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Abstract

Since the advent of television in the 1950s, parents, educators, researchers,
and policy makers have been concerned about the effects of screen time on
children’s development. Then, when computers became widely used, a new
wave of interest in the positive and negative effects of this new medium was
generated. Within the past 15 years, the development of the smartphone and
tablet have completely changed the landscape of screen time. This review
examines the current state of the research regarding the relation between
children (from infancy to age 8 years) and screens. Using principles from the
Science of Learning as a guide, we invite content creators and researchers to
create a new wave of the digital revolution, one in which we need to prompt
rather than substitute for social interaction.
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THE SCREEN TIME DEBATE HAS BEEN ALIVE FOR DECADES

We write during the COVID-19 pandemic, when screen time has increased dramatically for
everyone—including children, many of whom are receiving school instruction remotely. This fact
only increases concerns many scholars have expressed previously over the effects of screen time
on children’s development. When television debuted in the mid-twentieth century, Western so-
ciety experienced a crisis around children watching too much television and a potential host of
negative outcomes, such as aggressive behavior, substance abuse, childhood obesity, and declining
academic performance (Fisch 2004).

The driving force behind these concerns was the displacement hypothesis—the idea that tele-
vision watching displaces other, more enriching activities like book reading, social activities, and
play (Fisch 2004). Yet, research suggested that although television did change how children spent
their time, it did not lead to major drops in time spent doing activities like homework or reading
books (Schramm et al. 1961). In fact, most research finds no definitive, causal effects of televi-
sion viewing—either positive or negative—on children’s behavioral outcomes (e.g., Barr 2010,
Christakis et al. 2004, Foster & Watkins 2010, Huston 1992, Mistry et al. 2007, Schmidt et al.
2009, Stevens & Mulsow 2006, Zimmerman & Christakis 2005, Zimmerman et al. 2007).

One reason that the displacement hypothesis may not be manifested in a straightforward
way is that the content of children’s media use plays an important role. Specifically, although
watching purely entertainment programs seems to be related to lower levels of academic per-
formance (Wright et al. 2001a,b), educational programming can help support learning. Several
studies demonstrate the positive impact of watching Sesarme Streer on educational outcomes (e.g.,
Fisch 2004; Kearney & Levine 2019; Mares & Pan 2013; Rice et al. 1990; Wright et al. 2001a,b).
Similarly, a longitudinal study found that children who tuned into Blue’s Clues for an average of
1 hour and 38 minutes per week for 24 months demonstrated higher levels of cognitive skills in
comparison to children who were unable to view the program (Anderson et al. 2000). Richards
& Calvert (2017) argued that children’s parasocial relationships with media characters—like Blue
from Blue’s Clues or Big Bird from Sesame Street—provide a context that supports learning and
socioemotional development.

Beyond television, computers and game consoles entered the public arena during the 1980s
and 1990s, with products like Oregon Tiuil and Where in the World Is Carmen Sandiego? vying for
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children’s time. In the last 15 years, the second wave of digital media development has altered the
landscape even further. Before, there had been designated locations in the house for the television
and the computer, and shows aired only at certain times—or you could record and watch them
later. Then, the smartphone (2007) and the tablet (2010) entered the market. With mobile devices,
digital media are ubiquitous—they are no longer limited by time or location. They are easier for
children to use anywhere and available at any time.

In 2016, the American Academy of Pediatrics (AAP) released updated guidelines for children’s
media use in response to these developments (AAP 2016). The previous recommendation of “no
screens under two” transitioned to “no screens (aside from video chat) for 18 months and younger.”
Recommendations for older children were updated to encourage less than 1 hour of screen time
per day, featuring high-quality programming. Ideally, children would also coview any digital media
with an adult.

In reality, the latest report from Common Sense Media (Rideout 2017) suggests that US chil-
dren younger than 8 years spend more than 2 hours per day engaging with various types of screen
media. Most of their time continues to be spent watching television (42%), but this percentage
has decreased since 2011 in favor of mobile devices (up from 4% to 35%). Similar findings were
reported by Ofcom (2020) in the United Kingdom—with children aged 5-15 years increasingly
likely to watch programming on mobile devices (43% of total media use). Children are also in-
creasingly likely to live in homes with smart toys (10%) and smart speakers (9%), like Amazon
Echo and Google Home (Rideout 2017). And, to the dismay of many child development experts,
engaging with digital media is often more of a solo rather than a group activity. Importantly, in
this fast-developing landscape, even these statistics are likely outdated, especially as using screens
for a range of purposes has exploded during the COVID-19 lockdown.

The increased use of screen media—not originally present when the displacement hypothesis
was offered—has again raised the question of whether the displacement hypothesis is operating
(Przybylski 2019). We now have screens that we carry everywhere, and they may be more likely
to displace parent—child interaction or simply children’s time being bored and finding ways to
entertain themselves. Findings are mixed regarding whether screen time negatively affects child
outcomes by interrupting other developmental processes and opportunities. Stiglic & Viner (2019)
completed a systematic review of 940 abstracts and 12 other research reviews and found associ-
ations between screen time and an unhealthy diet, less sleep, cyberbullying, and poorer mental
health for children and adolescents. However, if studies do not take socioeconomic status or par-
ent education into consideration, it is difficult to evaluate these findings and their significance.
These correlations do not necessarily represent causal links between screen time and negative
outcomes. Furthermore, inconclusive results across many studies led the authors to conclude that
a causal relationship cannot—as of yet—be established. The AAP (2016) recommendations along
with the current state of research, as evidenced by reviews such as one by Stiglic & Viner (2019),
support the idea that digital media technology per se is not a problem but rather that the problem
lies in how that technology is used (Guernsey & Levine 2016).

