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Abstract

Background: Proficiency in gross motor skills (GMS) lays the foundation for developing more complex motor skills.
Improving these motor skills may provide enhanced opportunities for the development of a variety of perceptual,
social, and cognitive skills. However, GMS development and intervention effects are not ideal for many non-typically
developing children.

Objective: To systematically evaluate the effect of active video games on the development of gross motor skills in
non-typically developing children and adolescents.

Methods: Seven Chinese and English databases were searched for randomized controlled trials, and the risk of bias
in included studies were qualitative evaluation according to the revised Cochrane risk of bias tool for randomised tri-
als (RoB 2). Then a meta-analysis was conducted to estimate the overall effect of active video games on the develop-
ment of gross motor skills in non-typically developing children.

Results: Twenty papers were included. In the three subordinate concepts of gross motor skills, active video games

significantly improved locomotor skills [ SMD=0.59, 95% Cl (0.40, 0.77)] and non-locomotor skills [SMD=0.51, 95%

Cl1(0.20,0.81)] in non-typically developing children. However, there was no significant difference compared with the
control group [ SMD=10.32,95% Cl (— 0.17,0.82)] in object control skills.

Conclusions: The study shows that active video games can improve locomotor skill and stability skill in non-typically
developing children, but the effect on object control skill is uncertain, and more high-quality literature needs to be
included in the future.

Trial registration The meta-analysis was registered on INPLASY (202,250,124) and is available in full on inplasy.com
(https://inplasy.com/inplasy-2022-5-0124/).
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Background

Motor development is one of the most basic and impor-

tant areas of individual development [1]. In general, there

are relatively predictable sequential motor development
stages and milestones in typically developing children [2,
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coordination disorder (DCD), and Down syndrome
(DS), are common in non-typically developing children
(NTDC). These children are often accompanied by vari-
ous degrees of damage to the brain or central nervous
system disorders, manifesting in delayed development
and deficits in balance and movement skills, and gross
and fine motor development fall behind typically devel-
oping peers [4].

Motor skill deficits, especially gross motor skill (GMS)
disorder, are an important factor hindering children’s
participation in physical activities; they increase seden-
tary time, affect their physical activity level and weight
status [5], and pose great risks to their health. Individuals
with motor skill deficits not only fall behind their peers
in strength, coordination and endurance but also face
the risk of many mental diseases, such as depression and
social phobia [6]. Therefore, it is very important to pay
attention to the development of GMSs in NTDC.

Motor skill intervention is often provided to develop
the gross motor function of NTDC [7]. However, tradi-
tional motor intervention therapy often requires the help
of various games and facilities and requires a large activ-
ity space and experienced therapists to accurately control
the treatment process to ensure the participants’ inter-
est in the treatment process and the smooth progress of
the treatment [8]. Most importantly, the level of motor
skills among NTDC is poor, and it is difficult to maintain
adherence to and motivation for the highly structured
and repetitive activities of traditional rehabilitation [9].
A potential area of improvement for such interventions
may lie in the attractiveness of play and children’s prefer-
ence for and participation in technology [10].

Active video games (AVGs; also known as exergames)
have been proposed as a good alternative for traditional
exercise and have become an emerging tool for devel-
oping motor skills using the new technologies [11] and
developing such skills among NTDC [12-15]. AVG is
a kind of sports entertainment games with the help of
human—computer interaction, motion sensing, virtual
reality and other high-tech technologies [16], require
players to physically interact with on-screen avatars
through various physical activities such as dancing, jog-
ging, and boxing [17, 18]. AVGs can provide an ecologi-
cal environment similar to that in the real world, where
participants can practice specific tasks, and the difficulty
of tasks can be adjusted readily in the game and provide
sufficient challenges [4]. Such an immersive experience
in a safe, enjoyable, and playful environment is associ-
ated with less fatigue and more relaxation, which may be
attractive to children [19]. Simultaneously, the character-
istics and animation effects of the game can also increase
children’s motivation and participation in the gaming
process, entice users to immerse themselves in the sports
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environment [20], and improve their cognitive function
and motor skills. Hence, AVGs are suitable as rehabilita-
tion tools for children and have gradually developed into
a popular therapy of motor skill intervention for special
populations [21].

Limited by game platforms, disease types, instruc-
tion degree, exercise dose, etc., there are differences in
the intervention effect of AVGs on GMS of NTDC, and
there is a lack of sufficient quantitative research to sup-
port the intervention effect. The current study focuses
on how AVGs can improve motor skills among NTDC.
If there are no certain answers to the above concern, the
promotion and application of AVGs in the field of medi-
cal rehabilitation will be greatly restricted. GMS refers
to the movement generated by large muscles or muscle
groups of the body, including walking, running, jumping,
throwing, etc. According to the change in spatial position
and the control of external tools, GMS can be divided
into locomotor skills (LS), object control skills (OCS)
and non-locomotor skills (NLS) [22]. The purpose of this
study was to explore the intervention effect of AVGs on
the GMS of NTDC and to explore the dose effect from
the aspects of the game platform, intervention setting,
intervention duration, intervention frequency and inter-
vention cycle to provide a reference for sports interven-
tion and clinical research on the GMS of NTDC in the
future.

