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Attention is a basic and main mental task and can play an important role in the functioning of other brain abilities such as
intelligence, memory, learning, and perception, and its deficit occurs in 80% of patients with traumatic brain injury. The use of
game-based tools for rehabilitation is rapidly expanding. Cognitive rehabilitation via video games is an emerging hot topic in
cognitive science. Serious games serve a specific purpose in addition to entertainment. They can be more engaging than
exercises since they replace reward and motivation systems with real-world motivations as a complement for rehabilitation
activities. This study was aimed at identifying and categorizing serious computer games used for attention rehabilitation and
evaluating their effects. Six electronic databases (Scopus, PubMed, ISI, Embase, IEEE, and Cochrane) were searched in August
2021. The search strategy consisted of three main concepts of “serious game”, “cognitive deficits”, and “cognitive
rehabilitation”. The inclusion criteria were (1) journal articles, (2) English language, (3) being published in the last 10 years, (4)
human participants, and (5) game-based intervention. In the 30 included studies, 22 unique games were utilized for attention
rehabilitation. Lumosity (20%), Brain Age (Dr. Kawashima’s Brain Training) (10%), and MoHRS (6.66%) were the most
common games among the studies. There were (57%) casual, (23%) action, (10%) simulation, and (10%) multiple genres. Of
the 47 tools used in the studies, 5 utilized cross-modal oddball attention tasks, 4 utilized game performance, 3 utilized the
paced auditory serial additional test (PASAT), and the rest employed other tools. A total of 73 outcome measures were related
to attention, 42 measures did not have significant results, 30 were significantly improved, 1 was significantly deteriorated, and
4 articles did not have any specific measures for attention evaluation. Thus, the results revealed the positive effect of serious
games on attention. However, issues such as absence of scientific teams, the variety of the disorders that cause defects, the
variety of criteria, differences in measurements, lack of long-term follow-up, insufficient RCT studies, and small sample sizes
should be considered when designing, developing, and using game-based systems to prevent bias.

1. Introduction

Attention is defined as a set of complex psychological func-
tions that include focusing or engaging with the goal, endur-
ing, and being alert for a long time. It is a feature in the
human brain that allows a limited amount of information
to be actively processed. This information is taken from
the vast amount of information available to the senses,
stored memory, and other cognitive processes [1]. It is the

basis of cognitive functions because any defect in its function
can decrease cognitive efficiency [2], and its improvement
can greatly contribute to the rehabilitation process of stroke
patients [3]. Attention is a major mental task and can also
play an important role in the functioning of other cerebral
abilities such as intelligence, memory, and perception [4].
Attention deficit can be caused by various diseases and dis-
orders such as multiple sclerosis, traumatic brain injuries,
and stroke. In each of these neuropsychological situations,
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there are different physical and cognitive symptoms in
patients [5].

The attention control system is one of the most complex
control procedures in our nervous system. Different net-
works distributed in the brain are involved in different
aspects of the attention control system. Interactions between
and within these networks of attention are mediated by var-
ious inhibitory and excitatory neurotransmitters. These neu-
rotransmitters play a vital role in the proper functioning of
the attention control system, and their interaction is essen-
tial. Any defect in neurotransmitter interactions can lead to
dysfunction of attention networks and consequently dys-
function of the attention control system [6].

Attention is defined as awareness of what is happen-
ing around us [7]. Its deficit is very common and usually
occurs in 80% of patients with traumatic brain injury,
slowing down the patient’s reactions in daily life and
increasing irritability [8]. The model of Sohlberg and
Mateer [9] classifies attention into five different categories
of focused, sustained, selective, alternating, and divided
attention [9]. In terms of types of stimuli and due to
the existence of five senses in the human body, it is
divided into 5 categories: visual, auditory, tactile, olfac-
tory, and gustatory [6]. Also, attention can be divided
into two broad categories: intensive processes, such as
alertness and vigilance, and selective attention processes,
such as focused and divided attention. Aspects of inten-
sity could be a prerequisite for more complex aspects,
such as selective [10, 11]. In fact, lack of attention is
associated with problems with balance, daily life func-
tions, and falls [12]. Due to the high impact of attention
deficit on other cognitive and physical functions, many
researchers have tried to provide effective treatment
options for this deficit [13].

Researchers are now well aware that the brain is a
more flexible organ than previously thought and is able
to significantly repair damage by reorganizing itself, which
is the basis of functional rehabilitation. This feature is
called neuroplasticity of the brain [14]. It is shown that
the brain can repair itself after injury through repetitive,
intensive, and task-oriented exercises [15]. Cognitive reha-
bilitation, behaviour adjustment, psychological manage-
ment, education, and individual and family counselling
are the primary methods of treatment in the rehabilitation
of attention deficits [16]. Many researchers have empha-
sized the importance of cognitive rehabilitation in reduc-
ing behavioural and cognitive consequences and
promoting independence and quality of life [14, 17, 18].
Cognitive rehabilitation currently generally uses one of
the two approaches to treating cognitive deficits. (a) The
therapeutic or restitution approach seeks to directly retrain
impaired cognitive function. The basic rationale for this
approach is the notion that practicing carefully selected
exercises improves damaged neural circuits and restores
function in the damaged attention processes themselves.
(b) The alternative or compensation approach helps peo-
ple with attention deficits learn or relearn how to perform
specific skills. The basic rationale for this approach is that
new neuropsychological processes replace the damaged

areas of the brain through practice and develop individual
skills [19, 20]. Most studies have pointed to the positive
effect of cognitive rehabilitation on attention deficit due
to various diseases in both approaches, especially in the
compensation approach [21–23], but at the same time,
some studies are ambiguous about this positive effect in
the long time [23, 24].

Still, the most important challenge for therapists is how
to encourage patients to perform rehabilitation programs
frequently [25, 26]. Today, cognitive rehabilitation methods
can be divided into two main categories: traditional methods
and computer-based methods. Traditional methods use
noncomputer neuropsychological techniques to improve
attention and concentration deficits. The traditional rehabil-
itation is done face-to-face; that is, one or sometimes several
therapists work with a patient [27]. These methods have
many limitations such as lack of access in all places, high
travel costs, lack of accurate monitoring, dearth of informa-
tion about the patient’s performance, and being dull due to
their repetitive nature [28, 29]. Computer-based methods
use similar neuropsychological processes but utilize the
computer for training as an adjunct to face-to-face rehabili-
tation that will solve the problems associated with traditional
methods [29–31]. Several studies suggest that providing
feedback, training strategies, and intervention control by
the therapist, along with technology, can improve outcomes
[31–33].

