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Objective: To develop a computerized visuomotor integration system for assessment and
training of visual perception impairments and evaluate its safety and feasibility in patients
with a stroke. Visual field defects and spatial neglect lead to substantial poststroke impair-
ment. Most diagnostic assessments are anchored in traditional methods, and clinical effects
of rehabilitation treatments are limited.

Methods: The CoTras Vision system included two evaluations and four training modules. The
evaluation modules were based on the Albert's test and Star cancellation test, and training
modules were based on visual tracking, central-peripheral integration, and visuomotor per-
ception techniques. Bland-Altman plots for agreement with the traditional paper-and-pencil
test were performed, and the modified Intrinsic Motivation Inventory, Patient Satisfaction
Questionnaire, and Simulator Sickness Questionnaire were conducted.

Results: Ten patients with acute stroke completed the study. Bland-Altman plots revealed
good agreements for Albert's test (mean difference, -0.3%4.5) and Star cancellation test
(mean difference, 0.3%0.7). The meanzstandard deviation scores of the modified Intrinsic
Motivation Inventory, Patient Satisfaction Survey, and Simulator Sickness Questionnaire were
84.7130.6, 40.5£7.9, and 34.0£34.5 respectively.

Conclusion: The CoTras Vision system is feasible and safe in patients with stroke. Most pa-
tients had a high degree of motivation to use the system and did not experience severe ad-
verse events. Further studies are needed to confirm its usefulness in stroke patients with vi-
sual field defects and hemineglect symptoms. Furthermore, a large, well-designed, random-
ized controlled trial will be needed to confirm the treatment effect of the CoTras Vision sys-
tem.
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patients who experience a stroke develop visual perception dis-

orders, including visual field defects (VFDs) and spatial neglect

The prevalence of stroke is increasing globally, and it has be-
come the second most common cause of death [1]. A number of
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[2]. In stroke-related VFD, the optic nerve is not directly in-
jured, but the damage to the visual center—which perceives vi-

@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/
licenses/by-nc/4.0) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.5535/arm.230028&domain=pdf&date_stamp=2024-04-30

sual information—results in a blind spot within the field of view
[3,4]. In spatial neglect, the attention and spatial perception on
the side contralateral to that of the brain lesion decrease, ren-
dering it unresponsive to external stimuli [5]. Visual perception
disorders in patients who have had a stroke greatly impact the
safety of daily activities, such as walking or driving, increase the
medical burden due to sequelae, and reduce the quality of life of
the patient and their caregivers [6,7].

The current assessment tools for VFD and spatial neglect are
not advanced or refined beyond the traditional paper-and-pen-
cil test, and most rehabilitation strategies are anchored in the
compensatory method [8-10]. Non-invasive brain stimulation
and compensatory techniques using virtual reality, mirror ther-
apy, prism eyeglasses, and devices such as the Dynavision (Dy-
navision International) have been developed to assist patients in
recovering from visual perception disorders [11,12]. However,
these treatments are still being under investigation and have
yielded limited outcomes. Therefore, a more effective and effi-
cient treatment method is needed [13-15].

Recently, a variety of computer-based rehabilitation systems
and smart device applications have been developed for patients
with VEDs and spatial neglect and are being used in clinical
practice [16-18]. The recent coronavirus disease pandemic also
led researchers to conduct such studies. In this study, we aimed
to develop a computer-based visuomotor integration system for
the functional assessment and rehabilitation training in patients
with VFDs and spatial neglect following a stroke. Additionally,
we assessed its usability, safety, and level of satisfaction in pa-
tients with acute stroke.
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Fig. 1. Configuration of the CoTras Vision system (COTRAS).
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METHODS

This study was conducted after obtaining approval from the
Institutional Review Board (IRB) of Keimyung University
Dongsan Hospital (IRB No. 2022-11-048). Patients and their
caregivers were given a sufficient explanation of the objectives
and procedures of the study, after which they had to provide
informed consent before being enrolled.

