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BACKGROUND: One pressing question in the field of pediatrics is whether a dose-response relation is observed between hours of
screen time and child outcomes. This study examined the association between hours of screen time (<1 vs 2 vs =3 h/day) and

children’s developmental and behavioral outcomes.

METHODS: This study included data from 1994 mothers and children in Calgary, Canada, drawn from the All Our Families cohort. At
36 months, children’s screen time (h/day), behavior problems, developmental milestones, and vocabulary acquisition were assessed
via maternal report. Socio-demographic factors and baseline levels of performance at 24 months were included as covariates.
RESULTS: Compared to <1 h/day (47%; n = 935), children using screens 2 h (36%; n = 725) or =3 h/day (17%; n =333) had an
increased likelihood of reported behavioral problems (adjusted odds ratio (AOR) 1.30-1.90), delayed achievement of developmental
milestones (AOR 1.41-1.68), and poorer vocabulary acquisition (AOR 1.94).

CONCLUSIONS: At 36 months, an association was observed between screen time and children’s developmental, language, and
behavioral outcomes, suggesting that duration of screen time is associated with poor child development outcomes. Findings
provide support for screen time guidelines and emphasize the need for childcare professionals to discuss screen time guidelines

with families.

Pediatric Research (2022) 91:1616-1621; https://doi.org/10.1038/s41390-021-01572-w

IMPACT:

® International guidelines recommend that preschoolers spend no more than 1 h/day viewing screens.
® Research is needed to determine if there is a relation between screen time levels and child developmental and behavioral

outcomes.

® Compared to <1 h/day, children viewing screens 2 or =3 h/day had an increased likelihood of behavioral problems, delayed
achievement of developmental milestones, and poorer vocabulary acquisition.
® Findings highlight the association between duration of screen time and factors of child development.

INTRODUCTION
Children’s capacity for developmental learning is shaped or
molded by the experiences they receive in early childhood.’
One rapidly evolving environmental experience for young children
is exposure to digital media. Digital media and screen time are
now pervasive in the lives of young children, and the rate of
media accessibility and consumption is increasing.” In 2017, 42%
of children under the age of eight had their own media device, a
substantial increase from 7% in 2013.2 Although the World Health
Organization, as well as several national pediatric societies, has
issued screen time guidelines®™> suggesting that preschoolers
receive no more than 1h of screen time per day, only a small
minority of families in North America meet these recommenda-
tions.>® For example, in a sample of 151 preschoolers, Lee et al.
found that only 15% were meeting the screen time guidelines.’”
Although the quality of screen use, specifically the context (i.e., co-
viewing) and content (i.e, educational programming) of use, may
differentially impact development®'° research in preschool-aged

children demonstrates that duration of screen time is likely
consequential for children’s developmental health. For example,
Carson et al. showed that exceeding screen time guidelines at
36 months of age related to increased behavior problems."’ Madigan
et al. also confirmed the directional association from duration of
screen time to child developmental outcomes: increased screen time
at 24 and 36 months of age was associated with delays in achieving
developmental milestones at 36 and 54 months, respectively.'
Nonetheless, the screen time guideline of <1 h/day continues to be
publicly critiqued for not being sufficiently evidence-based, which in
turn may lower adherence in disseminating this information.'> One
pressing question in the field of pediatrics is whether a
dose-response relation is observed between hours of screen time
and child outcomes, in a manner consistent with the screen time
guidelines of no more than 1 h/day for children aged 2-5 years.” This
work is particularly important to conduct in preschoolers, as research
shows that once patterns of screen time habits are established, they
tend to solidify over time.'*'
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Past research has generally examined screen time as a
continuous measure or dichotomized as meeting/exceeding
guidelines.""'#'® However, there is a need to attain a clearer
understanding of the child development outcomes associated
with > or <1 h/day of screen time to support or refute current
guidelines and to increase the dissemination and uptake of screen
time guidelines. Recent research suggests that mean daily screen
time for preschool children (1-3 years) in North America ranges
from 0 min to 3.3 h/day."*

