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Abstract - Aim: to investigate through a systematic review of randomized controlled trials (RCTs) the effects of
interactive media on the cognitive, language, and motor development of children and adolescents. Methods: Searches
were performed with the Medline, AMED, Embase, PEDro, Cochrane, Psychinfo, and ERIC databases in May 2017
with updated in July 2020. For the search strategy, we used descriptors related to “randomized controlled trial”,
“interactive media” and “children and adolescents up to 18 years old”. RCTs that investigated the effectiveness of
interactive media in cognitive, motor, and language development of children and adolescents up to 18 years of age
with typical development were included. When appropriate, meta-analyses were conducted using a random-effects
model. Pooled data were presented using standardized mean difference and 95% confidence interval. We assessed
the quality of evidence using the GRADE methodology and the methodological quality using the PEDro scale.
Results: of the trials found, 14 references were eligible for this study. The GRADE methodology was used in 13
RCTs. Estimates showed a low level of evidence of a small effect of media use on cognitive development compared
to that in the control group and another intervention. No effect on motor and language development. Conclusion: The
results of this systematic review do not support claims about the advantages or disadvantages of interactive media in
child development. High-quality evidence was found that interactive media is not superior to other interventions for

cognitive and language development outcomes and quality of moderate evidence for motor and language development.

Keywords: child development; interactive tutorial; GRADE approach; systematic review; a meta-analysis.

Introduction

There is an increasing number of children and adolescents who
use portable tablets, smartphones, and video games'? . These
devices are classified as interactive media, defined as multimedia
systems that simultaneously integrate numerous audio and video
elements that result in programs, games, animations, and graph-
ics that promote interaction with the user, generating responses
with visual and sound elements, with or without movement® .
Linked to the increased use of these devices is a growing utili-
zation of applications and software that improve specific skills
for child development®, possibly influencing, and generating
significant changes in the adolescence’. However, the rate of
growth and the use of interactive media cannot be matched by
scientific research, which leads to a lack of critical evaluation
of the technology being used*. Some authors advocate the
use of interactive media in educational settings to complement
learning’, and students classify their experience with interactive
media as positive, satisfactory, easy to use, and pleasant'®'? .

Increased use of interactive media is mainly due to its por-
tability, being lightweight, mobile, versatile, and intuitive'>'.
Their uses range from leisure and entertainment to communi-
cate with distant relatives, to educational learning®'>'. It is
extremely important to note that the duration, mode, and activity
performed when using interactive media determines its effect
on the child and adolescent development"!® since their brain
is still under extensive changes in structure and function until
the adolescence™?.

Considering the relationship between the interactive media
and motor development, different outcomes are investigated:
sedentary lifestyle time and physical activity level?"** impact in
gross motor skills**? and on fine motor skills**?’. Some studies
affirm that there is an association between interactive media use
and the sedentary lifestyle time in children and adolescents®,
contributing to lower levels of physical activity®, negatively
impacting the improvement of gross motor skills?'*?, in addition
to a greater accumulation of body fat*®?. On the other hand,
some studies verify if video games use can contribute to the
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improvement of motor skills related to control of objects?**>%,
Other studies have demonstrated a positive association between
interactive media use and fine motor skills?*273!,

However, considering the intrinsic relationship between
the development domains is important to know the impact of
interactive media, taking into account the cognition/language
and socio-emotional domains of children and adolescents'!*+3°.

The literature suggests and demonstrates that the adequate
use of media is associated with a positive development cogni-
tive**3?, language’***, and motor development in children?25263,

Additionally, the sensorial overstimulation from the use of
interactive media can cause harm to the child and adolescent
behavior? such as problems with self-regulation® sleep distur-
bance* and language delay™®. Since there is controversy within
the literature, and there is a lack of consensus on whether in-
teractive media use is beneficial or harmful, the need to review
and clarify the subject is clear because interactive media is a
potential intervention to be used not only in child and adoles-
cents with typical development but also as a form of treatment
for disabled people’’. And nothing more advisable that the in-
terventionist practices through the interactive media are based
on evidence®. The alternative hypothesis of the present study
was that interactive media is beneficial for the cognitive and
language development of children and adolescents, and does
not interfere with motor development.