Methods

This study followed the requirements of the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) 2020 statement [23] for the selection and
use of research methods. The protocol for this systematic
review was registered on INPLASY (202,250,124) and is
available in full on inplasy.com (https://inplasy.com/inpla
sy-2022-5-0124/).

Inclusion criteria

The inclusion criteria were as follows: (i) the study popu-
lation was aged 3-18 years with NTDC; (ii) at least one
of the GMSs was objectively measured and reported sep-
arately; (iii) the intervention in the study was conducted
using an AVG platform, all the devices were included,
(like mobile phones, virtual reality, computer games,
devices like Wii, Xbox...); (iv) the study was published
and peer-reviewed in English or Chinese; and (v) the
study was a randomized controlled trial (RCT).

Exclusion criteria

The exclusion criteria were as follows: (i) the type of
disorder was not explicitly mentioned; (ii) evaluation of
motor skill was a combination of gross motor skill and
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fine motor skill; and (iii) pre and post-test data on the
change in GMS (e.g., mean £ SD) were absent.

Outcome indicators

Outcome indicators selected various scales and testing
indicators for evaluating GMS and three components,
including the Movement Assessment Battery for Chil-
dren-2 (MABC-2), Berg Balance Scale (BBS), Pediatric
Balance Scale (PBS), Timed Get Up and Go Test (TUGT),
Center of Pressure (COP), Functional Forward Reach
Test (FFRT); Bruininks-Oseretsky Test of Motor Pro-
ficiency (BOT), Quality of Upper Extremity Skill Test
(QUEST), 10 Step Test, Tracking Task (TT) and 20 Meter
Shuttle Run Test.

Literature retrieval strategy

The following databases were searched: PubMed,
Cochrane Library, Embase, Elton Bryson Stephens Com-
pany, Web of Science, China National Knowledge Infra-
structure, and Wanfang. We retrieved data from RCTs
from the inception of each database until March 16, 2021.

The search strategy was based on principles of PICOS
(population, intervention, comparison, outcomes, and
study design) [24]. The search terms and expressions are
as follows (taking PubMed as an example):

#1 TS=(“active video gam*” OR “active videogam*” OR
“exergam®” OR “virtual realit*” OR “virtual therap*” OR
“virtual environment*” OR “video gam*” OR “computer
gam®” OR “serious gam*” OR “Wii” OR “Kinect” OR
“PlayStation” OR “EyeToy” OR “GestureTek” OR “IREX”).

#2 TS =(“gross motor” OR “motor coordination” OR
“motor skill” OR “movement skill” OR “fundamental
motor skill” OR “motion capture” OR “locomotor skill*”
OR “object control skill*” OR “ball skill” OR “non-loco-
motor skill*” OR “balance skill*” OR “stability skill*”).

#3 TS=(“Cerebral Palsy” OR “CP” OR “motor skills
disorder” OR “developmental delay” OR “DCD” OR
“Developmental Coordination Disorder” OR “Coordi-
nation Disorder” OR “Down Syndrome” OR “DS” OR
“Autism Spectrum Disorder” OR “ASD”).

#4 TS=(“Child*” OR “boys and girls*” OR “student”
OR “youth” OR “teen” OR “young person” OR “pre-
school” OR “adolescent”).

#5#1 AND #2 AND #3 AND #4

Literature screening

Two researchers used independent double-blind meth-
ods to screen the literature based on the inclusion and
exclusion criteria stated above, and relevant data were
extracted. If there was a disagreement in the review,
screening, and data-extraction stages, a third researcher
was consulted [25].
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Data extraction

The data extracted from the literature were the author
names, year of publication, and basic characteristics
of the samples (gaming platform, game type, outcome
indicators, and intervention environment/period/dura-
tion/frequency) (Table 1).

Risk of bias in individual studies

Two researchers independently judged the risk degree
of the literature according to the revised Cochrane risk
of bias tool for randomised trials (RoB 2) [45]. RoB 2
sets up five bias domains: randomization process,
deviations from intended interventions, missing out-
come data, measurement of the outcome, selection of
the reported result. There are multiple different signal
problems under each domain, and each signal problem
generally have five answers: Yes (Y), Probably Yes (PY),
Probably No (PN), No (N), No Information (NI). The
risk of bias in each domains was classified into three
grades, based on participants’ assessment to signaling
questions: “low risk of bias,” “some concerns” and “high
risk of bias” If all domains were rated as low risk, the
study was considered as “low risk of bias”. If the assess-
ment included one or more domains of some concerns
but no high risk, the study was classified as having
“some concerns” A study was categorized as “high risk
of bias”, if one or more domains were found to be at
high risk. In addition, RoB 2 gave predicted direction
of bias for each domains to judge the size and direc-
tion of bias: Favours experimental, Favours comparator,
Towards null, Away from null, Unpredictable, NA.

