Children, Executive Functioning, and
Digital Media: A Review

Executive Summary

"Media is so pervasive that it should no longer be considered a nuisance variable that could affect development; rather, it
should be seen as a fundamental part of the context in which development occurs." (Barr, 2019)

What is digital media?

When we use the term digital media, we are referring both to the physical devices—TV sets, smartphones, tablets,
gaming consoles—and the content they provide, such as videos, interactive apps, and games.

As the world copes with the coronavirus pandemic, digital technology has taken center stage in children's homes.
Today more than ever, children's digital access—or lack thereof—significantly determines whether children can
continue their education, seek information, stay in touch with friends and family, and enjoy digital entertainment
(Winther et al., 2020). And as jobs, schools, and even health care are moved online, for many, digital life has become
the new normal. In this time, families are navigating uncharted waters as they increasingly rely on screens while
trying to find balance with offline activities.

Digital technology has become both a constant and major presence in children's lives. Today, infants as young as 4
months are interacting with digital media, whereas 50 years ago regular television viewing didn't occur until age 4
(Chassiakos et al., 2016). Understanding how experiences with digital media may shape the developing brain is
essential knowledge for those who work to support children's healthy brain development.

Decades of research demonstrate that early childhood is among the most critical times for children's brains
(National Scientific Council on the Developing Child, 2020). Before children turn 2, their brains are forming more
than 1 million new neural connections every second (National Scientific Council on the Developing Child, 2007;
OECD, 2002). These neural connections are the basis for the information-processing networks of the brain that are
responsible for all thoughts, sensations, feelings, and actions. The early experiences children have, and their
relationships with the important people in their lives, literally build the brain's architecture, providing the foundation
for future learning, health, and behavior (Galinsky, 2010; National Scientific Council on the Developing Child, 2007).

Executive function (EF) refers to a set of attention-regulation skills that originate in the prefrontal cortex. EF skills
make it possible to consider alternative perspectives and think flexibly in response to changing circumstances
(cognitive flexibility), to keep information in mind so it can be used (working memory), and to resist automatic and
impulsive behaviors (inhibitory control) so that one can engage in goal-directed reasoning and problem-solving
(Diamond, 2013; Galinsky et al., 2017; Garon et al., 2008; Rueda et al., 2005; Zelazo & Miiller, 2002). Although
individual variability exists, longitudinal studies have shown that children with better EF skills are more effective
learners (Hassinger-Das et al., 2014), are more likely to graduate from college (McClelland et al., 2013), and are
more likely to have better health and wealth in adulthood, regardless of their intelligence or social class at birth
(Moffitt et al., 2011). In the absence of supportive relationships, children who experience excessive or prolonged
amounts of stress (due to poverty, trauma, abuse, or neglect) are at greater risk of developing weaker EF skills
(Evans & Kim, 2013; Farah et al., 2006; Haft & Hoeft, 2017; Shonkoff et al., 2012).

It is well established that EF skills develop through practice and positive, supportive relationships with

adults (Galinsky, 2010). EF skills are also a promising and important target for early intervention (Blakey & Carroll,
2015; Diamond & Lee, 2011; Rueda et al., 2005; Zelazo & Lyons, 2012). Despite the value of developing young
children's EF, these skills have not yet been fully embraced and routinely taught in early childhood settings, schools,
or homes. This is perhaps due to the educational focus on children's learning content (the "what" of learning) versus
skills (the "how" of learning). Nor has the role of children's experiences with digital media at home been explored in
relation to EF development.
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When it comes to screen time, researchers and policymakers historically have focused on trying to determine how
much is too much, with less attention focused on figuring out how much is too little and the kinds of digital content
that can support healthy development. In recent years, children's screen time has come to encompass behaviors as
diverse as watching (i.e., video content), reading, writing, interactive play (i.e., gaming), video-chatting, and
immersion in virtual worlds. Each of these activities can take place on a range of devices (e.g., TV sets, smartphones,
tablets, e-readers, smartwatches, laptops, desktops, consoles, and handheld players). And each of these devices
offers a different set of affordances (e.g., sound, motion, ease of portability, interactivity, touch sensitivity, or
persuasive design that prolongs engagement). Additionally, the list of the different kinds of digital content children
consume today is exhaustive: Screen content ranges from educational to entertaining, realistic to fantastical,
child-directed to adult-directed, interactive to observational, and more.

The bulk of research exploring the link between digital media exposure and EF skill development looks at television
and video exposure for two reasons:

e Television has been around much longer than other kinds of digital media, and research is slow compared to
the rate at which new kinds of digital media are adopted (Wartella & Robb, 2008).

e Television and video are still the dominant types of content that young children consume on digital devices
(Rideout & Robb, 2020).

Although the ways children experience television has expanded (i.e., video content is increasingly viewed through
streaming services on interactive devices), the experience of watching television is generally similar despite the
viewing platform: Audiovisual content unfolds in time independent of the viewer's presence or actions.

Research is beginning to look at the effects of interactive content and digital gaming devices on EF skills in younger
children, yet it is still true that most of our insights about interactive media are based on research conducted with
adolescents and adults (Christakis, 2014; Dale et al., 2020). Interactive digital media can be defined as experiences
that require the user to interact with a digital device in a way that changes what content is presented (e.g., clicking a
mouse button, touching a screen, moving in front of a sensor, and/or using voice input).

Yet the available research has several important limitations. First, there is a lack of research: The myriad digital
media experiences available to young children today has meant that research in this field has not been able to keep
up with the rate at which digital media has been incorporated into childhood. As such, many open questions remain
about whether findings hold for children of different ages, with different risk profiles.

Another issue is the correlational nature of digital media research. Although a number of researchers have tried to
address the problem of directionality by using a longitudinal approach, in many studies, a bidirectional relationship
between digital media use and sample characteristics seems likely. Thus the majority of research available can only
show that a relationship exists between digital media and a certain developmental outcome, and not that digital
media causes a certain developmental outcome.

Obtaining reliable effect size estimates has also proven difficult as many studies are unable to take into account the
number of demographic and contextual variables that moderate the effect of digital media (Ferguson & Donnellan,
2014; Ferguson & Kilburn, 2010; Foster & Watkins, 2010; Linebarger & Vaala, 2010). Finally, current statistical
approaches used in digital media research often lack the sensitivity to detect more nuanced effects, such as
nonlinear relationships and threshold effects (Foster & Watkins, 2010).

