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Introduction. A complex of computer neuropsychological programs was developed at 
KrasSMU, which in several pilot studies has shown effectiveness in cognitive training for 
patients with vascular cognitive impairments (VCI).

Objectives. The aim of the present study was to compare changes in cognitive status 
in those patients with post-stroke VCI who worked with neuropsychological computer 
programs, with those changes experienced by a group of similar patients who played 
entertaining computer games.

Methods. Patients in the early recovery period after a hemispheric stroke with VCI 
without dementia (N=26, age 40-67) were randomized into three groups. All patients 
underwent conventional treatment in a rehabilitation hospital. Patients in the interven-
tion group had ten daily 40-minute training sessions with neuropsychological computer 
programs. Participants in the active control group played entertaining computer games, 
and kept an identical regimen. Patients in the passive control group received only conven-
tional treatment. Cognitive, neurological, affective, and functional states were assessed 
before and after the training periods.

Results. Significant improvements were observed in the intervention group as 
compared to the passive control group on the Montreal Cognitive Assessment (MoCA, 
p=0.0004), the Clock Drawing Test (CDT, p=0.001), and the Frontal Assessment Battery 
(FAB, p=0.01). Differences between the groups of patients playing neuropsychological 
and entertaining games were statistically insignificant (Mann-Whitney U test, p>0.05), 
although in the intervention group there were improvements on every cognitive scale af-
ter the training period (Wilcoxon matched pairs test, p<0.05), while in the active control 
group, enhancements were evident only on some cognitive scales (p<0.05). No changes 
were observed in the passive control group.
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Conclusions. Neuropsychological computer programs enhance cognitive status in 
patients with post-stroke VCI. It is possible that entertaining computer games can also 
improve cognitive functions. In all groups, no changes of functional state were observed 
before and after the training period.

Keywords: Cognitive training, computer cognitive training, stroke, cognitive rehabili-
tation, neuropsychological computer programs, vascular cognitive impairments, post-
stroke cognitive impairments.

Introduction
Stroke is an important medical and social problem. Every year, approximately six 
million people suffer from stroke worldwide, of which 450,000 are located in Russia 
(Stakhovskaya, Klochikhina, Bogatyreva, & Kovalenko, 2013; Klochikhina & Sta-
khovskaya, 2014; Feigin, Lawes, Bennett, Barker-Collo, & Parag, 2009; Feigin et al., 
2014). According to different authors, cognitive dysfunction after stroke is observed 
in 20 to 90% of all cases (Gottesman & Hillis, 2010); Pendlebury & Rothwell, 2009). 
Over the last few years, more scientists have begun studying this problem, but in 
clinical practice, addressing post-stroke cognitive impairments has taken a back 
seat to dealing with motor dysfunctions (Lees, Fearon, Harrison, Broomfield, & 
Quinn, 2012). Cognitive impairments decrease success in rehabilitation outcomes 
and disease prognosis; they cause an inability to work and to take care of one’s self 
(Narasimhalu et al. 2011; Cumming, Brodtmann, Darby, & Bernhardt, 2014).

There are two common therapeutic methods in use: drug treatment and cogni-
tive rehabilitation. Recently, an increasingly promising evidence base for cognitive 
rehabilitation after acute brain injuries has emerged.

Cognitive rehabilitation is the best available form of treatment for people who 
exhibit neurocognitive impairment and functional limitations after a traumat-
ic brain injury or stroke. At present, cognitive rehabilitation is recommended as 
standard practice for left visual neglect, aphasia, and apraxia in patients after stroke 
(Cicerone et al., 2011). Also, Xu, Ren, Prakash, Vijayadas, & Kumar (2013) suggest 
that there is sufficient evidence to support the conclusion that cognitive therapies 
are effective treatments for attention-related and visual perceptual problems in 
post-stroke patients. There is little evidence to suggest that executive function in-
terventions have the potential to improve aspects of executive functioning in adults 
with stroke (Poulin, Korner-Bitensky, & Dawson, 2013). Evaluating the efficacy of 
different cognitive rehabilitation methods and approaches is very difficult due to 
differences in patients’ ages, brain injuries, and cognitive dysfunctions, as well as 
the difficulties of conducting randomized clinical trials in this field (Hénon et al., 
2001).