Statistical analyses

We employed Review Manager 5.4 for data process-
ing. The cut off values for “small’, “medium’, and “large”
effect sizes were 0.2, 0.5, and 0.8, respectively [46].
Additionally, 75%, 50%, and 25% denoted the propor-
tion of “high”, “medium” and “low” interstudy hetero-
geneity, respectively [47]. If significant heterogeneity
between studies was not observed (P>0.1, I?<40%),
we used a fixed effects model for analysis. If there
was significant heterogeneity between studies (P<0.1,
PP >40%), a random effects model was used for analy-
ses, and further subgroup analyses were carried out to
identify the source of heterogeneity.

If > 2 tasks were used to measure the GMS of NTDC,
the effect size was selected from the most commonly
used tasks [48]; if the study reported multiple measure-
ments on the same task (e.g., the ability to balance in
the left, right, front, and back directions), the standard
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Foreign Database : Chinese Database: Additional records
Web of Science. PubMed. CNKI. WanFang Data identified through
Cochrane Library .EBSCO. (n=51) other sources
Embase (n=1789) (n=06)

A

v

Repeated papers removed (n=791)

The number of available papers (n=1052)

Read the title and abstract and

A\ 4

manually remove the literature

(n=702)

v

The number of available papers (n=350)

Papers excluded after reading full
text (n=330):

\ 4

v

1.0utcome index is unqualified

The number of final valid paper (n=20)

(n=198) ;
2 Non-English literature (n=23) ;

\ 4 A 4

3. Non-RCTs research (n=87) ;
4.The subjects not conforming to
requirements (n=17) ;

5.Lack of result data (n=4) ;

English (n=14) Chinese (n=6)

6.Full text not available (n=1) .

Fig. 1 The flow chart of literature screening

deviation and variance were averaged to represent the
outcome of the task [49].

Results
A total of 1846 Chinese and English studies were
obtained from seven Chinese and English databases.
According to the inclusion and exclusion criteria stated
above, 20 studies using RCTs were included: 14 were
written in English, and 6 were written in Chinese (see
Fig. 1). There were 14 studies on LS [21, 27-30, 32, 33, 36,
38-40, 42—-44], 5 studies on OCS [26, 28, 31, 34, 43], and
17 studies on NLS [21, 26-30, 32-41, 44]. Among them,
one article [28] evaluated 3 dimensions of GMS, and 14
articles evaluated 2 dimensions [21, 26, 27, 29, 30, 32-34,
36, 38—40, 43, 44] (see Table 1).

Interventions with AVGs among NTDC aged 3-18 for
mainly focused on CP (16 items) and DCD (3 items). The
game platforms included Nintendo, 360Kinect and Q4,

and Nintendo Wii games were most commonly used. The
game contents covered almost all sports and highlighted
the fun of the game. The control group usually adopted
conventional treatment or no intervention, and three
articles [28, 34, 37] studied the difference between AVG
and other intervention methods.

Nine studies [21, 27, 28, 31, 32, 34, 36, 41, 44] men-
tioned that there were therapists to supervise and
guide the intervention process clearly, and the results
of the subgroup analysis also showed that the interven-
tion effect of this part was more effective. The other 11
studies did not explicitly mention the supervision of the
intervention process, so it was impossible to compare
the effect of supervision. In terms of intervention dose,
the intervention period ranged from 3 to 12 weeks, the
weekly intervention frequency ranged from 1 to 7 times,
and the duration of a single intervention ranged from
20 to 100 min. However, almost all the studies did not
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Table 2 Risk of bias in included studies

Study Randomization Deviations from Missing Measurementof ~ Selection of the Overall

process intended interventions outcome data the outcome reported result

Alsaif [26] @ @ @ @ ® .
Arnoni [27] @ @ .
oney 5 @ . . . . ®
il @ . . . . ®
herpel @ . . . . ®
Chiu [31] ® ® ® ® & .
Cho 32 ? @ @ @ @ @
Mombarg [33] & & & & 2 O
Neto [34] B @ @ @ @ @
Pourazar [35] ? & & & B @
Ren [36] 2 . . . ? .
Rojas [37] B @ @ @ @
nis @ . . . . ®
Salern [21] B @ @ @ ? @
Tarakci [39] @ @ 2 @ ® @
Ueente) G . . . . ©
bl @ . . . . ®
Zhang [42] . . . . . .
mow el @ e e e e ®
Zhao(b) [44] @ @ @ @ ® .

.: Low risk;@: Some concerns;.: High risk

examine exercise intensity, only Cho et al. [32] men-
tioned moderate exercise intensity in the intervention, so
there is a lack of understanding in this regard.