Despite these limitations, such research is often used to sway public opinion and policy regarding issues around
children and digital media as well as to advocate for partially or fully limiting screen time for children (Elson et al.,
2019). However, strict cutoffs, while convenient, neglect the following:

e They do not take into account how digital media are used and with whom.

e Theyoverlook the convergence between online and offline play and alternate social spaces that children
construct today (Marsh, 2014).

e Onessize does not fit all with respect to digital interactions: Individual differences in children, the diversity of
families, and the context within which they live, all influence the level of risk and benefits digital media can

pose.
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The pandemic has made it clear that digital media are a necessary part of young children's lives. It is imperative
stakeholders in early childhood understand how digital media interacts with children's brain development: When do
digital media pose arisk, and how can digital media be used to foster important life skills and relationships? And it
isn't only children's digital media consumption that requires examination; parents' digital media use could have a
significant impact on the parent-child relationship, with implications for brain development. Thus there is an urgency
to address the questions that these new realities have raised.

Report Summary

This research landscape analysis reviews the impact of digital media use on children's EF development. We focus
specifically on young children's experiences with digital media at home, although we note that in today's world
digital media has made formal schooling possible outside the physical bounds of the classroom. We restricted our
literature search to scientific studies of children from birth to age 8. Recent data points to increased digital media
use by younger children and an "ageing down" of first experiences with digital media (Hooft Graafland, 2018;
Rideout & Robb, 2020). Furthermore, the early life period represents a critical window for brain development in
which early experiences can have lasting and cascading impacts. We did not include studies about ebooks because
children's ebook use constitutes a very small portion of children's media experiences (Rideout & Robb, 2020).

We reviewed more than 150 journal articles, press articles, industry papers, and books. Data was collected from
global populations, and studies with people living in the United States were cited most frequently. Based on our
literature review, we identified several trends in the growing body of research on EF skill development and
children's digital media exposure. We have included below a summary of key findings that we believe are most
relevant for various stakeholders working in early childhood education, public policy, and programs and services for
children and families in lower-income households.

Key Trends

Digital media doesn't exist in a vacuum: Those with whom children experience digital media are key and can
shape the extent to which digital media experiences will ultimately be beneficial to children's EF development.

e An'"environment of relationships" is crucial for the development of a child's brain architecture (Galinsky,
2010).

e Through practicing joint media engagement, adults and peers can boost the educational value of digital
media by scaffolding children's learning in a developmentally appropriate manner (Ewin et al., 2020).

e Technoference refers to the frequent disruptions that digital media can cause in interpersonal relationships
(McDaniel & Coyne, 2016). Research suggests that technoference is a potential threat to sensitive and
reliable caregiving, with implications for children's EF skill development (Radesky et al., 2015).

e Many studies have reported an association between high amounts of background television during infancy
and early childhood and decreased EF skills later in life (Barr, 2010).

e Thereasons parents and children engage with digital media are related and can have complex effects on EF
skill development. For example, parents may try to soothe or manage more difficult children with screen
time, which in turn exacerbates regulatory difficulties as a result of reduced parent-child
interactions/exposure to inappropriate content (Radesky & Christakis, 2016).

Not all digital media content are created equally: Although high-quality, educational content can be used to foster
EF skills, consuming developmentally inappropriate content has been linked to poorer EF skill development.

e High-quality content is engaging, encourages active involvement, is meaningful for the child, encourages
social interaction, and has a clear learning goal (Hirsh-Pasek et al., 2015).

e High-quality, interactive digital media are a promising avenue for direct instruction of EF skills (Eichenbaum
et al.,, 2014; Simons et al., 2016). However, games that use "bells and whistles" to increase interest may
inadvertently distract players from the learning goal (Hirsh-Pasek et al., 2015).

e Children's performance on measures of EF skill appears to be reduced (temporarily) after viewing fantasy
content (Rhodes et al., 2019). The long-term consequences of this effect require further investigation.
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For children younger than about age 3, there are limits on how much they can learn from screen-based
media (transfer deficit) (Barr, 2010; Huber et al., 2016). This effect appears to be reduced when the content
are interactive, when children are already familiar with the content, and/or when children have prior
experience with screens.

High amounts of screen time are related to weaker EF skill development in young children. Yet what constitutes
"high" amounts of screen time is unclear.

V

Research points to multiple and non-mutually exclusive pathways through which high amounts of screen
time could affect the developing brain and EF skills (i.e., by displacing more developmentally appropriate and
brain-enriching activities, an increase in exposure to inappropriate content, disrupted sleep, and increased
sedentary behavior). High amounts of screen time may also be a proxy variable for other factors (such as
reduced access to sensitive caregiving, or to learning environments that promote and build EF skills).
Children whose exposure to digital media occurred earlier in life are more likely to show poorer EF skills
during the preschool years (Nathanson et al., 2014).

There is an especially strong link between increased screen time and poorer attentional control. Sustained,
high levels of digital media exposure (as opposed to single bouts of high digital media use throughout
childhood) are related to poorer EF development (Mistry et al., 2007).

Exergames, or video games that require active physical participation, have been shown to result in
short-term benefits to cognitive function immediately after playing, similar to physical activity (Best, 2012).
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Executive Function Skills

EF refers to a set of attention-regulation skills that originate in the prefrontal cortex (Diamond, 2013; Garon et al.,
2008; Jones et al., 2016; Zelazo & Miiller, 2002). EF typically comprises the following simple skills (sub-components):

e Working memory: This skill enables us to hold and mentally manipulate information in our minds and make
connections between seemingly unrelated things. For example, working memory makes it possible for
children to do addition and subtraction, follow a story, and remember the rules of a game.

e Inhibitory control: This skill enables us to make choices and achieve goals by suppressing a dominant
response or impulse to do something to achieve a goal as well as resist distraction. For example, inhibitory
control helps children focus their attention selectively, wait for their turn, and stop themselves (as best they
can) from snatching a toy they want.

e Cognitive flexibility: This skill enables us to "switch gears" when we need to, consider different perspectives
and strategies, and shift attention from one source to another. For example, cognitive flexibility helps
children problem solve, be creative, and think critically.

While researchers can measure each of these simple skills independently, in reality, they work together to make up
EF skills. Furthermore, complex life skills (such as problem-solving, regulating emotions, and planning) typically
involve EF skills as well as other skills and knowledge (Jones et al., 2016).

EF skills vary along a continuum from "cool" to "hot" (Zelazo & Miller, 2002). Cool EF refers to skills engaged in
relatively emotionally neutral contexts (e.g., using inhibitory control during a Stroop Test to say the color of a word,
like "green," instead of reading the word "red"). Hot EF refers to skills engaged in situations that are emotionally
and/or motivationally significant (e.g., using inhibitory control to delay reaching for a piece of chocolate).

Itis important to distinguish EF skills from related yet distinct constructs (e.g., attention, effortful control,
self-control, emotion regulation, self-regulation, and planning, among others). Often these are incorrectly used
interchangeably in the literature, obscuring the differences that exist in terms of when and how each skill develops,
when is the most important time to focus on it in development, how easy or difficult it is to change, what strategies
are shown to improve it, and how strongly it predicts short- and long-term outcomes (social, health, education)
(Jones et al., 2016).