Of utmost concern is the mismatch between the goals of content developers and child devel-
opment researchers in developing new digital media. Researchers suggest that content developers
are prioritizing the marketing of digital media over quality development (Hiniker et al. 2019), par-
alleling prior criticisms about television production. Confounding the creation of excellent digital
media is the difficulty developmental scientists and media developers have in communicating; the
concerns of each camp differ, and there must be close coordination between them (Dore et al.
2018b). One main issue has been the call to make digital media more social. It is not enough to
take noninteractive media and simply morph them into a social format; a great deal of research
has focused on how to make digital media truly socially interactive (Bus et al. 2020, Calvert et al.
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2019, Myers et al. 2017, O’Doherty et al. 2011, Tsuji et al. 2020, Zack & Barr 2016). In the next
wave of the digital revolution, the challenge for industry and developmental researchers will be
how to engage more humans as well as artificial intelligence in these interactions to create social
partners.

The landscape of children’s screen time has changed dramatically since the advent of televi-
sion in the 1950s. To understand the effects screen time has on development and whether these
effects differ across ages, we need to consider its content and the contexts in which it is used (see
also Guernsey & Levine 2016, Shapiro 2018). In other words, there is no one-size-fits-all evalua-
tion; just as with television, content, context, and frequency matter. It is less about the dichotomy
between screens versus no screens than about how screens can be used to support healthy devel-
opment and learning (Guernsey & Levine 2016, Shapiro 2018).

This review examines the state of the literature on children (from infancy to 8 years) and screens
in terms of their learning and development. Yet, as described throughout, outcomes and recom-
mendations cannot be made uniformly for the entire early childhood age range. Across media
types, it appears that infants and toddlers likely benefit the most from social interactivity, but chil-
dren throughout the age range addressed here demonstrate higher levels of word learning (Kuhl
etal. 2003, Myers etal. 2017, O’Doherty et al. 2011), comprehension of content (Fisch et al. 2008,
Parish-Morris et al. 2013, Salomon 1977), and attention (Barr et al. 2008, Nussenbaum & Amso
2016) when engaging with others around digital media. Other research suggests that distracting
elements of digital media may be more problematic for younger children (<5 years of age) in com-
parison to older children (>5 years of age) (Parish-Morris et al. 2013). Throughout this review,
we draw attention to potential developmental differences in how children can benefit from digital
media on the basis of age and other characteristics.

RESEARCH ON CHILDREN AND SCREENS

What We Have Learned from Research on Television, Videos,
E-Books, and Apps

Children learn best when educational digital media are designed in a manner grounded in the
Science of Learning (Hirsh-Pasek et al. 2015b). The Science of Learning is relatively new—a
burgeoning field that began roughly 20 years ago to examine how children learn and how this
knowledge can contribute to practices in classrooms, at home, and in digital media (Bransford
etal. 1999, Sawyer 2006). Four psychological pillars derived from the literature demonstrate that
children can best master tasks when they are cognitively active, when they are engaged, when
learning experiences are meaningful, and when there is social interaction (Figure 1) (Hirsh-Pasek
etal. 2015b). Itis important to note that many of the studies discussed here entail multiple pillars—
even when one salient pillar is highlighted. The pillars do not operate independently; they are
interconnected. Given that these conditions are consistent with how children learn, applications
and programs that incorporate aspects of the four pillars are more likely to result in learning that
can be generalized beyond any one particular screen experience. In this section, we examine the
research addressing each pillar for television and video as well as e-books and apps, keeping in
mind that frequent turnover in the type of devices, children’s level of access to technology, and
changes in norms of use keep the literature very fluid and often changing.

Active Pillar

The idea that children learn through active exploration and mental manipulation is not novel.
From Vygotsky to Piaget, the founding fathers of cognitive development stressed the role of
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Active

Children learn best in contexts
that support active, minds-on
learning, as opposed to passively
receiving information.

Engaged
Socially Children learn
interactive pestwhen tgey
Children learn arﬁﬁ?\%i?:g N
bfsst when 'ghey participating and
interact with remainin
others, including interestedg—
caregivers, i i
educators, and IC\,Leeanrr;;qneg Z:S
peers. L

resistant to
distraction.

Meaningful
Children learn best when content
is presented in ways that connect
to their existing knowledge and
relate to their lived experiences.

Figure 1

The four pillars of learning—active, engaged, meaningful, and socially interactive—as described by
Hirsh-Pasek et al. 2015b).

children’s own exploration and discovery in learning, with Piaget (1964) emphasizing cognition
and Vygotsky (1976) focusing on the social domain. The active pillar broadly encompasses a range
of different sorts of cognitive processes or behaviors, such as exploration, attending, participating,
making connections, and processing across multiple modalities, which we explore in this section.

However, active learning can be challenging to measure, because active learning means minds-
on learning, whether the child is physically active or not. And swiping or touching is not necessarily
sufficient; something can be digitally interactive but not involve minds-on interaction with the
content. Active learning entails both solo and collaborative activities that encourage learners to
engage in the process of “building and reshaping understanding as a natural consequence of their
experiences and interactions within learning environments that authentically reflect the world
around them” (Grabinger & Dunlap 1995, p. 5).

Television and video. When young children simply sit down and passively watch a program,
they do not demonstrate learning—even after multiple exposures (Richert et al. 2010, Robb et al.
2009). For children to learn from television, they must first attend to the program, as demon-
strated by findings showing that children are better able to comprehend educational program-
ming when they actively attend to the program and remain on task while watching (Lorch et al.
1979). For example, active participation while watching Blue’s Clues transferred to other programs
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that preschool-aged children watched (Anderson et al. 2000). Similarly, when watching Sesamze
Street, young children are asked to participate as partners in the active learning taking place on
screen. Characters call for the viewer to repeat letters and numbers, actively respond to questions,
and think critically about the content. Children who respond to such prompts from characters are
more likely to understand the programming compared with children who merely observe (Calvert
et al. 2007). These results indicate that children learn more from screens when the experience
incorporates interactive elements to facilitate links between the screen and children’s real-life ex-
periences (Lauricella et al. 2010). Additionally, prior naturalistic experience with interactive rather
than noninteractive media is predictive of toddlers’ ability to learn from screens, perhaps because
children learn that media can be interactive and responsive (Kirkorian & Choi 2017).