Computer cognitive training is one of the directions cognitive rehabilitation 
has taken. Computer technologies for cognitive training have been increasingly 
used in clinical and scientific practice since the 1980s. Since that time, computer 
programs have been created for the selective training of attention, memory, visual 
perception, planning, and problem-solving. Each of these programs contains tasks 
that concentrate on one cognitive domain. Nevertheless, the majority of tasks in-
evitably affects all spheres of mental activity simultaneously (Grigoreva, Kovyazina, 
& Thostov, 2012).
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One of the advantages of computer training programs is that they allow indi-
vidual patient rehabilitation at home, either independently or with caregiver assist-
ance. Secondly, there is the potential for continuous training in several cognitive 
domains, for automatic level control, and for scoring. When a patient is motivated 
by a game, he/she is more involved in the process, which ensures his/her compli-
ance with the rehabilitation program. It should be noted that these advantages are 
in addition to the lower cost of this approach.

Although the effectiveness of computer-based cognitive rehabilitation has still 
not been thoroughly studied, some brain game programs have shown effective-
ness, according to separate studies in different groups of healthy participants and 
patients (Sternberg et al., 2013; Hardy, Drescher, Sarkar, Kellett, & Scanlon, 2011; 
Finn & McDonald, 2011; Karen et al., 2013). Up until now, the generalization of 
these improvements from the games to activities of the patient’s daily life has not 
been proven (Van de Ven, Murre, Veltman, & Schmand, 2016; Zucchella, Capone 
et al, 2014).

The Department of Neurology and Medical Rehabilitation of the Krasnoyarsk 
State Medical University was the first to develop a Russian computer complex of 
neuropsychological programs for cognitive rehabilitation. This complex has prov-
en effective in the correction of post-stroke cognitive impairments in acute and 
early recovery periods in some previous studies (Prokopenko et al., 2013; Proko-
penko et al., 2012). The aim of the present study is to reveal the benefits of special 
computer-based cognitive rehabilitation. First, a neuropsychological assessment 
of the post-stroke patients in the intervention group and control groups before 
and after the rehabilitation course was conducted. Then, the results of cognitive 
training with the authors’ computer programs for post-stroke patients were com-
pared with the cognitive status in a similar group of patients who played entertain-
ing games, and in a control group, where participants received only conventional 
treatment.

Materials and Methods

Participants
This study was conducted in the Siberian Clinical Center of the Federal Medical and 
Biological Agency of Russia in Krasnoyarsk city. Twenty-five participants who re-
ceived conventional treatment in the Neurorehabilitation Center were randomized 
into three groups. The intervention group consisted of ten individuals (six males 
and four females) median age 59.5 [57; 60]. Patients in the intervention group were 
treated using the authors’ computer neuropsychological programs. Patients in the 
active control group played entertaining computer games (six participants: four 
males and two females, median age 58 [49; 61]). Nine individuals from the passive 
control group received physiotherapy only (eight males and one female, median 
age 62.55 [61; 65]). A simple randomization using simple random tables was per-
formed.

Patients aged 40–67, with vascular cognitive impairments without dementia 
in early recovery periods of ischemic hemispheric stroke (up to six months after 
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stroke), were included. According to ICD-10, their clinical diagnoses were coded 
I63.3, I63.4, and I63.5.

Exclusion criteria were: decompensation of somatic and neurologic diseases; 
epilepsy; severe cognitive dysfunction; severe and moderate aphasia; and severe 
decrease of vision or hearing.

Diagnostic methods
In the first days after admission, the patients were examined by a neurologist in 
order to provide a clinical diagnosis; by a physician in order to assess concomitant 
somatic pathology; and by a speech therapist in order to exclude moderate and 
severe aphasia. Clinical diagnosis of hemispheric stroke was confirmed using neu-
roimaging (computer-aided tomography or magnetic resonance imaging). Electro-
encephalography was provided to exclude seizure patterns.