Executive function skill development: Birth to age 8

The scientific evidence on the development and consequences of EF skills in the earliest years of life conveys several
important messages (Center on the Developing Child at Harvard University, 2011):

1. EF skill development follows a protracted course. The fact that young children have a difficult time staying
on tasks, remembering multistep instructions, or deviating from routines, is of course no surprise to anyone
who has been around a young child. Children go from reacting to their world around them in a reflexive way
to developing more goal-directed, self-regulatory behaviors. As a child's ability to engage in reflective
thinking improves, EF skills are more likely to be engaged (Zelazo, 2015). When a child can notice challenges,
pause, consider the options, and put things into context before responding, they are in a better position to
use EF skills appropriately. It is when a child responds to a situation reactively, without reflecting upon their
current behavior, classic failures of EF skills occur (i.e., children proceed on "autopilot").

During the second half of the first year, infants are increasingly capable of remembering one or two objects
that have been hidden from view (working memory) and inhibit the tendency to search for a desirable toy at
an old hiding location (inhibitory control). During the preschool period, EF skills are rudimentary. However,
they serve an essential role in children's increasing ability to learn and act independently. Preschool-age
children show changes in their ability to remain focused despite distracting alternatives (e.g., pulling out one
toy to play with for a short time rather than all of the toys at once) (inhibitory control), and thinking about
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objects flexibly (e.g., using wooden blocks like a train) (cognitive flexibility). By the time children turn 7 or 8,
aspects of their developing EF skills are comparable to adults, even though EF skills continue to develop well
into the adolescent years and beyond.

Genes provide the blueprint for EF skill development, yet the malleability of the brain during the early life
period means early experiences can produce lasting impacts on EF skill development. Scientists use the
term "plasticity" to refer to the capacity of the brain to change as a function of experience (Kolb et al., 2013).
Plasticity is greatest early in life and adolescence but then decreases with age. Although windows of
opportunity remain open for many years, trying to change behavior or build new skills later in life requires
more time and effort—for both the individual and society (National Scientific Council on the Developing
Child, 2005; Shonkoff et al., 2012).

An environment of relationships is crucial for the development of a child's brain architecture (Galinsky,
2010; National Scientific Council on the Developing Child, 2004). Growth-promoting relationships allow
children to engage in meaningful and supportive interactions and provide ample opportunities for children
to extend their developing EF skills through practice and age-appropriate challenges. When children are not
provided with reliable, responsive, and sensitive caregiving, it can and does affect brain development.
Without supportive relationships, ongoing, severe stress during the early life period (due to poverty,
violence, abuse, or neglect) can disrupt the brain's developing architecture and increase the risk for
linguistic, cognitive, and social and emotional problems, though repair is possible (Evans & Kim, 2013; Farah
et al., 2006; National Scientific Council on the Developing Child, 2007).

During infancy, attention to an infant's cues is important for supporting what researchers call the
"serve-and-return" interactions that build strong neural connections in the developing brain. For example,
infants naturally seek social interaction through babbling, facial expressions, and gestures (serve), and
responsive adults will answer this behavior with similar kinds of vocalizing and behaviors (return). As
children become toddlers, preschoolers, and elementary schoolers, it is necessary for primary caregivers to
help shape experiences that both promote EF skills and help children practice their developing EF skills
(National Scientific Council on the Developing Child, 2004). Adaptive support, or scaffolding, is one way
primary caregivers can do this. First, children are given "just enough" help from an adult or peer when they
are faced with a challenge, so that they can learn by doing. Then this support is gradually decreased as
children improve their skills, learn from their mistakes, and acquire the tools they need to succeed more
independently (Hammond et al., 2012).

As children grow older, their EF skill development benefits from participation in less-structured activities
(i.e., ones in which the child, rather than the adult, has increasing decision-making and problem-solving
responsibilities). For example, on a visit to a museum, a child may practice engaging self-directed forms of EF
by establishing goals and plans, keeping them in mind, and carrying them out. ("First | want to see the
dinosaur exhibit, and then | want to learn about rocks.") (Barker et al., 2014).

There is increasing evidence that interventions targeting EF skills are effective (Diamond & Lee, 2011;
Rueda et al., 2005). In particular, school-based social and emotional programs and professional development
for teachers have been shown to have a positive effect on children's EF and regulation-related skills as well
as a positive impact on academic and behavior outcomes (Bierman et al., 2008; Riggs et al., 2006; Zelazo &
Lyons, 2012). Often these programs show the largest effects among children at-risk for academic and
behavioral problems (e.g., Jones et al., 2011). Fostering the healthy development of EF skills, and in turn,
coping skills such as emotional regulation, reflection, and problem-solving may also protect at-risk children
(Buckner et al., 2003, 2009).
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Exploring the Literature: Digital Media Experiences and Children's EF Skills

Screen time today is no longer as simple as watching a show on television—digital devices, such as smartphones,
tablets, TV sets, and gaming consoles—have multiple affordances (e.g., streaming, interactive gaming, video-chatting,
instant messaging, tailoring and recommending content), and the line between video content and interactive content
is becoming increasingly blurred. Furthermore, as children spend increasing amounts of time with digital media, their
play activities and social relationships transcend digital and nondigital contexts (Fleer, 2018; Follmer et al., 2010;
Marsh, 2014; Richards & Calvert, 2017).

A recent report by Common Sense Media summarized the results of a national study documenting media-use
patterns among children from birth to age 8 in America (Rideout & Robb, 2020). Watching videos is the dominant
screen activity among children age 8 and younger, taking up nearly three-quarters (73%) of all screen time. By
contrast, gaming accounts for 16% of young children's screen time. Other activities, like video-chatting, electronic
reading, or doing homework on a computer or mobile device, each account for less than 3% of children's screen time.
Nearly half (49%) of children age 8 or under "often" or "sometimes" watch television or videos or play video games in
the hour before bedtime, and 39% of parents say the TV set is on "always" or "most of the time" in their home,
whether anyone is watching or not.

Children younger than 2 engage with screens for an average of 49 minutes a day. By contrast, children age 2 and
older consume, on average, two and a half to three hours of screen time daily, despite arguably large differences in
children's daily activities (e.g., stay at home vs. attend school) or the amount of digital media activities available to
them (e.g., watching television vs. internet browsing). An earlier report found that exposure to background television
declines from 3.88 hours in preschool to 2.70 hours as children enter formal schooling (Lapierre et al., 2012).

Eighty-four percent of parents watch television with their child at least some of the time; 29% say they do so "most
of the time" the child watches. Fewer say they watch online videos with their child (74% at least sometimes), play
games or use apps on a mobile device (63% at least sometimes), or play console video games (54%). The majority of
children younger than 8 have used general-audience video platforms like YouTube, where (a) content may be age
inappropriate, (b) prolonged viewing is encouraged through autoplay, and (c) tailored recommendations and
user-generated content may have low educational quality and high commercialism.