Over the past few decades, evidence has highlighted the
positive impact of computer-based rehabilitation programs
on a variety of deficiencies [31, 34–38]. Among these inter-
ventions, the use of game-based tools for rehabilitation is
rapidly increasing [39]. Serious games are games that serve
a specific purpose in addition to entertainment [40]. The
use of serious games in physical rehabilitation has a long his-
tory, but this method in cognitive rehabilitation, although
scientifically a hot topic, is still not practically and widely
practiced [41, 42]. Serious games can be more engaging than
exercises because they replace reward and motivation sys-
tems with real-world motivations as a complement to reha-
bilitation activities. People can be immersed in the game
world, and their ability and knowledge can be improved
without any danger [43]. Other features of these games are
increasing the quality and effectiveness of rehabilitation,
providing different levels of play to people according to the
severity of defects and overcoming the limited resources
and facilities of conventional rehabilitation methods [44].
Coles et al. [45] used computer games to teach safety knowl-
edge to children with cognitive impairments, and Prang
et al. [46] utilized computer games to rehabilitate disabled
patients. Traditional rehabilitation exercises require repeti-
tive and dull activities that are not completed by patients.
Moreover, most people today are familiar with digital envi-
ronments, especially mobile phones. Therefore, health pro-
fessionals are interested in using computer games for
rehabilitation purposes, which will both enhance motivation
and determine the outcome of rehabilitation [47, 48].

In this qualitative literature review, we summarize find-
ings about serious games in attention rehabilitation. The
objectives of this review are as follows:
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(1) To investigate and identify the existing literature on
the application of serious games for attention
rehabilitation

(2) To map and categorize the literature according to the
study purpose, target group, measures methods, fea-
tures and capabilities of games, analytical results,
and interpretation

(3) To evaluate the effects of serious games in cognitive
rehabilitation

2. Materials and Methods

Herein, we present a systematic literature review of serious
games for attention rehabilitation based on the PRISMA
checklist 2020 [49]. This review identified and classified rel-
evant studies on serious games and summarized the findings
and gaps. To be flexible in the search, we used parallel and
iterative processes for screening, classification, and review
phases.

2.1. Eligibility Criteria. The eligibility criteria were as follows:
(1) being a journal article, (2) being written in English, (3)
being published in the last 10 years, (4) human participants,
and (5) providing any game-based intervention. Studies
would be excluded from the study if they were (1) unrelated
and (2) duplicated; (3) had unavailable full texts or were
abstract-only studies; (4) were of other types, e.g., reviews,
(5) involved no video games or cognitive rehabilitation;
and (6) were protocols and studies only about Exergames.

2.2. Information Sources and Search Strategy. According to
the AMSTAR guidelines, at least two databases have to be
searched in a systematic review [50]. To obtain more accu-
rate and exhaustive results, we increased the number of
searched databases. Six electronic databases (Scopus,
PubMed, ISI, Embase, IEEE, and Cochrane) were searched
on 2 August 2021 for articles published from January 2011
to August 2021. In addition, to ensure the search of all
related articles and reduce the possibility of bias, a manual
search was performed using two methods: (1) checking the
references of the related papers and (2) using the Google
Scholar search engine. We adopted the PICO approach to
prepare the search terms [51]. The research team jointly
selected three different categories of keywords “serious
game”, “cognitive deficits”, and “cognitive rehabilitation” to
achieve the objectives of the study and the exhaustiveness
and sensitivity of the search. Then, we used MeSH, Emtree,
and other related papers to find all the keywords related to
these categories. During the primary search, we found that
some articles with topics and themes cognitive rehabilita-
tion, executive function, memory, perception, problem solv-
ing, etc. also considered attention along with these topics;
thus, to cover these articles as well, we used the term cogni-
tive as the more general term instead of attention. First, a
standard search was performed in PubMed; then, in other
databases, this strategy was modified according to the spe-
cific symbols and search methods in that database to obtain
the most relevant related results. Our search strategy was a

combination of words such as computer game∗ OR video
game∗ OR online game∗ OR applied game∗ OR serious
game∗ OR gamification OR virtual game OR Mobile
game∗ AND Cognitive Dysfunction OR Cognit∗ OR Atten-
tion defect∗ OR attention∗ OR perception OR concentration
AND Remediat∗ OR Rehabilitat∗ OR Train∗ OR Therap∗

OR Readapt∗. The search strategies for each database are
listed in supplementary 1 Tables S1–S3.

2.3. Selection and Data Collection Process. After importing
the citations to EndNote 20, duplicates were detected and
deleted by this software. To select studies, they were read
in two phases, including their title or abstract and a full-
text review by two independent reviewers. Disagreements
in selection were resolved by a third reviewer. Studies were
eligible for data extraction if they met all the inclusion cri-
teria and did not meet the exclusion criteria in the opinion
of the reviewers. Then, a Microsoft Excel 2016 data extrac-
tion spreadsheet was designed and used by all team mem-
bers to collect data. The spreadsheet items included the
following: title, journal, author, year, volume, pages, abstract,
keywords, objective, disease, country, setting, target group,
mean age of participants, name of the game, platform,
description of the game, game genre, sample size, interven-
tion group, control group, evaluation methods, outcome
measures, results, and statistical methods. In the spread-
sheet, some responses were in the open-answer format and
some in the closed-answer format. The reviewers could
choose the not clear option if they could not find the answer.
To extract more information about games that were not fully
described by the included article, Internet resources and
other articles were searched. We also searched the websites
of the games to obtain the latest release information.

2.4. Risk of Bias Assessment. Because we aimed to provide a
classification of articles and games available for attention
rehabilitation and evaluate their overall effects, at this phase,
we did not intend to conduct a meta-analysis on the data;
therefore, we did not perform a quality assessment of the
included studies.

2.5. Synthesis Methods and Analysis. According to the objec-
tives, comparative tables and figures are presented to
describe and categorize the results. With a qualitative analy-
sis method, we combined and analysed the results and no
meta-analysis was performed due to the heterogeneity of
the outcome measures and differences in the populations.
Prior to this step, data were checked and refined to provide
better results. Excel 2016 was used to present and analyse
the data.

3. Results

3.1. Selection of Studies. The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) flow dia-
gram of the study selection process is displayed in Figure 1.
Initially, 3,937 studies were obtained from six scientific data-
bases; after removing the duplicates, the remaining 1,672
articles were screened based on the titles and abstracts. The
screening process resulted in the exclusion of 1,369 articles
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based on the inclusion and exclusion criteria. Then, 303 arti-
cles were downloaded in full text for further screening. Of
these, 282 were excluded after reviewing their full text for
various reasons, e.g., administering the intervention to non-
patients, games with physical activities, lack of gamification,
noncognitive rehabilitation intervention, or being review
articles. From these databases, 21 articles entered the final
phase of inclusion, and 9 articles were manually searched.
Finally, 30 articles were selected for data extraction. The
results are visualized using the PRISMA flow diagram in
Figure 1.

3.2. Study Characteristics. Of the 30 articles included in the
review, all were published in English from 2012 to 2021, with
most articles being published during 2013-2017 (four per
year). The journals with the highest numbers of publications
were Frontiers in Aging Neuroscience (n = 3) and PLOS One
(n = 2), and 13 of 30 of these journals (43%) are ranked in
quartile 1. All the other journals had published only one
included article. Most of the studies were conducted in
Europe 13 (43%), followed by 6 (20%) in North America, 5

(17%) in Asia, 3 (10%) in multiple countries, and other in
Australia (1, 3%), Africa (1, 3%), and South America (1,
3%) (Figures 2 and 3).

