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Abstract: Objective: The purpose of the study was to investigate the effects of an eye-tracking linkage
attention training system on cognitive function compared to a conventional computerized cognitive
training system in stroke patients with cognitive impairment. Methods: This retrospective study
was enrolled 40 stroke patients who received cognitive rehabilitation. The intervention consisted of
30 sessions and 30 min per session. Before and after the intervention, we assessed cognitive functions
by Mini-Mental State Examination (MMSE-K) and activities of daily living by Modified Barthel Index
(K-MBI) and administered a computerized neuropsychological test (CNT). Results: In both groups,
there were significant improvements in MMSE-K and K-MBI (p < 0.05). In the visual and auditory
attention test of the CNT, the eye-tracking linkage attention training group was significantly improved
after intervention (p < 0.05). However, there were no significant differences in the conventional
computerized cognitive training group. In addition, there were significant improvements in all
memory tests of the CNT in the eye-tracking linkage attention training group. However, in the
conventional computerized cognitive training group, there were significant improvements in some
memory tests of the CNT. Conclusions: The training of poststroke cognitive impairment patients
using an eye-tracking linkage attention training system may improve visuospatial attention and
may be helpful for the improvement of short-term memory and independent performances in daily
life activities.

Keywords: stroke; attention; eye-tracking technology; cognition

1. Introduction

Stroke is the outcome of interrupted blood supply to the brain. Cognitive impairment
has been observed in approximately 66% of patients with stroke within 6 months following
the stroke [1]. Patients with stroke usually suffer from cognitive impairments related to
attention, memory, and executive functions. These impairments have negative influences
on the quality of occupational performance and activities in daily living (ADLs) [2,3].
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Thus, cognitive interventions to improve cognitive function are important components of
poststroke rehabilitation.

The various types of cognitive interventions using computerized systems to improve
cognitive function have been recently focused on. One type of cognitive rehabilitation is
virtual reality. Virtual-reality-based cognitive training systems could provide the oppor-
tunity for experimental learning in virtual situations [4,5]. However, it could be difficult
for patients to use a hardware system. To control input devices of virtual reality systems,
patients should be able to maintain a sitting position and move their upper extremities.
Furthermore, eye movement training has been used as a cognitive intervention. An eye-
tracking linkage attention training system can track the movement of the eyeball and react
with the eye movements. Nelles et al. [6] demonstrated that eye movement training im-
proved visuoperceptive impairments and altered brain activations in the subcortical areas
in patients with ischemic stroke. Kapoula et al. [7] reported that increasing eye-tracking im-
proves visual concentration. Kim et al. [8] reported that the eye-tracking linkage attention
training system enhanced cognitive functional capabilities pertaining to selective attention,
short-term memory, working memory, and information processing speed. Caldani et al. [9]
and Kang et al. [10] proved that the cortical mechanism responsible for concentration and
reading ability can be improved based on visual attention training. Previous pilot studies
have concentrated on these cognitive programs in conjunction with the use of eye-tracking
and how they may improve cognitive functions, such as attention and memory.

In addition, most commonly used computerized cognitive rehabilitations have em-
ployed structured and standardized tasks. The cognitive rehabilitation scenarios often
assume a role that is not truly cognitive retraining but merely task-oriented [11]. Conven-
tional computerized cognitive training is limited in that patients are only able to improve
their skills pertaining to the specific cognitive task they have been trained on, but no
other improvement has been documented in other cognitive functions related to their daily
activities [12]. However, there has been little research of the comparison of the effect of
improving cognitive function between an eye-tracking linkage attention training system
and a conventional computerized cognitive training system.

The purpose of this study was to compare the effects of cognitive rehabilitation using
the eye-tracking linkage attention training system to those of the conventional computerized
cognitive training system in stroke patients.

We postulated two hypotheses. First, patients who trained using an eye-tracking
linkage attention training system will exhibit an equivalent effect on the improvement of
cognitive functions compared with that of patients who trained based on a conventional
computerized cognitive training system. Second, a new interface, the eye-tracking linkage
attention training system, will have a positive impact on their capacity to perform ADLs.