The aim of this systematic review of randomized controlled
trials (RCTs) was to investigate the effects of interactive me-
dia use on the cognitive, language, and motor development of
children and adolescents.

Methods

Search Strategy and Inclusion Criteria

Search strategies were conducted to identify published
RCTs investigating the effectiveness of interactive media in
the development of children and adolescents of 2 to 18 years
old since recent studies suggest that the brain development
occurs up to adolescence®. Adolescence is a transition period
between childhood and adulthood; the age range varies between
cultures. In Brazil, adolescence is defined as up to 18 years,
according to the Child and Adolescent Statute (ECA)**. This
systematic review was prospectively registered in PROSPERO
(CRDA42019122367) https://www.crd.york.ac.uk/PROSPERO/
display record.php?RecordID=122367. Medline, AMED,
Embase, PEDro, Cochrane, Psychinfo, and ERIC databases
were searched. The search strategy was conducted on May 5th,
201,7, and updated on July 9th, 2020 without language and date
restrictions. For search strategies, we used descriptors related
to “randomized controlled trial,” “interactive media,” and
“Children and adolescents up to 18 years old” (see Appendix 1
on the Addenda for detailed search strategy).

We considered “intervention with interactive media” those
interventions that used devices such as tablets, smartphones,
and video games, which promote interaction with the user,
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by emitting stationary or dynamic visual and acoustic signals.
These media comprise a multimedia system that simultaneously
integrates several elements of audio and video, and that results
in programs, games, animations, and graphics®.

Published RCTs involving children and adolescents up to
18 years old were included. Although this age range is broad, it
includes periods of great neurobiological maturation. In the pre-
school, period occurs a peak in the rate of brain development, that
continues through the school-age and the adolescence®, when this
population reaches and maturates important skills related to cogni-
tive development, language, and socialization®. Any studies whose
participants reported neurological disorders (such as cerebral palsy
or syndromes that affect cognitive, linguistic, and motor aspects),
autism, moderate-to-severe hearing loss, or mental or psychiatric
disorders were excluded. The trials that were eligible for inclusion
compared the effects of the use of interactive media on the devel-
opment of children and adolescents (cognitive, language, and motor
development) to control (no intervention, waiting list, placebo,
sham, or other interventions (any other active intervention). The
outcomes of interest were cognitive development (e.g., memory,
math learning, colors), language development (e.g., new language
learning, vocabulary retention), and motor development (e.g., object
control skills, gross motor skills, fine motor skills).

Study Selection

Initially, the references identified were exported to an
Endnote® file, and the duplicates were removed; then, two inde-
pendent reviewers (SG and JPN) evaluated all titles and abstracts
and selected potential full texts. The RCTs that matched the
inclusion criteria were included in the review. A third reviewer
(JNS) resolved the discrepancies s in 6 studies**.

Evaluation of Methodological Quality

The methodological quality of the included trials was assessed
using the 0-10 PEDro scale*. - Two independent investigators
(SG and JPN) evaluated each study, and a third investigator
(JNS) resolved the discrepancies. When already available on
PEDro, the values were extracted.

Data Extraction

Descriptive data from the included studies (i.e., participant
characteristics, type of intervention, outcomes, and follow-ups)
and results for all interest groups (sample sizes, means and
standard deviations (SDs) were extracted by two independent
investigators (SG and JPN), with discrepancies resolved by a
third investigator (JNS). The results for the interest groups were
extracted for short- and long-term effects. Short-term follow-up
was defined as up to six months after initiation, and long-term
follow-up was defined as more than six months after initiation.
When more than one follow-up was performed, we evaluated
the data from the earliest post-intervention report.
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Authors of five studies!>?*+?>3%32 were contacted to clarify
information not provided in the published article; we obtained a
positive response from only one author?. Data from three studies
for which we did not obtain a response'>*3*3? were imputed
using Cochrane’s recommendations?’ for SD imputation of
p-value®; data from similar studies and the confidence interval
(CI) of the difference between pre- and post-intervention®; and
the standard error (SE)*. Due to insufficient data, one study did
not enter the quantitative analysis'2.