The mean age of the participants ranged from 5.2 to 79.4
years (Table 1). The highest target group of the games was
the elderly 10 (33%) and those with traumatic brain injury
6 (20%). Other target diseases include autism spectrum dis-
order, ADHD, at-risk children, developmental disabilities,
HIV, dementia, dyslexia, neglect disorder, neurocognitive
disorders, stroke, and multiple sclerosis (MS). Evidently,
the target groups in the studies were very diverse. Moreover,
12 (40%) of the studies were RCTs, while the rest were of
other types such as prepost (6, 20%), pilot RCT (4, 13%),
quasi-experimental (3, 10%), case series (2, 6.66%), single-
subject (2, 6.66%), or uncontrolled clinical trial (1, 3.33%).
Most studies were conducted in Italy (4, 13%) and Spain
(4, 13%), and some studies were the result of the collabora-
tion of several countries.

All included interventions belonged to different types of
computer technologies involving gamification. On the other
hand, there were various types of control groups. Most

Records identified through database searching (N = 
3937)

Scopus (1362), PubMed (223), ISI (1188), Embase (511)
, IEEE (247), Cochrane (406)

Duplicates removed (n = 1672) Scopus (541), PubMed
(29), ISI (506), Embase (122), IEEE (234), Cochrane

(240)

Title & Abstract assessed for screening (n = 303)
Scopus (83), PubMed (9), ISI (85), Embase (8), IEEE (9)

, Cochrane (109)

Full-text articles assessed for eligibility from
databases (n = 21) Scopus (6), PubMed (3), ISI (6),

Embase (2), IEEE (1), Cochrane (3)

Studies included (n = 30) Scopus (6), PubMed (3), ISI
(6), Embase (2), IEEE (1), Cochrane (3), Hand search (9)

Inclusion criteria:
Journal article
in english
last 10 years

Duplicated removed
(n = 2265)

Records excluded (n = 1369)
Not patients except elderly
With physical rehabilitation or
Exergames
Not gamification
Not rehabilitation
Review

Records excluded (n = 282)
Not patients except elderly
with physical rehabilitation or
exergames
not gamification
not rehabilitation
review

Studies included from hand
searching (n = 9)
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Figure 1: PRISMA flow diagram of the study selection process.
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studies administered routine care to the control group (11
out of 30). However, one study compared a BCI video game
(FarmerKeeper) with cartoons. Another study compared an
active video game-based physical activity program with an
aerobic exercise program. There was also a study comparing
a popular brain training game (Brain Age) with a popular
puzzle game (Tetris). One study also compared Lumosity
and a simulation strategy game. In another study conducted
using Lumosity for the intervention group, the control group
participated in discussion sessions about general topics
related to aging. A study compared Brainastic computerized
cognitive training (CCT) with watching videos on history,
art, literature, and science plus physical exercise as a control

group. One study compared preselected games (Kinect
Adventures and Kinect Sports) with a balance platform ther-
apy (BPT) by the Biodex Medical Systems. Furthermore, one
study compared the Medal of Honor: Rising Sun (MoHRS)
with three control groups, including a placebo control
arcade game (Tetris), a useful field of view (UFOV) training
program, and routine care.

Most studies had a sample size of more than 10 (25
out of 30). Studies with a small sample were often com-
prised a virtual reality (VR) or augmented reality (AR)
intervention group (8, 9, 29). The largest sample size was
232 and 157, respectively (24, 5), while the other sample
sizes were below 60.

0
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Figure 2: Tendency of studies based on 10-year periods worldwide.

Figure 3: The distribution of papers by their conducted countries.
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3.3. Mapping Serious Games in Attention Rehabilitation. In
the included studies, 22 unique games were used for atten-
tion rehabilitation. Lumosity (6, 20%), Brain Age (Dr. Kawa-
shima’s Brain Training) (3, 10%), and MoHRS (2, 6.66%)
were the most commonly used games. Moreover, 9 (40%)
games were developed by the authors of the articles, 10
(45%) games by a commercial group, and 3 (13%) by other
scientific groups. The included games had a variety of plat-
forms. The PC application platform was the most frequent
(9, 41%), followed by Kinect console (3, 14%), web applica-
tion (3, 14%), augmented reality system (2, 9%), Nintendo
console (2, 9%), PlayStation 2 (1, 5%), tablet application (1,
5%), and VR system (1, 5%).

Video game genre refers to categories of games with sim-
ilar gameplay characteristics, usually not defined by the story
and the setting (unlike cinema) but by how the player inter-
acts with the game [81]. Genres cover a wide range of games
and are further branched into subgenres. For example, a
simulation game is classified into subgenres such as sports
and process games [81]. Of all the included articles, there
were 17 (57%) casual, 7 (23%) action, 3 (10%) simulation,
and 3 (10%) multiple genres. Among the casual genre stud-
ies, there were 1 (6%) item with board games, 11 (65%) puz-
zles, and 5 (29%) multiple subgenres. In the action genre,
there were 3 (43%) items with first-person shooters, 3
(43%) platformers, and 1 (14%) role-playing game (RPG)
subgenre. Of the simulation genre studies, there were 1
(33%) item with process and 2 (67%) sport. All multiple gen-
res also had multiple subgenres (3, 10%). Figure 4 illustrates
the genres and subgenres of games according to the plat-
forms used in the articles.

3.4. Brief Description of the Games Involved. In this section,
we will briefly describe the features of the games included
in the study. All the games along with some of their features
are listed in Table 2.

FarmerKeeper is a brain-computer interface video game
developed by Mercado et al. to support neurofeedback train-
ing for children with autism spectrum disorder [52]. Neuro-
feedback can regenerate and retrain brain activity to enhance
cognitive function in healthy individuals and those with cer-
tain developmental neurological conditions [82, 83]. The
game takes place on a farm. The object is to keep children’s
attention above a certain threshold to control a runner who
is looking for lost farm animals to bring them back to their
pen.

Dr. Kawashima Brain Training for the Nintendo Switch
is the fifth entry in the Brain Age puzzle video game series. It
is based on research by neurologist Ryuta Kawashima whose
avatar guides the player throughout the game. The Italian
version of the game was used in the study by De Giglio
et al. [53]. The minigames included in this game set include
calculations, voice calculation, reading aloud, low to high,
syllable count, head count, triangle math, and time lapse.
In calculation, simple math questions appear on the screen
very quickly and the player has to write the answer on the
touch screen. In voice calculation, the answers must be said
aloud. In reading aloud, a piece of a classic story should be
read as soon as possible. In low to high, the position of num-

bers that appear on the screen for a short time should be
memorized, and the player should demonstrate numbers
from lowest to highest. In syllable count, the number of syl-
lables in each sentence is counted. In head count, the screen
above shows a group of people. After a few seconds, they are
enclosed by a house and soon start coming in and out of the
house. The player must count the number of people cur-
rently in the house. In triangle math, equations consist of 3
numbers and 2 operations and the player must perform
operations in two modes, e.g., 7 + 5 + 4 and ð7 + 5Þ + ð5 + 4
Þ. In time lapse, the time difference between the 2 analog
hours must be calculated.

