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Mobile device screen time is associated £
with poorer language development among
toddlers: results from a large-scale survey
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Abstract

Background Despite young children’s widespread use of mobile devices, little research exists on this use and its
association with children’s language development. The aim of this study was to examine the associations between
mobile device screen time and language comprehension and expressive language skills. An additional aim was to
examine whether three factors related to the domestic learning environment modify the associations.

Methods The study uses data from the Danish large-scale survey TRACES among two- and three-year-old

children (n=31,125). Mobile device screen time was measured as time spent on mobile devices on a normal day.
Measurement of language comprehension and expressive language skills was based on subscales from the Five to
Fifteen Toddlers questionnaire. Multivariable linear regression was used to examine the association between child
mobile device screen time and language development and logistic regression to examine the risk of experiencing
significant language difficulties. Joint exposure analyses were used to examine the association between child mobile
device screen time and language development difficulties in combination with three other factors related to the
domestic learning environment: parental education, reading to the child and child TV/PC screen time.

Results High mobile device screen time of one hour or more per day was significantly associated with poorer
language development scores and higher odds for both language comprehension difficulties (1-2 h: AOR=1.30; >

2 h: AOR=1.42) and expressive language skills difficulties (1-2 h: AOR=1.19; > 2 h: AOR=1.46). The results suggest
that reading frequently to the child partly buffers the negative effect of high mobile device screen time on language
comprehension difficulties but not on expressive language skills difficulties. No modifying effect of parental education
and time spent by the child on TV/PC was found.

Conclusions Mobile device screen time of one hour or more per day is associated with poorer language

development among toddlers. Reading frequently to the child may have a buffering effect on language
comprehension difficulties but not on expressive language skills difficulties.
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Children’s language skills help them to develop socially
and academically, which implies that the acquisition of
language is one of the most important processes in child
development. Conversely, language delays and disorders
in childhood have been associated with problem behav-
iors [1], and have also been associated with poorer aca-
demic achievement when these children start at school
and later in their lives [2—4]. From birth, language devel-
ops as the child communicates with their parents and
other significant persons [5]. This language development
can be enhanced through a cognitively stimulating learn-
ing environment such as reading to the child [6, 7].

During the last decade, mobile devices such as tab-
lets and smartphones have become an integrated part of
daily life in families. Already from infancy, children are
exposed to mobile devices [8-10]. Mobile devices pro-
vide children and parents with easy access to entertain-
ment, not only in the home setting but also outside the
home. Although this easy access to screen-based enter-
tainment is convenient for parents in some situations
[11], it may also pose a risk to toddlers’ language develop-
ment [12, 13]. Despite the growing exposure of toddlers
to mobile devices, little research has focused on mobile
device screen time and language development among
toddlers [13].

To date, most research on the association between
a child’s screen time and language development has
focused on either TV or a combination of TV and other
digital devices such as smartphones, tablets and comput-
ers [13]. These studies have found that children interact
less with their parents while the children are watching
TV [14, 15], that very young children require adult inter-
action to learn from screen-based media [7, 16], and
that parents are less sensitive to child cues when the
parents are engaged in screen use themselves [17]. A
study among pre-school children found a negative asso-
ciation between the children’s screen-based media use
and white matter microstructural integrity in core areas
of the brain supporting language [18]. Although cross-
sectional in its design, the findings of this study are in
accordance with the results of studies on the associa-
tion between screen use and language development [13,
19]. In a systematic review and meta-analysis of 38 stud-
ies focusing on screen time on various types of devices
and language skills among 0-12-year-olds, Madigan et al.
(2020) found a negative association between screen time
and child language skills. Additionally, they found that
the potential benefits of screen-based media were less
likely among younger children, although co-viewing and
educational content was associated with a small positive
effect on child language skills. However, out of the 38
studies included in the review, only two studies focused
specifically on mobile device screen time among toddlers
[9, 20]. Contrary to Madigan et al. [13], Jing et al. [21]
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found an overall positive effect of screen media exposure
on vocabulary among 0-6-year-old children in a recent
meta-analysis of 63 studies. However, in moderator
analyses, only experimental studies (testing the effect of
exposure to media with an educational content) showed
a positive significant effect on vocabulary, with stronger
effect found for e-books than apps or games. The meta-
analysis comprising studies conducted in a naturalistic
setting found no overall effect on vocabulary, with the
exception of exposure to media with an educational con-
tent. In line with Madigan et al. [13], the meta-analysis by
Jing et al. [21] also found larger effects in samples with an
average age of 36 months or older.

The effect of screen-based media on language develop-
ment most likely depends on the content and the context
the media are used in [13, 21, 22]. Thus, there are rea-
sons to believe that mobile device screen time may affect
language development differently than other screen-
based media such as TV and computers. Firstly, mobile
devices differ from TV by being portable and therefore
easily accessible in various contexts. Secondly, they are
handheld, thus co-viewing may be less pronounced [23,
24]. Finally, mobile devices differ from TV by being inter-
active and by providing reward stimuli [7]. These char-
acteristics may affect child language development either
directly, through the content and format which may
enhance or inhibit language development, or indirectly,
by decreasing the opportunities for children to engage
in communicating situations in everyday life [7, 23].
To our knowledge, only few studies have examined the
association between mobile device screen time and lan-
guage development. Of these, two studies suggest a nega-
tive association between time spent on mobile devices
and expressive language among toddlers [9, 20], while
no significant association was found with other com-
munication delays [9] or language comprehension [20].
Another recent study found no significant association
between prolonged use of touch screens and overall com-
munication and language development delay among tod-
dlers [25]. The association between mobile device screen
time and language development among toddlers is thus
unclear.

