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Background: There is mixed evidence regarding the impact of interactive digital

digital devices may correlate negatively with language, executive function, and motor

Funding information skills. However, attempts to amalgamate this evidence has been limited related to the
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Research Council (project number of digital technology use on child development. We conducted this review to deter-
CE200100022).

available number of experimental and cohort studies that have evaluated the impact

mine the impact of interactive digital devices on child development among children
aged 7 years or younger. Interactive technology has been defined as methods, tools,
or devices that users interact with in order to achieve specific tasks.

Data source: To carry out this systematic review, databases CINAHL, MEDLINE,
Embase, PsychINFO, Scopus and Google Scholar were searched for relevant studies.
Study selection: We used the Joanna Briggs Institute methodology for systematic
reviews.

Data extraction: Data extraction and synthesis was carried out by two reviewers and
checked by a third reviewer. Studies were stratified into tiers depending on the level
of evidence provided and the domain of development assessed.

Results: Fifty-three studies were eligible for inclusion in the review, 39 Tier 1 (ran-
domized controlled trials and quasi-experimental studies) and 16 Tier 2 (descriptive
studies). Children's use of interactive digital technology was positively associated
with receptive language and executive function and negatively associated or unre-
lated to motor proficiency. Other critical aspects informing the evidence, such as dose
of exposure, intensity, or duration, were inconsistently reported, making estimates of

exposure tentative and imprecise.
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1 | INTRODUCTION

The increased time that children engage in online activities has raised
concerns about the potential impact of the use of computers, smart
phones, tablets and/or electronic games on children's health (Gorzig &
Holloway, 2020). In response to those concerns, both Canadian and
Australian governments have released 24-h movement guidelines for
the early years (0-5 years) that recommend no screen time for chil-
dren younger than 2 years and no more than 1 h per day for children
aged 2-5 years (Joshi & Hinkley, 2021; McNeill et al., 2020). Esti-
mates from primary research suggest only 17% of preschoolers in
Australia meet screen-time guidelines of no more than 1 h per day
(Cliff et al., 2017). Recent evidence suggests that supporting children
to meet the 24-h movement guidelines associated with better cogni-
tive development (McNeill et al., 2020) and better social-cognitive
development in preschool children (Cliff et al., 2017). However, this
evidence was limited for meeting the physical activity guidelines at 3-
5 years of age and not evident for screen time (McNeill et al., 2020) or
psychosocial outcomes (Hinkley et al., 2020).

An earlier systematic review in this area conducted by Poitras
et al. (2017) examined the relationships between sedentary behavior
and health indicators in children aged O to 4 years highlighted the
value of minimizing screen time for health promotion in the early
years and the potential cognitive benefits of interactive non-screen-
based sedentary behaviors such as storytelling, reading, and puzzles.
Another two systematic reviews in these special issues conducted by
Madigan et al. (2020) and Reus and Mosley (2018) of studies examin-
ing the association between screen use and child development indi-
cated minimal discussion of interactive digital devices use in young
children, or its impact other than on language or cognitive domains.
Interactive digital technology is a broad term that refers to methods,
tools or devices that allow individuals, machines, or organization to
engage in mediated communication to facilitate the planning and con-
summation of exchanges between them (Varadarajan et al., 2010,
p. 97). Reus and Mosley (2018) suggested a negative relationship
between touchscreen use and cognition, language and executive func-
tioning among children less than 5 years. However, their scoping
review lacked a systematic approach in the assessment of digital tech-
nology use as well as the methods of assessment of child develop-

ment. The findings were broad and included 24 published studies that

Conclusion: The studies included in this review were predominantly correlational or
comparative in nature and focuses on cognitive domains of learning rather than a
specific developmental outcome. It is difficult to generalize our findings beyond the
digital devices or applications that have been evaluated by earlier studies. The con-
textual factors that may moderate the relationship require elaboration in future

cognitive development, digital child, language development, motor development, screen device,

Key messages

e Use of digital technology can lead to no gains or may
associate negatively with fine motor development.

o Children's use of interactive digital technology is com-
monly associate with enhanced receptive language, exec-
utive function and memory, but not with comprehension.

o When used in a learning context, digital technology inter-
ventions are effective in enhancing literacy and numeracy
skills, manual dexterity, and visuo-spatial working
memory.

o Better understanding of the dose of exposure to video
games or screen devices is important prior to further
research in this area.

e More reliable methods of measuring touchscreen usage,
such as media diaries or device monitoring, are required.

e The constant advancement of interactive digital technol-
ogies means that many of the more recent releases have

yet to be evaluated through research.

correlated screen media use with cognition, language, executive func-
tioning, obesity, and socio-emotional development.

The same finding was detected in the meta-analysis of 42 studies
conducted by Madigan et al. (2020), where a greater quantity of
screen use, such as duration of use and background television noise,
was associated with a reduction in language skill development in chil-
dren. The authors of this meta-analysis suggested both a negative and
positive impact of screen media use on language development and
recommended high-quality programming and co-viewing when possi-
ble. Overall, evidence from earlier reviews (Madigan et al., 2020;
Reus & Mosley, 2018) concluded that what is missed in many, if not
most, published studies is a discussion of the differential effects of
content available to children and the type of programming watched.
Therefore, conclusions regarding the potential benefits of limited
screen time and children development in the early years remain lim-
ited, and there is a need to examine the potential benefits or risks for
broader outcomes, including motor, language, and cognitive

development.
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As Anderson and Subrahmanyam (2017) argue in a discussion
paper published on behalf of the Cognitive Impacts of Digital Media
Workgroup, recent studies have failed to identify the impact of digital
screen device use on young children. Published research on how and
how much children younger than 5 years of age learn from digital
technology through screen use is limited. Therefore, the knowledge
base regarding the impact of digital technology overall on child devel-
opment and the impact of digital screen devices remains sparse. The
field of early child development is often broken down into three basic
domains of cognitive, language, and motor development. The combi-
nation of linguistic learning (language) and cognitive abilities has been
linked to a myriad of factors such as later academic outcomes and
abilities to learn (Picard et al., 2014; Riggs et al., 2006). Children's
motor skills have been likely to affect motor and cognitive outcomes
at school age, but not mental health (Baumann, 2020). This is
in addition to being reported as an important precursor of long-term
outcomes across multiple psychological domains (Baumann, 2020). A
systemic literature review of recent studies examining the impact
of interactive digital devices on child development will enable health-
care professionals to provide evidence-based care to families and
carers of children. It will help to build new understandings about the
influence of digital devices on children's motor, language, and cogni-
tive development to inform recommendations and guidelines. Other
social and emotional aspects of child development were not included
as their consideration would have involved a greatly expanded scope
of work.

2 | AIM

We conducted a systematic review to determine the impact of inter-
active digital devices on the development of children aged 7 years or

younger.

3 | METHODS

3.1 | Design

This systematic literature review was carried out following the Joanna
Briggs Institute (JBI) methodology for systematic reviews and research
syntheses (Munn et al., 2019) and in accordance with a protocol that
was published in PROSPERO (registration number was deleted to pro-

mote anonymous review).

3.2 | Datasource

We searched seven databases for primary research studies published
over the last 11 years, between January 2010 and August 2021. We
excluded studies published prior to 2010 as the focus of the review
was on contemporary technologies with regards to the definitions and

context of interactive digital devices and the impact of use. The

databases searched were CINAHL, MEDLINE, PsychINFO, Embase,
Scopus, and Google Scholar. Manual or hand searching of reference
lists was also conducted. The key search terms were developed in col-
laboration with a research librarian and included three sets of key-
words: (1) ‘child> OR ‘infant” OR ‘toddler OR ‘pre-schooler’; AND
(2) ‘digital technology’ OR ‘digital media’ OR ‘screen time’ OR ‘com-
puter’ OR ‘smartphones’ OR ‘tablets’ OR ‘videogame’; AND
(3) ‘impact’ OR ‘effect’ OR ‘outcome’ (see Appendix A).

