focus on the 

most influential size perception and distance 

perception. Although there has not been much 

research on actual size perception, in the real 

world, research has shown that size-distance 

invariance theory provides consistent depth 

perception and distance perception [5].

2.2 Space Component

Space component is a common component 

that constitutes the sense of space in the fields of 

interior architecture, environmental psychology, 

ergonomics, and perception factors [6]. Although 

it is difficult to define the sense of space as a 

few factors, we have selected elements that are 

commonly defined in various fields above. This is 

shown in Table 1 below.

Field construct
Human 

psychological 

behavior

interior 
architecture

size ○ ○ ○

proportion ○ ○ ○

material ○ ○ ○

light ○ ○ ○

domain ○ ○

opening ○ ○ ○

noise ○ ○

furniture ○ ○

Table 1. Spatial components
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In this paper, we have selected space 

elements, space, proportions, materials, lighting, 

openings, noise, furniture, etc. The size refers to 

the size of the space, and the proportion refers 

to the size of the object in proportion to the size. 

The lighting means the intensity of the 

brightness, and the opening means the extent of 

the wall.

2.3 Depth Perception Clue

The world is made up of three dimensions, but 

the image projected on the retina is a 

two-dimensional image. The human being 

interprets the information given in two 

dimensions and intends to understand it in three 

dimensions, which is a concept that includes 

both distance perception and size perception. 

That is, the distance perception affects the size 

perception, which is a clue to the fact that the 

size of the image on the retina does not actually 

change in size. In order to aid distance perception 

and consistent size perception through depth 

perception, various clues are used, and the clues 

are called depth perception clues [7].

The depth cognitive clue is divided into 

binocular cocoon and unicorn cocoon. The 

binocular cocoon refers to perception of depth 

through physiological intersection due to 

difference of position of both eyes due to 

difference of position of both eyes. Unilateral 

cocoon is controlled by perspective. There are 

various clues such as motion parallax, linear 

view, superposition, and so on [8]. These depth 

perception cues are described in Table 2.

Swan et al. Explained that depth perception is 

achieved through the integration of several visual 

cues. Visual features, individual signals and 

signals are processed by a visual processing 

system and perceived depth as a way to create a 

coupled three-dimensional perception world in 

the brain [9].

Perceptual 

Elements

Depth 
perception 

clue

Explanation

Bino
cular / 

mono
cular

Relative 

depth 
perception 

clue

Relative size Relativity of size
mono
cular

block
Nearest thing covered 

away
mono
cular

Absolute 
depth 

perception 

clue

Control and 
convergence

Tension of 
eye-regulating 

muscles

Bino
cular 

Binomial 
discrepancy

Differences in images 
formed on the retina

Bino
cular

Exercise 
time 

difference

The closer it appears 
to move faster

mono
cular

Linear view

A parallel straight line 

converges towards the 
vanishing point

mono

cular

Atmospheric 
view

The farther away the 
blur looks

mono
cular

Table 2. Depth perception clue

Research on depth cues has been conducted 

several times, and it has already been confirmed 

that more depth cues lead to more accurate 

depth cues. Therefore, in this study, we want to 

add insufficient depth perception cues in the 

generation of depth perception correction 

model.

2.4 Depth Perception Correction Method in 

    Virtual Environment

Various methods have been tried to correct the 

depth perception in the virtual environment. 

There are two ways to overcome underestimation. 

Top-down and top-down. The bottom-up method 

experience ○ ○

Field ergonomics
Environmental 
Psychology

Perception 
element

size ○ ○ sight

proportion ○ ○ sight

material ○ ○
sight,
touch

light ○ ○ sight

domain ○
sight, 

mentality

opening ○ sight

noise ○ ○ auditory

furniture ○ sight, touch

experience ○ mentality
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modifies the given stimulus to reduce the 

underestimation, and the top-down method 

changes the response to the stimulus. For 

example, feedback or training can be used as a 

method.