Labyrinth includes a little man moving in the maze to
reach the goal. The game character is controlled with a joy-
stick by the gamer. The level of difficulty changes according
to the task. The game consists of two tasks: diamond task
and snake task. Each task has eight difficulty levels on a con-
tinuum from lower (level 1) to higher levels (level 8). The
purpose of the game character depends on the nature of
the current task. In DT, the man must collect diamonds that
are randomly distributed in the play area. In ST, he must
avoid being caught by a snake and reach the shelter house
which appears in a random place.

Lumosity includes 50 games, 10 of which are specifically
related to attention (Assist Ants, Feel the Beat, Skyrise, Eagle
Eye, Playing Koi, Trouble Brewing, Train of Thought, Lost
in Migration, and Star Search). In the included studies that
have used the Lumosity package, different minigames have
been utilized. Here, we provide a brief description of the
games related to attention only. Assist Ants is designed to
challenge your divided attention. You need to ensure the
safety of each ant by helping it avoid collisions. Feel the Beat
practices a sense of timing and rhythm. You have to rely on
audio cues and use your sense of rhythm to match the beats
in each experiment. In Skyrise, the goal is to work on your
field of vision. In this game, several squares with numbers
inside them appear. You have to memorize all the numbers
and select them in ascending numerical order. The main
goal of Eagle Eye is to improve your peripheral vision. You
need to focus on the white circle in the middle and memo-
rize the symbol or number that appears there. The goal of
Playing Koi is to feed all the fish in the pond only once. In
Trouble Brewing, you have to prepare a certain number of
coffee orders in 2 minutes. In Train of Thought, you must
guide each train to the matching station by switching the
route keys. In Lost in Migration, the herd stays at one point
and your task is to determine the path that the middle bird is
facing. In Star Search, players must quickly find a unique
object among a set of items that have the same shape, color,
movement, and texture.

Captain’s Log marketed by Brain Train Corporation is a
comprehensive suite of computer cognitive learning games
consisting of more than 2,000 computer-based exercises tar-
geting 20 cognitive skills. Training modules are presented as
games in which students’ performance is recorded and
points are earned based on performance accuracy.

Rayman Raving Rabbids includes 75 minigames and has
two modes of play: story mode and score mode. In the story
mode, the game follows 15 days of Rayman’s imprisonment
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by the Rabbids. Every day, Rayman must do at least three
trials. In the score mode, players can repeat previous trials
to improve their scores.

Kinect Sports Ultimate Collection simulates 13 sports:
basketball, soccer, American football, bowling, beach volley-
ball, table tennis, boxing, golf, tennis, skiing, darts, baseball,
and track and field. To improve performance, songs and
comments are used to help control and play the games.

AR-Therapist is a simulated augmented reality (AR)
environment using a simple game. The game simply simu-
lates two balls in 3D; one is the target ball and the other is
not. The player must hit the ball at a specified time which,
if correct, will add to the value of the correct shots. Other-
wise, the value is added to the errors.

CogARC uses the AR interaction technique and manip-
ulation of tangible physical objects (cubes) for cognitive
screening and training. This game includes 6 minigames.
Game mechanics include challenges, competition, feedback,
and rewards. The gameplay structure offers two modes: free
and linear. The player can play the minigames freely (free
mode), in any order and at the desired levels, or play all
the minigames in a predetermined order (linear mode).
The minigames include Shape Match in which similar
shapes should be matched, Color Match where you have to
match the meaning of one word with another word’s color,
Sum Tower that uses numbers to create the desired sum,
Building Blocks where you should find the answer to simple
arithmetic calculations, Pattern Memory where you have to
memorize and recreate a 3 × 3 matrix pattern of colored
tiles, and Word Game where words related to a specific topic
must be found.

Medal of Honor: Rising Sun (MoHRS) is a first-person
shooter video game, the fifth in a series of Medal of Honor
released by EA Game. Rising Sun is set in World War II dur-
ing the Pacific War and has single and multiplayer
capabilities.

The VR-based serious game application comprises sev-
eral daily life activities such as buying several items, finding
the way to the minimarket, finding a virtual character
dressed in yellow, and recognizing outdoor advertisements,
devised to train cognitive functions.

The Brain Powered Games (BPG) package includes But-
terfly, iSpy, Stampede, Whacky Animal, and Gone Fishing.
Butterfly is a simple game in which a butterfly flies on the
screen and the player must use a mouse or other input
devices to move the butterfly when it stops moving at a ran-
dom location. iSpy is a memory game that works based on a
common learning and memory pattern. The player is asked
to watch a scene. After a brief display, the image is removed
with a short delay and then represented, and the player is
asked to click on the new item(s) that were absent in the pre-
vious image. In Stampede, the player sees a special animal to
be memorized. Then, a group of animals appear spinning on
a computer screen, and the player has to click only on the
animal that was originally presented. In the Whacky Animal
training program, the player is shown animals that must be
memorized; as the animals appear randomly on the screen,
they must be clicked or touched before disappearing behind
the screen. In Gone Fishing, the player has to fish by follow-
ing the bobber and clicking on it.

In Duckneglect, the player is told to tap one or more
objects belonging to a particular class (targets) that appear
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on the screen in a virtual scenario and to avoid distractions
with the hand contralateral to the neglected space. The goal
of this game is to guide players through visual search tasks.

MeMo is divided into two parts, and the first part
involves memory. The second part involves flexibility and
mental attention, which includes the following three activi-
ties: Arrows for processing speed, inhibitory control, and
mental flexibility training; Tricky Cards for working mem-
ory training; and Jumping Squares for reaction anticipation
and inhibitory control training.

BrainHQ includes 29 exercises that cover six areas of
cognition, including memory, attention, speed, people skills,
navigation, and intelligence.

Video game tasks involves two types of tasks to train
attention: the flow task and the control task. These tasks
have the same content, except that the flow task is designed
by increasing the difficulty of the task according to the
patients’ skills and providing clear goals and quick feedback
on the score. The task includes Square, Click Number, and
Tower. In the Square task, patients must control a central
blue square with the mouse and prevent red squares from
entering the right, left, top, or bottom of the screen. If the
squares coming towards the blue square are black, patients
get points for hitting them. In the Click Number task,
patients must click and delete disks in numerical order. In
the Tower task, blocks of three colors are randomly stacked.
Patients should click and delete the right, left, or center of
the block based on its color as soon as possible. The removal
time of all the blocks is calculated.

Caribbean Quest (CQ) is composed of five cognitive
games: Scuba, Submarine, Wave, Pirate Delicatessen, and
Squidditch. Scuba and Pirate Delicatessen are working
memory games, Submarine and Wave are sustained atten-
tion games, and Squidditch is a selective attention game.
Submarine and Wave are similar in cognitive tasks but dif-
ferent in terms of gameplay. Submarine is a static environ-
ment in which the player’s only control is the selection of
fish from the middle porthole, while the Wave allows the
user to navigate an avatar in an ocean.