Importantly, there are large differences in screen time by household income and race/ethnicity. Childrenin
lower-income households spend an average of nearly two hours a day more with screen media than those in
higher-income homes (three hours, 48 minutes vs. one hour, 52 minutes). Similarly, Hispanic/Latinx (three hours,
three minutes) and Black (four hours, nine minutes) children spend more time with screen media per day than White
(one hour, 52 minutes) children do. There are similar differences with screen use by parent education (Rideout &
Robb, 2020). Children from homes with lower parent education are more likely to have their data collected and
shared with third-party companies (Zhao et al., 2020).

Additionally, the Common Sense Media report found a gap of 32 percentage points in home computer access and a
gap of 20 percentage point in high-speed internet access at home between children in lower- and higher-income
households (63% vs. 95% for a home computer, and 74% vs. 94% for high-speed internet). Children in lower-income
families are as likely as children in higher-income families to own a tablet device (40% from each group, and 45% of
those in the middle-income group).

1. Relationships, Digital Media, and EF Skills

When considering the link between children's EF skills and digital media, those with whom children consume digital
media—or what interpersonal processes media interrupts—are key. The practices caregivers engage in to manage and
regulate children's experience while using digital media can shape the extent to which digital media experiences will
ultimately be positive or negative. At the same time, digital media experiences can promote or disrupt important
peer relationships: Learning to share with others, engaging in reciprocal exchanges, managing impulses, and
considering others, are all EF-related skills that young children practice during social interactions with one another.
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Technoference and digital media use

There is growing concern over technoference in adult-child relationships (i.e., the frequent, daily disruptions that
digital media can cause in interpersonal relationships) (McDaniel & Coyne, 2016). In an observational study,
researchers recorded the behaviors of 55 parents eating at a fast food restaurant in Boston. They found that out of
55 parents, 40 used a mobile device during the meal, and the more time parents spent with their mobile devices, the
more likely their children were likely to show externalizing behaviors, like acting out and trying to get the parents'
attention (Radesky et al., 2014).

Parents have been estimated to use digital media an average of nine hours per day, with approximately three hours
per day of smartphone use (Lauricella et al., 2016; Wartella et al., 2015). At the same time, primary caregivers, the
people with whom children form their strongest relationships, are children's first and most important teachers. It is
through serve-and-return interactions with important people in children's lives that infants' and children's brains
develop a foundation for future learning, health, and behavior.

While researchers agree that occasional inattention is not cause for concern, the brief yet repeated and
unpredictable interruptions that digital technology creates when primary caregivers and children are together could
be displacing important opportunities for bonding and learning. In one study, researchers asked whether a
disruption as simple as a phone call could interfere with young children's learning (Reed et al., 2017). Mothers were
asked to teach their toddlers two novel words; sometimes mothers received a phone call that interrupted them
while teaching one of the words. Children were significantly less likely to learn the novel word when their mother
was interrupted by the phone call than in the uninterrupted situation, despite the researchers ensuring that the
amount of exposure to each word was similar.

The relationship between adult digital media use and children may be transactional (i.e., there may be bidirectional
associations between parental digital media behaviors and children's behaviors). One possibility is that parents rely
ondigital technology for personal stress-relieving purposes. In one study, researchers found that parents who report
being stressed by their child's difficult behavior, are more likely to withdraw from parent-child interactions with
technology (e.g., using mobile media while with a child) (McDaniel & Radesky, 2018). Furthermore, higher amounts
of difficult behavior predicted greater parenting stress, while higher technology use during parent-child interactions
predicted greater child self-regulatory problems over time. Parents who use mobile devices frequently when with
their young children have more difficulty "repairing" with their infants after disrupted interaction (Myruski et al.,
2018), and have less sensitive and reflective mental working models of their children (Radesky et al., 2018), both of
which are important for children's burgeoning EF skills.

Background television

Numerous studies have reported an association between high amounts of background television during infancy and
early childhood, and decreased EF skills later in life (Barr et al., 2010; Ribner et al., 2020; Schmidt et al., 2008).
Recently, one study also showed that increased background television was negatively associated with increased
self-regulation problems, which was subsequently linked to poorer language and literacy outcomes (Ribner et al.,
2020).

Researchers have proposed three primary and non-mutually exclusive mechanisms through which background
television could negatively impact EF development. The first is through disruption of play, a fundamental ingredient
for healthy brain development and learning (Courage & Howe, 2010; Ginsburg, 2007; Golinkoff et al., 2003; Schmidt
et al., 2008). The second is through technoference and diminished quality of adult-child interactions (Kirkorian et al.,
2009; Masur et al., 2016; Pempek et al., 2014). The third is through exposure to developmentally inappropriate
content (Tomopoulos et al., 2014) For example, even child-directed content an older sibling watches might be
inappropriate for a younger child.
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Joint media engagement

Early childhood experts have long advocated for the importance of joint attention for learning and meaning-making
(Bruner, 1983; Carpenter & Tomasello, 1995; Galinsky, 2010; Tomasello, 2009). Joint media engagement (JME) refers
to how adults and children interact with each other when engaging in digital media. JME includes viewing, playing,
searching, reading, contributing, and creating—with either digital or traditional media—together (Stevens & Penuel,
2010). Research shows that JME may boost the educational value of digital media experiences (Anderson & Hanson,
2017; Ewin et al., 2020; Takeuchi & Stevens, 2011). When adults or peers engage with digital media with children,
they can help children draw connections between what they see on a screen and the real world, respond to
questions, share their perspective, and model appropriate responses and behaviors as well as physically assist
children with a digital device.

For example, in one study, children age 6 to 18 months showed longer looking times to a screen (a measure of
attention) and greater responsiveness when their parents provided verbal cues (such as labels or questions) while
coviewing (Fidler et al., 2010). In another study, children age 2 to 6 years either watched or did not watch 10
episodes of Daniel Tiger's Neighborhood over two weeks (Rasmussen et al., 2016). Daniel Tiger's Neighborhood is a
cartoon designed for preschoolers that employs a social and emotional curriculum (similar to Mister Rogers'
Neighborhood), where each episode targets a particular social, emotional, or life skill. Preschoolers who watched the
program and whose parents frequently engaged in conversations about the content exhibited higher levels of
empathy, self-efficacy, and emotion recognition—all of which depend heavily on EF skills. The effects were more
pronounced for younger preschoolers and preschoolers from lower-income families. Similar improvements in
content comprehension have previously been reported by researchers examining coviewing and Sesame Street
(Reiser et al., 1984).

Video chat

Video chat is one way digital media can be used to foster important social relationships necessary for building EF
skills (McClure et al., 2015). When parents or caregivers are physically present with young children during a video
chat, adults can model appropriate ways of interacting with a chat partner and help children make sense of the
situation. In one study, toddlers participated in a video chat while their coviewer was responsive or unresponsive
(Myers et al., 2018). Toddlers whose coviewer was responsive looked longer at the screen and made more
vocalizations.