Patients

Patients who were admitted to our hospital from March 2023 to
May 2023 for a stroke were enrolled in this study. The inclusion
criteria were as follows: (1) first stroke; (2) age between 18 and
85 years; and (3) stroke within the past 6 months. The exclusion
criteria were as follows: (1) severe upper extremity weakness
(Medical Research Council scale score<3); (2) cognitive im-
pairment rendering a patient unable to follow directions; and
(3) diagnosis of psychiatric or neurological disease(s) prior to
stroke. Since the main purpose of this study was to assess the
usability, safety, and applicability of the newly developed device,
we included the entire cohort of stroke patients with or without
hemineglect or VFDs symptoms.

CoTras Vision

CoTras Vision (COTRAS) was developed for functional assess-
ment and rehabilitation training for VFDs and spatial neglect.
This system consists of a desktop computer and a large touch
screen (Fig. 1) and is easy to transport because it has wheels.
The height and angle of the touch screen can be adjusted
between 128.5 and 193.5 cm and 0° and 90°, respectively, to
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accommodate the user’s height and arm length. Therefore, pa-
tients in wheelchairs can also use it.

CoTras Vision includes two functional assessments and four
rehabilitation training modules. All assessments and training
programs are conducted while the user sits 30-50 cm away
from the screen and focuses on the center of the screen. Each
assessment and training module is performed for a specified
length of time, which can be modified in 30-second increments,
from 30 seconds to 6 minutes, according to the condition of the
patient. In visual tracking, the speed of the object on the screen
can be adjusted in 10 steps.

Functional assessment using the system consists of the Al-
bert’s test and the Star cancellation test, which are computerized
versions of the traditional paper-and-pencil tests. The touch
screen interface was constructed to closely mimic the tradition-
al method of using a pen. In this study, a 5-minute time limit
was set, at which point the test was terminated regardless of its
completion (Fig. 2).

Rehabilitation training using the system consists of the vi-
sual tracking, visual perception training, central peripheral
integration, and digit selection modules. In visual tracking, the

patient’s gaze has to follow an object on the screen moving in

Feasibility of Computerized Visuomotor Integration System

different patterns, such as a star, curve, or line pattern, with-
out head movement. In visual perception training, patients fix
their gaze on a circle in the center of the screen and respond
by touching the circle that randomly appears on the monitor.
In central peripheral integration, patients are trained to touch a
randomly appearing circle that is of the same color as the one in
the center of the screen as quickly as possible while keeping their
face and gaze fixed on the center of the screen. In digit selection,
patients detect and touch the number that is the same as the one
that appears in the top middle of the screen from six rows of 14
numbers presented sequentially from left to the right (Fig. 2).

Patient-reported outcome measures

The patients completed the modified Intrinsic Motivation In-
ventory (mIMI), Patient Satisfaction Questionnaire, and Simu-
lator Sickness Questionnaire (SSQ) after performing functional

assessment and rehabilitation training.

mIMI
The Intrinsic Motivation Inventory, published in 1989 to as-
sess patients’ subjective experience, uses a 7-point Likert scale

(1=strongly disagree, 7=strongly agree) and consists of 45 items

Albert's test

Star cancellation test

Visual tracking training

7

BoEoBBBBBT@EATA
A F@A @@ AR
riaa"aoBoonoBBRBaan bk
oo bdooaaan
R B: R R Mol Qo R Q0]

EEDEEDB"aaBEEan

Wi

Digit selection training

Visual perception training

Central peripheral integration training

Fig. 2. Functional assessments and rehabilitation training modules of the CoTras Vision system (COTRAS).
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[19]. Scores are calculated for each area of interest/enjoyment,
perceived competence, effort/importance, pressure/tension,
perceived choice, value/usefulness, and relatedness. We extract-
ed 19 relevant questions (total score of 133) to identify the level
of motivation in terms of participating in CoTras Vision.

Patient Satisfaction Questionnaire

To assess the level of satisfaction with CoTras Vision, 11 ques-
tions (total 55 points) rated on a 5-point Likert scale (1=very
dissatistied, 5=very satistied) were administered. The questions
concerned the description, screen brightness, touch accuracy,
size, and speed of the presented modules, their convenience,
and their side effects (Supplementary Table S1) [20].

