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Abstract—The purpose of this study is to develop PC Eccentric Viewing Training (EVT) and VR EVT Content, to conduct 

experiments to verify the validity of contents first through non-disabled people, and to compare and analyze VR and PC contents. 

Both PC and VR contents were produced with UNITY. This content model assumes that reducing inaccurate saccades by eliminating 

eye movement helps improve reading accuracy. In addition, the two contents are implemented in the same way as VR and PC 

versions. The content consists of two steps, both PC and VR. The purpose of the content is to improve reading accuracy by improving 

the fixation stability of Preferred Retinal Locus (PRL) and reducing inaccurate Saccades. The experiment consisted of 12 persons 

(within maximum visual acuity less than 0.3), and they were assigned to the PC Content group and VR Content group. The 

experiment was conducted a total of 5 times, except for two weeks, which is the time to adapt PRL. The experimental results showed 

that the reading accuracy of the VR content group was higher. In addition, When comparing VR contents with PC contents, the 

group that conducted the training through PC contents showed a decrease in concentration as it progressed to 1-3 steps, and the score 

distribution also fell overall. In conclusion, the study compared VR and PC contents, and the effectiveness of contents was verified 

through experiments. 

Keywords—Eccentric Viewing Training; low vision people with scotoma; preferred retinal locus; Macular degeneration; visual 

rehabilitation content. 
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I. INTRODUCTION

The visual system can be divided into a central vision and 
a peripheral vision. Reading detailed and accurate 
information is the central vision's role, and the macula plays 
a large part in the role [1], [2]. The area within 5 (degree) 
where the optic nerve is concentrated plays a function of 
distinguishing face recognition, distance perception, color, 
and shape [3]-[5]. The peripheral vision's role serves to 
detect a wide background or moving objects [2], [3]. If the 
function of the central vision is impaired due to macular 
degeneration, the peripheral vision replaces the function of 
the central vision [2], [6], [7]. They are included in low 
vision, and visual acuity reduction due to macular disorders, 
central scotoma, and distorted objects [3], [8]. Treatment and 
rehabilitation are required because low vision patients with 
these symptoms may be exposed to accidents such as falls 
and fractures due to the unsystematic visual range [9].  

Recently, the possibility of preventing worsening of 
symptoms and maintaining residual vision has increased 
with various treatments due to the development of medical 
technologies such as anti-vascular growth factor antibody 
injection and photodynamic therapy. However, it is currently 
impossible to cure, and mostly continuous treatment and 
rehabilitation are required [10]. In the case of visual 
rehabilitation to preserve residual vision, visual 
rehabilitation's timing has a decisive effect on prognosis. In 
addition, studies on the effects of visual rehabilitation have 
been reported continuously [2], [3], [11]-[14], but since the 
effects are semi-permanent, constant and continuous training 
is necessary. In Korea, the basis for rehabilitation for low-
vision people is insufficient, so low-vision people are 
experiencing difficulties in rehabilitation [2]. Currently, the 
visual field disorder in Korea is only 1.4% based on the 
registered persons with disabilities, but macular 
degeneration is likely to increase with the aging of the eye 
[13], [15], [16]. 
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People with macular disorders have difficulties in a 
variety of daily lives [8], [17]-[20]. As a way to overcome 
this obstacle, a combination of visual rehabilitation and the 
use of optical aids in adaptive strategies [21], [22] such as 
peripheral vision training and eccentric fixation stability is 
required [23]. The most effective rehabilitation method is to 
maximize the rehabilitation effect through optical aid after 
conducting Eccentric Viewing Training (EVT) [2]. 

EVT is ongoing training for patients with visual field 
defects and training to better view images formed through 
residual vision [23]. In patients with central visual field loss, 
the preferred retinal locus (PRL) is naturally selected to 
perform EVT [1], [23]. PRL has been known to exist for 
many years [2], [21], [24], and the recent research trend is to 
identify PRLs for EVT or use Training retinal locus (TRL) 
[25]. Through rehabilitation through EVT, it is not possible 
to reconcile peripheral vision as much as the vision of the 
central vision. However, it is possible to reduce the degree of 
discomfort in life to a certain extent by continuously training 
the subject in detail with a peripheral vision [11], [12] 

Although the existing EVT rehabilitation method was 
conducted through a visit to a rehabilitation center, recently, 
research on home vision therapy, which enables 
rehabilitation at home due to software and device 
diversification, is also active [13], [14]. In particular, as VR 
technology has rapidly developed in recent years, it has 
started to be grafted into various education and training 
fields, and research on various rehabilitation methods based 
on VR is also ongoing [26]-[29].  