With child development being multifactorial, the asso-
ciation between mobile device screen time and the child’s
language development may also be affected by other
activities a child engages in during the day. Research has
found that both parental and child screen time is asso-
ciated with less optimal parent-child communication
[7, 14, 15, 17]. However, the parent-child interaction,
including language-stimulating activities and book read-
ing, has been found to enhance language development
[7, 26, 27]). Thus, Sundqvist et al. (2021) found interac-
tional turn-taking to be a stronger predictor of vocabu-
lary among 25 month old children than TV content and
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parental device use during daily child routines. Also,
the association between mobile device screen time and
language development may vary depending on whether
the mobile device is the primary unit for screen-based
activities or whether the child spends additional time
on watching TV thus increasing the overall screen time
and risk of missing out on parent-child communication
and language stimulating activities [7, 14, 15]. Finally, the
overall learning environment in terms of language stimu-
lating activities, norms and attitudes towards screen use
in the family may also play a role. These are factors that
are associated with parental resources, including paren-
tal education [4, 28—30] and may be part of protective
or harmful mechanisms [31]. To date, there is, however,
a lack of studies that examine the association between
mobile device screen time and language development in
combination with other factors related to the home and
learning environment of the family.

Using a large cross-sectional survey among 31,125 two-
and three-year-old children, the objectives of the pres-
ent study were (1) to examine the association between
mobile device screen time and language development
among toddlers, and further, (2) to examine this asso-
ciation in combination with three other factors related
to the domestic learning environment: parental educa-
tion, frequency of reading to the child, and child TV/PC
screen time. Based on previous research, our hypoth-
esis was that higher mobile device screen time would be
associated with poorer language outcomes among tod-
dlers. Additionally, that factors related to domestic learn-
ing environment would modify the associations, with a
favorable environment reducing the potential negative
associations between high mobile device screen time and
language development.

Compared to previous studies which have primarily
been based on small samples [20, 25], the current study is
the largest study to date focusing on mobile device screen
time and language development among toddlers. To our
knowledge it is also the first to explore this association
in combination with other factors related to the domestic
learning environment.

Method

Study design and population

This study uses cross-sectional baseline data from the
Danish longitudinal web-based survey ‘TRACES — Chil-
dren’s development and well-being throughout life’ [32].
The overall purpose of TRACES is to increase knowledge
about small children’s development and well-being and
to examine how circumstances and interventions early
in life affect well-being and welfare. The baseline survey
of TRACES was conducted for VIVE between October,
2017 and September, 2018 by Statistics Denmark and
comprises data from 52,010 children aged nine to ten
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months, two years and three years, equally distributed
across the three age groups. Statistics Denmark sampled
90,387 children and subsequently invited the parents of
the children to participate in the questionnaire survey
through a secure electronic mailbox (e-Boks) the month
after their child turned nine months, two years or three
years. The questionnaire [33] took approximately half
an hour to complete. To accommodate a lower response
rate among children from disadvantaged families, chil-
dren from potentially disadvantaged families were overs-
ampled in the ratio 60/40 in each age group. Potentially
disadvantaged families were defined as families where
mothers met one or more of the following criteria at child
birth: young age, no education other than compulsory
school, not cohabiting with the other parent or having
received welfare benefits one, two or three years before
the birth of the child. Children from the potentially dis-
advantaged families group were sampled first, and sub-
sequently, a random sample of the remaining children
in each age group was sampled. The overall response
rate was 57.5% of the sampled children (children from
potentially disadvantaged families: 48.4%; other children:
71.1%).

The present study only uses data from the two- and
three-year-old children. The study sample was further-
more restricted to the 31,125 children with available data
on both language development and mobile device screen
time (90.6%). This sample is close to representative of
the full population of children in Denmark in these two
age groups, in that the sample displays only minor differ-
ences in child age, parental education, employment status
and parental migration status when compared with the
full population of children in Denmark in these two age
groups (see supplementary table S1).

Measures

Child mobile device screen time

Child mobile device screen time was measured by the
item “On a normal weekday, how much time does [name
of the child] spend on an iPad, tablet or smartphone (e.g.
playing games or watching a movie)?” The response cate-
gories were: “No time at all’, “less than half an hour a day’,
“half to 1 hour a day, “1-2 hours a day” and “More than
2 hours a day” In order to provide hourly intervals, “less
than half an hour” and “half to 1 hour” were collapsed,
and sensitivity analyses showed no substantial differences
in results when this was done.

Language development

Measurement of language comprehension and expressive
language skills was based on two subscales from the par-
ent-reported Five to Fifteen Toddlers questionnaire (FTF-
Toddlers) [34]. This questionnaire is a toddler version
(two to five years) of the Five to Fifteen questionnaire
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(FTF), which is a Nordic questionnaire for evaluation of
development and behavior, including language develop-
ment, among five- to fifteen-year-olds [35]. While the
FTF has been validated in various settings [36], the FTF-
Toddlers is still being tested [37]. The items of the two
subscales are statements about the child’s language devel-
opment (see supplementary tables S2 and S3 for items).
The parent is asked to report how they feel that their
child functions compared to children of the same age
on a three-point Likert-type scale: “Does not apply” (0),
“Applies sometimes/to some extent” [1] and “Applies” [2].
Sum scores are calculated for each subscale, with higher
scores indicating poorer language development.

