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Abstract  Children with deficits or delays in 
visual-motor coordination skills experience difficulties in 
acquiring academic skills, participating in school activities 
as well as in social relationships. Valid and early detection 
of visual-motor difficulties and their treatment through 
intensive and effective intervention programs have been 
shown to bring about significant improvements in the 
functioning of children with DCD. The purpose of this 
literature review was to examine the effectiveness of 
intervention programs that involve the use of interactive 
games to deal with visual-motor coordination difficulties in 
preschool, school and adolescent children. The method 
used was the search of the relevant literature in databases 
(Google Scholar, PubMed, Plos One, Taylor & Francis, 
Science Direct, EKT & IKEE, etc.) with keywords in the 
title and the text of the abstract (video games intervention 
and DCD, computer games, virtual games, active games, 
exergames, rehabilitation and DCD, Wii intervention for 
DCD, etc.), in order to identify and display articles that 
would be relevant to the topic under consideration as much 
as possible. 105 bibliographic references (93 scientific 
articles, 9 conference proceedings and 3 diploma theses) 
have emerged from the initial search carried out with the 
aim of a systematic review of the existing literature. After 
removing studies involving tablet games for people over 
the age of 18 and for children who did not have DCD, 36 
studies were finally reviewed. The results showed, in their 
majority, a positive effect of interactive games for the 
elimination of visual-motor difficulties already at 
preschool age. There have been studies that have shown a 

positive effect on the social and emotional development of 
children. Children seem to have a lot of fun using the 
interactive toys. Of course, the contribution of interactive 
games to the normalization of DCD has not yet been 
investigated in depth and more thorough research is needed 
in the direction of the type, the time frame, the frequency of 
the activity as well as the training of the special educators 
and therapists. Future researches on the implementation of 
programs with interactive games could focus on: a) the 
long-term effect on preschool, school children and 
adolescents with DCD problems, b) the combination with 
physical activity and sports, and c) the development of 
children's social and emotional skills. 

Keywords  Developmental Disorders of Motor 
Coordination, Interactive Games, Intervention Programs 

1. Introduction
The functional and educational problems associated 

with difficulties in visual-motor coordination in children 
and adolescents can appear in gross and fine motor 
activities, self-care, reading, mathematics, writing, but also 
in overall academic performance [1]. Children with 
visuomotor coordination problems (DCD) show difficulty 
in movements that require the coordination of the visual 
stimulus with the movement of the hands, a skill required 
for most gross and fine motor activities of daily life 
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[2,20-22]. The impact of these deficits becomes stronger 
and more evident in the performance of more complex and 
demanding activities that involve visuomotor coordination 
between parts or even the whole body [3,4,6]. In order to 
avoid secondary consequences and improve children's 
functioning, the valid and early detection of visuomotor 
difficulties has been highlighted [5]. The early detection 
and assessment of difficulties sets the conditions for the 
design and implementation of appropriate intervention 
strategies [6,7], with researchers arguing that it is an 
effective way of managing and rehabilitating difficulties 
and functional problems faced by children with DCD 
[8-11]. 

Due to the intense reflection of the research community 
and the need to bridge traditional physical play and 
technological means, in the 2000s a modern movement 
called "Active Gaming" emerged [12]. This movement 
claims to bridge the gap between technological games, 
which children enjoy, and physical activity [12]. A notable 
reason why it was developed is the great concern over the 
childhood obesity epidemic since the beginning of the 20th 
century. 

These games are aimed at addressing children's physical 
inactivity and balancing the deficiencies resulting from the 
reduced time of traditional play and physical activity, since 
they require participants to move their bodies in order to 
control the actions of the game [13,63]. 

Although there are several categories of active electronic 
games, the present study focuses on the so-called 
"exergames", the interactive electronic console games, 
namely Nintendo's Wii (2006), Microsoft's Kinect for 
Xbox (2010) and PlayStation DDR/EyeToy /Move for 
Sony Computer Entertainment PlayStation consoles 
(1998/2003/2010) and later [14,15,17-19]. In this literature 
review with meta-analysis data, it was considered 
important to study the effect of interactive games on the 
motor behavior of children and adolescents aged 3 to 18 
years with developmental motor coordination disorders 
through an overview of relevant research since 2011, when 
the first most popular interactive console games, till today 

had appeared. 

2. Purpose and Hypothesis of the
Research

The purpose of this literature review is to study the 
effectiveness or not of intervention programs that involve 
the use of interactive games to address visual-motor 
coordination problems in preschool, school and adolescent 
children. 

Hypothesis 1: Intervention programs using interactive 
games will bring positive results in dealing with DCD 
difficulties. 

Hypothesis 2: Intervention programs involving 
interactive games are more effective compared to other 
intervention programs for dealing with visual-motor 
coordination difficulties. 

Hypothesis 3: The duration and frequency of use of 
interactive games determine the results in dealing with 
visuomotor coordination difficulties. 

Hypothesis 4: The intervention programs concerning 
interactive games to deal with the difficulties of children 
with visual-motor coordination problems and 
accompanying diseases (attention deficit hyperactivity 
disorder, autism spectrum disorders, Down's syndrome, 
deaf children) will be effective. 

3. Sample and Survey Sampling
From the search carried out with the aim of 

systematically criticizing the existing literature on the 
effectiveness of implementing visual-motor coordination 
intervention programs related to electronic games in 
preschool and school-aged children, a total of 105 (100%) 
literature references related to the subject under 
consideration. Of these, 93 (90%) were scientific articles, 9 
(8%) conference proceedings and 3 (2%) doctoral theses 
(Graph 1). 
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Graph 1.  Distribution (f) of bibliographic references of the sample 