Furthermore, research shows that video chat may be a more appropriate platform for younger children to connect
with others than phone calls (Follmer et al., 2010). First, video chat allows children and their conversation partners
to communicate through actions, rather than with words, which is especially important for younger children who
have weaker language skills. Secondly, even older children may require a high level of prompting and scaffolding
when using a telephone, as they are still developing the skill of conversation. Third, and perhaps most importantly,
video chat allows for a greater degree of social contingency: Social cues, such as eye gaze, gestures, and facial
expressions, are important for children's comprehension of social situations, and video chat partners can respond to
each other in real-time (Kirkorian et al., 2016; Roseberry et al., 2014).

2. Digital Media Content and EF Skills

The sheer volume of digital media content targeted at young children is staggering. Most (but not all) child-directed
content is created by developers who are not experts in cognitive development, and content marketed as
"educational" is not necessarily so (Zosh et al., 2017). Yet high-quality, educational content does exist and offers the
opportunity for children living in different socioeconomic contexts to access the same learning experiences (Rideout
& Katz, 2016). Currently, open questions remain about the extent to which high-quality digital media can improve EF
skills (e.g., by how much, for whom, and how long do the effects last) and whether these improvements transfer to
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other skills known to depend on EF skills (e.g., perspective-taking, academic performance, critical thinking)
(Hampshire et al., 2019; Rossignoli-Palomeque et al., 2018; Simons et al., 2016).
High-quality content

Researchers examining how children learn best have identified a number of features that distinguish high-quality
digital media content (Hirsh-Pasek et al., 2015; Zosh et al., 2017):

1. Engaging: Children learn best when they are engaged with the content. Engaging content is media content
designed to help children focus on a specific learning goal without distractions unrelated to the learning
objective. Engaging content also includes media that facilitate or encourage contingent interaction, provide
extrinsic motivation or feedback, or feature design that evokes intrinsic motivation (i.e., kids' unique
abilities, passions, and interests, matched to their developmental level).

2. Activelyinvolved: Media that encourage children's active involvement engages children in "minds-on"
experiences, sparking their motivation to engage fully with the content. Content that promotes active
involvement encourages children to participate in thinking about problems or coming up with ideas, rather
than passively following along.

3. Meaningful: Children learn best when they can connect new information to previously learned information
or experiences. Children also learn when information is presented in a meaningful context, such as a story.
Thus, content should be meaningful and relevant to your own child's interests

4. Socially interactive: Research shows that learning is enhanced when content engages the child in an
interaction with a peer or caregiver as part of the screen experience. Caregivers can also facilitate this kind
of experience even when the content does not explicitly require social interaction. They can do so by asking
questions, labeling objects, providing descriptions of what is on the screen, and/or talking about or
performing actions related to the storyline.

5. Learninggoal: Screen time should have a purpose, whether it is to build content knowledge or practice a
skill. High-quality educational content promotes children's attention and engagement with features that are
specific to the learning goal rather than generally boosting engagement through bells and whistles.

There is evidence that children who consume high-quality content are more likely to develop strong EF skills. A
recent meta-analysis synthesizing the results of 24 studies, conducted with more than 10,000 childrenin 15
countries, examined the effects of children's exposure to international coproductions of Sesame Street (Mares & Pan,
2013). The researchers found widespread cognitive, social, and emotional benefits in terms of developing content
knowledge, life skills, and prosocial behavior.

In another study, researchers examined the effect of watching Blue's Clues on children age 3 to 5 (Anderson et al.,
2000). Blue's Clues is a TV series designed for preschoolers and aims to promote mastery of thinking and
problem-solving skills through a think-along/play-along style. Blue's Clues also features episode repetition (when
viewed live), which is intended to improve comprehension while holding attention and increasing children's
participation. The researchers found that regular viewers of Blue's Clues performed better on parental report
measures of flexible thinking, problem-solving, and social skills—all of which depend heavily on EF.

Commercials may reduce the educational value of high-quality content. In one study, the amount of PBS viewing was
positively related to preschoolers EF skills, whereas the amount of "educational cartoon" viewing was negatively
related to preschoolers EF skills (Nathanson et al., 2014). The researchers speculated that a potential explanation
for the different effects was due to the lack of commercials on PBS, which meant less frequent attention-grabbing
interruptions to the storyline.
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Transfer deficit

For children younger than about age 3, there are limits on how much they can learn from screen-based media:
Infants and toddlers learn more effectively from real-life interactions with people and objects compared to screens.
This effect has been termed the "transfer deficit" (Anderson & Pempek, 2005) and is, in fact, a general principle that
describes how very young children's brains' learn. Information learned or acquired in one context is more likely to be
applied in a new context if the new context is highly similar (Barr, 2010). This means that, for very young children,
the two-dimensional context of screens can be too dissimilar to the 3D context of the real world, resulting in little
transfer of learning between the two.

There is some evidence, for example, that infants and toddlers are capable of imitating a series of actions observed
on television and recall these actions at a later point in time. However, the rate of learning is faster when the same
series of actions is observed through a real-life demonstration (Barr et al., 2007; Barr & Hayne, 1999; Brito et al.,
2012). However, there is also evidence that the transfer deficit can be reduced. For example, one study showed that
2-year-olds who previously experienced a video-chat scenario were subsequently more likely to use information
delivered to them by screen to find a toy than children who did not (Troseth et al., 2006), suggesting that prior
experience interacting with screens may be important. In another study, children age 1 to 5 years showed greater
imitation of an action sequence when the video was viewed multiple times (Barr et al., 2007), suggesting repetition
of content may aid screen-based learning. Lastly, there is evidence that toddlers learn more effectively from screens
when familiar characters are in charge of teaching (such as a friend, relative, or beloved TV character, like EImo)
(Golaetal., 2013).

Digital worlds and fantastical content

From a young age, infants show expectations about the physical world and how it works, a phenomenon referred to
as "naive physics" (Spelke, 1994). For example, 5-month-old infants expect humans, like all material objects, to be
solid and are surprised when a hand passes through a wall (Saxe et al., 2006). As such, young children are highly
attuned to situations that violate their expectations about the world and use these situations to guide learning (Stahl
& Feigenson, 2019).

Researchers have suggested that digital media content that frequently violates young children's expectations of the
real world may result in a kind of "mental overload," similar to the mental exhaustion students can experience after
taking a challenging exam (Lerner & Barr, 2015). The clearest evidence of this comes from experimental studies
examining the effects of watching fantastical content on EF skill performance in children. In a series of studies,
researchers compared EF skill performance immediately after 4- and 6-year-old children watched either a
fantastical cartoon (e.g., SpongeBob SquarePants) or a realistic cartoon (e.g., Caillou) (Lillard et al., 2015; Lillard &
Peterson, 2011). Children who viewed fantastical content performed worse than their peers who viewed realistic
content. The researchers also investigated whether pacing of the content interacted with the degree of fantastical
content, and found pacing was not a significant factor.