Language comprehension was measured by the seven-
item FTF-Toddlers language comprehension scale (e.g.
“Has difficulty understanding words” and “Has difficulty
understanding simple instructions”) with a score range of
0-14 and a Cronbach’s a of 0.83. While the FTF language
comprehension scale was unidimensional, initial explor-
atory factor analysis (iterated principal factor analysis
with oblique (promax) rotation) pointed towards a two-
dimensional structure of the ten-item FTF-Toddlers spo-
ken language subscale reflecting: (1) expressive language
skills (items 61-65) and (2) more speech-related aspects
such as stuttering and voice usage (items 66—70) (see
supplementary tables S3 and S4). Based on conceptual
considerations and unidimensionality being a fundamen-
tal requirement of psychometric scales we omitted items
on speech related aspects in the present study. Instead we
focused on expressive language skills measured by a five-
item scale comprising items such as “Has difficulties say-
ing single words and short sentences” and “Has difficulty
speaking so that his/her parents understand him/her”
(score range: 0—10, Cronbach’s a: 0.86).

Besides the two scales on language development, two
dichotomous variables of difficulties with language com-
prehension and expressive language skills were used in
the logistic regression analyses. Currently, no norms for
the FTF-Toddlers exist. However, the sample used in the
present study is close to representative for the Danish
population of 2- and 3-year olds (supplementary table
S1). A recent systematic review have found a prevalence
of low language skills to vary between 3.4% and 17.5%
(M=10.7%) in children aged between 1 and 4 years [38].
Therefore, scores at or above the 90th percentile in the
child’s gender and age group were used as cut-offs for
being at risk of language difficulties (hereafter: difficul-
ties) (see supplementary table S5). This is in agreement
with the procedure used in studies using the original FTF
questionnaire where a score above the 90th percentile
marks the threshold for clinical concern [39].
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Covariates

Child gender, child age, parental education, paren-
tal employment status, and parental migration status
were based on administrative data from Statistics Den-
mark. Parental education was measured as the high-
est achieved education of the parents and categorized
into short (short-cycle higher education, high school or
less), medium (medium-cycle higher education) and
long education (long-cycle higher education). Paren-
tal employment status was measured as the number of
parents in employment. Because of known differences
in child-rearing practices among different cultures, also
when it comes to screen time use, parental migration
status was included in the analyses [6]. Parental migra-
tion status was classified according to the standards of
Statistics Denmark [40] and categorized into: (1) both
parents of Danish origin, (2) one parent of Danish origin
and one either immigrant or descendant of immigrants,
and (3) both parents being immigrants or descendants of
immigrants.

Parental mental well-being, parental preoccupation
with smartphone, reading stories to the child and child
screen time on TV or PC were assessed in the survey.
Parental mental well-being was measured by WHO-5
[41], with a score below 50 indicating risk of depression
or stress. Parental preoccupation with smartphone as a
proxy for smartphone use was measured by a 0—2 point
index based on two dichotomized indicators of being
highly preoccupied with one’s smartphone: “Thinking
of the mobile phone when not using it” and “frequently
checking the mobile phone so as not to miss out on what
is going on” (indication of high preoccupation for both
statements was signaled by the answers “highly true”
or “completely true” (coded 1), while no indication of
high preoccupation was signaled by the answers “Not at
all true’; “a little bit true’, “somewhat true” or “true to a
large extent” (coded 0)) ). Child screen time on TV/PC
was measured by the item “On a normal weekday, how
much time does [name of the child] spend watching TV
or movies on the TV or on a computer?” with response
categories coded similarly to mobile device screen time.
Finally, Reading stories to the child in the past month [42]
was dichotomized in order to create an indicator for fre-
quent (on “a daily” or “almost daily” basis) and infrequent
reading (“a few times a week’, “a few times a month”
“rarely” or “not at all”), respectively.

Statistical analyses

Multivariable linear regression with mobile device screen
time treated as a categorical variable was used to exam-
ine the association between child mobile device screen
time and language comprehension and expressive lan-
guage skills score. In order to examine how mobile device
screen time was associated with indication of risk of
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language difficulties relative to the majority of children in
the same age and gender group we used logistic regres-
sion. Logistic regression was used to estimate odds ratios
(ORs) for language development scores at or above the
90% percentile in the child’s age and gender group. The
analyses were conducted in three steps: a crude model
(Model 1), a model adjusted for sociodemographic vari-
ables (Model 2), and a full model where factors related
to the child’s home environment (parental mental well-
being, parental preoccupation with smartphone, screen
time on TV/PC and reading to the child) were added
(Model 3). This approach was chosen in order to dis-
entangle the effect of adjusting for sociodemographic
variables and additionally the home environment. All
included confounders were significantly associated with
both mobile device screen time (chi*test, p<0.001), and
language comprehension and expressive language skills
(Mood’s median test, p<0.001).