SSQ

The SSQ published in 1993 measures cybersickness and is wide-
ly used to measure dizziness related to electronic devices. The
CoTras Vision consists of a large touch screen with many mod-
ules with flickering, which is likely to result in cybersickness in
some individuals [21]. Patients answered 16 questions after the
intervention, rating each symptom on a scale from 0 to 3 (0=no
symptoms, 3=severe symptoms). The collected scores were
weighted to calculate the score for three major clusters: nausea,
eye movement discomfort (oculomotor), and disorientation, for

a total SSQ score. A higher total score indicates severe dizziness.

Procedures

Patients in this study underwent the following procedures. Ini-
tially, paper-and-pencil tests, including Albert’s test and the Star
cancellation test, were conducted. For these tests, the evaluation

concluded when patients declared their completion, even if they

Table 1. Demographic of patients

Ann Rehabil Med 2024;48(2):146-154

did not perform them perfectly. Additionally, if a patient took
more than 5 minutes to complete the tests, the evaluation was
terminated. Subsequently, assessments using the CoTras Vision
were carried out, also imposing a 5-minute time limit [9,22].
Following the assessment, rehabilitation training using the
CoTras Vision was administered, incorporating the visual track-
ing, visual perception training, central peripheral integration,
and digit selection modules. Each training session was allotted
1 minute, and a total of 3 sessions were conducted per module.
The overall duration of the training was approximately 15-20
minutes. Surveys were conducted after both the evaluation and
training. All procedures were administered by the same trained
researchers across both assessments and training sessions.

Statistical analysis

Baseline demographics of patients (sex, age, stroke type, le-
sion side, and lesion location) were analyzed using descriptive
statistics. To evaluate the agreement of functional assessment
between CoTras Vision and the paper-and-pencil test, a Bland-
Altman plot was used. We performed frequency analysis and
descriptive statistics to analyze the results of the patient-report-
ed questionnaires. IBM SPSS Statistics 27.0 (IBM Corp.) was
used for all statistical analyses, and the level of statistical signifi-
cance was set at 0.05.

RESULTS

Among the 12 patients enrolled in the study, two dropped out,
and 10 completed the assessments and rehabilitation training.
The baseline demographics of the patients are presented in
Table 1. Of the 10 patients, 7 were males and 9 had ischemic

No. Sex /(\ygrf)! Stroke type Stro(léil;;l set Lseis(;(én Lesion area MMSE-K (upple::?;[lﬁwer) MBI
1 F 55 Ischemic 16 Rt.  Lateral medullary 27 59/23 45
2 M 68 Ischemic 29 Rt. BGandHT 25 2/18 55
3 F 53 Hemorrhage 7 Rt. BG 28 65/34 92
4 M 52 Ischemic 20 Rt.  Multiple cerebral infarction 27 64/34 88
5 M 79 Ischemic 12 Rt.  Pons 21 50/24 24
6 F 79 Ischemic 19 Rt.  Midbrain, thalamus, cerebellum, and occipital lobe 26 65/33 80
7 M 74  Ischemic 23 Rt.  Multiple cerebral infarction 27 66/30 87
8 M 69 Ischemic 21 Lt. PVandBG 28 6/4 31
9 M 61 Ischemic 12 Lt.  Paramedian pontine 27 66/15 74
10 M 59 Ischemic 12 Lt BG 25 14/27 45

MMSE-K, Korean version of Mini-Mental State Examination; FMA, Fugl-Meyer assessment; MBI, modified Barthel Index; E female; M, male; Rt., right; Lt.,

left; BG, basal ganglia; HT, hypothalamus; PV, periventricular.
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stroke. The meantstandard deviation age was 64.9+10.3 years.

The CoTras Vision exhibited good agreement with the pa-
per-and-pencil test. The Bland-Altman plot revealed a mean
difference of -0.3+4.5, and the results of all patients except one
fell within the 95% confidence interval in Albert’s test. The Star
cancellation test also exhibited good agreement, with a mean
difference of 0.3+0.7, and the results of all 10 patients fell within
the confidence interval (Fig. 3, Supplementary Table S2).