The top-down method was experimented by 

the method proposed by Richardson and Waller 

(2005), the blind walking method, and the 

behavior was corrected by giving feedback on 

the user's underestimation via computer [10]. In 

fact, this training has shown better results. 

However, it was unclear whether the actual 

perception was different or better, or whether it 

was merely a training effect.

Bottom-up method was confirmed by Witmer 

and Sadowski(1998) [11]. The reason for the 

underestimation is suggested that there are 

reasons for HMD brightness, graphic quality, field 

of view (FOV) and so on. Sarah et al.(2015) 

reported that distance-based assessments were 

consistently underestimated, regardless of HMD, 

by comparing costly and low-cost equipment. 

Therefore, the context of the environment should 

be considered as an element of the absolute 

scale in the virtual environment [12].

In this study, we try to establish a correction 

model by using the bottom - up correction 

method which corrects the depth perception by 

modifying the context of the surrounding 

environment rather than the top - down 

correction method involving the learning effect.

3. Methodology

3.1 Research Outline

The outline of the experiment is shown in Fig. 

1 below. In Experiment I, it is aimed to select 

valid elements for depth perception in a virtual 

environment among spatial components. In the 

previous research, the size and the proportion of 

the space are selected and designed.

In Experiment Ⅱ, it is divided into two steps. 

The first step is to check whether there is a 

difference in depth perception depending on the 

presence or absence of the depth perception 

cue. The difference between the first condition 

in which the depth perception cue is not given 

and the second condition in which the depth 

perception cue is given is observed. In the 

second step, the spatial component selected in 

Experiment I is used as a calibration model, and 

the depth perception cues are applied equally to 

Conditions II and III. Analyze the difference 

between condition ii and condition iii to verify 

the validity of the calibration model.

Fig. 1. Outline of experiment 

3.2 Experimental Tools

Experimental tools used in this paper consist 

of virtual environment and output device. The 

virtual environment stimulus is similar to reality, 

and it is intended to provide a stimulus that can 

interact with the virtual environment in order to 

make it immersive [13]. To do this, we created a 

virtual environment using Unreal Engine 4, a 

program with high graphics quality and support 

for the VR platform [14].

3.3 Data Collection

The information that can be obtained from the 

virtual environment can be collected by 

analyzing the information that appears by 

interacting with the user's movement and the 

virtual environment. This information is utilized 

in a user's behavior pattern, usability evaluation, 
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simulation, and the like in a virtual environment, 

and the technology continues to evolve. There 

are many ways of analyzing the information that 

can be obtained from the multifaceted virtual 

environment, but it is difficult to extract the 

psychological factors that users feel from the 

collected data.

In this study, we tried to apply these 

limitations to the real - time correction work by 

collecting real - time data of the subjects using 

the controller. For this purpose, we first analyzed 

the collected information in real time. Data in 

the virtual environment is collected over at least 

600 ticks per minute, including the tick, the HMD 

position, the controller position and vector, the 

distance between the controllers, and the 

distance between the controller vector and the 

target box.

In order to find a way to correct the error of 

the depth perception in the virtual environment 

through the error value of the perceived position 

of the cube, Perception variables were set.

In the virtual environment, the tick is set to 0.1 

second, and about 600 times per minute is 

collected to increase the accuracy of the 

information. It also sets the controller's trigger's 

T / F so that it can extract values   for the size and 

position that the subject expects. The extracted 

information was used as mean value for each 

trial.

In Experiment I, depth perception measurements 

were measured through a trigger, and analyzed 

using two-way ANOVA using the size and

proportions of space according to each 

condition.

In Experiment II, we measured the size 

perception and distance perception using 

triggers. The condition was carried out under three 

conditions: condition without the cues, interaction 

with the cues, but not with the correction effect, 

interaction with the cues, and correction.

In this experiment, the blind pedestrian 

performance is the same as the experiment of 

Interrante (2006), which performed the virtual 

environment experiment for the depth 

perception in the virtual environment by 

covering the eyes and walking to the target 

position [15].