The National Institutes of Health Stroke Scale (NIHSS) was added to the neuro-
logical examination. Patients scored from one to thirteen points on the NIHSS. The 
neuropsychological examination consisted of a number of valid cognitive scales: 
the Mini Mental State Examination (MMSE), Frontal Assessment Battery (FAB), 
Montreal Cognitive Assessment (MoCA), Clock Drawing Test (CDT), and Shulte’s 
test. Included were patients who scored 20–28 points on the MMSE, 5–16 points 
on the FAB, 17–24 on the MoCA, and 35 to 150 seconds on Shulte’s test. Additional 
assessment of visual and spatial gnosis was made through the Clock Drawing Test. 
The patients scored from five to ten points.

Each patient’s functional state was estimated using a modified version of the 
Instrumental Activity of Daily Living Scale. The Hospital Anxiety and Depression 
Scale (HADS) was used to evaluate affective status. Patients were considered to 
have subclinical anxiety or depression if they scored seven points or more. If they 
scored eleven points or more, they were considered as having a clinical level of 
depression and/or anxiety. Study participants scored 0–18 points on the anxiety 
subscale, and 1–13 points on the depression subscale.

An evaluation of the patients’ neurological, cognitive, affective, and functional 
states using these scales was performed before and after the observational period 
(the first examination during the first/second days on admission, and the second 
examination on the day after the last day of training). After the treatment course, 
there was also an evaluation of the subjective global impressions of both the pa-
tients and clinicians, using the CGIS (Clinician’s Global Impression Scale) and 
PGIS (Patient’s Global Impression Scale).

The study protocol was approved by the Local Ethics Committee of Krasno-
yarsk State Medical University. All participants signed informed consent forms. 

Treatment methods
Participants in all groups had a complex course of physiotherapy and drug treat-
ment in the Neurorehabilitation Center. Then, patients in the intervention group 
were trained using the original complex of neuropsychological programs developed 
at Krasnoyarsk State Medical University (KrasSMU). They had ten daily training 
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sessions of 30–40 minutes’ duration. During the first few sessions, an instructor 
demonstrated how to use a computer and explained the tasks and rules for each 
training program. Later, participants could train independently, but they remained 
under the supervision of the instructor. Levels of complexity could be increased 
depending on patients’ abilities.

Participants in the active control group, apart from receiving physiotherapy and 
drug treatment, played entertaining computer games according to an identical reg-
imen. Entertaining arcade and arkanoid games were used. These games are quite 
simple, but they simultaneously stimulate attention and increase reaction time.

Patients in the passive control group had physiotherapy and drug treatment 
without any cognitive rehabilitation during a ten-day observation period.

In all groups, drug therapy included antihypertensive, disaggregant, anticoag-
ulant, and hypolipidemic agents for secondary stroke prevention. Also, all partici-
pants, independent of the group in which they were included, were prescribed one 
of the following neurometabolic or antioxidant drugs: choline alfoscerate, ethylm-
ethylhydroxypyridine succinate, pentoxyphyllinum, magnesii sulfas, cytoflavin, or 
piracetam. Some patients received antispastic, hypoglycemic, and other medica-
tions. Hence, every participant received an individual complex drug therapy.

Computer complex of neuropsychological correction
The KrasSMU complex of neuropsychological programs for cognitive correction 
is based on the classical neuropsychological approach of Alexander Luria. It con-
sists of various computer program modules that are focused on training different 
cognitive functions such as memory, attention, counting etc. The software is avail-
able on CD, and patients also can avail themselves of rehabilitation on-line. Some 
of the neuropsychological programs used are described below.

Training of visual and spatial gnosis using the computer-based “Figure-Background” 
test. A visual and spatial training program was developed as a computer-based ver-
sion of the “Figure-Background” test, with a feedback mode and a gradually de-
creasing intensity of background noise. A picture with a decreasing intensity of 
background noise is presented on a computer screen. There are several different 
pictures without a background in the top part of the screen. One of these pictures 
corresponds to the image presented in the task with the noise; other pictures repre-
sent various images of objects and letters.

During the training session, a patient is asked to identify the image in the pic-
ture with noise, and click on the corresponding image in the top part of the screen. 
There is then a gradual reduction of noise intensity, up to its complete disappear-
ance. The patient needs to recognize the image as soon as possible. The speed of 
recognition is assessed on a scale of 0–10. The accuracy of performance is marked 
by applause or a signal “incorrect” (Figure 1).