It is important to note that in the aforementioned studies, baseline EF skill performance was not measured, so it is
unclear whether the fantastical content impaired EF skills, or the more realistic content improved EF skills.

However, using a similar paradigm, a more recent study found that EF skills were impaired immediately after viewing
fantastical content in a group of 5- and 6-year-old children (Rhodes et al., 2019). Future research is needed to
determine what (if any) are the longer-term consequences of repeated bouts of reduced EF skill performance
immediately after viewing nonrealistic digital media content. Currently it is unclear whether nonrealistic digital
content actually reduces EF skills versus reduces EF performance. For example, children may continue to think
about the (potentially more interesting) nonrealistic content, and so are distracted when their EF skills are measured
right after watching this content, even if their EF capabilities are still intact.

Interactive content may have the potential to mitigate some of the negative effects of unrealistic content on EF
skills. In one study, 4- to 6-year old children who played an interactive app that contained fantastical content showed
no change in inhibitory control, whereas children who watched fantastical content showed poor inhibitory control as
measured by a go/no-go task (Li et al., 2018). Interacting with fantastical events in a physical way (i.e., by touching
the screen) may make fantastical events more "real." Indeed, when the researchers asked the children whether the
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events in the video or game could happen in real life or only in a video or game, children in the interactive condition
were more likely to respond that the fantastical events could happen in real life.

Fast-paced images and sounds

A concern that is often raised about digital media and very young children is exposure to "non-normative"
stimulation (Anderson et al., 1977; Christakis et al., 2018). For example, researchers analyzed 59 DVDs designed for
children younger than 3 years and found that most of the content contained high concentrations of perceptually
salient features (e.g., rapid pace and camera cuts), which can be difficult even for older children to understand
(Goodrich et al., 2009).

Furthermore, concentrations of reflective features which provide opportunities to rehearse content (e.g., singing,
rhyming, camera zooms, and moderate character action) were relatively rare. The suggestion is that this kind of
content compels children to sustain attention to the screen longer than natural and increases children's desire to be
constantly stimulated without mental effort, thereby potentially disrupting attentional regulatory abilities (Pempek
etal., 2010).

However, two studies specifically investigated the effect of pacing and editing on preschool children's EF skills and
found no differences in EF skills between children exposed to fast-paced or slow-paced clips of Sesame Street or a
video of an adult reading a story (Anderson et al., 1977; Cooper et al., 2009). Brain-imaging studies and studies that
measure physiological responses while engaging with digital media are needed to further evaluate to what extent
and at what age the formal features of digital media might significantly disrupt children's attentional processing and
learning. For example, highly salient content might elicit attention but also distract children from allocating mental
resources to learning meaningful content, thereby reducing the value of the content (Barr et al., 2018).

Violent and other negative content

Research indicates that children's consumption of violent and sexually charged content is related to increased
displays of aggression, antisocial behavior, and poorer academic achievement (Bushman & Huesmann, 2006;
Common Sense Media, 2013; Friedrich & Stein, 1973). Such content has also been linked to attentional problems in
young children. In one experimental study, 4- and 5-year-old children watched an episode of Mr. Rogers'
Neighborhood or Mighty Morphin Power Rangers and then were observed for 30 minutes in a playroom with seven
activity centers. (The control group went straight to the playroom.) (Geist & Gibson, 2000). Children who viewed
Mighty Morphin Power Rangers spent less time at each activity center and switched between the activity centers more
frequently, potentially indicating reduced ability or inclination to sustain attention on one task.

By contrast, the children who watched Mr. Rogers' Neighborhood did not differ significantly in their play behavior to
the control group. In another study conducted with younger children, each hour of viewing violent content (e.g.,
Looney Tunes) before age 3 was associated with approximately double the odds for attentional problems in
childhood (Zimmerman & Christakis, 2007). Nonviolent entertainment content (e.g., The Aristocats) was also
associated with increased odds for attentional problems, but less so. By contrast, viewing educational content (e.g.,
Sesame Street) before age 3 was not associated with an increased odds of attentional problems five years later.

Interactive content and digital games

There is good reason to think that interactive content is less akin to more passive forms of digital media (like
watching video content) and more similar to children's real-world toy play: Both interactive digital content and
real-world toys often can respond to something a child does (reactivity), can prompt reactions from a child based on
actions that he or she took (interactivity), can be manipulated differently based on the age of the child (tailorability),
can build upon or scaffold a child's learning through increasing challenges and complexity (progressiveness), and can
promote social interaction (joint attention) (Christakis, 2014).
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Today, interactive apps and video games incorporate many features that psychologists, neuroscientists, and
educators believe are critical for learning, such as active engagement, motivation, reward, and contingent feedback
(Eichenbaum et al., 2014; Flynn et al., 2019; Kirkorian, 2018). However, whether and when the influence of digital
games on the brain is positive or negative is hotly debated (Eichenbaum et al., 2014; Gorman & Green, 2017,
Halbrook et al., 2019; Kovess-Masfety et al., 2016; Kulman et al., 2014).

Some researchers have also questioned whether the highly publicized negative effects of video game play are large
enough to warrant concern. For example, a meta-analysis of 101 studies of children between age 5 and 17 found
only weak evidence for a relationship between gaming and aggression, reduced prosocial behavior, reduced
academic performance, depressive symptoms, and attention deficit symptoms (Ferguson, 2015). Complicating
matters is the fact that even a single game, like Grand Theft Auto, could potentially have positive (improved visual
processing) and negative effects (increased aggressive thoughts and feelings) on players (Prot et al., 2012).

To date, the majority of research on video games has considered the effects of the "action" genre (typically first- or
third-person shooter games) in adolescents and adults (Dale et al., 2020). However, a small number of studies have
considered the impact of commercial video games on EF development in children younger than 8. For more general
review, see Blumberg et al. (2013).

In one study, researchers investigated EF skills in 2- and 3-year-old children before and after exposure to one of
three different touchscreen-based interventions: (a) a noneducational cartoon (Penguins of Madagascar), (b) an
educational video (Sesame Street) or (c) an educational app (Shiny Party) (Huber et al., 2018). The researchers found
that inhibitory control and working memory improved only for children in the educational app condition.

In another study, 4- to 6-year-olds played either (a) the arcade game Whac-A-Mole?, (b) Talking Tom Gold Run?, or
(c) no game for five minutes a day, for five days (Liu et al., 2019). Both video games require children, in one way or
another, to focus on selecting target items (i.e., the mole or gold) while avoiding nontarget items (i.e., bombs or
obstacles). At the end of the five-day period, children who played video games performed better on a measure of
inhibitory control measure relative to the control group.