3.3 | Study inclusion criteria

In agreement with the Joanna Briggs Institute recommendation for
systematic review (JBI, 2014; Tufanaru et al., 2015), authors, when
feasible, should include RCTs and quasi-experimental and observa-
tional studies in their review of impact or effectiveness. Thus, we have
included all study designs in this review as it is the most inclusive
approach. All studies were assessed against the following general
inclusion criteria: Primary research studies related to the usage of
technology, published in English language, and studies of children
aged 7 years or younger (different from published protocol). Commen-
tary, anecdotal, and review studies were excluded. Studies limited to
children with functional disabilities such as autism spectrum disorders
(ASD), attention deficient hyperactivity disorders (ADHD), and cere-
bral palsy (CP) were excluded. Studies that included assessment of lit-
eracy and numeracy skills were eligible for inclusion in this review if
they were measured as an outcome of cognitive development. In this
review, numeracy skills were defined as the child's ability to perform
basic arithmetic operations, recognize numbers, and count accurately.
Only screen-based technologies were considered in this review.
Internet-connected toys were not included in this review. This review
excluded articles with a limited focus on TV viewing and general
screen time as there was no current gap in the literature.

It should be noted that although the inclusion criteria specified
developmental outcomes for children aged 7 years or younger, some
studies including children older than 5 years were not excluded from
the review because they contributed relevant data on the population
of interest. This included, for example, studies involving children older
than 7 years but with data stratified by age or developmental group.

Inclusion criteria in the form of a PICOS statement (Population,
Intervention/Phenomena, Comparison/Context, Outcome) are pro-
vided in Table 1.

3.3.1 | Studies selection

We used Rayyan, an online systematic review tool, to assist in the
selection process (Ouzzani et al., 2016). After removal of duplicates,
two reviewers independently read title and abstracts of articles
acquired in the initial search. Both reviewers screened the relevant
articles identified by the search strategy on inclusion and exclusion
criteria to identify studies that examined the impact of digital technol-

ogy on child development. A third reviewer adjudicated on any
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TABLE 1 PICO's statement for the systematic literature search
Infants, toddlers and preschoolers between the ages
of 6 months and 5 years exposed to digital

Population technology in various forms

The use of interactive digital technology including
computers, touch screens devices and videogames.

Intervention

Comparison No comparator

Outcome Aspects of child development

Study Quantitative (case reports, case series, cohort studies,
design case-control studies, randomized, controlled trails),

and qualitative studies whose a priori purpose was
to explore the perceptions of parents, carers,
teachers, or healthcare professionals about the
impact of digital technology use on child
development

disagreements between the two reviewers and cross-checked data
from all eligible studies.

3.3.2 | Process used for data extraction

Data extraction was carried out by two reviewers and checked by a
third reviewer. For each study included, information was extracted
using a structured data sheet that included information about first
author's last name, year of publication, country, study design, aim,
sample, type and content of interactive digital technology, methods of

measuring developmental outcomes, and main results.

3.3.3 | Definition of outcome and conceptual issues
For the purpose of this review, we defined digital technology as the
use of digital devices including computers, tablets, and mobile phones
and smart phones, as well as the digitally mediated activities that chil-
dren engage in via these devices, such as using the Internet, going on
social networking sites, chatting, or playing video games (Anderson &
Subrahmanyam, 2017). Child development was defined as an orderly
progression of gross and fine motor, cognitive and language skills that
are formed by an interaction of genetic potential and environmental
opportunities (Black et al., 2015, p. 853).

Based on the Black et al. (2015) definition, we defined child per-
formance indicators on gross and fine motor, cognition, and language
as measures of child development. For the purpose of this review, we
considered acquisition of perceptual-motor skills and manual dexterity
as indicators of motor development. For example, while writing and
drawing are perceived as complex skills that require the combination
of motor, perceptual, and cognitive components (Otake et al., 2017),
we used writing or drawing as an indicator of fine motor skills. We
also did not distinguish between vocabulary acquisition or word learn-
ing in categorizing approaches to language development. We defined
vocabulary acquisition and word learning as the primary means by

which a child learns to communicate and advance language skills.

There is substantive variability in how researchers define and
measure cognitive development. Our definition of cognitive develop-
ment subsumes both learning and executive functioning. For this
review, a good understanding of the particular definition of executive
function used to guide the selection of cognitive tasks to assess the
construct was central because it can influence our ability to interpret
the results. McNeill et al. (2019) suggested that executive function is
a higher order cognitive processes implicated in the ability to reason,
problem solve, and plan through their enabling of manipulating infor-
mation in the mind (working memory), resisting distractions and
impulsive behaviors (inhibition), and flexibly switching between task
demands (shifting). It was also conceptualized as the cognitive process
that organized simple ideas, behaviors, and affects into complex
action (The Diagnostic and Statistical Manual of mental Disorders, 4th

edition).

3.4 | Selection of outcome data for synthesis

As the definition of ‘child development’ is broad, the potential range
of outcomes of eligible studies is also large. However, not all outcome
data were relevant for analysis. In this review, data synthesized
included only those studies that specifically addressed how different
forms of interactive digital devices impacted on developmental out-
comes in children including but not limited to motor, language, and
cognition.

We used narrative synthesis (Siddaway et al., 2019) to analyze
the included studies and structured the synthesis around a summary
table presenting descriptive details of each developmental domain
included in the review. Three main questions were used to guide the
synthesis of data: What are the developmental outcomes examined in
the evidence? What is the evidence on whether different types/
contents of interactive digital devices lead to different developmental
outcomes in children? What is the overall evidence on the impact of
various types/contents of interactive digital devices for children aged
5 years relative to younger children?

For the narrative synthesis, the studies were grouped into three
different categories of development: Motor skills, language acquisi-
tion, and learning and cognitive development. In the data synthesis of
this review, all findings were discussed with appropriate emphasis
given to the studies that were more methodologically robust. The nar-
ratives were written by one reviewer, yet all decisions were arrived at

through discussion and a consensus process by two reviewers.

34.1 | Quality assessment

In this review, we classified experimental and quasi-experimental
studies as Tier 1 studies, and the remaining qualitative, descriptive
surveys/with or without comparison were classified as Tier 2 studies.
Then, quality assessment of eligible studies was evaluated using the
JBI Critical Appraisal Checklist for Systematic Reviews and Research
Syntheses (Aromataris & Munn, 2020; Porritt et al., 2014). RCT
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studies were assessed by 13 questions and quasi-experimental by
nine questions. Cross-sectional studies and case report were assessed
by eight questions, whereas qualitative studies were assessed by
10 questions, and cohort studies were assessed by 12 questions. An
item would be scored O if it was answered “no” or “unclear” and a
score of 1 if the criteria were met. Using the JBI checklist tool, meth-
odological quality was considered as low quality if a score of 50% or
less was assigned through critical appraisal, the predetermined cut off
score agreed upon by the research team. Two reviewers appraised
each study and discrepancies were discussed with a third reviewer.
No studies were excluded on the basis of the minimum quality
threshold.

4 | RESULTS

4.1 | Search outcome

Across the six databases, we initially retrieved 7632 studies, 1757
studies were excluded based on duplicate records and 5705 studies
were removed after screening the title and abstract. An additional
117 studies were excluded after reading the full text document. Con-
sequently, 53 studies met the inclusion criteria and were included in
the review (Figure 1).

4.1.1 | Characteristics of included reviews

Fifty-three studies were eligible for inclusion in the review, 39 Tier
1 and 14 Tier 2. The studies ranked as Tier 1 were defined as studies
used RCT and quasi-experimental designs, where studies ranked as
Tier 2 were defined as studies used descriptive designs including
cross-sectional, cohorts, case control and qualitative.

