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Foreword

This book is dedicated to John C. Wright, my late husband and research partner, who
was a pioneer in understanding the cognitive and social processes involved in chil-
dren’s learning from media, primarily from television. Television reached most
American homes during the 1950s. In 1950, about 10 % of homes had a set; by 1960,
the number was close to 90 %, a rate of dissemination that seemed extraordinary at
the time though it pales in comparison to the spread of smartphones and the Internet.

The introduction of each new medium in the twentieth century elicited a storm
of apocalyptic predictions about its harmful effects as well as wildly optimistic
hopes for its capacity to enrich the lives of viewers. The research that followed typi-
cally demonstrated that both are true, depending on the content and features of
programming as well as the characteristics of the viewer and his or her environ-
ment. As John once paraphrased Marshall McLuhan’s idea that the medium is the
message: “The message is the message.”

Two questions dominated television research in the 1950s and 1960s. (a) What
are the effects of the medium itself? (b) How does television violence affect aggres-
sive behavior? Both were concerned primarily with negative influences of TV. The
first question was typically answered with fairly simple correlational studies, a trend
that unfortunately continued well beyond the time when more nuanced and sophis-
ticated investigations had made it clear that viewing television per se does not have
simple effects on children. The second question gained momentum because of the
high rates of violence in fictional programming, including programming for chil-
dren, and because television news was broadcasting footage of graphic violence in
the war in Vietnam and in urban riots in many major American cities. In response to
these concerns, the US Surgeon General appointed an Advisory Committee on
Television and Social Behavior, which in turn requested that the National Institute
of Mental Health fund a program of research on the topic.

Research on potential positive influences of television emerged in the late 1960s.
With a grant from the NIMH initiative on TV and Social Behavior, Lynette Friedrich
and I launched a series of investigations. Although we included violent programs in
the first study, we were more interested in the potential of TV to teach prosocial
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behavior. We chose Mr. Rogers’ Neighborhood because it had a clear basis in devel-
opmental theory and presented a range of positive behavior including helping, shar-
ing, task persistence, cooperation, and delay of gratification.

Around the same time, Sesame Street began production with the explicit goal of
reaching children in minority families and those living in poverty. Although the idea
of educating young children with television seems obvious now, many were skeptical
that such programming could reach beyond an elite audience of children with well-
educated parents. Hence, the funding for the first 2 years included two large-scale
evaluations of impact on the target audience. A strong tradition of both formative and
summative evaluations of Sesame Street and other educational programs ensued.

In the 1970s and 1980s, research on the processes by which young children
learned television content, both positive and negative, arose in the fields of com-
munication and child development. With the advent of cartoons and other programs
specifically directed to young children, both parents and researchers became con-
cerned about commercialism and advertising to young children. Action for
Children’s Television, an advocacy group headed by Peggy Charren, pressed for
restrictions on such advertising. As a result, an important body of research provided
information about developmental differences in children’s processing including
their ability to comprehend the purposes of advertising and their susceptibility to
persuasion by favorite television personalities and characters.

In the late 1970s, John Wright and I created the Center for Research on the
Influences of Television on Children (CRITC) at the University of Kansas, which
John directed for many years, to carry out research that brought together his exper-
tise in cognitive development and mine in social development. One major theme
was understanding how TV formal production features (e.g., action, pace, special
effects) and content affected attention, comprehension, and social behavior. We did
laboratory studies of children’s attention to and learning from programs selected or
edited to contain particular combinations of form and content, and we also con-
ducted some longitudinal studies of children’s home viewing experiences.

Around the same time, at the University of Massachusetts, Dan Anderson con-
ducted seminal studies of the relations of comprehension to attention and launched
a large investigation of children’s home viewing. Ultimately, we collaborated to
follow up the Kansas and Massachusetts home viewing samples when they were
adolescents, showing that preschool viewing of educational programs predicted
some aspects of school achievement. For a review of late twentieth century media
research, see Huston and Wright (1997).

Many of the themes of the earlier work are evident in the contents of this volume.
First, although it seems obvious that theories of cognitive and social development
apply to and can be tested by studies of media, the research on media has often been
segregated from developmental psychology and early education. The authors in this
volume apply concepts of learning and social development to media in ways that
inform both basic and applied science. They extend analyses of content and produc-
tion features to understand the messages presented to children. They make good use
of experiments disaggregating the components of media stimuli (both form and
content) to test their effects on learning. In various chapters, the authors investigate
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children’s understanding of the connotations and conventions of TV, their under-
standing of fiction-reality distinctions, and, echoing the advertising research on
character appeal, their parasocial relationships with characters.

A second theme of the earlier work was a clear developmental perspective with
a focus on both micro and macro levels. At the macro level, children’s capacity for
learning from media changes over time as their cognitive capabilities grow, but also
as a function of their experience with particular media. But, change also occurs at
the micro level. At any point in time, attention and comprehension are greatest when
stimuli are moderately complex and novel; interest is diminished when content is
either too easy or too hard. As illustrated in Wright’s “traveling lens model,” for
example, changes with time and experience occur such that content that is moder-
ately difficult becomes easier and less interesting, and content that was too difficult
attracts more attention and interest. By definition, a developmental perspective
requires that the match between the media content and the child’s level be consid-
ered in understanding children’s learning—a pervasive assumption in this volume.
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Still another theme was that learning from media is active. Many observers argued
that learning from television was by definition passive because it offered one-way
communication from screen to child with little or no opportunity for children to
interact with or affect the content. We and other early investigators contended that
such learning could be and often was active because children attend selectively, exert
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mental effort, and use their existing knowledge to interpret television content (Huston
& Wright, 1989). As technology has changed, no one questions the idea that a child
can be “active” in learning, but there are still issues of when and how children trans-
fer that learning to other contexts. The newer work also allows a better understand-
ing of the biological processes underlying children’s interactions with media.

Still another thread of the early work was context, particularly the context of
viewing at home. The home viewing diaries collected in Massachusetts and Kansas
produced information about co-viewing of different types of programs with parents
and siblings, and the videotapes of viewing collected in Massachusetts offered an
in-depth understanding of viewing in a natural context. The current work on co-
viewing and parent-child interaction reported in this volume advances our under-
standing of how media are integrated into family life. Possible impacts on
parent-child relationships are ever more urgent with new media. For example, anec-
dotes abound about parents being absorbed by their phones while children sit pas-
sively (or perhaps play on their own devices).

The papers in this book have their roots in themes from early research, but the
newer work goes well beyond TV because there is a proliferation of media platforms.
Researchers can now investigate interactivity and a much wider range of content and
form including carefully planned games for children (and perhaps those not so care-
fully planned). Although young children still spend a great deal of time with televi-
sion, many of them also play games on phones and tablets. At the same time, the
range of programming and games has grown on both television and other media,
with many more claims by manufacturers that content is beneficial to children.

The age groups targeted by media (and presumably affected by them) have
shifted to include infants and toddlers, a trend that is reflected in the research in this
volume. When Sesame Street was introduced, it was aimed at 4-year-olds, an age
group that seemed very young at the time. Despite warnings from the American
Pediatric Association, viewing data over the years have made it clear that very
young children are exposed to a great deal of television, often because older family
members are viewing, and programming for infants and toddlers on both TV and
other platforms has followed, creating new questions for research.

Screen media now allow children to engage in various forms of social interaction
with fictional characters and real people. The papers in this volume document chil-
dren’s “parasocial” relationships to media characters as well as Skype interactions
with parents and other important adults who are far from home. This line of research
has only begun to answer interesting questions about how such mediated interactions
are perceived by children and how they affect other aspects of social relationships.

Finally, the contributions of practitioners, educators, and media professionals to
this volume follow in a strong tradition of interactions among research, media pol-
icy, and practice. The research on violence, advertising, and prosocial television has
been used in policy proposals with varying degrees of success over the years.
Although research was not the only influence on the 1990 Children’s Television
Act, the legislation would probably not have happened without it. Perhaps more
relevant to this volume, many of the best children’s television shows have used
research to plan their content and to evaluate their successes. Building in the
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thoughts of practitioners for each chapter strengthens the likely contribution of this
work to design and evaluation of new media as well as old.

In summary, the papers in this book build on themes of earlier work while pre-
senting a range of important advances in understanding the multiple roles of screen
media in the lives of children. Although the technological changes in media are
occurring at a rapid rate, always raising new questions and issues, much of the
knowledge generated in this research deals with lasting and important questions of
children’s development. It draws on a strong tradition of past work to make major
interesting and new contributions to the field.

Aletha C. Huston

Priscilla Pond Flawn Regents Professor Emeritus in Child Development
The University of Texas at Austin

Past President, Society for Research in Child Development
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Preface

The New Blooming, Buzzing Confusion: Introduction to
Media Exposure During Infancy and Early Childhood

The baby, assailed by eyes, ears, nose, skin, and entrails at once, feels it all as one great
blooming, buzzing confusion (p. 488; William James, 1890)

William James’s conception of the infant captured the prevailing view that the
infant’s world is dominated by sensations that lack order and assail themselves on
the infant as if, as Locke argued in 1689, the infant is a “white paper [tabula rasa]
void of all characters, without any ideas” (Book II, Chap. I, 2). This view has domi-
nated developmental psychology even into the late twentieth century: infants were
thought to be born knowing little of their larger world and, over time and with expe-
rience, must organize the buzzing confusion. This phrase, while not unique to the
study of media and subsequent effects on infants (e.g., Anderson & Hanson, 2010),
was the impetus for this book. Infants are not born into a world of confusion; instead,
they are sophisticated learners with functional memory systems (for review see
Rovee-Collier, Hayne, & Colombo, 2001; Saffran, Aslin, & Newport, 1996) who
develop gradually and systematically across the first few years of life. As we sat in
Rachel’s garden creating a prospectus for this book, our goals were twofold. First,
we wanted to encourage scholars who study media and young children to present
complex and scientifically rich descriptions of their own research programs by
focusing on how very young children might learn from media and the ways in which
the content of said media and the context surrounding exposure interact to influence
how and whether learning occurs. Second, we wanted leading industry experts, con-
tent creators, journalists, and policymakers to read these scholarly chapters and dis-
cuss the relevance and application of this research for their own practice. In all, we
wanted the research and its translation into practice to present a more nuanced and
balanced view of babies and screen media that reflects a rigorous application of
developmental science to how, whether, and why infants learn from screen media.

xi
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Current Media Landscape

Since 1997, there has been an unprecedented surge in media content produced for
young children coupled with the advent and rapid mass production of touchscreen
tablets and mobile phones. In just the 2 years between 2011 and 2013, the use of
mobile devices skyrocketed: use by children under 2 increased from 10 to 38 %
whereas use by children 2—4 years old increased 39 to 80 %. But a more recent study
conducted in France (Cristia & Seidl, 2015) estimated that 58 % of 5-24-month-
olds had used a touchscreen device. Smartphones comprise the most frequently
used touchscreen device (51 % of children have used this device at least once)
although tablets are close behind (44 %; Rideout, 2013). Estimates of daily usage
also vary. Recent studies one in the USA (Rideout, 2013) and one in France (Crista
& Seidl, 2015) indicate that about 20 % of infants and toddlers use a touchscreen-
enabled device each day. Two studies with more racially and socioeconomically
diverse samples, one in the USA (Kabali et al., 2015) and one in Northern Ireland
(Ahearne, Dilworth, Rollings, Livingstone, & Murray, 2016), indicate a much
higher estimate, approximately 70 %. While it is important to note that the way
these data have been collected also varied over time (see Barr, Danziger, Hilliard,
Andolina, & Ruskis, 2010; Certain & Kahn, 2002), it is quite clear that children’s
exposure to screen media is shifting across platforms. Unlike any other point in
time, young children are exposed to media content via multiple devices in multiple
locations and in multiple formats, potentially leading to a new blooming, buzzing
confusion. This technology explosion is shifting the use of screen media from a
centrally located television set in the family’s living room to anywhere and every-
where a child might be. From the family car to the local restaurant, while visiting
the doctor’s office and when riding on public transportation, exposure to media
content is inescapable. As researchers and industry leaders, it is challenging to keep
pace with such rapid proliferation in order to generate basic evidence about its
effects as well as guidance on just what families and educators can or should do.

Moral Panics About Children’s Time Spent with Media

As each new wave of technology takes hold, different facets of the population
express varying opinions about the role that such technology should play in young
children’s lives ranging from trepidation about the perils to extreme optimism about
the promise of the technology (Chap. 1). McLuhan (1964) wrote that “each new
technology creates an environment that is itself regarded as corrupt and degrading”
(p. ix). The promise lies in the ability of media to widely and rapidly increase chil-
dren’s access to information and education (Mielke, 1994). At the same time, others
have voiced concerns that early use places young children’s developing attentional
system at risk for concurrent and later developmental problems while simultane-
ously disrupting sleep and displacing important childhood experiences. Throughout
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the book, how parents and early educators are responding to these profound changes
to the media landscape is discussed. The context in which media exposure occurs is
more relevant and important than ever before.

Historically, child media research has focused on relations between outcomes
and the total amount of media exposure a child has (see Anderson, Huston, Schmitt,
Linebarger, & Wright, 2001 for a discussion). This narrow focus on amount of
exposure has constrained our ability to interpret both the short-term and long-term
impact of media on early socio-cognitive development and slowed the accumulation
of knowledge about which child when exposed to what content and under what
circumstances experiences particular outcomes. As the field matured, there was a
shift from total effects to an examination of the differential impact of media content.
Multiple studies document that high-quality and well-designed educational media
help young children learn the content featured in that media. For instance, in a lon-
gitudinal study following children from age 5 to age 15, researchers determined that
young children who spent more hours viewing Sesame Street evidenced higher
grades, more leisure book reading, and stronger academic self-concepts in adoles-
cence whereas young children who spent more hours viewing Mr. Rogers had
higher creativity scores and reported greater participation in creative extracurricular
activities (e.g., drama, art; Anderson et al., 2001).

At present, there is a dizzying array of content options available for young chil-
dren. The Apple app store contains well over 80,000 applications tagged as educa-
tional (Apple, 2015). Unlike the development of traditional television content (both
educational and entertainment), the speed with which new technologies are created
has led to an equally rapid explosion and deployment of content for these technolo-
gies. As a consequence of the academic research process, we know very little about
how this new content delivered via new technologies is developed, whether it is
developmentally appropriate, and, perhaps most importantly, whether and how it is
effective for learning. To deal with the lag between technology and research, Zosh
and colleagues (Chap. 17) have proposed ways to identify app-based content as
truly educational by using basic learning science research.

Welcome to the New Blooming, Buzzing Confusion

This book was born from an invitation by Springer to consider submitting an edited
volume that investigated the consequences of early media use; and so began our
own blooming buzzing confusion. We met the challenge by inviting many of the top
academics in the field to author chapters on the perils and promise of early media
exposure firmly embedded within a developmental science perspective. As we con-
sidered their potential research topics, we simultaneously identified key industry
leaders and child advocates who could comment on the implications of the research
for their own practice. Consequently, this book moves the research debate from the
early focus on cause/effect relations dominated by total exposure and even total
exposure broken into content categories to models where multiple and interacting
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factors of the child, the content, and context in which exposure occurs are consid-
ered (Barr & Linebarger, 2010; Guernsey, 2012). Through careful consideration of
the potential interactions between and among the content and context of early media
exposure, we will address under what conditions this new blooming buzzing confu-
sion can be deciphered by young children including how they come to make sense
of it. These issues are timely and relevant not only to academics but also to parents,
early educators, and policymakers who are making key decisions about their chil-
dren’s access to, use of, and potential learning from media.

The book is structured to present information from different perspectives. Each
research chapter provides state-of-the-art research about the content and context of
media exposure during early childhood. Known leaders of industry and parenting
advocacy groups and think tanks were then asked to write a commentary chapter to
provide insight into how the research is or could be translated into practice. These
research and practice chapters are designed to be read together. By highlighting
both research and practice, we have been able to review and identify factors that
might realize the promise of technology while simultaneously reducing or mitigat-
ing the potential risks for very young children.

We identified several crosscutting themes across the chapters and commentaries.
These themes demonstrate how research that incorporates greater complexity and
sophistication across questions, methods, and theories enhances our understanding
via simultaneously considering the multiple and interacting effects of individual
child characteristics, content type, and the context in which exposure occurs. These
themes include:

1. Cognitive constraints on the child. Throughout the book we will closely consider
how the age of the child influences learning. We consider attentional and cogni-
tive constraints on processing information from screens during early childhood
(Chaps. 3 and 5) and how these factors influence children’s ability to learn in
media settings. We discuss the relevance of developmental science principles in
understanding not only how children learn from technology but in the design of
media content and consideration of the context of learning as well.

2. Importance of the delivery of content. The delivery of media content will be
discussed from multiple perspectives, with consideration of preschool television
content (Chaps. 7 and 8), the development of characters (Chaps. 9 and 10), and
the development of touchscreen apps (Chaps. 3, 4, 17, and 18). We discuss the
importance of character development, the careful design of the educational and
prosocial content, and the need to develop and implement age-appropriate cur-
riculum and leveling. We also discuss how it may be possible to use features of
new media to more effectively level content to capitalize on technology but we
will also need to carefully consider how to focus the learning without over-
whelming young learners with extraneous information.

3. Importance of the context. Co-viewing is now extended to co-using and joint
media engagement. More than ever before it is important to consider how learn-
ing from media occurs in the context of other social partners. We focus on
impacts of parental mediation and scaffolding during media exposure (Chaps.
11-15).
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4. Shift to newer media devices—There has been a rapid adoption across socio-
economic status of touchscreen-enabled phones and tablets and a vast array of
software in the form of applications (apps) has been developed to deliver content
on these devices. These new devices are mobile making them available in mul-
tiple locations. These devices are interactive both due to the touchscreen-enabled
functionality and the connectivity with other devices in order to engage in activi-
ties like videochat. These dramatic changes in technology have increased the
contingency and interactivity of content available to young children. We will
expand upon the recent dramatic shift to mobile and interactive technology
(Chaps. 1, 2, 13, 17, and 18). We integrate the extensive findings obtained from
the study of children’s exposure to television to the more recent findings with
this new digital media. We also discuss the challenges of the new media.

5. Parenting and educational implications of early media exposure. Throughout the
book we consider the educational ramifications of new media content and
devices and the role that parents and early educators will need to play in order to
maximize child outcomes. This will be considered from the Science of Learning
perspective (Chap. 17), in the early education environment (Chaps. 1-4 and 6),
and from the parenting perspective (Chaps. 11-16).

Washington, DC, USA Rachel Barr
West Lafayette, IN, USA Deborah Nichols Linebarger
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Chapter 1

The “New” Technology Environment:

The Role of Content and Context on Learning
and Development from Mobile Media

Alexis R. Lauricella, Courtney K. Blackwell, and Ellen Wartella

For decades we have seen the wave-like reaction to new media technology. First the
increased panic that whatever new device of the time— whether it is radio, TV, mov-
ies, DVDs, or computers —will have a negative effect on our youth; then a plateau
as children use these devices, regardless of recommendations from policy organiza-
tions, teachers, or parents; and finally a decrease in concern and a sense of actual
acceptance as that device becomes part of everyday culture and another device
enters the market to restart the wave. Coinciding with this wave of panic is a wave
of excitement and opportunity driven by those who see the novel opportunities of
each device to expand our everyday experiences. Wartella and her colleagues have
addressed this ongoing historical trend in children’s media technology over the
decades (Wartella & Jennings, 2000; Wartella & Reeves, 1985; Wartella & Robb,
2007). In this chapter we update this discussion with a focus on newer mobile media
and the impact it has on young children today. Rather than focusing solely on the
effects of the device itself, we build on the historical literature by expanding our
focus on two specific factors: the content provided on new mobile media devices
and the context in which these devices are used.

1.1 Historical Trends

Historically, the concerns about media technology have focused on the specific
device (e.g., television, video games, movies, etc.; Wartella & Jennings, 2000),
when in reality the content was driving the concern (e.g., violence). With older
children and youth, there is evidence that exposure to violent content in TV

A.R. Lauricella (04)  C.K. Blackwell ¢ E. Wartella

Communication Studies, Northwestern University, Evanston, IL, USA
e-mail: a-lauricella@northwestern.edu; ckblackwell@u.northwestern.edu;
ellen-wartella@northwestern.edu

© Springer International Publishing Switzerland 2017 1
R. Barr, D.N. Linebarger (eds.), Media Exposure During Infancy and Early
Childhood, DOI 10.1007/978-3-319-45102-2_1


mailto:a-lauricella@northwestern.edu
mailto:ckblackwell@u.northwestern.edu
mailto:ellen-wartella@northwestern.edu

2 A.R. Lauricella et al.

programming, video games, and even music lyrics can have negative effects on
development (Bushman & Huesmann, 2006). Over the decades, we have minimized
the concern associated with the devices by improving the content. For example,
Sesame Street and Mister Rogers’ Neighborhood calmed much of the worry related
to children and TV viewing with their educational curricula and demonstrated suc-
cess as teaching programs (Ball & Bogatz, 1970; Friedrich & Stein, 1973).

In the late 1990s, however, a change in the target audience of TV programming
and DVDs resulted in new concerns regarding media and child development
(Wartella & Robb, 2007). With a vast increase in infant-directed content (e.g., Baby
Einstein) in the late 1990s, the American Academy of Pediatrics (1999) origi-
nally recommended that parents refrain from allowing children under 2 from watch-
ing screen media out of fear that parents would rely on these products too heavily
and that important caregiver—child interactions would be displaced. Despite this
recommendation, parents were allowing their young children to view screen media.
Reports in 2002 indicated that 83 % of young children used screen media in a typi-
cal day, and 74 % of those under 2 had watched TV (Rideout, Vandewater, &
Wartella, 2003); by 2005, children under 6 were spending nearly 2 h per day with
screen media (Rideout & Hamel, 2006).

In part, the concern over infant-directed programming arose from the claims by
many companies that their products were educational when in fact little if any
research had been conducted to determine the validity of these claims. In the years
since these DVDs were created, a series of content analyses have been conducted to
assess the presence of educational concepts within the content of the programs. One
small-scale content analysis (Garrison & Christakis, 2005) examining educational
media found that 76 videos on Amazon.com’s top 100 best-selling list for babies ages
2 and under made educational claims. Many videos for young children also claimed
that they encouraged parent—child interaction. Similarly, the titles and claims of many
computer programs for young children suggested or directly stated that they were edu-
cational and would have positive educational effects on children (Garrison & Christakis,
2005). Unfortunately, this study did not assess the actual content by watching or play-
ing the games, instead relying on the best-selling list and company reviews as the main
indicator of content. A second content analysis, conducted in 2007 and 2008, of 57
DVDs targeting infants and toddlers between the ages of 0 and 3 years found that edu-
cational claims were prominent on baby DVDs (Fenstermacher et al., 2010). This
study went further and determined that often times the claims in the title, packaging,
and promotional materials overstated the content of the DVD (see also Chap. 7,
Linebarger, Brey, Fenstermacher & Barr, 2016; and Chap. 8, Santomero, 2016).

In addition to studying the specific content that was being marketed and sold to
parents of young children, researchers responded to concerns by examining whether
infants and toddlers were learning from content presented in video form. Anderson
and Pempek (2005) provided an excellent review of the literature to date, suggesting
that young children struggle to learn from one-directional TV or DVD screen con-
tent and coined the term the “video deficit.” Other scholars continued to explore this
controversy to determine whether infants and toddlers could learn from “baby
media” (e.g., DeLoache et al., 2010; Richert, Robb, Fender, & Wartella, 2010;
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Robb, Richert, & Wartella, 2010; Vandewater, 2011), generally finding mixed
results from commercially available products. Some researchers looked at more
basic factors of content, such as character familiarity (Krcmar, 2010; Lauricella,
Gola, & Calvert, 2011), to determine if altering content features influenced young
children’s learning from screen media. While there was some consideration for the
context of infant media, such as time spent watching TV in childcare centers (e.g.,
Tandon, Zhou, Lozano, & Christakis, 2011) or the role of parent—child interactions
during media use (e.g., Barr, Zack, Muentener, & Garcia, 2008; Fidler, Zack, &
Barr, 2010), the focus with infant-directed media research was primarily on the
effects of the content on very young viewers’ learning.

1.2 Mobile Media Trends

More recently, there has been a boom in digital media technology used by young
children that differs vastly from the technology of the past. In 2007, Apple intro-
duced the first iPhone, and just 3 years later the first iPad was released, providing
the world with a new type of mobile technology driven by the touchscreen. This
technological advancement incidentally also created a more developmentally appro-
priate medium for young children as they could now manipulate and control these
devices more easily without the help of an adult (Geist, 2012). New mobile technol-
ogy saw the same wave-like reaction from parents, press, and policymakers as seen
historically. Concerns spiked that these devices would negatively affect young chil-
dren’s development, and new policy statements were released cautioning parents
about potential negative effects (e.g., AAP 2011, 2013). Simultaneously, educators
and school systems immediately bought into the hype that mobile technology could
revolutionize the education system, spending millions of dollars investing in new
technology for their students (e.g., Garner, 2015; Paczkowski, 2013).

With the influx of new devices, two key policy statements have provided recom-
mendations for parents and educators to handle this new media environment. While
the American Academy of Pediatrics (1999, 2011, 2013) traditionally recommended
no screen time for children under 2 years old and limited screen time for older chil-
dren, the organization’s most recent recommendations in 2015 recognized that strict
screen time limits are no longer plausible in today’s media-saturated world (AAP,
2015). The AAP (2015) even acknowledged the potential benefits of high quality
educational content, such as Sesame Street, for children’s learning and develop-
ment, as long as screen time occurs in moderation and with caregiver guidance.
Additionally, the National Association for the Education of Young Children
(NAEYC) and the Fred Rogers Center (2012) released a joint position statement
supporting developmentally appropriate and intentional use of technology in early
childhood education. The NAEYC/Fred Rogers Center (2012) statement empha-
sizes the importance of using technology to support, not substitute, learning, sug-
gesting educators should create a balance of traditional and digital activities in their
centers and classrooms. Further, as with the AAP (2015) recommendations,
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NAEYC/Fred Rogers Center (2012) emphasizes the need for quality social interac-
tions around technology to support young children’s learning.

Despite these policy recommendations, we are still in the nascent years of under-
standing how these technologies influence children’s learning and development.
However, unlike prior work that has primarily focused on the devices themselves,
today there is more of a focus on what Lisa Guernsey (2007) describes as the three
C’s—the child, the content, and the context. Recognition of the importance of tak-
ing these three factors into account when understanding how media technology
affects young children has led to the development of new research and theoretical
models, such as Valkenburg and Peter’s (2013) Differential Susceptibility to Media
Effects Model that focuses on the differential effects media has on young children’s
learning and development.

Given that the AAP (2015) and NAEYC/Fred Rogers Center (2012) recommen-
dations provide suggestions on how to choose and use media to support young chil-
dren’s learning and development, it is critical to understand what types of content
are available and how parents and educators are constructing digital media contexts
for young children. As such, the remainder of this chapter focuses on new media
technology with regard to the content that young children are engaging with and the
context in which these interactions occur.