Data Analysis

Where was possible, a meta-analysis was performed using a
random-effects model*, in which the calculation of the weighting
of each study is done using the inverse of variance methods.
Meta-analysis was conducted using the random-effects model
because the effects being estimated in the different studies are
not identical. The model represents our lack of knowledge about
why real or apparent intervention effects differ by considering
the differences as if they were random. Heterogeneity between
trials was identified, using I* statistics (I* of 50% or more was
considered moderate to high heterogeneity)*’. Estimates were
presented using standardized mean differences (SMDs) and 95%
ClIs in forest plots. When pooling was not possible, data from
individual trials were reported. Effect sizes were interpreted
according to Cohen’s benchmarks: d > 0.2 for small; d > 0.5 for
medium; and d > 0.8 for large effects.

The GRADE system was used to summarize the evidence
recommendations®. In the present review, the evidence began
with high certainty. This was demoted one level for inaccuracy
when the sample analyzed was <400 participants®’; in one level
for potential risk of bias when the mean PEDro score was < 5 of
10; and in one level for inconsistency if I* > 50% or if there was no
meta-analysis. Investigation of publication bias was not possible
due to the small number of studies included*'. Two independent
reviewers (SG and JS) evaluated the quality of the evidence, and
discrepancies were resolved by a third reviewer (RM).

Sensitivity analysis was performed to investigate if the poor
methodological quality of included trials impacted the overall
estimates. As meta-regression was not possible because of the
small number of included trials. Qualitative analysis to remove
trials with poor methodological quality was conducted. We
considered poor methodological quality trials scored <5 out of
10 on the 0-10 PEDro scale. All analyses were performed using
Comprehensive Meta-Analysis software, version 2.2.04 (Biostat,
Englewood, NJ).

Results

Characteristics of the Tests Included
Actotal 0f 27,840 references were identified using the search

strategy. After removing duplicates, the titles and abstracts of
19.457 studies were analyzed and 19.393 were excluded. The
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64 potential complete studies were evaluated, and 50 were
excluded. Exclusion criteria were: not being an RCT study
(n=17); not using interactive media in the intervention (n=7);
having children and adolescents with atypical development
(n=6); having people over 18 years old among the participants
(n=5); results not related to child development (n=14), or not
having a comparison of interest (n=1). Fourteen original RCTs
were eligible for this study”122423:303233455253 " A]] of the trials
evaluated only short-term effects. A flowchart of randomized
clinical trials of this review is presented in Figure 1.

All fourteen studies were published in English, between
2015 and 2019. They included 1.966 children and ado-
lescents, and the sample size ranged from 30" to 603% in
individual studies (Table 1). Age ranged from 2 to 18 years;
two studies did not report age'"!2. Two studies'>* did not
report the sex of the participants; all the participants were
females in one study'® and all the participants were males
in another’. In mixed-sex studies®?!!:24.25.30.32.45, 5254 51% of
children and adolescents were male. The most evaluated
outcome was language development (n=8, 57%) 7510-12.33.
433 followed by motor development (n=3, 21, 4%) 2253
, and cognitive development (n=3, 21,4%) *#>52, The trials
selected for this review used various measuring instruments to
analyze the outcomes. In all these instruments higher values
indicate better performance. To assess motor development in
object control skills, the Gross Motor Development Test-2
2330 and Gross Motor Development Test-3 (TEMA-3)* were
used. The Grid tests*, the Early Mathematical Capacity
Test-3 * and the touch base evaluating working memory>?
were used to assess cognitive development. For language
development assessment The Validated Vocabulary Test'?,
Reading Proficiency Test'!, Instant Vocabulary Posttests”#>53,
Reading Comprehension Scale'?, Receptive Vocabulary
Measure®?, and Print Concepts (such as direction, left and
right discrimination, the concept of letters and words, and
where to start reading)®.