In accordance with STROBE recommendations, the
potential modifying effect of three dichotomized factors
related to the learning environment of the home (paren-
tal education, frequency of reading to the child and child
TV/PC screen time, respectively) was determined using
joint exposure analyses [43]. In this way not only the
separate effects of high mobile device screen time and
the dichotomized home environment factor on language
development but also the joint effect of the two variables
can be examined. Thus, it is possible to identify protec-
tive or harmful combinations of screen time and the
included factors related to the learning environment. In
the joint exposure analyses, high mobile device screen
time was defined as 21 h based on the guidelines by
WHO [44] and the American Academy of Pediatrics [45].
Thus, children with low mobile device screen time and
no exposure in TV/PC screen time, frequency of being
read for or whose parents’ highest education was cat-
egorized as short, respectively were considered the refer-
ence group in the three joint exposure analyses. Taking a
public health perspective [43], test for effect modification
was defined as departure from additivity and was con-
ducted using Rothman’s method for creating interaction
terms [46]. Synergy indexes (SI) adjusted for confounding
were calculated by the equation (ORgyp,, - 1)/([ORgxp,—
-1] 4+ [ORgxp_. -1]) with 95% confidence intervals calcu-
lated according to the methods described by Hosmer and
Lemeshow [47]. A SI can go from 0 to infinity, where a SI
of 1 (exactly additivity) means no effect modification i.e.
the combined effect of the two exposures being equal to
the sum of the absolute effects of the two exposures. A SI
above 1 means more than additivity of the effects of the
two exposures, i.e. the combined effect being larger than
the sum of the absolute effects of the two exposures. A
SI below 1 means less than additivity of the two effects.
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All analyses were conducted using the statistical software
SAS version 9.4.

Missing data

Out of the full study sample of 31,125 children, a total of
28,141 children (90.4%) had complete data on all covari-
ates included in the fully adjusted model 3. Only few sig-
nificant differences were found between the full study
sample and the subsample of children with complete
data. Children with complete data were significantly less
likely to come from a family with short educations (41%
vs. 42% in the full study sample) and families where both
parents were immigrants or descendants of immigrants
(13.5% vs. 14.1%) (See supplementary table S1). The anal-
yses were based on the full study sample. Complete case
analyses (1n=28,141) of model 1 and model 2 revealed
comparable results.

Results

Descriptive statistics are presented in Table 1. The sample
was evenly divided in children aged 2- and 3 years. Like-
wise, around half of the sample were girls (48.9%). A total
of 42.0% had parents with a short education and 6.4% of
the children came from families with two unemployed
parents. The majority of children (74.7%) had two par-
ents with Danish origin while 14.1% had two parents who
were immigrants or descendants of immigrants. Overall,
72.2% of the children spent time on mobile devices dur-
ing a normal weekday (i.e. the five weekdays Monday to
Friday). Most children (62.2%) spent less than one hour
on mobile devices, while 10% spent one hour or more. In
comparison, 88% of the children spent time on the TV/
PC, with 75.5% using the TV/PC for less than one hour.
The distributions of language comprehension and expres-
sive language skills in the sample were positively skewed
for both 2- and 3- year old children (see Table 2).

Table 1 also shows the prevalence of >1 h mobile device
screen time by covariates. Mobile device screen time was
significantly associated with all sociodemographic char-
acteristics, with screen time of one hour or more being
more prevalent among children from families with short
educations, among children from families with a lower
attachment to the labor market and among children from
families where both parents were immigrants or descen-
dants of immigrants. Likewise, all factors related to the
home environment were significantly associated with
mobile device screen use. Thus, mobile device screen
time of one hour or more was more prevalent among
children with higher screen time on TV/PC, among chil-
dren being read to a few times a week or less frequently,
among children having a parent with low mental well-
being and among children of parents with indicators of
high preoccupation with smartphone.
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Table 1 Sample characteristics: (1) frequency of exposure, and covariates in the sample and (2) prevalence of mobile device screen

use>1 h by covariates

Study sample =1 h mobile device screen p-value?
(n=31,125) time during a normal
weekday
n (%) (%)
Age (n=31,125) p<0.001
2 years 15,472 (49.7) 75
3 years 15,653 (50.3) 123
Child gender (n=31,125) p=0.002
Male 15916 (51.1) 104
Female 15,209 (48.9) 94
Family educational level (n=30,635) p<0.001
Short® 12,851 (42.0) 118
Medium*® 8584 (28.0) 93
Long? 9200 (30.3) 76
Parental employment status (n=28,613) p<0.001
Both parents work 19,000 (66.4) 86
One parent works 7780 (27.2) 123
No parents work 1833 (6.4) 133
Migration status (n=28,741) p<0.001
Both parents of Danish origin 21,455 (74.7) 8.6
One parent of Danish origin 4+ one parent immigrant or descendant of 3240(11.3) 9.7
immigrants
Both parents immigrants or descendants of immigrants 4046 (14.1) 16.9
Mobile device screen time during a normal weekday (n=31,125)
No screen 8664 (27.8) -
<1h 19,373 (62.2) -
1-2h 2669 (8.6) -
>2h 419(14) -
TV/PC screen time during a normal weekday (n=31,114) p<0.001
No screen 3732 (12.0) 134
<1h 22,251 (71.5) 57
1-2h 4471 (144) 237
>2h 660 (2.1) 40.6
Reading to the child (n=31,125) p<0.001
Daily or almost daily 20,213 (64.9) 77
A few times a week or less frequently 10,912 (35.1) 14.1
Mental well-being (n=31,125) p<0.001
High (WHO-5: =50) 27,001 (86.8) 95
Low (WHO-5: <50) 4124 (13.3) 12.8
Parental preoccupation with smartphone (n=30,979) p<0.001
0 indicators of high preoccupation with smartphone 20,291 (65.5) 8.6
1 indicator of high preoccupation with smartphone 8421(27.18) 11.7
2 indicators of high preoccupation with smartphone 2267 (7.32) 15.0

2chi?-test, ®short-cycle higher education, vocational school, high school or less, “medium-cycle higher education, “long-cycle higher education. IQR=Interquartile
range. Two variables had more than 5% missing data: Family educational level (8.1%), Parental employment status (7.7%)

The distribution of language comprehension skills and
expressive language skills differed significantly between
children with mobile device screen time of one hour or
more and children with less screen time (Mood’s median
test, p<0.001) with higher median scores among chil-
dren with mobile device screen time of one hour or more
(Table 2).