E-books and apps. To learn and retain information from e-books and apps, children need to con-
sider various outcomes, demonstrate comprehension that moves beyond the words, focus on the
narrative arc, incorporate their own experiences and knowledge to predict what comes next, and
maintain information they have already read as the story progresses. The processes that facilitate
learning during e-book reading are the same that unfold during dialogic reading—having a back-
and-forth conversation during shared book reading with a caregiver (Whitehurst et al. 1994). The
CROWD strategy of dialogic reading includes sentence completion prompts, information recall
prompts, open-ended (recalling information in children’s own words) prompts, wh-word prompts
(who, what, when, where), and distancing (applying book content to other contexts) prompts
(Whitehurst et al. 1994). A meta-analysis of caregiver shared book reading interventions found
that these interventions resulted in marked improvements in children’s language skills (Dowdall
et al. 2020). Dialogic reading is a prime example of generating the minds-on thinking so central
to active learning.

Even when children are not engaging with an adult in dialogic reading, e-book features can
promote their use of minds-on thinking to increase learning during independent reading. These
features can be beneficial when they focus children on information central to the story, aid in
defining and presenting new words, and increase children’s attention to the story (Courage 2019).

Interactive hot spots in e-books and apps present opportunities for both learning and poten-
tial stumbling blocks. The inclusion of hot spots—or touch-based pop-up activities—designed
to define target words increased kindergarten children’s learning of vocabulary compared to an
e-book without hot spots (Smeets & Bus 2014). Similarly, other multimedia features, like animated
pictures, music, and sound effects, can support word learning by drawing attention to the word’s
meaning or providing additional information about the definition (Bus et al. 2015, Takacs et al.
2015). For instance, a story featuring the word “galloping” might include an animated clip of a
horse galloping alongside a drawing of the same action. By providing the same information in two
modalities, learning is reinforced. This is one way in which e-books have the potential to promote
comprehension and learning beyond what could be provided in a noninteractive medium.

An active application can also foster parental involvement. For instance, if a book application is
designed to be interactive, it can promote parent and child dialogue to increase children’s reading
comprehension (Parish-Morris et al. 2013). A caveat is that the activities must be designed in such
a way as to foster learning rather than simply promoting conversation about how to push buttons
and work the app.

Another important active aspect of learning through screens is control. Essentially, applications
that provide children with the appropriate amount of control and independence based on their
developmental stage facilitate attention maintenance (Hirsh-Pasek et al. 2015b). By varying the
amount of control children have over the reading process, e-books can facilitate both children’s
interest and attentiveness to content (Calvert et al. 2005).
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Yet, some research with apps suggests that more interactivity is not always better. Aladé et al.
(2016) investigated a tablet game for preschoolers focused on measurement. Both children who
played the tablet game and those who watched a noninteractive video showed knowledge trans-
fer. Touchscreen interactivity—like dragging objects across the screen to measure the height of
a giraffe—improved children’s near transfer performance. Conversely, watching a noninteractive
video helped children perform better on far transfer tasks. The authors suggest that interactivity
may cause children to tie their learning too closely to the context of the tablet, which leads to
difficulty applying it to a novel setting (Aladé et al. 2016).

Engaged Pillar

We define engagement as both “the heightened, simultaneous experience of concentration, inter-
est, and enjoyment” (Shernoff et al. 2016, p. 53) and the lack of distraction. Research suggests that
engagement is linked to academic performance and learning (Ladd & Dinella 2009). Beginning
in early childhood, identifying and building on children’s interests are critical ways to encourage
engagement and minimize distraction (Hirsh-Pasek et al. 2015b). When interest is triggered, en-
gagement is a natural consequence (Renninger & Bachrach 2015). By removing distractions and
increasing engagement, children’s learning can be optimized.

Television and video. Interactive experiences with screens facilitate links between what children
see on the screen and their real-life experiences (Lauricella et al. 2010). Additionally, when chil-
dren engage with screen content through either verbal interactions or physical movement, com-
prehension increases (Calvert et al. 2007). One way to promote engagement is to ensure that the
content is the right balance of challenging and accessible. This Goldilocks approach seeks to have
the media experience at just the right level for the child—neither too simple nor too difficult—
which differs according to age and other developmental considerations. Children may cease to
engage if the material is too simple and familiar, yet the same problem can occur if the material
is too difficult and novel (Wright & Huston 1983). When television programming is at the right
developmental level and the content is appealing (e.g., including animation, children’s voices, and
humor), children are more likely to engage (Wright & Huston 1983). Also, when material is re-
peated multiple times during a single program or across episodes, children are better able to learn
and transfer content to new situations (Fisch & Truglio 2001).

However, sometimes engagement with television is not the intent. Television is often left on
as background noise, which disrupts young children’s play (Schmidt et al. 2008). Indeed, high lev-
els of exposure to adult television programs during early childhood are related to lower levels of
executive functioning skills at age 4 years (Barr et al. 2010). Also, Kirkorian et al. (2009) demon-
strated that the quality and quantity of caregiver—child interaction decreased in the presence of
background television noise, indicating that the distraction of background television works against
social engagement.

E-books and apps. E-books present many opportunities for fostering learning, but one downside
is their potential to promote distraction. Reich et al. (2016) reviewed the state of the literature
and found that for infants through preschoolers, interactive e-book features lead to distraction
when they are not specifically targeted to the content being taught. For instance, while chil-
dren read The Princess Knight (Funke 2004) as an e-book, the following activity hot spot pops
up, interrupting the book reading: “Harold and hearty start with H. Find three more things
that start with H.” Children must then select the correct images before the story begins again.
Directing children’s attention away from the main storyline is more distracting than enriching.
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Yet, when hot spots are designed to focus on the book content, such as defining target words,
children’s learning increased in comparison to an e-book without hot spots (Smeets & Bus
2014).

Caregivers and children are more likely to make behavioral comments like “Touch there” or
“Turn the page” when reading an e-book, whereas during print book reading they are more likely
to make comments related to the content of the story (Parish-Morris et al. 2013). These distrac-
tions may also result in lower levels of story comprehension for younger children (3 years of age)
versus older children (5 years of age) (Parish-Morris et al. 2013). Distractions are more likely
when significant time is spent discussing how to operate the device or directing the child’s atten-
tion. When activities and behavioral intervention interrupt the flow of book reading, they can lead
to lower levels of story comprehension (Kremar & Cingel 2014), but this finding is not consistent
across studies (see Lauricella et al. 2014).