4. Research Methodology
The method used was the search of relevant literature in 

databases (Google Scholar, PubMed, Plos one, Taylor & 
Francis, Science Direct, ECB and IKEE) with keywords in 
the title and the text of the abstract (video games 
intervention and DCD, computer games, virtual games, 
active games, exergames, rehabilitation and DCD, Wii 
intervention for DCD etc.) as well as a combination of 
these terms in the Greek language (visuomotor 
coordination, visuomotor coordination disorder, motor 
coordination, developmental  motor  coordination 
disorder, electronic games and DCD etc.), in order to 
recognize and display articles that would be relevant to the 
subject under consideration as much as possible (Figure 1). 
The search led to the initial selection of 105 articles, theses, 
conference announcements (foreign and Greek) (Figure 1). 
Of these, 16 were rejected, because they did not relate to 
children with DCD, while the remaining 89 were selected 
for further evaluation of the full text of the publication. 
Afterwards, 10 studies were rejected from the above 
evaluation, as they related to the presentation of interactive 

games for their future interventional use (Figure 1). 
Thus, 79 studies remained, from which 9 were removed, 

as the age of the participants in the intervention programs 
exceeded the age limit of 18 years, which we set as a 
condition of the sample under consideration (Figure 1). 
From the remaining articles (70), 10 bibliographic 
references that used tablets as a means of intervention, 
which are not included in the category of interactive games, 
were excluded from the present study (Figure 1). The 
sample size was further reduced after removing 4 more 
articles in which comprehensive intervention programs 
were absent and researchers were limited to a simple 
comparison of performance between participants. From the 
present study, metacognitive characteristics were not an 
entry criterion and for this reason they were excluded, with 
the number of studies reaching 54. The selection process of 
suitable research papers for the present study was also 
completed after the removal of 18 more articles, of which 
10 presented difficulty of access and 8 were contained in 
literature reviews. In conclusion, a total of 36 studies are 
examined in this literature review (Figure 1). 
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Figure 1.  Process of selecting and reviewing articles for conducting research results

5. Representative Characteristics of the
Survey Samples

For the collection of the sample of the present study, the 
date of publication of the articles under consideration, the 
countries where the studies were conducted and the target 
group were taken into account (Graph 2). More specifically, 
the publication of the articles takes place from 2014 to 
2022. In the first 3 years, from 2014 to 2016, there are a 
limited number of publications, only  3 publications per 
year, in contrast to 2017 when the number of publications 
reached 9 to decrease significantly the following year 
(2018) to 3 publications, a number that, with the current 
data, is repeated in 2022. A significant increase in the 
number of publications is found in the years 2019 and 2021, 
where the number of publications reached 7 and 6 
publications respectively, with 2020 publications reaching 
5. 

Researching the distribution of published research 
studies by country (Graph 2) it was observed that of the 36 
(100%) bibliographic references included in this research, 
7 and at a rate of 19.4% are located in South Africa one of 
which is carried out in three countries simultaneously 
(South Africa, Ghana, Netherlands) and one in two (South 
Africa and Netherlands). Also it is important to notice the 
number of studies, five per country, located in the 
following countries: Iran, Australia, Brazil and the 
Netherlands. Of these studies, one was implemented 
following the collaboration of Brazil, Chile and the 
Netherlands, while another one was carried out by 
Australia and New Zealand at the same time. Subsequently, 
four studies are located in Canada and Italy, two in each 
country, while one study in each of the following countries: 
South Korea, Taiwan, Hong Kong, Japan, Ghana, Turkey, 
Chile, New Zealand and the USA. 
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Graph 2.  Distribution (f1) of publications per year and distribution (f2) of publications by country 

The gender of the participants was also investigated in 
the 36 articles under review (100%). In 17 of them (47.2%) 
the sample was boys and girls, in 4 studies (11.1%) they 
were boys, while in only 2 articles (5.6%) the sample 
concerned girls. In a large percentage of the sample 36.1% 
(13 surveys) no reference was made to the gender of the 
participants. 

The average age of the sample participants amounts to 
8.99 years with a higher average age of 14.5 years and a 

lower average age of 5 years. Regarding the frequency of 
occurrence of the age groups, the age groups 6-10 and 7-10 
are the ones that are all found more times, 6 and 4 times 
respectively, while the age groups 3-18 and 7-12 make the 
appearance all 3 times and 2 times the age groups 4-6, 9.5 
and 10-12. All other age groups (1-18, 4-12, 4-16, 4-18, 
5-10, 5-11, 6-8, 6-11, 6-12, 6-13, 7-13, 8, 9-11, 13-16) 
appear  one time each. 



1250 Developmental Coordination Disorders (DCD) and Interactive Games: A Literature Review 

Graph 3.  Percentage (%) distribution of participants by gender and  age group frequency of occurrence 

6. Results

6.1. Effectiveness of Intervention Programs 

From the totality of the research works, it emerged that 
61.1% showed positive results regarding interactive games 
for dealing with visual-motor coordination difficulties 
[23-46], with a percentage of 5.6% showing negative 
results [47-53,62] while a percentage of 16.7% showed 

positive but non-significant changes [41,48,51,55-57] 
(Table 1). 

More specifically, from the study of three reviews 
[38,39,55], positive results emerged in the treatment of 
DCD regarding the use of interactive games, despite the 
limitations with three scholars reporting significant 
positive effects on the use of VR/AR tools. In addition, the 
interest of one of the reviews [39], demonstrated the 
necessity of early interventions in active Wii Fit video 
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games, as a significant difference was observed between 
the control and intervention groups. However, in the 
review by Hickman et al. [55] and all of the articles under 
review, an improvement in participants' performance was 
observed, although the differences were not consistently 
significant compared to conventional treatment (Table 1). 

Further investigating the literature it was found that in a 
relatively large number of articles [24,27-32,41,57,58], 
there was a significant improvement in balance for both 
children with and without DCD. In a study Smits 
Engelsman et al. [57], a significant improvement was 
observed for children with DCD in the MABC-2 balance 
score, while the results of Werden et al. [29], research on 
the MABC-2 balance subscales were similar. Noteworthy 
is the fact of the significant difference in dynamic balance 
after the test, with the experimental group having 
significantly more positive results than the control group 
(Table 1). 