Mobile device screen time and language development

Table 3 presents the results of the linear regression
analyses with positive B-coefficients indicating poorer
language development. For both language comprehen-
sion and expressive language skills, spending one hour or
more on mobile devices on normal weekdays was asso-
ciated with poorer language development. Compared to
children with no mobile device screen time, the crude
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Table 2 Distribution of the language domains presented as (1) median scores and interquartile ranges (IQR) among 2- and 3-year old

boys and girls and (2) and frequency of children of risk of difficulties

<1 h mobile device screen >1 h mobile device screen time during a nor- Difference
time during a normal weekday mal weekday between
medians
n Median IQR Children atrisk n Median IQR Children at p?
of difficulties risk of difficul-
n (%)° ties/ n (%)°
Language comprehension
2-year old boys 7310 2 (1-4) 615 (84) 608 3 (1-5) 110 (18.1) <0.001
2-year old girls 7003 1 (0-3) 818 (11.7 551 2 (1-4) 119 (21.6) <0.001
3-year old boys 6946 1 (0-2) 717 (10.3 1052 1 (0-3) 219 (20.8) <0.001
3-year old girls 6778 0 (0-1) 573 (8.4) 877 1 (0-2) 147 (16.8) <0.001
Expressive language skills
2-year old boys 7310 2 (1-5) 700 (9.6) 608 3 (2-6) 104 (17.1) <0.001
2-year old girls 7003 2 (1-4) 777 (11.1) 551 2 (1-4) 93 (16.9) <0.001
3-year old boys 6946 1 (0-2) 634 (9.1) 1052 1 (0-3) 172 (16.3) <0.001
3-year old girls 6778 0 (0-2) 586 (8.6) 877 1 (0-3) 151(17.2) <0.001

2Mood’s Median Test, °Se Supplementary table S5 for 90™percentiles cut—off scores

Table 3 Crude and adjusted regression coefficients for language comprehension and expressive language skills development

Language comprehension

Expressive language skills

B (95% Cl) B (95% Cl)
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Crude Adjusted?® Fully adjusted® Crude Adjusted?® Fully
(n=31,125) (n=28,273) (n=28,141) (n=31,125) (n=28,273) adjustedb
(n=28,141)
Screen time on mobile
devices during a normal
weekday
No screen (reference) 0 0 0 0 0 0
<1h -0.13%** -0.04 -0.06* -0.24%** -0.05 -0.06
(-0.20,-0.07) (-0.10,0.02) (-0.12,0.00) (-0.29,-0.17) (-0.11,0.01) (-0.11,0.00)
1-2h 0.49%** 0.46*** 0.27%** 0.24%** 0.47%** 0.27%**
(0.39, 0.60) (0.35,0.56) (0.16,0.38) (0.14,0.35) (0.31,052) (0.16,0.37)
>2h 1.36%%* 0.92%** 0.48*** 0.99 0.85 0.46***
(1.13,1.60) (0.68, 1.16) (0.23,0.73) (0.76,1.23) (061, 1.09) (0.21,0.71)

*p<0.05, **p<0.01, ***p<0,001

2@ Adjusted for sociodemographic characteristics: child gender and age, parental education, employment and migration status

b Adjusted for sociodemographic characteristics and factors related to the home environment of the child: child gender and age, parental education, employment,
migration status, mental well-being, preoccupation with smartphone and reading to the child and child screen time on TV/PC

B-coefficients (Model 1) for children spending more than
two hours on mobile devices were 1.36 (95% CI: 1.13,
1.60) for language comprehension and 0.99 (95% CI: 0.76,
1.23) for expressive language skills. After first adjusting
for sociodemographic characteristics (Model 2) and then
further adjusting for home environment characteristics
(Model 3), B-coefficients decreased markedly for chil-
dren spending more than two hours on mobile devices,
but remained significant. Thus, the average language
comprehension score of children who spent more than
two hours on mobile devices was 0.48 higher (95% CL:
0.23, 0.73) (on a scale ranging from 0 to 14) compared to
the score of children with no mobile device screen time,
indicating poorer language development among children
with higher mobile device screen time. For expressive

language skills, the corresponding B-coefficient was
0.46 (95% CI: 0.21, 0.71) on a scale ranging from 0 to 10.
Spending less than one hour on mobile devices was asso-
ciated with a slightly better language comprehension and
expressive language skills score, but the estimates dimin-
ished with adjustment for sociodemographic characteris-
tics and was no longer significant for expressive language
skills.

Mobile device screen time association with language
comprehension difficulties and expressive language skills
difficulties

Table 4 presents the crude and adjusted odds ratios for
having difficulties with language comprehension and
expressive language. For both outcomes, a significant
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Table 4 Crude and adjusted odds ratios for language comprehension and expressive language skills difficulties
Language comprehension difficulties Expressive language skills difficulties
OR (95% CI) OR (95% Cl)
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Crude Adjusted® Fully adjusted®  Crude Adjusted® Fully
(n=31,125) (n=28,273) (n=28,141) (n=31,125) (n=28,273) adjusted®
(n=28,141)
Mobile devices screen time
during a normal weekday
No screen (reference) 1 1 1 1 1 1
<1h 0.98 0.93 091 0.89** 0.88*** 0.88**
(0.90,1.07) (0.85,1.02) (0.83,1.01) (0.81,0.96) (0.81,0.97) (0.80, 0.96)
1-2h 1.98%** 1.57%** 1.30%** 1.57%** 1.38*** 1.19*%
(1.76,2.24) (1.37,1.80) (1.13,1.49) (1.38,1.78) (1.20,1.58) (1.03,1.37)
>2h 3.68*%* 2.16%%* 1.42% 3,125 2.03%% 146
(2.94,4.60) (1.68,2.80) (1.08,1.88) (2.48,3.92) (1.57,2.63) (1.10,1.93)