The aim of the current study of 1994 preschoolers was to
examine whether <1 vs 2 h/day or =3 h/day of screen time (i.e., TV,
computer, video games) exposure was associated with poor
performance on a broad range of developmental outcomes,
including child behavior problems (e.g., hyperactivity, inattention,
low mood, anxiety), achievement of developmental milestones
(e.g., age-appropriate language, fine motor, gross motor, and
social skills), and language acquisition (e.g., vocabulary use) at
36 months. In addition, we sought to examine whether significant
differences exist between children viewing 1, 2, or =3 h/day in
order to further support, or refute, current screen time guidelines.
We hypothesized that children exposed to screen time above the
recommended 1 h/day threshold would exhibit poor performance
on measures assessing behavior, developmental milestones, and
language acquisition. In addition, in line with studies examining
screen time as a continuous predictor and showing that increased
duration relates to poorer outcomes,'> we hypothesized that
children viewing >3 h/day would have significantly poorer child
development outcomes when compared to children viewing 2 h/
day.

METHODS

Study design and population

Participants were from All Our Families, a pregnancy cohort of
mothers and children from Calgary, Canada.'” Women were
recruited between August 2008 and December 2010 through
primary health care offices, community advertising, and labora-
tories. Inclusion criteria were: (1) =18 years, (2) fluent in English, (3)
gestational age <25 weeks, and (4) receiving community-based
prenatal care. Mothers completed two questionnaires during
pregnancy and at 4, 12, 24, and 36 months postpartum. The 36-
month time point (N = 1994; April 2012-October 2014) was the
focus of this analysis as screen time and the outcome variables of
interest were collected. Baseline levels of performance at
24 months (October 2011-October 2013) were included as
covariates. A detailed description of the study sample can be
found in Table 1. All participants provided written informed
consent to participate. Procedures were approved by the
institutional ethics board.

Exposure

Screen time. A single item from the Nutrition Screening Tool for
Every Preschooler (NutriSTEP™)'® was used to measure hours of
screen time. Mothers indicated the time their child spent
“watching TV, using the computer, and playing video games” on
a typical day. Response options ranged from 1 h or less a day (1) to
5h or more a day (5). Because a low number of participants
endorsed 4h (n=67) and 5h or more a day (n=25), these
response options were collapsed into <1, 2, or =3 h/day.

Outcomes

Child behavior. Internalizing and externalizing behavior was
measured using the National Longitudinal Survey of Children
and Youth behavior scales,'® which uses adapted questions from
the Child Behavior Checklist (CBCL; ref. *°) Four domains of child
behavior were assessed at 36 months: Hyperactivity/Inattention;
Physical Aggression; Emotional Disorder/Anxiety; and Separation
Anxiety. The former two subscales comprise externalizing
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Table 1. Sample demographics and study characteristics.
Characteristic Value
Maternal race/ethnicity, no. (%)
White 1631 (81.7)
Black/African American 24 (1.2)
Indigenous 9 (0.5)
Asian 207 (10.4)
Latin American 31 (1.5)
Multiracial/other 81 (4.1)
Missing 11 (0.6)
Household income at T1, no. (%), CND$
<59,999 225 (11.3)
60,000-79,999 199 (10.0)
80,000-99,999 287 (14.4)
100,000-124,999 359 (18.0)
125,000-149 999 257 (12.9)
2150,000 644 (32.3)
Missing 22 (1.1)
Maternal education, no. (%)
Some or completed high school 144 (7.2)
Some or completed college/trade/university 1500 (75.2)
Some or completed graduate school 349 (17.5)
Missing 1(0.1)
Child sex, no. (%)
Female 935 (46.9)
Male 1018 (51.1)
Missing 41 (2)
Dual language learner, no. (%)
Yes 137 (6.9)
No 1854 (93.0)
Missing 3 (0.1)
Daily screen time (NutriSTEP™) at 3y, no. (%)
<1 h/day 935 (46.9)
2 h/day 725 (36.3)
>3 h/day 333 (16.7)
Missing 1(0.1)
Maternal age, years at T1, mean (SD) 30.87 (4.40)
Maternal stress (PSS), mean (SD) 13.25 (6.02)
Child age, months at 3y, mean (SD) 36.35 (1.95)
Internalizing total score (CBCL) at 3y, mean (SD) 2.87 (2.53)
Externalizing total score (CBCL) at 3y, mean (SD) 7.63 (4.33)
Developmental milestones (ASQ-3) total score at 3y, 263.16 (31.53)
mean (SD)
Language acquisition (CDI) total score at 3y, 68.84 (23.26)
mean (SD)
T1 time of first measure, <24 weeks' gestation, NutriSTEP™ Nutrition
Screening Tool for Every Preschooler, y year, PSS Perceived Stress Scale,
CBCL Modified Child Behavior Checklist, ASQ-3 Ages and Stages Ques-
tionnaire, Third Edition, CDI McArthur-Bates Communicative Development
Inventory.