Risk of bias analysis of the included literature

As shown in Table 1 and 2, eleven studies [26-31, 38,
41-44] were rated to be at low risk of bias, eight studies
[21, 32-35, 37, 39, 40] were rated as having some con-
cerns and one study [36] was rated to be at high risk.
The domain “randomization process”was classified as
some concerns in seven studies [21, 32, 34—37, 40] due
to these studies only mentioned allocation sequence

were randomized, but did not describe the specific
method of randomization. In the study of Tarakci et al.
[39], the domain “missing outcome data”was rated as
having some concerns due to a high drop-out rate. As
the drop-out rate was same in experimental group and
control group, this domain was rated with some con-
cerns. In contrast, in the study of Ren et al. [36], the
domain “missing outcome data”was judged to be at
high risk due to the drop-out rate was not same in both
groups (experimental group 5%, control group 20%),
and it was difficult to judge whether the missingness
outcome affects the true value. There were four studies
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Experimental Control Std. Mean Difference Std. Mean Difference

__Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed. 95% CI 1V, Fixed, 95% CI
Arnoni 2019 89.64 7.21 7 8523 14.45 8 33% 0.36 [-0.67, 1.38] ]
Bonney 2017 -18.3 1.6 10 -185 3.2 11 4.7% 0.07 [-0.78, 0.93] -
Chen 2013 41.17 11.75 15 32.15 6.46 15  6.0% 0.93[0.17, 1.68] -
Chen 2016 37.16  9.51 20 3251 7.02 20 8.7% 0.55 [-0.09, 1.18] T
Cho 2016 0.9 0.2 9 0.7 0.4 9 38% 0.60 [-0.35, 1.55] T
Mombarg 2013 5.9 1 15 5.8 1.2 14 6.5% 0.09 [-0.64, 0.82] -
Ren 2016 40 11 19 27 5 16 6.1% 1.44[0.69, 2.20] -
Sahin 2020 6.33 5.26 30 5 4.18 30 13.4% 0.28 [-0.23, 0.78] I
Salem 2012 0.91 0.09 20 0.87 0.09 20 8.8% 0.44 [-0.19, 1.06] T
Tarakci 2016 -11.04 3.46 15 -12.96 4.64 15  6.6% 0.46 [-0.27, 1.18] T
Urgen 2016 53.96 17.46 15 41.78 17.95 15  6.4% 0.67 [-0.07, 1.41] T
Zhang 2019 47 5.89 20 424 484 20 8.2% 0.84 [0.19, 1.49] -
Zhao (a) 2018 7279 9.96 21  65.1 10.73 21 8.8% 0.73[0.10, 1.36] -
Zhao (b) 2018 29.19 8.19 21 24.03 298 21 8.7% 0.82[0.19, 1.45] -
Total (95% Cl) 237 235 100.0% 0.59 [0.40, 0.77] ‘
Heterogeneity: Chi? = 12.21, df = 13 (P = 0.51); I? = 0% M 2 0 2 4

Test for overall effect: Z = 6.18 (P < 0.00001)

Fig. 2 Effects of AVGs on the LS of NTDC

Favours [control] Favours [experimental]

Table 3 Subgroup analyses of the intervention effects of AVGs on LS of NTDC

Moderator variable Subgroup Included ? Effectsize ~ 95% Cl Two-tailed test
literature _—
z P
Gaming platform Nintendo Wii Sports and Fit 3 0% 0.55 (0.12,0.97) 2.51 0.01"
Nintendo Wii Balance Board 3 0% 0.22 (—0.22,066) 0.98 033
Xbox™ 360 4 0% 0.54 (0.22,0. 86) 332 <0.01™
Q4 Scene Interactive Training System 3 37% 092 (0.51,1.33) 44 <0.01"
KMC1 1 - 0.84 (0.19,1.49) 253 0.01
Control group intervention Regular Exercise 13 0% 061 (042, 080) 6.29 <0.01"
Others 1 - 059 (0.40,0.77) 0.17 086
Disease type cp 11 0% 067 (0.47,0.88) 6.35 <0.01"
DCD 2 0% 031 (—020,082) 1.0 0.23
BP 1 - 0.09 (—064,082) 024 081
Intervention setting School 2 0% 0.08 (—047,064) 029 0.77
Medical institutions 10 0% 0.66 (0.45,0.87) 6.20 <0.01"
Intervention cycle <8 weeks 6 0% 0.48 (0.20,0.76) 3.36 <0.01"
9-12 weeks 8 8% 067 (041,094) 507 <0.01"
Duration of single intervention <30 min 5 0% 0.57 (0.25,0.90) 349 <0.01™
> 35 min 9 0% 047 (0.24,0.69) 403 <0.01"
Intervention frequency <3 times/week 6 0% 038 (0.09, 0.66) 261 <0.01™
3-5times/week 8 0% 0.75 (0.50,0.99) 592 <0.01"
Supervision Yes 6 29% 067 (0.35,0.98) 417 <0.01"
Unreported 8 0% 0.54 (0.31,0.78) 460 <0.01"

Bold indicate the significant values (*:p < 0.05; **:p <0.01)

[21, 33, 35, 38] was classified as some concerns in the
domain “selection of the reported result” due to no
study protocol or registration to compare predefined
analysis intentions with reported outcomes, so whether
the data that produced this result analysed in accord-
ance with a pre-specified analysis plan that was final-
ized was also difficult to judge.