Visual and spatial memory training using pattern position-test. The training of visual 
and spatial memory is aimed at getting the patient to remember the position of im-
ages, with a gradually increasing number of objects (images of books, berries, etc.) 
in cells of a square. After presentation of various pictures arranged in cells, the pic-
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tures are hidden, and then the patient is asked to click on the cells where pictures he 
or she remembers were located. After a correct performance, the number of objects 
for memorization is increased by one. Training continues until the patient makes 
two mistakes, and is followed by the appearance of information about the speed 
and correctness of answers, and the highest volume of information memorized on a 
screen (Figure 2). Then, the participant goes up to the next level, where the quantity 
of cells increases.

The neuropsychological program complex for cognitive rehabilitation also in-
cluded a program for training visual memory, using tasks for the memorization of 
sequences of nonverbal patterns; a program for training spatial gnosis arranging 
clock hands; a program for impetuosity correction; a program for speed counting; 
and a program for attention training using a computer-based Shulte’s tables test.

 

Figure 1. Computer program for training visual and spatial gnosis using  
background-noised images

Figure 2. The program for training visual and spatial memory. Level 1
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Statistical analysis
Data analysis was conducted using a software application package called “Statis-
tica 7.” Due to the small sample sizes, parametric statistical methods could not be 
used. All data were described as Median and the first and the third quantiles (Me 
[Q1;Q3]), and the data were analyzed using nonparametric statistics. The Kruskal-
Wallis test (р>0.05) was conducted to compare groups before the intervention. The 
Wilcoxon Matched Pairs Test (р<0.05) was used to assess changes in every group 
before and after the treatment. The Mann-Whitney U Test (p<0.05) was performed 
to determine the statistical significance of changes between groups after the course 
of treatment. 

Results
Before the intervention, all groups were equivalent. There were no statistical differ-
ences between the intervention group and both of the control groups on neurologi-
cal, cognitive, affective, and functional scales (Kruskal-Wallis, р>0.05). After the 
training period, in the intervention group, statistically significant improvements 
on every cognitive scale were found: MoCA (+27%), FAB (+18%), MMSE (+13%), 
clock drawing test (+27%), and Shulte’s tables (–21%) (Table 1). In the active con-
trol group, after the patients played entertaining games, no relevant changes on 
the MMSE and CDT were observed (Wilcoxon Matched Pairs Test, р>0.05). How-
ever, relevant improvements on the FAB (+23%), MoCA (+16%), and Shulte’s tables 
(–32%) were revealed (Table 2). No statistically significant changes on cognitive 
scales after observation period were found in the passive control group (Table 3).

Table 1. Differences in cognitive parameters in the intervention group (Me [Q1; Q3])

MMSE FAB MoCA
Clock 

drawing 
test

Shulte’s 
test

HADS 
A

HADS 
D NIHSS IADL

Interven-
tion group 
before 
treatment

25
[20;28]

13.6
[12;16]

20.6
[18;24]

7.4
[5;9]

76.5
[52;103]

3.2
[1;5]

2.3
[1;4]

4.6 
[1;10]

16.3
[10;18]

Interven-
tion group 
after treat-
ment

28.2
[26;30]

16.1
[12;18]

26.1
[24;28]

9.4
[8;10]

60.2
[48;81]

2.5
[0;4]

2.2
[1;4]

3.8
[1;9]

17.1
[10;20]

Changes 
(points) +3.2 +2.5 +5.5 +2 –16.3 –0.7 –0.1 –0.8 +0.8

Changes 
(percent) +13% +18% +27% +27% –21% –22% –4% –17% +5%

Wilcoxon 
Matched 
Pairs Test

0.004* 0.003* 0.003* 0.004* 0.003* 0.013* 1.000 0.013* 0.074

Note. * = statistically significant, Wilcoxon Matched Pairs Test, р<0.05
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Table 2. Differences in cognitive parameters in the active control group (Me [Q1; Q3])

MMSE FAB MoCA
Clock 

drawing 
test

Shulte’s 
test HADS A HADS D NIHSS IADL

Active 
control 
group 
before 
treatment

26.4
[24;27]

12.1
[6;17]

21
[19;24]

7.7
[5;9]