behaviors (raw score range 0-28) and the latter two comprise
internalizing behaviors (raw score range 0-20), with higher scores
indicating greater problem behavior. Chronbach’s as in our
sample range from 0.58 (Separation Anxiety) to 0.80 (Hyperactiv-
ity/Inattention). At 24 months, mothers completed the Brief Infant
Toddler Social Emotional Assessment (BITSEA; ref. 2') providing a
measure of baseline levels of child problem behaviors. The
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problem subscale from the BITSEA has shown high concurrent and
predictive validity with the CBCL.>' The problem subscale showed
adequate reliability in the current sample (a =0.70).

Developmental screener. At 24 and 36 months of age, mothers
completed the Ages and Stages Questionnaire, Third Edition (ASQ-
3; ref. 22) The ASQ-3 is a parent-report screening measure used to
evaluate developmental progress in five domains: communication,
gross motor, fine motor, problem solving, and personal-social.
Consistent with previous research,'** a summed ASQ-3 score
across all domains was used (lower raw scores indicate poorer
development). The ASQ-3 has good psychometric properties and
is commonly used as a pediatric screening tool.?> When testing for
delays in achievement of developmental milestones at 36 months,
the acquisition of developmental milestones at 24 months was
controlled.

Language acquisition. The MacArthur-Bates Communicative
Development Inventory (CDI; ref. 2%) was used to assess language
acquisition at 24 months (Words and Sentences version) and
36 months of age (CDI-lI version). When testing for language
outcomes at 36 months, the proportion of words/sentences
endorsed at 24 months was controlled. Lower scores indicate
poorer language development. The CDI is a well-validated
measure used with healthy and impaired language learners.?

Covariates

Analyses controlled for mother and child age (years and months,
respectively), child sex (1 [female]; 0 [male]), maternal education (1
[some elementary or high school] to 6 [completed graduate
school]), maternal stress (Perceived Stress Scale (PSS); ref. 2°) and
household income (1 [£29,999 CADS] to 11 [>$150,000 CADS]I).
Dual language learner (DLL) was added when modeling language
acquisition (Yes [1; 212 h/day/7 days a week of other language
spoken in the home]; No [0]) to account for differences in
language outcomes by DLL status. The demographic covariates
were chosen because they are known to be associated with both
screen time and child development outcomes.

Statistical analysis

The screen time variable was dummy coded to allow for
comparison between children who view screens <1 (reference
group), 2, or =3 h/day. Using multiple logistic regression, we
examined the association between screen time and relative “at-
risk” scores (dichotomized; yes/no) for all outcome variables. For
the CBCL and CDi, relative at-risk cut-off classifications (yes/no)
were created using a cut-point of one standard deviation above
(internalizing, externalizing) or below (language) the sample
mean. This method was used for the modified CBCL because
the standardized cut-off scores for the original measure cannot be
used for a modified version, as is the case herein. Similarly, this
method was used for the CDI because clear at-risk cut-off scores
have not been established for this measure. For achievement of
developmental milestones, the standardized ASQ cut-off score for
each domain was used.? Consistent with the scoring manual,?? if
a child scored within the “further assessment with a professional”
(two standard deviations below the mean) or the “provide
learning activities and monitor” (one standard deviation below
the mean) range for any domain, they were considered at risk for
the purpose of this study (1 [delay in one or more developmental
domain]; 0 [no delays]). Odds ratios (ORs) with 95% confidence
intervals (Cls) were used, with significance set at p <0.05. All
analyses were conducted in Mplus, version 8.1.%

Missing data

From the initial pregnancy cohort (N=3388), 95% (N=3223)
agreed to be contacted for follow-up research. Of those who
agreed to follow-up and were eligible at the time of questionnaire
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completion, 69% completed the 36-month questionnaire (N =
1994) and screen time data were available for 99.9% of these
participants (n = 1993). Attrition rates observed in the current
study are similar to other prospective birth cohorts.?® Predictors of
drop out were younger mothers (t (3279) = 3.94, p < 0.001), lower
income (t (3248) =7.91, p<0.001), lower maternal education (t
(3352) = 6.26, p < 0.001), and minoritized ethnicities (x*(1) =38.25,
p <0.001). In order to account for missing data, models were run
with robust maximum likelihood and Monte Carlo integration.?
Findings were considered significant at the p<0.05 two-
tailed level.