Meta-analysis of the intervention effects of AVGs on LS

in NTDC

Fourteen RCTs were included in the meta-analysis exam-
ining the effect of AVGs on the LS of NTDC, including
472 subjects. Figure 2 shows that AVG had a significant
effect on the LS of NTDC (SMD =0.59, P<0.01) com-
pared with the control group.
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Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random, 95% CI

Alsaif, A.A 2015 9.84 1.79 20 8.11 1.89 20 19.3% 0.92[0.27, 1.58] -

Bonney 2017 101 29 21 89 25 22 20.4% 0.44 [-0.17, 1.04] T

Chiu 2014 0.26 0.21 30 025 0.2 27 221% 0.05 [-0.47, 0.57] -

Neto 2019 14.18 4.51 16 17.43 6.18 16 18.3% -0.59 [-1.30, 0.12] - T

Zhao(a) 2018 16.38 7.07 21 11.75 4.36 21 19.9% 0.77 [0.14, 1.40] -

Total (95% CI) 108 106 100.0% 0.32[-0.17, 0.82] '

Heterogeneity: Tau? = 0.22; Chiz = 12.67, df = 4 (P = 0.01); I = 68% 4 2 0 2 j‘

Test for overall effect: Z = 1.29 (P = 0.20)

Fig. 3 Effects of AVGs on the OCS of NTDC

Favours [control] Favours [experimental]

Std. Mean Difference

Std. Mean Difference

IV. Random, 95% CI IV, Random, 95% CI

Experimental Control

Study or Subgroup Mean SD Total Mean SD_Total Weight
Alsaif 2015 16.1 3.1 20 127 374 20 6.5%
Arnoni 2019 -347 26 7 -3.09 225 8 4.6%
Bonney 2017 9.1 25 21 8.9 2.6 22 6.9%
Chen 2013 4117 557 15 37.82 7.15 15 6.1%
Chen 2016 41.25 6.28 20 378 791 20 6.7%
Cho 2016 346 135 9 302 156 9 50%
Mombarg 2013 63 24 15 5.1 2.8 14  6.1%
Neto 2019 2762 9.33 16 31.31 3.7 16  6.3%
Pourazar 2019 57.2 1.8 10 4523 2.03 10 1.5%
Ren 2016 43 6 19 38 8 16 6.4%
Rojas 2017 -3.51 0.75 16 -4.19 0.9 16  6.2%
Sahin 2020 7.3 332 30 743 288 30 7.5%
Salem 2012 -9.8 1.7 20 -10.24 195 20 6.8%
Tarakci 2016 209 6.47 15 17.18 5.95 15  6.1%
Urgen 2016 110.49 55.99 10 86.89 49.41 10 52%
Uysal 2016 55.75 0.45 12 5391 1.62 12 5.0%
Zhao(b) 2018 44.05 6.98 24 39.67 7.4 24 7.0%
Total (95% Cl) 279 277 100.0%
Heterogeneity: Tau? = 0.25; Chi? = 46.43, df = 16 (P < 0.0001); I> = 66%

Test for overall effect: Z = 3.28 (P = 0.001)

Fig. 4 Effects of AVGs on the NLS of NTDC

0.97 [0.31, 1.63]
-0.15 [-1.16, 0.87]
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0.29 [-0.64, 1.22] —
0.45[-0.29, 1.19]
-0.51 [-1.21, 0.20]

5.98 [3.73, 8.22]

0.70[0.01, 1.39]

0.80 [0.08, 1.52]
-0.04 [-0.55, 0.46] —
0.24 [-0.39, 0.86] -
0.58 [-0.15, 1.32]
0.43 [-0.46, 1.32]

1.49 [0.57, 2.42]

0.60 [0.02, 1.18]

IR

0.51[0.20, 0.81]

-4 -2 0 2 4
Favours [control] Favours [experimental]

A subgroup analysis (see Table 3) was conducted to
further explore the differences in gaming platform, dis-
ease type, intervention setting, intervention cycle, dura-
tion of single intervention, intervention frequency, and so
on. Except for the Nintendo Wii Balance Board gaming
platform, children with DCD and BP, and instruction in a
school setting, all subgroups showed that AVG interven-
tions improved LS in NTDC (P<0.05). In terms of the
exercise dose, although there were differences between
studies, the overall effect of the intervention was sig-
nificant. If there is a special therapist to supervise and
guide the whole process, the effect of intervention will be
better.

Meta-analysis of the intervention effects of AVGs on OCS

in NTDC

Five studies reported the intervention effect of AVGs
on the OCS of NTDC (see Fig. 3). The meta-analysis
showed that the difference was not statistically significant
(SMD =0.32, P=0.20). This indicates that AVGs did not

significantly improve the OCS of NTDC compared with
the control group.

Meta-analysis of the intervention effects of AVGs on NLSs
in NTDC

Seventeen randomized controlled experiments were
included in the study on the intervention of AVGs on
NLS of NTDC, including 556 subjects (see Fig. 4), and
the results indicated that AVGs could significantly
improve NLS of NTDC compared with the control group
(SMD=0.51, P<0.01).