Of the 53 studies included in the review, the majority originated
from high-income countries, most notably Western European coun-
tries (Bonneton-Botté et al., 2020; Clarke & Abbott, 2016; Desoete &
Praet, 2013; Di Lieto et al., 2017; Fernandez-Molina et al., 2015;
Fikkers et al., 2019; Gremmen et al., 2016; Kiefer et al., 2015; Konok
et al., 2021; Kosmas & Zaphiris, 2020; Mayer et al., 2020; Picard
et al., 2014; Smeets & Bus, 2012; Teepe et al., 2017; Walter-Laager
et al,, 2017), followed by the United States (Antrilli & Wang, 2018;
Diehm et al., 2020; Haegele et al., 2011; O'Toole & Kannass, 2018;
Parish-Morris et al,, 2013; Rogowsky et al., 2018; Russo-Johnson
et al, 2017; Schmitt et al., 2018; Schroeder & Kirkorian, 2016; Xu
et al., 2021; Zhen, 2017; Zheng & Sun, 2021; Zimmermann
et al., 2015), Australia (Axford et al., 2018; Barnett et al., 2012; Huber
et al., 2018; McNeill et al., 2019, 2021; Neumann, 2014, 2016, 2018;
Trost & Brookes, 2021), the United Kingdom (Bedford et al., 2016;
Herodotou, 2018; Outhwaite et al., 2019; Portugal et al., 2021; Ross
et al., 2016), Taiwan (Lin, 2019; Lin et al., 2017; Lin et al., 2020), and

Records identified from: CINAHL, (n =
928) Additional records identified through other
MEDLINE (n = 3428) methods
EMBASE (n = 500) (11 studies)
c Psychinfo (n = 2581)
£ Scopus (n = 184)
8
1
[}
) v
Total records identified Records removed before
(n =7632) > screening: Duplicate
records
— (n = 1757)
i
Records excluded at title
o Records screened N or abstract level
£ (n = 5875) (5705)
®
o
O
n
i Full text records
excluded (n=117):
Reports sought for retrieval Wr\/(:/ng outcom:—z t(.”:44)
= rong population:
., (n=170) — > (n =39)
Wrong study design:
(n=18)
l Wrong type of
- intervention (n= 2)
] Screen media (n=14)
FIGURE 1 PRISMA (Preferred T:C; Studies included in review (n = 53)
Reporting Items for Systematic Reviews -
and Meta-Analyses) flowchart of literature
search and selection process —
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TABLE 2

Author, year

Antrilli &
Wang, 2018

Axford et al., 2018
Barnett et al., 2012

Bedford et al., 2016

Bonneton-Botté
et al.,, 2020

Chen et al., 2013

Clarke &
Abbott, 2016

Courage et al,,
2021

Desoete &
Praet, 2013

Di Lieto et al., 2017
Diehm et al., 2020

Elimelech &
Aram, 2020

Fernandez-Molina
et al., 2015

Fikkers et al., 2019
Gremmen
etal, 2016

Haegele et al., 2011
Herodotou, 2018

Hu et al., 2020

Huber et al., 2018
Kiefer et al., 2015

Konok et al., 2021
Kosmas & Zaphiris,
2020

Lin et al., 2020

Lin, 2019

Lin et al., 2017

Liu et al., 2021
Mayer et al., 2020
McNeill et al., 2021

McNeill et al., 2019

ARABIAT ET AL.

Country
USA

Australia
Australia
UK
France
Taiwan
Northern
Ireland
Canada

Belgium

Italy
USA

Israel

Spain

Netherland

Netherland

USA
UK

China

Australia

Germany

Hungary

Cyprus

Taiwan

Taiwan

Taiwan

China
Germany

Australia

Australia

Level of

evidence

Tier 1

Tier 1

Tier 2

Tier 2

Tier 1

Tier 1
Tier 2

Tier 1

Tier 1

Tier 1
Tier 1
Tier 1

Tier 1

Tier 2

Tier 1

Tier 1
Tier 1

Tier 2

Tier 1
Tier 1

Tier 1

Tier 1

Tier 2

Tier 1

Tier 1

Tier 1
Tier 1
Tier 1

Tier 2

JBI

score

10/13

9/9

10/11

5/8

8/9

11/13
8/10

6/9

10/13

8/9
7/9
10/13

9/13

10/11

8/9

9/13
8/9

7/8

10/13
9/9

6/9

8/9

8/8

9/9

9/9

6/9
9/9
6/8

10/11

Level of evidence for primary outcomes and conclusions of included studies

Dose of exposure

9 min use touch screen play once only

30 min daily 9 weeks

Parents reported on minutes per week
using PlayStation/Nintendo Xbox,
computer games

Parents reported on average daily touch
screen usage

20-40 min per week

40 min per week

1-h daily use of iPad during school time

3 days—Day 1 35 min, Day 2 30 min, Day
310 min

25 min by 9 sessions on computer game
over 5 weeks

13 sessions of 75 min
3 min one session

8 sessions, 20 min

3 sessions, 10 min each

Parent reported estimates the time their
children played digital games

15-20 min

15 min per day, 3 days per week.

Angry birds 8 min for a maximum of
7 days—mean 50 min SD 14.49

Active screen time (computer etc.)—
parents reported on hours per day

Brief screen intervention

16 training sessions, 25 min, 4 sessions
per week

Parents reported on their child's tablet/
smartphone use.

30 min, once a week (12 sessions)

Parents reported on children's use of
touch screen device

Used tablets at least once a week for more
than 20 min per time lasting more than
6 months

20 min per day for 24 weeks

2 sessions a week for 15 min a session

Parental questionnaire electronic media
use

Timeframes

9 weeks

12 weeks

14 weeks

5 months

3 days

5 weeks

6 weeks

1 month (2 sessions a week)

3 weeks (one session a week)

Longitudinal study—measured each
year over 4 years

6-9 weeks

7 days

4 weeks

3 months

24 week home fine motor program
using a touch screen

12 weeks

7 weeks

12 months
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TABLE 2 (Continued)

Author, year Country

Moon et al., 2019 Korea

Neumann, 2014 Australia

Neumann, 2016 Australia

Neumann, 2018 Australia

O'Toole & USA
Kannass, 2018

Outhwaite UK
etal., 2019

Parish-Morris USA
etal., 2013

Picard et al., 2014 France

Portugal UK
etal, 2021

Rogowsky USA
etal, 2018

Ross et al., 2016 UK

Russo-Johnson USA
etal., 2017

Schmitt et al., 2018 USA

Schroeder & USA
Kirkorian, 2016

Smeets & Netherlands
Bus, 2012

Souto et al., 2020 Brazil

Spinosa et al., 2020 Brazil

Teepe et al., 2017 Netherlands

Trost & Brookes, Australia
2021

Walter-Laager Switzerland
etal, 2017

Xu et al., 2021 USA

Zhen, 2017 USA

Zheng & Sun, 2021 USA

Zimmermann USA
et al., 2015

Level of
evidence

Tier 2

Tier 2

Tier 2

Tier 1
Tier 1

Tier 1

Tier 1

Tier 1
Tier 2

Tier 1

Tier 1

Tier 2

Tier 1
Tier 1

Tier 1

Tier 2

Tier 1

Tier 1
Tier 1

Tier 1

Tier 1

Tier 1

Tier 2
Tier 1

JBI
score

6/8

6/8

5/8

11/13
9/13

13/13

10/13

8/9
5/8

11/13

9/9

6/8

10/13
10/13

8/9

6/8

12/13

9/9
13/13

9/9

7/9

8/9

7/8
9/13

Dose of exposure

Parental questionnaire electronic media
use

Non-users (0 min/day)

Low-dose users (>1-29 min/day)

High-dose users (230 min/day)

Parental questionnaires to assess smart
device usage

Parental questionnaire to assess touch
screen usage

Parental questionnaire to assess touch
screen usage

30 min per week iPad literacy program

Not provided

30 min a day for 5 days a week

Electronic media books—once off

10-min one off session

Parents reported touch screen use

10 min a day

One off reading session comparing print
books to iPad story

One off test session approximately
8 min—test not an intervention

Approximately 40 min per week

30 min playing the game—one off
assessment

2 sessions per week (5 sessions in total)
session time not included in the study

Parents reported interactive media use
(frequency and duration in minutes per
day)

One off experimental session
10-min sessions, 2 sessions in 2 weeks

35.3% (6/17) families randomized to the
intervention used the app 3 or more
times a week;

35.3% (6/17) 2 times per week;

And 29.4% (5/17) less than 2 times per
week.