Nine references used interactive tablet media®?-!!-123%3345.32
and five used video games”!?*233%  Of the studies included,
six compared the use of interactive media with a non-inter-
vention group®2+2>-30:32 and eleven with another intervention,
such a: traditional school learning activities’!0-12.25.32:45.52.53,
computer use in initial math activities or extra classroom
activities similar to those performed in digital applications’;
and observation of another child playing a video game’.
With regard to duration, all were assessed in the short term.

Methodological Quality of the Studies Included

The methodological quality of the included studies ranged
from 4 to 7 points on the 0-10 PEDro scale (median of 6)
(Table 2). All studies reported random allocation and 93%
(n=13) scored equal to or greater than 5 points out of 10 on
the PEDro scale. The main reasons for poor methodological
quality were the lack of blinding of the participants (n=14,
100%), the therapist (n=14, 100%), and the evaluator (n=11,
78%), and absence of intention-to-treat analysis (n=7, 50%).



Effect of Interactive Media on the Development of
Children and Adolescents

Motor development

When compared to the group without intervention, the esti-
mates showed a moderate level of evidence for no effect of video
game use on short-term object-control skills acquisition?*?>3
(n=174) (SMD=0.2, 95% CI -0.6 to 1.0). The GRADE rating
was lowered due to inaccuracy.

When compared with another intervention (traditional meth-
od) the estimates showed a low level of evidence of no significant
effect of video games on short-term ability to control objects®
(n=44) (SMD=-0.3, 95% CI -0.9 to 0.3). The GRADE rating
was lowered due to inaccuracy and inconsistency (single test).

Cognitive development

When compared to the control group (no intervention, wait-
ing list, placebo, or SHAM), estimates showed a low level of
evidence of a small effect of tablet use in solving mathematical
problems and short-term memory work?*?* (n=281) (SMD=0.3,
95% CI 0.0 to 0.6). The GRADE rating was lowered due to
inaccuracy and inconsistency (single test).

When the group using media was compared with another
intervention (read an e-Book and extra classroom activities
similar to those performed in digital applications), estimates

Effect of interactive Media: Systematic Review

showed little to no effect of tablet use on working memory and
short-term number comprehension’*? (SMD=0.2, 95% CI -0.1
to 0.5). The GRADE rating was high.

Language development

When compared to the control group (no intervention),
estimates showed a moderate level of evidence of no sig-
nificant effect of interactive e-book use on vocabulary
retention®»% and understanding of history*, and tablet and
application use to improve short-term pre-literacy skills®33
(n=725) (SMD=0.6, 95% CI-0.1 to 1.3). The GRADE rating
was lowered due to inconsistency.

When compared with other interventions (traditional
method and observation), estimates showed a high level of
evidence of no significant effect of the methods used playing
video games”!° reading an e-book together their book club??
and tablet activities'' on short-term vocabulary acquisi-
tion”!*!'"3* and reading proficiency" (n=740) (SMD=0.1,
95% CI -0.3 to 0.6).

Sensitivity Analysis

Of all RCTs, only one clinical trial investigating the
effect of interactive media on motor development compared
to non-intervention presented a high risk of bias (PEDro
score <5)* Sensitivity analysis for the risk of bias did not

change the results of the meta-analysis presented in Figure 2.

Records identified through
database searching
(n= 27.840)

Records after duplicates removed
(n=8,383)

] [ Identification ]
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[

l

)

Full-text articles

assessed for eligibility
(n=64)

l

Studies included in
qualitative synthesis

(n=14)
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(meta-analysis)

— (n=12)

Figure 1 - The flow of studies through the review. n, sample size.