The heterogeneity was medium (P=66%), and the
subgroup analysis was performed on gaming platform,
disease type, intervention setting, intervention cycle,
duration of single intervention, intervention frequency
and so on to further explore the sources of potential het-
erogeneity (see Table 4). Table 3 shows that the Nintendo
Wii and Q4 Scene Interactive Training System was con-
ducted in a medical institution, the intervention cycle
was 9-12 weeks, the duration of a single intervention
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Table 4 Subgroup analyses of the intervention effects of AVGs on NLS of NTDC

Moderator variable Subgroup Included ? Effectsize  95%Cl Two-tailed test
literature
z P
Gaming platform Nintendo Wii Sports and Fit 4 0% 0.51 (0.14,0.88) 2.69 <0.01"
Nintendo Wii Balance Board 6 65% 038 (0.08,0.67) 252 0.01"
Xbox"™ 360 4 89% 1.05 (=020,231) 165 0.10
Q4 Scene Interactive Training System 3 0% 0.56 (0.17,0.95) 2.79 <0.01™
Control group intervention Regular Exercise 15 62% 061 (0.30,0.93) 3.80 <0.01"
Others 2 350  —0.17 (— 062,029 072 047
Disease type cp 13 68% 0.71 (0.33,1.08) 3.71 <0.01"
DCD 3 0% —0.10 (—047,027) 052 0.60
BP 1 - 045 (—029,1.19) 119 0.23
Intervention setting School and Home 3 48% 0.49 (—0.05,1.02) 1.79 0.07
Medical institutions 13 74% 0.56 (0.16,0.97) 2.72 <0.01™
Intervention cycle <8 weeks 8 80% 0.51 (—0.10,1.13) 1.63 0.10
9-12 weeks 9 35% 0.55 (032,0.79) 464 <0.01™
Duration of single intervention <30 min 7 33% 0.60 (0.32,0.88) 421 <0.01"
> 40 min 10 75% 043 (— 003,089 184 0.07
Intervention frequency < 3times/week 12 75% 0.52 (0.05,0.99) 217 0.03"
>3 times/week 5 0% 0.65 (0.36,0.94) 436 <0.01"
Supervision Unreported 9 73% 033 (—=005,071) 170 0.09
Yes 8 54% 0.71 (0.23,1.19) 2.89 <0.01"

Bold indicate the significant values (*:p <0.05; **:p <0.01)

was <30 min, and supervision by a therapist or parent
had a significant effect on improving the NLS of NTDC.
There was little difference in the intervention frequency
per week.

Discussion

This review aimed to examine the intervention effects
of AVGs on GMS development in NTDC. Twenty RCTs
were included in our meta-analysis, of which 14 were
related to LS, 5 to OCS, and 17 to NLS. Overall, AVGs
showed the effectiveness of intervention on GMS in
NTDC and are considered a promising intervention
approach for skill improvement; however, for the three
subordinate concepts of GMS, there were some differ-
ences in the intervention effect of AVGs.

Analyses of the intervention effect of AVGs on LS of NTDC

The results of this study prove that AVG could signifi-
cantly improve the LS of NTDC. NTDC often present
with developmental delay, poor balance, and coordina-
tion of movements, and lower-limb function disorders
are often more serious than upper-limb function disor-
ders [42]. Most of them can obtain the walking func-
tion, but the lower limb muscle, especially the tension
of ankle plantar flexor muscle increases when walking,
the heel cannot land completely, which is an important

reason that affects the function of lower limb walking,
running and jumping. Therefore, reducing the muscle
tension of the ankle plantar flexor and relieving muscle
spasms are very important for lower limb walking, run-
ning, jumping and daily living activities of NTDC [50].
The improvement of ankle flexibility and stability by
AVG is considered to be the main reason for improv-
ing the LS of NTDC. By providing immediate feedback,
virtual reality environments can elicit multisensory
interactions that motivate and engage patients in longer
and more intensive sessions [12]. This will undoubtedly
increase the input of proprioception and improve the
control ability, balance ability and coordination ability
of lower limb movement. In video game training, the
standing posture is often used to complete many weight
fluctuation control, standing squatting, standing sitting,
and other exercises, which require constant weight
transfer between the lower limbs. This had a signifi-
cant impact on the participants’ lower limbs and main-
tained or expanded the range of motion of the joints,
reduced the spasticity of the lower limbs, and improved
the motor function of the NTDC’s lower limbs. Addi-
tionally, when the control ability of ankle joint move-
ment is enhanced, the walking function of the child,
whether in the support phase or the swing phase, tends
to be more stable, thus improving walking speed. The
improvement of the walking speed means the reduction
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of energy consumption [51], which is of great benefit to
the child to save physical strength.