* p<0.05, *¥p<0.01, ***p<0,001

?Defined as a score at or above the 90th percentile on the respective language development scales

bAdjusted for child gender and age, parental education, employment and migration status

“Adjusted for child gender and age, parental education, employment, migration status, mental well-being, preoccupation with smartphone, reading to the child

and child screen time on TV/PC

association between mobile device screen time of one
hour or more and being at risk of having language devel-
opment difficulties was found. Children spending more
than two hours on mobile devices during a normal week-
day had an OR of 3.68 (95% CI: 2.94, 4.60) for language
comprehension difficulties and an OR of 3.12 (95% CI:
2.48, 3.92) for difficulties with expressive language skills
compared to children with no screen time (Model 1).
When adjusted for sociodemographic and home envi-
ronment characteristics (Model 3), these ORs decreased
markedly to 1.42 (95% CI: 1.08, 1.88) for language com-
prehension and to 1.46 (95% CI: 1.10, 1.93) for expressive
language skills difficulties. For the category of less than
one hour of mobile device screen time, a slightly lower
OR for expressive language skills difficulties was found
when compared to children with no screen time.

Joint exposure analyses of mobile device screen time and
factors related to the domestic learning environment
Table 5 presents the results of the analyses combining
mobile device screen time with parental education, read-
ing to the child, and child TV/PC screen time. Com-
pared to children with low mobile device screen time
and whose parents had medium/long educations, chil-
dren of parents with short education (OR=1.72; 95%
CI: 1.57, 1.88) or exposed to high mobile device screen
time (OR=1.93; 95% CI: 1.64, 2.27) were at higher risk
of language comprehension difficulties. The correspond-
ing ORs for expressive language skills difficulties were
1.30 (95% CI: 1.19, 1.41) among children of parents with
short parental education and 1.72 (95% CL: 1.47, 2.02)
when exposed to high mobile device screen time. For
both types of language development difficulties, the ORs
increased when exposed to both risk factors. However,

the test for effect modification did not support departure
from additivity.

Compared to children with low screen time on both
TV/PC and mobile devices, children with either high
screen time (=1 h) on TV/PC (OR=1.51; 95% CI: 1.35,
1.68) or high mobile device screen time (OR=1.91; 95%
CI: 1.65, 2.20) were both at higher risk of language com-
prehension difficulties, with a tendency towards the
strongest association between mobile device screen
time and difficulties. Likewise, the corresponding ORs
for expressive language skills difficulties were 1.38 (95%
CI: 1.23, 1.54) when exposed to high screen time on TV/
PC and 1.71 (95% CI: 1.48, 1.98) when exposed to high
mobile device screen time. For both outcomes, the ORs
for difficulties increased when the children were exposed
to both high mobile device screen time and high TV/PC
screen time, but the test for effect modification did not
support departure from additivity.

Compared to children with less than one hour mobile
device screen time who were read to on a daily or
almost daily basis, children exposed to either infrequent
reading (OR=1.52; 95% CI: 1.27, 1.82) or high mobile
device screen time (OR=2.13; 95% CI: 1.95, 2.32) were
at higher risk of language comprehension difficulties.
When exposed to both high mobile device screen time
and infrequent reading, the OR for language difficulties
increased markedly to 3.49 (95% CI: 3.03, 4.02) for lan-
guage comprehension difficulties. The test for effect mod-
ification supported departure from additivity (SI=1.51;
95% CI: 1.17, 1.93), with the OR of combined exposure
of high mobile device screen time and infrequent reading
being more than additive. For expressive language skills
difficulties, the ORs were 1.55 (95% CI: 1.30, 1.84) when
exposed to high mobile device screen time only and 1.74
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Table 5 Adjusted odds ratios and synergy indexes (95% Cl) for language comprehension and expressive language skills difficulties by
combination of mobile device screen time and factors related to the domestic learning environment

Language comprehension difficulties Expressive language skills difficulties

OR (95% ClI)
(n=28,141)

OR (95% Cl)
(n=28,141)

Mobile device screen time® and parental education®

Low mobile device screen time and medium/long education
Low mobile device screen time and short education

High mobile device screen time and medium/long education
High mobile device screen time and short education
Synergy index (SI)

Mobile device screen time® and child TV/PC screen time* ©
Low mobile device screen time and low TV/PC screen time
Low mobile device screen time and high TV/PC screen time
High mobile device screen time and low TV/PC screen time
High mobile device screen time and high TV/PC screen time
Synergy index (SI)

Mobile device screen time® and frequency of reading to the
child®e

Low mobile device screen time and frequent reading
Low mobile device screen time and infrequent reading
High mobile device screen time and frequent reading
High mobile device screen time and infrequent reading

1

1.72*** (1.57, 1.88)
1.93%** (1.64, 2.27)
2.80%** (2.41, 3.25)
SI1.09 (0.83, 1.44)

1

1.51%** (1.35, 1.68)
1.91%** (1.65, 2.20)
2.20%** (1.89, 2.56)
SI:0.85 (0.61,1.19)

1

2.13%**(1.95, 2.32)
1.52%%* (1.27, 1.82)
3.49*** (3.03, 4.02)