While it is clear that digital games can be powerful teaching tools (Green & Bavelier, 2012; Levine & Vaala, 2013;
Prot et al., 2012), not all interactive content designed for children is necessarily high quality. For example,
interactive features can be used to direct attention toward a relevant learning goal or increase motivation.
Interactive features can also present a learning challenge in themselves (e.g., requiring a complex button press),
derailing a young child's attention and learning (Bus et al., 2015). Similarly, commercially available games often
include bells and whistles designed to increase interest but might also distract young children from a learning goal
(Hirsh-Pasek et al., 2015).

Lastly, some research has suggested that interactive content may, at times, discourage joint media engagement,
while user-paced games that allow multitouch input may support JME (Hiniker et al., 2018). For example, when
digital games provide feedback to scaffold a child's behavior, parents may be more likely to let the device do the
teaching, so to speak. Also, the handheld design affordances of tablets may lead to children using them in a more
solitary way, positioning their body in a manner that precludes JME (Munzer et al., 2019).

3. Digital Media Balance, Screen Time, and EF Skills

It is acommon and long-standing concern among parents, practitioners, and policymakers that children are spending
too much time in front of a screen (Chassiakos et al., 2016; Council on Communications and Media, 2016). Time
spent with screen media has been suggested to displace activities that would otherwise provide a better forum for
children to develop, practice, and strengthen EF skills (Calvert & Wilson, 2010).

' The goal of Whac-A-Mole is to force the moles that have popped up back into their holes by whacking them with
a mallet, and to avoid hitting other objects, such as bombs.

2 The goal of Talking Tom Gold Run is to make characters (such as Talking Tom) run as far as possible on each
level while avoiding obstacles and collecting items (e.g., gold bars).

<\/' com m‘0|1 © 2020 Common Sense Media. All rights reserved. Common Sense, associated names, associated
sense trademarks, and logos are trademarks of Common Sense Media, a 501(c)(3) nonprofit organization. 13



However, there are alternatives to the displacement hypothesis. It could be the case that as screen time increases,
the amount of inappropriate content consumed also increases. It could also be that children who experience
increased screen time have other obstacles to developing EF skills, such as less access to sensitive caregiving or
learning environments that build EF skills. Another possibility is that children with weaker EF skills may be more
likely to seek out screen time. Or that families experiencing more stress rely on screen time more.

It is important to note that the studies reviewed below should be interpreted with caution: Although screen timeiis a
useful measure, it does not take into account the content children are consuming, including the quality of
programming, how interactive the experience is, and those with whom children are sharing the experience.

High amounts of screen time

Several cross-sectional and longitudinal studies have found a link between the amount of screen time and
attentional control (Acevedo-Polakovich et al., 2006; Christakis et al., 2004; Courage, 2017; Ferguson, 2011; Gentile
et al., 2012; Hofferth, 2010; Johnson et al., 2007; Miller et al., 2006; Swing et al., 2010). In one study, researchers
found that children who viewed more television at age 7 were more likely to show weaker attentional focus at age 8
(Acevedo-Polakovich et al., 2006). In another study, researchers looked at video game playing in a large sample of
children age 6 to 12 and compiled teacher reports of attentional problems (e.g., difficulty staying on task, difficulty
paying attention, or frequently interrupting other children).

Increased video game playing was associated with higher attentional problems on the teacher-reported measure,
and this effect was similar in magnitude to the association between attentional problems and television viewing. In
another study, conducted with older children (age 8 to 17), time spent playing video games was a more robust
predictor of attentional problems three years later than playing video games with violent content (although this was
also significant) (Gentile et al., 2012).

High levels of digital media exposure throughout childhood are more strongly related to poor EF skill development
compared to high levels at a single point in childhood. For example, one study reported that watching more than two
hours of television daily at age 2 was not linked to attentional problems at age 5 (Mistry et al., 2007). However, for
children for whom this high level of exposure to television was sustained (i.e., was greater than two hours a day at
both age 2 and 5), exposure to television predicted greater attentional problems at age 5, in addition to more sleep
problems, aggressive behavior, and externalizing behavior.

Children with poorer attentional control may be more likely to consume greater amounts of digital media, indicating
a bidirectional relationship between screen time and this specific EF skill (Acevedo-Polakovich et al., 2006; Gentile
et al., 2012). However, further research is needed to determine why because a number of child- and context-specific
factors could explain this effect. For example, it could be that children seek this kind of activity themselves, or that
parents opt for digital media as a way to manage difficult behaviors. It could also be that high amounts of digital
media consumption is a proxy for high parental media consumption and interference of digital media in the home
and family relationships.

Evidence for a relationship between screen time and core EF skills (i.e., working memory, inhibitory control, and
cognitive flexibility) is mixed—some studies have reported linear relationships between core EF skills and high
amounts of digital media use, while others have found no relationship (Jusiené et al., 2020; Munzer et al., 2018;
Nathanson et al., 2014; Zimmerman & Christakis, 2005). For example, one study found a link between the amount of
TV exposure before age 3, and poorer working memory at age 6 (Zimmerman & Christakis, 2005). Another study
found increased screen time at 4 months was related to poorer inhibitory control at 14 months, but not working
memory or cognitive flexibility (McHarg et al., 2020).

However, an outstanding question is what constitutes a high amount of screen time? For example, in one study,
every hour of television viewed per day at age 1 and 3 was associated with higher odds of attentional problems at
age 7 (Christakis et al., 2004). However, a different group of researchers analyzed the same dataset using different
criteria and found that only children who watched very high amounts of television (more than seven hours daily, 10%
of the sample) were more likely to show attentional problems at age 7 (Foster & Watkins, 2010). These researchers
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also found that when poverty status and maternal efficacy were included in the analysis, there was no statistically
significant link between watching television before age 3 and attentional problems at age 7.

Similarly, another study that investigated digital media use in 4-year-olds found the relationship between screen
time and EF skill development was only significant at higher amounts of screen time: "High-dose app users" (i.e., 30
minutes or more per day) had significantly lower inhibitory control scores 12 months later compared to "low-dose
app users" (i.e., one to 29 minutes per day) (McNeill et al., 2019). Research that investigates whether there are
threshold effects above which a deleterious relationship between screen time and core EF skills exists in very young
children is greatly needed.

Age of onset

Today, infants as young as 4 months are interacting with digital media, whereas 50 years ago regular television
viewing didn't occur until age 4 (Chassiakos et al., 2016). Most people have watched in wonder as a child too young
to hold a book deftly swipes across a touchscreen, or sits silently at a restaurant, engrossed in the show playing on
their parents' iPad. Recently researchers have begun to investigate whether the age at which infants begin being
exposed directly to digital media (including background television) has an impact on brain development. Currently
only a few correlational studies exist, although their findings are similar: Children whose exposure to digital media
occurred earlier in life were more likely to show poorer EF skills during the preschool years (Cheng et al., 2010;
Madigan et al., 2020; Nathanson et al., 2014; Supanitayanon et al., 2020). More research is needed to disentangle
why the relationship between early screen exposure and poorer EF development exists.