Full-text articles
excluded, with reasons
(n=350)
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Statistics for eachstudy
MOTOR DEVELOPMENT Effectsize  50me"  UPPET pyaue  GRADE
INTERACTIVE MEDIA X NO INTERVENTION
Barnatt ot al, 2015 % 0.3 0.7 01 0.166
Varnadakis =t al. 20152 10 04 16 0.001
Johnsonstal. 201624 01 038 05 0.684
Overall(I’=3.3%, Z= 0.5) 02 06 1.0 0652  MODERATE
INTERACTIVE MEDIA X OTHER INTERVENTION
Varnadakis =tal. 2015 0.3 08 03 0.295 LOW
COGNITIVE DEVELOPMENT
INTERACTIVE MEDIA X NO INTERVENTION
Hallstadt & Ghaderi 201832 03 0.0 0.6 0.030 LOW
INTERACTIVE MEDIA X OTHER INTERVENTION
Papadakis stal. 2018°% 03 0.1 0s 0.003
Ramani stal. 201952 0.0 0.3 4 0.872
Overall(P=0.0%, Z=1.4) 02 0.1 0.5 0.152 HIGH
LANGUAGE DEVELOPMENT
INTERACTIVE MEDIA X NO INTERVENTION
Klop stal. 20183 21 15 2.7 0.000
Neumann 20181 05 0.1 10 0.100
Connoratal, 20195 02 0.0 04 0.106
Reich stal. 20194 0.1 0.4 02 0.447
Overall(I’=50.8%, 7= 1.7) 0.6 01 13 0.076 MODERATE
INTERACTIVE MEDIA X OTHER INTERVENTION
Alshaiji 201510 11 05 16 0.000
Lin 20161 0.1 0.3 0.5 0.700
Ebrahimzadsh 20177 0.3 0.6 0.0 0.086
Connor 2019 % 02 04 0.0 0.041
Overall(=41.0%, Z= 0.5) 0.1 0.3 0.6 0.611 HIGH

Standardized Mean Difference and 95% CI

:
£

—_—

-4.00 -1.00

Favors Control

0.00 2.00

Favors Intervention

4.00

Figure 2 - Pooled results of interactive media compared with no intervention or other intervention on cognitive, language, and motor development at short-term
follow-up in healthy children and adolescents. The right side favors intervention. Z, value Z; 12, statistic.

Table 1- Characteristics of the included studies (n = 14)

Study Source Participants Intervention Outcome measures
Exp = Play a video game 3/
Alshaiii Saudi Kids, female, n=60 wk x 8 wk (n=30) Cognitive development (English vocabulary-
01 5>Jm from an Age (yr) =5-6 Exp = OI: Traditional VVT Posttests range 0-30
preschool (SD =n.a.) methods of learning English ~ Follow-up = 8 weeks
(n=30)
_ _ o Motor development
Barnett ef al. ?tudents, male and n=59 - Exp = Play an active deeo TGMD-2 OCS
P emale, from an Age (yr) =4-8 game 1/wk x 6 wk (n=25)
(201> - . - Posttests range 0-48
elementary school ~ (SD=0,95) Con = no treatment (n = 34) —
Follow-up = 6 weeks
Exp= Word-Knowledge
e-Book condition- reading
alone (No book club)- 3/wk
x 3 weeks (n=200)
Students, male and n= 603 Exp = OI: Word-Knowl- Language development

Connor et al.
(2019)*

Ebrahimzadeh
(2017)7

female, from an el-
ementary school in
Arizona in the US

Iranian, junior and
senior high school,
male students

Age (yr) =8-10 (SD=
n.a.)

n=190
Age (yr)=12-18
(SD=n.a.)
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edge e-Book condition-
reading alone and meeting
with their book club (book
club) - 3/wk x 3 weeks
(n=191)

Con= no treatment (n=212)

Exp 1= Players’ treatment-
1/wkx 5wk (n=57)

Exp 2= OI: Readers’ treat-
ment 1/wk x 5 wk (n=62)
Exp 3= OI: Watchers’ treat-
ment- 1/'wk x 5wk (n=71)