1

1.30***(1.19, 1.41)
1.72%%* (1.47, 2.02)
1.94*** (1,65, 2.27)
S1:0.92 (0.62,1.37)

1

1.38%%* (1.23, 1.54)
1.71%%*(1.48, 1.98)
1.87*** (1.59, 2.19)
SI1:0.79 (053, 1.20)

1

1.74*** (1.60, 1.90)
1.55%**(1.30, 1.84)
2.52%%%(2.17,2.93)

Synergy index (Sl)

SI: 1.51***(1.17, 1.93)

SI:1.18(0.87,1.61)

* p<0.05, *¥p<0.01, ***p<0,001

?High: >1 h during a normal weekday vs. low: <1 h during a normal weekday

PAdjusted for child gender and age, parental employment, migration status, mental well-being, preoccupation with smartphone, reading to the child and child

screen time on TV/PC

“Adjusted for child gender and age, parental education, employment, migration status, mental well-being and preoccupation with smartphone, and reading to the

child

dFrequent: daily or almost daily vs. infrequent: two times a week or less

€Adjusted for child gender and age, parental education, employment, migration status, mental well-being, preoccupation with smartphone and child screen time

on TV/PC

(95% CI: 1.60, 1.90) when exposed to infrequent reading
only. Combined, the OR for expressive language skills dif-
ficulties increased, but the test for effect modification did
not support departure from additivity.

Discussion

The current study suggests that high mobile device screen
time is associated with poorer language comprehension
and expressive language skills among two- and three-
year-old children. Children with mobile device screen
time of one hour or more had significantly poorer lan-
guage development scores on both outcomes compared
to children with no mobile device screen time. Likewise,
higher odds for being at risk of language comprehen-
sion and expressive language skills difficulties were found
even after adjustment for sociodemographic character-
istics and factors related to the home environment. This
confirms the significance of the findings in terms of indi-
cation of significant difficulties relative to the majority
of children in the same age and gender group. However,
mobile device use of less than one hour a day was not
associated with poorer language development on any of

the two language development measures. Neither was it
associated with increased odds for risk of language com-
prehension and expressive language skills difficulties,
respectively. Finally, the results indicate that one aspect
of the domestic learning environment— reading fre-
quently to the child— may be a moderating factor that
partly buffers the negative effect of high mobile device
screen time on language comprehension. However, no
modifying effect of parental education and time spent by
the child on TV/PC was found.

Our results are in accordance with findings of previ-
ous studies examining the association between overall
screen time and language development [13, 48] and with
a recent longitudinal study that found high screen use in
early childhood to be associated with poorer language
and cognitive development in kindergarden [49]. Con-
trary to the findings of the recent meta-analysis by Jing
et al. [21], our study found poorer language development
scores and higher risks of both language comprehen-
sion difficulties and expressive language skills difficul-
ties among 2- and 3-year olds with a high mobile device
screen time. There may be a number of reasons for the
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difference in findings. First, the overall meta-analysis by
Jing et al. [21] included both experimental studies and
studies conducted in a naturalistic setting. When mod-
erator analyses were conducted, only experimental stud-
ies (testing the effect of screen media with educational
content) and studies with naturalistic exposure to edu-
cational content showed a positive association between
media exposure and vocabulary. No significant asso-
ciation was found for studies conducted in ‘real world’
settings where a greater diversity in screen content and
quality can be expected. Secondly, a stronger effect was
found when studies assessed learning of specific words
taught as part of the experiment rather than assessing
general vocabulary. Finally, both Jing et al. [21] and Madi-
gan et al. [13] found that younger children benefit less
from screen media exposure. Our findings may therefore
partly be due to the younger age of the children com-
prised in our sample (mean age: 31 months) compared to
the meta-analysis by Jing et al. [21] (mean age experimen-
tal setting: 49 months; naturalistic setting: 33 months). In
relation to the association between mobile device screen
time, specifically and language development, our findings
are consistent with the study of van den Heuvel et al. [9]
who found negative associations between mobile device
screen time and expressive language among 18-month-
old children. Likewise with Moon et al. [20], who found
negative associations between mobile device screen time
and expressive language among three-year-olds. How-
ever, contrary to our study, Moon et al. [20] found no
association with language comprehension, and van den
Heuvel [9] found no association between mobile device
screen time and other communication delays (social and
symbolic communication including for example gestures
and understanding) among 18-month-olds. In addition,
another study by Lin et al. [25] found no association
between time spent on mobile devices and overall lan-
guage delay (combining language and communication
skills) among 18- to 36-month-olds. Research in the area
is thus often inconsistent, which is most likely due to dif-
ferent measures and operationalizations of both screen
use and language development. Thus, especially language
comprehension has been operationalized in various ways
and additionally, the mode of data collection differed
regarding whether completion of the questionnaire was
supported by a professional [20, 25] or not. Likewise,
the operationalization of mobile device screen time also
differed with regard to the questions being asked, and
how the response categories were presented and coded.
Therefore, differences between the results of the pres-
ent study and previous studies focusing specifically on
mobile device screen time may be partly due to issues
related to measurement and operationalization. Addi-
tionally, cultural issues related to the child’s environment
may have impacted results from different countries; in
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some environments there may for example be moderat-
ing factors not accounted for.