RESULTS

Descriptive statistics

On a typical day, 47% (n = 935) of children were viewing screens
<1 h/day, 36% (n=725) 2h/day, and 17% (n=333) =3 h/day.
There were no significant differences by sex for reported screen
time. Of those who completed all items of the questionnaire at
36 months, 25% of children were in the at-risk range for
externalizing difficulties (n=489) and internalizing (n=478)
difficulties, 17% (n=327) for language delays, and 32% (n=
567) for delays in achieving developmental milestones.

Screen time and behavior problems

When comparing the screen time categories of <1 vs 2 vs =3 h/
day and relative at-risk status (yes/no), there was an overall effect
of screen time (internalizing: Wald x*(2) =22.15, p<0.001;
externalizing: Wald XZ(Z): 11.89, p=0.003; Fig. 1 and Table 2).
After adjusting for all covariates, children exposed to 2 vs <1 h/day
of screen time were more likely to score in the at-risk range for
internalizing (OR 1.36, 95% Cl 1.06-1.73) and externalizing (OR
1.30, 95% Cl 1.02-1.65) problems. Children exposed to =3 vs <1 h/
day of screen time were more likely to score in the at-risk range for
internalizing (OR 1.90, 95% Cl 1.41-2.55) and externalizing
problems (OR 1.66, 95% ClI 1.23-2.23). Further, the effect of 2 h/
day of screen time significantly differed from =3 h/day for
internalizing (Wald x*(1) = 6.82, p = 0.009) problems, but not for
externalizing (Wald y*(1) = 3.44, p = 0.064) problems.

Screen time and developmental milestones

When comparing the screen time categories of <1 vs 2 vs 23 h/
day and at-risk status (yes/no) for delayed achievement of
developmental milestones, there was an overall effect of screen
time (Wald x*(2) =11.79, p=0.003; Fig. 1 and Table 2). After
adjusting for all covariates, compared to <1h/day, children
exposed to 2 h/day of screen time were more likely to score at-
risk for delayed achievement of developmental milestones (OR
141, 95% ClI 1.10-1.79). Further, children exposed to =3 vs <1 h/
day of screen time were more likely to score at-risk for delayed
achievement of developmental milestones (OR 1.68, 95% ClI
1.23-2.30). Lastly in this model, the effect of 2 h/day of screen time
was not significantly different from =3 h/day (Wald x*(1) = 1.39,
p=0.238).

Screen time and language acquisition

When comparing the screen time categories of <1 vs 2 vs =3 h/
day and relative at-risk status (yes/no) for delayed language
acquisition, there was an overall effect of screen time (Wald x%(2)
=11.76, p=0.003; Fig. 1 and Table 2). After adjusting for all
covariates, children exposed to 2 h/day of screen time did not
significantly differ from children who viewed screens <1 h/day (OR
1.16, 95% Cl 0.84-1.62), but children exposed to =3 h/day of
screen time were more likely to score at risk for delayed language
acquisition when compared to children who viewed screens <1 h/
day (OR 1.94, 95% Cl 1.29-2.91). Lastly in this model, the effect of
2 h/day of screen time was significantly different from =3 h/day
(Wald x*(1) = 7.26, p = 0.007).
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Fig. 1 Effect of screen time on child at-risk status for developmental and behavioral outcomes. Notes. Error bars represent 95% confidence
intervals. Columns that share subscripts are not significantly different from each other. Models presented include covariates. Overall effect of
screen time viewing on: a. internalizing at-risk status; b. externalizing; c. developmental milestone achievement; and d. language acquisition.

