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Previous studies that examined the links between media use and children’s attention
abilities have vyielded inconclusive findings. In the current study, we aimed to move
beyond the focus on isolated aspects of media use to a comprehensive assessment
of both direct and indirect media use and practices in early childhood. Drawing from
the cumulative risk literature, we examined whether cumulative media use is related to
children’s subsequent attention abilities. Participants were 199 mothers of toddlers (60%
male) who completed questionnaires assessing various aspects of children’s media
use, as well as children’s focused attention abilities at three time points: 18 months
(T1), 22 months (T2), and 26 months (T3) of age. Cumulative media use scores were
computed based on four indicators: (1) child average daily screen time; (2) household
background television; (3) maternal use of media to regulate child distress; and (4)
maternal use of mobile devices while spending time with the child. An autoregressive
cross-lagged (ARCL) path model controlling for child sex, maternal education, and
general parenting practices showed that cumulative media use at 18 months negatively
predicted children’s focused attention at 22 months. Moreover, there was a significant
negative indirect effect from cumulative media use at 18 months to focused attention
at 26 months via focused attention at 22 months. Finally, the cumulative media index
appeared to be a better predictor of focused attention than any of the singular media use
indicators. Children’s focused attention did not predict subsequent cumulative media
use across time, providing no evidence for bidirectional links. Findings suggest that
exposure to multiple (rather than single) aspects of media use is related to decreased
subsequent focused attention abilities during toddlerhood. Family media plans that
designate media-free time and increase parental awareness to media use habits in the
household should therefore be encouraged.

Keywords: media use, early childhood, focused attention, cumulative risk, background television, screen time,
parental media use

The relationship between children’s use of screen-based media and attention abilities
has been a primary focus of research for over four decades (Nikkelen et al., 2014;
Kostyrka-Allchorne et al., 2017). During this period, children’s media content has become
more fast-paced, arousing, and easily accessible to very young children, leading to the
development of several hypotheses regarding how these aspects of media use could
hamper children’s developing attentional skills (Nikkelen et al, 2014). However, despite
the accumulation of research on this topic, the extent to which screen media use
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and attention abilities are linked remains unclear due to a
considerable amount of mixed findings (Landhuis et al., 2007;
Foster and Watkins, 2010). Notably, the vast majority of these
studies have focused on isolated aspects of media use, mainly
the amount of exposure to screen media, overlooking the
importance of contextual factors of media use (Barr, 2019).
Family media ecology refers to the way media are used by
all members of the household, including children’s direct and
indirect exposure, and how media are used in children’s daily
routines such as play, discipline, meals, and bedtime (Barr,
2019). Guided by this contextual framework, in the current
study we applied a comprehensive assessment of media use and
practices in early childhood. Drawing from the cumulative risk
literature suggesting that multiple risk factor exposure exceeds
the adverse developmental impacts of singular exposures (Evans
et al., 2013), we examined whether cumulative media use is
related to children’s emerging focused attention abilities. We
specifically focused on four indicators of media use and exposure
that were selected based on recommendations of the American
Academy of Pediatrics (AAP) for media use in early childhood
(Council on Communications, and Media, 2016) and previous
research linking these indicators to attention abilities directly or
indirectly (Kirkorian et al., 2009; Radesky et al., 2016; Kildare and
Middlemiss, 2017; Kostyrka-Allchorne et al.,, 2017), including
daily screen time, household background television, use of media
to regulate child distress, and parental use of mobile devices while
spending time with the child.

FOCUSED ATTENTION ACROSS
TODDLERHOOD

Focused attention, defined as the ability to sustain attention
during active engagement with a stimulus or task, is one of
the primary attentional skills that enable response persistence,
cognitive information processing, and goal-directed behavior
(Ruff and Rothbart, 1996; Garon et al., 2008). A substantial
body of literature has addressed the role of focused attention
in learning and cognitive development, finding that focused
attention abilities during infancy and toddlerhood are predictive
of later general cognitive abilities and executive function (Lawson
and Ruff, 2004; Johansson et al., 2015). The development of
sustained attention during early childhood is attributed in part
to the development of two attention subsystems: the orienting
system, which allows children to attend to stimuli in the
external environment, and the executive attention network,
which enables more volitional control of attention and the ability
to focus attention in the face of potential distractions (Ruff and
Rothbart, 1996; Posner et al., 2014). The gradually increasing
dominance of the executive attention network toward the end
of the first year of life supports children’s emerging ability
to sustain attention for prolonged periods of time (Colombo
and Cheatham, 2007). Indeed, research has shown significant
increases in children’s duration and frequency of sustained
attention during free play and structured situations from late
infancy to early childhood (Ruff and Lawson, 1990; Ruft and
Capozzoli, 2003; Kannass et al., 2006).

The development of attention abilities has strong biological
underpinnings that are considered constitutional and genetic in
origin but is also shaped by children’s environmental experiences
(Colombo and Salley, 2015). The increase in young children’s
screen media exposure over the past two decades has led to
concern about the impact of screen media exposure on the
development of the attention networks (Nikkelen et al., 2014;
Courage, 2017). Consequently, a substantial body of literature
has focused on the links between screen media use and two
main aspects of attention measured in the preschool period:
attention problems (e.g., distractibility, inability to focus) and
executive function (EF; i.e., inhibitory control, working memory,
and cognitive set shifting). However, little is known about the
potential impact of screen media in toddlerhood, a period
when children may be particularly susceptible to environmental
experiences that support or hinder the development of attention
networks (Comas et al., 2014; Gueron-Sela et al., 2018). Due
to the recent increases in screen media exposure in this
developmental time period (Rideout, 2017), the current study
focused on three time points across toddlerhood: 18, 22, and
26 months. We chose focused attention as our main outcome
because it is considered the foundation for the development of
EF abilities in later childhood (Garon et al., 2008) and is also
predictive of later attention problems (Miller et al., 2018).