At the same time, e-books may foster greater child engagement than traditional books. Several
studies have demonstrated that children are more engaged when reading an e-book than a paper
book (Chiong et al. 2012, Richter & Courage 2017, Strouse & Ganea 2017). While print books
may be more successful in facilitating the coreading process, e-books better facilitate children’s
engagement and encourage physical interaction, especially enhanced e-books featuring pop-ups
and hot spots (Chiong et al. 2012). Etta & Kirkorian (2019) found that vocabulary learning and
story comprehension were similar between e-books that included relevant and irrelevant interac-
tive features, suggesting that irrelevant hot spots might not significantly affect children’s learning.
Less is known about which factors allow children to look past the distractions and focus on the
story.

Beyond interactive activities, caregivers have a large role to play in children’s engagement with
e-books. When examining independent e-book reading versus reading with a caregiver, Dore et al.
(2018a) found that children who read most often with their caregivers were able to perform best
in a condition involving independent reading without audio narration. This finding suggests that
children were able to attend more to the book perhaps because of their previous book reading
experiences that they then transfer to novel reading situations.

For children to learn from e-books and applications, they must successfully avoid the many
distractions that often arise. Calvert et al. (2007) found that when preschool children engaged with
a story either verbally or physically through controlling features of an application, their learning
was better facilitated than when they read a static book. Children’s engagement is also stronger
when they are provided with immediate feedback, which fosters motivation (Hirsh-Pasek et al.
2015b).

In a study comparing the delivery of spatial training to preschool children in person or us-
ing a digital app, C.A. Bower, L. Zimmermann, B.N. Verdine, C. Pritulsky, R.M. Golinkoff & K.
Hirsh-Pasek (manuscript in review) found that both types of training supported children’s con-
crete spatial assembly skills in comparison to a control group. Children engaged equally with both
training types and demonstrated similar learning as a result—suggesting that a well-designed app
that features immediate feedback and scaffolding can facilitate learning as well as an in-person
learning experience.

Applications can incorporate aspects that harness children’s intrinsic motivation for engage-
ment, which may be critical to their long-term development. For instance, so-called sandbox apps
like Toca Builders are designed in an open-ended manner, as with an actual sandbox. Toca Builders
allows children to create their own worlds using blocks on the screen. It allows the child to harness
their unique abilities, personal interests, and creativity. Across the various types of digital media,
both design choices and caregiver engagement can combat distraction and encourage child en-
gagement and learning.
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Meaningful Pillar

To learn, children must store knowledge in long-term memory for later retrieval and transfer
to new situations (Carrier & Pashler 1992, Kirschner et al. 2006, Mayer 2004). Learning can be
made meaningful in a variety of ways: learning with a specific purpose in mind, connecting infor-
mation to prior knowledge, and learning new information that is personally relevant (Chi 2009).
People who take new information and build upon their past experiences and prior knowledge are
more likely to master a topic (Brown et al. 2014). These factors differentiate meaningful learning
from rote learning (Ausubel 1968). Rote learning does not encourage the learner to find ways to
link to older information. However, when learning is linked to previous knowledge or personal
experiences, it fosters a higher level of understanding (Novak 2002). The creation of this type
of conceptual framework in which to incorporate new knowledge is key to knowledge transfer
(Bransford et al. 1999).

Rote learning often lacks depth, and children may learn facts but not understand the context
in which their new learning applies. For instance, a caregiver might share the acronym HOMES
to teach the names of the Great Lakes (Huron, Ontario, Michigan, Erie, Superior), but if children
memorize those names, it does not mean that they know where the lakes are located, how they
affect trade, and so forth. Indeed, children are more likely to remember information when it is
couched in a familiar narrative, such as relating the wildlife of the Great Lakes to a field trip to a
local stream (Hudson & Nelson 1983). When individuals store knowledge in long-term memory,
they can retrieve it and can transfer that knowledge to new contexts (Kirschner et al. 2006)—such
as applying their knowledge of the Great Lakes to understand how the lake in their local park
drains into another body of water.

But how does meaningful content get encoded into memory? Levels-of-processing theory sug-
gests that items are remembered differentially depending on the level at which they were mentally
processed (Craik & Tulving 1975). In word learning, new vocabulary that is semantically con-
nected to other words, as in “The chicken went to sleep in his coop,” is learned more deeply than
words only presented with phonemic attributes, including, “cooper, coo, coop” (Hadley et al. 2016).
Most good literacy instruction relies on enhancement of background knowledge as a precursor to
strong reading (Dickinson et al. 2006, Neuman & Dwyer 2011).

Television and video. As the dialogic reading method successfully fosters meaningfulness during
shared book reading, coviewing should similarly enhance children’s learning from television. In-
deed, Lemish & Rice (1986) found similarities between television coviewing and caregiver—child
book reading behaviors. When coviewing, a caregiver can make comments about the content of
the show and help children make meaningful connections to their prior knowledge and experi-
ences. Yet, research examining coviewing demonstrates mixed findings. Some studies suggest that
coviewing can increase infants’ attention (Barr et al. 2008) as well as older children’s comprehen-
sion of content (Fisch et al. 2008, Salomon 1977). Strouse et al. (2013) found that when caregivers
ask children questions about coviewed video in a dialogic style, learning is enhanced.

Yet, other research shows that coviewing might not be effective and that children who coview
with caregivers spend more time overall watching television (Bleakley et al. 2013). DeLoache et al.
(2010) noted that toddlers did not learn new words from video, even when caregivers coviewed.
Coviewing is also related to the availability of caregivers’ time as well as gender, age, and socioe-
conomic status (Connell et al. 2015); caregivers with more time and financial resources have more
opportunities to coview.