1.3 New Media Content

The advent of mobile touchscreen technology has led to a very different type of
media use. While television remains the most prominent media technology used by
young children, time spent with smartphones and tablets is increasing dramatically
as family ownership of these devices reaches new highs (Rideout, 2013). Importantly,
while some content is being moved from traditional television or computer games to
touchscreen devices, we are also seeing an increase in novel content that is being
created specifically for mobile touchscreen devices. An important distinction
between traditional media content and the new mobile touchscreen content is the
opportunity for increased user-influenced interactivity and user-created content,
something that was impossible with TV content. Most research examining new tech-
nology has been conducted on electronic books (e-books); however, new studies are
being conducted to examine the content and quality of children’s apps and to under-
stand the way children create and develop their own content on touchscreen devices.

1.3.1 E-Books

Decades of traditional children’s storybooks have led to the relatively seamless tran-
sition to children’s e-books that can be read on computers or handheld devices. The
earliest versions of e-books were created for desktop computers, played via
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CD-ROM technology, and ranged considerably in their interactive features (De
Jong & Bus, 2003; James, 1999). Most research has focused on the effects of
e-books on story comprehension, vocabulary, and phonological skills. An early
study by Ricci and Beal (2002) showed kindergarten children had better story com-
prehension and recall from interactive e-book CD-ROMs with audiovisual and
interactive features compared to children who only had audio narration without any
visuals. Similarly, Chera and Wood (2003) demonstrated that exposure to voice-
narrated e-books increased 4-year-old children’s phonological awareness compared
to a control group. More recently, Gong and Levy (2009) found that word highlight-
ing in e-books could enhance preschool children’s print and letter concepts. These
types of interactive components also seem to enhance children’s motivation and
engagement (Ciampa, 2012, 2014; Colombo & Landoni, 2014; Gong & Levy, 2009;
James, 1999; Lauricella, Calvert, & Barr, 2014).

Other studies have determined that e-books can be particularly beneficial for
children from special populations. Verhallen and Bus (2010) found that the very
foundation of an e-book providing multimedia pictures instead of static images, as
in the case with traditional books, could help increase second-language learners’
vocabulary skills. Another study showed that low- and middle-income students who
used e-books with dictionaries or e-books in the “read and play” mode outper-
formed their peers in the “read only” condition on word meaning and recognition as
well as phonological awareness (Korat & Shamir, 2007). Shamir and colleagues
(Shamir, Korat, & Fellah, 2012; Shamir & Shlafer, 2011) also showed interactive
e-books could be especially useful in increasing vocabulary, print concepts, and
phonological awareness for children with learning disabilities. Taken together, these
studies suggest the importance of interactivity as opposed to simply reading a book
on an electronic device.

However, other studies contrast these findings and demonstrate that interactive
features either had negative effects (e.g., De Jong & Bus, 2002; Kozminsky &
Asher-Sadon, 2013), no impact (De Jong & Bus, 2004; Willoughby, Evans, &
Nowak, 2015), or mixed effects (Doty, Popplewell, & Byers, 2001) on children’s
learning. In an early study, De Jong and Bus (2002) demonstrated that the interac-
tive features of e-books, such as hotspots, games, pictures, and interactive texts,
may negatively influence children’s understanding of the storyline. Similarly,
Kozminsky and Asher-Sadon (2013) found kindergarten children who were read to
from a traditional book by an adult had significantly higher literacy outcomes com-
pared to their peers who listened to and played with an e-book.

Multiple studies with young children have found no effect of e-books. Willoughby
and colleagues (2015) found no discernible differences in phonological awareness
for 4-year-old children who were exposed to repeated readings of ABC e-books
compared to children who were exposed to repeated readings of traditional ABC
storybooks. De Jong and Bus (2004) showed that kindergarteners who read an
e-book independently had similar story comprehension and retelling abilities as stu-
dents who worked with adults, despite the e-book having hotspots. Finally, Doty
and colleagues (2001) found that second-grade children who read an e-book on
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CD-ROM showed increased story comprehension compared to students who read a
printed book, but no differences were found for retelling the story.

When trying to interpret the mixed effects of interactivity and new mobile tech-
nology, we must acknowledge that “interactivity” can be defined, measured, and
assessed in a multitude of ways. With each individual study examining specific
features of interactivity, it is not surprising that current results are not yet consistent
or streamlined. A second limitation with some of the interactivity research is a func-
tion of the stimuli used to test “interactivity.” Specifically, many of the studies that
find positive effects of e-books used researcher-created e-books, where the interac-
tive components are intentionally aligned with the story content and skills being
assessed, as opposed to commercially available content, which may lack such inten-
tionality (Salmon, 2013).

An extension of interactivity research is now exploring how haptic technology
can be added to e-books as a way to increase young children’s interactivity with the
reading experience. Haptics provide tactile vibration feedback, providing a more
multisensory reading experience above and beyond audiovisual cues. While few
have investigated the effect that haptic technology has on young children’s learning
(Alam, Rahman, & El Saddik, 2013), companies such as Disney Research are in the
process of developing haptic displays for children (Kim, Israr, & Poupyrev, 2013).
Only one exploratory study investigating the application of haptics to children’s
e-books has been conducted, and the authors found that while younger children (3-
to 5-year-olds) enjoyed the addition of haptics more than older children (6- to
8-year-olds), parents felt that younger children were more distracted by the haptics
(Cingel, Blackwell, Connell, & Piper, 2015). As such, the tension between engage-
ment and distraction around enhanced e-books will likely continue as the technol-
ogy advances.

In sum, new mobile technology does offer children an opportunity to interact
with and manipulate some or all of the content on the device, but the effects of
these interactive features require continued research. Factors like child age and
previous exposure to traditional storybooks, e-books, and touchscreen technology
may play an important role in the overall effects associated with these types of
experiences. Additionally, defining and measuring “interactivity” is increasingly
challenging as interactive features and opportunities continue to develop and
change. Research has begun to assess certain aspects of interactivity, such as
hotspots and haptic technology, but just as there is a long list of formal features
used in video presentations (e.g., cuts, zooms, pans, etc.), the list of interactive
features that need to be studied and understood is far from complete. Finally, the
relationship between the developmental abilities, experience, and the interactive
technology must be understood in context. Specifically, this relationship should be
investigated with commercially available content and in the places where children
are using these devices (e.g., home, school, and even in transit), both with and
without parent involvement, to better reflect the realities of children’s engagment
with these new technoolgies.
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1.3.2 Apps

With more than one million apps available for IOS and Android devices, it is impor-
tant to examine the type of content that young children are engaging with and what
is available for them to download and use. The Michael Cohen Group (2011), in
partnership with the United States Department of Education, identified three types
of tablet computer apps for young children—gaming apps, creation apps, and elec-
tronic books. The first describes apps that are interactive, goal oriented, and level up
to make game play progressively harder; the second describes apps that allow chil-
dren to draw or build; and the third, as described in the previous section, include
animated e-books that can be read by children (or adults) or have audio narrators
telling the story.

The Joan Ganz Cooney Center at Sesame Workshop has conducted content anal-
yses of apps available in the Apple iTunes Store. Reports found that the vast major-
ity (80 %) of top-selling paid apps in the Education Category targeted children, with
almost three-quarters specifically targeting preschool or elementary-aged children
(Shuler, Levine, & Ree, 2012). Of the apps in the Education Category on iTunes,
Google Play, and Amazon, the most popular paid apps targeted basic language and
literacy skills, but differences arose where the most popular apps on one site were
not the same on another site (Vaala & Ly, 2014). Other work has assessed the gam-
ing category in the Apple iTunes Store and found that one-third of apps in the
Games Category claim to be educational (Shuler, 2012). Furthermore, research
looking specifically at educational quality of apps in the Kids section of the Apple
iTunes store found that “freemium” apps—or apps that offer limited-time free con-
tent before requiring users to make a purchase—demonstrate the highest educa-
tional quality, followed by paid apps and free apps (Hurwitz, Lauricella, & Wartella,
2015). Falloon (2013) also found that free apps were more likely to have features
that may impede learning, such as popup or banner advertisements as well as
embedded external web links.

Despite research on the varied types of apps, their quality remains unclear.
Hisrich and Blanchard (2009) suggested that few quality apps exist for emergent
literacy skills, and Vaala and Ly (2014) found that the majority of apps primarily
target only basic literacy skills of phonics/word recognition and letters/sounds.
Additionally, Falloon (2013) confirmed that while educational quality is difficult to
discern, specific content features are more likely to be associated with learning than
others. For example, apps that scaffold children’s interactions or provide a step-by-
step process to learning concepts are more likely to promote learning compared to
apps that were game- or practice-based (Falloon, 2013). Additionally, apps with text-
to-speech capabilities that provide information aurally in addition to visually may
also be beneficial to learning (Falloon, 2013; see also Chap. 3, Hipp et al., 2016).

However, unlike research on e-books, where studies have explored how the
interactive features of digital books affect young children’s learning, few studies
have empirically explored children’s learning from specific types or features of
apps. In a small-scale study investigating PBS content on iPods, researchers found
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that children aged 3—7 years who used the SuperWhy and Martha Speaks apps over
a 2-week period showed gains in vocabulary, letter sounds, and rthyming, with the
greatest gains experienced by the 3-year-olds (Chiong & Schuler, 2010). A recent
experiment by Neuman (2015) found that low-income preschoolers who played the
Learn with Homer app showed increased phonological awareness, print knowledge,
and letter sounds compared to children who used math and music apps. Two addi-
tional studies have investigated how the intrinsic characteristics of touchscreen
devices (e.g., audiovisual, touchscreen) can aid learning, but these studies did not
focus on specific app content. Kirkorian, Choi, and Pempek (2016; see also Chap. 5,
Kirkorian, Pempek & Choi, 2016) showed that toddlers who engaged with interac-
tive videos on touchscreen tablets had increased word learning compared to tod-
dlers who engaged with noninteractive videos on touchscreen tablets, while
Roseberry, Hirsh-Pasek, and Golinkoff (2014; see also Chap. 17, Zosh et al., 2016)
showed that toddlers could learn novel words just as well from video chat as from live
interactions, but not from non-interactive videos. Finally, a recent study examining
preschoolers’” STEM learning from interactive versus non-interactive apps found that
learning differed as a function of interactivity (Aladé, Lauricella, Beaudoin-Ryan, &
Wartella, 2016). Specifically, preschoolers were better able to succeed at an exact
transfer task when they played the interactive tablet game but children who watched
the non-interactive video were better able to transfer their learning to more novel tasks.
In addition to the focus on the educational quality of apps, others have investi-
gated the ways in which children can use apps and mobile devices to create their
own content rather than simply relying on the content produced by others. Common
Sense Media provides a search option where parents can search for apps based on
creativity, and apps such as Little Builders and BugArt were created to encourage
interactive, creative thinking for young children. Similarly, Doodlecast and paint
and play apps were developed to support children in their creation of art and story-
telling. Apps by Toca Boca for younger children were designed to replicate aspects
of children’s free play on digital devices. This type of content is truly novel and is
largely a function of the affordances of mobile technology. Other types of older
technology— TV, DVDs, and even computer or videogames—require the creation
of content by other individuals and simply allow the child to engage or play with the
material in the largely scripted way it was designed. These new types of apps allow
children to take the creative lead and develop their own media content. While not
necessarily novel in the broader context of digital media, given that children have
extended storylines and characters from TV into their real-world play, the ability for
children to take more creative agency in apps is a more recent development.
Several studies have begun to investigate the influence of apps on children’s cre-
ativity and engagement, showing mixed results. Kucirkova, Messer, Sheehy, and
Panadero (2014) found that children who worked with peers while playing story-
making, drawing, and construction apps engaged in joint problem-solving and
collaboration. Additionally, Couse and Chen (2010) found that while teachers
reported most children’s digital and traditional self-portraits were similar in quality,
20 % of the children were “above expectations” for their digital portrait compared
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to their traditional ones. Similarly, two related studies investigating toddlers’
(1.5 to 3 years) mark making found young children made more marks and engaged
in a range of mark making practices when finger painting on tablet computers com-
pared to traditional paper (Crescenzi, Jewitt, & Price,2014; Price, Jewitt, &
Crescenzi, 2015). While the digital device afforded sustained engagement, the
authors note that the tablet restricted the number of fingers children could use and
lacked sensory tactile features important to young children’s development (Crescenzi
etal., 2014; Price et al., 2015). Alternatively, Picard, Martin, and Tsao (2014) found
that kindergarten children’s digital drawings on a tablet computer were worse than
drawings with paper and pencil. Importantly, while these studies represent interna-
tional and culturally diverse young children, they are limited in scope and sample
size (N<50); additionally, these studies primarily draw on qualitative or mixed
methods, which provide rich details of children’s interactions with tablets but are
unable to make causal conclusions.

The world of children’s apps continues to change and develop and the research
simply has not caught up with the technological developments. We are beginning to
understand the content available to young children via this new media platform, but
the effects—both positive and negative—of exposure to and engagement with app
content are far from known. Much more research is needed to understand how chil-
dren use these apps, what they learn from them, and how the opportunity to create
and design their own content influences development, learning, and creativity.

1.4 Context

With the advent of mobile devices, defining the context in which new media are
used becomes increasingly complex. No longer are young children tied to watching
television in the living room or playing computer games on a desktop computer;
they can now access digital media content anywhere, anytime on laptops, handheld
gaming devices, smartphones, and tablet computers. Thus, what once was a station-
ary context that used to exist primarily in the home has now become an ever-
changing environment in which children access and use digital media.

1.4.1 The Home Context

There is no question that young children have more access to mobile technology
today. The most recent 2013 Common Sense Media report of families with children
ages 0—8 found that 75 % of young children now have access to some type of mobile
device compared to only 52 % two years earlier in 2011 (Rideout, 2013). When it
comes to tablets specifically, there was a fivefold increase in family ownership,
with 40 % of families reporting they have a tablet compared to only 8 % in 2011
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(Rideout, 2013). With increased access comes increased use, as young children
now spend an average of 15 min a day on mobile devices compared to only 5 min
aday in 2011 (Rideout, 2013).

For many young children, they do not actually have their own mobile device, but
their parents engage in what Chiong and Schuler (2010) describe as the “pass-back
effect.” This phenomenon derives from the image of a parent “passing back™ a
mobile device in the car to a child in the back seat to keep him/her occupied, but it
can occur in any location at anytime. Research has continually shown that parents
use technology to keep children occupied in order to complete parental tasks
(Rideout & Hamel, 2006; Zimmerman, Christakis, & Meltzoff, 2007), and mobile
devices allow parents more flexibility. Indeed, a nationally representative survey of
parents of 0- to 6-year-olds found that parents use mobile devices in many situa-
tions, from making dinner, to eating out at a restaurant, to calming a child down
(Wartella, Rideout, Lauricella, & Connell, 2014). Often, the child uses the device to
play a game, and the interaction is relatively short (Chiong & Schuler, 2010).

Interestingly, despite parents engaging in this pass-back behavior, they do not
necessarily have positive attitudes toward these new mobile devices. Only 29 % of
parents surveyed by Wartella and colleagues (2014) believed that newer mobile
devices have made parenting easier, reporting that mobile devices have a lot of fun
activities for their children, as well as educational content. On the other hand, 70 %
of parents reported that these devices do not make parenting easier. For these par-
ents, the top three reasons why these devices have not made parenting easier were
as follows: (1) fears over children not developing important social skills; (2) having
a harder time getting their children’s attention; and (3) fears over children getting
addicted to the devices (Wartella et al., 2014). Additionally, 37 % of parents believed
mobile devices could aid math, reading, and creativity skills, 38 % believed these
devices have negative effects on children’s attention span and 50 % believed tablets
and smartphones have negative effects on children’s social skills (Wartella et al.,
2014). As such, there appears to be tension between what parents do and what they
actually believe in terms of the benefits and drawbacks of mobile technology.

Despite these mixed views, there is increasing evidence of the importance of co-
using technology, where parents or caregivers share in the media experience with
their children. Research has shown that when parents ask questions or reiterate the
learning messages from educational television, children learn the concepts better
(Ball & Bogatz, 1970; Chiong, Ree, Takeuchi, & Erickson, 2012; Reiser, Tessmer,
& Phelps, 1984; Strouse, O’Doherty, & Troseth, 2013; Takeuchi & Stevens, 2011).
With the influx of newer media platforms and the opportunities for parents to not
just co-view but co-engage in media activities, the Learning in Informal and Formal
Environments (LIFE) Center coined the term “Joint Media Engagement” (JME),
defined as:

Spontaneous and designed experiences of people using media together, and can happen
anywhere and at any time when there are multiple people interacting together with media.
Modes include viewing, playing, searching, reading, contributing, and creating, with either
digital or traditional media (Stevens & Penuel, 2010).
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Despite the interest in JME, Rideout (2013) found that only 9 % of parents report
co-engaging on mobile devices on an average day and that the engagement only
lasts for 3 min. Instead, the majority (52 %) of parents reported co-engaging while
watching TV and spent an average of 49 min doing so, suggesting that parents of
young children are primarily co-engaging on more traditional platforms (Rideout,
2013). This was supported by Connell, Lauricella, and Wartella (2015), who also
found that more parents co-engaged with television and books compared to smart-
phones and tablet computers. One potential reason for this may be the ease with
which parents can pass back their tablets and smartphones, such that they are less
likely to co-engage on mobile devices.

One exception to co-engagement with mobile devices is parent—child e-book
reading. Researchers have recently investigated the ways that e-book interactivity
influences how parents interact with their children during co-reading, and the poten-
tial impact these interactions may have on young children’s learning (Chiong et al.,
2012; Kremar & Cingel, 2014; Lauricella et al., 2014). More specifically, these
studies demonstrate that parents engage in fewer content-related interactions when
reading enhanced or interactive e-books with children compared to traditional print
books (Chiong et al., 2012). E-books do seem to increase parents’ comments related
to the mechanics or technical components of the book, such as verbalizations
regarding when to push or interact with the features and how to operate the device
(Krcmar & Cingel, 2014; Lauricella et al., 2014). However, these comments may
distract children from the book content and lead to decreased levels of story com-
prehension and literacy outcomes (Krcmar & Cingel, 2014; Parish-Morris, Mahajan,
Hirsh-Pasek, Golinkoff, & Collins, 2013). Krcmar and Cingel (2014) further sug-
gested that this distraction talk and the added features of e-books increases cogni-
tive load, making it more difficult for children to learn from e-books.

Apart from parent—child e-book reading, few studies have explored the effects of
joint media engagement on children’s learning and development. A recent study by
Connell and colleagues (2015) investigated differences in parents’ joint media
engagement with children age 8 and under by family demographic characteristics
and technology type. Results showed that younger parents and fathers were more
likely to co-engage with videogames and mobile technology, and Hispanic parents
were more likely to co-engage with tablet computers compared to white parents,
even when controlling for parent age, parent education, child age, child gender, par-
ent’s time with the device, and parent’s time with the child (Connell et al., 2015).
The authors speculate that fathers are more likely to co-use videogames and mobile
technology because these offer opportunities for fathers to engage in more play-like
activities with their children, which is consistent with previous research on father-
child engagement in non-digital contexts (Lamb, 2000). However, this study did not
examine associations between co-engagement and child outcomes. While anecdotal
accounts suggest that JME can enhance social and academic learning (e.g., Barron,
Martin, Takeuchi, & Fithian, 2009; Stevens & Penuel, 2010; Takeuchi & Stevens,
2011), no large body of empirical evidence exists to support such claims on newer
mobile devices.
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1.4.2 The School Context

Across the United States, schools are increasingly integrating newer mobile devices
into the classroom. As of 2013, Apple reported 4.5 million iPads in American edu-
cational institutions, triple the number reported just a year earlier in 2012
(Paczkowski, 2013). In early childhood specifically, 20 % of educators report hav-
ing access to e-readers, while 55 % report having access to tablet computers, which
is almost twice the amount reported in 2012 (Blackwell, Wartella, Lauricella, &
Robb, 2015). On average, these teachers reported using e-readers 4.25 days per
month and tablet computers 11.66 days per month (Blackwell et al., 2015).

With the increase in mobile devices in early childhood education, it is important
to understand how teachers are using these devices in their classroom. A survey of
over 1,400 early childhood educators found that for those with access to tab-
lets, 29 % used tablets across the curriculum, with the majority using them for sci-
ence, math, and literacy (Wartella, Blackwell, Lauricella, & Robb, 2013). Further,
56 % reported also using tablets for social-emotional learning (Wartella et al.,
2013). Indeed, Blackwell (2013) found that preschool and kindergarten teachers
believe that tablets can help children learn to share and can increase social interac-
tions, such as in the situation when more technology-proficient children help less
proficient children use the devices. Similarly, teachers in Beschorner and Hutchison’s
(2013) study reported an increase in social learning, including communication and
sharing between peers while using iPads. Henderson and Yeow (2012) also found
that using iPads encouraged collaboration between students.

In addition to the learning areas in which mobile technology is being integrated,
mobile devices could have important influences on the pedagogical context as well.
Teachers may choose to use tablets in addition to or in place of more traditional
activities because tablets are highly engaging for young children (Couse & Chen,
2010; Henderson & Yeow, 2012; Kucirkova et al., 2014). While organizations like
NAEYC/Fred Rogers Center (2012) promote the use of technology as a supplement
to hands-on activities, this is not always how the technology is actually used.
Blackwell and colleagues (2015) found that 54 % of early childhood educators
reported using tablet computers for children to practice material they already
learned, while 64 % reported using the devices to teach basic user skills. Indeed,
Mishra and Koehler (2006) suggest that in order for teachers to effectively integrate
technology into their classrooms, they require Technological Pedagogical Content
Knowledge (TPACK). That is, teachers need to know how technology can (1)
enhance the representations of specific content and make subject matter easier or
harder to learn; (2) be matched with specific pedagogical practices that enhance the
teaching of specific subject matter; and (3) build on students’ prior knowledge and
instigate new learning (Mishra & Koehler, 2006; Koehler, Mishra, & Cain, 2013).
In order for teachers to achieve high levels of TPACK and use technology as a
supplement instead of a substitution for non-digital activities, however, additional
professional development and support are necessary to provide teachers with the
skills and tools to make this a reality.
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The integration of technology into the classroom can encourage more student-
centered, or constructivist, pedagogy —an alternative classroom environment to tra-
ditional skill and drill teaching practices that may lead to higher learning outcomes
(e.g., Dewey, 1902; Jonassen & Reeves, 1996; Rogers, 1983; Vygotsky, 1978).
Means and Olson (1997) defined student-centered learning with technology as
“promot[ing] student learning through collaborative involvement in authentic, chal-
lenging, multidisciplinary tasks by providing realistic complex environments for
student inquiry, furnishing information and tools to support investigation, [and]
linking classrooms for joint investigations” (p. 9). In contrast to traditional learning
that promotes skill and drill practices and the recitation of facts, student-centered
practices leverage technology as a way for students to engage in real-world experi-
ences that promote critical and higher order thinking. Blackwell and colleagues
(2015) found some examples of this type of use in their national survey, as 55 % of
teachers reported at least sometimes using tablet computers for free choice time
where children could choose any app to play with, while 58 % of teachers reported
at least sometimes using tablet computers for creation activities. Beschorner and
Hutchison (2013) also found teachers integrated iPads in many different contexts,
including center time where children could choose any app to play with, small
group time where several students listened to stories or played apps together, and for
creating digital storybooks.

While mobile technology has been often been praised for providing individual-
ized learning, several studies suggest that teachers use them in other types of learn-
ing contexts as well (Beschorner & Hutchison, 2013; Blackwell, 2013; Blackwell
et al., 2015). For example, while 62 % of teachers in Blackwell and colleagues’
(2015) survey reported using tablet computers for individualized instruction, 66 %
reported using tablet computers for paired (two students) learning, 54 % for small
group (three to five students) learning, and 53 % reported using tablets for whole
group instruction. Beschorner and Hutchison (2013) also described how teachers
used tablets for whole group learning activities, such as checking the weather during
the morning meeting and circle time. Several studies have also suggested that using
e-readers and tablets for individual learning in kindergarten may not be the most
effective approach (Blackwell, 2015; Shamir, Korat, & Barbi, 2008). Shamir and
colleagues (2008) found that children who used e-books in pairs, as opposed to
individually, made significantly greater literacy gain. Similarly, Blackwell (2015)
showed that kindergarteners who shared tablet computers significantly outperformed
their peers in 1:1 or non-iPad classrooms on end-of-year achievement tests, even
after controlling for baseline scores and demographic characteristics. Blackwell
(2015) argued that collaborating around a tablet device may be more effective than
1:1 learning in early childhood due to the peer-to-peer scaffolding that can occur,
which may be more beneficial than scaffolding afforded by the technology alone.
McManis and Gunnewig (2012) note that teachers tend to pay less attention to
interacting with children and scaffolding their learning experiences when students
use technology alone, such that sharing tablets may replace this lack of teacher inter-
action with increased opportunities for peer-to-peer interaction. Indeed, research has
found that face-to-face collaboration around technology, especially with dyads or
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small groups, can lead to better learning outcomes compared to individual learning
settings (Johnson & Johnson, 2009; Lou, Abrami, & d’ Apollonia, 2001). For exam-
ple, Gomez and colleagues (2013) showed that small group collaborative learning
using a single display computer led to greater achievement in language, math, and
social skills for kindergarten children compared to children in classrooms where
they did not engage in co-learning activities. Several studies have also noted that one
of the main affordances of tablet computers over other mobile technology is the ease
with which students can collaborate around the technology (Chou, Block, & Jesness,
2012; Henderson & Yeow, 2012).

With the increase in mobile technology use in the classroom, the dynamics
between teachers, children, and technology once again changes, given that children
can easily use mobile devices anywhere in the classroom. This flexibility also
enables teachers to use technology in different ways, especially in early childhood
education where classrooms are usually set up with specific activity stations instead
of the traditional rows of desks. Children are often constantly moving around the
early childhood classroom and not tied to a specific location, such that mobile tech-
nology especially complements the physical needs of early learning environments.
While teachers can still use tablet computers for whole group learning by projecting
the screen on a Smartboard, they can now also have children use mobile devices at
different stations around the classroom, during transition times when some students
may be done earlier than others, and even outside of the classroom. Blackwell
(2013) found that kindergarten teachers especially value the mobility of tablets. In
one case, a teacher had children go on a nature walk and take pictures on their tablet
computers and then come back to the classroom and label their pictures. Another
teacher used tablets on the bus ride for a field trip so that children did not lose that
valuable learning time. Henderson and Yeow (2012) also found that tablet comput-
ers made learning more accessible and productive in elementary school classrooms
because the devices could be used anywhere in the classroom and were easily shared
among students. Early childhood educators also have confidence in adapting their
classroom for technology, with 57 % of teachers of 0- to 8-year-olds agreeing or
strongly agreeing that they know how to accommodate their classrooms for differ-
ent technology tools (Blackwell et al., 2015). In ideal cases with active teacher and
school involvement, mobile technology can be a beneficial resource to the educa-
tional activities within and outside of the classroom.