CUMULATIVE MEDIA EXPOSURE AND
FOCUSED ATTENTION

The concept of cumulative risk has gained considerable attention
within developmental science, mainly due to the robust finding
that children who experience multiple and cumulative risk factors
in early life show more adverse developmental outcomes than
those who experience singular risk factors (Evans et al., 2013;
Gach et al,, 2018). Traditionally, cumulative risk approaches
have been used to assess socioeconomic risk, including financial
factors (e.g., low income), family resources (e.g., poor total family
functioning), and parental personal resources (e.g., poor mental
health; Evans et al., 2013). In the current study, we aimed to
apply a similar approach to assess media use in early childhood
while considering multiple aspects of exposure to media. In
the following paragraph, we describe the individual factors that
comprised the cumulative media use (CMU) index and explain
how they are related to children’s attention abilities. Our choice
of indicators was informed by recommendations provided by
the AAP regarding media use in early childhood (Council on
Communications, and Media, 2016) and by previous literature
linking screen media exposure and attention abilities either
directly (Kostyrka-Allchorne et al., 2017) or indirectly through
parent—child interactions (Kirkorian et al., 2009) and children’s
self-regulation abilities (e.g., Radesky et al., 2016).

Screen Time

Based on studies showing associations between excessive
television viewing in early childhood and cognitive, language, and
social-emotional delays, the 2016 AAP guidelines recommend
that screen media exposure be limited to no more than 1 h per
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day for 2-5-year-old children to allow sufficient time to engage
in other activities important to their development (Council
on Communications, and Media, 2016). However, nationally
representative data from the United States indicate that 2-4-
year-old children are exposed to more than 2 h per day on
average (Rideout, 2017). These numbers have raised concerns
regarding the effects of excessive exposure to screen media on
children’s cognitive development, and particularly their attention
abilities (Anderson and Subrahmanyam, 2017; Courage, 2017).
Indeed, the vast majority of empirical studies that examined
the associations between media use and attention have used
the total amount of direct exposure to screen media as an
indicator of children’s media use and focused mainly on attention
problems as an outcome (see Kostyrka-Allchorne et al., 2017
for review). Overall, whereas there is some evidence for positive
cross-sectional links between screen time and attention problems
in early childhood (Tamana et al., 2019), longitudinal studies
that considered the bidirectional links between screen time and
attention problems over time have generally found no support
for such links (Stevens et al., 2009; Foster and Watkins, 2010).

Other studies have focused on the links between screen media
use and children’s EF. Findings from these studies suggest overall
that higher screen time may be related to poorer EF abilities in
the preschool period (Barr et al., 2010; Nathanson et al., 2014).
However, the nature of this association is complex and depends
on factors such as children’s age, parenting practices, type of
programming watched, and demographic factors (Barr et al.,
2010). For example, Barr et al. (2010) found that only high levels
of exposure to adult-directed (but not child-directed) media
content were associated with poorer EF at age 4. Linebarger
et al. (2014) further demonstrated that for children at high
demographic risk, increased exposure to educational media
content was associated with better EF. Finally, in one study the
amount of television viewing was negatively related to EF at age
5, but this association was no longer significant when controlling
for the home learning environment and parental scaffolding
(Blankson et al., 2015).

Household Background Television
The AAP advises parents to reduce young children’s exposure
to background television (i.e., adult-directed content to which
children pay little active attention; Anderson and Evans, 2001)
in the household, as it can be distracting and interfere in
experiences such as toy play and social interactions that
are essential for children’s cognitive development (Anderson
and Pempek, 2005; Council on Communications, and Media,
2016). Indeed, experimental research directly assessing the
impact of background television indicates that it disrupts
children’s attention during play (Schmidt et al., 2008; Setliff and
Courage, 2011). For example, in the presence of background
television, young children (ages 12, 24, and 36 months) showed
less solitary toy play overall and shorter bouts of focused
attention than in play situations in which the television was off
(Schmidt et al., 2008).

An additional body of research focused on correlational links
between background television and children’s EF (Barr et al.,
2010; Linebarger et al., 2014). For example, Barr et al. (2010)

showed that children’s high levels of exposure to household
television during infancy and at age four were associated
with poorer EF at age four (Barr et al, 2010). Similarly,
Linebarger et al. (2014) showed that greater exposure to
background television was associated with lower EF for preschool
children at high demographic risk, and low-risk primary
school children. Parenting style further moderated the latter
relationship, with high levels of inconsistent parenting behaviors
exacerbating the negative effects of background television on EF.
Findings from this study showed that the associations between
background television and EF are complex and may depend
on additional factors such as demographic risk and parenting
(Linebarger et al., 2014).

The impact of background television on parental behavior
can also be a mechanism through which background television
can impede children’s attention skills. During infancy and
toddlerhood, dyadic social interactions serve as a primary
socialization mechanism in which parents engage to support their
infants’ attention abilities (Yu and Smith, 2016). Through time,
continuous shared attentional states between the parent and the
child can facilitate children’s ability to sustain attention toward
objects on their own for increasingly longer stretches of time
(Yu and Smith, 2016). The distractions caused by the presence
of background television can disrupt this process. For example,
in the presence of background television, parents were found to
be less verbally interactive with their children and less responsive
to their children’s bids for attention than when the television was
off (Kirkorian et al., 2009).

Use of Media to Regulate Child Distress
Parents often report using screens to soothe their children
(Kabali et al., 2015; Radesky et al., 2016; Gordon-Hacker
and Gueron-Sela, 2020). However, the AAP recommends not
relying heavily on screen media devices to regulate children’s
distress, as excessive use of this strategy could interfere with
the development of children’s self-regulation abilities (Council
on Communications, and Media, 2016). During early childhood,
self-regulatory abilities are limited and children largely depend on
external regulation provided by their parents in modulating their
arousal (Sameroff, 2010). When parents respond to children’s
negative emotions in unsupportive ways, such as punitive
reactions, personal distress, or minimizing the child’s distress,
children may experience hyperarousal, which can interfere
with their ability to focus and shift attention in response
to environmental demands (Spinrad et al, 2007). Indeed,
unsupportive maternal responses to children’s negative emotions
were negatively related to children’s later attentional control
(Spinrad et al,, 2007). The use of media to soothe negative
emotions may establish passive and ineffective regulatory
strategies in young children, resulting in increased arousal and
difficulties in regulating and focusing attention for prolonged
periods of time.