From the total of 11 articles related to the effect of 
interactive games on gross and fine motor skills, 8 articles 
(72.7%) showed a positive effect and 3 (27.3%) a negative 
effect. In particular, in the intervention of Cavalcante Neto 
et al. [52], improvement was observed in manual dexterity 
while neither group appeared to improve in 
aiming-grasping. Improvement in gross motor skills, such 
as running, ball, walking and jumping, was identified in a 
study by Page et al. [27], in Australia, as well as in a study 
by Kuijpers et al. [46], who reported improvement in 
walking and running. In contrast to these studies comes the 
research of Jelsma et al. [58], who concluded that no 
significant changes were observed in running-sprint either 
for children with or without DCD, while [29] speak of 
failure in running flexibility and [48] of difficulty in lower 
limb control with a small percentage of children failing to 
control leg movements (table 1). 

Regarding the role of interactive games in the 
development of the motor skills of children with ADHD, of 
the 7 articles referred to, in 4 (57.1%) improvements were 
observed in the motor skills of children who played 
Nintendo Wii [41] and Nintendo Wii Fit and Xbox Kinect 
[45], while positive effects were found in hand-eye 
coordination [42] and MABC-2 ball skills [29]. However, 

3 articles (42.9%) found no significant differences in motor 
skill acquisition for interactive game participants [51], with 
evidence for the effectiveness of video game interventions 
for children with DCD being limited in terms of improving 
their motor skills [53], and further research is required 
(Table 1). Additionally, in an intervention [56] which 
utilized interactive games at home, positive changes in 
motor skill and physical activity are limited despite 
improvement in participants' perceptions of physical skills 
and physical activities (Table 1). 

The results from the use of interactive games to deal 
with visual-motor coordination difficulties in the studies 
under review [27,34,40,42], appear overall positive, with 
changes in visual perception [37,44], being equally 
important (table 1). Regarding movement accuracy [47,50], 
one of the two studies [50] showed an improvement in both 
the experimental group and the control group, something 
that was not observed in the study by Jelsma et al. [47], 
where no improvement was found for children in the 
intervention group. Regarding motor learning [34,52], and 
motor performance [57,62], it was not found in the 
examined research papers sufficient evidence to support or 
refute the use of interactive games to improve the above 
factors. However, a significant improvement was observed 
in the predictability of the movements and in the saving of 
forces during the execution of the activities (Bonney et al., 
2017a; Kuijpers et al., 2021). For example, the person has 
the ability to perform correctly all the smaller motor 
actions that make up a motor activity and at the same time 
this is done without wasting energy, i.e. pointless 
movements [46,50]. An equally important degree of 
positivity is shown by the results concerning the 
strengthening of muscles and cardiorespiratory function 
[43] as well as the improvement of physical condition [35], 
aerobic and anaerobic exercise [40] for both intervention 
and control group children. However, in a study by Howie 
et al. [49], no significant effect on reducing sedentary life 
was observed. Finally, in the research of Bonney et al. 
[50,45], it was found that interactive games exert a positive 
control on self-efficacy [50], as well as on the social and 
emotional behavior of children with DCD (Table 1). 
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Table 1.  Results of effectiveness (n =36) on the contribution of intervention programs with interactive games in the cases of children with DCD 

Authors 
Outcomes 

Results 
Positive Negative Neutral 

1 Cherng et al. Χ - - Improvement in balance 

2 Johari, Α. S., & Rafiee, S. X - - Positive in hand-eye coordination 

3 Hashemi et al. X - - In clumsiness & quality of life 

4 Hocking et al. (meta-analysis) X - - In gross mobility, balance, non-significant effect on functional mobility - Affected by duration and number of tests 

5 Υu, T. et al. (review) Χ - - The results from this review reveal that video game/VR dual task and massage therapy are effective in improving mobility, 
cognition and skill teaching, while educational program involving parents is more effective in improving social skills 

6 Ηοwie et al. - - X Non-significant effect on reducing sedentary life 

7 Ηickman et al. (review) X - X All articles showed an improvement in outcomes with AVG, although the differences were not consistently significant 
compared to conventional therapy 

8 Bonney et al. - - X 
Both groups had improvement in: muscle strength, movement precision, running, movement prediction, and self-efficacy) 
No statistical significance differences were found in both forms of play 

9 Soares et al. X - - Improvement in gross movement and physical condition but not maintenance in post-intervention measures. In football more 
improvement 

10 Norouzi Tabrizi Nejad et al. Χ - - Improvement of visuomotor coordination in hearing impaired children 

11 Cavalcante Neto et al. Χ - - Iimproving motor skills of children with ADHD for children with Nintendo Wii 

12 Cavalcante Neto et al. X - X Both groups improved in balance and TSS/intervention group also improved in manual dexterity/neither group improved in 
aiming grasping 

13 Bonneya et al. - - X Children with typical development and DCD: No differences were found in motor skill acquisition, motor learning, game 
performance for exergames participants 

14 Page et al. X - - Improvement in gross motor skills (running, ball, walking, jumping), balance, bilateral coordination, coordination of both 
limbs 

15 Mentiplay et al. - - Χ Limited evidence on the effectiveness of video game interventions for children with DCD to improve motor skills. The 
results of the interventions were mixed with conflicting results. Need for further research 

16 Neto et al. - - X 
Wii training is not always superior to non-Wii training. Improvements depend on the type of task. With and without Wii 
improvements in motor learning in frisbee, marble balance/balance disc tasks. With Wii: archery and bowling improvements. 
No Wii: balance beam and ping pong improvements). Training with a Wii isn't always better than training without a Wii 

17 Jelsma et al. Χ - Χ 
The majority of children with ADHD (76%) show a change in at least one of the motor tasks after training with either Wii or 
Kinect. For Wii and Kinect similar positive agility and balance results for children with and without DCD. No significant 
changes in running-sprint performance were observed for either children with or without DCD 

18 Hashemi et al. Χ - - Significant changes in visual perception and executive functions for children with DCD playing Wii 
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Table 1.  Continued 

19 Ju et al. Χ - - Significant improvement in MABC-2 score, one-leg standing time, and number of successful trials with dynamic balance tasks 
was observed in the ADKS-exp children but not in the ADKS-con and T.A children 