3.4 Analysis Method

A variety of analytical methods are needed to 

analyze the data collected in this study. The 

Levene test was performed to test the equally 

distributed analysis of the data collected in 

Experiment I. Levene Test is performed to confirm 

that the variance among groups is the same.

 Two-way ANOVA analysis was performed to 

determine the influence of spatial components 

through the data collected in Experiment I. The 

two-way ANOVA is a statistical analysis for 

analyzing the data collected in two conditional 

variables. The two-way ANOVA is a statistical 

analysis that verifies the degree of influence of 

one treatment variable on the dependent 

variable, . & Lt; / RTI & gt;

In Experiment Ⅱ, Bartlett test was performed 

for equidistant test according to each condition. 

The Bartlett test used a uniform distribution test 

for different distributions that are independent of 

each other.

4. Results

4.1 Experiment Ⅰ : Explore depth perceptual 

    space components

In order to investigate the main factors 

influencing the depth perception in the virtual 

space, the virtual environment was set up using 

the components of the space. As Shin Yoo-jin 

(2005) confirmed in previous studies, the 

perceived virtual environment is more accurate 

than the actual environment, and the depth 

perception becomes more accurate. However, it 

is difficult for HMD to output the same resolution 
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as a human eye. Presenting a photograph of a 

real environment emphasizes a real environment 

and a gap in interaction in a virtual environment, 

resulting in an error in depth perception.

4.1.1 Subject

The purpose of this experiment Ⅰ is to search 

the components of the main space in the depth 

perception in the virtual environment. Therefore, 

those who have difficulty in depth perception in 

the real environment are excluded from the 

experiment. Were excluded from the experiment. 

The total number of subjects was 20, and the average 

age was 27.4 years. The collected data were assumed 

to be equally distributed through the Levene test.

4.1.2 Virtual Environment and Experimental 

     Design

The virtual space was created using the Unreal 

Engine, and the system was constructed using 

Blue print, a visual script function of UE4, to 

collect data. The virtual environment is 

constructed as shown in Fig. 2 below.

The size of the virtual space, which is 

considered to affect the depth perception in the 

virtual environment, is set to the size of the room 

and set to three stages: 5m × 5m × 2.3m, 6m × 6m 

× 2.7m, and 7m × 7m × 3.3m. In addition, the 

proportion was set as the size of the box for estimating 

the size, and the experiment was performed by setting 

the size as 50 cm × 50 cm × 50 cm, 60 cm × 60 cm 

× 60 cm, and 70 cm × 70 cm × 70 cm.

Fig. 2. Experimental virtual environment

4.1.3 Experimental Procedure

If there is no problem of depth perception, it 

gives time to familiarize with virtual space and 

controller by giving one minute to search in 

space given after wearing HMD. Three exercises 

were carried out to familiarize you with the 

measurement method. Each experiment was 

conducted wirelessly under 9 conditions.

The experiment started with the HMD screen 

turning off and the subject pulling the trigger. 

Pulling the trigger turns on the HMD. At this 

time, the size of the room and the size of the box 

were set according to the wireless conditions. 

The subject stood at the origin in the virtual 

space and stretched both hands and pulled the 

trigger to gauge the size of the box. After the 

measurement was completed, the position of the 

box was checked, the HMD screen was turned 

off, and at random for at least 10 seconds, the 

position of the box was pointed with the right 

hand and the trigger was pulled. The experiment 

was performed under 9 conditions, and the 

experiment was repeated 18 times according to 

the brightness. Depending on the individual 

differences, the experiment was conducted for 

about 40 minutes, including breaks if necessary.

4.1.4 Experiment Result

Levene test was performed for each measured 

value to check whether the measured value for 

the depth perception assumes equal distribution. 

As a result of the test, each of the measurements 

showed a p-value of more than 0.05.