79.3
[35;150]

7.3
[2;18]

6
[2;8]

4.4
[3;7]

19.1
[15;22]

Active 
control 
group after 
treatment

27.6
[25;30]

14.9
[12;18]

24.4
[23;27]

8.3
[5;10]

53.9
[32;75]

4.1
[3;10]

4.5
[1;6]

4.4
[3;7]

19.4
[14;22]

Changes 
(points) +1.1 +2.7 +3.4 +0.6 –25.4 –3.2 –2 0 +0.3

Changes 
(percent) +5% +23% +16% +8% –32% –44% –25% 0 +2%

Wilcoxon 
Matched 
Pairs Test

0.138 0.018* 0.035* 0.612 0.028* 0.093 0.043* 1.000 1.000

Note. * = statistically significant, Wilcoxon Matched Pairs Test, р<0.05.

Table 3. Differences in cognitive parameters in the passive control group (Me [Q1; Q3])

MMSE FAB MoCA
Clock 

drawing 
test

Shulte’s 
test HADS A HADS D NIHSS IADL

Passive 
control 
group 
before 
treatment

25.8 
[21;28]

11.9 
[5;16]

20.2
[15;24]

8
[5;10]

73.7 
[48;101]

3.7
[0;10]

3.3
[1;8]

4.4
[1;7]

16.8 
[10;24]

Passive 
control 
group after 
treatment

26.6 
[22;30]

13.8 
[9;17]

21.3 
[14;27] 8.1 [7;10] 80.9 

[44;141]
3.6

[0;9]
3

[1;7]
3.7

[1;6]
17.1 

[10;24]

Changes 
(points) +0.8 +1.9 +1.1 +0.1 +7.2 –0.1 –0.3 –0.7 +0.3

Changes 
(percent) +3% +16% +5% +1% +10% –3% –9% –16% +2%

Wilcoxon 
Matched 
Pairs Test

0.176 0.091 0.214 1.000 0.813 0.500 0.401 0.028* 0.480

Note. * = statistically significant, Wilcoxon Matched Pairs Test, р< 0.05.
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Paired comparisons of the groups aft er their treatment courses showed sta-
tistically relevant diff erences between the intervention group and the passive con-
trol group on a few cognitive scales: FAB (p=0.01), MoCA (p=0.0004), and CDT 
(p=0.001). No signifi cant changes were found between the group where patients 
played entertaining games and the group where patients did not receive cognitive 
training. Also, aft er the training period was concluded, no statistically signifi cant 
changes between the intervention group and the active control group were observed 
(Figure 3).

 
  

MMSE FAB MoCA CDT
Intervention 28,2 16,1 26,1 9,4
Active Control 27,6 14,9 24,4 8,3
Passive Control 26,6 13,8 21,3 8,1
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 Intervention 28.2 16.1 26.1 9.4

 Active control 27.6 14.9 24.4 8.3

 Passive control 26.6 13.8 21.3 8.1

Figure 3. Comparison of cognitive scale results between all groups aft er the training 
period

Note. Changes are signifi cant on the FAB, MoCA, CDT, between the intervention and 
the passive control group (Median, *=statistically signifi cant, Mann-Whitney U Test, 
p<0.05).

No relevant changes on the anxiety subscale were found between groups aft er 
the training period. Aft er treatment, there was no statistical diff erence in the neu-
rological state between groups, according to NIHSS.

Changes on the cognitive scales did not infl uence patients’ functional state. 
Th e IADL score increased insignifi cantly in every study group before and aft er the 
training, and the diff erence between groups was not relevant (Mann-Whitney U 
Test, p>0.05).

Neither patients nor clinicians noticed changes in the passive control group, ac-
cording to the Global Impression scale. Th ere were improvements on the clinicians’ 
global impression scale in both the groups where participants received cognitive 
rehabilitation, as compared with the passive control group. However, participants 
who played entertaining games got more satisfaction.
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Discussion
Computer cognitive training using the authors’ neuropsychological computer pro-
grams once again has shown effectiveness in the correction of cognitive impair-
ments in the early recovery period of hemispheric ischemic stroke, compared with 
a similar group where patients did not receive cognitive rehabilitation (Prokopenko 
et al, 2013; Prokopenko, et al., 2012). A few mechanisms can have an impact on cog-
nitive improvements after cognitive computer training. The first is the activation of 
median deep subcortical brain structures, which are considered block one of the 
brain, according to Luria (1962). Nonspecific stimulation can improve involuntary 
memory, attention, and neurodynamical parameters. However, physiotherapy can 
also nonspecifically activate neurodynamic parameters.