1.4.3 Home-School Context

While mobile technology provides unique affordances for the home and school
environments separately, these devices may also help bridge the home-school
divide (Lemke, Coughlin, & Reifsneider, 2009). A large body of research suggests
the critical importance of parent engagement to children’s academic and social
outcomes (e.g., Fan & Chen, 2001; Hill et al., 2004). Traditionally, parent engage-
ment has included such actions as volunteering in the classroom, attending
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parent—teacher conferences, or serving on the PTA, but more recent work has
explored how technology can be used to leverage the relationship between schools
and families. Indeed, in a recent survey of early childhood educators, 55 % of edu-
cators agreed or strongly agreed that they use technology to strengthen home—
school connections (Blackwell et al., 2015).

Several early initiatives focused on providing families, especially low-income
families, with home computer and Internet access as a way to both increase stu-
dents’ out-of-school resources as well as connect families with online school
resources, like websites and bulletin boards (e.g., Blanchard, 1998; Penuel
et al., 2002). More recently, with many schools providing 1:1 tablet computers to
students, schools are increasing access to newer mobile devices and providing more
opportunities for children and parents to engage in learning at home (e.g., Blackwell,
2013; Lemke et al., 2009).

In addition to providing access to technology, more recent interventions have
focused on leveraging the unique affordances of cell phones, which many families
already own despite income level, to increase parent engagement and strengthen the
home—school connection. Several studies have investigated how texting in particu-
lar can increase parent engagement (e.g., Bigelow, Lefever, Carta, & Borkowski,
2013; Hurwitz, Lauricella, Hanson, Raden, & Wartella, 2015; Horowitz et al., 2006;
York & Loeb, 2014). For example, Bigelow and colleagues (2013) found that Head
Start mothers who participated in an enhanced version of a home-visit training pro-
gram that included twice-daily text messages and phone calls between home visits
were twice as likely to complete the intervention compared to mothers who received
the home-visit program without the cell phone component. Similarly, Hurwitz and
colleagues (2015) found that Head Start parents participating in a daily text messag-
ing program that provided educational activities and parenting tips engaged in more
types of learning activities with their children compared to parents who did not
receive text messages. This intervention was particularly helpful for engaging
fathers and parents of boys in their children’s learning. Furthermore, a study of the
text message program READY4K! found that parents who received text messages
engaged more frequently in specific home literacy activities and were more likely to
ask teachers questions about their child’s learning (York & Loeb, 2014). This study
also demonstrated that children in the treatment group had improved literacy skills
compared to those whose parents did not receive the READY4K! text messages
(York & Loeb, 2014). Several other studies have shown increased safety and health
behaviors among parents (e.g., Ahlers-Schmidt et al., 2012; Bigelow, Carta, &
Lefever, 2008; Stockwell et al., 2012) as well as increased parent efficacy as a result
of receiving text messages (Evans, Wallace, & Snider, 2012; Gazmararian, Elon,
Yang, Graham, & Parker, 2013; see also Chap. 17, Zosh et al., 2016).

Additionally, there has been an increase in apps targeted at connecting parents to
their children’s classrooms and teachers, such as MyChild, SchoolCircle, and
MySchoolsApp. Whereas many childcare centers and schools use websites to keep
parents up to date on what is generally happening in their children’s education,
these new apps provide individualized platforms for teachers to provide tailored
updates for each family, including individual children’s academic achievement and
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social and behavioral development. They can also be adapted to fit the type of school
or childcare program, and many of these platforms include two-way communica-
tion, as opposed to more traditional online platforms that focused on one-way
broadcasting of information to parents (Selwyn, Banaji, Hadjithoma-Garstka, &
Clark, 2011). However, there remains a lack of empirical evidence on the effective-
ness of these and other newer platforms for increasing parent engagement and ulti-
mately student achievement (Lewin & Luckin, 2010).

1.5 Conclusions and Policy Implications

Historically, media technology has elicited panic and opportunity for young chil-
dren’s learning and development. From radio and television to smartphones and
iPads, the uncertainty around the potential effects of such media often leads to both
negative backlash and fast adoption without a solid research foundation for such
actions. The uptick in adoption of smartphones, e-readers, and tablet computers by
parents and schools in recent years is evidence of this phenomenon, given the lack
of research supporting these devices for children’s learning and development. While
these devices in and of themselves offer a mobility unheard of from prior technol-
ogy, it is necessary to go beyond such physical components to understand the new
types of content afforded by these technologies as well as the contexts in which they
are being integrated.

Despite the hype around mobile technology, little is actually known about the
vast amount of content available and how such content influences learning. Further,
little research has examined how the dynamics of the home and school environment
are being affected by these new technologies and whether or not the technology
lives up to its promised results. While some parents may find mobile technology
makes their lives easier, many others remain concerned over the potential negative
consequences for young children’s social skills. Similarly, while teachers are inte-
grating mobile devices at increasing rates and in various ways, they still use e-readers
and tablet computers infrequently in the classroom and primarily as substitutions
for more traditional learning activities.

To move forward in understanding how mobile technology and its related content
and contexts affect children’s learning and development, several important policy
steps must be considered. First, organizations like the American Academy of Pediatrics
must realize that technology is becoming a staple in the lives of children and families
and that policy recommendations for no or limited screen time are just not realistic for
today’s families. The updated AAP (2015) statement is a step in the right direction as
it suggests that quality educational media can have positive effects, especially when
parents are actively co-engaged in their children’s media experiences.

Second, while organizations like NAEYC/Fred Rogers Center (2012) promote
the developmentally appropriate use of technology in the classroom, a clear defi-
nition of what “developmentally appropriate use” means with regard to young
children is lacking. It is clear that early childhood educators are using mobile
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devices in diverse ways, but to what extent they are actually implementing media
in developmentally appropriate ways remains unclear. Strong professional devel-
opment specifically in educational technology is needed to help support teachers’
understanding of how to use technology to effectively support young children’s
learning in the classroom. This includes not only providing support for under-
standing the structural components of use, such as functionality and content, but
helping teachers develop their TPACK.

Finally, a shared definition of “educational quality” of apps and a more stream-
lined taxonomy of how to determine such quality is needed (see also Chap. 17, Zosh
etal., 2016). This will assist efforts by both teachers and parents as they sort through
what Guernsey and colleagues (2012) describe as the “fast evolving and chaotic
Wild West of digital apps” (p. 15) to select the most appropriate content for the
young children in their lives (see also Chap. 2, Guernsey, 2016).

Taken together, the content and context of new media technology provides
important considerations for families, schools, and policymakers moving forward.
Having a sound research foundation on what makes a quality e-book and app as well
as how such technology can be used effectively at home and in school will provide
much needed evidence and better information to all those involved. As such, par-
ents, teachers, and policymakers will be better informed to make their own deci-
sions regarding what and how technology should be integrated into the lives of
young children.
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Chapter 2

Who’s By Their Side? Questions of Context
Deepen the Research on Children and Media:
Commentary on Chapter 1

Lisa Guernsey

How refreshing. In years past, as I tried to translate research articles about the impact of
media on young children, I usually found myself with no choice but to describe results
in hours, minutes, days, and weeks. Studies focused almost exclusively on how much
time a child was exposed to a screen. Was it more than an hour a day? Two hours?
Three? The higher the number, one could only assume, the more troubling the implica-
tions: Here were children being left alone with an electronic babysitter when they
should have been playing with toys, napping, or singing nursery rhymes with mom.

This chapter by Lauricella, Blackwell, and Wartella takes us much further in our
understanding of screen media’s impact. It synthesizes dozens of new studies, going
beyond the use of time with screens to examine how the content and context is play-
ing a role. It also shows how basic science—such as the findings from experiments
and intervention research—are lending evidence to new theories in media research.
One example is the Differential Susceptibility to Media Model (Valkenburg & Peter,
2013) which recognizes that different children and adolescents in different contexts
may have different reactions to different media experiences. Rules and recommen-
dations for simply limiting time feel arbitrary without understanding all those dif-
ferences. One size does not fit all.

This more textured approach will demand much more from our media research-
ers and learning scientists. Questions are streaming in regarding daily routines in
child care centers, prekindergarten classrooms, public schools, afterschool pro-
grams, and individual households everywhere. A focus on content begs important
questions about design features, teacher training, age-appropriate materials,
language-rich narratives, and more. Context is an even more challenging terrain to
understand because it comes with so many settings and scenarios—from a toddler
reaching for Dad’s smartphone to a long-distance grandmother reading an e-book
with her grandchildren to “app time” at a desk in a school classroom.
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In the next few pages, let’s consider the implications of one of the biggest context
questions prompted by the Lauricella, Blackwell, and Wartella review: When does
it help for kids to “go solo” in using screen media and digital devices, and when is
it more beneficial for them to share those devices with peers or adults?

A child’s age, for example, could make a difference here. In the world of edtech
for tweens and teens, for example, the word “personalization” has taken hold, and
school districts are striving for one-to-one computing in which every student has his
or her own device. At the same time, experts continue to call for socialization around
media and point to the significance of joint media engagement (JME) in fostering
learning (Takeuchi & Stevens, 2011). Much of that research has focused on the
needs of infants, toddlers, and children in their very earliest years of school. In what
contexts and at what stage in a child’s development should “personalization” trump
the desire to use media to promote shared experiences? When do shared moments
lead to more learning more than individualized learning? Is there a blend that hits a
sweet spot for different ages of children in different circumstances? (Consider the
combination of individual and shared learning moments that surface during collab-
orative sessions with 7- or 8-year-old children building worlds in Minecraft, for
example.) Should educators and parents be looking for a mix of the two? What kind
of mix might that look like?

2.1 On-the-Ground Implications

The answers to these context questions cannot arrive soon enough. In the past few
years school district leaders and principals have come under increasing pressure to
update their classrooms with tablet computers and new apps. Library administrators
have had to make tough choices between purchasing printed books and investing in
e-books, e-book readers, and digital materials. Children are begging parents for
chances to play with apps on their smartphones, while parents are awash in conflict-
ing advice on what to do. For adults working with young children, the confusion has
been the most acute, ranging from the American Academy of Pediatrics’ recom-
mendation to avoid all screen media before age 2 and its recognition of the need to
modernize that approach (AAP, 2013; Brown, Shifrin, & Hill, 2015) to the market-
ing messages about learning opportunities emanating from technology products
such as the Vinci Virtual School for Toddlers (Herold, 2015; Strauss, 2015).

Consider the case of Manassas City Public Schools, a district in the northwestern
region of Virginia, which in June of 2015 announced a new approach to prekinder-
garten education. According to district leaders, many low-income families want to
enroll their children in the state-funded pre-K program, known as the Virginia
Preschool Initiative, but the district does not have enough classroom space and
teachers to meet demand. It receives some pre-K funding from the state but is
required to match that funding with local dollars, and local leaders have balked at
paying more from their local coffers to open more classrooms. In 2015, more than
100 children were on a waiting list.
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Eager to support those waitlisted children somehow, Manassas leaders created
what they are calling a “blended” model in which the children spend 2-3 days a
week in a classroom, instead of the customary five (Balingit, 2015). On their non-
school days, the children are encouraged to use Footsteps2Brilliance, a computer-
ized program that works on tablets, smartphones, and desktop computers. The
software includes e-books with audio narration, highlighted print, and clickable
words; when children come across a word they do not know, they can click on the
word and the software pronounces it for them. The software is free for the families
to use, and parents are encouraged to come to the school for support sessions and
are connected to teachers whom they can call for assistance.

The Manassas approach begs many questions. One is whether evidence exists to
show that this software can be effective with young children. A three-year study com-
missioned by an organization called Napalearns did show impressive results when
comparing kindergartners who did not use the software in the 2010—11 school year to
kindergartners who used it in the following years. But those results have not been
published in a peer-review journal (Maddocks & Redmond, 2015). Other studies are
underway. Another, and possibly even more important, question is sow the software
is being used. For example, according to officials for Footsteps2Brilliance, the soft-
ware— which is rolling out in school districts across the country —is typically used in
classrooms with trained teachers. Some teachers use projectors to display books and
media clips from the software onto big screens as they lead group discussions about
words, letters, and stories. They may also distribute tablets to children for literacy
lessons they can complete at classroom tables. In many of these cases, as documented
in YouTube videos about the software, the children are jointly watching, reacting to,
and “reading” the stories in large groups, or they are interacting with the software in
smaller groups, sharing tablets between two and three children. Often, teachers are
close by, guiding children to certain activities or books, answering children’s ques-
tions, or responding to their exclamations and reactions to the games and stories.

The context changes dramatically now that Manassas is actively promoting home
use of Footsteps2Brilliance as part of an experience for children who may be 1 or 2
years younger. When used at home, will four-year-old children continue to have
joint learning moments with adults who can support and guide? Could opportunities
arise in which they are sharing the tablets and e-books with siblings and friends, and
how might those shared moments change the learning experience? Or will they be
primarily using the software and e-books on their own?

Another case comes from Los Angeles Unified School District, where an acceler-
ated rollout of iPads for all students quickly turned into a logistical nightmare that
contributed to the resignation of the district’s superintendent (Lapowsky, 2015). Yet
the problem was not confined to the task of getting devices into the hands of 35,000
students. It went deeper because of failures in the Pearson-designed software that was
loaded onto each of the iPads. The vast majority of students had trouble gaining
access to the content they needed to learn. They would click on links to missing con-
tent or suddenly find themselves logged out. What’s more, the content did not meet
standards for accessibility for English language learners who make up a significant
portion of L.A’s population. Teachers and students alike needed huge amounts of
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support—in short, they needed someone by their side to guide them—and yet
instructional support teams could not take time to train teachers on using the software
with their students. “Time that should have been spent providing professional devel-
opment and other instructional support has been devoted, instead, to troubleshooting
technical issues,” wrote the initiative’s director Bernadette Lucas in a now-public
memo to Ruth Perez, the district’s deputy director of instruction (Lucas, 2015).
These are just a few examples of recent news accounts that may lead educators,
parents, and the public at large to wonder: When do young children need teachers and
parents by their sides, and when does a “go solo” approach to technology suffice?
Cutting across all of these developments are the implications for children who need
the most support. Children in low-income families, in economically depressed neigh-
borhoods, and in other disadvantaged situations may be the least likely to have access to
the kind of quality preschool that enables social interactions with teachers and peers
around technology. Keen observers of the evolution of the digital divide over the past
several years have pointed to a “participation gap” (Jenkins, 2009), in which some stu-
dents have the knowledge and wherewithal to use technology to participate in learning
and civic engagement, and some don’t. But for young children in particular, there may
be a different type of gap to worry about. With the advent of technologies that are so
responsive and interactive, parents and teachers may be led to believe that kids can just
go it alone, contributing to what could be termed a “media mentorship gap.” Some chil-
dren will have teachers and parents who see an important role for themselves and who
have a sense of how to provide guidance in using apps and e-books, and some won’t.
To keep a watchful eye on whether technology is exacerbating inequality and
whether children have equal access to human capital (teachers, librarians, and other
educated adults, including parents), education leaders and policymakers need a
deeper understanding of content and context—and some good professional develop-
ment to help them get there. Lauricella, Blackwell, and Wartella provide a good
overview of the guidance that exists so far: the technology position statement from
the National Association for the Education of Young Children, the Screen Sense
guide published by the research and advocacy group Zero to Three, and the recom-
mendations from the American Academy of Pediatrics. But these documents are
nowhere near enough. Leaders need to know more about how children from varying
backgrounds learn from joint engagement with different forms of media and different
interactive tools, and how much they learn when they are left alone with those media
and tools. Understanding these dynamics could help them make smarter decisions
about where and how to deploy new technologies with families and young children.

2.2 Going Solo

Let’s start with the question of whether children can learn from screen media on
their own at all. So far the science tells us they can, even as young as 6 months of
age (Guernsey, 2013, see Hipp and colleagues Chap. 3 and Kirkorian and colleagues
Chap. 5, this volume). Research on television shows such as Sesame Street, Blue’s
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Clues, Cyberchase, and The Adventures of SuperWhy! shows that children can learn
from watching well-designed video by themselves many years before they have
reached the ability to read by themselves.

Today, technology has advanced to include interactive e-books, videogames, and
apps—technologies that not only present and display information but that also prompt
children to interact and actively respond to that information. Given that the act of inter-
acting with something or someone is viewed as a key mechanism for learning, these
interactive technologies raise significant questions about how they should be used inde-
pendently versus jointly. Some studies are showing that interactive features have poten-
tial to benefit children when they use them on their own, with some important caveats.
The study by Gong and Levy (2009), for example, showed that children benefit from the
highlighting of words as they are watching and reading along in an e-book without an
adult. Research from Korat and Shamir (2007) shows children gaining an understand-
ing of vocabulary and print concepts when using an interactive e-book that is designed
to be educational. These studies point to the significance of certain features within the
e-books, such as word highlighting and educationally oriented design, that can serve as
instructional scaffolding and help children reach for higher levels of understanding.

Other research shows that, in e-books at least, hotspots, embedded games, and
poorly designed interactive features can be distracting, leading children on their
own to gain less of an understanding of the plot and narrative from reading an
e-book as opposed to a print book (Bus, Takacs, & Kegel, 2015). Whether a child
can learn from a solo experience with the technology appears to be dependent on the
content (the curricular design or the use of certain features and affordances, such as
text highlighting, for example) and, not to be forgotten, the individual child (his or
her age and stage of development, for example).

2.3 Sharing Devices

For decades, research has pointed to the importance of sharing a media experience
with an adult or peer. Again, much of what we know comes from television research.
Lauricella, Blackwell, and Wartella sum up the results of four landmark studies
showing that “when parents ask questions or reiterate the learning messages from
educational television, children learn the concepts better.” This co-using shares many
beneficial attributes with the concept of “dialogic reading” —the practice of pausing
and engaging in questions and dialog during storytime—that permeates research on
emergent and early literacy (Whitehurst & Lonigan, 1998). Studies of e-book use
that involves parents and children talking together and interacting with the content
together also show positive results (Korat & Or, 2010; Strouse & Troseth, 2014).

Yet it is still to be seen whether habits of coviewing and dialogic reading can
transfer to the realm of apps and mobile devices. There are some signs that instilling
those habits will be an uphill battle (Connell, Lauricella, & Wartella, 2015), particularly
because of the “pass back™ effect, in which parents are more likely to “share” their
devices by giving them to their children to use by themselves instead of joining
them to attend to games or videos together.
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Fortunately, a study by Courtney Blackwell, “iPads in Kindergarten,” sheds more
light on what could be gained from shared attention and joint engagement around
interactive technologies (Blackwell, 2015). The quasi-experimental study involved
three elementary schools in a suburban Midwestern school district with a majority
white, middle-class population. In six classrooms, students shared iPads (typically
used in a 2:1 ratio); in another six classrooms, students each had an iPad to them-
selves (1:1 ratio), and in the third group of six classrooms, no iPads were available.
There were no measurable differences in teacher pedagogy, no differences in mea-
sures of how teachers interacted with students, and no significant differences between
all three groups on students’ test scores in the fall semester. In terms of content used
by the students, the study did not address how individual students or groups of stu-
dents used specific apps or piece of curriculum. All of the classrooms that included
iPads used some collection of an average of 10 apps, with only two apps used by all
the teachers (DoodleBuddy, a creation app, and /0 Frame Fill, a math app.)

An analysis of students’ test scores on the spring assessment showed that students
in 1:1 classrooms did no worse and no better than children in classrooms with no iPads.
It was the children in the shared condition who performed significantly better com-
pared to both of the other groups. There was one demographic group of students who
scored higher without the iPads and those were the Asian/Pacific Islanders, though
Blackwell cautions that the sample size for that group was low and that more research
is necessary on the interplay between ethnicity, tablet use, and achievement.

One theory for the better performance among the shared iPad users is the interac-
tion between the students as they used the devices together. Blackwell notes that the
shared condition may have “increased opportunities for peer-to-peer interaction and
scaffolding that helped students better construct knowledge.” She raises the notion
of Computer-Supported Collaborative Learning, a term coined in the late 1980s and
1990s to describe environments and teaching strategies that foster collaboration and
interaction between individuals, helping student to build knowledge and insight
through their discourse (Lauricella and colleagues, Chap. 1 this volume). The
research field could do a huge service by testing this theory with young children in
home environments. For children in Manassas, for example, participating in the
home-based digital-software program may cause them to miss opportunities to use
the software in collaboration with their peers, though possibly that could be
mitigated by the presence of siblings. It is unclear so far whether school officials are
evaluating the impact of those factors.

2.4 When to Share, When to Enable Independent Use,
and What Research Is Needed Now

These results have big implications for school districts’ technology decisions. The
Blackwell study suggests that school leaders in districts—at least those in districts
with similar demographics —may be wise to consider rolling out technology programs
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that enable shared use of touchscreen tablets among young children instead of pushing
for 1:1 use. Studies showing that e-books can promote independent learning when
they are embedded with educational features, such as text highlighting or research-
based curricula, suggest that parents and educators should choose e-books with those
features, especially if they are expecting children to have time alone with the devices.
And research on the positive effects of coviewing of media as well as dialogic reading
of printed and electronic books suggests that community and education leaders should
build environments that encourage teachers, parents, and other adults to engage jointly
with children around media where possible. School leaders may want to consider the
benefits of a buddy system in which young children could be paired in technology use
with children in a grade or two above them, enabling children to learn from each other
and for older children to gain skills in mentoring.

More research is desperately needed on the impact of solo versus joint use of
technology on minority children and those in low-income households. The
Blackwell study, for example, was based in a majority white suburban school dis-
trict. And the Manassas City program offers rich ground for comparison studies,
with its bifurcated model in which some children go to 5-day-a-week preschool and
others go for fewer number of days supplemented with software use at home. A key
question, for example, is whether Manassas parents will be using the software
together with their children on their days off from school, or whether parents will
assume their kids should use it solo. Across all studies, many variations need to be
considered. It may be too much to ask researchers to answer questions at the level
of individual apps, with details on specific features within those apps, and the effects
of their use, solo and jointly, with individual children and peer groups, but studies
that bring us closer to the ground and that help make differentiations across content
and context are incredibly valuable. With the adoption of technology moving so
quickly, and with parents and school leaders relying on software purchases to reduce
costs for traditional teaching or increase costs for equipment, the stakes are high.
Not only are the implications significant for what children learn and the foundation
that they build for their future learning and success in school, they also have large
bearing on the allocation of scarce dollars in educational settings and they are likely
to set the course for the habits and routines of daily school and home life for the
twenty-first century. It’s a relief to see that research has finally started to ask these
questions instead of continuing to fixate on the hollow measure of hours per day.
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Chapter 3
The Dimensional Divide: Learning from TV
and Touchscreens During Early Childhood

Daniel Hipp, Peter Gerhardstein, Laura Zimmermann, Alecia Moser,
Gemma Taylor, and Rachel Barr

3.1 Introduction

The ubiquity of television and traditional computing interfaces in contemporary
culture, as well as the recent advent of tablet computers and smart phones, poses an
interesting set of problems for the developing human perceptual and cognitive sys-
tems. Screen media, and television in particular, attract attention by acting as sen-
sory cheesecake; their bright, rapidly changing imagery characterize our world and
tickle our senses in an evolutionarily novel way. One might argue that television and
other screen media became so popular precisely because of the degree to which
these media cater to our evolved perceptual systems. This is especially true during
development, when evolved predispositions and the neural plasticity of early child-
hood (Burgaleta, Johnson, Waber, Colom, & Karama, 2014; Edelman, 1993) facili-
tate rapid adaptive acquisition of knowledge about the world.

Despite the prevalence of screen media targeting children, the American
Academy of Pediatrics (AAP 1999, 2011, 2013) has cautioned parents that children
under 2 years of age should not be exposed to screen media at all. These recom-
mendations have not, however, been followed by many parents. Television remains
the primary form of media exposure for children under 2 years, who are watching
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55 min of TV/DVDs a day, and for 2—4-year-olds, who are watching 90 min a day
(Rideout, 2013). Use of other types of media, such as touchscreens, is rapidly
increasing (Radesky, Schumacher, & Zuckerman, 2015).

Given the prevalence of media usage, psychologists have examined the circum-
stances under which children learn and fail to learn from screens, with the goal of
eventually informing parents and educators how to better utilize technology-based
educational tools. For instance, infants and young children learn less from video and
other two-dimensional (2D) media than they do from live interactions (Anderson &
Pempek, 2005; Barr, 2010; Dickerson, Gerhardstein, Zack, & Barr, 2013; Troseth &
DeLoache, 1998; Zack, Barr, Gerhardstein, Dickerson, & Meltzoff, 2009). Although
originally termed the video deficit effect (Anderson & Pempek, 2005), this phenome-
non has more recently been characterized as a wider-reaching transfer deficit (Barr,
2010, 2013) because the deficit applies not only to learning from video, but to learning
from all 2D representations including books, touchscreens, and computers. The trans-
fer deficit is due to a shift in the physical and perceptual environment between learn-
ing and test. For example, within the imitation paradigm, infants and toddlers watch
an actor demonstrating a series of actions with an object followed by a test during
which the infant is given the object and their ability to reproduce the demonstrated
actions is measured. Thus, the transfer of learning deficit arises when infants learn the
target actions by watching the demonstration in one dimension such as television and
are then tested for this learning with the real world 3D object. Generalizing learning
across the screen media and real-world contexts may seem trivial to adults, but the
modality change is highly cognitively demanding (Barnett & Ceci, 2002), particularly
for young children who have fewer cognitive resources available (Barr, 2010;
Davidson, Amso, Anderson, & Diamond, 2006; Hayne, 2004; Zack et al., 2009).

Precisely why transfer of learning is so difficult in this context continues to be the
focus of research. Characterizations of the transfer deficit have thus far been pre-
dominantly descriptive and pre-theoretical, tending to focus either on physical fea-
tures of the task or on limitations of the developing mind. By failing to address both
parts of the transfer problem concurrently, these accounts fail to make concrete and
comprehensive predictions. This chapter considers both cognitive constraints on the
developing child, the physical features of the task and the context of the media pre-
sentation. In doing so, we first carefully examine research elucidating the conditions
under which children fail to transfer what they learn from screens to real interactions.
We then turn our focus to the evaluation of perceptual and social differences between
2D and 3D displays and how these factors influence children at different ages. As it
is clear that screen media use will continue to increase, we conclude with take-away
messages for parents and early educators who use 2D screen media.

3.2 Transfer Learning and the Transfer Deficit

The transfer deficit can be conceptualized in terms of transfer deficit, a concept
advanced by Barnett and Ceci (2002). In memory processing theory, transfer distance
is defined as the extent of change to either cues or context between learning and
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retrieval. Such studies explicitly manipulate transfer distance and then examine
whether and under what circumstances knowledge learned using a particular set of
cues and in a particular context is transferred and applied to a new set of cues or a
new context. Expressed in terms of distance, transfer success is most challenging
under conditions of far transfer, when the disparity between learning and retrieval
is greatest (Barnett & Ceci, 2002). Barnett and Ceci define transfer distance along a
set of different dimensions, including both content and context changes over which
transfer can take place. For example, learning from a 2D source and being tested in
the real 3D world constitutes a contextual change, whilst learning with a pastel pink
rabbit and being tested with a pale grey mouse constitutes a content change. Thus,
it is possible to investigate which aspects of the context and the content are most
challenging for young children. It is also possible to examine, both within and
across ages, how the transfer deficit can be reduced.