2. Materials and Methods
2.1. Participants

Our study was a retrospective study based on existing medical records from January
2017 to February 2021. First, we estimated effect size and sample size using previous
pilot study data (Section 2.4, Statistical Analysis). Second, we performed retrospective
convenience sampling which is the most common method and suitable for cases selected
over a specific time frame. We reviewed medical records of patients who received cognitive
rehabilitation using a conventional computerized cognitive training system from January
2017 to August 2018 and an eye-tracking linkage attention training system from September
2018 to February 2021 in the Department of Rehabilitation Medicine at Kyungpook National
University Chilgok Hospital. The inclusion criteria were as follows: (a) aged 20–70, (b) diag-
nosis of ischemic or hemorrhagic stroke by brain magnetic resonance imaging or computed
tomography, (c) scores of 10–28 points in the Korean version of the Mini-Mental State
Examination (MMSE-K) on transferring to the Department of Rehabilitation Medicine, and
(d) receiving inpatient cognitive rehabilitation. Exclusion criteria included a history of neu-
rodegenerative disorders (e.g., dementia, Parkinson’s disease), mild cognitive impairments,
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neuropsychiatric disorders, or neglect/severe visual impairments after stroke. We also
excluded patients who did not receive all 30 sessions of inpatient cognitive rehabilitation
due to aggravation of medical conditions or unexpected discharges.

Ethical approval was provided by the institutional review board of the Kyungpook
National University Chilgok Hospital (No. 2021-04-003).

2.2. Intervention

The patients were divided into two groups according to the type of intervention: an
eye-tracking linkage attention training group which was trained using the eye-tracking
linkage attention training system (EYAS, Inthetech, South Korea) and a conventional com-
puterized cognitive training group which was trained using the conventional computerized
cognitive training system (ComCog, Maxmedica, South Korea). Participants in the two
groups were matched in terms of sex, age, year of education, stroke type, affected side,
MMSE-K, the Korean version of the Modified Barthel Index (K-MBI), and computerized
neuropsychological test (CNT) at baseline (Table 1). All patients received cognitive rehabili-
tation, using either EYAS or ComCog, for 30 minutes per session, 5 sessions per week, for
6 weeks.

Table 1. Information on the training cognitive domain and specific contents of cognitive rehabilitation
equipment.

Training Cognitive Domain Specific Contents Levels

Eye-Tracking Linkage
Attention Training System

(EYAS)

Visual attention

Read a sentence Fishing

Stage 1 to 5

Burst Take pictures
Shooting What?
Butterfly Smile
Watch up

Auditory attention
Focus attention Target recognition
Selective attention Divided attention
Shift attention

Information processing
training

Read processing Find the same sound
Timing Find sound
Each other Remember face
Blossom

Conventional Computerized
Cognitive Training System

(ComCog)

Attentiveness

Star in the basket The ugly duckling
Elementary

Intermediate

Advanced

Keep the balloon Find the face
Put sound in sound box Hold the clock hands
Find sound Match card
Yo-yo game Dart game

Memory

Put things in the basket Remember the sound
Paste a picture Find pictures by name
Choose a tile Mating
Memorizing numbers Create a group
Playing the keyboard Remember the story

EYAS Premium is an “eye–ear attention system” and includes an eye-tracking system.
It constitutes the first technology used to link the patient’s visual and auditory senses
and the positioning system, which takes into account the patient’s positions. Additionally,
EYAS contains 83 different cognitive rehabilitation contents, ranging from concentration
and memory enhancement to execution of ability contents. The hardware consisted of
an I-Chair, a workstation (HP Z2 Tower G4), and a Dell monitor (P2418HT). The I-Chair
was an electric supply device, with dimensions of 1030 mm (width), 1600 mm (height),
and 1400 mm (length) (minimum 1400 mm to maximum 1750 mm), requiring minimum
spatial dimensions of 2000 × 1800 × 1600 mm. The eye tracker was 20 cm wide, 15 cm
high, and 230 mm long; the head box was 40 × 30 cm long, and the range of use was from
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45 to 100 cm. It had been systemized to allow training through gaze tracking beyond the
limits of existing cognitive programs using the touchscreen and joystick. The I-Chair and
360◦ monitor could be adjusted for each patient to maximize cognitive rehabilitative effects
(Figure 1).
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Figure 1. Eye-tracking linkage attention training system: (a) Eye tracker is attached under the monitor.
(b) If the patient focuses on the target presented on the screen, the eye tracker recognizes the eye
movement and solves the problem.

The EYAS software was divided into three categories: visual attention, auditory at-
tention, and information processing training (Table 1). First, the goal of visual attention
was to increase (a) attention to the visual senses and (b) the ability to follow instructions
and selectively pay attention to what was needed. Visual attention was trained with the
eye-tracking system in conjunction with screen touch options, based on training dedicated
to enhancing visual signal detection, vigilance, visual scanning, selective attention, divided
attention, and other capabilities. Second, auditory attention is the ability to focus on sound
and follow instructions with the goal of increasing the ability to detect auditory signals. It
includes memory and execution of functional training through enhancements, such as audi-
tory signal detection, signal detection, vigilance, and selective attention. Third, information
processing capability refers to the improvement of the ability to read, extract information
from memory, reason by falsifying stored information, and create new information.