At the same time, neuropsychological computer programs include tasks that 
are targeted toward training different cognitive domains, such as visual gnosis, vi-
sual spatial gnosis and memory, voluntary attention, and counting. Thus, they can 
also influence the blocks two and three of the brain, as identified by Luria (1962). 
To understand the physio-morphological changes at the base of clinical improve-
ments, it is necessary to use additional para-clinical methods.

No statistically significant improvements were observed in the group where 
participants played entertaining games compared to the group where the cogni-
tive training was not conducted. Although no relevant differences between the ef-
fectiveness of computer neuropsychological programs and entertaining computer 
games were found, this result indicates that it is possible to find statistically sig-
nificant differences between the intervention group and the active control group 
if we expand the study groups. It has to be noted that using entertaining games 
activated patients’ attention, sped up their reaction time, improved their visual and 
spatial orientation, and memory. It can be assumed that any nonspecific cognitive 
stimulation is effective for cognitive correction during the early recovery period 
of stroke. An estimation of the long-term effects, and a more detailed analysis of 
single cognitive domains after using different cognitive methods, are needed in the 
future studies.

Obviously, the participants who played entertaining games obtained more en-
joyment from the treatment due to the more colorful and bright designs of these 
games. At the same time, the improvements of cognitive state in this group were 
insignificant compared to other groups. A possible explanation is that PGIS is a 
subjective scale. They enjoyed the game process; it was fun and fascinating, but not 
so effective objectively.

The complicated interaction between cognitive decline and depression is well 
known (Limampai, Wongsrithep, & Kuptniratsaikul, 2017; Hackett & Anderson, 
2005). After stroke, approximately 30% of patients experience depression and 20% 
anxiety (Hackett, Yapa, Parag, & Anderson, 2005; Knapp et al., 2017). Individu-
als with post-stroke depression have a worse functional outcome, slower recovery, 
and increased mortality (Bartoli et al., 2013). It is also of interest whether anxiety 
and depression affect the effectiveness of computer cognitive training. In this study, 
participants differed widely in their emotional states, but it was impossible to ana-
lyze subgroups due to the small sample size. This can become the subject of a future 
investigation.
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Improvements on cognitive scales did not influence the patients’ functional 
states, as shown in most of the studies targeted towards the evaluation of cognitive 
training (Zucchella et al., 2014; Cicerone et al., 2011). This result can be explained 
by the short period of observation. Given the fact that all patients had physiothera-
py and improved in neurological status, improvements in functional state were ex-
pected. It can be assumed that the changes in both cognitive and neurological states 
were not enough to influence daily living activities, and results should probably be 
estimated after a few sequence courses. Effectiveness can probably be increased 
after adapting the studies’ regimen.

For future studies, it would be interesting to compare the effectiveness of the 
computer cognitive training with the conventional neuropsychological rehabili-
tation course that is usually performed by a neuropsychologist. An investigation 
of the neuropsychological syndromes and domains which can be restored using 
computer or conventional approaches, can improve routine clinical practice (Bog-
danova, Yee, Ho, & Cicerone, 2016). 

Conclusions
Thus we have determined that improvements in the cognitive state of patients with 
post-stroke cognitive impairments were more likely to occur in the group of the 
computer-based training with special neuropsychological programs, as compared 
to the conventional treatment.

We also found that the results which followed the stroke patients’ playing of 
entertaining games were statistically insignificant, compared with those receiving 
only conventional treatment.

It still needs to be clarified as to whether there is a difference between the ef-
fectiveness of neuropsychological computer training and entertaining computer 
games. This question can probably be answered by studies which expand the size 
of the study groups, and which evaluate the long-term effects of the rehabilitation 
process.

Limitations
In this study there were several limitations: a small sample size, a short observation 
period, and a lack of follow-up examination.
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