Many previous papers have said that the attractive 
components of VR can contribute to successful results [30]-
[32]. In addition, when focusing on the theoretical 
background that virtual reality enables visual-electric static 
interaction by rich visual stimuli, virtual reality is likely to 
provide an optimized environment for better performance in 
VR rehabilitation [28], [31], [32]. In the future, the field of 
VR-based rehabilitation content is likely to expand further, 
and the research is expected to become more active. 

In this study, the primary goal is to implement content for 
low vision people with scotoma due to macular degeneration. 
In addition, it aims to conduct experiments for primary 
effectiveness verification through non-disabled people. 
Eccentric Viewing Training is a rehabilitation training that 
adapts to view the target with peripheral vision. It also 
combines training to improve eccentric fixation stability 
using PRL and Oculomotor training [21], [33], [34]. 

Various studies on Eccentric Viewing Training and PRL 
have been conducted. Persons who have lost the Central 
Vision Loss (CVL) naturally develop the cortical 
reorganization of visual processing in the calcarine sulcus to 
improve visual function [7]. This is the reason that most of 
the CVLs choose PRLs for viewing peripheral vision [1]. It 
is possible that there may be more than one PRL, and it may 
be variable before receiving a fixed PRL [35]. Even with 
patients with sudden vision limitations or patients with PRL, 
many patients are unaware that their vision is not fixed to the 
target [36]. If the target is not accurately matched with the 
PRL, the time to recognize and inaccurate Saccades 
increases [19]. Currently, studies on adaptation of the 
peripheral vision to fix these problems and fixation of the 
PRL are actively underway. 

RSVP proceeds by following the reading using the 
possible PRL function without using eye movement. While 
the gaze is fixed at the center of the screen, one word is 
displayed on the screen monitor. Many previous studies have 
used the RSVP training method for rehabilitation [3], [37], 
[38]. Deyue Yu [38] conducted a study to improve the 
reading speed of lost people with scotoma. Twenty-seven 
non-disabled people were divided into the lexical-decision 
training group, trigram letter-recognition training group, and 
RSVP training group. They trained 10 ° in the lower visual 
field, and it was reported that RSVP (Rapid Serial Visual 
Presentation) training was effective in improving reading 
speed. Seung-Pyo Hong [3] experimented by implementing 
Korean-based eccentric viewing software that could be 
applied to patients with scotoma. This program consisted of 
5 stages, three stages of word reading training and two-
sentence reading training stages. The experiment results with 
two non-disabled male college students reported that 
Korean-based EVT's effectiveness could be confirmed. 

II. MATERIAL AND METHOD 

This content was produced in two versions to test the 
hypothesis that PRL fixation stability's improvement affects 
the target’s attention and reading. Since the PC version 
cannot set constraints, it is affected by the surrounding 
environment and requires the help of experts or assistants to 
maximize the rehabilitation process, results, and effects. 
However, in the case of rehabilitation through VR content, 
limitations of visibility and constraints required for 
performing various rehabilitation can be added through 
HMD. This way, trainees can perform rehabilitation with 
minimal assistance. FOVE HMD was used as the hardware 
for the VR content [39]. Fig. 1 shows the flow chart of 
contents progress.  

 

 
Fig. 1  The flow chart of contents progress 

 
Both contents are conducted in RSVP format and consist 

of simple arrow shapes and numbers. The VR and PC 
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contents were trained on the right and left eyes alternately, 
and the view field on the non-training side was covered. 
Content is commonly measured time limits, scores, etc., and 
the content ends when the time limit expires or when the 
score goes down to 0 points.  

The composition of the rehabilitation content was 
implemented using the method devised from the method of 
rehabilitation used in the previous study experiments [14], 
[40]. In the first stage game, the target's size was adjusted to 
about 40 points, the second stage was divided into about 30 
points, and the third stage was divided into size stages of 
about 20 points. If the target displayed on the screen is 
corrected, the score of 2 points increases, and if the target is 
wrong or cannot be matched, it is calculated that the score of 
1 point decreases. Below is a flowchart of each content of 
VR and PC. 