A patient’s attention was evaluated using visual and auditory senses in the initial
session. After evaluation, the training difficulty was determined by the results. Customized
cognitive training programs were implemented. If a patient provided a wrong answer
during the training, the patient received feedback immediately along with the relevant
error sound; the results, such as completion time, response time, and accuracy, could be
checked immediately after each training session.

Additionally, data outcomes were recorded to confirm changes before and after treat-
ment of the patients, and improvement effects were confirmed on daily and monthly bases.
The expected time and explanation of the training, optional training appointments, and
automatic training were also provided.

A conventional computerized cognitive training system was conducted using ComCog,
which is a computer-assisted cognitive training system that has been used for years in
Asia [13]. The system provides 10 attention training activities and 10 memory training
activities: 3 auditory processing tasks that assess the response times during auditory
stimulations; 3 visual processing tasks that assess response times during visual stimulations;
4 selective attention tasks that track attention in distraction; and 10 working memory
tasks that assess recognition and recall memory using visual, auditory, and multisensory
stimulation [13] (Table 1).

2.3. Assessments

We assessed all of the participants for cognitive function and independence in ADLs
both before the intervention (baseline) and immediately after the intervention (postinter-
vention) based on the MMSE-K, K-MBI, and CNT. These assessments were conducted by
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an occupational therapist (H.N.L.) who had completed the required cognitive certification
program and was blinded to the intervention.

The MMSE-K is a commonly used standardized cognitive screening measure designed
to determine cognitive impairment in Korea [14]. It consists of 12 questions, including
orientation, memory, memory recall, calculation and attention, language skills, comprehen-
sion, and judgment, with a total score of 30. The inter-rater reliability was 0.96, and the
test–retest reliability was 0.86 [15].

The K-MBI is one of the ADL outcome measures and consists of 10 items: personal
hygiene (grooming), feeding, bathing, dressing, stair climbing, toilet transfer, bladder
control, bowel control, chair/bed transfers, and ambulation [16,17]. In Korea, the contents of
the test items (eating and grooming) were revised to reflect Korean culture and lifestyle [16].
The score ranged from 0 to 100. A high score indicated high ADL ability [18]. The intertester
and intratester reliabilities of this index were in the ranges of 0.93–0.98 and 0.87–1.00,
respectively [18].

The CNT comprised four subset tests, namely attention, memory, sensory and motor
coordination, and problem-solving capabilities [19,20]. We assessed attention and memory
in the CNT.

First, the attention test consisted of an auditory and visual continuous performance
test (CPT). In the auditory CPT, numbers from 0 to 9 were announced one by one through a
computer speaker, and each stimulus was presented as a single digit; the presentation time
was 1 s. Additionally, in visual CPT, numbers from 0 to 9 were displayed one by one on a
computer monitor; each stimulus was presented as a single digit, and the presentation time
was 1 s. In both CPTs, the button was pressed as quickly as possible only when the number
“3” was observed among the other presented numbers. The test was conducted for a total
of 9 min, and the number of forward reactions and reaction time were evaluated.

Second, the memory test consisted of digit span forward/backward, verbal learning,
visual span forward/backward, and visual learning tests. In digit span forward/backward
tests, patients listened to numbers 0–9 through computer speakers and heard a beep sound
followed by the number, and the inspector recorded responses. Each evaluated digit
ranged from 3 to 9 and 2 to 7 points in the forward and reverse directions, respectively.
Furthermore, in the verbal learning test, after 15 words were heard through a computer
speaker, the subjects were asked to recite what they remembered in any order to evaluate
the working memory of the subject. After 20 min, 50 words were displayed on the monitor,
and long-term memory was evaluated based on a recognition test in which 15 words were
found. Additionally, the visual span forward/backward test involved memorizing the
position and sequence when nine circles blinked on the computer monitor, followed by the
pressing of the monitor with the subject’s hand. Furthermore, the verbal learning test (after
the display of 15 shapes on a computer monitor) evaluated the subject’s working memory
based on the identification of 15 shapes previously seen among the 30 shapes displayed
on the computer monitor. After 20 min, 30 figures were displayed on the monitor, and
long-term memory was evaluated based on a recognition test in which 15 figures were
found. The score was calculated by the number of correct answers for each item.