Brainastic includes 17 minigames, four of which are spe-
cific for attention. In Conveyor Belt, to learn versatility, you
have to change the conveyor sorter and collect items with a
specific color. In Spot the Difference, you need to find a
unique insect to teach attention and the ability to filter infor-
mation. In Film Collector, the film should be selected with a
specific color or pattern to teach the immediate reaction to
move objects. In Honey Haunters, to teach attention and
the ability to filter information, you need to determine the
correct number continuously over a short period.

RehAtt™ uses a 3D VR game environment to combine
visual scanning training and multisensory stimulation. The
hardware creates a virtual 3D world. The feeling of real
touch and guidance is provided by a robotic pen and
through vibrotactile feedback.

Video game therapy (Kinect Adventures and Kinect
Sports) encompasses a wide range of physical activities.
Kinect Adventures using full-body movement allows the
player to participate in a variety of minigames. Kinect Sports
is a collection of six sport simulations and eight small games

designed to demonstrate the capabilities of Kinect motion.
The six sports include bowling, boxing, athletics, table ten-
nis, beach volleyball, and union football.

In Space Fortress, the player uses the joystick to steer a
spaceship in an environment without friction and shoot
the rocket into the space castle to destroy it; meanwhile,
mines keep appearing on the screen.

VR-based games include the following: (a) Carnival
Games: Monkey see Monkey (Wheel of Fortune, Strength
Test, Court King, Granny Fling, Alley Ball, Ring Fling,
Knockout Punch, Pig Race, Funnel Game, Crash Test
Dummies, and Monkey) and (b) Kinect Adventures (Space
Pop and River Rush).

3.5. Impact of Interventions on Attention Rehabilitation. In
addition to attention measures, some studies also evaluated
other cognitive domains such as executive functions, mem-
ory, and perception. Here, we only present the measures
related to attention. Of 46 tools used in the studies, five used
cross-modal oddball attention task [54, 56, 61, 73, 84], five
game performance [42, 58, 66, 72, 80], three paced auditory
serial additional test (PASAT) [53, 70, 77] and Symbol Digit
Modalities Test (SDMT) [53, 70, 77], two Stroop test (ST)
[53, 84], two the test of everyday attention (TEA) [62, 71],
two the test of variables of attention (TOVA) [55, 64], and
two the trail making test (TMT) [68, 70]. Other tools used
once include EEG data analysis [52], ADHD-T question-
naire [52], CRSD-ant test questionnaire [52], CogState
[55], Focused Spatial Attention Task [56], Distributed Spa-
tial Attention Task [56, 57], Identification Test [57], digit
cancellation task (D-CAT) [60], Digit Span Forward (DS-
F) [60], Digit Span Backward (DS-B) [60], attentional blink
[62], Toulouse-Pieron test (TPT) [63], attentional matrices
[65], Vienna Test System (COG-S9) [66], negative priming
task [84], Digit Symbol Substitution Test [68], Symbol Digit
Modalities Test (SDMT) [70], continuous performance test
X task (CPT-X) [70], Moss Attention Rating Scale (MARS)
[70], neglect tests [75], Go/Nogo task [76], and Speed sub-
task [78]. These tools apply to different subdomains of
attention.

Table 3 shows the evaluation results of each measure in
each article. If no significant change is achieved in the mea-
sures, “No sig” is written in the result column. Also, in case
of significant improvement, the word “Sig Improved” and
for significant deterioration the word “Sig Deteriorated”
are mentioned in the result column. In a total of 73 outcome
measures related to attention, 42 measures did not have a
significant result, 30 were significantly improved, one was
significantly deteriorated, and four did not have any mea-
sures for attention evaluation. One article had conflicting
results immediately after the intervention and on the three-
month follow-up. Moreover, some articles did not evaluate
specialized attention measures and, as such, are not listed
in the table.

4. Discussion

This study identified and categorized serious computer
games used for attention rehabilitation and assessed the

24 Behavioural Neurology



T
a
bl
e
3:
A
tt
en
ti
on

m
ea
su
re
s
an
d
re
su
lts
.

N
um

A
ss
es
sm

en
t
to
ol
s

A
tt
en
ti
on

su
bd

om
ai
n

In
de
x

R
es
ul
t

R
ef

1

E
E
G

da
ta

G
en
er
al

Le
ve
l
of

at
te
nt
io
n
(%

of
ti
m
e
w
it
h
an

at
te
nt
io
n)

Si
g
im

pr
ov
ed

[5
2]

E
E
G

da
ta

N
um

be
r
of

ch
an
ge
s
be
tw
ee
n
th
re
sh
ol
d
(∗
a
lo
w
er

nu
m
be
r
of

ch
an
ge
s
is
be
tt
er
)

Si
g
im

pr
ov
ed

E
E
G

da
ta

Le
ng
th

of
at
te
nt
io
n
bl
oc
k
(s
ec
on

ds
)

N
o
si
g

A
D
H
D
-T

qu
es
ti
on

na
ir
e

G
en
er
al

D
is
tr
ac
te
d
fr
eq
ue
nc
y(

∗
a
lo
w
er

nu
m
be
r
is
be
tt
er
)

Si
g
im

pr
ov
ed

C
R
SD

-a
nt

te
st
qu

es
ti
on

na
ir
e

Su
st
ai
ne
d
at
te
nt
io
n

A
ve
ra
ge

sc
or
e
of

su
st
ai
ne
d
at
te
nt
io
n

Si
g
im

pr
ov
ed

2

St
ro
op

te
st
(S
T
)

Su
st
ai
ne
d
at
te
nt
io
n

M
ea
n
(S
D
)
sc
or
e

Si
g
im

pr
ov
ed

[5
3]

P
ac
ed

au
di
to
ry

se
ri
al
ad
di
ti
on

al
te
st

(P
A
SA

T
)

Su
st
ai
ne
d
at
te
nt
io
n

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

Sy
m
bo
lD

ig
it
M
od

al
it
ie
s
T
es
t

(S
D
M
T
)

Su
st
ai
ne
d
at
te
nt
io
n

M
ea
n
(S
D
)
sc
or
e

Si
g
im

pr
ov
ed

3

G
am

e
pe
rf
or
m
an
ce

G
en
er
al

T
as
k
di
ffi
cu
lty

le
ve
l

Si
g
im

pr
ov
ed

[4
2]

G
am

e
pe
rf
or
m
an
ce

G
en
er
al

T
im

e
lim

it
Si
g
im

pr
ov
ed

G
am

e
du

al
ta
sk

pe
rf
or
m
an
ce

D
iv
id
ed

at
te
nt
io
n

D
ia
m
on

d
ti
m
e
(D

T
)

Si
g
im

pr
ov
ed

G
am

e
ta
sk

sw
it
ch
in
g
pe
rf
or
m
an
ce

A
lte
rn
at
in
g
at
te
nt
io
n

D
ia
m
on

d
ti
m
e
(D

T
)

Si
g
im

pr
ov
ed

4
C
ro
ss
-m

od
al
od

db
al
l
at
te
nt
io
n
ta
sk

V
is
ua
l,
sp
at
ia
l,
fo
cu
se
d,

di
vi
de
d,

se
le
ct
iv
e,
an
d

tr
an
si
en
t
at
te
nt
io
n

D
is
tr
ac
ti
on

sc
or
e

P
os
t

Si
g

im
pr
ov
ed

[5
4]