When the PC content starts, the boxes (Left in Fig. 2) are 
presentation and disappear in order. The process is continued 
until the user selects the most visible field of view.  When 
the content Level 1 starts, the user selects the right direction 
through the keyboard's arrows. When the score reaches 50 
points or more, or over 60 seconds, the content Level 2 starts 
with the target size reduced. Level 2 and 3 proceed in the 
same way. Content 1, 2 and 3 have only different target sizes, 
and there is no change in the target presentation time and 
content running time. 

 

Fig. 2  Identify PRL(Left),  PC Contents run(Right) 

A. PC Contents 

In the case of PC contents, the user checks the center 
point before starting the contents and then induces the user 
to look at the point. After that, when the content starts, the 
boxes are displayed in order and disappear, and the user can 
select the PRL by tapping the most visible box through the 
surrounding field of view. Thereafter, an arrow is randomly 
generated in the area of the box selected with the PRL, and 
the score increases when the correct arrow direction is input 
through the keyboard, and the score decreases when the 
arrow in the other direction is input. The speed and size at 
which the object of the arrow appears can be increased or 
decreased through user or assistant manipulation. 

Fig. 2 is a picture of the actual content. The left in Fig. 2 
is the process of selecting the PRL. If the area most visible 
when the trainee is looking at the center dot point is a box of 
5, click that area. The right side of Fig. 2 shows the progress 
of the content. If number 5 is PRL, the content starts in the 
area of the number 5. 

 

B. VR Contents 

 
Fig. 3 Identify PRL in content 

 
As shown in Fig. 3, the VR contents also check the PRL 

in the same way, and then the content starts. When run VR 
content, Trainees should look at the center point, the same as 
PC content, and choose the number that looks best. 

 

 
Fig. 4  VR content run. Not moving of head (Left) when the trainee’s head 
move(Right) 

 
When starting the content, a target point that the trainee 

should look at is presented. The trainer must look at the 
point and use the peripheral vision to look at the target (Fig.  
4). If the trainee’s eyes do not accurately look at the target 
point, the content is stopped, and the training is set to 
proceed again only when the trainee properly looks at the 
target point. The VR device used FOVE, and the trainee's 
eye movement was measured through the EYE Tracking 
function built into the device. The result of the measurement 
was expressed as the time of looking at the target accurately 
and the distribution of the eyes. 

As shown in Fig. 4, If the trainee’s head moves during 
training, a warning message (right in Fig. 4) is displayed so 
that the object can be seen only by a peripheral vision where 
PRL without eye movement and moving the head. The 
warning message was displayed at the center of the user’s 
screen when the head moved out from 20 to 340 degrees in 
the X-axis, from 20 to 360 degrees on the Y-axis, and 10 to 
35 degrees Z-axis. 

This study devised Chen [39] research before clinical 
application to macular degeneration patients and conducted 
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experiments with low vision patients. This experiment is to 
report how the improvement of fixation stability of PRL 
affects the accuracy of viewing the target through non-
disabled people with low vision. The experimenter consisted 
of 12 non-disabled students (within maximum visual acuity 
of 0.3). Table Ⅰ shows information about the experiment 
participants of VR contents and PC contents. The first chart 
is the VR and the second chart is the PC (table Ⅰ). 

III. RESULT AND DISCUSSION 

Before the experiment, all participants were given 
informed consent. In order to proceed with the investigation, 
experimenters made a point to see in the center of PC and 
VR contents. The content progress was 3 minutes per section 
and 1 time a day. Between sections, sufficient eye rest was 
provided, and if the participant complained of discomfort in 
the middle of the content, the experiment was immediately 
stopped. The results of the experiment are presented in tables 
and graphs. 

TABLE I 
PROFILE OF SUBJECTS OF VR CONTENTS AND PC CONTENTS 

ID 
Healthy Subject 

Gender Age 

H1 M 29 
H2 M 26 
H3 M 26 
H4 F 28 
H5 F 23 
H6 F 26 
H7 M 32 
H8 M 29 
H9 M 27 

H10 F 24 
H11 F 24 
H12 F 25 

 
In the process of determining the fixed PRL of non-

disabled test participants, the center point was instructed to 
select the most visible area. The period for determining the 
fixed PRL was two weeks, and an attempt was made to 
confirm the PRL once a day. During the two-week PRL 
selection period, two of the study participants were similarly 
employed in more than two PRL regions. It was found that 
macular degeneration patients may form more than one PRL 
when forming PRL through sudden vision loss. Among the 
selected PRL areas for two weeks, it was assumed that the 
area with a large number of overlapping selections was a 
PRL, but it was also changed when requested by the 
experimenter. In the experiment's data and period, the period 
during which the participant finds a fixed PRL is excluded 
from the data. However, when the variation of PRL BOX 
selection decreases in the process of determining the fixed 
PRL before the experiment participants proceed with the 
experiment, the area was predicted as the region of the 
experiment participants. 