This study also found that the improvement of LS var-
ied by AVG device. Wii balance boards cannot effectively
improve the LS of NTDC. The game types of balance
boards mainly focus on strengthening balance ability, and
participants almost did not move when playing the game,
so the intervention effect on the LS was not effective
(P=0.33). However, the other four interventions using
Nintendo Wii Sports and Fit as the platform mainly used
game types such as treadmill training, tennis, boxing, and
frisbee. These games could continuously stimulate and
strengthen the LS of the participants, resulting in a better
intervention effect (P=0.01).

Analyses of the intervention effect of AVGs on OCS

of NTDC

There is a general lack of research on how AVG interferes
with the OCS of NTDC, and recent studies have shown
varying results [2]. There were only 5 studies on OCS
included in this study, and the intervention effect was
limited, which does not support its significant improve-
ment in OCS.

The physical activities in these games include motor
tasks that involve a wide range of sensory feedback, and
visual feedback is dominant [52]. Although AVGs can
simulate rich real-world scenes, tactile stimulation is
difficult to fully practise and develop in this simulation
environment [11]. Tactile is the feeling produced when
contacting external stimuli, which is different from LS
and NLS; they require tactile stimulation to provide real-
world experience, require upper or lower limbs to con-
tact objects for object control, and perform actions such
as throwing, slapping, and kicking. In this process, the
touch between the body and object plays an important
role, which is difficult to replicate in virtual reality tech-
nology. Neither the game handle in hand nor the control-
ler worn on the body can provide timely haptic feedback,
such as the weight and size of the control object. There-
fore, some scholars began to propose using haptic feed-
back gloves when using video games to simulate ball
operations in real life. By wearing gloves, participants can
feed back more haptic information in a timely manner to
improve the intervention effect of AVGs on OCS [53].

Although the overall effect of AVGs on improving OCS
in this study was not significant, Chiu et al. [31] showed
that the range and frequency of use of children’s upper
limbs have a significant increase compared with the past
after video game intervention, which greatly improves
their independence level in daily activities [38]. This
undoubtedly has an important impact on the develop-
ment and improvement of upper limb function in NTDC.
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Analyses of the intervention effect of AVGs on NLSs

of NTDC

The Nintendo Wii platform was the most utilized among
the interventions of NLS, Balance Board and Wii Sports
and Fit and was equally effective in the balance interven-
tion. The AVG platforms could more sufficiently repli-
cate real-world balance skills compared with other types
of GMS due to the designed method [53], and this may
be the reason why AVG interventions have an effect on
balance.

Visual feedback theory provides theoretical hypoth-
eses for video games boosting participants’ balance skills.
The theory holds that when playing video games, chil-
dren can see their actions on the video screen immedi-
ately, which constitutes a new effective learning method,
implicit learning [9]. The tasks practised during video
games incorporate a wide range of visual-perceptual
processing [52]. The visual timely feedback enables the
participants to continuously adjust and control the posi-
tion of the body during the game. Once the child initially
learned to maintain equilibrium on items, more challeng-
ing dynamic tasks, such as jumping, striking and catch-
ing balls, were introduced. It enhanced the frequency
and intensity of visual feedback, allowing participants
to continuously perform posture detection and balance
disturbance correction in response to different balance
conditions. Additionally, the game exercises completed
in the standing position increased the stability of the
participants’ trunk, the symmetry on both sides of the
body was improved, the centre of gravity of the body
was evenly distributed on the lower limbs, the stability of
standing was increased, and the ability of posture control
was improved [32, 54].

It is worth noting that when using AVGs to intervene
in the NLS of NTDC, attention should be given to the
control of exercise intensity and trying to avoid heavy
exercise in a short time or a long-term balance exercises.
Ruzic et al. [55] found that high-intensity exhaustive
exercise load has a negative impact on both static and
dynamic balance ability after studying the relationship
between exercise load and balance ability with healthy
people as samples. Although no similar study has been
conducted on NTDC, it deserves our attention.

Moderating variable analysis of the intervention effect
of AVGs on the GMS of NTDC
In this study, there was no significant difference in the
improvement of OCS; therefore, only the LS and NLS
subgroups were analysed.

The subgroup analysis of the intervention effect shows
that the effect of AVG intervention was likely to be
related to the type of game being intervened. The game
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platform of Nintendo Wii Sports and Fit, Xbox" " 360 and
Q4 in LS, Wii Sports and Fit, Q4 and Nintendo Wii Bal-
ance Board in NLS all produced significant intervention
effects. In the LS intervention, there were four studies
using Wii balance boards. Game types mainly focus on
strengthening balance ability, including skate boarding,
skiing game, Yoga, and ski-jump, and the intervention
effect of such games is not significant on LS. Studies also
showed that the Q4 platform has a significant interven-
tion effect in LS and NLS, but considering that the stud-
ies of the Q4 game platform mainly come from Chinese
scholars, the results were relatively limited, and the inter-
vention with other countries and ethnic groups needs
further demonstration.

Similarly, the mismatch between game types and motor
skills was likely to be the main reason for the ineffec-
tiveness of interventions in the DCD population and in
school settings. Balance boards were used in two of the
three DCD population studies (P=0.23) and were used
in all three school setting studies (P=0.77). Therefore,
appropriate game equipment and contents should be
selected according to specific needs in future interven-
tion practices.

