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ABSTRACT

ADHD has been studied over years regarding its characteristics, assessments and treatments. However, rapid
advances in technology encourages both clinician and clients to search for an acceptable, interesting and better
treatment for individuals with ADHD so that they can have better attention and impulse control. Technology helps to
enable more specific and personalized treatment which is suitable for ADHD. Difficulties in paying attention,
following the rules, and restraining movement is common in ADHD patients. This can be caused by executive function
impairment. Therefore, cognitive training is needed. One of the ways to make cognitive training more engaging and
pleasurable is through games. It is believed as a promising method to treat individuals with ADHD. The aim of this
review is to investigate the alternative treatment for ADHD, especially with the variety of technology, including games.
This is a literature review study obtained from research articles and survey books that are relevant to ADHD and
cognitive training that was focusing on the last 10 years. To sum up, technology based cognitive training can be an
option that shows promising results. However, further studies should consider motivation as it is a crucial role in
determining the participant’s persistence.
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1. PREFACE

Globally, an estimated 5,29% of the world’s population has attention deficit hyperactivity disorder
(ADHD). ADHD can be diagnosed by using DSM-5. It is more common in men than women.
ADHD is a condition that is characterized by three symptoms of inattention, hyperactivity, and
impulsivity and can persist until adulthood. Deficits in attention can make ADHD patients unable
to concentrate, have short attention span, and vulnerable to external interference. Hyperactivity in
ADHD patients can cause poor inhibition, difficulty to control emotions and behaviours, and
impulsivity. Affected subjects have been associated with negative outcomes such as impairment
in cognitive, affects daily living, communication, family, social academic, and work domains.

Clinicians nowadays are also offering new and advanced interventions to treat client’s mental
health issues by providing innovative treatments via technology. The use of technologies has
greatly impacted many aspects of our lives and has led to the invasion of more specific intervention
for ADHD. Technology based care for cognitive training has demonstrated an advantageous effect
on ADHD. Previous studies concluded that cognitive training can reduce the symptoms of ADHD.
It has been suggested that this program is effective to treat ADHD. Cognitive Training (CT) is an
alternative treatment and is viewed as the most potential treatment. It is a non-pharmacological
approach and usually consists of computer-delivered intervention that is composed of many
different games related to targeting different neuropsychological domains. There are many types
of cognitive training that are available for instance Cogmed Working Memory Training (CWMT)
and The Computerized cognitive training program (ACTIVATE™),
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Cognitive training mostly targeted on executive functions (EF). Executive dysfunction is common
in ADHD. By neuroimaging studies, it is also well identified that ADHD is affecting brain
networks that are required for goal-directed behaviours called executive function. EF deficits can
cause impairment in motor response, attention, time estimation, foresight capability and working
memory. Therefore, it is crucial for a treatment to target EF as it is seen as the most potential
treatment.

With pleasurable and interactive games available, it will help to keep ADHD patients stay
motivated, as there will be video games. Video games are useful tools in psychotherapy that are
very acceptable and interesting for people but still it is suggested that video games are a
supplement, not to replace in person psychotherapy.

There are two types of video games offered for therapeutic sessions, EGP (electronic games
specifically developed for psychotherapy) and EGE (electronic games for entertainment
implemented in a salutary manner in psychotherapy). To sum up, the aim of this review is to update
the current empirical studies that examine the involvement of games in providing treatment for
ADHD.

ADHD

The etiology of ADHD came from the neurology structure factor (brain damage, lesion on lobus
frontal, smaller basal ganglia structure), neurology functional factor (increased beta and theta
activity on lobus frontal, hypofrontality), genetic factor (parents with ADHD), and even
psychosocial factor (bad parenting and family condition. There are a number of different tools
used for screening ADHD, such as BASC-2 and the CBCL. The treatment of ADHD itself has
grown a lot, for instance a medication treatment to correct the neural network abnormality,
behavioural treatment to treat the inattention and hyperactivity-impulsivity symptoms, and
cognitive training to overcome the problems with poor executive functions in ADHD. The extent
of people who get diagnosed with ADHD should be a concern not only to identify the disorder but
also to get the best treatment as effective and convenient as it can be.

Executive Functions Deficits

ADHD is closely related to low executive functions. For instance, there is research that found the
lack of inhibitory control predicts mind wandering frequencies in late childhood which is one of
the symptoms of children with ADHD. Executive functions itself is an umbrella term used for
various hypotheses of cognitive processes carried out in the prefrontal area of frontal lobes
consisting of planning, working memory, attention, inhibition, self-monitoring, self-regulation and
initiation. Executive Functioning (EF) deficits may indicate an aspect of ADHD since its two
symptom dimensions of ADHD actually represent dimensions of EF. However, one must know
that EF impairments especially those who are present in children with ADHD tend to be specific
rather than global impairments. Hereafter, serious social and adaptive impairments may be a result
of ADHD (EF disorder). Lastly, we can conclude that executive dysfunction is allied with ADHD.