Parental Mobile Device Use

Finally, based on research showing that heavy parental use
of mobile devices is associated with fewer verbal and non-
verbal interactions between parents and children (e.g.,
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Radesky et al.,, 2015), which are essential for children’s
cognitive and social-emotional development, the AAP
recommends reducing parental media use while parenting
and enhancing parent-child “media free” interactions (Council
on Communications, and Media, 2016). Accumulating evidence
suggests that when parents are occupied with mobile devices,
their ability to respond to their children’s cues is limited
(see Kildare and Middlemiss, 2017 for a review). Similar to
background television, parental use of mobile devices may
interfere with parent-child reciprocal social interactions that
serve as a primary socialization mechanism for the development
of attention skills. For example, research has found that mothers
distracted by mobile devices exhibited less verbal and non-
verbal communication with their children, were slower to
respond to their children’s engagement attempts, and were
less sensitive in their eventual responses than were mothers
who were not engaged with a device (Radesky et al., 2014a;
Hiniker et al., 2015). On the child’s side, children showed less toy
engagement when their mothers were occupied with a mobile
device than during free play with no mobile device (Myruski
et al., 2018). Thus, excessive parental mobile device can result
in continuous disruptions in parent-child social interactions
that prevent children from practicing their emerging focused
attention skills.

THE CURRENT STUDY

Given the increase in screen media use in the past decade by
both parents and young children, understanding the potentially
harmful implications for children’s cognitive abilities is critical
(Anderson and Subrahmanyam, 2017; Courage, 2017). The
current study addressed this issue by examining the links
between a cumulative index of media use and children’s focused
attention abilities at three time points in toddlerhood: 18 (T1),
22 (T2), and 26 (T3) months of children’s age. We aimed
to expand extant literature in three main ways. First, guided
by a family media ecology framework and the recent call to
broaden the examination of media effects beyond screen time
(Barr, 2019), we examined four different aspects of media use
in early childhood that can be related to children’s attention
abilities, including overall screen time (Nikkelen et al., 2014),
background television (Anderson and Pempek, 2005; Schmidt
et al,, 2008; Courage, 2017), use of media to regulate child
distress (Radesky et al, 2016), and mobile device use while
parenting (Kildare and Middlemiss, 2017). Second, we applied
a cumulative risk approach that can be especially helpful in
assessing the additive impact of multiple sources of exposure
that span a variety of children’s daily experiences. Finally,
acknowledging the potential bidirectional links between media
use and child characteristics (Radesky et al., 2014b; Kostyrka-
Allchorne et al., 2017; Cliff et al, 2018), we used a short-
term longitudinal design that enabled us to disentangle the
transactional links between media use and attention abilities.
Importantly, because these indicators of media use may tap
into general parenting practices, we controlled for maternal
supportive and unsupportive parenting behaviors in order to

elucidate the unique implications of media use for children’s
attention abilities.

We hypothesized that CMU and child-focused attention
would show both prospective and longitudinal negative
associations between TI1, T2, and T3. We also examined
whether the CMU index is a more powerful predictor
of focused attention than any of the singular factors that
comprise the risk index.

MATERIALS AND METHODS

Participants and Procedure

The study protocol was reviewed and approved by the Human
Subjects Research Committee at (Ben Gurion University)
University. Data were collected from January 2018 to January
2019 through Prolific, an online research platform (Palan and
Schitter, 2018). Mothers of children aged 17-19 months were
initially approached via Prolific and invited to participate in the
study. Mothers who were willing to participate signed online
consent forms. The initial sample at T1 consisted of 207 mothers
of children (M child age in months = 17.71, SD = 0.83; 60%
male). Eight participants were excluded from the study due to
child health or developmental problems (n = 3), maternal health
problems (n = 4), or answering the attention-verifying items
wrongly (“If you read this please mark 4”; n = 1). Thus, 199
participants comprised the final sample at T1. Demographic
information is reported in Table 1. Participants were re-
approached via Prolific 4 and 8 months later to participate at T2
(n = 149; M child age in months = 21.11, SD = 1.04) and T3
(n = 119; M child age in months = 25.21, SD = 1.04). Mothers
were requested to complete a set of questionnaires at all three
time points. Participants received 1.3 GBP for participating in T1
and 3 GBP for participating in T2 and T3.

Measures

Cumulative Media Use (CMU)

The CMU measure was constructed from four indicators that
were selected based on the recommendations of the AAP for
media use in early childhood (Council on Communications, and
Media, 2016):

Child Average Daily Screen Time

Screen time was assessed using maternal report of average child
screen time (i.e., watching television, watching videos/playing
games on a handled device) during a typical weekday and
weekend day. Weighted average scores for total screen time
across time (weekdays and weekends) were calculated for all three
time points. Screen time data at specific time points were not used
for participants who reported aberrantly high child screen time
(4 2 SD above the mean) due to concerns regarding the reliability
of these reports. These included nine participants at T1 (above
447.62 min per day), seven participants at T2 (above 379.62 min
per day), and four participants at T3 (above 412.72 min a day).

Household Background Television
Mothers were asked to rate how often the television is on, if ever,
in their household when someone is at home, even if no one
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TABLE 1 | Sample demographic characteristics.