20 Smits-Engelsman et al. Χ - Χ 

Children with DCD showed lower performance on the criterion task than the T.A group (p = 0.031). A time by group 
interaction indicated that the difference in performance on the criterion task became larger over time (p = 0.039). No 
differences in retention were found between groups. A large improvement (Cohen d 1.11) was observed for children with DCD 
on the MABC-2 balance sub score 

21 Werden et al. Χ - - Results from the formal assessment tools showed that both children improved on the balance and ball skills sub-sections of the 
MABC2. However, data from BOT2 failed to show the expected results in running speed, agility and in the area of strength 

22 Ada et al. Χ - - The findings showed a positive impact of exergaming on primary school students with special educational needs and motor 
problems 

23 Calvacante Neto et al. (review) - - X There is currently insufficient evidence to support or refute the use of virtual reality versus non-virtual reality interventions to 
improve motor performance in children with DCD 

24 Nazemzadega et al. X - - The results showed that early interventions in active Wii Fit video games produced a significant difference between the control 
and intervention groups. It appears that interventions can be effective 

25 Dana et al. X - - There was a significant difference between the experimental and control groups in post-test dynamic balance 

26 Howie et al. Χ - Χ The home-based AVG intervention produced few positive changes in objective measures of motor skill and physical activity 
despite improved participants' perceptions of physical skill and physical activity 

27 Lino et al. Χ - - The results obtained from the presented studies, despite the limitations, reveal a good potential in DCD treatment. Three of the 
four studies presented in this review reported significant results investigated the effects of VR/AR tools 

28 Smits-Engelsman et al. X - - Improved Experimental Team (ET) and Control Team (CT) in anaerobic exercise, functional capacity Improved (ΕΤ) in 
balance 

29 Ahn, S. N (pilot research) Χ - - Improvement in visual perception, fine motor skills 

30 Smits-Engelsman et al. X - - Improvement in balance in children with DCD 

31 Jelsma et al. - Χ - ET kids lacked accuracy & speed and used the same strategies even if they weren't effective 

32 Kuijpers et al. Χ - - Improvement in walking and running. Improvement in the conservation of forces and the predictability of their movements 
between activities 

33 Rafiei Milajerdi et al. (review) Χ - - Improvement in motor skills. Improvement in their social and emotional behaviour 

34 Smits-Engelsman et al. Χ - - Improvement in motor coordination, balance, aerobic and anaerobic exercise 

35 Jelsma et al. - Χ - They didn't use/enhance the arm and shoulder area. Difficulty in controlling the lower limbs (large movements). Improvement 
in a small number of children in their leg movements/control 

36 Bonney et al. Χ - Χ 
Children with DCD and T.D (Typical Development) demonstrated transfer effects to real-life skills with identical and 
non-identical items at exactly the same rate, regardless of the type of practice they were assigned. The type of practice adopted 
does not appear to influence children's ability to transfer skills acquired in an exergame to real-life situations 
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Table 2.  Data of analysis regarding duration, frequency, location, protocol and experimental team of interventions (n=36). 

Authors Duration and frequency 
of training Protocol duration Location of meetings Experimental team Control team 

1 Cherng et al. 45'min., 2 times a week 4 Weeks - 20 Children DCD 16 Typically developing children 

2 Johari, Α. S., & Rafiee, S. 20' min., 12 meetings - - 10 Children DCD 10 Children DCD 

3 Hashemi et al. 55' min., 2 times a week 8 Weeks - 15 Children DCD 15 Children DCD 

4 Hocking et al. (meta-analysis) - - - - - 

5 Υu, T. et al. (review) 10'-60' min., 2-5 times a 
week - - - - 

6 Ηοwie et al. 20' min., 4-5 days a week 16 Weeks - - - 

7 Ηickman et al. (review) 10'-60'min., 1-5 times a 
week 3-24 Weeks - - - 

8 Bonney et al. 45' min., 1 time a week 14 Weeks School 21 Children DCD 22 Children DCD 

9 Soares et al. 50' min., 3 times a week 1 Month Clinical setting - - 

10 Norouzi Tabrizi Nejad et al. 45' min., 2 times a week 5 Weeks School (special class) 8 Children DCD 8 Children 

11 Cavalcante Neto et al. 60' min., 2 times a week - Public and private schools 16 Children DCD 16 Children DCD 

12 Cavalcante Neto et al. 60' min., 2 times a week 8 Weeks Clinical setting 16 Children DCD 16 Children DCD 

13 Bonneya et al. 20' min., 2 times a week 5 Weeks - 56 Children DCD 55 Typically developing children 

14 Page et al. - 8-24 Weeks School, Clinical setting and 
home - - 

15 Mentiplay et al. 10'-45' min. 4-16 Weeks 

Home (2 studies), School, 
(12 studies), Clinical 

setting (Physiotherapy 
centre, and centre of 

rehabilitation (1 study) 

325 Children DCD 
101 Typically  

developing children 

16 Neto et al. 42' min., 2 times a week 6 Weeks Clinical setting 16 Children DCD 16 Children DCD 

17 Jelsma et al. 20' min., 1-2 times a week 5 Weeks School 34 Children DCD 34 Typically developing children 

18 Hashemi et al. 30' min., 3 times a week 8 Weeks School 25 Children DCD 25 Children DCD 

19 Ju et al. 45' min., 3 times a week 4 Weeks Not at school 12 Children DCD 12 Children DCD and 12 typically developing children 

20 Smits-Engelsman et al. 30' min. a week 10 Weeks Not at school (specified 
class) 33 Children DCD 28 Typically developing children 
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Table 2.  Continued 