The mean mIMI score was 84.7+30.6. The item with the high-
est score was item 1: “I enjoyed doing this training very much?”
The item with the lowest score was item 19: “I did not put much
energy into this” (Supplementary Table S3). The mean score for

CoTras Vision - Albert's test
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the Patient Satisfaction Questionnaire was 40.5£7.9 points. The
item with the highest mean score (4.2 points) was item 3: “Un-
derstanding of the description displayed at the beginning of the
module” The size of the monitor, distance between the equip-
ment and the patient, and convenience of use without any phys-
ical side effects (items 1, 2, and 11) exhibited the lowest mean
score of 3.4 (Supplementary Table S4). The mean SSQ score was
34.0+34.5. In terms of the total score, the extent of cybersick-
ness was substantial in four patients (patient 1, 78.54; patient 2,
44.88; patient 4, 108.46; patient 9, 48.62; Fig. 4, Supplementary
Table S5).

CoTras Vision - Star cancellation test
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Fig. 3. Bland-Altman plots of comparison between the CoTras Vision (COTRAS) and paper-and-pencil test. (A) Albert’s test. (B) Star

cancellation test.
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DISCUSSION

In this study, we developed CoTras Vision, a computer-based
visuomotor integration system for patients with poststroke
VEDs and spatial neglect. The overall validity, side effects, pa-
tient satisfaction, and usability of this system were assessed in
the entire cohort of poststroke patients. Two functional assess-
ments, Albert’s test and Star cancellation test, exhibited a high
level of agreement with the CoTras Vision. The questionnaires
for internal motivation and satisfaction revealed results that
were above moderately positive. Although no serious side ef-
fects were observed, some patients complained of dizziness.

Existing functional assessments for spatial neglect using pa-
per-and-pencil tests have necessitated usage of the same size
of test paper to be placed on the desk and to be completed us-
ing a pen or pencil. Regarding the CoTras Vision system, the
components of the original tests were faithfully reproduced,
albeit on a larger screen size, and patients could use the touch
function rather than a pen or pencil. The test needed to be
completed on a screen at eye level rather than on a desk, which
might have restricted its use by patients with weak upper limb
strength. Despite these differences, the CoTras Vision system
had high agreement with the original tests. The CoTras Vision
system had several strengths. The assessment was conducted
on a high-resolution display; therefore, the patient could have
focused better during the test. The modules were designed for a
computer and the same items could be implemented in alterna-
tive ways on the screen. This could potentially reduce the learn-
ing effect that may have occurred when the same test was taken
by the same patient. Thus, if the reliability of the alternative test
could be maintained, functional improvement in patients could
be evaluated with higher precision. Furthermore, the size of the
screen could be reduced by adjusting the resolution, and the
height could be adjusted vertically. Therefore, this system has
flexibility for use by children. Moreover, since it can be imple-
mented on a web-based platform, the tests can be conducted re-
motely; we expect eventual widespread adoption of this system
for tele-rehabilitation.

The mean mIMI score of 84.7+30.6 out of 133, which was
markedly higher than the median value of 66.5, indicated that
patients were sufficiently motivated to use the CoTras Vision
system. Specifically, the high score for the item “I enjoyed doing
this training very much” confirmed that patients were satisfied
to perform the test and training even when they were not famil-
iar with the equipment.

Ann Rehabil Med 2024;48(2):146-154

The mean satisfaction score was 40.5+7.9 out of 55, which
was mostly positive. However, in line with previous studies
about computer-based rehabilitation treatments, dissatisfaction
with the size of the monitor, the distance from the monitor, and
visual fatigue due to the brightness of the screen were also iden-
tified in this study [23].