A. Result of VR Contents 

From Table Ⅱ to Table Ⅶ is the result score of 
participants of VR content. The score was averaged after 
measuring the right and left eye scores separately. 

 

TABLE Ⅱ 
THE SCORE OF H1 

Content 

Levels 

Training Date and Score 

Day 1 Day 2 Day 3 Day 4 Day 5 

Level 1 37 34 40 38 44 
Level 2 32 33 30 38 37 
Level 3 20 32 28 35 37 

TABLE Ⅲ 
THE SCORE OF H2 

Content 

Levels 

Training Date and Score 

Day 1 Day 2 Day 3 Day 4 Day 5 

Level 1 35 34 31 35 34 
Level 2 35 32 34 38 39 
Level 3 18 20 17 15 16 

TABLE Ⅳ  
THE SCORE OF H3 

Content 

Levels 

Training Date and Score 

Day 1 Day 2 Day 3 Day 4 Day 5 

Level 1 48 45 45 47 49 
Level 2 34 33 35 35 39 
Level 3 30 39 33 34 34 

TABLE Ⅴ 
THE SCORE OF H4 

Content 

Levels 

Training Date and Score 

Day 1 Day 2 Day 3 Day 4 Day 5 

Level 1 45 47 49 45 48 
Level 2 39 42 40 44 45 
Level 3 32 30 35 33 36 

TABLE Ⅵ 
THE SCORE OF H5 

Content 

Levels 

Training Date and Score 

Day 1 Day 2 Day 3 Day 4 Day 5 

Level 1 38 37 40 42 45 
Level 2 27 33 35 39 42 
Level 3 21 22 25 25 27 

TABLE Ⅶ 
THE SCORE OF H6 

Content 

Levels 

Training Date and Score 

Day 1 Day 2 Day 3 Day 4 Day 5 

Level 1 33 38 37 38 38 
Level 2 28 26 27 29 29 
Level 3 14 17 16 20 21 

 
Table Ⅷ is the score for each level of VR content 

divided into male and female. There were differences 
depending on the concentration of rehabilitation and visual 
acuity, but there were no differences by gender. 

TABLE Ⅷ 
THE AVERAGE OF CONTENTS SCORE OF VR CONTENT 

Gender 
Average of Content Score of VR Content 

Level 1 Level 2 Level 3 

Healthy  
Male (n = 3) 

39.7 34.9 27.2 

Healthy 
Female (n=3) 

41.3 35.0 24.9 
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Fig. 5 shows the results at content level 1. The 
distribution of scores was high for both female and male 
participants.  

 

 
Fig. 5 The average score of Level 1 

 
Compared to Level 2 in Fig. 6, Level 1 has a high score, 

and the score increase is not significant. On the other hand, 
Level 2 had a fairly low score in the early stages, which was 
not used to seeing it as a peripheral field, but gradually 
increased.  

 

 
Fig. 6 The average score of Level 2 

 
Level 3 in Fig. 7 has the lowest score overall. In the 

experiment on the second day, two of the participants in the 
experiment requested to change the previously selected area, 
and the change caused a large change in the score width.  

 

Fig. 7 The average score of Level 3 

Overall, the participants’ scores also increased in the level 
3 experiment. In this way, it can be seen that if the adaptive 
training is performed after the location of the PRL is selected, 
the width of the score is improved according to the 
adaptability of the trainee. 

 

B. Result of PC Contents 

From Table Ⅸ to Table ⅩⅣ is the result score of 
participants of PC content. The score was averaged after 
measuring the right and left eye scores separately. 