21 Werden et al. 40' min., 2 times a week 6 Weeks Physiotherapy centre - - 

22 Ada et al. 30' min., 3 times a week 3 Weeks Not at school - - 

23 Calvacante Neto et al. (review) Mean 22,83' min., Mean 
2,33 times a week Mean: 6,8 Weeks 

Home (2 studies), Clinical 
setting (1 study), School (9 

studies) 
- - 

24 Nazemzadega et al. 55' min., 2 times a week 8 Weeks Room 20 Children DCD 20 Children DCD 

25 Dana et al. 30' min., times a week 12 meetings Room 15 Children DCD 15 Children DCD 

26 Howie et al. - 16 Weeks Not at school, home - - 

27 Lino et al. - - - - - 

28 Smits-Engelsman et al. 20' min., 2 times a week 5 Weeks Not at school - - 

29 Ahn, S. N (pilot research) 40' min., 1 time a week, 
12 meetings - School 13 Children - 

30 Smits-Engelsman et al. 20' min., 2 times a week 5 Weeks Not at school 17 DCD 17 Typically developing children 

31 Jelsma et al. 1 time, 10 repeated runs - Not at school 45 Children with 
possibly DCD 21 Typically developing children 

32 Kuijpers et al. 30' min., 6 meetings 3 Weeks Rehabilitation Centre 17 Children DCD - 

33 Rafiei Milajerdi et al. (review) Mean: 39,5' min., ~3 
times a week School, Hospital 

242 Children DCD, 
autism spectrum, 

cerebral palsy 
- 

34 Smits-Engelsman et al. 30' min., 2 times a week Not at school 32 Children DCD 28 Typically developing children 

35 Jelsma et al. - - 28 Children DCD 15 Typically developing children 

36 Bonney et al. 20' min., 2 times a week Not at school 57 Children DCD 54 Typically developing children 
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Table 3.  Data of analysis regarding country, age, gender, comorbidity and game type of interventions (n=36) 

Age in years 
of sample 

Gender of sample Comorbidity Game type 

Authors Year Country Boys Girls 

1 Cherng et al. 2017 Japan 4-6 - - - Nintento Wii (Wii fit) 

2 Johari, Α. S., & Rafiee, S. 2020 Iran 6-8 - 20 - Νintento Wii 

3 Hashemi et al. 2019 Iran 7-12 - - - Nintento Wii (Wii fit) 

4 Hocking et al. (meta-analysis) 2018 Australia 4-18 - - 
Cerebral palsy, 

developmental delay and 
Down syndrome 

ΑVGs 

5 Υu, T. et al. (review) 2021 Turkey 1-18 - - Developmental delay (autism, 
Down syndrome, etc.) Xbox Kinect, Nintendo Wii, VR an 

6 Ηοwie et al. 2016 Australia 10-12 10 11 - Playstation 3 (with integrated visual motor control 
devices) Χbox 360 (with devices Kinect) 

7 Ηickman et al. (review) 2017 USA 3-18 - - - AVGs 

8 Bonney et al. 2017a S. Africa 13 -16 - 43 - Nintento Wii και Taskoriented Functional Training 
(TFT) 

9 Soares et al. 2019 Brazil 8 1 - - Xbox (Μicrosoft Kinect-Soccer, Basket- ball) 

10 Norouzi Tabrizi Nejad et al. 2019 Iran 4-6 9 7 Deaf children SHOFER PC Game (Driving/Racing Genre) 

11 Cavalcante Neto et al. 2019a Brazil 7-10 8 24 - Nintendo Wii (Archery, Bowling, Frisbee, Table 
Tennis, Disc Balance, Beam Balance) 

12 Cavalcante Neto et al. 2019b Brazil 7-10 - - - 

Nintento Wii (Table Tennis, Frisbee, Archery, 
Bowling, Balance/lower limb skills domain Tightrope 
walk, Marble balance)/ Without Wii ( (Table Tennis, 
Frisbee, Archery, Bowling, Balance Beams, Tightrope 
walk, Balance disc) 

13 Bonneya et al. 2017b 
S. Africa, Ghana, 

Netherlands 
6-10 - - - Nintento Wii (Wii fit) 

14 Page et al. 2017 Australia 3-18 - - - 
Nitendo Wii (Wii Fit, Wii Fit plus,Wii Sort), Ultra 
Glove, Playstation Eye Toy, Web MiTii Plus, Makoto, 
XBox 360 Kinect 

15 Mentiplay et al. 2019 Australia 4-16 209 217 - 
Nintendo Wii in articles 12/15 (11/12 Wii Fit), Play 
Station2 Eye Toy combined with Play Station 3 Move 
and Eye with XBox 360 Kinect 
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Table 3.  Continued 

16 Neto et al. 2021 Brazil, Chile, 
Netherlands 7-10 24 8 - Nintento Wii without (table tennis, archery, bowling, 

jump rope, marble balance) 

17 Jelsma et al. 2022 Brazil 7-12 34 34 - Nintento Wii (Wii-Fit), Xbox (Microsoft Kinect) 

18 Hashemi et al. 2022 Iran Mean 9,5 50 - - Nintento Wii (Wii Fit) 

19 Ju et al. 2018 Taiwan 5-10 18 18 - Nintento Wii (Wii-Fit), iBalance 

20 Smits-Engelsman et al. 2020 South Africa Mean 9,5 29 32 - Nintento Wii (Wii Fit Ski slalom) 

21 Werden et al. 2017 Canada 9-11 1 1 - Xbox (Microsoft Kinect) 

22 Ada et al. 2020 Hong Kong 7-10 7 2 Children with special 
educational needs Xbox (Microsoft Kinect) 

23 Calvacante Neto et al. (review) 2018c Italy 6-10 - - - Nintento Wii, Xbox (Microsoft Kinect), Playstation 3 

24 Nazemzadega et al. 2021 Iran 6-10 40 - - Nintento Wii (Wii Fit) 

25 Dana et al. 2019 - 6-13 30 - - Nintento Wii (Wii Fit) 

26 Howie et al. 2017 
Australia- 

New Zealand 
10-12 10 11 - Xbox (Microsoft Kinect), Playstation 3 

27 Lino et al. 2021 Italy 4-12 - - - Nintento Wii, Xbox (Microsoft Kinect), Playstation 3 

28 Smits-Engelsman et al. 2017 South Africa 6-10 - - - Nintento Wii (Wii Fit) 

29 Ahn, S. N (pilot research) 2021 Korea 7-13 7 8 Mental retardation Nintendo Wii, CoTras 

30 Smits-Engelsman et al. 2015 South Africa 6-10 7 8 - Nintendo Wii (Wii Fit Ski Salom) 

31 Jelsma et al. 2014 
South Africa, 
Netherlands 

5-11 - - - Nintento Wii (Wii Fit) 