One up to 20-min session using the word-

learning app

One off experimental session lasting 5-
10 min

13 min sessions conducted 3 to 4 times
per week (approx. 34 sessions)

Parents reported digital devices use.

60-s test—one off test

Timeframes

9 weeks

12 weeks

11 weeks

8 weeks

2.5 weeks

2 weeks

8 weeks

34 sessions—number of weeks not
specified
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one study each from Canada (Courage et al, 2021), South Korea
(Moon et al., 2019), and Israel (Elimelech & Aram, 2020). Only two
studies were from middle-income countries Brazil (Souto et al., 2020;
Spinosa et al., 2020) and China (Hu et al., 2020; Liu et al., 2021).

The general use of screen devices and touch screens, such as
iPads, was the subject of 22 of 53 studies (Antrilli & Wang, 2018;
Bedford et al., 2016; Clarke & Abbott, 2016; Chen et al., 2013;
Gremmen et al., 2016; Haegele et al., 2011; Hu et al., 2020; Kiefer
et al,, 2015; Konok et al., 2021; Kosmas & Zaphiris, 2020; Lin, 2019;
Lin et al., 2017, 2020; McNeill et al., 2021, 2019; Moon et al., 2019;
Neumann, 2014, 2016, 2018; Picard et al., 2014; Zheng & Sun, 2021)
and the use of specific digital applications/contents such as specific
use of touch screen applications used on tablets and iPads was the
subject of 13 studies (Axford et al., 2018; Chen et al., 2013;
Desoete & Praet, 2013; Fernandez-Molina et al., 2015; Huber
et al, 2018; Liu et al., 2021; Mayer et al., 2020; Outhwaite
et al., 2019; Rogowsky et al., 2018; Russo-Johnson et al., 2017;
Trost & Brookes, 2021; Walter-Laager et al., 2017; Zhen, 2017).

The remaining 20 studies included the use of interactive learning
videos, games, and touch screen story e-books within the broader
education context (Barnett et al., 2012; Bonneton-Botté et al., 2020;
Diehm et al., 2020; Di Lieto et al., 2017; Elimelech & Aram, 2020;
Fikkers et al., 2019; Gremmen et al., 2016; Herodotou, 2018; Kos-
mas & Zaphiris, 2020; Smeets & Bus, 2012; Teepe et al., 2017;
O'Toole & Kannass, 2018; Parish-Morris et al., 2013; Ross
et al., 2016; Schmitt et al., 2018; Schroeder & Kirkorian, 2016; Souto
et al., 2020; Spinosa et al., 2020; Xu et al., 2021; Zimmermann
et al.,, 2015).

Below, we summarize our findings into three main categories:
Motor, language, and learning and cognitive development.

Quality assessment of the included studies was conducted using
the JBI quality appraisal checklist (Table 2). All of the 53 original stud-
ies were considered of high to moderate methodological quality.

As shown in Table 2, many important variables, including dose of
exposure, duration, and intensity were inconsistently reported and
varied significantly from 3 min in Diehm et al. (2020) to 75 min in Di
Lieto et al. (2017). Dose of exposure to digital technology was infor-
matively reported only in one study with Axford et al. (2018) showing
that regular use of iPad application with over 30 min was negatively
associated with fine motor skills. In another study by McNeill et al.
(2019), high dose of exposure (=30 min) was associated with lower
inhibition capabilities 12 months later compared with low dose of
exposure. These results underscore the importance of dose-response
relationship that is important for understanding the impact of digital
technology use.

In Bedford et al. (2016), the association between early touchsc-
reen use and age of reaching developmental milestones was limited
by the fact the only measure of child's usage of touchscreen was
reported at the child's current age without being able to conclude
how this relates to child's earlier usage. An evaluation of the dose-
response relationship was not clearly included, although this is an
important topic as the magnitude of any change in child's develop-

ment is critical to the conclusions.

4.1.2 | Interactive digital devices and motor
development

Fifteen studies related to motor development were identified
(Table 3), of which nine studies were identified as Tier 1 (Axford
et al, 2018; Bonneton-Botté et al, 2020; Kiefer et al., 2015;
Lin, 2019; Lin et al, 2017; Mayer et al., 2020; Picard et al., 2014;
Spinosa et al., 2020; Trost & Brookes, 2021) and six studies were
identified as Tier 2 (Barnett et al., 2012; Bedford et al., 2016; Clarke &
Abbott, 2016; Moon et al., 2019; Souto et al., 2020; Zheng & Sun,
2021). Variations in sample and type of content used on the digital
device were noted.

In Tier 1, data were available from two RCT (Spinosa
et al.,, 2020; Trost & Brookes, 2021) and seven quasi-experimental
studies (Axford et al., 2018; Bonneton-Botté et al., 2020; Kiefer
et al., 2015; Lin, 2019; Lin et al., 2017; Mayer et al., 2020; Picard
et al., 2014). Two studies evaluated specific digital applications and
compared digital technology use to no intervention (Axford
et al, 2018; Bonneton-Botté et al., 2020), and six studies used a
nontechnological intervention as the comparison/control group
(Kiefer et al., 2015; Lin, 2019; Lin et al., 2017; Mayer et al., 2020;
Picard et al., 2014; Spinosa et al., 2020). In six studies, there was
a significant difference in motor development outcomes measured
between the digital technology group and the comparator.
Most studies suggested a negative association between the use
of digital technology and fine motor development (Kiefer
et al., 2015; Lin, 2019; Lin et al., 2017; Mayer et al., 2020; Picard
et al., 2014).

Only two studies found significant benefits for using an iPad
(Axford et al., 2018) or a digital notebook application (Bonneton-Botté
et al, 2020) as a mean of developing fine motor skills. In contrast,
Axford et al. concluded that children's use of iPads negatively associ-
ated with fine motor development when used for more than 30 min a
day. One study suggested no significant difference in children's motor
skills between groups (Spinosa et al, 2020), and another study
(Trost & Brookes, 2021) suggested a positive association between dig-
ital application use and object control skills.

In Tier 2, data were available from 1 qualitative (Clarke &
Abbott, 2016), 1 cohort (Barnett et al., 2012), 4 cross-sectional
studies (Bedford et al, 2016; Moon et al, 2019; Souto
et al, 2020; Zheng & Sun, 2021). One study (Clarke &
Abbott, 2016) used a qualitative approach to explore the impact of
iPad technology on learning and revealed a positive association
between iPad use and children's writing and drawing skills. One
cohort study (Barnett et al, 2012) investigated the use of video-
games or computers and gross motor proficiency and reported
mixed findings. All four of the cross-sectional studies investigated
the use of computers and touch screens at home and found that
prior use of interactive digital technology was associated positively
with fine motor development (Bedford et al, 2016; Moon
et al., 2019; Souto et al., 2020), whereas the remaining study
associated negatively with the development of fine motor skills
(Zheng & Sun, 2021).

85UB017 SUOWILLIOD 3AIIR.1D 3deotdde au Aq pauseA0b ke DI VO ‘85N JO'S3|NJ 04 AkeIq1T 8UUO /8|1 UO (SUORIPLOD-PUR-SWLS) OO A8 |IM" Afe.q1BU1|UO//SANY) SUORIPUOD Pue swie | 8y} &8s *[€202/20/20] uo Ariqiauliuo As|im ‘BIseAIuN Buidosul Aq Z80ET Yoo/TTTT 0T/I0p/ W00 A3 1M Al joulUo//SAnY WOl papeojumoq ‘0 ‘T2eS9eT



13652214, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/cch.13082 by Linkoping Universitet, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WILEY_L_°

ARABIAT ET AL.