3.2.1 Transfer Learning from Television

Transfer learning has been examined using a variety of tasks, including object
search, object recognition, language learning, and imitation tasks. In object search
tasks, for example, young children are shown the location of an object either by
watching a person hide the object in a room through a television screen or by pho-
tographs showing the location of the object in the room. Children are then asked to
enter the room and retrieve the object (e.g., DeLoache, Simcock, & Marzolf, 2004;
Troseth, 2003a, 2003b; Troseth & DeLoache, 1998; Troseth, Saylor, & Archer,
20006). Researchers found that 2-year-old children exhibit a transfer deficit and are
unable to find the object after viewing the hiding event via a television screen, but
by 2V, years children do not show this transfer deficit and can find the hidden
object (Troseth, 2010; Troseth & DeLoache, 1998). With respect to language learn-
ing, the role of parental scaffolding and repetition in facilitating infants’ transfer
has been emphasized, oftentimes assessing whether object labels that are acquired
through television can be applied to 3D objects (e.g., Krcmar, 2014; Strouse &
Troseth, 2014). When 2-year-olds watched a 5-min video in which a novel object
was labeled four times, children were able to label the object during the video test,
but did not transfer the label to the 3D object (Strouse & Troseth, 2014). However,
when the parent reinforced the similarity between the object on the screen and the
real object during learning, they could transfer the novel label to the 3D object
(Strouse & Troseth, 2014).

Imitation is an essential tool by which infants learn new behaviors through
observing others and copying them. Indeed, starting at 1 year of age, children learn
one to two new behaviors a day through imitation, including sounds, gestures and
different forms of play (Barr & Hayne, 2003). Imitation has most frequently been
used to examine transfer learning from media, and thus the imitation procedure
offers a relatively ecologically valid measure of the transfer deficit. Imitation is sup-
ported by the explicit or declarative memory system, defined as memory for specific
facts and events (Barr & Hayne, 2000). Infants participating in imitation studies are
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required to learn from a single event and subsequently hold a representation of the
event in their memory to be recalled at another time. Imitation measures can therefore
be used to track developmental changes in declarative memory.

Although the memory demands of a particular task will depend on the age of
those tested, infants, toddlers, and preschoolers tested with multiple different imita-
tion tasks have exhibited a transfer deficit when imitating from television (e.g., the
puppet task, Barr & Hayne, 1999; Barr, Muentener, & Garcia, 2007; the rattle and
animal tasks, Barr & Hayne, 1999; Barr & Wyss, 2008; Hayne, Herbert, & Simcock,
2003; the magnet puzzle task, Dickerson et al., 2013). Young children not only show
inferior levels of imitation following a televised demonstration, they also retain
their memories for a shorter period of time than after a live demonstration. For
example, when 1}2-year-olds were shown a three-step action with a rattle, they were
able to reproduce the target actions up to 2 weeks after a televised demonstration
(Brito, Barr, MclIntyre, and Simcock, 2012), although they were able to successfully
reproduce the actions 1 month after a live demonstration (Hayne & Herbert, 2004).
Similarly, 2-year-olds recalled the same target actions for 1 month after learning
from television (Brito et al., 2012), compared with 3 months after learning from a
live demonstration (Herbert & Hayne, 2000). The length of time over which a mem-
ory can be retained is clearly reduced when learning from television.

Infants are also sensitive to auditory cues when learning from television. Barr,
Wyss, and Somanader (2009) added sound effects to a video of the puppet imitation
demonstration. Sound effects accompanied the target actions, such as a squelch
sound when a mitten was replaced on the puppet’s hand, and either explicitly
matched or mismatched the target actions. Overall, the mismatched sound effects
were detected by children in both video and live conditions and significantly dis-
rupted deferred imitation performance by 6—18-month-olds (Barr et al., 2009; also
see Barr, Shuck, Salerno, Atkinson, & Linebarger, 2010 for disruptive effects of
adding background instrumental music).

However, increasing the number of times that the target actions are demonstrated
reduces the transfer deficit displayed by 1- and 1'2-year-olds when learning from
televised action demonstrations (Barr, Muentener & Garcia, 2007; Barr, Muentener,
Garcia, Fujimoto, & Chdvez, 2007). For example, when the number of demonstra-
tions increased from three to six, infants reproduced the televised actions following
a 24-h retention interval at the same level as infants who saw a live demonstration
(Barr, Muentener, Garcia, Fujimoto, et al., 2007). Repetition has also facilitated
word learning of objects in 6-month-olds and 2-year-olds (Krcmar, 2010), demon-
strating that the utility of this effect. Additional exposure may increase the number
of cues that infants encode in their memory representations and may therefore
reduce the transfer problem by increasing the number of cues that can subsequently
trigger retrieval.

The addition of language cues during learning and retrieval also reduces the
transfer deficit (e.g., Barr & Wyss, 2008; Seehagen & Herbert, 2010; Simcock,
Garrity, & Barr, 2011). For example, Seehagen and Herbert (2010) used maternal
narratives to develop naturalistic scripts (“Look! What’s this? You put the ball in
here. And then you put this on there. And what do we do now? We shake it, wheee!”).
They found that 1}2-year-olds reproduced the target actions when the demonstrator
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used naturalistic language cues during the televised demonstration (e.g., but not
when the demonstrator used empty language cues, which were designed to provide
no additional information about the target actions or the goal during the demon-
stration (e.g., “Let’s have a look at this. Then we have this bit. That was pretty
neat, wasn’t it?”). Descriptive language cues presented at the time of test also
enhance memory from picture books and television for 1%- and 2-year-olds
(Simcock et al., 2011).

Understanding the memory capabilities of young children offers insights into
ways to alleviate challenging cognitive demands imposed by transfer tasks, such as
learning from television. The transfer deficit can be ameliorated (see Barr, 2010,
2013; Troseth, 2010 for review and discussion) through repetition (Barr, Muentener,
Garcia, Fujimoto, et al., 2007), social engagement (Nielsen, Simcock, & Jenkins,
2008; Subiaul, Anderson, Brandt, & Elkins, 2012; Tennie, Call, & Tomasello, 2006;
Zimmermann, Moser, Gerhardstein, & Barr, in press), contingency cues (eye con-
tact, directed gaze, directed pointing; Csibra & Gergely, 2006) and perceptual real-
ism (Simcock & DeLoache, 2006; Simcock et al., 2011). Thus, researchers have
documented a number of parameters that constrain and facilitate transfer learning
from television during early childhood.

3.2.2 Taking a Novel Approach: Comparing Transfer
of Learning Across Multiple Devices

Touchscreen technology provides researchers with a unique way to examine how
perceptual factors contribute to transfer of learning. Touchscreens offer quite differ-
ent learning opportunities compared to television because children can receive con-
tingent feedback from these interactive devices. Multiple unique learning features
can be embedded within apps (see Chap. 17, Zosh et al., 2016 and Chap. 18, Boyle &
Butler, 2016) including active learning such as figuring out where a puzzle piece goes
or scaffolding capability built within the app to control the content according to a
child’s responses (Hirsh-Pasek et al., 2015). Touchscreens still have limitations; they
deliver perceptually impoverished information relative to real world experiences.
Researchers can use touchscreens to explore within-dimension 2D-2D learning,
or across-dimension 3D-2D learning (e.g., Dickerson et al., 2013; Moser et al.,
2015; Zack et al., 2009; Zack, Gerhardstein, Meltzoff, & Barr, 2013; Zimmermann
et al., 2015) to examine how the dimensional divide affects learning. This approach
enables researchers to compare learning directly from the touchscreen, as well as,
transfer of learning in both directions: 2D-3D or 3D-2D. From this design, it is
possible to determine whether the transfer deficit is bidirectional due to difficulty
transferring information across the dimensional divide or whether infants simply
learn less from the perceptually impoverished touchscreen demonstration. Zack and
colleagues (2009) showed 15-month-old infants a one-step action, either on a touch
screen (2D) or using a 3D button box. For example, the experimenter either pushed
a virtual button on a touchscreen cow image to make a “mooing” noise, or she
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pressed a real button on a 3D box with a cow face to make a “mooing” noise. Infants
reproduced the target action more often when the demonstration and test sessions
occurred across the same dimension (e.g., 2D-2D or 3D-3D). Infants also repro-
duced the target action when the demonstration and test occurred across different
dimensions (e.g., 2D-3D or 3D-2D), but they imitated significantly fewer actions
in the between-dimensions compared to the within-dimensions conditions, exhibit-
ing an overall transfer deficit. The results demonstrate that the transfer deficit is
likely to be due to infants’ difficulties transferring their memory across far transfer
changes between the demonstration and test and not due to the perceptual impover-
ishment of the 2D learning experience per se. Of course, the difficulty of the transfer
is affected by the age of the participant; older children and adults have much more
experience navigating the relationship between objects depicted on screens and
their real world counterparts. What constitutes a “far” transfer problem for an infant
may test like a “near” transfer problem for an adult; these terms are maximally heu-
ristic when interpreted as reflecting an interaction between task parameters and par-
ticipants’ task competency.

Although past approaches have been able to examine factors that influence learn-
ing from television or touchscreens during infancy, these studies were limited in a
number of ways. First, they did not directly compare learning from touchscreens
and television to one another. Second, although researchers had been able to exam-
ine ecologically valid responses on touchscreens, the sequences presented on televi-
sion were longer and involved more complex motor-spatial manipulations than the
touchscreen sequences. Third, the tasks were suitable for children 2 years and
younger, but other research suggests that the transfer deficit might persist beyond 2
years. For all these reasons, Dickerson et al. (2013) devised a novel puzzle task that
could be presented on video, touchscreen, and a magnet board. The experimenter
demonstrated how to construct a multi-piece puzzle to make a fish or boat (see
Fig. 3.1). The puzzle sequences could differ in number of pieces in order to vary the
cognitive load. The touchscreen and the magnet board were identical in size, allow-
ing for this variable to be equated across dimensions. The puzzle pieces themselves
were flat abstract shapes, and the background was solid. This design feature meant
that additional perceptual details could be added to both the puzzle pieces and the
background context to increase the semantic meaningfulness of the test stimuli.
Finally, the puzzle task involved complex motor-spatial movements in order to slide
the pieces into place. Figure 3.1 shows how the magnet puzzle could be shown on
the magnet board and then converted to present the 2D touchscreen test allowing for
transfer distance to be systematically varied.

Through a series of studies, we were able to manipulate the transfer distance, the
social partner, and the child’s level of experience interacting with the device to
assess how perceptual and cognitive constraints might interact with context of learn-
ing to influence transfer of learning.

In our first study, we established the magnet puzzle task and measured both goal
and gesture learning. Children ranging from 1% to 3! years were randomly assigned
to the live, video or baseline condition. The transfer deficit persisted until 3% years,
with performance on the video condition significantly and consistently poorer than
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3D Demonstration Transfer 2D Test Phase

Fig. 3.1 Experimental procedure highlighting transfer from a 3D demonstration to construct a fish
to a 2D touchscreen test phase with a 3-year-old child. The middle image shows that the magnet
board can be removed to reveal the touchscreen underneath. The screen could also play video
demonstrations. Children could be tested either on the magnet board or the touchscreen

on the live condition (Dickerson et al., 2013). We next examined whether the
bidirectional deficit reported by Zack and colleagues (2009) persists in older chil-
dren on a more complex task (Moser et al., 2015). Two-and-a-half and 3-year-old
children were shown either a touchscreen demonstration or a live demonstration of
the assembly of the three-piece puzzle. The design was fully crossed for transfer
distance (within-dimension or across dimension) and transfer direction (2D to 3D or
3D to 2D). The outcome clearly confirmed Zack et al.’s (2009) finding; within
dimension groups produced higher imitation performance than across dimension
transfer groups. Both young (15-month-olds) and older (2}2- and 3-year-olds) chil-
dren showed the effect of transfer distance, and both failed to transfer learning
across dimensions regardless of transfer direction.

Why might perceptual impoverishment contribute to the transfer deficit? In cases
in which transfer is necessary, perceptual impoverishment effectively diminishes
the physical similarity between training and test contexts, making the mapping
between these contexts more difficult (Thorndike & Woodworth, 1901). Using
Barnett and Ceci’s (2002) framing of this problem in terms of transfer distance and
the host of perceptual differences described above, it is abundantly clear that across-
dimension tests involves greater transfer distance than within-dimension tests.

The design of the magnet puzzle box also allows for the social scaffold to be
systematically varied (see Fig. 3.2). During a touchscreen or a magnet board dem-
onstration an experimenter demonstrated how to assemble the puzzle on the
touchscreen or the magnet board. This is in contrast to a video demonstration, or
a ghost demonstration where the pieces moved on the screen by themselves and
the child and experimenter simply watch. Zimmermann and colleagues (in press)
showed a ghost demonstration on the touchscreen to 2'4- and 3-year-olds. Children
were then tested with the 2D virtual puzzle on the touchscreen (near transfer) or
they were tested with the real 3D magnet pieces (far transfer). Surprisingly, chil-
dren tested with the 3D pieces after the ghost demonstration outperformed chil-
dren tested on the touchscreen (see Fig. 3.3). In a follow-up experiment with
touchscreen practice, children’s performance did not improve, suggesting poor
performance was not due to inability to interact with or manipulate the touchscreen
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Touchscreen Ghost Video Touchscreen Live Magnet Board

Social scaffold during demonstration

Low » High

Fig. 3.2 Images of the differences in social scaffold during demonstration. Adapted from
Zimmermann et al. (in press): Fig. 2
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Fig. 3.3 Goal Performance as a function of transfer distance, child experience, and social scaf-
folding. Data from Zimmerman et al. (in press)

apparatus. Lastly, a cross-experiment comparison examined the role of social
scaffolding by including participants who received a social demonstration (Moser
et al., 2015). Compared to the ghost demonstration, the social demonstration
group had improved performance only in the near transfer group. These results
suggest that social factors may play a crucial role in learning from the novel touch-
screen tool.

Effects of transfer distance, child experience, and social scaffold. How can we
explain these findings as a whole? We found that each of these factors—transfer
distance, child experience, and social scaffold—are associated with changes in
2-3-year-olds’ transfer learning. In terms of child experience, although children do
have daily exposure to touchscreen devices and learn to interact with objects in 2D
environments, in relative terms this engagement pales in comparison to the experi-
ence they accumulate interacting with real world objects. Table 3.1 summarizes
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Table 3.1 Transfer distance as a function of child experience, social scaffold during learning, test
context, and transfer of learning

Social Scaffold during demonstration

Low < > High
Child Limited social | Person on Person
experience | Test context interaction screen Person live live

Ghost Video Touchscreen Live 3D
Low 2D Touchscreen Near - Near Far
High 3D Object (Magnet | Far Far Far Near

Board)

experimental conditions and manipulations of the levels of child experience with
objects in the real world (3D puzzles) versus experiences in the 2D virtual world,
taking into account social scaffold, test context and transfer distance.

As shown in Fig. 3.3, children were best able to complete the goal of connecting
the puzzle pieces in the 3D-3D condition when both the demonstration and the test
occurred on the magnet board. The 3D-3D condition maximizes learning because it
is a near-transfer test, there is a real person present, which maximizes social learning,
and children have prior haptic experience with real objects similar to those in the
demonstration and test. This performance is in stark contrast to performance in the
ghost demonstration 2D conditions. Even though these conditions are also near trans-
fer, there is no social demonstration and children have much less experience navigat-
ing 2D virtual space. As can be seen in Fig. 3.3, children’s performances in the video
and both touchscreen transfer conditions were similar. All tasks involved far transfer,
and the test context was with 3D magnets, but social scaffold varied. It seems that
when the child has experience with the test context (3D test pieces), the social scaf-
fold does not bolster learning. When they lack this experience (in a 2D test context),
however, learning can be enhanced by social guidance. The results clearly demon-
strate that children can readily interact with the touchscreen, but that this interaction
is insufficient to bring their imitation performance up to 3D-3D levels.

Effects of perceptual context and labeling. The design of the magnet puzzle task
also permits insertion of a semantically meaningful context to examine whether the
transfer deficit can be ameliorated by increasing semantic congruence. Zimmermann
and colleagues (2015) presented 2- and 2'4-year-olds with a live or video demon-
stration of an experimenter making a fish or a boat on the magnet puzzle board. Half
of the children were assigned to a meaningful semantic context of the ocean and
waves, and the other half were not (see Fig. 3.4). Critically, the majority of children
had fish (79 %) and boat (85 %) in their vocabulary.

Consistent with previous findings using this task, this study showed that young
children displayed a significant transfer deficit. Two- and 2)5-year-old children who
received a video demonstration reproduced significantly fewer gestures and goals than
children receiving a live demonstration. There was an age-related effect of context in
the live condition, supporting the hypothesis that the addition of peripheral contextual
information would enhance learning. The addition of a semantically meaningful visual
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Fig. 3.4 Top panel: Start
and end configurations for
the boat puzzle (Context
condition). Bottom panel:
Start and end
configurations in the
No-Context condition.
Adapted from
Zimmermann et al. (2015):
Fig. 2

context did not, however, eliminate the transfer deficit. Importantly, the context did not
interfere with learning either, indicating that the context did not increase cognitive
load. Rather, these findings suggested that toddlers may first form representations that
contain primarily central cue information, resulting in neither a disruptive nor a facili-
tative effect of background context. The fact that the context enhanced learning in the
live, but not the video, condition suggests that there is a lag between the ability to
utilize novel cues in conditions of transfer relative to direct learning.

Despite the absence of any effect of semantic context on transfer performance,
there were individual differences in self-generation of a label to describe the puzzle
(e.g., boat). When children in the video group labeled the puzzle (39 % of children),
they were more likely to transfer learning and assemble the puzzle than children who
did not label. This research suggests that language cues may enhance recognition and
learning under perceptually impoverished conditions and high cognitive load (Gerson
& Woodward, 2013; Hayne & Herbert, 2004; Miller & Marcovitch, 2011; Simcock
& Hayne, 2002; Troseth, 2010). Both the age of the child and the self-generation of
the label may be important variables. The provision of a label during infancy, was not
sufficient to overcome the transfer deficit (Zack et al., 2013).

3.3 A Coherent Theory: How Child Constraints, Perceptual
Content and Social Context Combine to Result
in the Transfer Deficit

What makes transferring knowledge to and from screen media a particularly diffi-
cult challenge during development? It is intuitive to attempt to explain this deficit in
terms of the perceptual or social factors that are absent from screens but present in
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typical, live interactions. Clearly screen media differ physically and socially from
live and reciprocal interactions, but these differences alone cannot account for the
findings. Instead, developmental changes in the way that children are impacted by
physical or social factors are more likely to account for this effect. Below, we com-
bine prior theoretical explanations to provide a more coherent theory that accounts
for the constraints due to the developmental level of the child, perceptual constraints
inherent in the media content, and constraints in the social context that moderates
learning during early childhood.

3.3.1 Perceptual Factors

Physical differences between screen media and live interactions led a number of
researchers to consider the relatively perceptually impoverished screen media as a
potential source of the transfer deficit (e.g., Anderson & Pempek, 2005; Barr, 2010;
Barr & Hayne, 1999; Schmitt & Anderson, 2002; Suddendorf, 2003; Suddendorf,
Simcock, & Nielsen, 2007). The most obvious physical/perceptual difference is that
screen-presented content simply occupy less visual space. Even with the recent
commercial shift towards large, high definition televisions—with the average
household television set now 46 in.—2D screens and the characters they display are
typically smaller than their real-life counterparts, both in absolute size and in sub-
tended visual angle.

Attention to a screen generally restricts one’s attention to a small portion of the
visual field. Why should this be problematic? Many implicit calculations within
visual processing, such as stereoscopic depth perception resulting from binocular
disparity, depend on comparative visual angle calculations (Qian, 1997). Such cues
are not meaningful when viewing 2D images. In fact, while some depth cues, such
as occlusion and relative size, are preserved in 2D screen media, most other visual
cues indicating relative and absolute depth (e.g., stereo cues, motion parallax) are
fundamentally altered or absent within these displays (Anderson & Pempek, 2005).
Furthermore, luminosity is greater for LCD and plasma televisions than normal
reflectance, and enhanced luminosity is a salient exogenous attention cue (Carrasco,
2011), meaning that the salience hierarchy of items in a screen display may differ
from the 3D version of the same item or scene, which contributes to the perceptual
cheesecake effect of screens. Furthermore, many television programs, even those
created for children, contain rapid shifts in viewpoint. These perspective shifts are
considerable and frequent; Anderson and Hanson (2010) report that visual transi-
tions occur approximately every 6 s during typical television programs. Adults are
experts at stitching together the disparate “cuts” that make up a televised scene, but
children must first acquire the syntax of television programming, which limits the
expediency of using television as a primary tool of instruction (Anderson & Pempek,
2005). For young children, the differences in luminosity and depth cues accompa-
nied by rapid scene changes pose a perceptual challenge for translation between
cues presented on screen media relative to those in the real world (Fig. 3.5).
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difference

Relative
motion cues

Stereo
information

Fig. 3.5 Bubbles in blue are features that are present in 2D. Some cues are quite accurate such as
occlusion cues and the horizon line; these are known as artists or pictorial depth cues. Other cues
are distorted, e.g., colors are not exact, but are dependent upon the camera used to take the image.
Still other perceptual cues (in red) are absent: Stereo information for binocular depth perception
requires actual 3D information, which a photograph does not contain. Relative motions cues are
also absent because the image is a surface plane and does not supply movement of objects relative
to a fixation point, which provides feedback about the relative distance of objects in the world

Of course, the differences between screen media and live instruction are not
merely visual. Perhaps just as important as the visual impoverishment is the unnatu-
ral auditory environment of screen viewing. Typical televisions use either mono or
stereo audio as the default option. This means that all sounds, regardless of their
source, originate from the same point in space, and that events depicted on screen as
visually separate are depicted as spatially the same in the auditory domain. Even
when true surround sound is achieved, only a loose mapping between on-screen
visuals and auditory location is achieved, and these often track the rapid perspective
shifts described above. The sounds themselves also differ from the real world; chil-
dren’s programs often contain a greater number of attention-grabbing sound effects
(Goodrich, Pempek, & Calvert, 2009).

The relative lack of sensory data provided by video and touchscreens provides a
partial explanation of the transfer deficit. Screen images lack or are limited in terms
of their multimodal perceptual feedback, particularly tactile, haptic, and auditory
cues that guide motoric behavior and attentional allocation. Some of the normal
multimodal (e.g., haptic-visual) cues that assist perception under non-screen condi-
tions are completely absent (e.g., the fingertips obtain no information about “furri-
ness” when touching an image of a cat, as compared to touching/stroking a real cat).
Limited haptic cues have been incorporated into video games since 1997 and are
beginning to be introduced within smartphones and their touchscreen interfaces.
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Adults immersed in a virtual reality game were more accurate and faster to detect
events (e.g., ball bouncing off wall) within the 2D environment when naturalistic
multimodal cues (visual, auditory, and haptic) were available compared to when
only two modal cues were available, and both showed significant improvement over
unimodal presentations (Sella, Reiner, & Pratt, 2014). Event related potentials
showed that multimodal cues initiated faster processing than unimodal presentation
(Sella et al., 2014). These congruent cues may provide bottom-up as well as top-
down attentional allocation to events on screen. In doing so, these cues may provide
feedback to engage more dynamically with the environment. To our knowledge,
research on multimodal feedback within a 2D space has not been performed with
children, but may provide answers concerning the importance of multimodal feed-
back on perception of 2D events and explain the relative ease with which children
navigate the real world.

Any one of these limitations could hinder the ability of a child to learn from
screens. Taken together, the physical/perceptual differences of screen media com-
pared to live interactions delineate screen media as a substantively separate context
from the real world. Events on screen are causally isolated from the wider context in
which the screen and the observer are jointly contained. Children come prepared for
a world in which causality knows no such boundaries (Hickling & Wellman, 2001).
This separation effectively establishes the on-screen events as contextually separate
from the outside world; children therefore must discover this causal segregation on
their own. This is likely to be no small issue; the learning curve for this information
appears steep, as it in many ways contradicts the real-world information that has
already been acquired. For all of these reasons, it appears that acquisition of adult-
level expertise in processing information presented on screen media occurs gradually
over a protracted developmental time course (Anderson & Hanson, 2010).

3.3.2 Social Factors

A different line of thinking attributes the transfer deficit to the social differences
between live and screen media learning environments. Social learning is thought to
have evolved for rapid transmission of information and is highly developed in
humans, becoming a catalyst for learning how to navigate the world from infancy
onwards (Baldwin & Moses, 1996; Csibra & Gergely, 2006, 2009). This process
involves joint attention and contingent interactions between two interacting indi-
viduals, that depend on subtle and dynamic changes in eye contact, body move-
ments, vocal changes, and shared context (e.g., Goldstein et al., 2010; Huang &
Charman, 2005; Nielsen & Blank, 2011; Nielsen et al., 2008; Over & Carpenter,
2012). Contingent interactions, easily detectable during early childhood (Barr, Wyss
& Somander, 2009), are absent in typical video presentations and touchscreen appli-
cations. As with the perceptual differences noted above, these differences guarantee
that the context in which the events on screen occur is distinct from the viewer’s
social context (Anderson & Pempek, 2005). Some children’s commercial programs
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attempt to break the “fourth wall” and communicate directly with young children
(Anderson et al., 2000), but these attempts (and their success) are limited. These
programs approximate an interactive component, including pauses after on-screen
questions and attempts to mimic the joint attention between two interacting people
(Anderson & Pempek, 2005; Krcmar, 2010). The fact that many children in this
situation respond to these (typically verbal) cues is a suggestion that the social cues
can potentially provide an important bridge across the dimensional divide.

Despite these attempts, the lack of joint attention, contingent interactions, or both
may continue to be problematic for young children. Meltzoff (2007) frames all of
social cognition as dependent on the ascription of like-me status to people with
whom we interact. Meltzoff argues that imitation may be an effective mechanism for
young children to learn the correspondence between one’s own behavior and that of
others; newborns contain a basic capacity to imitate orofacial gestures (Meltzoff &
Moore, 1989), and by a few months after their second birthday infants recognize
when they are being imitated and smile more at imitators (Meltzoff, 1990).
Importantly, behavioral contingency alone is insufficient to garner this response;
infants respond best to social demonstrators rather than inanimate demonstrations
(e.g., Mahajan & Woodward, 2009; Zimmermann et al., in press). For example, the
difference between learning from a touchscreen when there is a live demonstration
versus a ghost control (Zimmermann et al., in press) suggests that social scaffolds
contribute to learning from touchscreen displays directly (see Fig. 3.3).