M SD Range

Maternal age (years) 31.33 4.96 19-45
Maternal education (percent)

> 12 1.5%

Full high-school Diploma 50%
Academic 48%

Current country or nationality (percent)

United Kingdom 79.2%

United States 13.6%

Europe 7.2%

Ethnicity (percent)

European White 92.5%

African American 2.5%

Asian 3.5%

Other ethnicity 1.5%

Number of children 1.84 0.95 1-6
Family status (percent)

In a relationship or married 87%

Separated or divorced 3.5%

Single 9.5%

Employment status (percent)

Full-time 25.6%

Part-time 44.7%
Unemployed/homemaker 29.6%

is actually watching it, on a scale ranging from 0 (Never) to 5
(Always).

Use of Media to Regulate Child Distress

Mothers completed a version of the Coping with Toddlers
Negative Emotion Scale (CTNES; Spinrad et al., 2007) that
was modified for the current study. The CTNES consists of 12
different scenarios in which children exhibit distress (e.g., parent
prohibits an activity). Mothers are asked to rate the likelihood
to respond in seven different ways to children’s distress (i.e.,
distress reactions, minimizing the child’s distress, encouraging
emotional expressiveness, punitive reactions, emotion focused,
problem focused, and granting the child’s wish) that were rated
on a scale ranging from 1 (Very unlikely) to 7 (Very likely).
In the current study, four distress scenarios were presented to
mothers to reduce participant burden, and an additional strategy
was added: the likelihood of responding with the provision media
to reduce the child’s distress (e.g., “If my child becomes angry
because s/he is not allowed to have a snack when s/he wants it,
I would offer to let my child play or watch something on my
phone/tablet/computer/television”), which was the scale for the
current variable. Items on this scale were averaged, and a higher
score on this scale indicates a higher likelihood of using media
to regulate child distress (o = 0.78, 0.79, and 0.80 for T1, T2, and
T3, respectively).

Maternal Mobile Device Use

Mothers were asked to rate how often, if ever, they use media (for
example, a mobile phone or tablet) to keep themselves occupied
while spending time with their children on a scale ranging from
0 (Never) to 3 (Often).

Calculating the CMU Scores

CMU scores were calculated using a proportion-score approach
(Moran et al., 2017). For each indicator, a proportion score is
computed by dividing each individual score by the maximum
score, yielding a proportion score with a maximum value of one.
The composite score is then the mean of all proportion scores.
This method is appropriate when risk factors are continuous,
as it maintains the relative rank ordering of individuals, which
is lost in dichotomization. Thus, this approach assumes that
risk occurs on a continuum with varying degrees of severity
(Ettekal et al., 2019).

For each time point, a CMU score was calculated by first
dividing each individual risk indicator score by the maximum
score within the current sample (yielding a proportion score with
a maximum value of one) and then computing the mean of all
four indicators to estimate a total score for each time point.
Higher scores represent higher exposure to problematic media
use. CMU scores ranged between 0.04 and 0.78 at T1, 0.08 and
0.83 at T2, and 0.12 and 0.76 at T3.

Child Focused Attention

Children’s focused attention abilities were measured using
the Attentional Focusing subscale from the Early Childhood
Behavior Questionnaire Short Form (ECBQ-SF; Putnam et al.,
2006). The Attentional Focusing subscale includes six items that
assess children’s ability to sustain duration of orienting on an
object of attention and resist distractions (e.g., “When engaged
in play with his/her favorite toy, how often did your child play
for more than 10 min?”; “When engaged in an activity requiring
attention, such as building with blocks, how often did your child
move quickly to another activity?”; “While looking at picture
books on his/her own, how often did your child become easily
distracted?”). Mothers were asked to rate each item on a scale
ranging from 1 (Never) to 7 (Always). Higher scores on this scale
indicate better focused attention abilities (o = 0.70, 0.69, and 0.73
for T1, T2, and T3, respectively).

Covariates

Maternal education and child sex were included as covariates
in all analyses, based on previous studies linking child media
use to maternal education level (Vijakkhana et al., 2015) and
indicating sex differences in attention abilities (Groot et al.,
2004). Maternal education was rated on a scale from 1 (Less
than a high-school diploma) to 6 (Graduate degree). In order
to examine the unique role of media use above and beyond
general parenting approaches, we also included two measures
that reflect supportive and unsupportive parenting behaviors
that were derived from the CTNES (Spinrad et al., 2007). The
items on each scale of the CTNES were averaged to create the
supportive (problem-focused, emotion-focused, and expressive
encouragement; o = 0.83) and unsupportive (minimizing and
punitive reaction; o = 0.76) subscales.

Missing Data and Attrition

Of the 199 participants who composed the final sample at T1, 149
participated in T2 and 119 at T3. No significant differences were
found between participants who did not participate at T2 and T3
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and those who participated at all three time points in maternal
education level, child sex, and the study variables. In addition,
participants who wrongly answered the attention-verifying items
at T2 (n = 6) and T3 (n = 2) were excluded from those specific
time points. To account for missing data, we utilized a full
maximum likelihood (FIML) estimator for all analyses. FIML is
well recognized as an effective method for analyzing longitudinal
data with moderate to large amounts of missing data and has
been demonstrated to provide less biased parameter estimates
than other commonly used techniques, such as listwise deletion
(Enders, 2013). Because FIML procedures allow for the use of all
available data from each participant, the full sample of n = 199
was retained in all primary analyses.

Statistical Analysis

An autoregressive cross-lagged (ARCL) model was applied to test
the main study hypothesis. The ARCL model represents a path
model that simultaneously estimates the autoregressive relations
(i.e., stability) of two or more variables that unfold over time,
along with the cross-lagged relations between these variables
(i.e., the time-lagged regressions across time points). The cross-
lagged parameters are typically interpreted as the between-person
effect of X at time 1 on Y at time 2, controlling for Y at
time 1 (and vice versa). Thus, this model is particularly suitable
for examining bidirectional relations between variables across
several time points.