Word knowledge
Posttests range 0-15
Follow-up = 3 weeks

Language development (vocabulary)
Posttests range 0—3
Follow-up = 5 weeks
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Exp 1= Math + Working
Memory Training 30 min 5/
wk x 19,1 wk (n=76)

Second graders

spread in 27 Cognitive development GRID, the test was

gigé:?t & schools in two 1;‘= ezéé){r) -g3 Exp 2= OI: Math Training 2?;2;2;3: Automated Working Memory
2 small cities of g - ’ 20min 5/wk x 20,1wk (n=75) .
(2018) (SD=10,6) Posttests range: an

Sweden, male and
female

Exp 3= Placebo 30 min 5/wk
x 20,2wk (n=78)
Con= No intervention (n=52)

Follow-up = 6 and 12 months

Exp = Play an active educa- Motor development

Students, male and  n=36 tional video game 1/wk x 6  TGMD3-OCS

Johnson et al.

(2016)* g?::nn?i:%tironslcf(l)ol (P;gDez(VlV)’j):@ 10 wk (n=19) Posttests range 0-100
Ty ’ Con = no treatment (n =17)  Follow-up = 6 weeks
_ .. Language development
4th grade students _ Exp=Read dlg_ltal texts. 1/ Number of
Kaman & Er- . n=30 wk x 14wk (n = 15) . .
1 in the Kaman coun- _ - S Error in Reading
tem (2018 Age (yr) =n.a. Con= Read the texts in print. .
ty center _ Posttests range:0-50
1/wk x 14wk (n = 15) .
Follow-up: 14 weeks
_ Exp= E-book intervention -  Language development
Klop et al. 1 st-grade students  n=65 20 min 3/wk x 2wk (n=33) Receptive vocabulary knowledge task
I in the Eastern Age (yr)6-8 RN . ] .
(2018) Cape (SD=n.a) Con= No intervention (n Posttests range: 0-15 points.
pe: e =32) Follow-up: 8 weeks
Adolescents, male
and female, 11th Exp=mobile group 50 min =~ Language development
Lin graders from a n=94 S/wk (n=52) Reading proficiency tests
(2016) 1 public senior high  Age (yr) =n.a. Exp= OI: paper group 50 Posttests range: 0 — 45
school in northern min 5/wk (n =42) Follow-up: 5 weeks
Taiwan.
Children, female
and male, from =48 Exp=iPad Group 30 min/ Language development
Neumann six child care Age () = 2-5 wk 9 wk(n =24) Clay’s Concepts About Print test
(2018)* centers in south- (S%: 0.73) Con= no intervention (n = Posttests range: 0-10
east Queensland, ’ 24) Follow-up: 9 weeks
Australia.
Exp 1= Computer (n= 134)
Exp 2= OI: Tablets - educa-
Children, female - tional software was in ks}y Cognitive development TEMA-3: assess
. and male, from 21  n=365 areas of early mathematics. . .
Papadakiset 1 childhood ~ Age () =5 30 minx 14 wk (n=122)  mathematical skills
al (2018)° Y g Posttests range: 0-72

classes (state or
private) in Greece

(SD=0,45) Con= OI: Extra mathemat-
ics activities with hands-
mathematics instruction 30
on min x 14 wk (n=109)

Follow-up: 14 weeks

kindergarten

children, male and Exp= training games - 16

Ramani et al female, from ele- n=143 sessions (nz93) Cogni.tive development
(2019)% " mentar schoolson  Age (yr) =5,9 Exp = OI: Active control Working memory — touch base bw range 0-7
the east and west (SD=0,40) condition -16 sessions 1 month retention
coast of the United (n=50)
States
Children, male and =200 Exp= Read an e-Book — 1
Reich et al. female, from pre- Age () = 4,5 session (n=100) Language development
(2019)% schools in Southern (SE];D = 0.45) ’ Exp= Ol: read a Print Book- Posttest book’s question- range 0-13
California (USA) ’ 1 session (n=100)
nts in fir: Exp = Play an active vi
grtllzld:e;snd ng:ies garlr)le 2/w?<yxa8 :;:IE V(enl2d2€30 Motor development
Vernadakis e male and female " =66 Exp= OI: TA intervention TGMD-2 0CS
ernadakis e , _ _ P
al. (2015)% from three public Age(r)=6-7(SD= " ¢ developing the OC Posttests range 0-48
' 0,73) Follow-up = 8 weeks

elementary schools
in southern Greece

skills. 2/wk x 8 wk (n=22)
Con = no treatment (n = 22)