(ssnunuo))

9] “Sunm diom ul 3uiurely 3uidAy
0} Jouadns sem 3ujuies) Suiumpue

JuUaWISsasse Joad Jo sadels Ajed
pue ‘uoljeloqe||0d Jaad snoauejuods
‘92UaPIJUOD ‘UO[FeIJUSIUOD
‘UOIJBAIJOW Ul S9SBAIDU] AJ9M dJaY |
‘uimesp pue Suium ypm padjay spedt

*Apn3s ay3 Jo 1Jels ay3
1€ |9A3] WINIPaW B YHM Ua4p|1yd J04
|eyauaq sem dde ay3 yym Sujuiel )

'S9U03S9|IW
J0J0W $$043 pue 3sn U9342SYdN0}
uaamiaq sdiysuolje|as JuedyIusis oN
JUSWIAASIYDE JojoW duly Ales
ul s3INsaJ 3ulj|0Jds US34ISYdN0} Ae]
'S9U03SaIW [euaWdO[aAIP
Aue pue ‘asn uaaJosyono} 3siiy
Jo a8e ayj usamiaq diysuoljejas oN

*Aduaidiyold |[134s J030woo0|
UM pajernosse Ajjuediusis
10U SeM 3sn swes3 aAI1oela]u|
*S[|1YS |043u0D 303[qo
19]e3.3 pey ‘sawes 03pIA SAIROeISIUI
SulAeld swi3 auow juads oym
uaJp|Iyd [00YISald “S||IXS JUSWSAOW
|ejuswepuny s,ualp|iyo pue ‘3uiAe|d
Swes 09pIA US9MIS( SUOIIRID0SSY

JuawdojaAsp

S||1s Jojow auly 3oedw

AjoA13eS8u Aew Jo ‘|edlyauaq aq jou

Aew ‘Aep e asn pedl JO Ulw Qg JOAO

yum asn puey sen3as upelday

s Jojow auly SuidojsAsp

Jo sueaw SuiSe8ua ue alom

‘s||13S Jojow auly oy padojpAsp
Aljeayy1nads suonjedldde pedt

sSuipuyy Jolely

UM pJom
pue ‘Bui3lM 13333| 934 ‘Sui3M J93397

SMIIAJIIU|

dde o8ije)y

alleuuonssnd

ydeu3i3oy JuswdojaAsq
10JO|A SSOU) JO 359 ‘Salleuuosand

3|yoid

Sujuiea Aje llemeH ay] ‘UsaJdg

SunUMpuUeH 31oys ‘uonip3 Y19

‘uojes3a3u| J0J0|A [BNSIA JO 3591
|ejuswdojaAaq AJaag ‘SuoieAIasqO

awo3no [ejuawdojaAap
0] JUSWISSISSE JO SPOYIBIN

pue SuipeaJ uo UM pIeogAs
pue uad Jo aduaN|jul SY3 SUIUWLISISP O

uaJpjiyd jooyds Asewrid ut ‘s||pjs
jidnd pue Sujuies| uo ASojouyda}
ped! Jo 1oedwi ay} suiuwLIRap o

Sw00.sse|d

uajediapup] ul ‘Suiumpuey

Jo 3ujuies| uo uoiedijdde yoogajou
|enSip e Jo 3oedwi sy} USSP O]

S43|ppo3 ul

sauo}safiw [ezuswdojaAsp Suiyoeal

pue ‘asn Ua3105YdN0} Usamiaq
diysuoijejas 8y aujuLIILp 0

UaJp|IYD Ul S|[13}S JUSWSA0W
|ejuswepuny ay3 pue ‘sawes
21U04323]9 3ulAe|d SwI} USIMID]

diysuoiiejal ay3 sujwialap o

S|[1jS Jo30wW
auly Suiroadwi uj suopedldde pedi
10 SSDUDAINIDYD S SuUIWIIEp O]

asodind

Syjuow 4 F syjuow 9
Si1eaA g = 93e ‘ualp|Iyd €2 = N

sJedA G 0} { = a3e ‘uaJp|Iy2 GZ = Td

uaJp|iyd G6 = |043u0D
UJp|IYd 8ET = UOIFUSAIDIU|
SIeak G = age ‘ualpIyd €€ = N

Syow 9z7'g ¥
ZS'6T =233e ualpiy GTL =N

SYjuow ¢/°0
FSIedA GTp = 93e ‘uaIp|IYd €6 = N

uaJpjiyd G¢ = [03u0D
uaJp|iyd 8z = |ejuswiiadx3
SIeaA 9 03 G = a8e ‘UaIP|IYd € = N

(98e ‘“Jaquinu) sjdwes

|ejuswiiadxa
-1send

aniReEND

|ejuswiiadxa
-1senp

|eUO(33S
SSo1D
[ednAeUY

[euipn}iBuo|
/H0yod

|ejuswiiadxa
-1send

usisap Apnis

GTOT “le3®
SEYETN

9102 ‘noqqy
T 4eD

020C “le 1
2)10g-uojauuog

910Z “le1®
piojpag

ZT0zZ “le e
1auleg

810C “IB 1
pJoixy

Jeah ‘oyiny

S||bjS 1030w pue S3130|0UYDI3} DAIIOEISIUL 0} PSIejaJ SIPNYS JO Alewwng € 379V L



13652214, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/cch.13082 by Linkoping Universitet, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

ARABIAT ET AL.

© | WILEY

9J9M S3UIMEIP UD3JIS UO J93ul4

*1aded uo uad ayj 03 pasedwod

usym pedi ue Suisn usauds uo Jasuly
3U3 Ul JOMO]| 2J9M 531025 dlydess

juswdojaAap Jojow auly
Y3Im pajeja.aiod ApAisod sem a8esn
90IASP HBWS ‘PlIYD P|O SIeah 3a.4yj u|

'|001 3AI1I949

15B3| 8y} S| U9342SYdN0] B UO SnjAls

ay] SuipJeogAay yum pasedwod

S||fs |erreds-onsiA sanoidwii

pue a3pajmouy] 19339] o uolysinboe
5493504 |1DuUad e y3m SunumpueH

‘uaJp|iyd jooydsa.d jo Juswdojarap

J0j0oW 3Uuly 8y} Joj SnoaSejueApesip
9q 03 sieadde AjDAISUDIXD
19|qe3 Ua342S Ydnoy e 3uisn

*A31191xap |enuew pue ‘uofjes3a3ul
Joj0owW auly ‘uoisidaid Jojow suly

10} dnous 39|qe} ay3 Ul asoy3 ueyy

521005 Jaysiy Ajpuedniusis pamoys
dnoJ3 33|ge3-uou ay3 ul uaJp|Iiyd
dYL S[|XS Jojowl duly pue usJp|iyd

‘Buim
pue 3uipeaJ uo Suiumpuey suunp
paysijge3sa suoljejuasaidal Jojow

-A1osuas Jo aduanjjul Alojeyijioey
e ujwnsse 3ulidnod uondadiad
-uolijoe Jo saloay) syioddns Apnis

sSuipuyy Jolely

2102s d1ydeJs |jesano
ue Suip[alA ajeas olydels pazipiepuels

3593 SuluaIds [ejUSWdOlIASP
-ueaJo)| ayj ‘snjejs a8esn dIASP
Jews Joj alleuuofisanb |ejualed

s||s |erzeds-onsia :Suipead
19139 Bunlum piom :3uipeal
pJom ‘8uilIm Ja13a| ‘uouSodal U191