CMU and child-focused attention were estimated at all
three time points. Autoregressive paths were specified within
measurements of CMU and focused attention at T1, T2, and
T3, and cross-lagged paths were specified between measures of
CMU and focused attention across time points. Concurrent
associations between variables within time points were
estimated. All focal variables in the model were regressed
on the selected covariates (i.e., maternal education, child
sex, supportive and unsupportive parenting). Bootstrapping
(with 10,000 resamples) was used to derive 95% confidence
intervals for the direct and indirect effects. Model fit was
determined using the root mean square error of approximation
(RMSEA), standardized root mean square residual (SRMR),
and comparative fit index (CFI). Adequate fit was defined
as CFI values > 0.95, RMSEA value < 0.06, and SRMR
values < 0.08.

RESULTS

Descriptive Statistics

Table 2 presents the bivariate correlations, means, and standard
deviations for the study variables and covariates. Both the CMU
and FA measures were significantly and positively correlated
across time points. In addition, the CMU measures at all
three time points were significantly negatively correlated with
FA at T2 and T3. FA at T1 was also negatively correlated
with CMU at T3. As for the study covariates, unsupportive
parenting practices were positively linked with CMU at all-
time points, and supportive parenting practices were negatively
correlated with CMU at T1. In addition, maternal education

was significantly negatively correlated with CMU at T2, and
child sex was related to FA at T1 such that girls tended to have
higher FA than boys.

ARCL Model: Longitudinal Links
Between CMU and FA

We first estimated a model in which autoregressive paths were
specified within measurements of CMU and FA and cross-
lagged paths were specified between measures of CMU and FA
across the three time points. In addition, concurrent associations
between variables within time points were estimated, and all
focal variables in the model were regressed on the selected
covariates. However, model fit was unsatisfactory, y2(4) = 21.99,
p = 0.01, CFI = 0.96, RMSEA = 0.07, SRMR = 0.03. Analysis
of modification indices suggested that the addition of a path
between CMU at T1 and CMU at T3 would improve model
fit. Thus, this path was added to the final model (Figure 1).
Path coeflicients remained similar to the previous model, and
model fit was improved: ¥2(3) = 9.28, p = 0.41, CFI = 0.99,
RMSEA = 0.01, SRMR = 0.02.

All autoregressive paths were significant, indicating stability
in CMU and FA over time. In addition, CMU at T1 negatively
predicted FA at T2 (B = —0.22, p = 0.001, [95% CI, —0.35
to —0.08]), indicating that higher exposure to CMU was
longitudinally related to lower FA. Moreover, there was a
significant negative indirect path between CMU at T1 and FA
at T3 via FA at T2 (B = —0.12, p = 0.003, [95% CI, —0.20 to
—0.04]). Notably, the path between FA at T2 and CMU at T3
showed a non-significant trend (f = —0.13, p = 0.079, [95% CI,
—0.28 to 0.01]).

Testing the Predictive Efficacy of the
CMU Measure

We first examined whether the singular factors that composed the
CMU score were predictive of FA. To that aim, we estimated an
ARCL model in which autoregressive and crossed-lagged paths
were specified within and between measurements of child screen
time, background television, use of media to regulate distress,
maternal mobile device use, and FA across the three time points.
All focal variables in the model were also regressed on the selected
covariates. None of the singular variables significantly predicted
FA at T2 and T3 (see Table 3).

We next analyzed the efficacy of the CMU score at T1 in
predicting FA at T2 compared to each of the singular factors that
composed the CMU. We estimated four models, each including
the original ARCL model with the addition of one of the
individual factors (i.e., child screen time, background television,
use of media to regulate distress, and maternal mobile device use)
at all three time points. In all four models, while T1 CMU was a
significant predictor of T2 FA, the singular factors were not (see
Supplementary Figures 1-4).

DISCUSSION

The goal of the current study was to develop a cumulative
media use index that includes multiple aspects of young
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TABLE 2 | Unweighted means, standard deviations, and correlations among all study variables.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
1.CMU TH -
2.CMU T2 0.71% -
3.CMU T3 0.61* 0.63"* -
4.FATH -0.13 -0.13 -0.20* -
5.FAT2 —0.30"* —-0.37* -0.41** 0.50"* -
6.FAT3 —0.18* —-0.34"*-0.35"* 0.33"* 0.59"* -
7.8TT1 0.70™* 0.58"* 0.49"*-0.00 -0.17* -0.10 -
8.ST T2 0.36™* 0.61™* 0.34* 0.03 -0.15 -0.19* 0.49™ -
9.8STT3 0.38™* 0.46™* 0.68"*-0.10 —-0.23* —-0.20* 0.49** 0.62* -
10. BTV TH 0.48™* 0.63"* 0.46™*-0.02 —-0.19* -0.13 0.34"* 0.29* 0.27* -

-
-

.BTVT2 0.63"* 0.556™* 0.48™*-0.07 —0.22** —-0.20* 0.36™* 0.34™* 0.38"" 0.64" -
.BTVT3 0.41** 0.49"* 0.62"*-0.03 —0.26" —0.11 0.41=* 031 0.37"* 0.73™* 0.64"* -

—
\S)

18.MREG T1 0.62** 0.42** 0.47**-0.10 -0.25" —0.11 0.41** 0.20° 0.36™* 0.15 0.24™ 0.13 -

14.MREG T2 0.36"* 0.52** 0.44"*-0.20° —0.26" —0.256" 0.34** 0.256 0.43"™* 0.19* 023" 019" 0.61™ -

16.MREG T3 0.40* 0.38"* 0.58"*-0.21* -0.35"*-0.39"* 0.39"* 0.19* 0.40™ 0.15 0.25"™ 0.18 0.568™* 0.63"* -

16.PMUT1  0.63"* 0.37"* 0.18* —-0.15* —-0.16* —0.06 011 -0.02 -0.11 0.20*  0.14*  0.01 0.10 -0.07 -0.06 -

17.PMUT2  0.44~* 0.68"* 0.28™ -0.11 -0.28" -0.22* 0.16 0.01 -0.06 0.10 0.13 -0.00 012 -0.02 0.03 0.60"* -

18.PMUT3  0.30"* 0.23* 0.54**-0.12 -0.16 -0.15 -0.00 -0.12 0.04 0.02 -0.02 0.04 012 -0.06 -0.02 0.48™* 0.56"* -

19.MEDU -0.056 -0.17* —-0.15 -0.08 0.05 011 -0.12 -0.08 -0.22* -0.26" —-0.21" -0.36"™* 0.056 -0.20 -0.07 0.06* 0.07 0.18" -