Further studies suggest that young children often have trouble connecting what they view on
screen to their daily lives. Infants and toddlers learn best when combining watching a character
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on screen with physically playing with the same character (Gola et al. 2013). They face difficulty
when attempting to transfer the knowledge they have learned from the screen to the real world,
especially when videos do not connect to their lives or interests (Lauricella et al. 2011). For an
on-screen character to have social relevance, there must be meaning for the child—such as the
character being familiar—or back-and-forth interactions. For example, young children often have
toys based on media characters, and they are incorporated into their everyday life. This builds a
connection from the on-screen world to the real world.

When children are familiar with certain characters, like Blue from Blue’s Clues, they have greater
problem-solving skills, flexible thinking, pattern perception, and social behavior versus when chil-
dren are unfamiliar with these characters (Gola et al. 2013). Children’s working memory is also
taxed when attempting to process a new on-screen character’s actions. They focus on who the
character is instead of what they are doing.

Television shows try to rectify this unfamiliarity by providing prior knowledge about a char-
acter to reduce the working memory load (Lauricella et al. 2011). Research suggests that children
may be wary of learning from video, because it does not foster immediate feedback and the char-
acters are unfamiliar (Troseth et al. 2006). Kremar (2010) explained this observation in terms of
social meaningfulness—when characters on screen are seen as both familiar and meaningful, like a
parent or other caregiver. When a person on screen is familiar—mother versus a stranger—young
children learned to imitate behaviors more effectively (Krcmar 2010).

Repetition can also help create social meaningfulness. At the beginning of its television run,
Blue’s Clues used research suggesting that children interact more with a program once they under-
stand the material to support airing the same episode every day for a week (Crawley etal. 2002). By
watching a show multiple times, children can master new content and then transfer that content
to new situations (Fisch & Truglio 2001). For example, on Dora the Explorer, each episode involves
an adventure. An animated map shows the children the places that lie along the way to the end
location. Children need to remember the various locations, and the show repeats these four times
each. Then, Dora asks the children what places she needs to visit on the way to her destination.
By repeating the material, children should be better able to integrate the information into their
conceptual framework and then apply the ideas to using maps in other contexts.

E-books and apps. Repetition also assists in learning from apps. Pila et al. (2019) used the Daisy
the Dinosaur and Kodable apps to teach preschoolers coding skills. After a week of repeated game
play, children demonstrated an improved understanding of how to use the specific commands
within each game to be successful.

Additionally, caregiver talk and other reading behaviors may have the ability to make e-book
content more meaningful for children (Troseth & Strouse 2017). More so than apps, caregivers
draw on children’s previous knowledge and experiences to make adjustments during shared book
reading to target the experience to the child, which improves learning (Kucirkova et al. 2014).
While studies suggest that computers and tablets might provide individualized education (de Jong
& Bus 2003, Moody 2010) in the context of storybook reading, it seems that, regardless of book
format, the key to an optimal reading experience may be the meaningful connections between
stories and children’s lives that adults help foster. Hassinger-Das et al. (2016) found that children
whose caregivers connected the story to the children’s lives demonstrated better comprehension
than children whose caregivers did not—regardless of the type of book (print or e-book) they
read. This type of conversation helps children relate stories to their own lives as well as infer
information not contained in the text (Van Kleeck 2008). A caregiver may note that the bicycle in
the book is just like the child’s own bicycle. This type of talk makes the content of the story more
meaningful for the child and supports learning.
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As a further example, Troseth et al. (2020) and Strouse et al. (2017) demonstrate the use of
dialogic reading to help children make meaningful connections with their own experiences. In
the Read with Me, Talk with Me program, the Ramone character from Peg 4+ Car provides di-
alogic reading support during book reading. Caregivers stated that Ramone helped them better
understand how to use dialogic reading to make the story more meaningful for their children by
connecting the book to children’s lived experiences (see Revelle et al. 2019 for a review).

Yet, Bus et al. (2019) note that caregivers do not always employ dialogic reading practices. They
recommend supplementing books with additional elements—Ilike a camera zooming and panning
over illustrations—that can encourage the types of book reading behaviors that support increased
learning. For example, the authors describe a page in a story where the text describes a child going
to “the weather school” while the page zooms in on a picture of the school. They argue that this
kind of augmentation can direct children’s attention and help caregivers focus their conversation
on relevant topics.

For apps, coplay (like television coviewing) varies greatly among families, and research suggests
that it influences caregiver—child relationship closeness and communication (Wang et al. 2018).
Apps that are successful in teaching require children to solve problems or become competent in
an area that is built into the narrative. Kirkorian et al. (2016) found that toddlers learned object
labels from a tablet when they were prompted to touch and manipulate that object on the screen—
making the object more real for them.

Bedtime Math—an app featuring short mathematics story problems—provides another exam-
ple of how meaningfulness can affect learning from screens. For example, one problem presents
a short story about how pizza is made and asks children to find triangle (pizza slice-shaped) ob-
jects in their room. In so doing, children connect their personal experiences to the math content.
Previous research has demonstrated that, when combined with guidance from an adult, the use
of manipulatives helps children engage with mathematical ideas by encouraging their integration
into a larger conceptual framework of previous knowledge (Clements 1999). When first-graders
used the Bedtime Math app throughout a school year, Berkowitz et al. (2015) found that they
improved their math achievement significantly over a control group.

Socially Interactive Pillar

Children’s first teachers are the social cues of adults around them—a “natural pedagogy” of sorts
(Csibra & Gergely 2009). Mere hours after being born, infants will imitate another person’s act of
sticking out their tongue (Meltzoff & Moore 1983). At 12 months of age, infants will follow the
gaze of both a human and a robot, but they will demonstrate increased learning about an object
only in relation to the human gaze (Okumura et al. 2013).

This finding hints at the importance of social contingency—or serve-and-return interactions—
for child learning. Parenting in which adults respond to children’s contributions strongly predicts
children’s later cognitive and social development (Shonkoff & Phillips 2000). Think of a child
in the kitchen pointing and saying, “Banana!” Her father also points to the banana and says,
“Yes, you are right. That is a banana! Remember how we saw monkeys eating bananas at the
zoo last week?” The father is fostering contingency by responding to the child’s bid for atten-
tion promptly and relevantly. The importance of contingency for language learning is well es-
tablished (Cartmill et al. 2013, Goldin-Meadow 2015, Hirsh-Pasek et al. 2015a, Tamis-LeMonda
et al. 2014). Kuhl (2007) argues that this type of social interaction facilitates language process-
ing. Indeed, the fluency and connectedness between mothers and children at 2 years of age ac-
counted for 27% of the variance in children’s expressive vocabulary at 3 years of age (Hirsh-Pasek
et al. 2015a). These types of interactions predicted vocabulary over and above the quantity of
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mothers’ words per minute as well as general maternal sensitivity and children’s earlier language
ability.