TABLE Ⅸ 
THE SCORE OF H7 

Content 

Levels 

Training Date and Score 

Day 1 Day 2 Day 3 Day 4 Day 5 

Level 1 39 35 38 42 40 
Level 2 23 22 21 25 27 
Level 3 0 2 5 5 8 

TABLE Ⅹ 
THE SCORE OF H8 

Content 

Levels 

Training Date and Score 

Day 1 Day 2 Day 3 Day 4 Day 5 

Level 1 35 35 32 34 33 
Level 2 23 19 18 20 22 
Level 3 9 9 8 10 12 

TABLE Ⅺ 
THE SCORE OF H9 

Content 

Levels 

Training Date and Score 

Day 1 Day 2 Day 3 Day 4 Day 5 

Level 1 42 45 47 47 50 
Level 2 32 36 35 37 36 
Level 3 12 10 15 16 15 

TABLE Ⅻ 
THE SCORE OF H10 

Content 

Levels 

Training Date and Score 

Day 1 Day 2 Day 3 Day 4 Day 5 

Level 1 41 40 42 45 48 
Level 2 35 33 34 37 37 
Level 3 15 12 15 15 16 

TABLE ⅩⅢ 
THE SCORE OF H11 

Content 

Levels 

Training Date and Score 

Day 1 Day 2 Day 3 Day 4 Day 5 

Level 1 32 30 33 34 37 
Level 2 30 33 37 37 36 
Level 3 12 11 15 12 15 

TABLE ⅩⅣ 
THE SCORE OF H12 

Content 

Levels 

Training Date and Score 

Day 1 Day 2 Day 3 Day 4 Day 5 

Level 1 35 40 45 45 49 
Level 2 13 33 37 38 39 
Level 3 0 3 2 3 4 

 
Table ⅩⅤ shows the average by dividing the PC content 

into stages and genders. When comparing with VR, you can 
see that Levels 1 and 2 scored high. However, when level 3 
content was executed, all three participants complained of 
high eye fatigue. 

TABLE ⅩⅤ 
THE AVERAGE OF CONTENTS SCORE OF PC CONTENT 

Gender 
Average of Content Score of VR Content 

Level 1 Level 2 Level 3 

Healthy Male 
(n = 3) 

38.8 26.4 9.06 

Healthy 
Female (n=3) 

39.7 33.9 10.0 
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Fig. 8 The average score of Level 1 

 

 

Fig. 9 The average score of Level 2 

 

 
Fig. 10 The average score of Level 3 

 
Fig. 8 is the result at content level 1. The distribution of 

scores was high for both female and male participants. 
Compared to Level 2 in Fig. 9, Level 1 scores high, and the 
increase in score is not significant. On the other hand, in 
Level 2 (Fig. 9), the male showed a large imagination in the 
2nd to 4th experiment, but the female gradually increased 
the score. Level 3 of fig. 10 has the lowest score overall. 
Also, the score did not increase significantly over time. Also, 
in the case of Level 3, it was found that the concentration of 
the experiment participants was reduced considerably. The 
low score of level 3 predicted that the immersion of contents 
was also reduced because it was impossible to block the 
external environment completely, and the participants’ 
fatigue was also high. In the case of pc content, the width of 
the score also increased, and all the participants showed an 
adaptation to RPL.  

 

IV. CONCLUSION 

In this study, the contents that were conducted in the same 
way were implemented in PC and VR, respectively, and 
experiments were conducted. Because the PC version of 
rehabilitation content is a home-based vision therapy that 
can be rehabilitated at home, it has the advantage of being 
able to proceed regardless of time and place to maintain the 
effect of permanent rehabilitation. However, to maximize 
rehabilitation effectiveness, an assistant is required, and the 
assistant act's competency and role are important factors. 

On the other hand, rehabilitation through VR can 
maximize the effectiveness of rehabilitation while 
minimizing the assistance of assistants while immersing in 
the rehabilitation process with the HMD completely blocked. 
When using an HMD with built-in EYE Tracking function 
such as FOVE, it is possible to easily collect the user’s eye 
data, so more effective rehabilitation can be expected 
through data-based feedback. 

In the experiment conducted through the two types of 
contents implemented, 12 non-disabled 6 men and 6 women 
participated as experiment participants. Before proceeding 
with the experiment through content, the variable 
characteristics of the PRL appearing in the process of 
determining the PRL and, in the case of not matching the 
purpose of the experiment, were excluded from the 
experimental result data, and the experiment was conducted. 

This content was produced in two versions to test the 
hypothesis that fixation stability improves the target’s 
attention and reading. As a result of the experiment, all 
participants showed an increase in the anchorage of the 
selected PRL on average, and it seemed to be adapted to 
seeing objects with PRL. Since the experiment was not 
conducted for a long time, and the experiment was 
conducted with a single content using only the target and 
size of the arrow rather than various contents, future research 
plans to diversify the content and difficulty further, and we 
want to apply this content directly to macular degeneration. 
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