32 Kuijpers et al. 2021 Netherlands 6-12 13 4 - C-mill (corridor) 

33 Rafiei Milajerdi et al. (review) 2022 Canada 3-18 - - 
autism spectrum, 

cerebral palsy 
Nintendo Wii (Wii Fit), Xbox (Microsoft Kinect) 

34 Smits-Engelsman et al. 2021 South Africa 7-12 28 22 - Νntendo Wii 

35 Jelsma et al. 2020 Netherlands 6-11 27 16 - Nintendo Wii (Wii Fit Ski Salom) 

36 Bonney et al. 2017c South Africa 6-10 57 54 - Nintento Wii 
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6.2. Comparison of Interactive and Non-interactive 
Games 

The following results emerged from all the research 
works that were studied regarding the quality of the 
effectiveness of intervention programs related to 
interactive or non-interactive games to deal with visual 
motor coordination difficulties. In one of the five research 
papers [50] the intervention program was applied to 43 
girls aged 13-16 years, who were divided into an 
experimental group of 21 girls, where Wii training was 
used, and a control group of 22 girls, which was exercised 
in corresponding non-interactive games. From the research, 
no particular difference was observed in dealing with 
visual motor coordination difficulties for both the 
intervention group and the control group. 

However, different and varied are the reported results of 
four research studies [41,44,52,62], more specifically, in a 
study [41]. Nintendo Wii is better than non-Wii 
interventions in children with DCD. 

In another study by Cavalcante Neto et al. [41], also 
conducted in Brazil and applied to an intervention group of 
16 children with DCD and using the Nintendo Wii and a 
control group of an equal number of participants with DCD 
and practicing corresponding non-interactive games, a 
significant improvement was observed for both groups in 
balance and in total standard scores (TSS) with the 
intervention group also improving in manual dexterity. 
However, neither group showed progress in catching and 
aiming. 

Similar are the results of the research by Cavalcante 
Neto et al. [52], where 32 children with DCD, including 24 
boys aged 7-10 years, were divided into 2 groups - an 
intervention group with a Wii and a control group without a 
Wii and participated in an intervention program of 12 
sessions, 42 minutes each. The results show improvements 
in motor learning for both the intervention and control 
groups, while better performance in archery and bowling 
was observed for the intervention group and improvements 
in balance beam and table tennis for the control group. It is 
also emphasized that in the Physical Education programs at 
school for both groups the mobility of the lower limbs 
improved while the Wii group showed improvement in 
both the upper and lower limbs. Ultimately, Wii training is 
not always superior to non-Wii training with the 
improvements depending on the type of work each time. 

Purely positive results appear in the research of Hashemi 
et al. [44], as from the intervention program in 50 boys 
with an average age of 9.55 years with DCD who were 
divided into two groups - an intervention group and a 
control group - and who were exposed, the first to exercise 
with Wii-Fit and the second without, it was observed a 
significant improvement in visual perception and executive 
functions for the intervention group but not for the control 
group that attended the school's hourly physical education 
program. 

6.3. Duration and Frequency of Use 

As far as the third research question was concerned, 
regarding the most effective duration of use of interactive 
games for dealing with visual-motor coordination 
difficulties, the overall results showed the following: 

The duration of each session ranged from 20 to 60 min, 
with an average of ∼28.6 min per session, and sessions 
occurring one to three times per week (M.O.: 1.77 sessions) 
(Table 2). Two (~33.3%) and three (~22.2%) sessions per 
week were the most common weekly rates used by 
researchers. In all of the twenty-two articles under review 
(61.1%, Mean of use: 32.7 minutes) a positive correlation 
of intervention time with the effectiveness of interactive 
games was observed, with the exception of the two studies 
by Jelsma et al. [47,48] (5.6%) in which the results from 
the use of interactive games do not appear encouraging, as 
no reference is made to the time of their use by the 
participants (Table 2). Positive but non-significant changes 
were identified in the results of six studies [52,54-56,58], 
(16, 7%, Mean of use: 27.5 minutes), as the results between 
the intervention and control groups were positive but 
identical. The results are neutral in six studies 
[41,49,50,52,53,62] and in a percentage of 16.6 % (Mean 
of use: ~28.4 minutes), regarding the use of interactive 
games in relation to the duration of their use by the 
participants (Table 2). 

The total duration of the interactive game intervention 
protocols in the reviewed studies ranged from three to 
sixteen weeks, with a mean of ~6.3 weeks, although five 
studies did not report the duration of the intervention 
protocols [30,38,41-43,47], and in one study [47], only one 
intervention session of interactive games was performed 
resulting in children in the intervention group not showing 
the desired results in terms of improving their visual-motor 
coordination, something that did not happen in all the 
examined studies [23,24,27-46,50,52,54-58] in which a 
proportional relationship between intervention time and 
the use of interactive games was observed (table 2). 

6.4. Evaluation of Interventions in Children with DCD 
and Co-morbidities 

One of the issues that concerned us in this study was the 
effectiveness of intervention programs related to 
interactive games to deal with the difficulties of children 
with visual-motor coordination problems and 
accompanying diseases (autism spectrum disorders, 
attention deficit disorders and hyperactivity, Down 
syndrome, deaf children) (Table 3). After a thorough study 
of the included articles, a series of results emerged in 
which, in general, a positive impact of interactive games 
for children with DCD comorbidity with autism spectrum 
disorders, with attention deficit disorders and hyperactivity, 
with Down syndrome and with deaf children is evident 
[30,34,36,37,43,45] (Table 3). More specifically, in an 
intervention [36] applied to 9 children, 7 of whom were 
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boys, aged 7-10 years, with special educational difficulties 
and motor problems, the findings demonstrated a positive 
effect of interactive games in the aforementioned areas 
(Table 3). 