Learning from and with others continues to remain important throughout the life span.
Socially interactive learning occurs when there high-quality interactions occur that are both con-
tingent and adaptable to the child (Hirsh-Pasek et al. 2015b). Such interactions can involve a
knowledgeable social partner, a collaborative learning situation (Tamis-LeMonda et al. 2014), and
even a nonhuman virtual agent (Tsuji et al. 2020).

Television and video. Research suggests that children under 2.5 years of age are less able to learn
from video than from live interactions, known as the video deficit (Anderson & Pempek 2005).
Kuhl et al. (2003) found that 9-month-olds who experienced in-person exposure to Mandarin
Chinese as a second language discriminated Mandarin phonemes not found in English, whereas
video and audio recordings did not elicit the same learning. Similarly, Lytle et al. (2018) demon-
strated that infants, when using touchscreens to control the viewing of the same Mandarin-
language videos from Kuhl and colleagues’ study, learned better from a screen in the presence
of another infant. They argued that the addition of a social partner enhanced learning—even on a
touchscreen. Children learn from conversation both in person and over video, but they learn best
from conversations when engaging in reciprocal social interactions (O’Doherty et al. 2011).

Myers et al. (2017) demonstrated similar results. In their study, 17- to 25-month-olds watched
either a FaceTime conversation or a noninteractive video of the same adult. After a delay, children
in the FaceTime condition recognized their adult video partner and remembered the words and
patterns taught over FaceTime, whereas children in the noninteractive video condition did not.
Similarly, visual attention and word learning were specifically tested by teaching preschoolers
words in Swahili with four varying degrees of social engagement and interactivity (Nussenbaum
& Amso 2016). The results indicated that, across conditions, children learned novel words from
the programming, but younger children learned words better with social interactivity.

Roseberry etal. (2009) examined the ability of children between the ages of 30 and 42 months to
learn verbs through video. Results indicated that children between 30 and 35 months old learned
verbs from a video recording that was supplemented with social interaction provided by inter-
active teaching with a live experimenter. However, live social interaction was more effective for
children under 3 years of age, while children older than 3 demonstrated some ability to learn verbs
from just viewing the video (Roseberry et al. 2009). The results of this study further demonstrate
the importance of developmental considerations when determining how to engage children in
learning from screens.

In a follow-up study, Roseberry et al. (2014) examined the mechanism that supports word learn-
ing by comparing language learning during live interaction, socially contingent video chats, and
noncontingent videos. The results indicated that children between 24 and 30 months old learned
novel verbs only when they were engaged in socially contingent interactions either live or over
video chat. These various studies demonstrate a difference in children’s ability to learn from tele-
vision and video—with contingent interactions being most important for the youngest children.

In addition to connecting with live people, children can develop parasocial relationships with
characters they see on television, and they may even perceive themselves to be engaging in a
meaningful interaction with the characters despite a lack of direct response (Calvert 2017). Chil-
dren learn better from a socially meaningful character than from a disembodied voice (Calvert
etal. 2019). Indeed, a review of the literature suggests that a major component of children’s abil-
ity to learn from television is the establishment of social relationships with on-screen characters
(Richert et al. 2011). Lauricella et al. (2011) compared learning from socially meaningful charac-
ters with learning from less socially meaningful characters through video viewing with children
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under the age of 2 years. Even toddlers learn from a video in which socially meaningful characters
demonstrate a task; when characters are unfamiliar, they are more likely to take the child off task
and information is not learned as well (Lauricella et al. 2011). Children learn more effectively
from television when a meaningful relationship with the character is established, and as children
get older, they can learn more complex information when learning is facilitated by a meaningful
character.

E-books and apps. Research supports the idea that a special bond forms when children and care-
givers read together and that this bond can be interrupted by electronic reading media. Neumann
& Neumann (2014) reviewed the literature and concluded that caregiver support during book
reading, as well as the availability and quality of literacy apps, determined the effectiveness of apps
for supporting children’ literacy outcomes.

C. Gaudreau, Y.A. King, R.A. Dore, H. Puttre, D. Nichols, et al. (manuscript in review) found
additional support for the importance of caregiver—child interactions in a study comparing dialogic
reading over video chat with live and prerecorded book reading for fostering story comprehension
and vocabulary learning. While their findings suggested that children comprehended and learned
new words from the story similarly across all three conditions, children were more responsive to
the prompts in the two contingent conditions than in the prerecorded condition. This observation
suggested that children did notice the difference in the ability of the platforms to support back-
and-forth interactions. In the domain of apps, Eisen & Lillard (2020) found that an in-person
lesson with physical materials led to better geography learning than solo app use after one session,
but that when an experimenter gave a lesson using the app, differences disappeared, highlighting
the importance of social interaction for learning.

Similarly, Yuill & Martin (2016) found that caregiver—child warmth was lower during e-book
reading. Indeed, research indicates that for children reading with a caregiver is a different emo-
tional experience than reading an e-book alone, featuring greater physiological arousal and more
positive child emotion (Dore et al. 2019a). Yet, Ross et al. (2016) showed that when dyads read
a highly interactive e-book, they demonstrate high levels of positive emotional engagement like
smiling and laughing together.

Note that a social partner does not need to be a caregiver—or even a human being at all. Some
reports suggest that by 2022 50% of US households will have a smart speaker—like Amazon
Echo or Google Home (Abramovich 2018)—through which family members can ask ques-
tions, make purchases, and listen to music. Lovato et al. (2019) conducted a qualitative study of
5—6-year-olds’ interactions with smart speakers and recommended adapting the technology so
that the devices provide more individualized feedback, like recognizing children’s voices and pro-
viding child-friendly answers. This type of adaptation would allow the smart speaker to provide
more responsive feedback.

