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Abstract. We examined the function of the central visual field by using the 
newly developed VR system that was consisted with a wide-view HMD and an 
eye-tracker for restricting an arbitrary area of human visual field. Subjects were 
asked to walk through short virtual mazes under different visual condition in 
which 10 or 20 degree of their central visual field was restricted artificially with 
the system. Results indicated 1) Times for walking through the entire maze 
under the visual condition with 10 degrees of the central visual field restricted 
in synchronization were longer than times under the condition in which 10 
degrees of the fixed central area of screen were restricted. 2) For walking 
through the area with two dead ends, walking times under the condition in 
which 20 degrees of the central visual field were restricted were longer than 
under the condition in which 10 degrees of the central visual field were 
restricted. 
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1 Introduction 

The central visual field is consist of the central region of the retina, near the fovea, 
and has the highest visual acuity of any part of the visual field, and has colour vision. 
The peripheral visual field is in the large remaining area of the visual field and it deals 
with low spatial frequency and uncolored vision. The interaction between the two 
visual fields has a strong influence on human perception and behaviour.  

Understanding the functions and relationships of the two visual fields will provide 
new insight into the organization of spatial perception. It will also draw on a break-
through in the theories and techniques for designing more suitable and more realistic 
VR space.  

We attempted to clarify the dynamic functions of the central visual field with a 
way-finding experiment using a newly developed VR system consisting of Wide-
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View Head-Mount-Display (HMD) and Eye-Tracker for restricting arbitrary areas of 
the human visual field.  The important data of the results of the experiment will be 
picked up and shown in this paper.  

2 Methods 

2.1 System 

In the experiment, the subjects were asked to walk through a maze in virtual space 
under different visual conditions; their central visual field was restricted artificially 
with the developed VR system.  

The system consisted of a wide-view HMD (Nvis: nVisor SX111), an eye-tracker 
(Arrington Research: Binocular Eye-tracking system), and a position tracking systems 
(WorldViz: PPT optical tracker). The position of the subject in the real experimental 
room was tracked with the position tracking system consisting of eight high-
resolution cameras arranged in the four corners of the experimental room.  

The VR space displayed on the HMD was linked with the calculated position of the 
subject in the real experimental room so that the subject could walk and look around the 
VR space on foot. Wide-View HMD allows subjects to view 111 diagonal degrees of the 
visual field on one screen, which covers much of the peripheral visual field of humans.  

 

Fig. 1. Arrangement of HMD and Eye-tracker in Experimental system 
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The most specific feature of the system is that it also has a binocular eye-tracking 
system in the HMD (Fig. 1). Small precision cameras and two pieces of mirror were 
combined and installed into the clearances between the HMD screen and eyeball in 
order to record the subjects’ eye movement. The recorded eye movement was sent 
directly to the workstation connected with the HMD, and the precise position of each 
subject’s fixation could be calculated with software simultaneously.  

We used Vizard 4.0 (World Viz) as VR software for describing the virtual world 
on the screen of the HMD. By sending the real-time fixation position to the VR soft-
ware, the developed system could modify the display in concert with the subject’s 
fixation pattern on the VR world. In this study, for example, we displayed small black 
shields in the VR world, which were controlled in synchronization with the eye 
movement in real time for restricting the view to a specific area of the visual field. 
The dynamic relationships between some parts of the visual field could be clarified 
with the way-finding experiment using the system. 

2.2 Mazes 

Figure 2 shows the four patterns of the short virtual mazes that the subjects walked 
through in this series of the experiment. Every maze was the same size and arranged 
within an area of three meters by five meters with three-meter-high virtual walls. 
Each of them had a three-way intersection at the starting point in order to examine the 
behaviour of the subjects in a situation where they had to choose the correct way to 
the goal from these three similar looking ways under the restricted visual condition. 

 

 

Fig. 2. The Patterns of the Virtual Mazes 

 

 
a                                                                b 

 
c                                                                d 
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Maze pattern (b) was arranged as the reverse of maze pattern (a). These two pat-
terns were alternated as the first choice of each subject. If the subject first chose the 
left direction from the starting point, the route would reach a dead end so that a piece 
of the wall would come appear on the left side of the goal.  

Because of the interactive system, the abilities of the subjects in some different re-
stricted visual conditions to return from the deeper dead-end could be tested in every 
trial.  

Maze patterns (c) and (d) were designed in the same geometrical relation. At the 
starting point, the subject had to choose the middle of the three forks as the only cor-
rect route to the goal. After that, they immediately came to an interactive junction just 
before the goal. If they chose the left option, the route became a dead end; a piece of 
the wall appeared on the left side of the goal.  

The abilities of the subjects to subsequently choose the direction they had not yet 
been to could be tested in every trial. 