2.4. Statistical Analysis

We estimated effect size and sample size using the G*Power program (G*Power 3.1.9.7
version, Germany) [21]. Using previous pilot study data [8], we calculated that the effect
size (d) was 0.92 when a power (1-β) was 0.8 and significant level (α) was 0.05 using T-test
in mean difference between two groups. As result, the total sample size in this study was
40, divided into 20 in each group.

All statistical analyses were performed using SPSS software, version 23.0 (IBM, NY,
USA). The score distributions from all functional assessments were first analyzed for
normality using the Shapiro–Wilk test. The differences of each assessment at baseline
between eye-tracking linkage attention training and conventional computerized cognitive
training groups were quantified using the independent t-test in MMSE-K and K-MBI



Healthcare 2022, 10, 456 6 of 10

and using the Mann–Whitney test in CNT (p < 0.05). The paired t-test was conducted to
analyze the effects of the baseline and postintervention in each group (p < 0.05). After the
intervention, the improvement of cognitive function between two groups was analyzed by
the Mann–Whitney test, and the Wilcoxon signed-rank test was performed to analyze the
effect of baseline and postintervention in each group (p < 0.05).

3. Results

We reviewed the medical records of 181 patients who received inpatient cognitive
rehabilitation from January 2017 to February 2021. We excluded 141 patients according to
inclusion and exclusion criteria in this study. Finally, we included 40 patients, who were
divided into 20 in each group. As shown in Table 2, there were no significant differences
for all assessments at baseline between the two groups.

Table 2. Demographic and clinical characteristics of participants with stroke in an eye-tracking
linkage attention training group and a conventional computerized cognitive training group.

Group

pEye-Tracking Linkage
Attention Training Group

(N = 20)

Conventional Computerized
Cognitive Training Group

(N = 20)

Demographic Data

Sex (Female: Male, N) 10:10 11:9 0.759

Age, Mean ± SD (years) 54.00 ± 14.63 56.95 ± 12.86 0.502

Years of Education 12.74 ± 4.56 10.45 ± 4.10 0.107

Stroke Type (Hemorrhage/Infarction) 11/9 9/11 0.539

Affected Hemisphere 12/8 10/10 0.537

Assessments at Baseline

MMSE-K 21.55 ± 5.68 21.50 ± 4.13 0.975

Modified Barthel Index 46.25 ± 17.80 59.00 ± 23.86 0.063

Computerized Neuropsychological Test

Digit Span Test 32.55 ± 5.06 32.40 ± 5.99 0.841

Digit Span Test—Reverse 31.80 ± 5.96 32.55 ± 7.65 0.989

Verbal Learning Test 28.35 ± 3.45 28.25 ± 8.71 0.947

Verbal Learning Test—Delayed 28.60 ± 4.96 31.05 ± 13.05 0.429

Auditory CPT 30.45 ± 6.97 31.40 ± 10.57 0.989

Visual Span Test 33.00 ± 10.43 33.00 ± 8.18 0.314

Visual Span Test—Reverse 31.60 ± 9.58 33.35 ± 11.17 0.698

Visual Learning Test 41.55 ± 11.28 39.45 ± 12.62 0.640

Visual Learning Test—Delayed 47.80 ± 12.45 43.75 ± 15.22 0.445

Visual CPT 45.30 ± 20.16 39.85 ± 15.57 0.602

CPT, continuous performance test; MMSE-K, Korean version of the Mini-Mental State Examination.

There was a significant postintervention improvement in both eye-tracking linkage
attention training (MMSE-K, p = 0.000; K-MBI, p = 0.000) and conventional computerized
cognitive training groups (MMSE-K, p = 0.000; K-MBI, p = 0.000) compared with the
baseline, as shown in Table 3. According to the independent t-test conducted to assess
if there was any difference between the two groups after the intervention, there were no
significant differences between the groups (MMSE-K, p = 0.738; MBI, p = 0.678).
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Table 3. The neurophysiological performance between before (baseline) and immediately after
intervention (postintervention) in an eye-tracking linkage attention training group and a conventional
computerized cognitive training group.