Note: RCT = randomized controlled trial; MP = myofascial pain; n = sample size; SD = standard deviation; Exp = exp minerimental group; Con = control group;
OI = other intervention. SKT= standardized knowledge test; TGMD= Test of Gross Motor Development; OCS: object control skills; TA= Traditional activity.
VVT: validated vocabulary test TEMA-3= Test of Early Mathematics Ability - Third Edition
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Table 2 - The methodological quality of the included studies using the PEDro scale (n = 14)

Groups

Between-group

Random Concealed Participant ~ Therapist Assessor <15% Intention-to-treat Point estimate and Total
Study similar at difference
allocation allocation blindi blindi blindi dropouts analysis variability reported (0 to 10)
baseline reported

Alshaiji

Y N Y N N Y Y Y Y 6
(2015) 1
Barnett

Y N Y N N N N Y Y 4
(2015)*
Connor et al.

Y N Y N N Y N Y Y 6
(2019)*
Ebrahimzadeh

Y N Y N N Y N Y Y 5
(2017)7
Hallstedt
& Ghaderi Y Y Y N N Y N Y Y 6
(2018)*
Johnson et al.

Y Y Y N N Y N Y Y 7
(2016) >
Kaman & Er-

Y Y Y N N Y Y Y Y 7
tem (2018) 2
Klop et al.

Y N Y N N Y Y Y Y 6
(2018) *
Lin (2016) ! Y Y Y N N N N Y Y 5
Neuman

Y Y Y N N Y Y Y Y 7
(2018) ¢
Papadaki et

Y Y Y N N Y Y Y Y 7
al. (2018)°
Ramani et al.

Y N Y N N Y Y Y Y 7
(2019) 2
Reich et al.

Y N Y N N Y N Y Y 5
(2019) #
Vernadakis et

Y Y Y N N Y Y Y Y 7
al. (2015) »

Note: Y= Yes, N=No
Discussion Regarding motor development, no effect was identified for

This systematic review of randomized controlled trials has
investigated the effects of interactive media on the cognitive,
language, and motor development of children and adolescents,
in comparison with other interventions or no interventions. Our
results suggest that the use of interactive media has no effect on
the motor, cognitive, and language development compared with
other interventions. However, high-quality evidence was found
that interactive media is not superior to other interventions for
cognitive and language development outcomes. When compared
to the control group the use of interactive media has only a
small effect on cognitive development and estimates showed a
moderate level of evidence of little to no effect of interactive
media use on motor and language development.
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studies comparing the use of interactive media with the control
group’*?>3 or with traditional object control activities®. The qual-
ity of evidence in this regard was also low to moderate, lacking
in accuracy and consistency. The RCTs do not reveal significant
results when evaluating the effect of interactive media on object
control (gross motor skill). The authors justify such findings with
an explanation that the video game used is not sensitive to the
typical developing population, generating a certain ceiling effect
to the baseline data**. The intervention time and duration are
not sufficient to generate significant results, and the media used
(video game - Nintendo Wii) may not have been adequate, as
it needs to be controlled by the hands, which would limit the
execution of certain movements, thus impairing the player?*3°.
In addition, it is extremely important for motor development



that children and adolescents have physical experiences with
different spaces and environments, which is limited when using
the researched interactive media®. No randomized controlled
trials with fine motor skills as the outcome were found in the
literature. Cross-sectional and comparative studies suggest a
relation between the use of interactive media and this skills2*>6%7.