2.3 Visual Conditions 

Each subject walked through the short virtual mazes from the starting point to the 
goal 16 times in the 4 different maze patterns above and under the following 4 visual 
conditions (Fig. 3): 

 
 

 

Fig. 3. The Four Visual Conditions 
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• Central Restrict 10 deg/Move 
The central visual fields of the subjects were restricted by virtual black circles 
moving synchronously with the eye movement. The size of the circles could cover 
the area of 10 degrees around of the fixation points. 

• Central Restrict 10 deg/Fix 
Black circles of the same size as in the “Central Restrict 10 deg/Move” condition 
were displayed at the center of the screen of the HMD, but they were fixed on the 
center and not moving with eye movement. The effects of the eye-following 
movement of the circle could be examined by the comparison of the subjects’ be-
haviour under the two conditions, moving and fixed. 

• Central Restrict 20 deg/Move 
The black circles were moving with the eye movement, and the sizes of the black 
circles were larger and covered the area 20 degrees around of the fixation points. 
The effects of the size of the restriction could be found by comparing the 10-degree 
and 20-degree conditions.  

• Non-Restricted 
There were no restrictions on the subjects’ visual fields. As the basic condition, the 
subjects simply walked through the virtual mazes with their normal vision.  

2.4 Subjects and Informed Concent 

A total of 20 college students took a part of the experiment as healthy subjects. This 
experiment was approved by the University of Waterloo ethical committee. Written 
informed consents were obtained from all subjects for publication of this case report 
and accompanying images. 

3 Results 

3.1 Times for Walking through the Entire Maze  

This paper particularly deals with the time it took to walk through mazes (a) and (b) 
as the main results of the experiments.  

This paper did not make any mention about the data taken from the maze(c) and 
(d). However, because of the insertion by those two types of maze, the middle route in 
front of the starting point would be not always a dead-end. The subjects were required 
to take a time for confirming the detailed shape of the middle route, even if at the 
trials in mazes (a) and (b). 

An ANOVA showed significant differences in the mean between the four visual 
conditions in mazes (a) and (b). Fig.4 shows the average times for all subjects walk-
ing through the mazes under the four visual conditions. The P values as the differenc-
es in the mean values were assessed with a Bonferroni multiple comparison proce-
dure.  
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Fig. 4. Times for Walking through Mazes 

There are two important significant differences between the mean values in the 
figure. The first is the difference between the walking times under “Central Restrict 
10 degrees/Move” and “Central Restrict 10 degrees/Fix.” The only difference be-
tween those two visual conditions was that the black circles were moving with eye 
movement under the Move condition but not under the Fix condition.  

The second significant difference is that the walking times under “Central Restrict 
10 deg/Move” and “Central Restrict 20 deg/Move” were longer than under the “Non-
Restricted” condition.  

Since the time for walking through the maze under “Central Restrict 10 deg/Fix” 
was not longer than under the “Non-Restricted” condition, results suggest that it was 
not so difficult to walk through the maze under the fixed restriction. On the other 
hand, it became significantly more difficult when the same sized restriction moved 
with eye movement.  

3.2 Times for Walking through the Each Area of the Maze  

In order to analyze the data more closely, we calculated separately the time for walk-
ing in the three divided areas showed in Fig. 5.  

• Area Dead-Ends 
Including the starting point and the two deeper dead-ends. The subjects were re-
quired to recognize the detailed shape of the dead-end, especially the connectional 
relations between the walls, and they were also required to come back to the start-
ing point after that. 

• Area Non Dead-End 
Including the correct route to the goal. The subjects finally could walk through this 
area as the third selected route after coming back from the two complicated deeper 
dead-ends.  
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• Area Goal 
There is a floating icon behind the corner of the goal. The subjects were required to 
find and touch it out for finishing each trial.  
 

 

Fig. 5. Divided Area of Maze 

The significant differences we found in the time for walking through the entire 
maze are found again in Fig. 6, the average walking time of all subjects in “Area 
Dead Ends.”  

It is noteworthy that there is another significant difference between the two moving 
conditions. This result suggests that it was more difficult under “Central Restrict 20 
deg/Move” than under “Central Restrict 10 deg/Move” to walk in “Area Dead End” 
where the subjects were required to recognize the detailed shape of the dead-end as 
quickly as possible degrees.  

 

 

Fig. 6. Times for Walking through “Area Dead Ends” 
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4 Conclusions  

The following can be made from the results of the experiments: 

• Times for walking through the entire maze under the visual condition with 10 de-
grees of the central visual field restricted in synchronization with eye movement 
were longer than times under the condition in which 10 degrees of the fixed central 
area of screen were restricted. 

• For walking through the divided area with two dead ends, walking times under the 
condition in which 20 degrees of the central visual field were restricted were long-
er than under the condition in which 10 degrees of the central visual field were re-
stricted. 

The findings in this experiment demonstrate the use of novel technology to help 
understand the processes that take place during human way-finding.  Our finding that 
dynamic occlusion of the central visual field as the subjects walked through the maze 
produced the most pronounced changes in way-finding behaviour demonstrates that 
this part of the visual system makes a significant contribution to route selection. 
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