Two-way ANOVA was performed on the 

estimated box size according to the conditions in 

the virtual environment in order to investigate 

whether the change in the size and proportions 

of the space in the virtual environment affects 

the depth perception. The results are shown in 

Table 3.
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DF Sum Sq Mean Sq F Value Pr(>F)

Room 2 35 18 0.325 0.723

Box 2 10261 5130 94.816
2e-16 

***

Room 
:Box

4 130 32 0.598 0.664  

Residuals 171 9253 54

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Table 3. Two-way ANOVA results of box size estimates

The result that the change of proportionality 

according to the condition becomes the 

condition to distinguish the change of the box 

size was significant. It can be seen that as the 

proportion increases in the virtual environment, 

regardless of the size of the space, the estimate 

of the box size also increases. This means that 

size perception and distance perception are 

independent in size-distance invariance, and is 

the same as previous Kim Eu-Gene (2003) [6]. Fig. 3. Two-way ANOVA of box size estimates

The Scheffe test was used to confirm the 

difference in the mean, which showed that the 

size of the box was significantly changed, and 

that the size was significantly underestimated. As 

a result, it can be seen that the size change of 

the cube in the virtual environment clearly 

affects the size perception, and the estimate of 

the size is underestimated by about 10%. The 

results are shown in Fig. 4.

Fig. 4. Scheffe Test Results
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In this experiment, we tried to select spatial 

components that affect the depth perception in a 

virtual environment. This shows that the 

proportional effect significantly affects the size 

perception. Also, although it was not significant, 

it was found that the error of the depth 

perception tended to increase as the space 

became larger. As the box size increased, the 

error of the depth perception decreased. These 

results are used to correct the depth perception 

in the virtual environment.

4.2 Experiment Ⅱ : Depth Perception 

    Calibration and Experiment

In Experiment I, the proportion of the spatial 

components influencing the depth perception in 

the virtual environment has a significant effect, 

and the depth perception varies with the spatial 

extent. In Experiment Ⅱ, two steps were used to 

find the error of depth perception using 

individual spatial components and to correct it.

In Experiment II, two conditions were satisfied. 

In Experiment Ⅱ, we applied the correction 

using the depth perception cues and the 

proportions because the expected space size in 

Experiment I did not have a meaningful result.

We applied unilateral clue to the depth 

perception clue and applied familiar size, relative 

size, linear view, exercise parallax, and 

atmospheric view. As shown in Table 4, it was 

constructed in a virtual environment according 

to the distance according to the effect of 

unidirectional clues.

Monocular Cues 0~2m 2~30m 30m+

Superposition O O O

Relative Size O O O

Linear perspective O O O

Motion parallax O O -

Atmospheric perspective - - O

Table 4. Effects of depth perception cues on distance

In the calibration model, the error value was 

extracted from the estimated size (k) of a 50 cm 

× 50 cm × 50 cm cube in the virtual space, and 

the size of the cube was modified by applying a 

proportional method. Neceri. A et al. Reported 

that size estimates could lead to underestimation 

of up to 20%. [9] The correction value of the 

underestimation was set to 20% at maximum, and 

this correction was applied to the proportion of 

the cube to compensate for the depth perception 

of the individual.

4.2.1 Subject

The purpose of this experiment Ⅱ is to test 

the calibration model and exclude those who 

have difficulty in depth perception in real 

environment like experiment Ⅰ and recruit them 

regardless of virtual environment experience. 

The subjects were 20 persons and did not share 

groups to perform all conditions.