Cogpnitive Training Games

Based on the understanding of brain plasticity, it is thought that cognitive training can strengthen
brain networks affected in ADHD. Computerized cognitive training by using brain games is
targeting different cognitive skills, including attention, concentration, verbal and visual working
memory, processing speed, and inhibition. Not only useful in improving attention and suppressing
impulse, but games also can exercise daily life and social skills.
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2. RESEARCH METHOD

Research Procedure

A framework was used as a guide to identify, select, and review relevant publications in this topic
area. A combination of keywords: ADHD; computerized cognitive training; and games, were used
to search the electronic databases APA Psycnet and Atlantis Press for publications between 2017
until 2022. Researchers will also implicate other references from textbooks or journals that are
considered to be relevant and support this study. This approach is useful and essential to provide
an overview of the relationship between games and ADHD as many researchers suggested to
leverage technology to provide better treatment for those with ADHD.

Inclusion Criteria

Articles published are included if the articles meet the following criterion such as published in
English or Indonesia, have empirical data that are valid and reliable, investigate the effectiveness
of games to ADHD with the aim to reduce ADHD symptoms, and tested on children and adults.
The systematic search yielded 10 publications. After eliminating the articles at the title and abstract
level, five articles remained and were subsequently read. A total of 5 publications were eliminated
for not focusing on only games intervention and one of them was written as a systematic review
publication. Thus, five articles were identified as relevant.

Data Extraction

Data that were extracted from the article comprised of author (s), year of publication, country,
study design, participants characteristics, interventions, and outcome measures. A descriptive
approach was used to summarize the data.

3. RESULT AND DISCUSSION

From the five articles, four studies had experimental study design with treatment and control group
and one study had a study case design. In total, all studies combined included 98 children and
adolescents with ADHD aged 8 to 17 years old. Geographically, one was performed in Indonesia;
three in Brazil; and one in Denmark. In five articles, ADHD was assessed using DSM V and ICD-
10 criteria. The results from four studies shows that computerized cognitive training is giving
significant effect on decreasing ADHD symptoms, while one study shows that there is no
significant effect of computerized cognitive training on ADHD patients. To determine whether
games have impacts on ADHD, we look into three different types of games based on 5 literature
reviews. The results show that computerized cognitive training games may decrease symptoms
significantly and also not show a significant outcome for people with ADHD.

ADHD Trainer is one of the cognitive training applications designed to improve cognitive
impairment such as attention, working memory, processing speed, mental calculation, reasoning,
and visual-motor coordination. ADHD Trainer consisted of three games that each targeted
different cognitive function. After the game session, the game taker will be given a score and the
taker's score will be stored in the database. Later, game takers can choose specific games to train
their cognitive function weaknesses. Giving ADHD Trainer for 10 days with at least 10 minutes
of gameplay has shown to decrease inattention and hyperactivity. While ADHD Trainer has shown
to improve attention and decrease hyperactivity, it turns out that one of the cognitive training
programs, such as CCT (Cognitive Computerized Remediation Training) ACTIVATE had no
significant effect in patients with ADHD. CCT-ACTIVATETM is a computerized training
consisting of six different games and different levels of difficulty that are designed to address
different neurocognitive domains, such as working memory, speed processing, sustained and
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divided attention, category formation, and control inhibition which target one of the executive
function’s components. Although CCT ACTIVATE showed no significant effect in patients with
ADHD, in an fMRI study, twenty children with ADHD given CCT-ACTIVATE activated more
brain area that is associated with working memory and sustained attention. It is also found that
methylphenidate activates the same brain area. These findings suggest that cognitive training and
psychostimulant medication might have the same effect on ADHD patients.

On the other hand, CCT-ACTIVATE had a different outcome when given to 6 ADHD patients in
children aged 10-12 years old. This is an experimental study wherein the active condition group,
participants were given CCT-ACTIVATE intervention while non-active conditions were given
educational videos and questions related to school content that was developed by a learning tutor
and psychologists. Other computerized cognitive training games are Scientific Brain Training
(SBT) and Tetris. They both had significant outcomes on cognitive and symptoms of ADHD.
Scientific Brain Training is a computerized training game consisting of 6 exercises, which are
entangled figures, shapes and colours, under pressure, displaced characters, heraldry, “Objects,
where are you?”. Where SBT had a significant beneficial effect on sustained attention and the
active placebo had significant beneficial effects on working memory.