Eye-Tracking Linkage Attention
Training Group (N = 20) p

Conventional Computerized
Cognitive Training Group (N = 20) p

Baseline Postintervention Baseline Postintervention

MMSE-K 21.55 ± 5.68 25.70 ± 3.37 0.000 * 21.50 ± 4.13 25.10 ± 3.59 0.000 *

Modified Barthel Index 46.25 ± 17.80 62.75 ± 18.33 0.000 * 59.00 ± 23.86 76.05 ± 20.12 0.000 *

Computerized Neuropsychological Test

Digit Span Test F 32.55 ± 5.06 36.90 ± 11.40 0.005 * 32.40 ± 5.99 38.65 ± 12.06 0.002 *

Digit Span Test B 31.80 ± 5.96 36.60 ± 9.24 0.023 * 32.55 ± 7.65 36.55 ± 8.73 0.017 *

Verbal Learning Test 28.35 ± 3.45 32.35 ± 9.76 0.016 * 28.25 ± 8.71 33.25 ± 10.96 0.028 *

Verbal Learning Test D 28.60 ± 4.96 33.00 ± 11.68 0.042 * 31.05 ± 13.05 37.30 ± 16.43 0.030 *

Auditory CPT 30.45 ± 6.97 37.55 ± 13.50 0.011 * 31.40 ± 10.57 33.25 ± 8.23 0.283

Visual Span Test F 33.00 ± 10.43 40.25 ± 9.70 0.001 * 33.00 ± 8.18 37.10 ± 10.46 0.080

Visual Span Test B 31.60 ± 9.58 32.40 ± 5.97 0.000 * 33.35 ± 11.17 35.10 ± 5.80 0.090

Visual Learning Test 41.55 ± 11.28 48.15 ± 11.37 0.001 * 39.45 ± 12.62 43.60 ± 13.37 0.198

Visual Learning Test D 47.80 ± 12.45 52.30 ± 11.52 0.001 * 43.75 ± 15.22 45.05 ± 17.26 0.856

Visual CPT 45.30 ± 20.16 53.00 ± 21.94 0.023 * 39.85 ± 15.57 42.90 ± 15.35 0.346

B, backward; CPT, continuous performance test; F, forward; D, delayed; MMSE-K, Korean version of the Mini-
Mental State Examination; * p < 0.05.

The CNT evaluation was performed to determine the effects of the overall cognitive
ability improvement, and the results are summarized in Table 3. In attention tests, the eye-
tracking linkage attention training group (visual CPT, p = 0.023; auditory CPT, p = 0.011) was
significantly improved after intervention. However, there were no significant differences in
the conventional computerized cognitive training group (visual CPT, p = 0.283; auditory
CPT, p = 0.346). In memory tests, there were significant improvements in the eye-tracking
linkage attention training group (digit span test—forward, p = 0.005; digit span test—
backward, p = 0.023; verbal learning test, p = 0.016; verbal learning test—delayed, p = 0.042;
visual span test, p = 0.001; visual learning test, p = 0.001; visual learning test—delayed,
p = 0.001) and in some subtests in the conventional computerized cognitive training group
(digit span test—forward, p = 0.002; digit span test—backward, p = 0.017; verbal learning
test, p = 0.028; verbal learning test—delayed, p = 0.030).

4. Discussion

This study investigated the effects of an eye-tracking linkage attention training system
on improving cognitive functions, especially attention. Improvements in attention had a
positive effect on cognitive ability and independent performance in ADLs. Patients with
stroke who were trained using an eye-tracking linkage attention training system exhibited
improvements in visuospatial attention, working memory, and short-term memory. Patients
with stroke who were trained using conventional computerized cognitive training systems
exhibited improvements in simple sensory processing and working memory.

Previous studies related to eye movement had focused on the effects of human visual
attention on cognitive processing. One general conclusion is that eye movements can
effectively influence cognitive activities [22]. Through improved visual attention, stroke and
TBI patients with cognitive disabilities strengthened their cognitive function for processing
short-term memory and working memory information [23], which proved to be helpful
for patients with stroke who had difficulties in learning skills and ADLs and were unable
to return to work [23]. We investigated the effect of the eye-tracking linkage attention
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training system based on CNT evaluation. There was a significant improvement in selective
attention along with eye movement. In addition, previous studies have shown that eye
movement has a strong influence on time and spatiotemporal attention [24]. Our result
is consistent with the results of a study showing that interventions accompanied by eye
movement had a positive effect on improving spatial attention [25].