Finally, the mean SSQ score was 34.0+34.5 out of 235.6. SSQ
was originally proposed by Kennedy et al. [21] in 1993, and it
has been widely used to assess sickness symptoms associated
with medical devices. A total score of SSQ exceeding 20 is gen-
erally considered to be categorized as a “bad” simulator [24].
However, this severity classification has been criticized for
being a potential overestimation, because the majority of the
dataset of SSQ is derived from a military population [25]. All
but one patient scored below 80, a relative low score compared
to the total score of 235.6, which was not associated with severe
cyber sickness. We conducted a detailed evaluation of scores
for each question and analyzed the subjective responses in four
patients with relatively high scores. This analysis revealed a
tendency to complain of difficulties in visually focusing on the
screen, which corresponded with responses to the satisfaction
questionnaire.

The rehabilitation training modules of the CoTras Vision
system were developed based on rehabilitative devices and soft-
ware that yielded positive clinical outcomes in previous studies
[11,26-28]. A representative rehabilitation training device is
the Dynavision system [11,15]. The Dynavision system has 64
flashing physical buttons arranged radially on a 165x120 cm
panel and is used by pressing buttons randomly or in a specific
sequence within a given time limit. It is widely used to improve
visual perception function and reaction rates in athletes, and
its efficacy has been demonstrated in the treatment of visual
perception disorders in patients who have had a stroke [2,11,29].
The rehabilitation training of the CoTras Vision system was
similar to that of the Dynavision system, but a wider variety
of training modules can and have been developed and im-
plemented with the latter, and usage of a touch screen allows
patient-customized treatment with higher levels of motivation.
Another advantage is that the real-time feedback provided
during training may increase the focus and invoke a sense of
achievement in the patient.

Various therapeutic strategies have been considered for treat-
ing VFDs, including optical substitution, visual search or explo-
ration training, restorative training, and blind spot stimulation

[30]. Mueller et al. [31] reported significant improvements in
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the detection of super-threshold stimuli in patients with VFDs
caused by various central nervous system disorders following
vision restoration therapy (NovaVision AG). This therapy in-
volves patients focusing on a point in the center of the screen
and responding every time they see light stimuli that appear
elsewhere on the screen. The “visual perception training” and
“central peripheral integration training” approaches in our
study aligned with these approaches. Aimola et al. [32] demon-
strated objective benefits in patients with homonymous VFD
using unsupervised compensatory computer-based training.
This intervention consists of a visual exploration task, in which
patients try to find specific feature among the distractors, and
a reading task, during which patients define a nonword target
among the words. These training routines share similar treat-
ment mechanisms with the “visual tracking” and “digit selec-
tion” approaches used in our study. Another study used a desk-
top computer and projector to show positive effects in patients
experiencing poststroke neglect [33].

This study had some limitations. First, the patient population
recruited may not have been representative of the target pa-
tient population for this system. CoTras Vision was specifically
developed for evaluation and treatment of VFDs and hemine-
glect symptoms in poststroke patients. Nevertheless, our study
included all stroke patients, irrespective of these symptoms, to
assess its broader applicability. To use CoTras Vision in clinical
practice, future studies are necessary to validate the effective-
ness of its evaluation and treatment in poststroke patients who
do have symptoms of VFDs and hemineglect. Second, the
small sample size might not have been sufficient to compare its
validity to that of the original tests. The CoTras Vision system
was a computer-based assessment tool that had advantages in
terms of patient data management and could provide reliable
measurements in repeated tests. However, much larger sample
sizes are required to prove its reliability. Third, the effect of re-
habilitation training using the CoTras Vision system needs to
be verified in patients with stroke. Our results indicated that
patients demonstrate substantial motivation and minimal re-
sistance when using the CoTras Vision system. Nevertheless, to
corroborate its efficacy in the clinical setting, additional clinical
trials are imperative.

In this study, we verified that the CoTras Vision system was
feasible and safe in patients with stroke. Positive results in terms
of motivation and satisfaction with the CoTras Vision system
were confirmed by most of the patients. Further investigation
is necessary in patients with specific symptoms of VFDs and
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hemineglect. Furthermore, additional randomized clinical trial
is required to determine the clinical effects of rehabilitation
training using the CoTras Vision system.
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