Not surprisingly, recent studies have demonstrated that the transfer deficit can be
ameliorated by increasing social contingency cues. For example, Roseberry, Hirsh-
Pasek, and Golinkoff (2014) found that 2- and 2'4-year-olds could learn verbs during
face-to-face interactions or during contingent video chat interactions but not from a
video demonstration. Similarly, Troseth et al. (2006) showed enhanced object retrieval
by 2-year-olds after a demonstration via video chat; controls viewing a regular video
showed the typical transfer deficit. That is, social contingency enhanced transfer of
learning via a screen presentation (see also Chap. 15, McClure & Barr, 2016). Other
studies using familiar video models suggest that social relevance may also be an
important variable in facilitating transfer of learning (Krcmar, 2010; Seehagen &
Herbert, 2010). Despite the fact that none of these studies properly controlled percep-
tual differences between live and video demonstrators, the partial amelioration of the
transfer deficit when socially contingent information is added to video displays shows
that social interaction is relevant to understanding the transfer deficit: Accounts invok-
ing only perceptual factors are insufficient to explain the transfer deficit.

3.3.3 Developmental Constraints: Cognitive Factors

Learning from screen media requires active and efficient memory encoding, stor-
age, and retrieval by the child. Investigating where and how children fail relative to
older children and adults will shed light on how developmental differences may
account for the transfer deficit. Transfer learning is highly constrained by memory
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flexibility, which increases rapidly across early childhood (Barr, 2010, 2013; Barr &
Brito, 2014). Memory flexibility accounts of the transfer deficit explain children’s
failure to transfer knowledge as a function of their inability to generalize across
physical and social context shifts that would be trivial for an adult (e.g., Barr &
Hayne, 1999; Barr, Muentener & Garcia, 2007; Barr, Muentener, Garcia, Fujimoto,
et al., 2007; Dickerson et al., 2013; Moser et al., 2015). In this manner, the theories
combine stimulus and child-based contributions to the effect.

Manipulating factors that typically enhance memory encoding and retention can
ameliorate the transfer deficit. For example, the transfer deficit can be reduced in
1-2-year-olds by repeating target actions; simply doubling the number of target
actions presented by the video model relative to the number of repetitions provided
during the live demonstration erases the transfer deficit (Barr, Muentener, Garcia,
Fujimoto, et al., 2007). Introducing additional, contextually meaningful content,
such as sound effects or background context, can increase representational strength
and enhance learning (Barr et al., 2009; Barr, Shuck, et al., 2010; Zimmermann
et al., 2015). In some cases, adding language cues (Barr & Wyss, 2008; Simcock
et al., 2011) and self-generation of labels (Zimmermann et al., 2015) can enhance
transfer, but only among older children (Zack et al., 2013). Finally, matching the
perceptual cues to the content by enhancing iconicity of the images enhances learn-
ing from books and from television (Simcock & Dooley, 2007; Simcock et al.,
2011). The success (and limitations) of all of these manipulations supports the idea
that there are significant constraints imposed by developmental level on the memory
capacity and flexibility of the system that can limit transfer of learning.

3.3.4 Developing a Coherent Theory

Taken together, these perspectives suggest that transfer learning between 2D and 3D is
grossly constrained by perceptual and social factors. The effects of these constraints
interact with age-related differences in multisensory perceptual processing and integra-
tion, as the neural systems responsible for these functions have different developmental
trajectories. First, the lack of multimodal cues and the inability to process and interpret
cues in the 2D virtual environment is likely to impede transfer of learning to 3D con-
texts as well as learning within the 2D context on touchscreen. Second, constraints on
memory flexibility limit the child’s ability to flexibly map information presented across
dimensions. Third, the degree of information processing required to solve the transfer
problem severely taxes an already limited cognitive capacity, making transfer of learn-
ing highly susceptible to changes in cognitive load. To unite all of these perspectives, a
coherent theory must account for interactions between environmental (social, percep-
tual) factors and cognitive constraints across development (see Fig. 3.6).

While flexibility is certainly important, it is likely that cognitive processes other
than, or subordinate to, memory flexibility also constrain transfer learning. The
impact of cognitive load on transfer suggests that working memory capacity and
duration might also affect this system (e.g., Barr et al., 2016; Barr et al., 2009; Zack
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Fig. 3.6 The interaction
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et al., 2013; Zimmermann et al., 2015). Working memory, the process responsible
for “actively holding information in your head”, is another aspect of cognition that
develops rapidly across early childhood and shows a great deal of individual varia-
tion. To list each cognitive system would be excessive, but successful transfer learn-
ing in complex environments certainly requires that a large number of systems
interact efficiently, meaning that each system’s unique developmental trajectory
likely contributes to children’s transfer performance.

A great deal of research remains to be done in this exciting field of study. For
example, with respect to cognitive limitations researchers could systematically
manipulate cognitive load and collect separate, individualized working memory
data to see the relation between performance and working memory capacity. The
addition of methods designed to index processing of attention such as eye tracking
or brain activity (e.g., fNIRS and EEG) may more precisely pinpoint when and how
information processing breaks down during these tasks.

3.4 Enhancing Transfer Learning: Strategies for Parents
and Early Educators

Touchscreen technology has a growing presence in early education with the use of
tablets in the classroom and the large number of educational applications being
developed (see Chap. 1, Lauricella et al., 2016; Chap. 4, Robb, 2016; Chap. 6,
Liebeskind & Bryant, 2016 and Chap. 17, Zosh et al., 2016). There may be potential
educational benefits to including media in preschools, including enhanced engage-
ment and interactivity, but additional scaffolding by early educators may be neces-
sary to facilitate transfer in young children (Lauricella, Barr, & Calvert, 2009;
Lauricella, Barr, & Calvert, 2014; Levine, Ratliff, Huttenlocher, & Cannon, 2012;
Zimmermann et al., in press). What lessons can parents and early educators take
from the panoply of research findings about learning from digital media? A main
point to keep in mind is that adults have accumulated extensive expertise navigating
technology; they understand the vast set of conventions employed in television,
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tablets, and computers to such a degree that these differences generally do not rise
to the level where they are actively noticed. It is likely as a consequence of this level
of facility with technology that adults greatly overestimate how much children can
learn from media alone.

There are several key take-home messages from this research for early educators
using screens with young children:

1. Transferring knowledge from 2D applications to 3D, real-world scenarios is cog-
nitively demanding. To reduce these deficits, educators need to consider the
perceptual and memory flexibility constraints of young children (e.g., features
that make 2D learning environments distinct, such as the absence of depth or
haptic cues). Parents and educators need to make explicit connections and
emphasize similarities between 2D and 3D material. This will reduce the transfer
distance and lead to more flexible learning.

2. Transfer deficits are bidirectional. That is, information acquired via a robust
3D demonstration may not necessarily transfer to the 2D setting as assumed by
educators and parents alike (or the reverse). Learning via an app is presumably
supported by the child’s existing knowledge and representations gained from
interacting with the 3D world, but learning acquired with real objects may not
readily transfer to a virtual setting within an app. To provide a concrete example,
3D blocks used to teach math might not be easily translated to 2D block depic-
tions in an app. Consider evaluating learning both within the app and within the
3D environment.

3. Despite the interactive or content-rich nature of media, just like any other tools,
children need to learn how to use media. Media are constructed using conven-
tions and syntax that children need to learn. Children’s superficial facility for
navigating digital media should not be confused with expert comprehension.
Rather than presenting children with decontextualized ghost-like demonstra-
tions, early educators should provide social scaffolds to guide children’s initial
explorations within the 2D environment.

3.5 Conclusion

Studies examining the transfer deficit have uncovered a number of constraints on
learning. Specifically, learning is constrained by changes in visual perceptual pro-
cessing across dimensions, as well as lack of consistent inter-sensory processing
cues. The mismatch of cues places considerable cognitive demands on a memory
system that is not yet well developed. The limits of memory flexibility are easily
exceeded, causing cognitive overload to occur. This mental burden is coupled with
the fact that, despite daily exposure, children have relatively limited real-time explo-
ration experience with the 2D environment. Perceptual constraints can be reduced
by increasing encoding time via repetition, increasing the match in visual character-
istics between the image and the real world object, and providing social scaffolds in
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Table 3.2 Strategies to use in early education settings to increase transfer learning

Manage cognitive demands
Repetition: Repeat media presentations of new activities.

Adjust cognitive load: 1dentify age-appropriate task difficulty, adjusting the task on an individual
basis as needed.

Integrate technology into existing teaching method.
Enhance perceptual similarity
Increase physical similarity between the 2D app and the 3D real objects.

Increase realism of 2D objects to facilitate comparisons to familiar, real-world exemplars.

Perceptual matching: Provide experience with 3D objects during teaching to draw comparisons
to 2D objects.

Increase social cues

Social attention: Use social cues like pointing to engage the child.

Scaffold with labels: Label content and reward novel word use within and across contexts.

Add contingency: Take advantage of video chat technology.

Guided Intervention: Increase scaffolding and tech talk when learning involves new media
tools.

the form of adult-directed gaze to key screen referents and demonstration of key
skills. These factors are critical considerations for early educators who are design-
ing media environments to facilitate interactive playful learning (see Chap. 1,
Lauricella et al., 2016; Chap. 4, Robb, 2016; Chap. 6, Liebeskind & Bryant, 2016
and Chap. 17, Zosh et al., 2016). Understanding the constraints on young children’s
learning will allow educators to adequately plan to compensate for and ameliorate
learning deficits, and will help children to gain mastery over content within a sup-
portive learning context. Unfortunately, due to our vast personal experience of
media usage as adults, we have underestimated the need among young children for
scaffold-rich learning from television and tablets. Screen media applications have
huge educational potential, but the constraints on learning due to perceptual differ-
ences inherent in the media, within the individual child, and the social context
within which the child is exposed to screen media must be considered (Table 3.2).
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Chapter 4
Bridging the Dimensional Divide in the Real
World: Commentary on Chapter 3

Kara Garrity Liebeskind and Alison Bryant

The rise of digital media has pervaded the lives of nearly every person in recent years,
and young children are no exception. In fact, this age group may be one of the largest
target audiences and consumers of apps and mobile technology. Mobile devices are
becoming a large presence not just in children’s home lives but also in school. Indeed,
although the most common mobile activity among young children is playing games,
the majority of these games fall under the category of educational. Over half of chil-
dren ages 2—4 sometimes or often play educational games, whereas 43 % play games
just for fun (Common Sense Media, 2013). Parents view the potential educational
value of these platforms as paramount (PlayScience, 2015). This pattern suggests that
there is a real demand among this age group—or more specifically, their parents and
teachers—for mobile apps that offer beneficial learning experiences.

The format of digital media does provide a unique platform for developing inter-
active and engaging educational content. By utilizing the opportunities of the tech-
nology as well as the features of the device itself, apps can go well beyond traditional
learning experiences to tailor lessons to children’s cognitive development and phys-
ical abilities and to continually adapt to children’s developing skills and knowledge.
In addition, the mobile nature of digital media devices allows for learning anywhere
and anytime, meaning that the separation between school and the outside world is
no longer as distinct. Although the transfer deficit suggests that children do not learn
as well from screens compared to live presentations and have difficulty applying
2D learning to 3D contexts, there are several approaches to presenting information
through interactive mobile technology that can ameliorate some of these difficulties
and create a more effective learning experience.
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4.1 Technology in the Classroom

Despite the rapid rise of digital media in the home, these technologies have been
slower to be adopted in the early childhood classroom. The lack of teachers’ knowledge
of and confidence in using the tools effectively within the learning environment
likely plays a large role in this more gradual adoption; however, a potentially more
important consideration is the insufficiency of funds within early education to support
the purchase of such devices (Zevenbergen, 2007). As a result, some digital tech-
nologies are more common in the classroom than others. Nearly all early childhood
educators have access to digital cameras (92 %) and televisions with DVD players
(80 %), but fewer than one-third have tablets (29 %), interactive whiteboards (21 %),
e-readers (15 %), or iPod Touch devices (15 %) (Wartella, Blackwell, Lauricella, &
Robb, 2013). Those who do have these devices in their classrooms are more likely
to use them with their students. Two-thirds of educators with access to interactive
whiteboards, 52 % with access to tablets, 44 % with access to iPod Touches, and
25 % with access to e-readers use these tools at least once a week. In fact, newer
technologies are more likely to be used than traditional media; only 16 % of educators
use their television at least once a week and most use it less than once a month
(Wartella et al., 2013). Clearly, early childhood educators are willing and eager to
use touchscreen devices with their students, if given the opportunity.

As technology becomes more affordable and younger educators, who are more
personally comfortable with the devices, enter the workforce, the presence of digital
media in the classroom will undoubtedly increase. However, this rise will need to be
accompanied by corresponding professional development. Educators have reported
that the main barriers to using technology with their students, besides access, are
lack of technical support, inability to find enough appropriate digital content, and
uncertainty about how to actually integrate the technology into their lessons in a
relevant way. While digital media offer a multitude of opportunities for learning, the
mere presence of technology in the classroom is not enough to reap the expected
rewards, nor should it be blindly incorporated into every activity. Rather, as aptly
stated by the National Association for the Education of Young Children (NAEYC)
in their 2012 position statement, “technology and media should be used in modera-
tion and to enhance and be integrated into classroom experiences, not to replace
essential activities, experiences, and materials” (NAEYC, 2012, p. 7).

4.2 Importance of Social Scaffolding

One of the ways that educators potentially misuse media in the classrooms is by
assuming that children are capable of using and learning from the devices by them-
selves. Children’s early digital exposure should not be assumed to equate to digital
competency. Chapter 3 by Hipp and colleagues points out that, not only do
children need to first learn how to use digital media tools, they also must contend
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with the cognitive demands required to transfer knowledge between 2D screens
and the 3D world. In a series of studies by Zimmermann and colleagues (in press),
researchers found that children who viewed a ghost demonstration, where pieces
moved on a digital screen by themselves, were unable to replicate the target actions
on a screen. In contrast, those who were shown a social demonstration, where an
experimenter moved the pieces, performed successfully. Social scaffolding is par-
ticularly effective when children are unfamiliar with the learning context, as they
often are when it comes to digital technology.

Learning from educational apps—as with any media—is severely limited when
children are left on their own. Indeed, the potential impact of any digital media in
the classroom “is mediated by teachers’ use of the same developmentally appropri-
ate principles and practices that guide the use of print materials and all other learn-
ing tools and content for young children” (NAEYC, 2012, p. 4). Educators are
needed to scaffold the digital content for their students. They are in a unique posi-
tion to do so in a way that is based on their familiarity with each child’s existing
knowledge and prior experience. As Hipp et al. summarize at the end of their chap-
ter, conversations and support from educators can make it easier for children to
process information at a deeper level and transfer it to a novel context, specifically
from 2D to 3D. However, as with the introduction of technology in the classroom,
this scaffolding needs to be done appropriately and intentionally to have the great
educational benefit.

Apps do exist that include features encouraging teacher—student collaboration,
both within and outside of the device. For example, in some apps, educators can
access premade instructions for incorporating the app into their classroom activities,
as well as tutorials on creating their own lesson plans. In other apps, educators can
track each student’s progress, creating reports as detailed as the number of times
children attempted to answer a question with replays of their incorrect responses.
Educators can then use this information to communicate with children through the
app about their performance, as well as manually set a learning pathway for each
individual child. Indeed, some apps allow educators to customize gameplay to focus
on specific topics or concepts for every student. There are fewer features that
encourage engagement between teachers and students beyond the screen, but some
apps do offer ideas for incorporating the app concepts into offline activities or pro-
vide worksheets that educators can download to help children transition from digital
to paper learning.

Although these app features are varied and promising in their support of social
scaffolding, they are also few and far between and more often found in traditionally
academic apps for older children. There is a wonderful (and rapidly growing) array
of mobile apps for young children, many of which have characteristics and engagement
experiences that make them potentially powerful learning tools, but they may not
lend themselves as easily to the inclusion of educator resources. In particular, apps
that focus on creativity, problem solving, and free play can be incredibly valuable,
but the lack of formulaic engagement and inflexible response options make them
more challenging to incorporate into a classroom setting. Unfortunately, this is a
challenge that is currently left almost entirely to educators to tackle.
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4.3 Effective App Features for Learning

While social scaffolding is a key component in an effective digital learning experience,
there are other app features that can also aid children’s comprehension and retention
of information, even when children are playing by themselves. In particular, repeti-
tion, contingency, and adaptive play all work to create a more valuable educational
process and to support children’s understanding of the content.

Repetition allows children more time to process and learn a concept, and research
has found that repeated exposure to media content can lead to greater engagement
and comprehension (e.g., Barr, Muentener, Garcia, Fujimoto, & Chdvez, 2007,
Crawley, Anderson, Wilder, Williams, & Santomero, 1999). This approach is espe-
cially effective when the repetition occurs across multiple different contexts because
it provides children with a wider variety of cues for recognition and recall. In the
digital world, apps can employ repetition by presenting the same problem with
slightly differing content—for example, solving an ABAB pattern repeatedly with
several types of objects or identifying the color green across a range of images.
Research by Barr et al. (2007), as discussed in the Hipp et al., Chap. 3, demonstrated
that simply doubling the number of televised demonstrations of the target actions
erased the transfer deficit.

Repetition can also come into play in mobile educational games when children are
asked to redo problems that they solved incorrectly or insufficiently the first time. By
giving children the opportunity to try again, especially when accompanied by
substantive hints and feedback on their original response, these apps can increase the
likelihood that children will learn from their mistakes and employ this new knowledge
correctly the next time. In addition, the nature of mobile games allows for repetition
not only within the app, but also with the app itself. Since children can play wherever
and whenever, they can engage with the content as often as they want or need.

Another unique and potentially valuable feature of digital media is immediate and
relevant contingent responses. Older media—most notably television—have attempted
to create these interactive experiences for children by having characters speak directly
to the camera and pause periodically in hopes that the child viewer will respond (which
they often do) (e.g., Anderson et al., 2000). However, the prerecorded nature of televi-
sion lends itself to awkward timing and sometimes-inappropriate reactions from the
characters. As discussed in the Hipp et al., Chap. 3, these faux-conditional responses
ensure that the context of the information children are being shown is separate from
their own social context, and therefore less effective. Digital media, on the other hand,
can respond directly and accurately to children’s actions, the moment they touch the
screen. This contingent interaction can range from animations coming to life when
children tap them, to offering immediate feedback on whether a child’s answer is right
or wrong—and why. Contingency can also take the form of adaptive play, where apps
align to children’s individual abilities and learning progression. This approach involves
scaling the difficulty of problems based on children’s previous performance in the app,
rather than just presenting increasingly challenging questions over a set period of time.
In this way, the app is flexible and personalized, responding to children’s individual
behavior so that they can meet their goals at a pace that is most effective for them.
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Luckily, repetition and contingency are fairly common features in children’s
apps, especially those claiming to be educational. Repetition is a well-known
process by which young children learn (as any parent who has had to read the
same storybook over and over can tell you), while contingency is an inherent
quality of digital media that has not been seen before in older screen technology.
Both are easily integrated into children’s apps and offer a range of potential
learning experiences. As with technology itself, however, all of these features —
repetition, contingent responses, and adaptive play—need to be implemented
thoughtfully and selectively. Even in the digital realm, where options and oppor-
tunities abound, sometimes less can be more. This is particularly true for young
children, who may still be learning how to use the device and may not have
enough cognitive resources left to handle a multitude of features and mechanisms,
no matter how novel or engaging.

4.4 Bridging the Real and Digital Worlds

While learning from and improving their performance within an app can be a chal-
lenge for young children, applying that learning outside of the digital context is
even more difficult. The transfer deficit (Barr, 2010, 2013) describes the difficulty
children encounter transferring information between 2D and 3D formats, and Hipp
and colleagues provide several examples of the transfer deficit using a variety of
media, visuals, and methodologies. As discussed earlier, educators can play an
important role in guiding children to make a connection between the content they
are learning on 2D devices and the problems they encounter in the 3D world, but the
apps themselves can also help integrate children’s digital and real-life experiences
to create a more seamless bridge between the two. This technology has the potential
to help support the transfer of knowledge in both directions.

There are two types of apps that fall into this category. One involves using real-
world materials to interact in a digital space, and the other involves engaging in each
world individually through related content. For the first type of app, children might
have a toy that they can place on the touchscreen to activate a reaction in the game,
or they might have to use features of the media device, such as the camera or micro-
phone, to collect information from the world around them in response to a question
or prompt. One example is the set of mathematics apps for preschoolers, created by
Tiggly. Children place physical counting tools on the screen to solve problems.
While both the app and the counting tools can be played with independently, a
richer learning experience occurs when the two worlds are combined (Fig. 4.1).

For the second type of app, children might create something on the device that
they can then print out and play with in the real world, or the app may include
suggestions for games or learning activities based on the child’s current location.
One example is the set of Foldify apps that allow children to design 3D figures on
the tablet to be printed out and constructed. This app takes advantage of the endless
options and creativity inherent on a digital device, while also challenging children’s
spatial reasoning and dexterity in the real world (Fig. 4.2).
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Fig. 4.1 Child using
physical counting toys
while playing Tiggly Chef
(photo credit: www.tiggly.
com)

Fig. 4.2 Child cutting out
the 3D figure designed on
and printed from the
Folidfy app (photo credit:
www.foldifyapp.com)

Apps that allow for this interplay between the real and digital worlds are not only
engaging, but they also offer an educational experience that caters to a wider variety
of learning styles while capitalizing on children’s love of novelty. Especially for
very young children, who often learn through touching, feeling, and doing, apps that
connect real-world objects and environments with the unique features of digital
gameplay have enormous potential as learning tools. These apps can also foster
interactions between children and those in the world around them—whether it be
teachers, parents, or peers—and create situations in which social scaffolding
becomes a natural reaction. As a result, digital-to-real world apps can help young
children learn more effectively and, by bridging the two worlds, also help them take
the information they learn and transfer it back and forth between the 2D and 3D
contexts.

These types of features are becoming more common in children’s apps, but they
are still hard to find, especially those that are well done. There is no specific data on
the presence of such apps, but a perusal of the iTunes App Store or Google Play
Store makes it readily apparent that the vast majority of apps exist solely within the
digital realm, and those that do integrate real-world interactions are not necessarily
considered traditionally educational (meaning, once again, that it is up to educators
to figure out how to effectively use these tools in the classroom).
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4.5 Defining “Educational”

Before educators can even begin to integrate digital media into their classrooms,
they need to find apps that are relevant to their students and their curriculum. For
early childhood educators, this search for quality educational apps can be over-
whelming. For example, in the iTunes App Store, “Education” is a subcategory
under “Games,” as well as a main category on its own, with subcategories including
“Tools for Teachers,” “Homework Projects,” “Classroom,” and “Teaching,” not to
mention groupings by every grade level and subject area. Over 80 % of apps in the
“Education” category are targeted toward children, with apps for toddlers and pre-
schoolers being the most popular and fastest-growing segment (Shuler, Levine, &
Ree, 2012). This trend not only reveals how important this young audience is to
developers but also highlights just how much content is out there for educators to
sift through. In fact, only 4 % of educational apps for toddlers and preschool-aged
children specifically mention usage in a school setting (Shuler et al., 2012). Even
for knowledgeable educators who plan to use technology in their classroom strate-
gically and efficiently, the process of finding a high quality app to fit their needs is
challenging and likely frustrating.

When it comes to educational apps for children, entertainment is still key. After
all, children will not be able to learn from an app that they do not use. Entertainment
needs to be balanced with and integrated into the educational content, a relationship
that is more difficult to achieve than it may sound. When done successfully, children
are more likely to stay engaged with the material since the fun is part of the learning
and they are not being distracted by irrelevant animations or interactivity (Hirsh-
Pasek et al., 2015). Quality educational apps also need to include active involve-
ment, which refers not to the simple movement of tapping and swiping but rather to
challenging activities that require children to engage in deep thinking and problem
solving (Hirsh-Pasek et al., 2015). These activities are most effective when they
involve content that is personally and meaningfully related to children, which brings
into play many of the app features previously discussed (Hirsh-Pasek et al., 2015;
Zosh, Lytle, Golinkoff, & Hirsh-Pasek, 2016). For example, apps that encourage
children to take pictures around their home in response to questions or that offer
resources for parents and educators to extend the lessons beyond the screen both
create learning experiences that are specific to the individual child.

As you might imagine, finding apps that effectively integrate active learning with
engaging gameplay in a way that is meaningfully relevant to the child and fosters
social interaction can be extremely challenging. In the current marketplace, it may be
unrealistic for an app to contain all of those features, but the inclusion of even one or
two can have a significant impact on the educational potential of the experience, and
the hope is that the development of future apps will take into account the recent research
that has been conducted in this area. Even as more quality apps are created, the chal-
lenge of how early childhood educators can successfully identify these apps and effec-
tively assimilate them into their lessons will still exist. In order for mobile devices and
other technology to become a meaningful addition to the classroom setting, steps need
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to be taken to provide guidance to educators, especially those of young children, on
which apps to use and when and how to use them. The solution may take the shape of
arating system in the app store or professional development courses across the nation’s
school districts (see also Chap. 17, Zosh et al., 2016).

Regardless of the approach that is used, these tools should incorporate and
emphasize the important takeaway messages outlined in Hipp et al.’s chapter (Chap. 3).
Educators should make explicit and meaningful connections to reduce children’s
cognitive load, evaluate learning in both the 2D and 3D realms to facilitate children’s
transfer of information between the two, and provide children with social scaffolds
to help them understand how to use the device and maximize the depth of their learn-
ing. There is clearly a great deal of potential for using apps as an educational tool for
young children, but a thoughtful and research-based solution is needed to capitalize
on these benefits before such technology can become a useful component of the
modern classroom.
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Chapter 5

The Role of Online Processing in Young
Children’s Learning from Interactive
and Noninteractive Digital Media

Heather Kirkorian, Tiffany Pempek, and Koeun Choi

5.1 Introduction

It is well documented that toddlers exhibit a transfer deficit whereby they have
difficulty learning from one medium (e.g., two-dimensional screens) and applying
that information to solve a problem using another medium (e.g., three-dimensional
objects; Barr, 2013). While most research suggests that this transfer deficit declines
by 3 years of age, some studies demonstrate that it can persist beyond the third
birthday when using more difficult learning tasks (Dickerson, Gerhardstein, Zack,
& Barr, 2013; Roseberry, Hirsh-Pasek, Golinkoff, & Parish-Morris, 2009). Having
established that this transfer deficit exists using a variety of symbolic media (such
as photographs, scale models, television, touchscreens) and learning tasks (such as
word learning, imitation, object retrieval), researchers have turned their attention
toward understanding the mechanisms underlying this behavioral phenomenon.
Most researchers have emphasized the role of memory retrieval (or lack thereof) in
explaining the transfer deficit, suggesting that toddlers can acquire information
from video but then lack the ability to correctly retrieve the relevant memory when
faced with the challenge of transferring this information to real-life stimuli. While
memory retrieval most certainly plays a role, we propose that the transfer deficit
may also be due in part to differences in acquiring information from video in the
first place. In this chapter, we consider the extent to which toddlers may attend to
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and encode information differently when observing live demonstrations, watching
video demonstrations, and using interactive media. We first describe methods for
observing online processing of video and in-person events and discuss research on
sustained and selective attention during video viewing. We then describe conditions
under which toddlers have been shown to learn from video and consider the extent
to which these conditions may support encoding and retrieval processes. We conclude
with a synthesis of the extant literature and an agenda for future research.