Improvement of attention during training of eye-tracking may also affect short-term
memory. Attention is an important process that is a basis of cognitive functions [26].
Among the various information processed through our senses, memory, and other cognitive
processes, attention is required to process information relevant to ongoing tasks [27]. In
the eye-tracking linkage attention training group, the digit span test and visual span test
results after the intervention were significantly higher than those before the intervention.
However, there was a significant difference in the conventional computerized cognitive
training group only in the digit span test. The results of the study support the results of
previous studies showing that eye movement can be used to improve attention, helping
memory processing [28]. Jeter et al. [29] also used eye movements to measure spatial
working memory. To quantify spatial working memory, the effects of the saccadic eye
movement were verified, and it was found that eye movement and working memory
interacted with each other. The advantages found in their study were verified by the visual
span test results generated in this study.

Cederfeldt et al. [30] explored the effects of cognitive functions on the restoration of
ADLs 12 months after the discharge of patients with stroke. The patients with cognitive
dysfunction showed a difference in the rate of recovery of ADLs compared with the pa-
tients with normal cognitive function. Additionally, it was reported that it is necessary to
understand the relationship between cognitive damage and limited activity performance
because it is very important to identify and correct cognitive problems that affect ADL
recovery. This suggests that the improvement of cognitive function is related to the ADL
performance in patients with stroke. For the implementation of the functional training ap-
proach for independent ADL performance and rehabilitation, cognitive function training in
a specific area suitable for the patient’s condition is required [31]. In this study, both groups
exhibited significant improvements in the K-MBI before and after training. These results
showed that the improvement of cognitive function by the eye-tracking linkage attention
and conventional computerized cognitive training systems affected the performance of
ADL and physical function training. It is our belief that the eye-tracking linkage attention
training system could be used to increase the efficiency of cognitive training and enhance
the effectiveness of ADL and physical function training based on cognitive skills learned in
clinical settings.

The present study has several limitations. First, this study is not a randomized
controlled study and has a small sample size. Additionally, we did not follow up with the
participants to see whether they were able to transfer what they had learned to the real
world. Future research should include larger sample sizes and a longer follow-up period to
fully evaluate the clinical effectiveness of an eye-tracking linkage attention training system
on patients with stroke. Second, the efficacy of our eye-tracking linkage attention training
system was evaluated as a tool for the improvement of cognitive function in individuals
who only suffered stroke, i.e., not in individuals with other neurological conditions, such
as dementia, mild cognitive impairment, or traumatic brain injury. We propose that future
studies should apply an eye-tracking linkage attention training system to individuals with
other neurological conditions to broaden the clinical applicability of the technology. Last,
spontaneous recovery of cognitive function following stroke could not be ruled out, and
recoveries due to other treatment methods were not controlled.

5. Conclusions

In conclusion, the eye-tracking linkage attention training system could be as effective
as a conventional computerized cognitive training system. It could be used to improve
visuospatial attention, working memory, and short-term memory functions following
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stroke. Furthermore, it may be helpful for the improvement of independent performances
in ADLs.

Author Contributions: Conceptualization, S.-J.M. and T.-D.J.; methodology, S.-J.M. and C.-H.P.;
project administration, S.-J.M. and C.-H.P.; formal analysis, S.-J.M. and C.-H.P.; investigation, S.I.J.
and J.-W.Y. and H.N.L.; data curation, E.-C.S., H.J. and S.J.; writing—original draft preparation, S.-J.M.
and C.-H.P.; writing—review and editing, E.P. and T.-D.J.; supervision, E.P. and T.-D.J. All authors
have read and agreed to the published version of the manuscript.

Funding: This research did not receive external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Kyungpook National
University Chilgok Hospital (No. 2021-04-003).

Informed Consent Statement: Patient consent was waived because data were initially collected for
quality improvement purposes.

Data Availability Statement: Available upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Liao, X.-L.; Zuo, L.-J.; Zhang, N.; Yang, Y.; Pan, Y.-S.; Xiang, X.-L.; Chen, L.-Y.; Meng, X.; Li, H.; Zhao, X.-Q. The occurrence and

longitudinal changes of cognitive impairment after acute ischemic stroke. Neuropsychiatr. Dis. Treat. 2020, 16, 807. [CrossRef]
[PubMed]

2. Levine, D.A.; Galecki, A.T.; Langa, K.M.; Unverzagt, F.W.; Kabeto, M.U.; Giordani, B.; Wadley, V.G. Trajectory of cognitive decline
after incident stroke. JAMA 2015, 314, 41–51. [CrossRef]