3-
m
on

th
fo
llo
w
-

up

N
o
si
g

A
le
rt
ne
ss

sc
or
e

P
os
t

Si
g

im
pr
ov
ed

3-
m
on

th
fo
llo
w
-

up

N
o
si
g

5

T
he

te
st
of

va
ri
ab
le
s
of

at
te
nt
io
n

(T
O
V
A
)

Su
st
ai
ne
d
at
te
nt
io
n

Sc
or
e

N
o
si
g

[5
5]

C
og
St
at
e

G
en
er
al

Si
m
pl
e
re
ac
ti
on

ti
m
e:
pl
ay
in
g
ca
rd

tu
rn
in
g

N
o
si
g

C
og
St
at
e

G
en
er
al

C
ho

ic
e
re
ac
ti
on

ti
m
e:
re
d
pl
ay
in
g
ca
rd

tu
rn
in
g
lo
g
m
se
c

N
o
si
g

C
og
St
at
e

G
en
er
al

M
az
e
ch
as
e
co
rr
ec
t
m
ov
es

pe
r
se
co
nd

Si
g
de
te
ri
or
at
ed

6

Fo
cu
se
d
sp
at
ia
l
at
te
nt
io
n
ta
sk

Fo
cu
se
d
at
te
nt
io
n

M
ea
n
ac
cu
ra
cy

(S
D
)

Si
g
im

pr
ov
ed

[5
6]

D
is
tr
ib
ut
ed

sp
at
ia
la
tt
en
ti
on

ta
sk

D
iv
id
ed

at
te
nt
io
n

M
ea
n
ac
cu
ra
cy

(S
D
)

Si
g
im

pr
ov
ed

C
ro
ss
-m

od
al
od

db
al
l
at
te
nt
io
n
ta
sk

V
is
ua
l,
sp
at
ia
l,
fo
cu
se
d,

di
vi
de
d,

se
le
ct
iv
e,
an
d

tr
an
si
en
t
at
te
nt
io
n

Fi
rs
t
cu
e-
ta
rg
et

in
te
rv
al
R
T
(m

s)
N
o
si
g

Se
co
nd

cu
e-
ta
rg
et

in
te
rv
al
R
T
(m

s)
N
o
si
g

Fi
rs
t
cu
e-
ta
rg
et

in
te
rv
al
ac
cu
ra
cy

N
o
si
g

Se
co
nd

cu
e-
ta
rg
et

in
te
rv
al
ac
cu
ra
cy

N
o
si
g

25Behavioural Neurology



T
a
bl
e
3:
C
on

ti
nu

ed
.

N
um

A
ss
es
sm

en
t
to
ol
s

A
tt
en
ti
on

su
bd

om
ai
n

In
de
x

R
es
ul
t

R
ef

7
Id
en
ti
fi
ca
ti
on

te
st

V
is
ua
la
tt
en
ti
on

A
cc
ur
ac
y

N
o
si
g

[5
7]

Sp
ee
d
pe
rf
.(
m
s)

N
o
si
g

8
G
am

e
pe
rf
or
m
an
ce

G
en
er
al

C
or
re
ct

tr
ie
s,
nu

m
be
r
of

om
is
si
on

er
ro
rs
,n

um
be
r
of

co
m
m
is
si
on

er
ro
rs
,

nu
m
be
r
of

un
co
m
pl
et
ed

tr
ie
s,
co
rr
ec
t
re
sp
on

se
ti
m
es
,t
ry

ti
m
e,
en
ga
ge
m
en
t

fa
ct
or
,i
na
tt
en
ti
on

fa
ct
or
,i
m
pu

ls
iv
it
y
fa
ct
or
,e
rr
or

fa
ct
or
,a
nd

co
rr
ec
t
re
sp
on

se
fa
ct
or

Si
g
im

pr
ov
ed

[5
8]

9
—

—
—

—
[5
9]

10

D
ig
it
ca
nc
el
la
ti
on

ta
sk

(D
-C

A
T
)

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

[6
0]

D
ig
it
Sp
an

Fo
rw

ar
d
(D

S-
F)

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

D
ig
it
Sp
an

B
ac
kw

ar
d
(D

S-
B
)

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

11
C
ro
ss
-m

od
al
od

db
al
l
at
te
nt
io
n
ta
sk

A
ud

it
or
y,
vi
su
al
,f
oc
us
ed
,

se
le
ct
iv
e,
di
vi
de
d,

an
d

tr
an
si
en
t
at
te
nt
io
n

D
is
tr
ac
ti
on

(m
ea
n
(S
D
)
sc
or
e)

Si
g
im

pr
ov
ed

[6
1]

A
le
rt
ne
ss

(m
ea
n
(S
D
)
sc
or
e)

Si
g
im

pr
ov
ed

12
T
he

te
st
of

ev
er
yd
ay

at
te
nt
io
n
(T
E
A
)

V
is
ua
l,
se
le
ct
iv
e
at
te
nt
io
n

M
ap

se
ar
ch

Si
g
im

pr
ov
ed

[6
2]

V
is
ua
l,
se
le
ct
iv
e
at
te
nt
io
n

T
el
ep
ho

ne
se
ar
ch

N
o
si
g

A
lte
rn
at
in
g
at
te
nt
io
n

V
is
ua
le
le
va
to
r
(n
um

be
r
co
rr
ec
t)

Si
g
im

pr
ov
ed

Su
st
ai
ne
d
at
te
nt
io
n

E
le
va
to
r
co
un

ti
ng

N
o
si
g

Su
st
ai
ne
d
at
te
nt
io
n

T
el
ep
ho

ne
se
ar
ch

(d
ua
l
ta
sk

de
cr
em

en
t)

N
o
si
g

A
ud

it
or
y,
fo
cu
se
d
at
te
nt
io
n

E
le
va
to
r
co
un

ti
ng

w
it
h
di
st
ra
ct
io
n

Si
g
im

pr
ov
ed

A
ud

it
or
y,
al
te
rn
at
in
g
at
te
nt
io
n

E
le
va
to
r
co
un

ti
ng

w
it
h
re
ve
rs
al

N
o
si
g

A
tt
en
ti
on

al
bl
in
k

V
is
ua
l,
se
le
ct
iv
e,
fo
cu
se
d,

al
te
rn
at
in
g,
tr
an
si
en
t
at
te
nt
io
n

Sc
or
e

N
o
si
g

13
T
ou

lo
us
e-
P
ie
ro
n
te
st
(T
P
T
)

Su
st
ai
ne
d
at
te
nt
io
n

Sc
or
e

Si
g
im

pr
ov
ed

[6
3]

14
T
he

te
st
of

va
ri
ab
le
s
of

at
te
nt
io
n

(T
O
V
A
)

Su
st
ai
ne
d
at
te
nt
io
n

P
er
ce
nt

om
is
si
on

er
ro
rs
,p

er
ce
nt

co
m
m
is
si
on

er
ro
rs
,r
es
po

ns
e
ti
m
e
(m

s)
,

re
sp
on

se
ti
m
e
va
ri
ab
ili
ty

(m
s)