(4919WwoweuAp youid pay

-puey e 3uisn painses|p) ‘yidus.ins

Yauld ‘uonip3 pug ‘Adusidyold

1010 10 159 AXS12495Q-syuluInIg
3y ‘dduew.oylad Joj0w sul4

Y¥-1Add

3y} JO UOISIaA 3sauly) - Ajjige

aAIHUS0D ‘uoIp3 pug ‘Aduaidiyold

J0JO|A JO 359 ANS}aIasO-SHuIUINIg
ay] ‘odouewloyiad Jojow aui4

awo3no [ejuawdojaAap
0] JUSWISSISSE JO SPOYIBIN

ua4p|iyd ui ‘Ayijenb 3uimesp
uo ‘uda42s-uo-133uly SnsiaA Jaded
-uo-uad jJo 3oedwl sy} aulwIS}ap O]

UaIp|IYd Ul S|9A3] Juswdojansp
pue ‘9sn 92IASp Jews Usam}aq
diysuoijejas 8y aujuLIIRp O

uaJp|Iyd uapesIapuDy Ul ‘||

pJom ayj 3e s||bjs Adelall] uo (snjAls

19|qe) ‘pseogAay ‘|1puad) adAy |003
SuIM JO 2dUBNJUI DY} BUIWISIBP O]

uaJp|Iyd Ui ‘yuawdojenap
JOJOW dUlY UO 3SN 39|qe} Ua1dS
4oN0} JO 323443 B} SUIWIRIBP O

ualp|iyo jooyasadd ui ‘s||js

Jojow auly pue uopdadiad [ensia

ul s39]ge3-uou pue sja|qe3 Suisn

USJp|IYd USIMID( SDUDIDHIP dIaM
243U} 10U JO JaYIBYM SUIWIDIBP O

uaJp|iyd
Jooyosaud ul souewopad Suium

asodind

siedA / = 93e ;g = dnou3 g apes
sleaA g = a3e

{Zz = dnou3 uapediapury

usIpjiyd 9 = N
SIedA €0 F

#'G = a3e ‘ualp|Iyd T = ¢ dnoig
SIedA €0 F

' = a3e ualp|Iyd 9¢ = ¢ dnoug
SIedA €0 F

G e = 93e ualp|Iyd O = T dnou

s1edh 6'0 F G 93e ‘uaupIyd LIT =N
$J1edA 0G°0 F 06'G = 93e

{ualp|iyd /i = (p1eogAay) ¢ dnous
s1eah g4'0 ¥ 0T'G = 23e

{uaJpiyd 17 = (SnJAIS) Z dnouo
SJedh 6G°0 F 86'G = 93e

{ualp|iyd 617 = (J1puad) T dnouo
SIedA €60 F

L6'G = 33e UaIpIyd GYT = N
syjuow 9°/ F

0'T9 = 93e ‘UaJp|Iyd O = [043u0)
syjuow 92 ¥ Q'T9 = e

{U4P|IYD O = UOIIUSAISU|

Stpuow 9°/

0'T9 = 98e ‘uaip|yd 08
S{puow 7/ ¥

6'T9 = 93e {UaJp|Iyd 9¢ = |0U0D
syjuow '/ ¥ g'79 = a3e

{U4P|IYD 9E = UOIIUSAISU|

Stpuow g7/

6'T9 =98e Uy g/ =N

+

N

+

syjuow T°¢ ¥ 0'99 = ase

‘Ualp|iyo ZT = (8untimpuey) g dnolo
syjuow /'y ¥ 7°99 = e

‘ualpiyd 7T = (3uidAl) T dnous

(98e ‘“Jaquinu) sjdwes

|ejuswiadxs ¥T0Z “le 10
-1senp pJedid
|euol}das
$S01D 6102 “[e 19
|eanAjeuy UOOIN
|ejuswiiadxa 020Z “|e 1@
-1senp BEVEIN
|ejuswiiadxa
-1senp LTOT “|e32 ur]
|ejuswiiadxa
-1senp 6102 ‘ur
usisap Apnis Jeah ‘oyiny
(penupuod) € 314VL



13652214, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/cch.13082 by Linkoping Universitet, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WILEY_L

ARABIAT ET AL.

slIs
1030W 3Uuly Uo duewtopad J1yy
yum diysuonelal sanedsu e pey
0s|e 1sanbaJ uo 4o awpaq alosaq
95N S3DIASP [EUSIP S,UDIPJIYD 'S|IINS
JOJ0W 3Uly JISY} PUB JUSWSASIYDE
Jlwapede Aliea uo sduew.o)sad
s,ua.p|iyd 1o1paud AjpAe3su
0} PUNOj SeM SUOOLIED SulydIeAn
*S[|I3S J0J0W SSOU3 pue ‘s||I3s Jojow
|uly s,ua4p|iyd 121paid ApAnessu
03 puNoJ 2JoM S2IAP [epdip Buisn
JUads awl} pue sa21ASp |eN3Ip JO 3sN
‘98ueyd [ewnuiw
pa1qgIyxe S|043U0d Pajsi|-1EM 3Iym
‘S[|13S J0J0WO0D0]| Ul SJUSWIA0IdWI
pa11qiyxs osje uaJpjiyd
UOIIUSAISIU| “BUI[I9p ISopowl
e pa1qiyxa dnoi3 |043u0d 1si|-1lem
33 Ul UJP|IYD SIYM ‘S||IX{S [043U0D
193[qo ul syuswaAoidwl JuedijIudis
PaMqIyxs uaIp|iyd uolUSAISIU|
*S[|13S |043U02 193[g0 40} uolidesUl
awi Aq dnou3 juedyiusis e sem auay |

*S||15{S J030W S,UIP|IYD dY3 Ul
92UJRYJIp JUBDYIUSIS OU SEM DI}
punoj Sem 11 UaJp|iyd 03 S||IXfS Jojow
OM]} JO UOIeJISUOWdP Al pue

(Ajeaa psjusw3ne) |e3dip Suuedwo)

'S||13S Jojow auly
191399 Appy3iis pey aousuiadxa asn
-13]qe} snoiAsud yum uaip|iyd Suno
‘s3uimeup
Jaded uo uad ueyy Jai1oo0d Ajy3is

sSuipuyy Jolely

“} 3uisn juads Asyj} swi} pue Sa2IASp

|e3131p pasn uaup|iyd Jaysym pue

9sn sa2IAp [eN3Ip suased ASAINS

‘AJ9118Q JUDLUISSISSE JUSWSAOW
pue 3[eds juawdo|aAsp 3uoy| SuoH

*Aejd jeaisAyd

J10J Joddns sjuaued 9sipPayd)

swijAeld JoopInQ 19119p.Ing
‘quswdo|aAap Jojow $S043 JO 1S9 |

3S |043U09 193[q0) MOJY} Jop|noys

-33-19A0 pue ([|X{S Uol}o0woo0|)

dwnl [ejuozuioy :Z-QNDL

9y} JO |02030.d JUSWISSISSE By}
WoJJ S||I)S Jojow |ejuswiepunj OM |

uonip3 pig
‘QuawdolaAa( Jueju| Jo sajeds AsjAeg

2wo23Nno [ejuswdojaAsp
0} JUSWSSISSE JO SPOYIBN

jJuswdojaAsp Ales Jisy) pue

3uoy| SuoH ul uaup|iyd jooydsaid Aq

S92IASP [BUSIP JO 3SN ay] Usamiaq
diysuoijejas ayy a3ed13saAul o]

‘uaJipiiya
plo-1eaA-9 0} -¢ ul ‘Adusidijoud
S||1)S JUSWSAOW U0 uoijedijdde

|en31p ‘wes3oud ,, ANSOAOOIN
3U3 JO 193443 3y} 3)en|eAs o]

uaJp|Iyd Ul ‘sjjjs Jojow
|ejuSWEpUNS UO SUOIJEJ)SUOWP dA]|
pue [e31S1p JO 199449 S} SUIWLIISP O

uaJp|Iyd SUNOA Ul ‘s||1X{S Jojow duly
pue ‘asn 13|qe) SAIIRIDIUI USIMIS]
diysuoijejas ay3 aulwia3ap o]

asodind

's1eah 9-¢ pade ualpiyd //8 = N

SIedA €T F £'G = 98e ‘UaIp|IYd € = N

sieahA $8'0 ¥ £1°0T = 23e ‘uaJp|iyd
16 = (Plo-4B9A-TT 03 -¢) € dnolD
sJedh 6/°0 F 9T'L = 28e
‘T = (p|o-1eaA-g 0} -9) Z dnou
SIedA T/°0 F §Z'v = 93e ‘uaJp|iyd
6€ = (pl0-4e9A-G 01 -¢) T dnouo
SJedA TT 03 ¢ = 38e ‘uaIpyPd TET = N
syjuow g 03 £z = o8e ‘uaJp|iyd
ZG = 95N 39|qe} YHM dduaiadxa oN
syjuow g 03 9z = a8e ‘ualp|iyd
9Z = awoy je asn 39|qe} Juanbai4
SYjuow z
0} 9g = 98e UaIp|IYd 82 = N