20. Child sex —0.02 0.00 —0.00 0.18*  0.05 0.02 -0.04 0.00 -0.01 0.04 0.09 0.06 0.05 0.08 0.08 -0.183 -0.09 -0.11 -0.04

21.8UPP  —-0.15* 0.01 —0.01 0.08 -0.03 -0.09 -0.20~ -0.12 -0.19* 005 -0.12 -0.08 -0.02 0.06 0.02 -0.06 0.02 0.12 0.06 0.12 -
22.UNSUPP 0.25"* 0.21* 025" —0.04 -0.15 -0.13 0.31** 0.19* 022 0.1 0.18* 0.15 0.26™* 0.22 0.27* —0.04 0.00 0.00 -0.10 0.06 —0.06 -
Mean 0.40 0.41 0.41 4.25 4.42 4.73 132.40 131.22 150.33 2.41 2.45 2.49 2.62 2.73 2.97 1.28 1.18 1.12 NA NA 5.16 3.19
SD 0.15 0.14 0.13 0.96 0.87 0.83 100.64 80.05 83.35 1.08 1.06 1.09 1.32 1.35 1.44 0.91 0.94 0.84 NA NA 0.85 1.17

T1, age 18 months; T2, age 22 months; T3, age 26 months; CMU, cumulative media use; FA, focused attention; ST, screen time; BTV, background television; MREG, use of media to regulate child distress; PMU,
maternal mobile device use; MEDU, maternal education; SUPF, supportive parenting; UNSUPF, unsupportive parenting; *p < 0.05, *p < 0.01, **p < 0.001.
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FIGURE 1 | An ARCL model estimating autoregressive and cross-lagged paths between repeated measures of CMU and FA between T1 to T3. Notes: For ease of
presentation only significant paths are included in the figure; The following covariates were included in the model, but are not depicted in this figure: maternal
education, child sex, supportive and unsupportive parenting behaviors; CVTU, cumulative media use; FA, focused attention; ‘o < 0.1, **p < 0.01, **p < 0.001.

children’s direct and indirect media use (CMU) and examine
its predictive associations with children’s later focused attention
abilities. Consistent with our hypothesis, higher levels of
CMU predicted lower consecutive attention abilities during
toddlerhood. Moreover, the CMU score appeared to be a better
predictor of attention abilities than any of the singular measures
of media use. Our findings demonstrate the possible implications
that extensive media use may have for children’s focused
attention abilities and indicate the importance of including
multiple contextual factors of media use in studies of media and
child development.

Previous research on the link between media use and attention
in early childhood is limited in three main ways. First, although
there is some evidence that excessive screen viewing time in early
childhood predicts subsequent attention problems (Christakis
et al., 2004; Cheng et al., 2010), these studies assessed attention
abilities only as an outcome, precluding the ability to consider
the bidirectional links between media use and attention. While
it is possible that excessive exposure to screen media interferes
with the development of attention skills, it is also plausible that
children with limited attention spans are more drawn to screen
media, and as a result parents often expose them to screens to
occupy or soothe them (Kostyrka-Allchorne et al., 2017). Second,
previous research did not consider the broader family context of
children’s exposure to media, such as how the media are used
by all member of the household, including children’s direct and
indirect exposures (Barr et al., 2010). Addressing these contextual
factors is particularly important in early childhood because
during this period children’s self-regulatory and attention abilities
are limited, and the home environment plays a vital role in
fostering these emerging abilities (Kopp, 1989). Finally, the
majority of previous research focused on attention abilities (e.g.,
EF) or attention problems in the preschool period, and therefore
little is known about the potential impact of screen media in
early childhood.

To our knowledge, this study is the first to address these
aforementioned limitations by applying a repeated-measure
longitudinal design and examining media use from an ecological
perspective that includes, in addition to direct media exposure,

indirect exposure to media and media use practices. Drawing
from the cumulative risk literature (Evans et al., 2013), we created
a cumulative media use index that included four aspects of media
use. Results show that higher CMU at age 18 months directly
predicted lower FA at age 22 months. In addition, CMU at
18 months indirectly predicted lower FA at age 26 months via FA
at 22 months. However, CMU at 22 months was not a significant
predictor of FA at 26 months. These findings suggest that elevated
media use in early toddlerhood (age 18 months) can initiate a
cascade of attention difficulties that persist across toddlerhood.

Why would exposure to media at 18 months of age be
critical for the development of FA? The attentional network
framework (Posner et al., 2014) suggests that the orienting
network exerts much of the control over other attention networks
during infancy and toddlerhood, while the executive attention
network becomes increasingly dominant during the second year
of life. The time period between 18 and 24 months represents a
developmental period in which both of these attention systems
are still developing rapidly. After age 24 months, the orienting
system reaches a plateau and individual differences in orienting
abilities stabilize (Posner et al., 2014). Thus, 18 months may
be a time period in which children are particularly susceptible
to environmental experiences, such as excessive media use, that
support or hinder the development of both the orienting and the
executive attention networks.