Si
g
im

pr
ov
ed

[6
4]

15
A
tt
en
ti
on

al
m
at
ri
ce
s

V
is
ua
l,
au
di
to
ry
,f
oc
us
ed

at
te
nt
io
n

Sc
or
e

Si
g
im

pr
ov
ed

[6
5]

16

V
ie
nn

a
T
es
t
Sy
st
em

(C
O
G
-S
9)

Se
le
ct
iv
e
at
te
nt
io
n

Sc
or
e

—

[6
6]

G
am

e
pe
rf
or
m
an
ce

G
en
er
al

Su
m

re
ac
ti
on

s,
pe
rc
en
ta
ge

in
co
rr
ec
t
re
ac
ti
on

,s
um

co
rr
ec
t
re
ac
ti
on

,s
um

in
co
rr
ec
t
re
ac
ti
on

,m
ea
n
ti
m
e
co
rr
ec
t
re
ac
ti
on

s,
m
ea
n
ti
m
e
in
co
rr
ec
t
re
ac
ti
on

s,
su
m

hi
ts
,s
um

co
rr
ec
t
re
je
ct
io
ns

Si
g
im

pr
ov
ed

17

C
ro
ss
-m

od
al
od

db
al
l
at
te
nt
io
n
ta
sk

Se
le
ct
iv
e
at
te
nt
io
n
(d
is
tr
ac
ti
on

&
al
er
tn
es
s)

M
ea
n
di
ff
er
en
ce
s
in

re
ac
ti
on

ti
m
e

N
o
si
g

[8
4]

St
ro
op

te
st
(S
T
)

E
ff
or
tf
ul

in
hi
bi
to
ry

co
nt
ro
l

M
ea
n
re
ac
ti
on

ti
m
e

N
o
si
g

N
eg
at
iv
e
pr
im

in
g
ta
sk

A
ut
om

at
ic
pa
ss
iv
e
in
hi
bi
ti
on

M
ea
n
re
ac
ti
on

ti
m
e

N
o
si
g

18
T
ra
il
m
ak
in
g
te
st
(T
M
T
)

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

[6
8]

D
ig
it
sy
m
bo
ls
ub

st
it
ut
io
n
te
st

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

19
—

—
—

—
[6
9]

26 Behavioural Neurology



T
a
bl
e
3:
C
on

ti
nu

ed
.

N
um

A
ss
es
sm

en
t
to
ol
s

A
tt
en
ti
on

su
bd

om
ai
n

In
de
x

R
es
ul
t

R
ef

20

Sy
m
bo
lD

ig
it
M
od

al
it
ie
s
T
es
t

(S
D
M
T
)

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

[7
0]

T
ra
il
m
ak
in
g
te
st
(T
M
T
)

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

P
ac
ed

au
di
to
ry

se
ri
al
ad
di
ti
on

al
te
st

(P
A
SA

T
)

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

C
on

ti
nu

ou
s
P
er
fo
rm

an
ce

T
es
tX

ta
sk

(C
P
T
-X
)

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

M
os
s
A
tt
en
ti
on

R
at
in
g
Sc
al
e

(M
A
R
S)

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

21
T
es
t
of

ev
er
yd
ay

at
te
nt
io
n
(T
E
A
)

V
is
ua
l,
se
le
ct
iv
e
at
te
nt
io
n

M
ap

se
ar
ch

N
o
si
g

[7
1]

V
is
ua
l,
se
le
ct
iv
e
at
te
nt
io
n

T
el
ep
ho

ne
se
ar
ch

N
o
si
g

A
lte
rn
at
in
g
at
te
nt
io
n

V
is
ua
le
le
va
to
r
(n
um

be
r
co
rr
ec
t)

N
o
si
g

Su
st
ai
ne
d
at
te
nt
io
n

E
le
va
to
r
co
un

ti
ng

N
o
si
g

Su
st
ai
ne
d
at
te
nt
io
n

T
el
ep
ho

ne
se
ar
ch

(d
ua
l
ta
sk

de
cr
em

en
t)

N
o
si
g

A
ud

it
or
y,
fo
cu
se
d
at
te
nt
io
n

E
le
va
to
r
co
un

ti
ng

w
it
h
di
st
ra
ct
io
n

N
o
si
g

A
ud

it
or
y,
al
te
rn
at
in
g
at
te
nt
io
n

E
le
va
to
r
co
un

ti
ng

w
it
h
re
ve
rs
al

N
o
si
g

22
T
es
t
of

at
te
nt
io
na
l
pe
rf
or
m
an
ce

C
hi
ld
re
n’
s
ve
rs
io
n
(K

iT
A
P
):
ga
m
e

pe
rf
or
m
an
ce

G
ho

st
’s
ba
ll:

su
st
ai
ne
d

at
te
nt
io
n

M
ea
n
di
ff
er
en
ce

in
er
ro
rs

N
o
si
g

[7
2]

Sa
d/
ha
pp

y
gh
os
t:
se
le
ct
iv
e

at
te
nt
io
n

M
ea
n
di
ff
er
en
ce

in
er
ro
rs

Si
g
im

pr
ov
ed

O
w
ls
:d

iv
id
ed

at
te
nt
io
n

M
ea
n
di
ff
er
en
ce

in
er
ro
rs

N
o
si
g

23
C
ro
ss
-m

od
al
od

db
al
l
at
te
nt
io
n
ta
sk

A
ud

it
or
y,
vi
su
al
,f
oc
us
ed
,

se
le
ct
iv
e,
di
vi
de
d,

an
d

tr
an
si
en
t
at
te
nt
io
n

M
ea
n
di
ff
er
en
ce
s
in

re
ac
ti
on

ti
m
e

Si
g
im

pr
ov
ed

[7
3]

24
—

—
—

—
[7
4]

25
N
eg
le
ct

te
st
s
(V

R
-t
es
t
ba
tt
er
y)

V
is
ua
l
sp
at
ia
la
tt
en
ti
on

M
ea
n
sc
or
e

Si
g
im

pr
ov
ed

[7
5]

26
G
o/
N
og
o
ta
sk

Se
le
ct
iv
e
vi
su
al
at
te
nt
io
n

M
ea
n
(S
D
)
sc
or
e

Si
g
im

pr
ov
ed

[7
6]

27

P
ac
ed

au
di
to
ry

se
ri
al
ad
di
ti
on

al
te
st

(P
A
SA

T
)

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

[7
7]

Sy
m
bo
lD

ig
it
M
od

al
it
ie
s
T
es
t

(S
D
M
T
)

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

N
o
si
g

28
Sp
ee
d
su
bt
as
k

V
is
ua
l
di
vi
de
d,

se
le
ct
iv
e

at
te
nt
io
n

M
ea
n
(S
D
)
sc
or
e

Si
g
im

pr
ov
ed

[7
8]

29
—

—
—

—
[7
9]

30
G
am

e
pe
rf
or
m
an
ce

(L
um

os
it
y

P
er
fo
rm

an
ce

In
de
x
(L
P
I)
)

G
en
er
al

M
ea
n
(S
D
)
sc
or
e

Si
g
im

pr
ov
ed

[8
0]

E
E
G
:e
le
ct
ro
en
ce
ph

al
og
ra
m
;S
ig

im
pr
ov
ed
:s
ig
ni
fi
ca
nt
ly

im
pr
ov
ed
;N

o
si
g:
no

si
gn
ifi
ca
nt

ch
an
ge
;S
ig

de
te
ri
or
at
ed
:s
ig
ni
fi
ca
nt
ly

de
te
ri
or
at
ed
.