(28e ‘“Jaquinu) sjdwes

|euol}das
SS0UD 1202
|ed13Ajeuy ‘ung g 3uayz
24014
‘sayoo.g
104 3 3s04L
0Z0z “Ie 3R
10¥ esoulds
|euoidas
$S01 020Z “le 1
[eanAleuy 03nos
usisap Apnis Jeak ‘oyiny
(penunuod) € 371dVL



2 | WILEY

ARABIAT ET AL.

41.3 | Interactive digital devices and language
development

Eleven studies related to language acquisition (Table 4), of which
seven were identified as Tier 1 (Diehm et al., 2020; Gremmen
et al.,, 2016; Kosmas & Zaphiris, 2020; Smeets & Bus, 2012; Teepe
et al., 2017; Walter-Laager et al., 2017; Zimmermann et al., 2015), and
4 were identified as Tier 2 (Bedford et al., 2016; Hu et al., 2020; Lin
et al., 2020; Moon et al., 2019). Data in Tier 1 studies included one
RCT (Zimmermann et al., 2015) and six quasi-experimental studies
(Diehm et al., 2020; Gremmen et al., 2016; Kosmas & Zaphiris, 2020;
Smeets & Bus, 2012; Teepe et al., 2017; Walter-Laager et al., 2017).
One study evaluated the use of learning videos and vocabulary acqui-
sition in toddlers and reported lower impact of learning videos on chil-
dren's productive vocabulary as compared to children learning from
live presentations (Zimmermann et al., 2015). All six quasi-
experimental studies compared digital technology use to no interven-
tion and reported a positive association between use of interactive
technologies and language acquisition when used in educational set-
tings. Data from Tier 1 studies provided plausible evidence that tech-
nology that integrate educational content may be effective in
promoting both receptive language skills and vocabulary acquisition in
children.

In Tier 2, data were available from four cross-sectional studies
(Bedford et al., 2016; Hu et al., 2020; Lin et al, 2020; Moon
et al, 2019). Two cross-sectional studies explored the relationship
between touchscreen use and language development in toddlers and
suggested no association between children using touch screen devices
and language development (Bedford et al., 2016; Lin et al., 2020). Hu
et al. (2020) studied screen time and social development in children
and reported mixed findings, but active computer and screen device
use was generally associated with higher receptive language skills in
children. Moon et al. (2019) presented a contrasting view that a higher
level of touch screen device use was associated with poorer language
development in children aged 1.5 to 3 years. These findings could sug-
gest a positive association between language development and use
digital technology.

414 | |Interactive digital devices and cognitive
development

Twenty-nine studies were related to cognitive development (Table 5),
of which 22 studies were Tier 1 (Antrilli & Wang, 2018; Chen
et al., 2013; Courage et al., 2021; Desoete & Praet, 2013; Di Lieto
et al,, 2017; Elimelech & Aram, 2020; Fernandez-Molina et al., 2015;
Haegele et al., 2011; Herodotou, 2018; Huber et al., 2018; Konok
et al, 2021; Liu et al, 2021; Neumann, 2018; O'Toole &
Kannass, 2018; Outhwaite et al., 2019; Parish-Morris et al., 2013;
Ross et al., 2016; Rogowsky et al., 2018; Schmitt et al., 2018;
Schroeder & Kirkorian, 2016; Xu et al., 2021; Zhen, 2017), and seven
studies were identified as Tier 2 (Fikkers et al., 2019; McNeill

et al., 2019; McNeill et al., 2021; Neumann, 2014; Neumann, 2016;
Neumann, 2018; Portugal et al., 2021; Russo-Johnson et al., 2017).

Among Tier 1 studies, 14 RCTs (Antrilli & Wang, 2018; Chen
et al., 2013; Desoete & Praet, 2013; Elimelech & Aram, 2020; Fernan-
dez-Molina et al., 2015; Haegele et al., 2011; Huber et al., 2018;
Neumann, 2018; O'Toole & Kannass, 2018; Outhwaite et al., 2019;
Parish-Morris et al., 2013; Rogowsky et al., 2018; Schmitt et al., 2018;
Schroeder & Kirkorian, 2016) and eight quasi-experimental studies
were included in the synthesis (Courage et al, 2021; Di Lieto
et al.,, 2017; Herodotou, 2018; Konok et al., 2021; Liu et al., 2021;
Ross et al, 2016; Xu et al., 2021; Zhen, 2017). Studies in Tier
2 included one cohort and five cross-sectional studies.

All studies in both tiers were exclusively aimed at exploring the
association between use of interactive digital devices and cognitive
skills and were focused on general use of touchscreen devices
(Courage et al., 2021; Konok et al., 2021; McNeill et al., 2019; McNeill
et al., 2021) and educational software system (Ferndndez-Molina
et al., 2015; Haegele et al, 2011; Huber et al., 2018; Outhwaite
et al., 2019; Rogowsky et al., 2018; Zhen, 2017), digital applications
such as e-books (OToole & Kannass, 2018; Parish-Morris
et al, 2013), multimedia (Chen et al, 2013), or videogames
(Desoete & Praet, 2013; Elimelech & Aram, 2020; Fikkers et al., 2019;
Herodotou, 2018; Russo-Johnson et al., 2017; Schmitt et al., 2018;
Schroeder & Kirkorian, 2016). The studies included children from 2 to
5 years. Most digital technology content aimed to enhance executive
function and literacy and/or numeracy skills, but not comprehension
level.

Both Tier 1 and Tier 2 studies reported a positive association
between use of interactive digital technology and executive function
(Courage et al., 2021; Fernandez-Molina et al., 2015; Huber
et al., 2018), visual perception skills (Chen et al., 2013), visuo-spatial
working memory and inhibition skills (Di Lieto et al., 2017), fluid intel-
ligence and problem-solving skills (Fikkers et al., 2019). Positive asso-
ciation with cognitive skills was also reported for literacy and/or
numeracy skills (Desoete & Praet, 2013; Elimelech & Aram, 2020;
Neumann, 2014; Neumann, 2016; Neumann, 2018; O'Toole &
Kannass, 2018; Outhwaite et al., 2019; Rogowsky et al., 2018; Ross
et al., 2016; Schmitt et al., 2018; Schroeder & Kirkorian, 2016) and
learning (Haegele et al, 2011; Herodotou, 2018; Russo-Johnson
et al.,, 2017). In one study by McNeill et al. (2019), reducing media pro-
gram viewing and limiting electronic app use was positively associated
with preschool children's cognitive development. There was less evi-
dence to support the association between interactive digital technol-
ogy and cognitive flexibility (Antrilli & Wang, 2018), visual perception
(Chen et al., 2013), and comprehension (Parish-Morris et al., 2013; Xu
et al., 2021). Most studies lacked discussion on how developmental
outcomes may vary by age and gender. Two studies in this review
included children with needs for auditory and/or visual supports
(Elimelech & Aram, 2020) and children with developmental delay
(Chen et al., 2013). Findings from these studies highlight key areas of
concern for improving not only access to interactive technologies, but

for promoting digital equity as well.
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5 | DISCUSSION

This paper reports a systematic review examining the impact of digi-
tal technology use on child development. The studies reviewed in
this review were predominantly correlational or comparative in
nature and focused on cognitive domains of learning rather than a
specific developmental outcome. In addition, both RCT and quasi-
experimental studies were mainly concerned with investigating
whether or not there were differences between children using digital
devices (tablets and non-tablets) in cognitive and motor skills. There-
fore, it was difficult to conclude cause from effect regarding the rela-
tionship or impact of digital technology use on child development.
One prominent explanation for these associations or effects suggests
that children's use of interactive digital technology commonly associ-
ate with better receptive language and executive function, but not
motor proficiency.