In the past, few studies have discussed the ideal fre-
quency of AVG intervention in motor skill development
because other characteristics included in the study are
different, which will also lead to some differences in inter-
vention results. Therefore, it is difficult to identify the
specific and scientific intervention doses. In terms of the
exercise dose of the intervention, there was little differ-
ence among different intervention periods, intervention
frequencies and single intervention times. The conclu-
sion is consistent in improving LS and NLS. The ideal
AVG-based intervention protocol was found to be>3
times a week, duration of single intervention <30 min,
and a total duration of 9-12 weeks.

As another important aspect of exercise dose, exercise
intensity was rarely mentioned in the study of AVG inter-
vention whether in LS or NLS with NTDC. Only one of
the 20 included studies mentioned that the intervention
intensity was moderate [32]. A safe, enjoyable, and play-
ful environment is associated with less fatigue and more
relaxation [19]. Therefore, the actual exercise intensity
of AVG may be greater than that of traditional exercise
therapy. However, it was difficult to draw clear conclu-
sions as to which exercise intensity was the most appro-
priate for developing the LS or NIS of NTDC.

Professional supervision and guidance during the inter-
vention process would also have an important impact on
the effect. When children play sports video games with-
out any guidance, their skill execution ability is poor [56].
In this study, 6 studies in LS intervention and 8 studies
in NLS explicitly mentioned that the intervention process
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was supervised by a therapist, and the intervention was
effective.

The effects of CP and intervention in medical institu-
tions were more effective than DCD and intervention
at home and school. The latter was examined in a small
number of relevant studies, so the effects are uncertain.
Compared with traditional balanced rehabilitation treat-
ment, the intervention effect of AVG is stronger, but
AVG@G cannot be considered the most effective method of
LS or NLS intervention. Neuromotor task training [57]
and task-specific matched training [34] in NTDC were
proven to be more effective than AVG intervention. The
choice of AVG may be a comprehensive decision consid-
ering the cost of use, the convenience of the equipment,
the fun of the game and the popularity of promotion.

The strength of this study was that it comprehensively
analysed the intervention effect of AVGs on GMS with
NTDC and discussed the three components of GMS,
but the study is not without limitations. And the out-
comes in the systematic review are limited by the fol-
lowing aspects. To begin, although the included research
subjects are all non-typically developing children and
adolescents that have certain motor skills development
disorders, the pathogenesis of different disease types
is not the same, and the degrees of disease of the same
disease type were not subdivided, which causes there
are vast differences in the original motor capabilities and
required intervention of the intervention subjects [2], so
the intervention effect of AVGs may reach different con-
clusions. Second, most of the research subjects included
in this study are CP, and there are few studies on other
disease types. So the intervention effect of AVGs on GMS
in these children (e.g. DCD, BP) is unclear. The conclu-
sions drawn from the studies would be more reliable and
representative among non-typically developing children
and adolescents if there were a sufficient number of stud-
ies involving each disease type. Third, a subgroup analy-
sis of LS and NLS produced a relatively ideal AVG-based
intervention exercise dose, but this dose did not include
exercise intensity. Exercise intensity is an important com-
ponent of exercise intervention, and different intensi-
ties may produce different intervention effects. Without
considering exercise intensity, discussing the interven-
tion frequency, single time of intervention and interven-
tion cycle, the conclusions obtained will be questioned
to some extent. Exercise intensity will be an important
aspect that needs to be paid attention to in the future
research on GMS development of NTDC with AVG
intervention. Finally, despite detailed searches of relevant
seven Chinese and English databases, the current review
is limited by the inclusion of only Chinese and English
language publications of peer-reviewed full-text. Other
unpublished papers, ongoing studies, and non-English,
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non-Chinese work on this topic were not included, some
potentially important studies may still have missed.

Conclusions

AVGs provide a safe and interesting environment, pro-
duce less fatigue, and greater load intensity and total
amount by the body, which increases the physical activ-
ity level of game participants and improves the practice
effect. The results of this study show that AVG is an effec-
tive rehabilitation treatment tool for GMS intervention
in NTDC. Especially in LS and NLS, the research con-
clusions are relatively consistent, and the intervention
effects reach a medium effect. However, it is necessary to
select the game type and content that match the motor
skills in AVG intervention. Because the number of rel-
evant studies is small, and the influence of OCS remains
unclear.

According to the present review, the ideal protocol
for a motor skills intervention is >3 times a week, dura-
tion of single intervention <30 min, and total duration
9-12 weeks. The interventions conducted in medical set-
tings and supervised and guided by professional thera-
pists were most effective. However, the current research
on AVG interventions among NTDC to enhance motor
skill development rarely mentions exercise intensity.
Intensity is an important component of exercise dose,
and different exercise intensities will lead to different
intervention results. This may be an important aspect
that leads to differences between studies. Therefore,
research on exercise intensity will be the focus of future
AVG interventions for the development of motor skills.
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