27Behavioural Neurology



effects of these games. Game categories were presented based
on game genres and different platforms. To the best of our
knowledge, this was the first review on this subject. Bogda-
nova et al. [5] conducted a systematic review somewhat
closely related to this study, but they examined computer-
ized rehabilitation programs, not computer games. On the
other hand, they considered only attention deficits after
acquired brain injury. Also, the study by Norman et al. was
somewhat similar and examined the effectiveness of cogni-
tive rehabilitation programs after acquired brain injury [5,
19]. Examples of the differences between serious games
and traditional computer rehabilitation methods are the fol-
lowing: the ability to prevent boredom and monotony,
increase motivation, and provide timely feedback and the
ability to perform multitasking exercises, attractive visual
interfaces, providing consistent content, and difficulty level
according to the performance of players [85].

Upon examining 3937 articles, 30 articles and 22 unique
games were included. Seven games were based on personal
computer (PC) [42, 52, 55, 65, 70, 72, 77], five based on vir-
tual and augmented reality [58, 59, 63, 75, 79], three based
on web application [54, 61, 68, 69, 71, 73, 80, 84], two based
on Kinect console [76], one based on Nintendo consoles [53,
60, 66], one based on mobile application [74], and three
based on multiple platforms [56, 62, 64, 78].

Out of the 73 outcome measures, 30 showed significant
improvement and only one showed significant deterioration
[55]. Furthermore, 19 of the 26 studies that performed atten-
tion evaluation had at least one significant improvement in
their measures [42, 52–54, 56, 58, 61–66, 72, 73, 75, 76, 78,
80, 84]. Therefore, most studies support the effects of serious
game-based computer interventions for attention rehabilita-
tion. Although these results are promising, several methodo-
logical issues need to be addressed in future studies to
determine the effects of interventions more accurately. For
example, most studies did not have an appropriate sample
size to ensure the significance and validity of the results, so
that 20 out of 30 studies had less than 20 participants in
the intervention group [52–54, 57–63, 65, 66, 69, 71–73,
75–79]. Also, 5 studies were performed with 1 to 5 partici-
pants [58, 59, 65, 71, 79]. In addition, the type and severity
of the disease causing the attention deficit may have affected
the outcome. Participants’ age can also affect the rehabilita-
tion process. Moreover, the control groups are different
across studies; 11 studies provided routine care to the con-
trol group [53–55, 61–63, 66, 68, 70, 72, 77], whereas other
studies included video, cartoon, and other active control
groups. One-third of the studies did not have a control
group at all, and out of 12 RCT studies, six studies include
an active control group for comparison [57, 60, 73, 74, 78,
84]. Evidently, considering routine care as a control group
will increase the risk of bias; that is, the positive effect of
the intervention may not be due to increased physical,
group, and social activity [86]. Therefore, it is recommended
that future studies include active control groups.

The lack of long-term follow-up was another problem.
As observed in the study by Ballesteros et al. [54], the results
demonstrated a significant improvement immediately after
the intervention but a nonsignificant result on the three-

month follow-up. This could also be true in the case of other
studies; therefore, follow-up should be performed at longer
intervals to evaluate the validity and persistence of the result.

The reviewed studies used different tools to measure
attention and its subdomains. Some tools can be applied to
all cognitive domains, while some are specific to the domain
of attention or its subdomains. There is no standard for
measuring attention, and this necessitates a comprehensive
and appropriate standard for this purpose. Another impor-
tant point in game design is the role of scientific teams in
game design. Other studies emphasize the participation of
therapists and scientific teams in the design process [5, 36].
The benefits of being a therapist along with the use of these
tools include higher patient motivation, better feedback for
the physician, and better management and control of the
device according to the patient’s condition [31]. Most of
the reviewed studies did not mention the exact process or
the team involved in game development. The development
of standard games with the participation of various scientific
groups and stakeholders seems to be necessary for attention
and its subcategories, and standard methods must be devel-
oped to use and evaluate the attention rehabilitation process.
Unfortunately, the increasing growth of programmers and
commercial companies producing games and medical equip-
ment, without the use of specialized scientific groups, poses
many dangers and harms to the health of people in the com-
munity. It can be seen that there are many commercial tools
that are unjustifiably advertised in the market to improve
various mental skills. There is a need to take action to solve
this problem [31]. For example, in all tools or games in the
field of public health, basic criteria can be defined, both
based on the interface and usability and based on their con-
tent. Extensive clinical evaluation may be mandatory for all
instruments to obtain a license to use. Also, systematic
review studies can be helpful for this purpose.

Due to the insufficient RCT studies and the existence of
various measures, it was not possible to perform a meta-
analysis on the data. Moreover, the control groups greatly
differed. For many games, no clinical trial was performed.
There were also many articles on general cognitive rehabili-
tation in which attention rehabilitation was a subscale. Thus,
the search was very comprehensive and we tried to over-
come this limitation by conducting a more comprehensive
search and excluding irrelevant articles.

As mentioned in the introduction, attention deficit dis-
order is usually associated with other cognitive impairments,
and each of these deficits may have a positive or negative
effect on the other. Perhaps it would have been better if this
study had evaluated all these cognitive deficits together, but
due to their great complexity and diversity, this was not pos-
sible in the study. Therefore, because attention deficit is fun-
damental and rehabilitation and improvement can help
promote other cognitive deficits and reduce disability, we
focused only on the area of attention deficit [5]. The funda-
mentality of attention skills means that, for example, atten-
tion skills support patients’ visual and spatial perceptual
ability to help predict next action. The ability of working
memory is also required to temporarily store information
to perform actions. On the other hand, maintaining patients’
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attention is a prerequisite for using their working memory
ability [87].

5. Conclusions

In this systematic review, we reported game-based computer
technologies for attention rehabilitation and assessed the
effects of these games. In 19 out of 26 articles measuring
the criterion of attention, at least one significant improve-
ment was reported; therefore, it can be concluded that games
created for attention rehabilitation are effective and patients
and therapists can use the significant benefits of these games
to rehabilitate attention deficits. However, to prevent bias,
factors such as the variety of criteria and differences in their
measurement, small sample size, lack of accurate evaluations
of clinical trials on games, absence of scientific teams, lack of
long-term follow-up, the existence of different control
groups, and not including active groups for comparison
should be considered when designing, developing, and using
game-based systems. On the other, most of the games found
in our study are presented on PC and virtual reality plat-
forms, and for the benefits of portability and continuity of
use, we suggest that more games be made for portable plat-
forms such as mobile and tablet.
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