4.2.2 Virtual Environment and Experimental 

     Design

The clues of depth perception can be 

classified according to the context of the given 

environment. To do this, we set the condition Ⅰ 

and environment that cut off the context of the 

environment and set the condition iii, which is a 

combination of interaction - free condition and 

context - correcting factor. The contents are 

shown in Table 5 below.

condition
ⅰ

condition
ⅱ

condition
ⅲ

Interaction ○ ○ ○

Depth perception cues

(context of environment)
× ○ ○

Calibration of spatial 

components
× × ○

Table 5. Conditional Correction Element

The virtual environment was built using the 

Unreal Engine, and a virtual environment was 

built according to the conditions. In condition i, 

the walls were all white, and the bottom was gray 
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for visibility and black for one wall. The size of 

the room was judged to have little influence on 

the size of the room as confirmed in Experiment 

I, and was set to 5m × 5m × 2.3m similar to the 

room size of the experimental space.

In the case of condition Ⅱ, the same 

environment was established to provide the 

context of the environment. However, in order to 

obtain the correction value obtained in condition 

ii, it precedes condition iii. In order to limit the 

learning effect, the interaction time was set 

within 10 seconds. In order to provide depth cues, 

we set up an atmospheric sight cue by placing an 

opening (window) to the outside environment, and 

set familiar size bookshelves and entrances to 

provide clues to the familiar size.

Fig. 5. Condition ii virtual environment

In condition iii, there is no noticeable change 

in the virtual environment because the 

conditions such as the context of the virtual 

environment are the same. However, the 

proportion of the cube, the target of size 

estimation and distance estimation, has changed. 

This is shown in Fig. 6.

Fig. 6. Condition ⅲ virtual environment

4.2.3 Experimental Procedure

The procedure of Experiment Ⅱ was the same 

as Experiment Ⅰ, and it was confirmed whether 

or not the vision test and consent form were 

written and the depth perception problem. In 

case of no problem, we conducted the 

experiment and gave the learning time to get 

used to virtual space and controller for about 1 

minute. Each experiment was classified into 

treatment condition and non-treatment 

condition, and condition ii was preceded by 

condition iii, so that the order of condition i and 

condition ii was wirelessized.

The experiment started with the HMD screen 

turning off and the subject pulling the trigger. 

Pulling the trigger turns on the HMD. At this 

time, the presence or absence of the depth 

perception cue was set according to the 

conditions set by radio. The subject started from 

the origin in the virtual space. First, both hands 

were opened and the trigger was pulled to gauge 

the size of the cube. After the measurement was 

completed, the position of the box was 

confirmed, the HMD screen was turned off, and 

a random movement was performed for at least 

10 seconds. Then, the position of the box was 

pointed with the right hand and the trigger was 

pulled. In condition Ⅱ, the degree of 

underestimation of the size of the cube is 

analyzed in proportion to the size of the cube. 

The experiment was conducted under three 

conditions, and depending on the individual 

difference, the experiment was carried out for 

about 40 minutes including rest if necessary.

4.2.4 Experiment Result

The design of the experiment was set up in 

two stages. In step 1, we set the condition with 

the presence or absence of a depth perception 

cue to verify the effectiveness of the depth 

perception cues. As described in previous 

research, it was expected that the depth 
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perception would be more accurate as the depth 

perception leads to more, so it was set as a step 

for excluding the practice condition and the 

learning effect. At this stage, the difference 

between condition ⅰ and condition ⅱ was 

confirmed. In the second step, the difference 

between the error value of the depth perception 

of the individual and the depth perception error 

value of the condition iii using the correction 

model is tested based on the data collected in 

the condition ii.

Fig. 7 shows the results of the box plot 

according to the conditions. The box plot shows 

the box size of the box predicted by the subject. 

The Box plot of Estimation of Box Size is the box 

size predicted by the subject. Finally, in the 

bottom right corner, 'Box plot of between 

Camera and Cube' is the distance between the 

camera and the cube predicted by the user and 

is the result of the blind press test.

Fig. 7. Box figure of four measurements

Unlike Experiment I, the experiment was 

divided into two stages. In the first stage, the 

condition Ⅰ, in which the correction factors 

such as depth perception element and spatial 

element were not applied, and the condition ⅱ, 

in which the depth perception element was 

applied, Verify the effects of the perceptual 

clues. As described in previous research, it is 

necessary to verify the accuracy of depth 

perception in a virtual environment as the number 

of depth perception increases, to perform the 

exercise step to adapt to the virtual environment, 

and to generate the correction model to be 

applied in the second step Collect the data.