Contrary to previous research on media use and child
outcomes (Magee et al., 2014; Kostyrka-Allchorne et al., 2017;
CIiff et al., 2018), we only found unidirectional paths between
CMU and FA, with the reverse associations being non-significant.
Although there was a negative link between FA at 22 and CMU
at 26 months, this path did not reach significance (p = 0.08)
and therefore cannot be interpreted. These discrepant findings
may be related to the different age groups between samples.
Two studies that found significant links between children’s self-
regulation and sleep and consecutive media use used samples
of 4-6-years-old children (Magee et al., 2014; CIliff et al,
2018), who are able to use media independently, whereas in
our younger sample (ages 18-26 months) media use may
be mainly determined by parents and less driven by child
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TABLE 3 | Standardized path coefficients for the ARCL model with the

singular CMU factors.

Estimate SE p-value
STT1 — FAT2 —0.00 0.09 0.974
MREG T1 — FA T2 —-0.12 0.07 0.111
BTVT1 - FAT2 —01 0.08 0.106
PMUT1 — FAT2 0.07 0.06 0.273
SUPP — FAT2 —0.05 0.07 0.455
UNSUPP — FA T2 -0.07 0.07 0.315
FAT1 — FAT2 0.48 0.06 0.000
Maternal education — FA T2 0.08 0.07 0.220
Child sex - FA T2 0.04 0.07 0.542
STT1 — STT2 0.43 0.03 0.000
MREG T1 — ST T2 —0.03 0.03 0.702
BTVT1 — ST T2 0.17 0.04 0.037
PMUT1 — ST T2 —0.07 0.04 0.295
SUPP — ST T2 —0.03 0.03 0.649
UNSUPP — ST T2 0.07 0.03 0.322
FAT1 — STT2 —0.01 0.03 0.850
Maternal education — ST T2 0.04 0.03 0.898
Child sex — ST T2 0.04 0.07 0.542
STT1 — MREG T2 0.08 0.08 0.280
MREG T1 — MREG T2 0.56 0.06 0.000
BTV T1 - MREG T2 0.01 0.07 0.802
PMU T1 — MREG T2 —0.11 0.06 0.061
SUPP — MREG T2 0.08 0.06 0.205
UNSUPP — MREG T2 0.02 0.06 0.690
FAT1 — MREG T2 —0.11 0.06 0.008
Maternal education — MREG T2 —-0.23 0.06 0.000
Child sex - MREG T2 0.08 0.06 0.192
STT1 — BTVT2 0.04 0.08 0.617
MREG T1 -BTV T2 0.00 0.07 0.967
BTV T1 — BTV T2 0.59 0.06 0.000
PMUT1 — BTV T2 0.09 0.06 0.132
SUPP — BTV T2 0.17 0.06 0.007
UNSUPP — BTV T2 —0.01 0.06 0.852
FAT1 — BTV T2 0.02 0.06 0.726
Maternal education — BTV T2 —-0.14 0.06 0.036
Child sex — BTV T2 0.01 0.06 0.856
STT1 — PMU T2 0.16 0.08 0.059
MREG T1 — PMU T2 0.00 0.07 0.992
BTV T1 — PMU T2 —0.02 0.07 0.717
PMU T1 — PMU T2 0.57 0.05 0.000
SUPP — PMU T2 0.05 0.07 0.413
UNSUPP — PMU T2 —0.02 0.07 0.765
FAT1 — PMU T2 —0.05 0.07 0.437
Maternal education — BTV T2 0.05 0.07 0.462
Child sex — BTV T2 —0.02 0.06 0.774
STT2 — FAT3 —0.08 0.08 0.333
MREG T2 — FA T3 —0.03 0.08 0.703
BTV T2 - FAT3 0.04 0.08 0.591
PMUT2 — FAT3 —0.03 0.08 0.663
FAT2 — FAT3 0.51 0.08 0.000
SUPP — FAT3 —0.06 0.07 0.389
UNSUPP — FA T3 —0.03 0.07 0.610
(Continued)

TABLE 3 | Continued

Estimate SE p-value
FAT1 — FAT3 0.09 0.09 0.297
Maternal education — FA T3 0.09 0.08 0.238
Child sex — FA T3 0.00 0.07 0.933
STT2 - STT3 0.52 0.07 0.000
MREG T2 — ST T3 0.24 0.07 0.002
BTV T2 - ST T3 0.00 0.07 0.906
PMUT2 — ST T3 —0.04 0.07 0.564
FAT2 — ST T3 —0.05 0.08 0.521
SUPP — ST T3 —0.12 0.06 0.080
UNSUPP — ST T3 0.03 0.06 0.628
FAT1 — ST T3 —0.04 0.08 0.563
Maternal education — ST T3 -0.10 0.07 0.151
Child sex — ST T3 —0.06 0.06 0.364
STT2 - MREG T3 0.07 0.07 0.831
MREG T2 — MREG T3 0.38 0.09 0.000
BTV T2 - MREG T3 —0.07 0.07 0.306
PMU T2 — MREG T3 —0.06 0.07 0.359
FAT2 - MREG T3 —-0.17 0.08 0.037
SUPP — MREG T3 0.00 0.07 0.987
UNSUPP — MREG T3 0.07 0.07 0.280
FAT1 — MREG T3 —0.03 0.08 0.656
Maternal education - MREG T3 —0.04 0.07 0.540
Child sex — MREG T3 0.02 0.06 0.739
MREG T1 — MREG T3 0.29 0.08 0.001
STT2 - BTVT3 0.06 0.07 0.355
MREG T2 — BTV T3 —0.08 0.07 0.204
BTV T2 — BTV T3 0.50 0.07 0.000
PMU T2 — BTV T3 —0.04 0.06 0.540
FAT2 - BTV T3 —0.06 0.07 0.428
SUPP — BTV T3 0.00 0.06 0.951
UNSUPP — BTV T3 0.05 0.06 0.370
FAT1 — BTV T3 —0.03 0.07 0.661
Maternal education — BTV T3 -0.12 0.06 0.072
Child sex — BTV T3 0.02 0.05 0.678
BTV T1 — BTV T3 0.27 0.07 0.000
STT2 — PMU T3 —0.10 0.09 0.244
MREG T2 — PMU T3 —0.02 0.09 0.775
BTV T2 - PMU T3 0.09 0.08 0.787
PMU T2 — PMU T3 0.54 0.07 0.000
FAT2 — PMU T3 —0.01 0.09 0.910
SUPP — PMU T3 0.03 0.08 0.666
UNSUPP — PMU T3 0.04 0.07 0.602
FAT1 — PMU T3 0.01 0.09 0.860
Maternal education — PMU T3 0.14 0.08 0.081
Child sex — PMU T3 —0.07 0.07 0.341