Table 2. Multiple logistic regression analysis examining associations between screen time categories (<1, 2, and >3 h) and developmental outcomes
(at risk: yes/no) at 36 months.
Factor Internalizing behavior (at-risk cut-off score) Externalizing behavior (at-risk cut-off score)
OR (95%Cl) AOR (95%Cl)® OR (95%Cl) AOR (95%Cl)®
Screen time
<1 h/day Reference Reference Reference Reference
2 h/day 1.37 (1.09, 1.73)° 1.36 (1.06,1.73)° 1.32 (1.05, 1.65)° 1.30 (1.02, 1.65)°
>3 h/day 221 (1,67, 2.92)° 1.90 (1.41, 2.55)° 1.85 (1.40, 2.45)° 1.66 (1.23, 2.23)°
Developmental outcomes (at-risk cut-off score) Language acquisition (at-risk cut-off score)
OR (95% ClI) AOR (95% ClI)? OR (95%Cl) AOR (95%Cl)®
Screen time
<1 h/day Reference Reference Reference Reference
2 h/day 142 (1.14, 1.78)° 141 (1.10, 1.79)° 1.36 (1.03, 1.78)° 1.16 (0.84, 1.62)
>3 h/day 1.81 (1.37, 2.40)° 1.68 (1.23, 2.30)° 2.15 (1.57, 2.95)° 1.94 (1.29, 2.91)°
OR odds ratio, AOR adjusted odds ratio, C/ confidence interval.
@AOR models controlled for child age (months), child sex (male/female), maternal age (years), maternal education, maternal stress (PSS), income (CNDS$), and
baseline measures at 2 years (BITSEA—problem subscale for internalizing and externalizing behavior; ASQ-3 for developmental outcomes; and CDI—words
and sentences proportion score for language acquisition). The language acquisition model also controlled for dual language learner status (yes/no).
PEstimates in which 95% Cls do not include 1.

DISCUSSION developmental outcomes. Results of the current study establish
As the digital landscape is rapidly changing, children are becoming that different levels of screen time relate to a variety of preschool
more enmeshed in a technological world. With these changes outcomes. Specifically, we found that consistent with the World
comes a critical need for evidence-based research to establish the Health Organization screen time guidelines® of no more than 1h/
associations between levels of screen time duration and child day of screen time for preschoolers, screen time above the
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recommended 1 h guideline was associated with increased odds of
at-risk internalizing and externalizing problems and at-risk delays
in achievement of developmental milestones. In addition, screen
time duration >2h/day was associated with at-risk delays in
language acquisition. Overall, the strongest associations observed
were between the longest threshold of screen time (=3 h/day) and
internalizing problems and at-risk delays in language acquisition,
respectively.

One mechanism that may explain the relation between
increased levels of screen time and poor developmental outcomes
may be the displacement of these learning opportunities. Outside
the educational content or shared screen time experiences (i.e.,
co-viewing; ref. &), when children are engaging in long durations
of screen time, they may be missing out on opportunities to
practice skills important for developmental tasks (e.g., language
acquisition, motor skills, behavioral regulation). While there is
support for the impact of screen time and displacement of
parent—child interactions on child behavior problem outcomes,*°
additional research is needed to elucidate the direct relation
between displacement of day-to-day learning opportunities by
the use of screens and child development outcomes. While this is
a viable explanation for the current findings, it is also important to
consider that the direction of the observed relations cannot be
established based on the current study design. It is possible, for
example, that children with poor developmental outcomes or
behavioral problems received longer durations of screen time to
help modulate challenging behaviors. A recent test of the bi-
directional associations between screen time and achievement of
developmental milestones across early childhood suggests that
screen use leads to delayed achievement of developmental
milestones;'? however, research on directionality of associations
between screen time and internalizing an externalizing behavior
in children has been mixed.?'*? Future research is also needed to
examine the role of buffering, or protective factors (e.g., physical
activity, parent—child interactions, sleep, etc.), when determining
the direction and magnitude of the associations between screen
time and child development outcomes.