5.2 Online Processing During Video Viewing

In describing how children process events on video, it is useful to conceptualize
attention as a hierarchical set of processes (see Anderson & Kirkorian, 2015, for a
detailed discussion). This conceptual framework is depicted in Fig. 5.1. At the most
basic level, children may choose to enter or leave the room while a television pro-
gram is playing, to pick up and put down a handheld device such as a touchscreen
tablet, or to turn a program or application on or off. This often constitutes measures
of media use and exposure. However, it tells researchers little about what children
actually process. When in the room while a television program is playing, children
selectively attend to the television screen as well as objects and people in the room,
and, when they do look at the screen, viewers selectively attend to some aspects of
the content more than others, such as fixating talking heads while ignoring objects
in the background. Finally, when looking at certain content on the screen, viewers
can devote more or less cognitive effort to processing that content; for instance, the
extent to which viewers engage in sustained attention may vary with respect to indi-
vidual traits (such as age), program characteristics (such as child- versus adult-
directed content), and contextual factors (such as whether there are toys in the
room). In this section, we focus on methods and empirical findings regarding chil-
dren’s online processing of video content, particularly as it relates to developmental
differences in selective and sustained attention while viewing.

5.2.1 Selectively Attending to the Television Screen

There is a vast literature in which researchers have recorded looking time by young
children to better understand many aspects of perceptual, cognitive, language, and
social abilities (see Aslin, 2007). This approach is grounded in the assumption that
overt gaze (e.g., a look toward a television screen) is indicative of the focus of atten-
tion. There are myriad ways to operationalize looking time. For purposes of this
chapter, visual attention is an observational measure that captures episodes of overt
orientation towards the video screen. Onsets and offsets of looks are defined by
moments when the viewer’s eyes are directed at or away from the screen in a natu-
ralistic viewing situation (Anderson & Levin, 1976). In a typical study, children are
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in a comfortably furnished room (either at home or in a lab) that is stocked with
toys, coloring books, or similar activities to engage them while a television program
plays on a nearby screen. Of particular interest in these studies is when and for how
long children look at the television screen.

Numerous studies have demonstrated that viewers look at and away from the
television often during a viewing session (Anderson & Levin, 1976; Burns &
Anderson, 1993). Most looks toward the screen are relatively brief, lasting no more
than 3-5 s in duration. By comparison longer looks toward the screen are rare, even
though they constitute most of the cumulative time looking at the screen. Thus
distributions of look durations are positively skewed, with many shorts looks and
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relatively infrequent long looks. This pattern is consistent across viewers as young
as 2 months of age through adults (see Richards & Anderson, 2004, for a review).
The implications of look duration for learning are described later in this chapter in
the section on sustained attention. In the current section we focus instead on devel-
opmental differences in cumulative looking time and the kinds of content that elicit
looks toward the screen (selective attention). These content attributes include for-
mal production features and the comprehensibility of content.

The term “formal features” refers to audiovisual production techniques that
structure, mark, and represent content; examples include camera cuts, zooms, and
sound effects (Huston & Wright, 1983). In general, changes in formal features elicit
selective attention from viewers of any age. However, as age increases, children
come to use formal features strategically, attending more to some than to others. For
instance, preschool-age children are more likely to look at the television when there
are puppets or child actors on the screen than when actors are adult men, and they are
more likely to look at the screen when there are many camera cuts and rapid action
than during extended zooms or in the absence of movement (Alwitt, Anderson,
Lorch, & Levin, 1980; Calvert, Huston, Watkins, & Wright, 1982). It is believed that
young children select some features over others because they come to associate cer-
tain features (such as child actors and animation) with child-directed content while
they associate other features (such as adult male actors) with adult-directed —and
therefore incomprehensible or irrelevant—content (Huston & Wright, 1983). This is
consistent with the finding that the relative influence of program pacing decreases
across infancy (Gola & Calvert, 2011) while preferences for some types of features
over others increase with age (Gola, Kirkorian, Anderson, & Calvert, 2011).

It is also well documented that the content of a program can influence selective
attention by young children. Rather than simply reacting to visual and auditory
formal features, children are cognitively active as they try to make sense of what
they are watching. This was first demonstrated in a lab setting when Anderson,
Lorch, Field, and Sanders (1981) showed preschool-age children normal and dis-
torted segments of Sesame Street. Some vignettes were intact, whereas others were
edited to distort the canonical order of events (by playing shots in a random
sequence) or the linguistic content (by playing the Greek overdub or by reversing
utterances, thereby rendering the language incomprehensible). Contrary to the sup-
position that children are cognitively passive while watching television and fail to
process the content (Singer, 1980), Anderson and colleagues found that these young
children selectively attended to the screen more often during comprehensible
vignettes than during incomprehensible ones. Similarly, preschool-age children are
more likely to look at the television during child-directed programming than during
adult-directed programming (Schmidt, Pempek, Kirkorian, Lund, & Anderson,
2008; Schmitt, Anderson, & Collins, 1999).

Although children as young as 2 years of age prefer to watch television pro-
grams that are comprehensible, this preference appears to develop during the
second year of life. For instance, we found that it is not until at least 18 months
of age that toddlers begin to exhibit longer looks toward comprehensible ver-
sions of Teletubbies, a television program designed for infants and toddlers,
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than to versions that are rendered less comprehensible by either sequential or
linguistic manipulations (Pempek et al., 2010). Similar results were found when
comparing infants’ attention to a child-directed movie versus computer-generated
audiovisual displays that lacked meaningful content (Richards & Cronise,
2000). Thus the ways by which formal features and program content influence
selective attention appear to change dramatically during the first few years of
life, at least with respect to commercially produced narrative programming for
infants and young children.

The fact that toddlers pay more attention to comprehensible content than to
incomprehensible content demonstrates that ongoing comprehension processes
have an impact on selective attention. In other words, comprehension drives atten-
tion. However, the extent to which attention drives ongoing comprehension and
subsequent learning is less straightforward. Most studies fail to find a relation
between a child’s cumulative amount of looking time toward the screen and that
child’s subsequent performance on learning tasks. In fact, toddlers may be more
visually engaged with video than with in-person displays, despite relatively poor
performance on video learning tasks (Schmitt & Anderson, 2002). Yet while perfor-
mance on learning tasks is not clearly related to the cumulative amount of looking
time at the screen, it may be related to the duration of time that viewers sustain
attention to the screen before looking away again. We will revisit the association
between attention and learning in the subsection on sustained attention.

To summarize research on selectively attending to television programs, there are
clear developmental trends regarding whether and when children look at the screen.
Young infants appear to look indiscriminately at the screen in response to almost
any auditory or visual change. With age and experience, toddlers come to attend
more in the presence of some features than others, particularly those that tend to be
associated with child-directed content (e.g., child actors, puppets, animation) rather
than those associated with adult-directed content (e.g., adult male actors). Similarly,
children begin to preferentially attend to comprehensible video content during the
second year of life, and the magnitude of this effect increases throughout early
childhood. Next we describe the relatively small body of literature on exactly what
children look at when their gaze is directed at the television screen.

5.2.2 Visually Selecting Specific Screen Content

Even when children are selectively attending to a television program, there are
individual differences in what they choose to attend to on the screen. For instance,
they may be following the trajectory of a moving object, watching characters as
they speak, or scanning the background. One way to observe selective attention
to on-screen content is with an eye tracker. Eye tracking typically involves spe-
cialized cameras and software that determine the exact location of a viewer’s
gaze from moment to moment. This is a particularly useful paradigm for observ-
ing online information processing insofar as the location of gaze is typically
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associated with the focus of attention during natural viewing (Henderson, 2003).
Gredeback, Johnson, and von Hofsten (2010) provide a detailed description of
eye-tracking approaches, particularly in infancy research. Most published eye-
tracking studies describe eye movements toward static images or simple video
displays with relatively little movement. Thus studies of eye movements toward
dynamic scenes, including edited video, are relatively rare, and such studies of
infants and young children are few and far between. Here we summarize this rela-
tively small body of literature.

Several studies with adults have demonstrated that there is substantial consis-
tency in the location of gaze across individuals; that is, adults tend to look at the
same thing at the same time as each other when watching video (Dorr, Martinetz,
Gegenfurtner, & Barth, 2010; Frank, Vul, & Johnson, 2009; Goldstein, Woods, &
Peli, 2007; Kirkorian, Anderson, et al., 2012; Mital, Smith, Hill, & Henderson,
2010; Stelmach, Tam, & Hearty, 1991; Tosi, Mecacci, & Pasquali, 1997). Adults’
visual fixations toward video are predicted by perceptually salient formal features,
particularly movement (Mital et al., 2010). However, like overt gaze toward the
screen, adults’ eye movements during natural viewing are also driven by top-down
processes such as searching for specific objects within a complex visual scene. For
instance, when performing a familiar activity with real objects (e.g., making tea),
adults are more likely to look at task-relevant objects (e.g., cup) than the most per-
ceptually salient objects in the room (Hayhoe, Shrivastava, Mruczek, & Pelz, 2003;
Land, Mennie, & Rusted, 1999). Similar findings have been reported in studies
when adults watch animated video clips (Frank et al., 2009).

Studies that include infants and children suggest that visual selection of on-
screen content changes with age. For instance, individual differences in the location
of gaze decreases with age, such that adults often look at the same thing at the same
time as each other whereas infants’ fixations tend to be more scattered across the
screen (Frank et al., 2009; Kirkorian et al., 2012). Differences between children and
adults are reduced when watching incomprehensible video (random shot sequences),
suggesting that the tendency for adults to look at the same things as each other is at
least partly driven by comprehension of the video and is therefore disrupted when
the ability to comprehend is reduced (Kirkorian, Lavigne, Hanson, Troseth, &
Anderson, 2014). Moreover, while bottom-up, stimulus-driven features continue to
influence visual attention even in adults, the relative influence of top-down pro-
cesses increases with age. For instance, unlike attention in young infants, adults’
eye movements were more strongly predicted by meaningful information (faces)
than perceptually salient features (sharp edges and movement) when watching ani-
mated video clips (Frank et al., 2009).

There are also age-related differences in the extent to which viewers shift visual
attention in response to visual changes such as camera cuts, likely reflecting
increased experience with viewing and interpreting sequences of video shots.
Several studies demonstrated that adults tend to look toward the center of the
screen immediately following cuts to new scenes, likely in response to the ten-
dency for important content to appear in the middle of the screen following a cut to
a new scene (Kirkorian et al., 2012; Le Meur, Le Callet, & Barba, 2007; Mital
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et al., 2010; Tosi et al., 1997; Tseng, Carmi, Cameron, Munoz, & Itti, 2009). We
found that 4-year-old children demonstrated a similar tendency to look at the center
of the screen following a cut to a new scene, but 12-month-old infants did not
(Kirkorian, Anderson, et al., 2012). Furthermore, we found that adults were more
likely than were 12-month-old infants and 4-year-old children to anticipate the
reappearance of an object in a new scene by looking at the correct part of the screen
immediately after the cut but before the object reappeared (Kirkorian & Anderson,
in press). Together these findings suggest an age-related increase in the systematic
and strategic deployment of attention when watching dynamic and edited video.

As with overt looks toward the screen, there is growing evidence that comprehension
processes drive visual fixation, but the extent to which visual selection of on-screen
content predicts subsequent learning is less clear. A few studies have examined infants’
learning from video as a function of their pattern of eye movements to the video, and
results have been mixed. Some evidence suggests that when infants do selectively attend
to target information on video, they are more likely to demonstrate learning. For
instance, 2-year-olds who spent more time fixating the eyes of an on-screen speaker
were more likely to show evidence of learning a novel word from that speaker (Roseberry,
Hirsh-Pasek, & Golinkoff, 2014). Similarly, 6- to 12-month-olds who paid relatively
more attention to an on-screen actor than to the background were more likely to imitate
that actor’s behavior immediately following the demonstration (Taylor & Herbert,
2014). On the other hand, such a relation between visual selective attention to video
events and subsequent imitation was not found in another, similar study of infants by the
same researchers (Taylor & Herbert, 2013).

One reason for conflicting evidence may be differences in the cognitive demands
of stimuli across studies. We compared the visual fixations of 24-month-olds watch-
ing video versus in-person hiding events in an object-retrieval task. We found that
24-month-olds spent more time fixating the target location when viewing hiding
events on video than when watching hiding events in person, even though children
were less successful when searching for the hidden object (a sticker) after watching
video events (Kirkorian et al., 2016). Results indicated that toddlers were usually
able to find the sticker after watching in-person hiding events even if they paid rela-
tively little attention to the target location while the sticker was being hidden; con-
versely, toddlers who watched video hiding events were only successful at finding
the sticker if they preferentially attended to the target location during the hiding
event. These results suggest that video demonstrations may be harder to process and
therefore require more time selectively attending to target information. This inter-
pretation is consistent with our earlier finding that age differences in the location of
gaze decrease as a function of time into a shot, suggesting that infants simply need
more time to process each new scene before identifying the location most critical to
comprehension (Kirkorian, Anderson, et al., 2012). This interpretation is also sup-
ported by the finding that infants take longer to discriminate between novel and
familiar items when presented as two-dimensional images than when presented as
three-dimensional objects (as measured by electroencephalography; Carver,
Meltzoff, & Dawson, 2006) and that repetition of a target action increases infants’
imitation from video (Barr, Muentener, Garcia, Fujimoto, & Chavez, 2007).
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Together eye-tracking research using video stimuli indicates that visual fixations
are driven by perceptually salient stimulus features (especially movement) at all
ages, but the relative importance of meaningful content in driving attention increases
with age. In other words, as with overt looks toward the screen, top-down processes
become more important with age even as bottom-up processes continue to drive
visual fixation. Moreover, older viewers are more likely to allocate attention strate-
gically while watching edited video, seemingly in an effort to maximize the likeli-
hood of fixating important content, such as centering fixations on the screen or
anticipating the reappearance of a moving object following a cut to a new scene.
However, as with overt looks toward the screen, there is not a clear relation between
cumulative fixation time on target content and subsequent learning of target infor-
mation. One reason for the inconsistency across studies may be differences in the
relative difficulty of the tasks, insofar as the fixation time required to comprehend
video content will increase as a function of cognitive load created by that content.
Another reason for inconsistent findings may be differences in sustained attention
that are not captured by measures of cumulative selective attention. This is the topic
of the next subsection.

5.2.3 Sustaining Attention While Viewing Video

The inconsistent relation between cumulative looking time toward the screen and
subsequent learning, as well as that between visual selection of specific onscreen
content and subsequent learning, is likely due in part to differences in the amount of
mental effort that viewers invest in processing the content while looking at the
screen. In particular, depth of processing appears to increase as attention is sus-
tained over a period of time. Sustained attention, or the ability to focus on a specific
stimulus, has often been utilized as a measure of the depth at which children process
video content. Common measures of sustained attention used to assess processing
of video include visual attention, secondary-task reaction time, and heart rate, which
we will describe in turn.

Visual attention can be indicative of selective attention as described previously in
this chapter. In addition, look length averaged across a media event is useful in
determining depth of processing (Anderson, Alwitt, Lorch, & Levin, 1979). Look
length is typically defined as look duration beginning when the viewer first looks
toward the screen and ending when the viewer looks away.

Similarly, secondary-task reaction time refers to the speed of behavioral
responses to distractor stimuli or a secondary task. For instance, viewers may be
instructed to press a button every time a tone is heard. Reaction time under these
conditions has been used to assess engagement insofar as viewers who are more
deeply engaged with television content should be slower to respond to distractors
and secondary tasks, if they respond at all (Anderson, Choi, & Lorch, 1987).

Lastly heart rate is a physiological measure used to assess sustained attention
through identification of characteristic patterns of deceleration presumed to indicate
active processing of stimuli (Richards & Casey, 1991; Richards & Cronise, 2000).
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Heart rate is assessed with electrocardiogram, which can be used to calculate inter-beat
interval, or the duration between cardiac cycles (Richards, 2008; Richards & Cronise,
2000). Deceleration of heart rate is associated with active processing (Reynolds &
Richards, 2007). Inter-beat interval is the inverse of heart rate (i.e., the time that elapses
between successive beats) and, thus, increases with cognitive engagement. Inter-beat
interval can be matched with observational measures of looking to assess attentional
engagement over the course of each individual look towards the screen (e.g., Pempek
et al., 2010; Richards & Cronise, 2000).

Researchers have used these measures both individually and in combination to
better understand how viewers of different ages process video. Findings from these
studies reveal significant developmental changes in sustained visual attention across
the first year of life. Some researchers have reported a progressive decrease in look
duration with development (Shaddy & Colombo, 2004), while others note an
increase (Richards & Cronise, 2000). In a review of the literature, Richards (2010)
addresses these seemingly conflicting results, noting that studies finding shortening
look durations with age typically use simple, static stimuli, such as a checkerboard
pattern, while studies finding lengthening look duration typically use more com-
plex, dynamic stimuli, such as video of a person. Courage, Reynolds, and Richards
(2006) found direct evidence for the differential effect of stimuli varying in com-
plexity across the first year of life in their assessment of look durations for both
simple and complex stimuli in infants 14-52 weeks of age. Of relevance here are
findings indicating increased look duration with development to complex, dynamic
stimuli, including video.

While the overall likelihood of relatively long looks to video increases throughout
infancy, the underlying mechanisms of cognitive engagement over the course of a
look, as well as the general pattern of look distributions, appear to be consistent
across ages from infancy onward (Richards, 2010). Put differently, even though
infants are less likely to engage in long, sustained looks toward the screen, the way
in which attentional engagement changes over the course of a look appears to be
similar in infants, children, and adults when attention is captured. Anderson et al.
(1979) first described patterns of sustained attention to television among 3- to
5-year-old children. They observed that the longer a look at the television persisted,
the less likely it was to be terminated. They called this phenomenon “attentional
inertia”. As described earlier in this chapter, this pattern yields a distribution of look
lengths that is lognormally shaped, with many looks lasting only a few seconds in
duration and fewer long looks (Anderson & Lorch, 1983). Attentional inertia has
been observed for television viewing across all ages, from infants to adults (for a
review see Richards & Anderson, 2004). This pattern has also been observed during
toy play in children, indicating that it is a function of the attention system more
generally rather than screen viewing specifically (Choi & Anderson, 1991).

In addition to the general pattern of look lengths that results from attentional
inertia, researchers have noted an increase in engagement as a look progresses,
peaking at approximately 15 s. As this 15-s threshold is approached, the effectiveness
of external distracters is diminished. For example, during viewing of a children’s
television program, Anderson et al. (1987) presented 3- and 5-year-old children
with a series of distractors consisting of a tone followed by a still image located at
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a 90° angle from the television screen. They found that children at both ages were
less likely to turn their head towards the distractor and were slower at doing so if
they had been looking continuously at the television for 15 s or longer when the
sound signaled the appearance of the distractor.

Research indicating deeper engagement as a look towards the television pro-
gresses has been corroborated by studies utilizing heart rate as a measure of sus-
tained attention. Richards and Casey (1991) proposed several distinct phases
through which heart rate progresses during the presentation of a stimulus, beginning
with a sharp decrease in heart rate in the orienting phase, a period of lowered heart
rate during the sustained attention phase (and, conversely, an increase in inter-beat
interval), and a return to pre-stimulus heart-rate levels in the attention termination
phase. Of relevance here, active processing of a stimulus is presumed to occur dur-
ing the sustained attention phase. Many studies have replicated this pattern of heart
rate deceleration during attention (e.g., Colombo, Richman, Shaddy, Greenhoot, &
Maikranz, 2001; Colombo, Shaddy, Richman, Maikranz, & Blaga, 2004; Richards
& Cronise, 2000; Richards & Gibson, 1997). For instance, in infants 6 months to 2
years of age, lower sustained heart rate was found in conjunction with longer looks
and less distractibility in response to an adjacent distractor video playing simultane-
ously during a viewing situation (Richards & Turner, 2001). As with look duration,
complexity of the stimuli appears to influence engagement by 6 months of age:
Greater change in heart rate was found for stimuli that were more complex and
dynamic (e.g., video) as compared to static displays (Courage et al., 2000).

The sustained attention patterns detailed above clearly demonstrate an increase
in engagement with longer look durations and heart-rate deceleration. However,
deeper engagement does not necessarily indicate processing of information. A rela-
tion between sustained attention and comprehension of video has been documented
by a handful of studies. Assessment of secondary-task reaction times provides evi-
dence linking increased engagement (as measured by long looks) to comprehension
of media content. For example, researchers observed that 5-year-olds invested more
mental effort during long looks to comprehensible video than to video in which
comprehensibility was reduced by reversing the speech or arranging scenes in a
random sequence (Lorch & Castle, 1997). Additionally, Burns and Anderson (1993)
found that adults’ recognition memory for information presented toward the end of
long looks was greater than that for the first half of long looks or for short looks,
demonstrating that the increased engagement associated with long looks is in fact
associated with greater processing of information.

Attentional inertia plays an important role in the link between comprehension
and attention described earlier in this chapter and may facilitate learning in ways
other than increased information processing. For instance, attentional inertia operates
independently of television content and, in this way, serves to maintain attention
across content boundaries, such as when switching from a television program to a
commercial break (Anderson & Lorch, 1983). Recall that preschool-age children
selectively attend to television content that is comprehensible, and they tend to look
away from the screen when content becomes incomprehensible (Anderson et al.,
1981). Perhaps attentional inertia enables children to sustain attention and process
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more complex material rather than terminating attention immediately when material
becomes difficult to comprehend (Anderson & Lorch, 1983). We have speculated
that this may be an important bootstrap mechanism for the development of media
processing skills during infancy because, if attentional inertia increases the likeli-
hood that attention is maintained when material becomes difficult, this may help
infants learn to draw connections between actions that unfold across multiple
scenes, and, in turn, begin to understand video montage (Pempek et al., 2010).

To summarize, the literature on sustained attention during television viewing
characterizes a phenomenon known as attentional inertia, whereby longer looks at
the television have a lower probability of termination for individuals of all ages.
This enables infants to occasionally engage in longer looks toward the screen, which
have been found in children and adults to relate to increased processing of video
content, resulting in lower distractibility and increased recall. While patterns of
heart rate and look duration have been established for television viewing across the
lifespan, much less is known about newer media. To our knowledge, no research has
been done to directly assess the characteristics of sustained attention for newer
mediums such as videogame consoles and touchscreen tablets.

5.2.4 Summary of Research on Online Processing
of Television

Together the research on attention to television reveals both change and stability
across infancy and early childhood. With respect to selective attention, research on
visual selection of specific screen content appears to parallel that on overt gaze
toward and away from the screen. First, attention is driven by perceptually salient
stimulus features (especially movement) at all ages, but the relative importance of
meaningful content in driving attention increases with age. In other words, top-down
processes become more important with age even as bottom-up processes continue
to drive visual fixation. Second, older viewers are more likely to allocate attention
strategically while watching edited video, seemingly in an effort to maximize the
likelihood of fixating important content, such as centering fixations on the screen
immediately following a cut to a new scene. Third, there is not a clear relation
between cumulative attention to target content (measured as either overt gaze
toward the screen or visual fixation to specific content on the screen) and subsequent
learning of target information.

The absence of a clear association between cumulative selective attention and
subsequent learning is likely due to the simple fact that looking is only an indirect
measure of information processing. Looking time is a complex measure that encap-
sulates many hidden processes, such as attention, encoding, and integration with
existing information in memory (Aslin, 2007). Thus it is not always clear whether a
long look to a television screen indicates greater encoding of information or whether
a long look is just a proxy for the relative difficulty of processing information from
video (Carver et al., 2006; Kirkorian, Lavigne, et al., 2016) or individual differences
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related to processing speed (Colombo, Mitchell, Coldren, & Freeseman, 1991).
Further research is needed to disentangle these processes in order to understand the
relation between visual selective attention and subsequent learning.

In line with this interpretation, there appears to be a more consistent relation
between sustained (rather than selective) attention and subsequent learning. While
selective attention is clearly a necessary process in learning—one is unlikely to
learn from something to which one did not attend—simply looking at a stimulus
does not mean that the viewer effectively encodes information and represents it in
memory. In other words, selective attention is a necessary but insufficient process
for learning. Sustained attention further supports learning through increased
investment of cognitive resources in a primary task (e.g., watching television) and
improved resistance to distraction.

Although infants are less likely than older viewers to engage in sustained atten-
tion, particularly when viewing complex visual stimuli such as video, the behavioral
phenomenon of attentional inertia appears to ensure that even young infants occa-
sionally engage in sustained attention. Once attention is captured, the underlying
mechanisms of attention appear to be consistent across infants, children, and adults.
Specifically, long, uninterrupted looks toward the screen are associated with greater
engagement with and processing of video content, as measured by decelerated heart
rate, slower reaction time to secondary tasks, and increased memory for content that
was encoded during sustained attention. It is likely that this reflects general atten-
tion mechanisms that apply to interactions with real three-dimensional objects as
well as video (Choi & Anderson, 1991); however, the vast majority of research to
date —particularly with infants and young children—is limited to investigations of
attention to two-dimensional video.

Together the findings demonstrate the value in considering both selective and
sustained attention in understanding young children’s processing of digital media
content. Traditional measures of attention to video, namely cumulative looking
time, have done much to explain the types of features and content that elicit atten-
tion to television at different ages. Similarly, researchers have begun to adopt eye-
tracking methods to observe infants’ and children’s attention to specific on-screen
content. This research suggests that measures of selective attention —both attention
at and away from the screen, as well as, attention to specific content on the screen—
primarily reflect ongoing comprehension processes: Viewers spend more time look-
ing at the screen when attention is necessary for comprehension, which is a complex
process that is influenced by prior knowledge, processing speed, inference ability,
and working memory capacity, to name a few. However, such measures of selective
attention have limited value for predicting what children will learn and transfer
from screen media. Rather, measures of sustained attention, which include individ-
ual look durations, secondary-task reaction times, and heart-rate changes, seem to
better reflect a viewer’s engagement and investment of cognitive resources. Thus
researchers may be better able to predict subsequent learning from the duration of
fixations toward the screen rather than cumulative looking time. We recommend
that future research capitalize on multiple methods to assess both selective and
sustained attention in order to fully capture online processing of video content.
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5.3 Conditions Under Which Toddlers Can Learn
from Video

Observations of selective and sustained attention during video viewing have revealed a
great deal about how infants and children process video stimuli. However, most studies
of attention to video do not compare online processing of video versus in-person events,
nor do they explore the extent to which subsequent learning is a function of how demon-
strations were processed in the first place. Therefore, it is not completely clear whether
or how differences in attention and encoding (in addition to memory retrieval) lead to
the transfer deficit (but see Kirkorian, Lavigne, et al., 2016, for an exception). On the
other hand, researchers have identified certain conditions under which toddlers are bet-
ter able to learn from video. We next describe several of these experimental manipula-
tions and discuss how each might support both encoding of information during
demonstrations and retrieval of information during subsequent tests of learning. Our
hope is to provide a more comprehensive framework to motivate future research that
considers the full range of cognitive processes involved in learning from digital media.