Model fit: x°(18) = 26.72, p = 0.08, CFl = 0.98, RMSEA = 0.04, SRMR = 0.02;
T1, age 18 months; T2, age 22 months, T3, age 26 months; CMU, cumulative
media use; FA, focused attention; ST, screen time; BTV, background television;
MREG, use of media to regulate child distress;, PMU, maternal mobile device use;
MEDU, maternal education; SUPFR, supportive parenting, UNSUPR, unsupportive
parenting.

characteristics. It is also possible that the current study did not
have sufficient statistical power to detect small effect sizes due to
our modest sample size.
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To our knowledge, this study is the first to apply the
cumulative risk approach to media exposure. Thus, an additional
goal of this study was to examine the predictive utility of the
CMU index compared to the singular aspects of media use.
Our results indicate that CMU at age 18 months was a better
predictor of FA at 22 than any of the singular measures. This
finding coincides with the cumulative risk literature that has
consistently demonstrated that children exposed to cumulative
risk factors in early life show more adverse outcomes than
those exposed to singular risk factors (Evans et al., 2013). The
CMU index may confer increased risk for attention problems
because it exerts continuous interference to the attentional
system spanning the child’s day, rather than segmented periods
of interference, such as daily screen viewing time. Children with
high CMU are at risk for experiencing distractions in toy play
and social interactions caused by background television and
parental mobile phone use, as well as increased arousal and
difficulties in regulating attention due to parental use of media
to regulate their distress. Moreover, elevated screen viewing time
often includes prolonged exposure to fast-paced content that is
hypothesized to prompt a scanning-shifting attentional style that
may hinder the ability to focus attention in natural settings such
as toy play (Nikkelen et al., 2014). Cumulative exposure to these
distracting and arousing experiences throughout the day also
denies children opportunities to participate in environmental
experiences that are crucial for fostering their emerging FA skills,
such as contingent social interactions, mutual joint attention
during play, and parent-child reading interactions (Zimmerman
and Christakis, 2007). Moreover, a recent study suggests that
increased use of screen-based media (as measured by access to
screens, frequency of use, content, and co-viewing) may alter
children’s cognitive abilities through neural pathways, such as
decreased microstructural integrity of the brain white matter
tracts that support language, executive functions, and language
abilities (Hutton et al., 2020a).

The CMU index may tap into general parenting practices, and
there is therefore reason to suspect that the link between CMU
and FA is actually driven by the link between parenting practices
and CMU. Children’s screen-based media use has been previously
correlated with less stimulating home cognitive environments,
and higher use of authoritarian and permissive parenting styles
(Howe et al., 2017; Hutton et al., 2020b). Indeed, consistent
with previous literature, in the current study unsupportive
parenting practices were positively related with the CMU index,
implying that children of mothers who frequently use parenting
practices such as punishment and minimizing children’s distress
may also be exposed to multiple aspects of media use in the
household. However, the CMU index was a significant predictor
of children’s FA even when controlling for both supportive and
unsupportive parenting practices. These findings highlight the
unique implications of media use for children’s attention abilities,
beyond the potential contribution of general parenting practices.

LIMITATIONS

The findings of the current study should be considered in
light of several limitations. First, our assessment of media

exposure did not include the type of content (e.g., fast/slow-
paced, entertainment/educational) that children are exposed to.
There is evidence that the links between children’s overall screen
time and attention problems are only evident when watching
entertainment or adult-directed content, but not when watching
educational content (Zimmerman and Christakis, 2007; Barr
et al., 2010; Kostyrka-Allchorne et al., 2017). In fact, viewing
educational media content was linked to increased EFs in
children at high demographic risk (Linebarger et al., 2014).
Second, our indicators of media use and attention are based
exclusively on maternal reports, which may result in report bias
or inaccurate estimates. Applying a multi-method assessment of
media use that also includes daily time-use diaries and passive
sensing applications that detect media use on mobile devices can
reduce parents’ report bias and yield more accurate estimates
(Barr, 2019). Similarly, using observational tasks of children’s FA
abilities in naturalistic setting such as toy play (Lansink et al.,
2000) could further increase measurement validity. Finally, the
correlational nature of this study precludes the inference of causal
relations between media use and attention skills. Because our
focus was on cumulative exposure to media and the examination
of associations over time, it is not possible to examine our
research questions in a controlled experimental design. However,
an important next step could be to examine the immediate impact
of exposure to increasing levels of our four media use indictors
on children’s attention abilities in an experimental design (e.g.,
Lillard et al., 2015).

CONCLUSION

Our findings demonstrate that elevated exposure to media
predicts lower subsequent focused attention abilities during
toddlerhood. In this study, we addressed two key limitations of
previous research by applying a repeated-measure longitudinal
design that considers concurrent and cross-lagged associations
between media use and attention, and by broadening the
measurement of media use from the amount of direct exposure
to include contextual factors reflecting how the media are
used in the household. Our work adds to the extant literature
by documenting that a broad and cumulative approach to
assess media use is effective for understanding the potential
implications of media use on children’s cognitive development.

The findings of this study can inform family-based prevention
initiatives designed to promote balanced household media use.
Increasing parental awareness of the possible implications of
indirect media use such as background television, parental mobile
phone use, and the use of media to regulate distress, along with
encouraging “media-free” time slots and the use of alternative
regulatory strategies, can help families use media in a thoughtful
and appropriate manner.
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