When technology is more responsive, outcomes improve, as demonstrated by Tsuji et al. (2020).
They found thata virtual agent demonstrating gaze contingency taught 12-month-olds new words
more effectively than a nonhuman agent that did not demonstrate contingent behaviors. Other
research has examined how to develop conversational agents (CAs) as reading partners by en-
gaging children in story-related conversations similar to dialogic reading with an adult. Xu &
Warschauer (2020) developed a CA that asked children questions and provided immediate feed-
back while reading. They suggested not that CAs should not replace caregiver—child shared book
reading but rather that CAs can act as an additional support for children’s learning. Yet, it is not
clear whether this recommendation will be heeded as CAs become more popular and even better
attuned to children’s talk and attention. The research is clear—for caregivers, on-screen characters,
and nonhuman agents, contingency is key for supporting children’s learning through digital media.
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A GROWING CHALLENGE TO CAREGIVER-CHILD INTERACTION:
TECHNOFERENCE

The research examined above focuses on children’s social interaction with other children, adults,
or virtual agents but not on the so-called technoference that occurs when everyday interactions
are interrupted by the presence and use of technology (McDaniel 2019, McDaniel & Radesky
2018, McDaniel et al. 2018, Myruski et al. 2017, Zimmerle 2019). If social interaction is key, then
interrupting social interactions should sidetrack children’s ability to engage and learn. Indeed,
caregivers express concern about the effects of their technology use—both on themselves and on
their children (Radesky et al. 2016)—and caregiver screen time is the top predictor of children’s
own screen use (Lauricella et al. 2015). Research describing observations of caregiver—child inter-
actions suggests that parents’ use of mobile devices is related to lower levels of responsiveness and
verbal interaction with their children (Radesky et al. 2014, 2015). Research also suggests a relation
between children’s problem behaviors and caregivers’ technoference (McDaniel & Radesky 2018).
Mothers’ interactions interrupted by technology predicted both mothers’ and fathers’ assessments
of child problem behaviors, such as whining, sulking, hyperactivity, and temper tantrums.

One thread of inquiry has examined how breaks in contingent caregiver—child interactions
driven by the use of mobile devices affects children’s language learning. Reed et al. (2017) demon-
strated that when caregivers of 2-year-olds were interrupted by a cell phone call while teaching
a new word, children did not learn as well as those who experienced an uninterrupted teaching
episode. Mobile devices seemingly have the ability to alter the interactions between caregivers and
children—and negatively affect child outcomes.

Research has repeatedly demonstrated the importance of face-to-face social interactions for
both children and adults. Yet, sometimes technology gets in the way of these critical interactions.
As addressed above, it appears that contingent interactions are most important for the youngest of
children, so it follows that technoference may be the most detrimental for them as well. The effec-
tiveness of technology for children’s learning and development depends on the content, context,
and characteristics of the interactions fostered, as well as the information delivered.

THE NEW FRONTIER

The emergence of virtual reality (VR) and augmented reality (AR) in recent years signals that
the way we think about children and screens may be shifting from a focus on apps and videos to
immersion in virtual worlds and a blending of the real and the virtual into a new image of reality.
VR refers to an immersive experience where the user sees images and hears sounds that create a
new world, usually via headsets, like Facebook’s Oculus Rift. AR refers to the experience of having
virtual images or sounds projected onto the real world, usually via smartphones; examples include
Pokémon GO and Snapchat’s Lens feature. Although children’s use of these technologies is still
low compared with other forms of media, by 2017 more than 1 in 10 children younger than 8 years
had VR headsets at home (Rideout 2017), suggesting potential for growth in the coming years.
AR technologies appear to be ahead of VR in the marketplace in terms of attracting children’s
attention. Pokémon GO debuted in July 2016 and was wildly popular with children and adults
alike, topping 15 million downloads within a week (Molina 2016). In the game, users track
hidden Pokémon characters on a map and see them through the video camera using AR overlaid
onto the real-world environment. Some early research suggested that the app could increase
physical activity for users by encouraging outdoor experiences (Althoff et al. 2016, LeBlanc &
Chaput 2017). The game also seemed to encourage co-use, and many parents reported that it
provided opportunities for family bonding (Sobel et al. 2017). However, other experts warned
about potential risks, like injury due to distracted walking and trespassing to chase Pokémon
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onto private property (Serino et al. 2016), highlighting new challenges that accompany novel
technologies.

"Toy companies are also tapping into the new excitement around AR. For example, Shifu Orboot
is a physical globe that when viewed through a tablet camera shows 3D objects and characters,
like elephants in Africa and the Eiffel Tower in Paris, allowing children to engage with activities
and educational information related to different locations. LEGO’s Hidden Side allows children
to build physical scenes with LEGO sets and then use an app to go hunting for ghosts. AR books
are also available in which aiming a tablet at the illustrations reveals additional 3D features, and
early research has identified several distinct ways that parents and children interact with these
experiences (Cheng & Tsai 2014, 2016).

Given the novelty of both AR and VR, little research investigating its effects is available. How-
ever, some early data suggest that they can be powerful experiences for children. For example,
Sharar et al. (2007) found that when using VR as a distraction tool during painful medical treat-
ments, children reported higher levels of “presence” and “realness” of the VR experience com-
pared with adults. This type of effect has led some to argue that children may be more easily
influenced by VR than adults, potentially in both positive and negative ways (Bailey & Bailenson
2017). For example, one study found that children who see Sesame Street’s Grover in VR are more
compliant with his instructions and give him more stickers afterward compared with children
who saw the same content on a television screen (Bailey et al. 2019). However, children in VR
performed worse on a measure of inhibitory control, perhaps because the environment seemed so
real that it was harder for them to inhibit prepotent responses. Indeed, research suggests that VR
may alter children’s inhibitory control, social responses, and sharing behaviors in comparison to
television viewing (Bailey et al. 2019).