In another intervention program [37] in which 15 
children, 7 boys and 8 girls, aged 7-13 years, with 
visual-motor coordination problems and mental retardation 
took part in and who practiced on the Nintendo Wii and 
CoTras, after 12 sessions of 40 minutes once a week, an 
improvement in the participants' visual perception and fine 
motor skills was observed. Improvements in the 
visuomotor perception of deaf preschool children with 
DCD were also observed in a study [34], conducted in 
2018 in Iran (Table 3). The experimental study involved 16 
deaf preschool children with DCD, who were divided into 
two groups: an experimental group of 8 people, of which 5 
were boys, average age 7.10 years and a control group of 
an equal number of children with 4 boys, average age 7.9 
years (Tables 2 & 3). The participants of the experimental 
group played the computer game SHOFFER, with no 
previous game experience, for 5 consecutive weeks with 
two 45-minute sessions per week while the control group 
received no intervention. From the pre- and 
post-intervention measurements, it was observed that 
attention and spatial perception increased in the 
experimental group, which strengthens the position of the 
commercial use of electronic games for improving 
visual-motor coordination of children with hearing 
impairments and DCD. In addition, in a review study [43], 
in which 12 articles were examined, as they emerged after 
evaluating all the articles on the basis of the identified 
criteria, it emerged that participants with DCD and 
comorbidities, such as Autistic Disorders Spectrum and 
Down Syndrome, noted an improvement in gross and fine 
motor skills as well as strengthening of muscles and 
cardiorespiratory functions (Table 3). Also noteworthy are 
the results of the retrospective research by Rafiei Milagerdi 
et al. [45], which involved 242 children, aged 3-19 years, 
with ADHD and concurrent cerebral palsy or autism 
spectrum disorders. The participants, for nine weeks, 
approximately three times a week and an average time of 
39.5 minutes, exercised on the Nintendo Wii and Xbox 
Kinect and showed positive results in both motor skill and 
social and emotional behavior. 

Finally, in a meta-analysis by Hocking et al. [30] where 
12 articles were examined, with the sample referring to 
children aged 12-18 years with DCD in combination with 
cerebral palsy, developmental delay or Down syndrome, it 
was observed that interactive games had a positive effect 
on gross mobility and balance while they limited their 
effect in the field of functional mobility (Table 3). In 
addition, effectiveness appeared to be affected by the 
intensity and number of activities. That is, the smaller the 
number of tests and the shorter their execution interval, the 
more limited the improvement. 

7. Discussion
In a time that is constantly changing, with virtual reality 

gaining ground and the number of children with DCD 
increasing rapidly, the search for alternative practices to 
deal with their daily problems and improve their quality of 
life becomes necessary. In this direction, the role of 
interactive games is considered decisive. In the present 
literature review, a thorough investigation was made  on 
the role and effectiveness of interactive games in preschool, 
school and adolescent children with DCD to remove the 
difficulties that hinder their motor and social-emotional 
development. 

After a thorough study of the research works under 
consideration, the results showed that in the majority of 
them, the implementation of the intervention programs 
took place at school 
[23,28,31,34,36,37,40,41,44,45,47,50,52-54,56-58] but 
also in a clinical setting 9 studies 
[29,32,35,41,45,46,52,53,62], while only 3 intervention 
programs [27,41,53] took place in the house. More 
specifically, in the school environment, in 2 of the 18 
aforementioned research studies, one intervention took 
place in a designated classroom and another in an unused 
school room, while in one study [50] there is talk of the 
presence of two trainee therapists-students, during the 
intervention program, with predominantly positive results 
in all studies. Equally encouraging are the results of 
intervention programs taking place in clinical settings 
(hospitals, rehabilitation centers, physical therapy clinics), 
where the presence of specialist therapists 
(physiotherapists, pediatric physiotherapists, experienced 
gymnasts) appears to have a positive effect on the effort of 
improvement of the visual motor coordination of the 
participants. However, the same optimism is not observed 
for the intervention programs that are carried out in the 
home, as can be seen from the studies of Page et al. [27,53], 
as the quality of the game is found to be insufficient, which 
may be due to the lack of detailed guidance of the children 
by the parents, the absence of their supervision during the 
interactive game, as well as the inability of the parents to 
introduce new categories of games or a variety of difficulty 
levels to keep children interested. 

Regarding the type of interactive games used in the 36 
studies under consideration, 18 of them  or 50% used the 
Nintendo Wii console (Wii Fit, Ski slalom, archery, 
Frisbee, table tennis, disc balance, beam balance et al.) 
with the Microsoft Xbox console (Microsoft Kinect) 
appearing in 3 research studies and at a rate of 8.3%, while 
in 13 research studies and at a rate of 36.1% different 
consoles are used together (Nintendo Wii, Microsoft Xbox, 
Playstation, CoTras). The interactive games SHOFER 
(race driving type) and C-mill were also used in 2 research 
articles at a rate of 5.6%. 
In 5 of the studies under review [41,44,50,52,62], the 
intervention program included education with interactive 
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and non-toys in children with DCD. In 3 of them 
[41,44,52], the results of the intervention group were 
clearly more positive than the results of the control group, 
which were practiced in non-interactive games. 

The subject of this research was also the duration of the 
interventions related to the use of interactive games. After 
a thorough investigation, it was observed that the weekly 
average of the time of all interventions with a positive 
outcome [23,24,27-29,31-37,39-46,60] amounts to 6.52 
weeks with the corresponding time of neutral outcome 
interventions [41,49-53] to reach 8.8 weeks, which 
possibly indicates that the increase in the time spent with 
interactive games is not necessarily consistent with better 
performance in their visuomotor coordination. However, 
the interest for further investigation is born. In the 
investigation of the studies with a positive outcome, 
repeatability in the use of interactive games (3 times per 
week) was also found, which was not observed in the 
studies with a neutral and negative outcome [47,58], where 
the element of repeatability was absent. 