Potential mechanisms

Some potential mechanisms may contribute to that high
mobile device screen time is associated with poorer lan-
guage comprehension and expressive language skills.
One mechanism could be time spent on mobile devices
may replace time that could be spent on parent-child
interaction and language enhancing activities [7, 23, 50].
In addition, the content that young children engage with
on mobile devices vary in quality and may in some cases
be age-inappropriate [13, 21]. Another mechanism could
be that some parents may perceive educational apps, for
example, as an alternative to more traditional learning
activities which are more beneficial for language develop-
ment [51, 52]. However, this potential mechanism may be
less likely as Levine et al. [53] find that parents with an
educational motive for letting their toddler spend time
on mobile devices are more likely to co-view the content.
If children with high screen time miss out on important
communication opportunities with parents or significant
others such as siblings, these missed communication
opportunities may affect the children’s language develop-
ment negatively [29, 54].

One way to support parent-child interaction and child
language development is through shared book reading,
which provides opportunities for dialogue and elabora-
tions of concepts and events [26]. Additionally, shared
book reading provides the child with an opportunity to
explore the story line and rehearse new words at her or
his own pace. In line with this, we found that frequent
reading to the child may act as a buffer by reducing some
of the negative effect of high mobile device screen time
on language comprehension difficulties. However, no
modifying effect of reading was found for expressive lan-
guage skills difficulties. This may be due to the fact that
reading for some parents is a one-way communication
in which the child listens but only to a limited degree
express words itself [31].

Contrary to our expectations, two other factors related
to the domestic learning environment— parental educa-
tion and time the child spent on watching TV or PC- did
not modify the association between high mobile device
screen time and language development. This suggests
two independent effects: mobile device screen time and
parental education appear to affect language develop-
ment independently of one another; and mobile device
screen time and TV/PC time appear to affect language
development independently of one another. That is, the
OR of the combined exposures did not exceed the sum of
the separate ORs.
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Strength and limitations

A major strength of the present study is the large, close-
to-representative sample of two- and three-year-old chil-
dren that provides data on mobile device screen time,
child language development, parental characteristics and
the child’s home environment. This made it possible to
adjust for important confounders such as parental men-
tal well-being, parental preoccupation with smartphone
and frequency of reading to the child, and to examine
potential modifiers of the association. Secondly, measur-
ing mobile device screen time and time spent on TV/PC
separately enabled us to study the association between
language development and mobile device screen time
specifically. To our knowledge, only few studies have
studied this association despite the widespread use of
mobile devices among toddlers and despite the shift
towards use of mobile devices instead of TV and PCs
(which most research focus on) during the last decade
[13].

There are, however, also a number of important limi-
tations in the present study. First, the cross-sectional
design of the study does not reveal the direction of the
association between mobile device screen time and lan-
guage development. Secondly, both mobile device screen
time and language development were parent reported.
This may have caused screen time to be underreported
if some parents wanted to provide a more socially desir-
able answer. However, parents were informed that their
response to the web-based questionnaire was treated as
strictly confidential before completing the questionnaire.
Thirdly, assessment of language development is complex.
Therefore, the FTF-Toddlers questionnaire cannot be
used for diagnostic determination of language problems
since such diagnostic determination should always be
conducted by a professional. Also, detailed information
on language development such as vocabulary and gram-
mar were not available, which may have given us a less
nuanced picture of children’s language development. Still,
parents experience their child in various contexts. Since
the FTF-Toddlers subscales are based on these parental
experiences, the subscales do provide information on
parent-reported difficulties within language develop-
ment. We did not find any systematic differences in the
findings of previous studies on mobile device screen
time and language development [9, 20, 25], depending
on outcome measure nor whether language development
was parent reported or directly assessed by a profes-
sional. Another limitation is that the association between
mobile device screen time and language development
may depend on the content quality, degree of co-viewing
and interaction about the content. For example, co-view-
ing has been stressed as important for young children,
because they rely on interaction with their adult caregiv-
ers in order to transfer learning achieved from screens to
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real-world settings [7, 16]. Likewise, the effect of mobile
device screen use may depend on whether the content
is age appropriate and of an educational character [13,
21]. Also, children whose parents let their children use
mobile devices for non-educational purposes may be
more likely to spend time alone on mobile devices [53].
While the need for more knowledge of co-viewing and
content quality has been highlighted [9, 13], we did not
have information about these factors in the present study.
Finally, frequency of reading to the child was included as
a potential confounder in the analyses of the association
between mobile device screen time and language devel-
opment. However, it is possible that frequency of reading
is a mediator between screen time and language devel-
opment, that is, that parents spend less time reading to
their child because the child asks for and spends time on
mobile devices. If so, including reading as a confounder
would be an over adjustment and the associations of the
present study would be underestimated.

Conclusions and implications
Mobile devices have become an integral part of every-
day life and they are now ubiquitous in the lives of even
very young children. This study found that one hour or
more of mobile device screen time a day was significantly
associated with poorer language development scores and
higher risks of both language comprehension difficulties
and expressive language skills difficulties among two- and
three-year-old children. The results remained significant
after adjustment for sociodemographic and home envi-
ronment characteristics. A buffering effect of reading to
the child was found on language comprehension difficul-
ties, while parental education and child TV/PC time did
not modify the associations with language comprehen-
sion difficulties or with expressive language difficulties.
Since the study is cross-sectional, further research
using longitudinal data is needed in order to determine
the causality of our findings. However, our results point
out significant associations between high mobile device
use and poorer language development, which in itself is
associated with socio-emotional, educational and cogni-
tive outcomes [1-4, 55]. The knowledge of this study is
therefore of importance to both parents, child special-
ists and clinicians as it illuminates the potential risks of
providing young children with mobile devices to a degree
that it may negatively affect their language development.
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