The educational potential of VR and AR has been much discussed, and 62% of parents believe
that VR can be educational (Aubrey et al. 2018). For example, VR might provide children who
cannot travel with immersive experiences to supplement their educational curriculum in ways that
video and books cannot. Although some evidence shows that children can learn from VR experi-
ences (Ketelhut et al. 2007), other studies show no differences between VR and more traditional
learning experiences (Moreno & Mayer 2004). Some researchers argue that VR creators need to
balance maximizing the affordances of the technology with not distracting children from the con-
tent with the novel sensory experience (Bailenson 2018). More research is needed, but clearly both
the potential and the interest are there.

FUTURE DIRECTIONS

In this review, we have examined the content and the contexts in which digital media are used to
understand the effects that screen time has on children’s learning and development. There are clear
advantages and drawbacks to the technological advances of the last 15-plus years. In particular, the
introduction of the smartphone and tablet gave children even more sources of screen time—in
addition to television and computers—and have radically shifted the landscape of childhood. Both
children’s overall screen time and time spent on mobile devices are increasing rapidly (Rideout
2017), and this screen time has the potential to have real impacts on children, families, and society
as a whole.

We also note that frequent developments in the type of devices available, as well as children’s
access to technology and changes in norms of technology use, result in a rapidly changing and
sometimes contradictory literature. Research has demonstrated both positive and negative effects
of screen time on children’ development (e.g., Przybylski 2019, Stiglic & Viner 2019). Too much
time with screens might relate in some cases to poorer developmental outcomes, but in our current
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moment, children without access to screens also suffer negative outcomes due to an inability to
engage in remote learning during the COVID-19 pandemic. Additionally, hot spots can be both
effective for learning (e.g., Smeets & Bus 2014) and distracting (e.g., Parish-Morris et al. 2013).

Relatedly, recommendations about children’s technology use are about best practices, and in
reality, it is not feasible for all families and educators to follow them all the time. Rather, we advo-
cate being aware of ideal conditions for media use, striving for a balanced media diet, and having
realistic expectations about what different forms of media can do for children. When researchers,
journalists, and others write about screen time, we often view it as an amorphous term without
considerations based on type, age, content, or context. Guernsey & Levine (2016) argue that deci-
sions about children’s technology use cannot be made without these considerations. More research
is needed to determine what works for whom and when. These recommendations, and the field
in general, are constantly evolving, and the goal should be to ensure that children have the best
chance for high-quality interactions with technology.

After taking into account all of the nuances of the current field, the question that remains for us
is: How do we build screen time that uses the pillars of learning and enhances rather than disrupts
learning and engagement? Children learn best from digital media when activities are grounded
in the Science of Learning and infused with active, engaged, meaningful, and socially interactive
opportunities. Hirsh-Pasek et al. (2015b) have argued for using the four pillars presented in this
review to evaluate apps to determine their educational value. Callaghan & Reich (2018) surveyed
the Android and iOS app markets using a framework influenced by Hirsh-Pasek et al. (2015b) and
found that few apps are in line with these ideas. In a recent article that further explores the appli-
cation of the four pillars to the current app market, Meyer et al. (2020) analyzed some of the most
common apps among preschoolers. They developed a scoring system based on the four pillars and
found that scores were generally low across all four pillars, with free apps performing significantly
worse than paid apps due to distracting advertisements and hot spots. This new assessment system
offers the opportunity to better align apps with the Science of Learning and shows how far the
field needs to go to meet the minimum requirements of the four pillars.

Even with efforts to synchronize technological developments with developmental science, a
great deal of tension still exists between digital media content creators and developmental scien-
tists (Dore et al. 2018b). Often, research studies are out of date before the findings are published,
while much digital content that does not align with the latest scientific evidence is rushed to mar-
ket. It would be powerful if we could bring these two arenas into alignment.

One example of such a collaboration is a vocabulary learning app for preschoolers designed
by SmartyPal, an educational app developer, with the help of Dore et al. (2019b). The creators
applied the four pillars in developing the app. The game featured a gender-neutral duck as the
protagonist alongside a second-person narration of the tasks in the game (e.g., “You are going on
a space adventure!”) to encourage children’s minds-on engagement (Dore et al. 2019b). To keep
children engaged during the primary task, the game purposefully did not include pop-ups or hot
spots that were not related to the vocabulary learning. Vocabulary words were presented within
the narrative of the game—a space mission to rescue aliens—to make the words meaningful. For
example, a character with a broken leg is described as experiencing “misfortune.” To address the
social interaction pillar, the game provided children with immediate, contingent feedback about
their answers to questions, much in the way that a live partner would. In both laboratory and
classroom settings, children demonstrated successful vocabulary learning from using the app. By
addressing all four pillars, the researchers and developers created a promising new app for fostering
vocabulary knowledge.

In addition to calling for these types of industry—research collaborations, this review makes
evident that as we move into the next wave of the digital revolution, we need to be very clear on
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how important social learning and interaction are for young children. We need to harness the
power of digital possibilities to prompt social interaction rather than to thwart it.

CONCLUSION

The great natural experiment taking place during the COVID-19 pandemic has demonstrated
that extreme isolation is very difficult for children and adults alike. It exposed how important it
is for children to interact with peers and adults, and also showed us the need for digital media to
find ways to create socially engaging materials that can invite people in instead of shutting them
out. Often, social aspects of digital media close out adult involvement rather than supporting it—
as shown in the case of electronic toys and caregiver—child language (Zosh et al. 2015). Logistic
difficulties with using video chat software for shared book reading or game play also pose an issue
that we must overcome. With regard to the issue of social interaction, we thus issue a challenge
to the digital media industry to focus more on evidence-based content development and the pri-
oritization of opportunities for social engagement.

Perhaps the biggest takeaway from the current status of the literature on children and screens
is that the content, context, and characteristics of the material and the interactions supported
through digital media have a large impact on children’s outcomes. By creating shows, apps, and
games that integrate active, engaged, meaningful, and socially interactive elements, content cre-
ators, caregivers, educators, and researchers can set children up for success in today’s digital world.
Digital media are neither inherently positive nor negative; it is all about how they are designed
and used.
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