Although the magnitude of the associations found in the
current study vary, the pattern of the association between
increased duration of screen time and poor measures of child
development was consistent across multiple domains. These
findings align with past studies examining screen time as a
continuous predictor of child outcomes and when examining
screen time based on meeting or exceeding the 1 hr/day
guideline.""'? Also consistent with past research in the field of
digital media use in children, the effect sizes observed herein are
significant, but small.>*

Internalizing behaviors and language acquisition exhibited a
dose-response relation where >3 h/day of screen time related to
poorer developmental outcomes when compared to 2 h/day. For
externalizing behaviors and at-risk delays in achievement of
developmental milestones, there was no significant difference for
children viewing 2 vs >3 h/day. After controlling for confounds
(e.g., previous levels of behavior, parent education, family income,
etc.), the results suggest that after the 1h/day threshold, the
association between screen time and delayed achievement of
developmental milestones, and screen time and externalizing
problems, respectively, were comparable. Thus, signaling the
potential for a plateau effect where achievement of develop-
mental milestones and externalizing problems are equally
impacted after a particular threshold (in this case >1 h/day).

Taken together, the results from this study highlight that different
levels of screen time duration differentially relate to a variety of child
development outcomes. Consistent with past commentaries'® and
recent calls for more nuanced data examining screen use for young
children and the family media ecology,* there is a need for a greater
understanding of the differential impact of varying levels of screen
time for children, as some children are likely to be more affected by
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screen-based media exposure than others.3> Moreover, screen time is
likely one of many environmental determinants that can create
disparities in children’s developmental trajectories.'? Without inter-
vention, it has been shown that gaps in early childhood development
can widen over time.>> This study supports a relation between screen
time and developmental outcomes at 36 months of age, which
reveals that many children who are being exposed to >1 h/day of
screen time are also performing below their same-age peers; thus,
setting the stage or adding to the disparities that are observed as
children develop.

Findings from this study support the need for practitioners to
review the importance of limiting the duration of screen time for
preschoolers. Encouraging and supporting parents to use a Family
Media Plan®® to help manage and monitor how, when, and where
screens are used in the home, may be particularly helpful. In
addition to these screen time-specific strategies, families should
also be supported to engage in the day-to-day activities that have
been consistently shown to promote healthy child development
(e.g., reading, free time play, outdoor exploration, etc.3739),

LIMITATIONS

The findings from this study must be interpreted with the following
limitations in mind. First, the method of measurement used for
screen time did not capture families who abstained from media use.
Future research may explore the differences, if any, between non-
screen viewing children and those who receive <1h/day. In
addition, data collection for this study was completed in 2014 and
did not include mobile device use (e.g., tablets). Second, while
parents are arguably the best informants of child outcomes at
36 months, single informant measurement introduces the potential
for bias. Specific to screen time, self-report and passive sensing of
screen time have not been highly correlated and a majority of
parents underreport screen time® The findings from this study
would be strengthened if replicated with passive sensing measures
as well as objective measures of developmental outcomes. Third, the
current sample was socio-demographically homogeneous. While
this is representative of the region of data collection, it limits the
generalizability of the study findings. Also, participants lost to follow-
up were young mothers with lower levels of income and education
and were more likely to identify as part of a minoritized ethnic/racial
group. Given that many of these factors have previously been
related to poorer child development outcomes and higher durations
of screen time,'*"” the current results may be an underestimation of
the association between screen time and preschool children’s
developmental and behavioral outcomes. In addition, the at-risk cut-
offs for the analyses were based on the sample and are not
considered clinically at risk. Lastly, although consistent with long-
itudinal research,'>*®*? the current study presents cross-sectional
findings and directional associations cannot be assumed. The
strength of the statistical design is improved by controlling for
baseline levels of the child development outcomes, but this does
not rule out the possibility that a third confounding variable (e.g.,
family or parenting factors) impacts both screen time and
developmental outcomes, or that children with poorer behavioral
or developmental status may receive more screen time.

CONCLUSIONS

We are living in a high digital consumption era with a
continuously changing digital landscape where children are easily
and frequently exposed to media devices. Given this unchartered
digital territory, there is a critical need to understand the
association between screen time and children’s developmental
outcomes. This study demonstrates that for preschool children, a
relation exists between screen time and measures of behavior,
development, and language. When compared to children exposed
to screens <1h/day, children viewing 2 and =3 h/day have
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increased odds of at-risk behavior problems and delayed
achievement of developmental milestones and language acquisi-
tion. This study can be used to inform practitioners, policy makers,
and families of the association between levels of screen time and
measures of child development. The findings support family-
focused media recommendations to encourage engagement with
technology in an age-appropriate way during a sensitive period of
child development.
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