In the second step, a correction model is 

created based on the error of the depth 

perception even though the depth perception cue 

in the virtual environment is added. Then, the 

correction model is compared with the previous 

error to determine whether the error is lowered.
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The subjects were recruited through the 

recruitment of Bartlett test. Fig. 8 below shows 

the results of the Bartlett test. Each result was 

assumed to be equally distributed with a p-value 

greater than 0.05. However, with p-value <0.05 in 

the box size, it was not possible to assume 

equidistribution by adopting the null hypothesis.

The T-test was performed to verify the 

difference of the mean value of the measured 

values   except for the estimated size of the cube, 

and the Wilcoxon Signed Rank Test, which is a 

nonparametric test, was performed on the 

estimated size of the cube. As a first step of 

Experiment II, we can verify whether the depth 

perception leads to a significant change in the 

effect of depth perception in a virtual 

environment.

Fig. 8. Bartlett Test Results

1) Step 1. Depth Perception Clue Effect

At this stage, we check whether depth 

perception varies in virtual environment depending 

on presence or absence of depth perception cues. 

Also, a correction model is generated according to 

the depth perception error of the individual 

through the data collected in this step.

In order to confirm the difference of the mean 

value as a result of the first step of Experiment 

II, Wilcoxon Rank Sum Test, which is a 

nonparametric test method, and t-test, which is 

assumed to be equally distributed, were performed. 

Fig. 9 shows this, and the size estimate of the cube, 

which is a size perception, is significant.

Fig. 9. Wilcoxon Rank sum test and t-test result of 

condition i and condition ii

The difference in significance according to the 

above results shows that the size perception is 

changed when the depth perception cue is added 

in the virtual environment.

2) Step 2. Depth Perception Correction

At this stage, it is confirmed whether the depth 

perception error varies depending on the 

presence or absence of the correction of the 

proportion. As in the first step, a T-test was 

performed to verify the difference in the mean of 

the measured values   except for the estimated 

size of the cube, and the Wilcoxon signed rank 
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test, which is a nonparametric test, was 

performed on the estimated cube size. As a 

second step of Experiment II, it can be seen that 

applying the calibration model actually affected depth 

perception in the virtual environment. The results of 

this step analysis are shown in Fig. 10 below.

Fig. 10. Wilcoxon Rank sum test and t-test result of 

condition ii and condition iii

As a result of the analysis, the size perception 

of the cube showing the size perception 

significantly changed after applying the 

correction model, which can be expected to 

make a meaningful change in the change of the 

cube size by applying the proportional 

correction model. On the other hand, the 

distance between the cube and the camera, 

which is the result of the blind press test, can be 

confirmed to be significantly smaller after 

applying the correction model. According to the 

above results, when the correction model is 

applied, it is confirmed that the size perception 

and distance perception change significantly.

The correction of the proportion was applied 

to the maximum value of 20% by applying the 

proportional value of the size perceived by the 

subject. The corrected values   and their average 

values   are shown in Fig. 11 below. This allows us 

to measure the ratio value of the correction of 

size perception.

Fig. 11. Correction value

The difference in depth perception is shown 

in Fig. 12 below. The average of the estimated 

size of the cube was 43.86cm and 49.77cm. If we 

express this as a ratio of estimated value, it can 

be said that the difference is significant from 

87.72% to 99.54%. Also, the distance between the 

camera and the cube is about 30cm to 17cm.

Fig. 12. Depth perception estimates and error values
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5. Conclusion

In this study, we investigated the factors 

affecting the depth perception of spatial 

components in virtual space, and experimented 

in a virtual environment to search for ways to 

improve the accuracy of depth perception by 

combining depth perception elements.