Using digital media as a coping strategy

Self-regulation refers to a child's increasing skill in managing his or her emotions, behaviors, and attention in order to
achieve goals. This includes not only intentional modification (like deep breathing when feeling anxious), but also
unintentional, involuntary processes, like shivering to increase body temperature. In infancy, most self-regulation
occurs automatically. As children age, self-regulation becomes increasingly intentional. When it is intentional,
self-regulation draws on EF skills, especially in situations when individuals purposefully control their behavior,
emotional reactions, or social interactions to achieve a goal (Hofmann et al., 2012)

Infants and toddlers with self-regulation difficulties (i.e., problems with self-soothing, sleep, emotional regulation,
and attention) are more likely to view more media at age 2 (Munzer et al., 2018; Raman et al., 2017), and are more
likely to be given media to calm down (Radesky et al., 2016). It is unclear why this is the case. Researchers are
investigating whether there is a bidirectional link between self-regulation and children's media use: Parents may try
to soothe or manage more difficult children with screen time, which in turn exacerbates regulatory difficulties as a
result of reduced parent-child interactions and potential exposure to inappropriate content (Cliff et al., 2018;
McDaniel & Radesky, 2018; Radesky & Christakis, 2016). Currently, this is an important area for future research.

Sedentary behavior, screen time, and executive function

Physical activity is essential for healthy brain function and has both short- and long-term benefits for cognitive
performance (Etnier & Chang, 2009; Loprinzi et al., 2013). Many studies have linked high amounts of screen time to
increased sedentary behavior in young children (Byun et al., 2011; Carson et al., 2015). Video games that get players
moving, known as exergames, might be one way to reduce sedentary behavior (O'Leary et al., 2011; Staiano &
Calvert, 2011). Even short bouts of physical activity can increase physiological arousal resulting in positive
short-term effects on EF skill performance. For example, in one study 6- to 10-year-olds who played a physically
active video game outperformed children who engaged in a cognitively engaging but sedentary video game on a test
of EF skills (Best, 2012). However, despite such benefits, many researchers agree that exergames should be used as a
fun addition to alternative forms of physical activity, rather than as a substitute.
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Sleep, screen time, and executive function

The amount of sleep infants and young children get is directly related to brain development and learning. During
sleep, important processes, such as memory consolidation and synaptic pruning, take place (Astill et al., 2012).
Screen time may disrupt sleep (Magee et al., 2014), which in turn disrupts the development of EF skills. Children who
lack adequate sleep may be less able to engage actively with digital media (compared to children who have adequate
sleep) and instead consume digital media passively, reducing opportunities for engaging in learning. For example,
researchers observed a negative relation between preschoolers' tablet time and hot EF skills (Nathanson & Beyens,
2018). However, this relationship only existed for preschoolers who slept for less than about 10.5 hours each night
(approximately 40% of children in the study). By contrast, for children who slept for more than about 10.5 hours
each night, handheld game playing was positively related to hot EF skills.

Implications and Future Research

Important research and programmatic work is still needed to build a robust body of knowledge about the role of
digital media in young children's EF skill development. Based on our literature review, we identified a number of
questions and assumptions that researchers have not yet addressed or answered. These questions suggest cautions
for how research is interpreted, and point to future directions for children's digital media research.

Before turning to gaps in the literature, we wish to highlight the following: The sheer volume of digital media
experiences available to young children and families, and the multitude of variables that determine healthy brain
development make it implausible for researchers to carry out scientific studies that evaluate the impact of every
digital media scenario on EF skill development. Rather than getting lost in the details of each unique digital media
experience, we suggest digital media research should focus on the ways families can use their experiences with
media and technology as "everyday" moments that can be used to strengthen parent-child relationships as well as
children's development of essential life skills.

We identified the following gaps in the literature, organized by major priorities and questions for the field:
Research
e What populations are most at risk/benefit most from digital media?

e Whatisthe "threshold" for too much media use, and what are the key factors that serve as protective
factors to mitigate negative effects? What are the long-term effects of exposure to digital media?

e What frequency of ads in apps, YouTube videos, and other platforms interferes with child comprehension or
learning?

e Howdo children understand and react to mobile advertising, persuasive design, or other design features
that interact with aspects of EF such as impulse inhibition? Why do children with poorer attentional focus
use more digital media?

e Longitudinal associations between technoference and child EF skill: Is there a relationship, and is it
stronger/weaker in children/parents who have weak EF skills? Is it moderated by overall parenting
sensitivity, autonomy support, or frequency of other EF-building activities?

e Do children orient differently to different types of interactive designs? That is, is there evidence that
children are more minds-on with certain types of design/content, and more passive with others (e.g.,
frictionless feeds, more subtle nudges)?
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Policy

General need for more research on modern media (YouTube, SVOD) and contexts (bedtime, other daily
routines in which EF skills/self-regulation are practiced)

Experimental/interventional work that doesn't rely on behavior change from exhausted parents—many of
whom also have EF deficits (e.g., Wi-Fi settings or smart TV settings that elevate positive content, designs
that encourage JME/parent involvement, and designs that encourage transfer to 3D life and nudge children
off).

What content should we be encouraging children to use, and at what ages?

Given the small effect sizes reported in the literature, how concerned should parents, practitioners, and
policymakers be, and how should digital media use be prioritized relative to other child development
concerns?

Under what conditions does digital media make a positive difference? How do we support systems that
maximize the beneficial effects of digital media and minimize the negative effects?

How can stakeholders in children's lives increase the extent to which skills learned in the context of digital
media will transfer to nondigital contexts?

How can families from all socioeconomic (SES) backgrounds make the most out of joint media experiences?
For example, families from high SES backgrounds may have more time or resources to curate joint media
experiences with children than low SES families. However, children from low SES backgrounds, or with
less-educated mothers tend to watch more television than children from higher SES backgrounds, and
presumably would benefit most from joint media experiences.

What sort of expectations should parents have around the role of educational content in teaching EF skills?
Do those EF skills generalize to everyday behaviors?

What are the best strategies in helping parents and children use media to cope with stress?

Can children's (or parents') EF abilities be inferred from their app/gameplay, and how can this data be
protected and not exploited?

The findings reviewed here have practical implications for multiple stakeholders, including program developers,
service providers, researchers, evaluators, educators, practitioners, and policymakers. In addition, they allow each
stakeholder to consider their own role in communicating the role of digital media in young children's EF skill
development with more accuracy and transparency.
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