5.3.1 Clarifying the Symbolic Relation Between Video
and Real-Life Events

Understanding symbolic artifacts such as pictures in books or images on television
requires dual representation—understanding that a symbol is itself an object as well
as a representation of its referent (DeLoache, 1987, 1991, 2000; DeLoache, Miller, &
Rosengren, 1997). By 2 years of age, children realize that symbols are not real objects,
but they continue to experience difficulty in connecting symbols to their referents
(Troseth, 2010). If toddlers’ poor symbolic understanding is related to their transfer
difficulty, experience in clarifying symbolic relations may facilitate transfer.

Prior experience with symbolic media is likely to facilitate learning by emphasiz-
ing the correspondence between symbols (e.g., an image on television) and real-life
counterparts (Troseth, 2003; Troseth, Casey, Lawver, Walker, & Cole, 2007). For
instance, Troseth (2003) examined the impact of experience with live video on 2-year-
olds’ object retrieval. She asked parents to connect a video camera to their family
television so that the children could see themselves and their families in real time on
the television screen. After receiving 10-min correspondence training five times over
a 2-week period, 2-year-olds were more likely to use information from a video pre-
sentation to find a toy in a laboratory task as compared to same-aged peers without
this training. Moreover, this video-based training appears to have transferred to other
symbolic media, insofar as these toddlers also outperformed peers in the control
group on a task using a different type of symbolic media (photographs). The results
suggest that experiencing symbolic relations might help young children realize the
connection between two-dimensional symbols and their three-dimensional referents
and thereby facilitate the use of information from video in real-life circumstances.
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In addition to their training study, Troseth et al. (2007) explored whether children’s
natural experience with symbolic artifacts is related to learning from screens.
Researchers asked parents of 120 2-year-old children to complete a questionnaire on
their children’s naturalistic experience with symbolic media and activities (e.g., videos,
pictures, drawings). Even after controlling for children’s vocabularies and parents’
education, 2-year-olds’ exposure to and understanding of live video significantly
predicted their object retrieval in the lab. The results suggested that toddlers require
sufficient experience with symbolic media in order to reliably transfer between
symbols and referents.

Only a few studies have directly examined the role of symbol experience in the
transfer deficit. Thus far the results indicate that understanding the relation between
two-dimensional images and their three-dimensional referents is an important
aspect of transfer, insofar as clarifying the correspondence between symbolic arti-
fact and real-life counterpart facilitates transfer.

5.3.2 Reducing Cognitive Load

Transfer from symbolic media to real-life tasks requires a range of cognitive
abilities: paying attention to the right information at the right time, representing the
right information in memory, and retrieving the right memory regardless of contex-
tual changes. Young children’s limited cognitive resources may hamper their per-
formance at each level of processing. Here we summarize several successful
attempts to reduce cognitive load and thereby improve transfer. These strategies
include lowering transfer demands, providing repeated exposure to screens, using
familiar onscreen characters, and decreasing memory-updating load.

Unlike learning from live, unmediated experiences, learning from video requires
children to complete additional tasks such as processing two-dimensional stimuli
and then transferring their learning to three-dimensional objects. When these trans-
fer demands are reduced, toddlers are better able to learn from video. For example,
using an imitation paradigm, Zack, Barr, Gerhardstein, Dickerson, and Meltzoff
(2009) showed that when 15-month-olds watched an action on screen (pressing a
button on a touchscreen) and were tested on the same screen, their performance was
as good as that of children who watched and were tested with a real object (pressing
a button on a real toy). In contrast, children who had to transfer between contexts —
either from real objects to screen or from screen to real objects —were less success-
ful regardless of the direction of transfer. This study suggests that transfer across
media is a cognitively demanding task, but young children may learn from screens
as well as from real-life demonstrations if transfer demands are reduced. These find-
ings highlight the importance of the contextual mismatch between encoding and
retrieval in understanding the transfer deficit.

In addition to reducing transfer demands, decreasing cognitive load through
repetition may facilitate transfer. Most of the studies focusing on the transfer deficit
have allocated an equal amount of time for both video and live demonstrations,
which results in relatively poor learning outcomes when infants watch video.



5 The Role of Online Processing in Young Children’s Learning... 79

Research providing repeated or elongated presentations of video, on the other hand,
found an increase in learning from video (Barr et al., 2007; Barr & Wyss, 2008). For
instance, children between 12 and 21 months of age were able to imitate the actions
performed by an on-screen actor after a 24-h delay only when they watched the
video twice as often as they watched the corresponding live demonstration (Barr
et al., 2007). Similarly, 2-year-olds could imitate target actions from screens when
the action was demonstrated twice and at a slower rate (Strouse & Troseth, 2008).
These findings further suggest that processing two-dimensional images on screens
requires more resources than processing real objects, perhaps due to infants’ relative
inexperience with video as compared to real-life interactions. As a result, allowing
additional processing time via repeated exposure to screen demonstrations, or pre-
senting information more slowly, can increase transfer. As described previously, this
is consistent with both eye-tracking (Kirkorian, Lavigne, et al., 2016) and EEG
studies (Carver et al., 2006) suggesting that toddlers process two-dimensional
images more slowly than they process three-dimensional objects.

Decreasing cognitive load during encoding might also be possible by using
on-screen characters that are familiar to young children. In one study, 21-month-old
toddlers watched a puppet demonstrate how to seriate cups by ordering them from
smallest to biggest and then stacking the smaller cups inside of the larger ones. Watching
a video demonstration by Elmo—a familiar character to most young viewers in the
United States—led toddlers to perform the behavior on their own; however, watching
DoDo—an unfamiliar character—did not (Lauricella et al., 2011; see Chap. 9, Richards
& Calvert, 2016). In a follow-up training study, a group of 18-month-olds was encour-
aged to play with DoDo toys and watch DoDo video with parents at home for 3 months.
At age 21 months, toddlers viewed DoDo demonstrating the seriation task on video and
were then given the opportunity to imitate using real cups. The toddlers who were famil-
iarized with DoDo showed higher performance than did the toddlers who remained
unfamiliar with the character (Gola, Richards, Lauricella, & Calvert, 2013). One pos-
sible explanation for this familiarity effect involves cognitive load: Familiar characters
may free up cognitive resources so that task-relevant information can be processed.
Consistent with this hypothesis, Kirkorian, Hanson, et al. (2012) found that 24-month-
olds spent more time looking at Dodo than at Elmo during video demonstrations of the
seriation task. This increase in visual attention to the unfamiliar character was accompa-
nied by a decrease in attention to the seriation demonstration. These eye-movement data
suggest that children process images on the screen differently depending on their prior
experience, insofar as familiarity with the character apparently enabled the toddlers to
spend less time looking at the character and more time watching the demonstration.
However, as described previously, the exact relation between cumulative fixation time
and subsequent learning remains unclear. Further research is needed to examine the role
of familiarity in online processing of video content and screen-based learning.

A fourth task scenario that may increase cognitive demands is proactive inter-
ference caused by previous learning trials. For instance, in the object-retrieval
task, children are asked to watch an experimenter hiding an object and remember
the location so that they can later search for the hidden object (e.g., in an adjoin-
ing room); these studies often entail several search trials using a random sequence
of hiding locations, enabling researchers to observe performance over time
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(Troseth & DeLoache, 1998). In these studies, children must simultaneously
update their mental representation of both the real and symbolic location during
information encoding (hiding event), while also inhibiting their representation of
the previous search trial during memory retrieval (search event; Kirkorian,
Lavigne, et al., 2016; see also Troseth, 2010). Thus, the object-retrieval task may
be relatively easy on the first search trial but then become more difficult on sub-
sequent search trials when there is the possibility of outdated mental representa-
tions producing proactive interference. Indeed, several studies have demonstrated
that toddlers are more likely to commit perseverative errors when learning from
video than when learning from real-life events, searching the location that was
correct on the previous trial rather than the location that is correct on the current
trial (Kirkorian, Lavigne, et al., 2016; Schmidt, Crawley-Davis, & Anderson,
2007; Schmitt & Anderson, 2002; Troseth, 2003). These perseverative errors are
also commonly found during object-retrieval tasks using other symbolic media,
such as a scale model, indicating a general challenge in symbolic mapping. For
example, Sharon and DeLoache (2003) analyzed a large set of experiments on
2.5-year-olds’ object retrieval and found that 47 % of errors were perseverative in
symbol-based retrievals whereas 14 % of errors were perseverative in memory-
based retrievals. In these studies, it is often reported that children produce high
performance on the first search trial, whether learning from video or in-person
hiding events, but they exhibit worse performance on subsequent trials in the
video condition. This is consistent with the hypothesis that children have diffi-
culty negotiating the symbolic relation between video and real-life stimuli, mak-
ing it harder for them to accurately update their representations of the current
hiding location as task demands increase, that is, when children are required to
update two representations simultaneously (Troseth, 2010). This interpretation is
further supported by the finding that performance remains high across all search
trials, even when using video hiding events, when the possibility of perseverative
errors is eliminated by using a different search space on each trial (Suddendorf,
2003). Eliminating the possibility of proactive interference caused by outdated
representations helps toddlers to overcome the transfer deficit.

Together these studies are consistent with the general hypothesis that transfer-
ring from video to real-life objects is cognitively demanding. The finding that tod-
dlers’ ability to transfer from video to real-life objects is predicted by
working-memory capacity further supports this hypothesis (K. Choi, Kirkorian,
Pempek, & Schroeder, 2015). This cognitive demand appears to be due in part to
the overlap (or lack thereof) in perceptual cues that are available during encoding
and retrieval of information (Zack et al., 2009) and in part to the need to inhibit
irrelevant information in the case of subsequent learning trials (Troseth, 2010).
Toddlers’ performance on video-based learning tasks improves significantly when
cognitive demands are reduced, such as by matching the features available during
encoding and retrieval, providing slower or repeated exposure to video stimuli,
and using familiar characters. A third class of experimental manipulations that
appears to facilitate screen-based learning by toddlers is the incorporation of social
interactivity, to which we turn next.
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5.3.3 Incorporating Social Interactivity

Technological innovations have altered the ways in which children experience
media. Traditionally, screens have been considered to be one-way communication
tools; however, advances in both software and hardware allow users to engage in
two-way communication through screens. Using either closed-circuit video or live
video chat, several studies have been conducted to examine the impact of socially
contingent interactions on toddlers’ ability to learn from video. These researchers
defined social contingency as a two-way exchange in which the adult on video estab-
lished herself as relevant and interactive by referring to the child by name and by
asking questions about the child’s own siblings and pets (Nielsen, Simcock, &
Jenkins, 2008; Roseberry et al., 2014; Troseth, Saylor, & Archer, 2006; see also
Chap. 15, McClure & Barr, 2016).

Using an object-retrieval task, Troseth et al. (2006) examined whether social
contingency could help toddlers to overcome the video deficit. For 5 min prior
to the object-retrieval task, an experimenter interacted with a child on closed-
circuit television about personally relevant information (e.g., saying the child’s
name, asking about pets, playing games). Twenty-four-month-olds were ran-
domly assigned to one of three conditions: live interaction, socially contingent
video, and noncontingent (yoked) video training. Toddlers’ success on the
object-retrieval task using socially contingent video was similar to that when
experiencing live interactions and was significantly better than their perfor-
mance when viewing yoked video that depicted prerecorded interactions with a
different child. These findings suggest that social contingency can promote
transfer from screen media.

The facilitative effect of social contingency has been replicated in other
domains. Nielsen et al. (2008) examined whether social engagement facilitated
24-month-olds’ imitation, finding that toddlers were more likely to imitate the
exact actions of a model who could communicate with them via a closed-circuit
video system than a videotaped model who could not provide socially contingent
feedback. With regard to word learning, Roseberry et al. (2014) examined whether
socially contingent interactions through video chat could facilitate 24- to
30-month-olds’ verb learning from screens. They found that children in the live
and video-chat groups learned novel verbs whereas children in the noncontingent
video group did not.

Although these studies suggest that socially relevant and adaptive information is
important to assist learning from screens, what remains to be answered is how social
contingency is related to online processing of the information on screen. Roseberry
et al. (2014) reported that time spent looking at the experimenter’s eyes was posi-
tively related to subsequent word learning. However, cumulative fixation time was
not different between video and real-life conditions, despite the difference in learn-
ing outcomes between conditions. Further research is needed to address this
discrepancy and investigate the mechanisms by which socially contingent video
influences on-line processing of video.
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5.3.4 Providing Nonsocial Contingency via Interactive Media

Social contingency seems to be a promising way to help young children link
information on screen to the real three-dimensional world. Perhaps a socially con-
tingent interaction is effective because it involves socially relevant and adaptive
personal information (e.g., child’s name or pets) or because it provides responses
that are contingent on the child’s own behavior (Kuhl, 2007). The research on
socially contingent video does not address whether toddlers can benefit from
interactive video in the absence of social interactions with on-screen actors.
Examining this question is especially important in that young children are increas-
ingly exposed to interactive media such as digital computer-based systems, which
respond to the user’s actions in a nonsocial way by presenting content such as
text, graphics, animation, video, or audio (Rideout, 2013).

Recent research findings suggest that contingency supports early learning even in
the absence of reciprocal social interactions. For example, Lauricella, Pempek, Barr,
and Calvert (2010) found that interactive computers facilitated learning at 30 months
of age. Children who played an interactive computer game and those who observed
a live demonstration performed significantly better on an object-retrieval task than
children who observed a noninteractive video. However, the computer interface that
was used to conduct this study proved challenging for younger children who might
normally exhibit a transfer deficit, and even 30-month-olds required special instruc-
tions and apparatus to play the computer game correctly (e.g., covering irrelevant
computer keys). Newer advances in technology may provide better opportunities for
toddlers to learn from intuitive touchscreen interfaces. The impact of different types
of contingency on toddlers’ learning has been recently investigated using touch-
screen tablets. We created three types of video presented on a touchscreen device:
noninteractive (advancing automatically), general-interactive (accepting touch input
anywhere on the screen), or specific-interactive (requiring touch input on particular
areas of interest). In both object-retrieval (K. Choi & Kirkorian, 2016) and word-
learning studies (Kirkorian, Choi, & Pempek, 2016), younger 2-year-olds performed
better than chance only in the specific-interactive condition, whereas this condition
disrupted learning by older 2-year-olds who performed well when using noninterac-
tive or general-interactive videos. These findings suggest that carefully designed
interactive media may enhance toddlers’ learning; however, the specific conditions
that lead to the best learning outcomes may vary with age. Moreover, the impact of
interactive video in our studies was not as strong as the impact of interactions with
a contingent social partner in prior studies.

Although previous research reveals that contingency alone works without
socially relevant and adaptive interactions, the underlying mechanisms of its effect
remain unclear. We suggested three possible ways that interactive experience would
support learning from screens (Kirkorian, Choi, et al., 2016). First, interactive media
may assist learning by increasing engagement or arousal and thus increasing avail-
able resources. Second, interactive media may allow children to pace themselves
through the content and thus slow the influx of information and reduce cognitive
load. Third, interactive media may emphasize important content on the screen and



5 The Role of Online Processing in Young Children’s Learning... 83

thereby reduce the amount of information to be encoded. In the first two scenarios,
any kind of interactivity should facilitate learning. However, when considering
younger 2-year-olds, our studies (K. Choi & Kirkorian, 2016; Kirkorian, Choi, et al.,
2016) revealed that the specific-interactive groups outperformed the general-
interactive groups, suggesting that touching a specific location of interest (e.g., the
location of a novel object that is being labeled) may draw children’s attention to the
most relevant information on screen. This finding is consistent with eye-tracking
studies showing that younger children have more difficulty identifying the most
important information on the screen when they watch traditional, noninteractive
video (Frank et al., 2009; Kirkorian, Anderson, et al., 2012). Moreover, this is
directly supported by preliminary data in our lab revealing that 2-year-olds who
complete an object-retrieval task using specific-interactive video spend more time
looking at the target location than distractor locations during the hiding event
(Kirkorian, Choi, Schroeder, & Etta, 2015). Thus by directing attention appropri-
ately, interactive experience has the potential to enable children to spend more time
looking at the right information at the right time.

Taken together, increasing evidence suggests that toddlers’ ability to learn from
screens can be improved through contingent experiences with screen media.
However, many questions remain regarding whether and how certain screen experi-
ences facilitate early learning. The experiences that produce the best learning out-
comes appear to vary depending on a child’s age and abilities.

5.3.5 Summary of Research on Learning from Video

There are several hypotheses regarding the existence of the transfer deficit, which
are likely complementary rather than mutually exclusive. The transfer deficit might
partly be explained by toddlers’ difficulty recognizing the symbolic relation between
screen images and their real-life referents. Moreover, there is strong evidence that
transferring from video is a cognitively demanding task that can be improved by
reducing cognitive load in a variety of ways. Effective strategies include matching
cues that are available during encoding and retrieval, repeating information to be
learned from video, and using familiar characters that enable viewers to focus on
novel to-be-learned information. Some of these scenarios apparently increase tod-
dlers’ ability to selectively attend to target information during the initial acquisition
of information, while others increase the likelihood that children retrieve target
information when faced with real-life stimuli.

The finding that toddlers are more likely to make perseverative errors in an
object-search task when viewing hiding events on video (vs. in person) may serve
to bridge these two hypotheses of the transfer deficit: The combined difficulty of
updating representations of both video symbols and real-life referents as well as
transferring information across perceptually disparate stimuli is likely to result in
poor learning by toddlers with relatively weak working-memory skills, particularly
when also faced with the challenge of inhibiting outdated information from previous
learning trials, as in the case of many object-retrieval studies.
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Other strategies that have been demonstrated to increase screen-based learning
include social and nonsocial interactivity with on-screen people and characters that
respond contingently to the viewer’s own behavior. On the surface, this may appear
contradictory to the hypothesis that learning from video is cognitively demanding,
insofar as the need to generate responses should increase cognitive load for the
viewer. However, such interactions may facilitate early screen-based learning by
clarifying the symbolic relation between screens and real-life events, increasing
arousal and engagement, and directing attention to target information on the screen.
Thus the many advantages of interactive media may compensate for the added bur-
den of generating a response.

5.4 Conclusions and Future Research Agenda

More than a decade of research has demonstrated that toddlers have difficulty
transferring from screens to real-life experiences. Nonetheless, toddlers are
capable of learning from video under specific circumstances, particularly when
the connection between video and real-life events is emphasized and when cog-
nitive load is decreased. Moreover, interactivity appears to facilitate learning by
younger viewers.

There are many unanswered questions regarding the impact of screen media on
attention and learning during the first few years of life. Foremost among them are
the reasons for the transfer deficit. There are several complementary hypotheses, yet
most authors have focused on the relative difficulty of retrieving information from
video when transferring to real-life stimuli. We propose that in addition to difficulty
retrieving this information, toddlers may encode information differently when
viewing video versus real-life events. This likely includes differences in both selec-
tive and sustained attention.

Research on the development of selective attention to video demonstrates age-
related change in the features that drive attention to the screen. In particular, infants’
attention is primarily driven by perceptually salient features, whereas comprehension
processes appear to become more important in driving selective attention as children
age and gain experience with video. Thus selective attention appears to reflect ongo-
ing comprehension processes, rather than being the sole cause of comprehension.
Furthermore, younger viewers are less likely than are older viewers to allocate atten-
tion strategically when viewing edited video, insofar as they do not preferentially
look at comprehensible (versus incomprehensible) video, and they are less likely to
respond to cuts to new scenes by looking at the center of the screen or integrating
information across content boundaries in order to anticipate the reappearance of
objects. Supporting toddlers’ limited selective-attention skills may facilitate learning
from screens, for instance by utilizing familiar characters and integrating interactive
features that help direct attention to important information. However, more research
is needed to understand the specific conditions under which toddlers can learn from
video and the role that selective attention plays in the learning process.
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Sustained attention, on the other hand, may serve to increase comprehension at
any age. In particular, attentional inertia may enable viewers to maintain attention
even as content remains or becomes incomprehensible. It has been hypothesized
that this phenomenon may enable early learning across many activities, including
television viewing and toy play. However, research is limited, particularly with
infants and young children. Future research should explore the relation between
sustained attention and learning with a variety of methods and across a wide range
of ages and activities.

Despite the still-growing literature on attention to television, there is almost no
analogous literature on interactive media, including video games and mobile appli-
cations. Presumably many research findings are applicable across media platform
(just as similar findings have been reported for toy play with real objects), but the
interactive nature of newer technologies raises new questions about how selective
and sustained attention are deployed during these activities, as well as how readily
children retrieve information that was encoded during media use in order to solve a
real-world problem.

Another important area for future study is how to more directly assess different
processes involved in attending to and learning from screen media. We noted previ-
ously that a look is a complex behavioral measure that reflects many underlying
cognitive processes. Future studies should incorporate other measures of attention
that may help researchers to disentangle these processes including those described
earlier in this chapter (eye tracking, secondary-task reaction time, heart rate) as well
as those that have been used to study attention elsewhere but have yet to be applied
to the study of children’s television viewing (e.g., neural imaging and electroen-
cephalography, pupil diameter).

In conclusion, infants and young children are using interactive screen media
at unprecedented rates, yet researchers know little about the potential impact of
these new media. Moreover, infants and toddlers continue to spend substantial
amounts of time viewing noninteractive video, despite consistent research find-
ings suggesting that this activity holds limited educational value for young
viewers. Some studies have suggested that young children may learn better
from interactive video than from traditional, noninteractive video. It may be
that newer technologies have the potential to foster early learning and better
prepare children for school. However, scientifically rigorous research is greatly
needed to establish whether, how, and for whom digital media can be education-
ally valuable throughout infancy and early childhood. By understanding how
infants and children attend to and encode information that is presented on
screens, researchers can contribute to the development of educational media
that supports learning by young viewers.
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Chapter 6
What’s in a Look? How Young Children Learn

from Screen Media and Implications for Early
Educators: Commentary on Chapter 5

Michael Robb

Children 3 years and younger are often considered a “special audience.” Given the
rapid changes across multiple areas of development (cognitive, social, emotional,
linguistic, physical, etc.), researchers have emphasized the importance of the first
3 years of life for later personal and academic outcomes. Great importance is placed
on the experiences young children have, and how they help to support development.
Promoting interactions with the world, and the people in it, are often of greatest
concern to those responsible for taking care of young children. How does media
use, passive or interactive, linear or nonlinear, fit into young children’s day-to-day
lives? How can parents and educators make good decisions about how much and
what media to put in front of their children, and what will shape those media experi-
ences? The increasing ubiquity of screens of all kinds—smartphone, tablet, televi-
sion, and other screens—in the lives of children starting at birth make this especially
relevant.

This chapter is an excellent synthesis of the most current research available on
how young children learn from screens. Drs. Heather Kirkorian, Tiffany Pempek,
and Koeun Choi have developed an extensive review about the mechanisms under-
lying how, when, and why infants and toddlers attend to, retain, recall, and transfer
information delivered via televisions and interactive devices. They also deliver a
useful review of methodologies that have been used to assess children’s online pro-
cessing from screens, including respective strengths and weaknesses of different
approaches. Lastly, they provide guidance regarding techniques and conditions
under which children can successfully transfer information from screens to real-life
scenarios. The implications for educators, families, and media makers are profound
and actionable.

A key theme that reoccurs frequently in the chapter is the importance of under-
standing development, and not treating all children’s viewing as monolithic. For
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instance, Kirkorian and colleagues summarize research showing that infant viewing
is often driven by visual and auditory changes, but attention is later driven by the
child’s ability to comprehend what is on screen, and the presence of features that
signify child-directed content (like animation or child actors). Looking at screens
becomes much more strategic as children get older, with older children becoming
better at responding to common elements of programs, such as refocusing on the
center of a screen after a cut, or anticipating where objects would appear in a new
scene based on what they had seen before a cut. The authors convincingly portray
viewing as a very cognitively active process, in contrast to common press depictions
of children as mindless zombies, passively viewing screens.

However, the information processing load put on children as they attend to and
try to comprehend what they are seeing may prevent them from transferring what
they see on screens to the real world. Understanding that infants and toddlers in
particular may struggle with learning from screens, except under limited circum-
stances, can inform early educators about if, how, and when technology should be
used with young children. Educators need to know that learning from media can be
much more demanding than learning from physical reality because of the ways that
2D symbolic content (videos, apps, books, pictures, etc.) play with time and space,
because it is perceptually different than the real world (2D vs. 3D), and because
even interactive media have limited ability to replicate the situations in which young
children are thought to learn best—in the context of social interactions.

Given the difficulty infants and toddlers have learning from television, and the
limited research on learning from interactive devices like tablets, it is in caregivers’
best interest to limit exposure to screen media in favor of real-world experiences,
and interactions with people and objects in the environment. Screen use that dis-
places high-quality interactions between children and caregivers should be avoided.

Does that mean that educators should discount media as a tool for supporting and
engaging infants and toddlers? Not necessarily. The National Association for the
Education of Young Children and the Fred Rogers Center for Early Learning and
Children’s Media at Saint Vincent College issued a position statement (2012) pro-
viding guidance for educators to use media and technology in age-appropriate and
highly intentional ways. This document recognized that very young children present
a special challenge when it comes to integrating technology. It places the very-real
cognitive issues that infants and toddlers face when learning from media within a
broader developmental context. Decades of child development research shows that
social interaction is a very natural and effective means of helping children learn.
Thus, if media and technology are used with young children, placing it within the
context of human interactions is more likely to lead to positive outcomes.

There are many ways this could be done. For example, allowing an 18-month-
old to swipe through pictures on a tablet may have limited pedagogic usefulness.
However, an educator could take digital pictures of family, friends, animals, events,
or objects in the child’s environment, sit the child in her lap, and talk about the
pictures as they swipe through them together. Research suggests that meaningful
learning experiences connect to our existing knowledge and may be more sustain-
able (Hirsh-Pasek et al., 2015). The interaction around the digital pictures could
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involve joint attention, labeling, vocabulary building, and other learning activities.
Similarly, ebooks could be treated like print books. Instead of assuming that a
young child can use an ebook by herself, a caregiver could get close to a child and
use it with her, engaging in similar dialogic reading behaviors that characterize
effective read-alouds.

Another option for ebook developers is to embed cues within software that direct
children and parents to important content or objects, while keeping distracting or
irrelevant foci to a minimum. These cues could take the form of highlighted objects
or words, question prompts, or other interactive features that enhance the reading
experience. For parents who may struggle with their own reading abilities, assis-
tance from software may make reading experiences more useful and enjoyable.

Social contingency is one of the factors that can ease learning from media, with
research demonstrating that children as least as young as 30 months could learn new
words through video chats or to find relevant objects in the real world. Socially
contingent interactions are more relevant, and adaptive to young children, which
may drive their attention to the screen. As such, educators could consider the use of
video chats to allow children to interact with people they might not otherwise
encounter. For example, children could communicate with people in other class-
rooms, or even other countries (see also Chap. 15, McClure & Barr, 2016; Chap. 16,
Truglio & Kotler, 2016).