Table 1
The Results of This Study
Author(s) Year Country  Study design  Population and sample size Results
Bikic et al. 2017  Denmark Double-blind 18 participants with ADHD, SBT had a significant effect on
randomized age between 14-17 years that sustained attention, whereas the active
pilot trial were divided into two groups.  placebo  (Tetris) had significant
beneficial effects on working memory
de  Oliveira 2017  Brazil Randomized 6 ADHD patients aged 10-12- Both active and placebo condition
Rosa et al. clinical trial years that were divided into showed decrease in ADHD symptoms
active or placebo conditions. without statistical difference between
them and there’s a need for new
strategies to better assess the
effectiveness of cognitive training in a
school environment to have an
assessment
de  Oliveira 2018  Brazil Randomized 35 participants aged 6 to 13 This study does not provide evidence
Rosa et al. clinical trial years receiving stimulant for the benefits of cognitive training
treatment were randomized over non-active training on core ADHD
either to a computerized symptoms in medicated ADHD
cognitive training (CCT) or to  children and adolescents.
controlled non-active
condition.
de  Oliveira 2019  Brazil Randomized 20 children with ADHD aged Cognitive training was associated with
Rosa et al. controlled 9 to 13 years randomized activation of the brain area that
clinical trial either to a CCT or to a regulates attention and working
controlled non-active memory, but not in inhibitory control.
condition.
Agustini, M. 2019 Indonesia  Experimental ~ One boy with ADHD aged 8 ADHD Trainer improves cognitive

Study

years.

skills by training the cognitive areas.

Presently, there are numbers of literature that combine psychology intervention and technology
with ADHD. Based on the three studies, all the presented games (ADHD Trainer, CCT-
ACTIVATETM, and SBT) target the executive function to reduce the ADHD symptoms
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(inattentive, hyperactivity-impulsivity). In addition, many other games-based interventions have
proven their effectiveness in diagnosing and treating ADHD. Video game-based interventions
have been used in cognitive training and could help in the formation and restructuring of
neurobiological pathways, especially in children as a child’s brain displays plasticity. Generally
speaking, this intervention is more effective in children with ADHD. It requires players to use
executive functioning skills that include planning, time management, and working memory.
Movement, intense activity, and frequent changes in games mesmerized children with ADHD for
the fact that cognitive training task difficulty is increasing from session to session in a way to
challenge the patient to go beyond their competence. Neuroimaging studies show that increasing
difficulty is needed to support neuronal changes Neuronal changes are crucial as deficits in
neuropsychological can serve as a bridge between originating causes and disorder onset and it is
for proper brain function. It should be noted that cognitive training intervention not only affected
the performance gains on the trained dimensions of EF, but also generalized to other cognitive
functions and everyday activities so that it will persist over longer periods.

Astoundingly, based on previous research about the implementation of computerized cognitive
training on ADHD. One of its limitations is motivation. For instance, children with ADHD prefer
quick alternatives and find it difficult to make peer relationships. This will lead them to reject
games that require cooperation and linguistic abilities. Therefore, one way to make children
cooperate with the games is by strengthening motivation because it is important to have an
understanding of how interactive games enhance the learning process. Furthermore, following the
previous study, measuring the motivation rates of each participant is necessary due to low levels
of motivation could lead to negative influences on the treatment effects. Not all individuals find
all computer game-based learning motivating and interesting. However, a group of participants in
a research study said that they would consider the idea of game-based learning if they believe that
it is the most effective way to learn. Again, considering individual differences such as motivational
aspects could moderate the number of training-induced gains. What’s more, the results from the
previous study also mentions that motivation is an important thing to sustain the focus of
adolescents with ADHD on cognitive training because both teenagers in the groups found they had
low scores on Interest and Value in the APQ that may have negative influences on treatment
effects.

Technology has proven to be helpful in various ways and yet we still need to consider the bug that
may happen when we use technology as the tool for intervention. For example, the quality of high-
speed internet availability is crucial at home for developing any session. Even though countless
studies are focusing on the association between electronic media and greater difficulties with
attention, it is essential to identify the value of using electronic media for increasing focus and
self-control. To sum up, besides targeting executive function in children and adolescents with
ADHD, we need to pay attention to the process of the training games.

4. CONCLUSIONS AND RECOMMENDATIONS

This paper has provided a brief review of different use of games for the intervention of ADHD.
We discussed three different games particularly ADHD Trainer, CCT-ACTIVATETM, and SBT.
ADHD Trainer, SBT and CCT-ACTIVATETM have been shown to decrease ADHD symptoms,
while CCT-ACTIVATETM also had no significant effect in patients with ADHD. It is assumed
that motivation also plays a role in supporting symptom reduction through games.
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