In this review, only three studies used longitudinal designs to clar-
ify correlates (Barnett et al., 2012; Fikkers et al., 2019; McNEeill
et al,, 2019), and seven studies (Bonneton-Botté et al., 2020; Clarke &
Abbott, 2016; Desoete & Praet, 2013; Di Lieto et al., 2017; Konok
et al., 2021; Liu et al., 2021; Trost & Brookes, 2021) reported on the
impact on children when using computer applications or other
touchscreen devices. In these studies, it was difficult to determine the
magnitude of any change in child's development or whether it would
be reasonable to expect that the use of certain interactive technology
devices would play an important role in enhancing or embedding
developmental outcomes. However, placed within the larger context
of research on the digital technology's relations with child develop-
ment, there was some evidence that use of interactive technology,
such as computers and screen devices, can poorly associate or impact
motor development in young children.

For motor skill development, a large body of Tier 1 studies sug-
gested that the use of digital technology can lead to no gains or asso-
ciate negatively with fine motor development. While Tier 2 studies
hypothesized benefits for touchscreen use, we found no clear evi-
dence that digital technology use was effective in improving gross
motor outcomes in children (Barnett et al., 2012; Bedford et al., 2016;
Spinosa et al., 2020).

The result of our review would have been much more meaning-
ful if the dose of exposure to games, videos, computers, or mobile
phones had been reported in an informative manner. This highlights
the gap in defining the type, content, and intensity of digital technol-
ogy use, rather than a gap in access to digital devices. Our findings
showed critical aspects informing the evidence, such as dose of
exposure, intensity, or duration were inconsistently reported and
varied significantly across studies, making estimates of exposure ten-
tative and imprecise. Bedford et al. (2016) suggested that more reli-
able methods of tracking current touchscreen usage, such as media
diaries or device monitoring, are required along with the detailed
analysis of other usage factors, such as co-use, physical context, and
type of use. The longitudinal designs of McNeill et al. (2019) sug-
gested that the relationship between some electronic media use and

executive function may actually be curvilinear rather than linear.

Therefore, the effects of some electronic media use could be stron-
ger for some children due to higher dose of exposure (30 min/day
threshold), which may reduce other regular developmentally appro-
priate experiences and practices, potentially harming a child's devel-
opment. However, this idea remains largely unexamined and open to
question. We were unable to locate similar reviews evaluating the
digital impact on motor development to which we might compare
findings. The impact of digital technology most prevalent in the liter-
ature included the developmental correlates of screen media expo-
sure, mainly with relation to the physical activity and/or obesity/
adiposity (Fang et al., 2019; Reus & Mosley, 2018; Stiglic &
Viner, 2019). All reviews suggested increasing screen time and
screen media exposure in children was predominantly adversely
associated with obesity/adiposity and physical activity. The ways
that motor proficiency was measured were not comparable, and
therefore, these results were not comparable. Likewise, another sys-
tematic review by Kuzik et al. (2017) identified favorable associa-
tions with at least one motor development indicator in two RCT
studies that examined the most ideal combinations of sedentary
behavior and physical activity.

In our review, improved comprehension was not consistently
associated with digital technology use, although use of digital technol-
ogy was fairly associated with enhanced receptive language, executive
function, and memory. This finding contrasts with a previous scoping
review that suggested negative or no association between touchsc-
reen media use and language development (Reus & Mosley, 2018).
However, it should be noted that the positive association found in our
review was not supported in other reviews other than in the receptive
domain of language (Gremmen et al., 2016; Hu et al., 2020). While we
present evidence that supports the receptive language development
of specific interactive digital technologies, the level of benefit was
reported as dependent on adult company or co-viewing (Walter-
Laager et al., 2017), limited screen time (Duch et al., 2013), and being
over 3 years of age (Moon et al., 2019).

On the cognitive domain, cited studies with a positive associa-
tion or impact included enhanced literacy and numeracy skills, man-
ual dexterity, and visuo-spatial working memory when used in a
learning context. Use of touchscreen devices in Tier 1 studies were
often intended to evaluate executive function and visual-motor inte-
gration and were particularly prevalent in studies of literacy learning.
While there were reported benefits in this context, none of the Tier
1 studies reported significant impact of digital technology use in chil-
dren on comprehension (Parish-Morris et al., 2013; Ross
et al., 2016). Part of these findings were consistent with other stud-
ies, which reported positive association of specific TV programs or
video games and cognitive development of children (Reus &
Mosley, 2018). It was suggested that the use of educational com-
puter programs or games can lead to short-term increases in visual
processing skills, attention, and executive function skills (Anderson &
Subrahmanyam, 2017). What remains unclear is not whether this
effect depends on the content-specific or type of games played, but
whether such positive cognitive impact can be prolonged and

enhanced in those children.
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In this review, the included studies were of high quality and the
majority were classified as Tier 1. In our conclusion, we argue that an
emphasis on rigorous study designs such as RCT and quasi-
experimental rather than on cross-sectional and qualitative studies is
necessary to provide casual evidence, but that should be countered
by the issues of longer term effects and ability to adequately control
sufficiently in real-world RCTs. We do not suggest negating the evi-
dence generated by cross-sectional studies, rather that trials are “con-
tent-specific’ more generally. We argue also that evaluation and
understanding of the dose of exposure to video games or screen
devices is important prior to any conclusion as dose of exposure may
be a confounding factor for any impact on developmental outcomes.

We need to acknowledge that there were several limitations to
this review including limitations with the search strategy, inclusion
and exclusion criteria, and the search terms used. The search strategy
used was comprehensive but did not include searches in grey data
sets such as OpenGrey, Health Canda, or TRIp Pro. Our search strat-
egy was designed to ensure quality by limiting studies to those pub-
lished in peer-reviewed journal and those with good quality appraisal.
In addition, the search used for this review was supplemented using
reference lists; so, it is likely that most relevant articles were included.
Another limitation is that our review did not specifically search for
smart connected toys or electronic games. For example, articles that
evaluated connected toys that are Internet-enabled devices with Wi-
Fi, Bluetooth, or other capabilities were not included related to limita-
tions of search strategy. However, evaluation of outcomes specifically
related to Internet-connected toys, which are becoming increasingly
popular among very young children (<7 years), is also important and
should be analyzed in future studies.

Other limitations to be considered in our review is reported data
for motor and language domains may suffer from different degrees of
inconsistencies or may be incomplete due to the broad definition of
child development and assessment methods. For example, in a few
studies, assessment of manual dexterity and writing or drawing skills
were used as one component of a general assessment of the cognitive
and learning domain. This made it difficult to isolate the specific corre-
lates of fine motor development because such skills require the com-
bination of motor, perceptual, and cognitive components (Picard
et al., 2014). A number of contextual factors that may moderate the
association between digital technology use and child development
was not adequately provided in the primary studies. This included
stratified data by age group, gender, screen time, and content, in addi-
tion to other critical aspects informing the evidence, such as dose of
exposure, intensity, or duration. Therefore, our findings suggest only a
rudimentary level of understanding of the area.

Finally, while our review offers a thorough examination of the
published studies in social and health science, the constant advance-
ment of interactive digital technologies, including video games means
that many of the more recent releases have yet to be evaluated
through research. The review may not capture all digital technologies,
and the question of whether interactive digital technology impacts lit-
eracy, vocabulary, and executive function among children will con-

tinue to evolve.
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