3. Coco, D.L.; Lopez, G.; Corrao, S. Cognitive impairment and stroke in elderly patients. Vasc. Health Risk Manag. 2016, 12, 105.
4. Kang, Y.J.; Ku, J.; Han, K.; Kim, S.I.; Yu, T.W.; Lee, J.H.; Park, C.I. Development and clinical trial of virtual reality-based cognitive

assessment in people with stroke: Preliminary study. CyberPsychol. Behav. 2008, 11, 329–339. [CrossRef] [PubMed]
5. Lange, B.; Koenig, S.; Chang, C.-Y.; McConnell, E.; Suma, E.; Bolas, M.; Rizzo, A. Designing informed game-based rehabilitation

tasks leveraging advances in virtual reality. Disabil. Rehabil. 2012, 34, 1863–1870. [CrossRef] [PubMed]
6. Nelles, G.; Pscherer, A.; de Greiff, A.; Forsting, M.; Gerhard, H.; Esser, J.; Diener, H.C. Eye-movement training-induced plasticity

in patients with post-stroke hemianopia. J. Neurol. 2009, 256, 726–733. [CrossRef]
7. Kapoula, Z.; Yang, Q.; Bonnet, A.; Bourtoire, P.; Sandretto, J. EMDR effects on pursuit eye movements. PLoS ONE 2010, 5, e10762.

[CrossRef]
8. Kim, Y.-G.; Kang, Y.-K. The Effects of Eye Tracking-linkaged Attention Training System for the Cognition in Brain Injury: Pilot

Study. J. Korean Soc. Occup. Ther. 2018, 26, 31–44. [CrossRef]
9. Caldani, S.; Gerard, C.-L.; Peyre, H.; Bucci, M.P. Visual attentional training improves reading capabilities in children with dyslexia:

An eye tracker study during a reading task. Brain Sci. 2020, 10, 558. [CrossRef]
10. Kang, S.-N.; Yim, D.; Kang, S.-N.; Yim, D. Reading comprehension and reading processing of school-aged children with specific

language impairment using eye tracker. Commun. Sci. Disord. 2018, 23, 914–928. [CrossRef]
11. Moggio, L.; de Sire, A.; Marotta, N.; Demeco, A.; Ammendolia, A. Exoskeleton versus end-effector robot-assisted therapy for

finger-hand motor recovery in stroke survivors: Systematic review and meta-analysis. Top. Stroke Rehabil. 2021, 1–12. [CrossRef]
[PubMed]

12. Jak, A.J. The impact of physical and mental activity on cognitive aging. Behav. Neurobiol. Aging 2011, 10, 273–291.
13. Kim, Y.H.; Ko, M.H.; Seo, J.H.; Park, S.H.; Kim, K.S.; Jang, E.H.; Park, S.W.; Park, J.H.; Cho, Y.J. Effect of computer-assisted

cognitive rehabilitation program for attention training in brain injury. J. Korean Acad. Rehabil. Med. 2003, 27, 830–839.
14. Park, J.H.; Kwon, Y.C. Modification of the mini-mental state examination for use in the elderly in a non-western society. Part 1.

Development of korean version of mini-mental state examination. Int. J. Geriatr. Psychiatry 1990, 5, 381–387. [CrossRef]
15. Shim, J.; Kang, S. Analyzing Factors Affecting Cognitive Function in the Elderly using Computerized Neurocognitive Tests. J.

Korean Acad. Community Health Nurs. 2017, 28, 107. [CrossRef]
16. Jung, H.Y.; Park, B.K.; Shin, H.S.; Kang, Y.K.; Pyun, S.B.; Paik, N.J.; Kim, S.H.; Kim, T.H.; Han, T.R. Development of the Korean

version of Modified Barthel Index (K-MBI): Multi-center study for subjects with stroke. J. Korean Acad. Rehabil. Med. 2007, 31,
283–297.

17. Shah, S.; Vanclay, F.; Cooper, B. Improving the sensitivity of the Barthel Index for stroke rehabilitation. J. Clin. Epidemiol. 1989, 42,
703–709. [CrossRef]

18. Jeon, M.-J.; Moon, J.-H.; Cho, H.-y. Effects of virtual reality combined with balance training on upper limb function, balance, and
activities of daily living in persons with acute stroke: A preliminary study. Phys. Ther. Rehabil. Sci. 2019, 8, 187–193. [CrossRef]

http://doi.org/10.2147/NDT.S234544
http://www.ncbi.nlm.nih.gov/pubmed/32273707
http://doi.org/10.1001/jama.2015.6968
http://doi.org/10.1089/cpb.2007.0116
http://www.ncbi.nlm.nih.gov/pubmed/18537503
http://doi.org/10.3109/09638288.2012.670029
http://www.ncbi.nlm.nih.gov/pubmed/22494437
http://doi.org/10.1007/s00415-009-5005-x
http://doi.org/10.1371/journal.pone.0010762
http://doi.org/10.14519/jksot.2018.26.1.03
http://doi.org/10.3390/brainsci10080558
http://doi.org/10.12963/csd.18551
http://doi.org/10.1080/10749357.2021.1967657
http://www.ncbi.nlm.nih.gov/pubmed/34420498
http://doi.org/10.1002/gps.930050606
http://doi.org/10.12799/jkachn.2017.28.2.107
http://doi.org/10.1016/0895-4356(89)90065-6
http://doi.org/10.14474/ptrs.2019.8.4.187