In Experiment I, it is assumed that the 

estimated size of the cube collected through the 

Levene Test is p> 0.05 in the room size condition 

and the cube size condition, assuming that the 

equipartition is assumed, and that all of the 

experimental results have a standardized variance. 

The two-way ANOVA showed that the estimated 

size of the cube is significantly different 

depending on the condition. We also confirmed 

that the mean difference is also significant 

through the Scheffe test. It was confirmed that 

underestimation in the virtual environment was 

confirmed, and that it was proportional to the 

depth perception of spatial components.

In Experiment Ⅱ, Experiment I was used to 

correct the depth perception by adjusting the 

proportion that significantly affects depth 

perception in spatial components. In addition, by 

using the depth perception cues, the virtual 

environment is constructed to improve the 

accuracy of the depth correction in the virtual 

environment. In Step 1, we can confirm that the 

depth perception varies depending on the 

presence or absence of the depth perception cue 

in the virtual environment. Also, it was confirmed 

that the difference in size perception was 

significant. In Step 2, it was confirmed that the 

correction using the proportion of spatial 

components caused a significant change in depth 

perception. The correction value of the 

proportion is 1.138374, which indicates that the 

size of weak cube is estimated from 87.72% to 

99.54%. This means that the proportional 

correction and depth perception cues in the 

virtual environment gave significant changes in 

depth perception accuracy.

Through this experiment, we have investigated 

the correction method to improve the accuracy 

of depth perception in virtual environment. In 

the absence of the depth perception cues, size 

perception was judged to be an average of 80% 

of the target size, 87.72% in the case of only the 

depth perception cues, and 99.54% when the 

depth perception cues and proportional 

correction were applied. this work could make 

an estimate. It can be confirmed that the 

correction method used in this experiment is a 

correction method that can estimate the 

accuracy of the size perception of the depth 

perception very high.

On the other hand, distance perception during 

depth perception was measured using the 

distance between the camera and the cube 

collected through blind pedestrian performance. 

The difference was significant in the absence of 

the depth perception cue, about 38cm in depth, 

and about 30cm in the depth perception cue, 

and about 17cm when the perceptual cue and 

proportional correction were applied. It can be 

seen that the depth perception leads to 

correction of the distance perception and that 

the correction of the size affects the distance 

perception. This result shows that the distance 

perception is mediated by the size perception as 

a result of opposing the size - distance 

invariance that size perception is mediated by 

the distance perception.

The proportional correction proposed in this 

study shows very significant results in size 

perception, which can be applied as a correction 

method of size perception among underestimation 

of depth perception occurring in virtual 

environment. This can be utilized as the size 

correction of the target in the virtual environment 

simulation, and this can be utilized as a method of 

maximizing the learning effect of the simulation.

In this experiment, the virtual space can be 

implemented in an environment similar to the 
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experimental space by using the existing model 

in implementing the virtual environment. 

However, in future research, it is expected that it 

will be necessary to implement the environment 

of the same size as the experimental space, and 

to find ways to correct the depth perception by 

increasing the presence of the subject.

In this study, the correction method of 

distance perception based on size perception is 

unclear and it is necessary to search for ways to 

correct it. In addition, in this study, some biased 

results may be included by recruiting subjects 

through convenience recruitment. In this paper, 

we propose a new method to estimate the depth 

perception in a virtual environment.

In the experiment, the resolution is 1080 × 

1200 in the single resolution due to the limit of 

the equipment. However, in future research, it 

will be influential to improve the resolution by 

using better equipment. Also, it is necessary to 

increase the accuracy of the depth perception in 

the virtual environment by projecting the 

movement of the subject and the movement of 

the avatar in order to increase the immersion 

feeling in the virtual environment. In future 

research, it will be necessary to search for the 

correction method for the distance perception 

outside the proposed correction method, and to 

search the correction method by searching the 

parameter variable besides the size perception. It 

is also necessary to increase the number of 

subjects and to increase the assumptions and 

reliability.
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