Our results suggest that the use of interactive media has only
a small effect on cognitive development compared with the con-
trol group® (p = .030) and with other intervention groups’: (1)
classroom activities similar to interactive media activities; and
(2), mathematics activities on the computer (p =.003), both with
alow level of evidence for the short-term interventions. Short- or
medium-term effects were not found in the literature. However,
preliminary, uncontrolled studies suggest that children can learn
using interactive media® and have the ability to transfer skills
learned on touchscreen devices to physical objects™®, further
suggesting that interactive media can serve as complementary
material to classroom learning®®3%. A recently developed index
shows that the quality of use of interactive media, with regard
to parental or guardian supervision over the use and limitation
of time, and content and purpose of use, can positively influence
child development®. However, larger sample size and better
methodological quality are needed to confirm these findings
and strengthen the level of evidence. The results of this review
point to the uncertainty of the effects of interactive media on
children, which should be considered by parents, and health and
education professionals.

With regard to language development, four trials were
studied comparing interactive media to the control group®334533,
Tree studies compared interactive e-book use with the control
group®**33 and one compared tablet use® and no intervention.
No significant effects (p =.07) of the media were observed. In
addition, the level of evidence was low due to inconsistency
(I>= 50, 8). The studies evaluated children from 2 to 10 years
old and the time of intervention between them was also varied,
with measurement of the immediate effects up to 9 weeks of
follow-up, which may explain the heterogeneity found.

When comparing tablet and video game use with traditional
learning and observation methods™!'*!"3 we found no effect of
using interactive media in learning a new vocabulary and reading
proficiency. Interactive media have various distinctive features
such as individualized interfaces, real-time access to informa-
tion, context-sensitivity, instant communication, and feedback®.
These features may be able to increase the effects of learning.
However, it is noteworthy that the features of interactive media
are not enough conditions for positive learning effects. The
absence of the effects of media in our study illustrated this fact.

In this study, we observed that the high-quality evidence
that supports the effect of the use of interactive media on the
development of language, cognitive, and motor skills. Thus,
new RCTs are needed to determine the effectiveness of this
type of intervention.

The current study has major strengths. First, the subject of
this review could not be more current, since the use of interac-
tive media is a global phenomenon that grows exponentially,
especially in the current context of the Covid pandemic 19 ©.
Second, this systematic review and meta-analysis were performed

Effect of interactive Media: Systematic Review

in strict accession to the COCHRANE recommendations and
PRISMA guidelines. Third, by thorough literature search through
multiple databases, we captured all the relevant articles to date,
especially including recently published studies. Fourth, we used
strict inclusion and exclusion criteria and conducted extensive
data collection to avoid the omission of important information.
Overall, our approach aimed to provide the most comprehensive
data possible for the effects of interactive media on children
and adolescent development, despite limitations in the includ-
ed studies or our methodology. Firstly, our results indicated a
high level of statistical heterogeneity (I> > 50%) for the effect
estimate of interactive media compared to no intervention on the
language development outcome. It is likely that this heterogeneity
result from clinical heterogeneity given the complexity of the
interventions implemented in the included trials. To partially
overcome this issue, we pooled data using the random-effects
and the quality of evidence for this estimate was downgraded
from high to moderate due to imprecision. Secondly, our sys-
tematic review included few trials and we were underpowered
to investigate publication bias. As a rule of thumb, tests for
funnel plot asymmetry should be used only when there are at
least 10 studies included in the meta-analysis*’. Thirdly, the
participants consisted of a broad range of children with typical
development of different ages and ethnicities. Thus, they were
not a homogeneous group of participants, and interactive media
may have different effects for different conditions. However, our
choice for this age range came from recent studies showing that
the development occurs up to the end of the adolescence™*.

Conclusion

The results of this systematic review do not support claims
about the advantages or disadvantages of interactive media in
child development. However, high-quality evidence was found
that interactive media is not superior to other interventions for
cognitive and language development outcomes, and quality of
moderate evidence that it is no better than not to receive inter-
vention for motor and language development.
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