Healthcare 2022, 10, 456 10 of 10

19. Park, H.S.; Yang, N.Y.; Moon, J.H.; Yu, C.H.; Jeong, S.M. The Validity of Reliability of Computerized Comprehensive Neurocogni-
tive Function Test in the Elderly. J. Rehabil. Welf. Eng. Assist. Technol. 2017, 11, 339–348.

20. Moon, J.-H.; Yang, S.-B.; Jeon, M.-J. Association between the Computerized Neurocognitive Function Test, Computer Experience,
and Satisfaction in the Elderly. J. Korea Contents Assoc. 2019, 19, 452–459.

21. Faul, F.; Erdfelder, E.; Buchner, A.; Lang, A.-G. Statistical power analyses using G* Power 3.1: Tests for correlation and regression
analyses. Behav. Res. Methods 2009, 41, 1149–1160. [CrossRef] [PubMed]

22. Rayner, K. Eye movements in reading and information processing: 20 years of research. Psychol. Bull. 1998, 124, 372. [CrossRef]
[PubMed]

23. Bottcher, S.A. Cognitive retraining. A nursing approach to rehabilitation of the brain injured. Nurs. Clin. N. Am. 1989, 24, 193–208.
24. Moore, T.; Fallah, M. Control of eye movements and spatial attention. Proc. Natl. Acad. Sci. USA 2001, 98, 1273–1276. [CrossRef]
25. Seya, Y.; Mori, S. Spatial attention and reaction times during smooth pursuit eye movement. Atten. Percept. Psychophys. 2012, 74,

493–509. [CrossRef]
26. Hyndman, D.; Ashburn, A. People with stroke living in the community: Attention deficits, balance, ADL ability and falls. Disabil.

Rehabil. 2003, 25, 817–822. [CrossRef]
27. Duncan, J. An adaptive coding model of neural function in prefrontal cortex. Nat. Rev. Neurosci. 2001, 2, 820–829. [CrossRef]
28. Huestegge, L.; Koch, I. Eye movements as a gatekeeper for memorization: Evidence for the persistence of attentional sets in

visual memory search. Psychol. Res. 2012, 76, 270–279. [CrossRef]
29. Jeter, C.B.; Patel, S.S.; Sereno, A.B. Novel n-back spatial working memory task using eye movement response. Behav. Res. Methods

2011, 43, 879–887. [CrossRef]
30. Cederfeldt, M.; Gosman-Hedström, G.; Sävborg, M.; Tarkowski, E. Influence of cognition on personal activities of daily living

(P-ADL) in the acute phase: The Gothenburg Cognitive Stroke Study in Elderly. Arch. Gerontol. Geriatr. 2009, 49, 118–122.
[CrossRef]

31. Cho, H.-Y.; Kim, K.-T.; Jung, J.-H. Effects of neurofeedback and computer-assisted cognitive rehabilitation on relative brain wave
ratios and activities of daily living of stroke patients: A randomized control trial. J. Phys. Ther. Sci. 2016, 28, 2154–2158. [CrossRef]
[PubMed]

http://doi.org/10.3758/BRM.41.4.1149
http://www.ncbi.nlm.nih.gov/pubmed/19897823
http://doi.org/10.1037/0033-2909.124.3.372
http://www.ncbi.nlm.nih.gov/pubmed/9849112
http://doi.org/10.1073/pnas.98.3.1273
http://doi.org/10.3758/s13414-011-0247-y
http://doi.org/10.1080/0963828031000122221
http://doi.org/10.1038/35097575
http://doi.org/10.1007/s00426-011-0345-4
http://doi.org/10.3758/s13428-011-0093-9
http://doi.org/10.1016/j.archger.2008.05.009
http://doi.org/10.1589/jpts.28.2154
http://www.ncbi.nlm.nih.gov/pubmed/27512287

	Introduction 
	Materials and Methods 
	Participants 
	Intervention 
	Assessments 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

