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ABSTRACT 

As a method for evaluating the unilateral spatial neglect 
that occurs as a sequela of cerebral infarction, a system 
combining a display with a touch panel and a line-of-sight 
tracking device has been proposed. However, movement 
of the head cannot be avoided, and the measurement 
accuracy of the line of sight is not sufficient. Therefore, in 
this research, we propose an application of smartphone-
based virtual reality as a tool for evaluating unilateral 
spatial neglect. Because it is realized as an application on a 
smartphone, it can be easily used at low cost, and it can be 
expected to be used in day clinics and in at-home medical 
care. In this study, we evaluated the system for patients 
and therapists by actually using the proposed system.1 
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1 INTRODUCTION 

Unilateral spatial neglect (USN) is a condition in which 
it becomes impossible to recognize or react to stimuli on 
the side opposite one cerebral hemisphere [1, 2]. USN 
occurs in many cases when cerebral infarction and 

cerebral hemorrhage arise in a cerebral hemisphere. Most 
often, left unilateral spatial neglect arises after right 
hemisphere damage. Those with USN cannot notice the 
fact that they are ignoring the hemisphere space. 
Therefore, it is reported that even during meals, people 
with USN cannot notice the left side of a tray placed in 
front of them, and will finish the meal without being able 
to put hands on a dish on the left side of the tray. 
Traditionally, evaluation by Catherine Bergego Scale 
(CBS) [3] based on a direct observation  of  the  patient’s 
functioning  in  10  real-life  situations, such as grooming, 
dressing, or wheelchair driving has been conducted. 
However, since there is a difference for each evaluator, it 
is considered that its quantitative objectivity is not 
sufficient. 

Systems have been proposed in which PCs provide 
intervention measures for objective assessment and 
symptomatic improvement against attention disorders, 
including unilateral spatial neglect [4]. The system is 
equipped with a touch panel and consists of a display and 
a line of sight detection / input sensor, it is possible to 
record reaction time required for selecting each object 
displayed on the display and eye movement trajectory 
during execution of the task. In addition, by grasping the 
behavioral characteristics of both touching with the 
fingertip and eye movement, it is possible to obtain clues 
about the mechanism of inference responsible for 
symptoms. Furthermore, objective/quantitative evaluation 
of negligible symptoms and attention disorders is possible 
by analysis of recorded data. 

However, in the conventional evaluation method, there 
is the problem that the line of sight cannot be accurately 
measured by tracking movement of the head. Attempting 
to solve this problem by the use of virtual reality (VR) has 
become popular in recent years [5]. However, a VR system 
that requires a high-performance PC and a dedicated 
head-mounted display (e.g., HTC Vive) cannot be easily 
used at home for the purpose of rehabilitation. In this 
study, we focus on VR technology using smartphones and 
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propose a tool for evaluating visual cognitive function in 
unilateral spatial neglect. 

2 PROPOSED SYSTEM 

2.1  Promotion of eye movement to the left 

This application presents targets with numbers on the 
VR space in order at a constant speed, and the subject 
answers with the numbers written on the targets. This 
makes it possible to quantify the perceptible range for 
subjects. Targets are presented within 60 degrees of 
viewing angle left and right at regular intervals. As shown 
in Fig. 1, it is possible to select whether to display in a 
straight line or in a zigzag manner within a width in the 
vertical direction. In addition, it is possible to set the 
presentation time of the target, the number of targets, and 
whether to keep the target displayed or delete it after a 
certain time. In addition, it is possible to select whether to 
display in both visual fields or display with only the left or 
right visual field. 

(a) Linear target display

(b) Zigzag target display with variance in vertical direction

Figure 1: Promotion of eye movement to the left. 

2.2  Promotion of right-and-left eye movement 

As shown in Fig. 2, this application presents the target 
at a constant speed from above to below the field of view 
and displays the target to the left and right at the same 
height. The spacing of the target is widened as it is 
displayed lower in the view field. By allowing subjects to 
answer with numbers in response to the target, it is 
possible to quantify the perceivable range. 

Figure 2: Promotion of right-to-left eye movement. 

2.3  Operation of proposed system 

The measurement implementer installs the developed 
Android application on the smartphone and starts it. At 
application startup, it is possible to select the presentation 
time of the target, the number of targets, and the display 
method of the target. Also, when the smartphone is 
attached to a head-mounted display (HMD), the 
measurement executor cannot see the screen, so Visor [6] 
is installed on smartphone, which then duplicates the 
screen to a PC connected via USB and enables operation 
from the PC. 

Figure 3: By installing Visor on the smartphone, the 
measurement executor can mirror the screen being shown 
on the smartphone worn by the subject on the display of 
the PC and can also operate the smartphone. 

3 EVALUATION BY QUESTIONNAIRE 

We asked patients and their therapists at a day service 
station for rehabilitation to actually use the proposed 
system, after which we conducted a questionnaire 
evaluation (n=18). Questions were rated on a Likert-type 
scale from 5 (strongly agree) to 1 (strongly disagree). On 
one hand, as shown in Table 1, the questionnaire results 
for the therapists are high for all questions. In particular, 
the necessity of a tool to digitally measure the visual 
perception range, utility of the proposed system, and ease 
of operation were all high, and it is possible to ascertain a 
high demand for a system like the one proposed. 
Furthermore, free descriptions given in response to a 
question about the scope of application of the proposed 
system are shown below. 

 Pediatric patients with cerebral palsy with visual
perception problems
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 Patients with limited range of motion due to neck
injury

 Diplopia by strabismus
 Patients with learning difficulties and those on the

autism spectrum
 Use as a training tool instead of evaluation

On the other hand, the evaluation by subjects was not
very high. The viewability of the image received a 
particularly low score, and some subjects experienced 
nausea due to seeing the image, and the average value of 
responses is lower. One reason for this that the image 
cannot be viewed properly on an HMD equipped with a 
smartphone because the range of focus adjustment is 
narrow. In addition, as an essential problem of VR, some 
sickness due to the difference with the real world may be 
inevitable. Others pointed out that it is difficult to see the 
target and it is not easy to use the HMD with glasses on. 

Table 1: Evaluation results from questionnaire about 
the proposed system (mean values) 

Evaluation by therapist 
Necessity to measure cognitive range with digital method 4.6 
Utility of the proposed system 4.6 
Easy to understand operation 4.6 
Convenience of the proposed system (transportability) 4.4 
Evaluation by subject 
Discomfort from mounting of HMD 4.1 
Visibility of images 3.0 
Feeling of sickness from looking at images 3.1 

4 CONCLUSIONS 

In this study, we proposed a system to evaluate visual-
field recognition ability in people with semi-lateral spatial 
neglect, using VR on a smartphone. The proposed system 
does not require any special equipment and can be used 
easily at different sites, including for home rehabilitation. 
As a result of actual use, it was suggested that the 
potential demand was high because therapists rated the 
system highly. However, it became clear that there is 
room for improvement in the display of VR images. As a 
future task, we will also explore possibilities for using the 
tool for training as well as assessment of vision. 
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