Characteristics of children with DCD are balance, visual 
perception and coordination problems. After a thorough 
investigation of the 36 articles under consideration, the 
results of the interventions related to the use of interactive 
games in children with DCD appear positive, in terms of 
the balance of the participants [23,24,27-32,60]. 
Particularly in the research studies of [24,27,30] alongside 
the improvement of balance, a positive effect on gross 
mobility and limb coordination was found, while in the 
research of Cavalcante Neto et al. [52,58], the results of the 
interventions were equally positive for both the 
intervention group and the control group. Regarding visual 
perception, in two studies [37,44], in which this issue was 
investigated, it was observed that the use of interactive 
games produced positive results in their visual perception. 
Equally positive are the results of the use of interactive 
games in children with DCD in the coordination of 
movements. In particular, in the research works 
[27,34,40,42], participants showed an improvement in 
hand-eye coordination and bilateral coordination of the two 
limbs, while a significant improvement in visuomotor 
coordination was recorded for children with hearing 
problems [34]. 

A major issue that complicates the everyday life of 
children with DCD is the socio-emotional approach to 
everyday life, which concerns both coexistence with others 
and the pleasure it offers. In the present study, from the 
total of 36 articles under examination, in 8 of them 
[23,29,36,43,45,51,53,57] observed an effect of interactive 
games on the socio-emotional state of children with ASD, 
with 6 articles showing positive results, 1 negative [43] - as 
no improvement in the socio-emotional state of children 
was recorded from their participation in the intervention 
program using interactive games - while in 1 [36] it did not 
seem that  there is a significant difference after the end of 
the intervention in the factor of pleasure from the children's 

participation in interactive games. In particular, from the 
studies, it showed the positive effect of interactive games 
on the socio-emotional perception of children with DCD 
and more specifically from the research [23,51,53,57], 
after measurements through a five-point rating scale of 
children's enjoyment/pleasure. 

In the research of Bonney et al. [51], 93% of the 
participants, after completing five weeks from the start of 
the intervention program, answered that engaging in 
interactive games was very fun (5), with the pleasure rates 
in the research of Mentiplay et al. [53] to range from 86% 
to 100% on a scale of 5 (very fun), while in the research 
work [57] 88% of participants answered 5: very fun and 
22% gave the answer 4: fun. No difference was observed in 
the results of the study [23] in which after two 
measurements  took place - the first week after the start of 
the intervention program and the second after the 
completion of five weeks - it was found that 31 participants 
gave the answer 5: very fun, 2 in the first measurement and 
1 in the second measurement answered 4: fun and 1 in the 
first measurement and 2 in the second measurement gave 
the answer 3: a little fun. From the above, it becomes clear 
that the majority of participants choose the answer 5 
mainly and 4 very fun and fun respectively, demonstrating 
the necessity of experts turning to the use of interactive 
games to remove the socio-emotional difficulties of 
children with DCD. 

Additionally, in the research of Werden et al. [29],   a 
semi-structured interview was also conducted with 
children and parents regarding the effectiveness and 
benefits of the intervention program, and both children 
participating in the program described it as fun with the 
exception of climbing and wake racing, as one 
characteristically stated by both participants. Parents also 
found a positive effect of the program on their children as, 
after the end of the intervention, the children seemed to 
have more confidence in themselves and in their motor 
skills with one of the two parents demonstrating the 
importance of the presence of specialists for the 
socio-emotional development of his child, beyond his own 
presence. 

In a meta-analysis by Rafiei Milagerdi et al. [45],    the 
socio-emotional behavior of children with DCD who 
participated in intervention programs using interactive 
games was also investigated, and parents spoke of an 
improvement in their children's sociability. In particular, a 
significant improvement was observed in the sociability of 
boys, but not a corresponding improvement in the 
sociability of girls. However, both boys and girls seemed to 
enjoy participating in the intervention programs using 
interactive games. 

It is also worth noting that the participants in the 
intervention programs using interactive games either had 
no previous experience with the games used in the 
interventions [23,29,43,45,51,53] or the first two weeks of 
the intervention were aimed at familiarizing the children 
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with the specific games [57] or, as noted in the research of 
Ada et al. [36], athletes attempted to familiarize children 
with the use of interactive games with the ultimate goal of 
increasing interest and maximizing motivation. 

An additional issue that was investigated in the present 
study was the role of comorbidity in the effectiveness or 
otherwise of interactive games in children with ADHD. 
More specifically, from the total of 36 articles under 
consideration, in the researches [30,34,36,37,43,45] and in 
a percentage of 16.6% the role of interactive games was 
investigated in dealing with the daily difficulties of 
children with DCD but also with accompanying diseases 
related to cerebral palsy, Down syndrome, autism spectrum 
disorders, neuromuscular disorder, mental retardation and 
deafness. In the articles under review, no coexistence of 
DCD with specific learning disabilities, specific language 
disorder, and Dyslexia was observed, although relevant 
literature references were identified [61]. It is also worth 
noting that although [61] distinguishing the coexistence of 
attention deficit hyperactivity disorder, with DCD in a 
percentage of 50% or more; in the included studies of this 
review no relevant researches were found. 

8. Conclusions-Suggestions
In the present bibliographic review, an attempt was 

made to investigate the effectiveness or otherwise of 
intervention programs related to the use of interactive 
games to deal with visual motor coordination difficulties in 
preschool, school and adolescent children. From the 
bibliographic review, it emerged that intervention 
programs using interactive games are in their majority 
effective in removing difficulties in visual-motor 
coordination from preschool age. However, despite their 
positive effect, no significant difference is observed in their 
effectiveness compared to the corresponding 
non-interactive games. Regarding the relationship between 
intervention time and effectiveness, a proportional 
relationship of magnitude was observed, as it was found 
that the regularly repeated and longer use of interactive 
games had a positive effect on the visual motor 
coordination of the participants. Regarding the 
effectiveness of interactive games in children with DCD 
and accompanying diseases, a significant improvement in 
their visuomotor skills was found, although the number of 
research studies is not sufficient to draw safe conclusions. 
Especially for the Greek area, the absence of relevant 
studies is evident, as during the bibliographic search from 
2011 onwards, no similar research work was found. 

A future research could focus its interest on the 
combination of interactive games with other therapeutic 
techniques (occupational therapy, physiotherapy, physical 
activity, psychotherapy, music therapy and psychodrama). 
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