The authors make a convincing case that traditional, noninteractive video may be
too difficult for young children to learn from, especially when used independently.
However, one could imagine conditions in which videos could be made valuable. For
toddlers, attention to videos can be improved with the use of comprehensible video.
An age-appropriate video that is slow-paced, repetitive, and uses formal features
judiciously, could aid children’s attention by reducing the cognitive load. Using a
familiar character could also decrease the cognitive load (see Chap. 7, Linebarger,
Brey, Fenstermacher & Barr, 2016; Chap. 9, Richards & Calvert, 2016). Most impor-
tantly, although most video does not provide contingent interaction, a live teacher
could support children’s learning from the screen by commenting on what is being
viewed, asking questions, and building activities off of the video.

Imagine a teacher who wants to talk about tigers in class. Picture books about
tigers can help children know what tigers look like, but they are limited to static
images. A teacher could cue up a short video of a tiger crawling through the grass
and roaring. Better yet, he could combine a book about tigers with a short video,
providing multiple ways to gain background knowledge and helping children under-
stand what tigers look like, how they move, how they sound, what they do, etc. His
facilitation of the viewing experience and discussion about the tiger could help chil-
dren process what they are viewing beyond what children could do by themselves.
Such an exercise would be an excellent way to prepare children for a visit to the zoo,
and would also be important for situations where a visit to the zoo was impossible.
In all of the examples provided above, the use of technology serves as a way to
strengthen adult—child relationships, rather than displace them.

As pointed out by the authors, we are also just beginning to understand how
young children attend to and understand interactive media, including mobile apps
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and video games. An advantage of interactive media like apps or computer programs
is that they are responsive to user input. How interactions with media occur varies
tremendously. Depending on the software, children may be able to set their own
pace, advancing through chapters of an interactive book, progressing through levels
of a game, or exploring a digital environment at their own speed. Children using an
interactive book for example, could reexplore particularly enjoyable sections of a
book over and over again, for enjoyment or comprehension purposes. The child has
a strong role in the outcome of the interactive experience, as opposed to a linear
television experience, in which a child always progresses from beginning to end,
regardless of whether the child understood what was happening. Clearly, there are
many opportunities for self-directed learning. However, a knowledgeable teacher
who is observing the child and is familiar with the software being used can help
determine content limitations, and facilitate a more robust human-guided learning
experience (for example, by planning related activities, finding and reading relevant
books, and engaging in conversations).

The authors cite evidence finding that interactive media can support learning in
children at least as young as 24 months, and that age may even shift downward as
touchscreen devices become even more intuitive for young children to use. In par-
ticular, interactive media may be especially useful when they require children to be
active around specific areas of interest. With television, children could potentially
look anywhere, and not understand the message because their attention was not
focused on where the creators intended. Based on the research reported by the
authors, with interactive media, app developers can ensure that children have fo
focus on a particular area because the program could not advance without it. This
focus reduces the overall amount of information processing required by emphasiz-
ing the important content required to succeed. As mentioned in the chapter, interac-
tive experiences thus can provide more cues about relevant information, and by
giving children control, can give more time for children to process content.

However, because touchscreens are still relatively new, compared to television,
the research literature has many gaps. The authors note that there is much to learn
about how interactive media can sustain attention, and how children encode and
retrieve information obtained through new technologies. Interestingly, the research
so far indicates that although interactivity can support learning, the impact is still
not as strong as having a real human partner, who can provide contingent interac-
tions with a child.

For educators, the implications for practice are murky. Just because a touch-
screen can provide a learning experience does not mean it will. It is clear from the
research that a toddler will attend to an interactive experience, and may be engaged
by it, but a warm, responsive caregiver is still essential to the learning process. In the
absence of a large research base, educators should rely on their professional judg-
ment when deciding what devices and media may support their learning goals, and
use tools like the Checklist for Identifying Exemplary Uses of Technology and
Interactive Media for Early Learning (Robb et al., 2013), which guides the selection,
use, integration, and evaluation of digital materials in early education settings. For
example, educators must insure that their use of technology supports early learning
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goals or curricula, that technology is age-appropriate, and that they can evaluate
whether they are meeting learning objectives. Thoughtful use of technology might
involve planning the physical environment to accommodate individual use, small
group use, or whole class use.

Creators of digital media often make implicit, and sometimes explicit, claims
about learning outcomes for young children which are often not supported by inde-
pendent research. Educators must be wary when selecting, using, integrating, and
ultimately evaluating interactive media use with young children, and make sure to
consider the developmental level, interests, abilities, and needs of the children they
care for (Hirsh-Pasek et al., 2015; Robb et al., 2013; see also Chap. 4, Liebeskind
& Bryant, 2016; Chap. 17, Zosh et al., 2016). To help separate quality educational
apps from ineffective apps, Hirsh-Pasek and colleagues (2015) suggest four “pil-
lars” that parents, educators, and others can use to evaluate an app’s learning poten-
tial: active participation that requires deep mental effort, sustained engagement
through thoughtful feedback and judicious (not distracting) uses of interactive fea-
tures, meaningful connections to children’s interests or prior knowledge, and social
interaction through conversation, cooperation, or even competition.

Again, there are certainly instances when thoughtful use can enhance classroom
experience. Consider a classroom focused on teaching about “vehicles” that is
exploring trucks, cars, boats, airplanes, and other things that go. A teacher could
download an app for a tablet with a picture board of different kinds of vehicles on
it. Children could touch a picture of a bulldozer, for example, and be shown a 20-s
video of a bulldozer pushing dirt into a pit. Touching the bulldozer again could pull
up another clip of a bulldozer in a new location, digging up a field. The interaction
is simple enough for a child to control and direct, and gives the educator several
opportunities to describe what is happening in the videos, connect it to children’s
other experiences, and otherwise follow the child’s interests. The child is able to
experience contingent interactions from the app, and contingent social interactions
from the teacher.

Educators could play an especially important role translating and communicat-
ing the research to parents. Educators are often the conduit for delivering important
information about children’s development to parents, and there is much confusion
surrounding the role of screen media in children’s lives. Parents, too, need guidance
cutting through the complicated messages around television and digital media.
Suggesting that infants and toddlers not be exposed to screen media at all may be an
impossible request for many families, especially when older siblings are present.
However, conveying the difficulties children have in learning from screen media,
the ways in which cognitive demands can be reduced, and most importantly, par-
ents’ important role in mediating technology use would be tremendously helpful.
The message need not be one of fear, but rather of empowering parents to get a bet-
ter handle on the role they have as curators of their children’s media experiences.

Future research will ultimately tell us more about when and how infants and
toddlers learn from interactive media, and media creators may come up with inter-
esting and exciting uses of interactive media that are hands-on, engaging, and well
matched to young children’s developmental levels. However, the current chapter
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does support promising uses of technology for children aged 2-3 years. Although
children under two have a more difficult time learning from media, there is no hard
line that says learning from interactive media is impossible, especially when
thoughtfully and intentionally integrated into the learning environments in homes
and school. As such, caregivers should think more about how they themselves can
be interactive with young children, both in the contexts of interactive media use,
and outside of it.
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Chapter 7

What Makes Preschool Educational Television
Educational? A Content Analysis of Literacy,
Language-Promoting, and Prosocial Preschool
Programming

Deborah Nichols Linebarger, Elizabeth Brey, Susan Fenstermacher,
and Rachel Barr

7.1 Educational Television

Since the introduction of Sesame Street in 1969, producers, educators, and
researchers have worked together and in parallel to create and evaluate the impacts
of educational TV. Despite the rapid increase in the availability of mobile devices
(see Chap. 3, Hipp et al., 2016; Chap. 5, Kirkorian, Pempek & Choi, 2016; Chap.
6, Robb, 2016; Zosh, Lytle, Golinkoff, & Hirsh-Pasek, 2016), 80 % of U.S. pre-
schoolers” media exposure is still via video content for an average of 55 min of
educational programming per day; the major distinction between today and his-
toric trends is that content is now typically streamed rather than viewed at consis-
tent times or on a single television set located in a family room (Rideout, 2013).
The focus on preschool content arises from two factors. The first is pragmatic:
Preschoolers are more likely than older or younger children to view television
content, both due to decreasing daily sleep requirements relative to infancy and
toddlerhood and the fact that most have not yet begun formal schooling. The sec-
ond is more ideological: The initial impetus for creating educational programming
was to reduce the school readiness gap, a problem that persists into the present day
(U.S. Department of Education, National Center for Education Statistics, 2006). In
fact, the language and literacy skills that children develop between birth and age 5
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are crucial for their future academic achievement (Lonigan & Shanahan, 2009).
Children who begin formal schooling already lagging behind their peers in these
skills rarely catch up and often fall further behind as they continue in school (Hart
& Risley, 2003; Stanovich, 1986; Walker, Greenwood, Hart, & Carta, 1994). A
relatively large body of research indicates that educational television programs
focused on language and literacy can boost children’s communication and reading
skills and encourage their general interest in reading (e.g., Anderson, 1998;
Anderson, Huston, Schmitt, Linebarger, & Wright, 2001; Linebarger, Kosanic,
Greenwood, & Doku, 2004; Mates & Strommen, 1995; Moses, 2008; Wright et al.,
2001). One longitudinal study demonstrated that the benefits of watching educa-
tional television programming at age 5 persisted into the adolescent years, leading
to higher grades, increased book reading and more creative thinking (Anderson
et al., 2001). Because children are able to actively listen and interact with well-
designed educational television, programs that use language-promoting strategies
have the potential to improve children’s language and literacy skills by modeling
these skills and then encouraging viewers’ interaction in a way that lets them prac-
tice these skills (Moses, 2008). Children spend a great deal of their free time
watching television (Rideout, 2013), suggesting that this activity is inherently
enjoyable. This enjoyment is enhanced by the sense that they can apply and prac-
tice the skills and other information they observe on television in their own lives
as they learn to read and communicate (Linebarger, 2000). When programs are
created using entertaining formats guided by developmental theory, researchers
document increases on various outcomes including school readiness (e.g., Wright
et al., 2001), problem solving (e.g., Crawley, Anderson, Wilder, Williams, &
Santomero, 1999), and literacy (e.g., Linebarger et al., 2004).

We identified both molecular and molar components that can be found in educa-
tional television or used by educational television content creators. The molecular
components of educational television include both learning strategies embedded
within individual episodes that are used to convey or denote program content and
the presence and quality of character-based interactions. The molar components of
educational television include the target viewer age, the program structure (e.g.,
narrative, expository), and the program curriculum emphasis.

7.2 Molecular Components of Educational Television

7.2.1 Instructional Strategies

Educational television programs feature an array of specific instructional strategies
that function to support children’s internal mental processes of learning (Gagne,
1970). Strategies can gain or direct attention, inform the viewer regarding key con-
tent, prompt the viewer to recall prior knowledge, present actual content, provide
guidance or sequence learning, elicit viewer participation, provide feedback, assess
comprehension, and enhance retention of program content and transfer (Gagne, 1970;
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Linebarger, 2015; Linebarger & Piotrowski, 2010; Piotrowski, 2010). In this study,
instructional strategies fell into one of four broad areas: (1) cognitive instructional
strategies (e.g., use of familiar scenes, repetition, perspective-taking); (2) language
instructional strategies (e.g., questions, prefacing and summarizing, eliciting viewer
interaction); (3) code-related literacy instructional strategies (e.g., depicting and high-
lighting onscreen print, letter and sound identification, spelling words onscreen); and
(4) character interactional quality (e.g., positive peer interactions).

7.2.1.1 Cognitive Instructional Strategies

The capacity to understand and learn from televised content is enhanced when key
content is paired with strategies that support viewers’ processing of this content.
Cognitive strategies can act as rehearsal devices, scaffolds, or prompts to facilitate
the encoding of new information. For instance, researchers have carefully tracked
early memory development and documented that the use of familiar contexts, provi-
sion of multiple exemplars, and repetition are key ingredients to early knowledge
acquisition (Rovee-Collier & Barr, 2010). These three strategies help young chil-
dren accurately develop mental representations of everyday experiences that, in
turn, allow them to use these representations when encountering new content and
information. During early childhood, learning from educational television occurs
most rapidly when content is embedded within familiar routines, such as scenes in
the home or in a park. These scenes can be more easily mapped onto preschoolers’
existing knowledge or experiences. Embedding content within narrative structures
also provides a familiar context for young children (Linebarger & Piotrowski, 2009,
2010) and, as such, children are often better able to learn content that is embedded
in stories when compared to non-story formats (see below). Because early memory
retrieval is quite specific to the conditions of encoding (i.e., cues and settings in
which initial encoding/exposure took place), generalizing beyond learned informa-
tion can be challenging when settings are not familiar (see Chap. 3, Hipp et al.,,
2016). Moreover, young children require multiple exemplars to learn new catego-
ries. For these reasons, providing multiple examples to increase categorization and
generalization is crucial (e.g., showing different colors of the same object, or differ-
ent animals engaging in the same task allows the young child to go beyond the
specifics of the situation and generalize to broader superordinate categories).

In addition to cognitive strategies that provide memory support, other cognitive
strategies can support executive function (EF). EF comprises a complex cognitive
regulatory system that helps guide goal-directed behavior (Hughes, 2002). It
includes: (1) working memory (the ability to hold information in mind in order to
complete a task); (2) inhibition (the ability to refrain from performing an action,
particularly those that are incompatible with the task at hand); (3) set shifting (the
ability to shift attention between two competing tasks); and (4) the ability to regu-
late and modulate emotions. EF skills develop rapidly across the preschool years
(Espy, Kaufmann, Glisky, & McDiarmid, 2001; Zelazo, Carter, Reznick, & Frye,
1997) and are critical for school readiness because schools require children to
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control impulses, follow directions, transition smoothly between activities, regulate
emotions, and focus attention on relevant task information. Previously, content anal-
yses of educational television programs have not considered the ways in which EF
might be fostered via educational television, although research has indicated that
viewing educational content is both associated with and causally linked to better EF
whereas viewing entertainment content is associated with and causally linked to
poorer EF (Gatewood & Linebarger, 2015; Lillard & Peterson, 2011; Linebarger,
Barr, Lapierre, & Piotrowski, 2014). To this end, the current content analysis mea-
sured the presence of the following EF-related cognitive strategies: metacognitive
strategies, problem solving strategies, making comparisons or similarities, and
modeling of perspective-taking and pretense.

7.2.1.2 Language Instructional Strategies

Cognition and language are intimately linked and reciprocal aspects of development
during early childhood (Dedk, 2014). A relatively large body of research indicates
that educational television programs focused on language can boost children’s lan-
guage skills (Anderson, 1998; Anderson et al., 2001; Linebarger & Walker, 2005;
Mates & Strommen, 1995; Moses, 2008; Rice, 1983; Wrightetal.,2001). Facilitating
language skills in preschoolers involves engaging them in complex verbal reason-
ing, encouraging verbal interactions, and teaching new vocabulary (Wilcox, Murphy,
Bacon, & Thomas, 2000). There are a number of strategies that have been identified
in the language facilitation and intervention literatures that support the development
of these three different language practices.

Verbal reasoning involves processing content by thinking about that content in a
logical way and then constructively organizing one’s thoughts about that content
using language (Burton, Welsh, Kostin, & Essen, 2009). Preschoolers' verbal rea-
soning is supported by the inclusion of wh-questions (who, what, why) that prompt
them to make predictions, classify, and identify similarities and differences (National
Early Literacy Panel, 2008; Reese, Sparks, & Leyva, 2010). Other relevant strate-
gies include commenting and labeling objects and actions when they are visually
displayed, and storytelling (Reese et al., 2010). Matching verbal referents to visual
displays, and repeating and generalizing content are particularly important for
learning from video presentations where mismatches between the screen and the
real world will be compounded (see also Barr, 2010, 2013).

Preschoolers learn new words quickly, at a rate of about 2 root words per day
(Biemiller, 2005); however, this learning is highly dependent on the range of words
to which they are exposed (e.g., Hart & Risley, 2003; Marulis & Neuman, 2010).
Facilitating young children’s vocabulary learning can be accomplished through
making conversation, posing questions, defining words, providing examples of
words, and repeating content (NICHD, 2000), all techniques possible to embed in
educational television (e.g., Rice, 1983). Experimental research indicates that chil-
dren learn specific words embedded in educational television (Linebarger et al.,
2014; Rice & Woodsmall, 1988; Singer & Singer, 1998). Moreover, these effects
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appear to be lasting; preschoolers who watched educational television showed gen-
eralized gains in vocabulary (Rice, Huston, Truglio, & Wright, 1990; Wright et al.,
2001) that were sustained into early adolescence, with preschool viewing of educa-
tional television associated with higher grade point averages and more leisure book
reading (Anderson et al., 2001).

7.2.1.3 Code-Related Literacy Instructional Strategies

Exposing young children to print in their everyday lives is a means of boosting their
literacy skills. Familiarizing children with environmental print by labeling materials
with signs and by ensuring the availability of writing utensils in a classroom encour-
ages understanding of forms and functions of written language while assisting chil-
dren with label learning and general print knowledge (Pullen & Justice, 2003;
Whitehurst & Lonigan, 1998). Furthermore, the more time children spend visually
attending to print, the faster they will acquire emergent literacy skills such as letter
identification and phonemic awareness, skills that are crucial for successfully learn-
ing to read (NICHD, 2000).

Many producers of children’s educational television focus on spurring the devel-
opment of young children’s language and emergent literacy skills. The National
Early Literacy Panel (2008) identifies a variety of precursor skills that are funda-
mental to an individual’s literacy development, including: alphabet knowledge,
phonological awareness, letter and number identification, writing, understanding
the form and functions of print, and oral communication (Lonigan & Shanahan,
2009). Mastering these skills will set a preschool child on the path to success in the
subsequent development of advanced literacy skills such as spelling, decoding, flu-
ency, and comprehension—skills that are essential for academic achievement once
a child enters school (NICHD, 2000). Because preschool-age children naturally
spend more time looking at pictures than words, making onscreen print more salient
can direct their attention to the text, thereby helping them to develop pre-literacy
skills such as letter identification, letter-sound knowledge, and print-concepts.
Research indicates that drawing children’s attention to storybook print by enhanc-
ing the salience of the print helps children become more familiar with print con-
cepts, letters, and eventually words (Evans, Williamson, & Pursoo, 2008). For
example, the size of print may be enlarged in order to catch the eye; it may be
accompanied by a visual representation (Pullen & Justice, 2003); it may be written
in an interesting font (e.g., bubble letters), pointed to, or read in a funny voice
(Evans et al., 2008). In addition, studies using electronic books have demonstrated
that techniques such as print movement increase the likelihood that children will
pay attention to print and internalize the lesson presented (Pullen & Justice, 2003).

A number of studies indicate that educational television programs designed
around a language and literacy curriculum are successful in teaching many of these
skills to preschoolers, including letter and word identification, phonemic awareness,
knowledge of letter sounds, and print concepts (Linebarger, 2000; Linebarger et al.,
2004; Mates & Strommen, 1995; Moses, 2008). Furthermore, in at least one study,
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the gains associated with viewing these types of programs were most pronounced
among at-risk children who had weak existing language and literacy skills at the
start of the study (Linebarger et al., 2014).

7.2.2 Character Interactional Quality

Observing and engaging in positive social interactions with adults and peers fosters
young children’s socio-cognitive and language development (Hartup, 1992) Though
television may not always provide direct opportunities for social engagement, it can
facilitate the experience of positive social interactions through modeling of such
behaviors. Learning from television may involve imitation, whereby young children
copy behaviors that they have seen modeled by another person or character. Bandura
(e.g., 1965) noted that imitation takes place through processes of social learning,
which can occur when viewing both live and televised behavioral models. Beyond
modeling appropriate behavior, televised characters may also model social relation-
ships by attending to one another and engaging in conversations. Imitation of such
interactions by both children and caregivers may thus constitute an additional socio-
educational benefit of prosocial educational programming.

In addition to modeling positive parent—child and peer-to-peer interactions
onscreen, educational media can facilitate social interactions in a variety of ways,
eliciting interactions from viewers (e.g., Dora directly asking the audience to par-
ticipate), and providing contingency (e.g., after eliciting an interaction, the onscreen
character pauses and then provides some general feedback acknowledging the
child’s [expected] response). Television producers have developed content that
uses such social cues to create conversational exchanges that are consistent with
Brown’s (2001) “explicit prompting routines” (p. 225). These routines provide
direction regarding what children should say, although this definition was expanded
to encompass not only specific prompts for participation but also requesting and
reinforcing child participation across multiple simulated character-viewer
exchanges (see Linebarger & Vaala, 2010). Preschoolers who viewed programs
with these explicit prompting routines (e.g., Blue’s Clues, Super Why) learned from
and also actively engaged with program content more compared to those who
viewed the same episode with the routines removed or programs that never included
such routines (Anderson et al., 2000; Calvert, Strong, Jacobs, & Conger, 2007;
Piotrowski, 2010).

Overall, few studies have closely examined the specific content features (e.g.,
cognitive strategies, language instructional strategies, code-based strategies, or
character interactional quality) that are most successful at boosting preschool chil-
dren’s language and literacy skills when embedded in educational television pro-
gramming. Thus, while we know that quality programming can teach, we have a
much weaker understanding of precisely how it does so.
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7.3 Molar Components of Educational Television

The molar components of educational television include the target viewer age, the
program structure (e.g., narrative, expository), and the program curriculum emphasis.

7.3.1 Target Viewer Age

Educational television programs typically target a narrow age range (Jordan &
Sullivan, 1997) due to variations in developmental competencies across early child-
hood. For instance, research indicates that the reading program Between the Lions is
most effective for prekindergarten and kindergarten children (Linebarger et al., 2004;
Prince, Grace, Linebarger, Atkinson, & Huffman, 2002) and much less effective for
first grade children due to its focus on specific phonological and phonemic awareness
content. These skills typically develop between 4 and 6 years of age (Paulson, 2004).
Correspondence among program content, instructional strategies, and developmental
competencies is necessary to ensure that children can effectively learn from and
engage with program content. For example, while all children are likely to benefit
from well-organized content that promotes prosocial behavior, younger preschoolers
are more likely to benefit more from interactions that involve adult or peer models, that
promote language, and that involve clear cognitive strategies (Barr, 2006; Vygotsky,
1978). In contrast, older preschoolers are more capable of code-related literacy skills
including the addition of print, as well as learning from peer-to-peer interaction and
presentation of more diverse content (Fisch, 2004; Linebarger et al., 2004).

7.3.2 Program Structure

The influence of the program structure used by different television programs to
deliver content has been the focus of recent research. Broadly speaking, program
structures include narrative formats and expository formats. Narrative programs use
a common set of conventions (e.g., setting, character, goals, resolutions; van den
Broek, Lorch, & Thurlow, 1996) to deliver program content. Expository formats,
whose primary purpose is to deliver information, usually do so through short
vignettes loosely strung together around a common theme. Conventions in exposi-
tory formats vary depending on the type of information to be presented (e.g., com-
pare/contrast, sequencing, cause/effect; Duke & Kays, 1998) and may include
limited narrative elements (e.g., Reading Rainbow typically presents a book along
with multiple vignettes surrounding the presentation of the book to supplement
knowledge of the story presented). These types of shows are hybrids although they
contain mainly expository content. In addition to differing conventions, expository
programs often contain more unique content ideas and greater structural complexity
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when compared with narratives (Linebarger & Piotrowski, 2010). As a result, chil-
dren tend to have more difficulty learning key educational content (Linebarger &
Piotrowski, 2009, 2010), likely because they have to simultaneously process both
the format conventions of variable expository macrostructures along with the edu-
cational content embedded within a program (Fisch, 2004). Narrative formats have
been linked to larger gains across language, literacy, and program comprehension
outcomes when compared with expository formats (Linebarger & Piotrowski, 2009,
2010). Programs like Arthur and Friends and Clifford the Big Red Dog are consid-
ered non-interactive because characters interact only with each other onscreen. The
experience is similar to picture book reading, where viewers are observers of a story
but not active participants. Research investigating non-interactive narratives indi-
cates that preschoolers learn more vocabulary words and demonstrate greater pro-
gram comprehension when compared with expository formats (Linebarger &
Piotrowski, 2009). Although most narrative formats share common conventions,
there are two narrative variations currently used by educational TV producers that
differ in their approach to the active inclusion of home viewers. Programs like
Blue’s Clues and Super Why include multiple viewer participatory elements that are
designed to elicit greater involvement by viewers. Onscreen characters will look
into the camera, ask viewers questions or invite them to participate, pause to give
viewers an opportunity to respond, and then provide pseudo-contingent feedback
(e.g., Good job!). Participatory strategies that structure the viewing experience help
young children become more actively involved with the content. Preschoolers who
view programs using these types of pseudo-contingent exchanges demonstrate
increases in content comprehension and viewer interactions (e.g., clapping, shout-
ing back at the television; Crawley et al., 1999; Piotrowski, 2010). Learning effect
sizes associated with interactive narratives tend to be larger than learning effect
sizes associated with non-interactive narratives (e.g., Linebarger & Walker, 2005).

7.3.3 Curriculum Emphasis

Much of the research investigating the effects of educational television on pre-
schoolers' social and cognitive development indicates that children learn the spe-
cific content featured in programs (see Fisch, 2004 for a review). However the
distribution of different learning strategies within educational programs has not
been determined. This is necessary to understand why programming is effective
and how it can be improved. Program selection for the present study was deter-
mined according to three criteria: First, the funding agency supporting this project
was the U.S. Department of Education’s Institute for Education Sciences’ Ready to
Learn (RTL) program which funded various phases of development for five educa-
tional television programs. All five of these programs (Super Why, Martha Speaks,
Between the Lions, Sesame Street, and Word World) are included in this content
analysis. Second, RTL’s main purpose during the 2005-2010 funding cycle was to
support young children’s acquisition of language and literacy skills. As such, the
next five programs selected for the content analysis (Arthur & Friends, Clifford the
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Big Red Dog, Reading Rainbow, Barney & Friends, and WordGirl) were either
supported in previous RTL funding cycles or included language and literacy con-
tent and were aired on PBS affiliate stations. Finally, five additional educational
television programs (Blue’s Clues, Dora the Explorer, Go Diego Go, Franklin &
Friends, and Curious George) that were Nielsen top-rated programs for preschool-
ers but did not fit into one of the two previous criteria were included. While pro-
grams were initially selected for the aforementioned reasons, an examination of the
curricular goals of each of these 15 educational TV programs indicated four differ-
ent curricular emphases:

1. Code-related literacy programs: Early literacy goals centered on the develop-
ment of code-related skills including children’s understanding of the rules for
translating print into sounds or sounds into print: grapheme knowledge (letter
identification); phonological awareness (thyming, syllable manipulation); syn-
tactic awareness (grammar); phonemic awareness (letter-sound correspondence);
and emergent writing (phonetic spelling; Whitehurst & Lonigan, 1998).

2. Language programs: Early language goals centered on the development of
vocabulary and conceptual knowledge.

3. Prosocial programs: Prosocial goals centered on the development of friendships
and the support of social and emotional development.

4. General learning programs: Early learning goals centered on specific content
knowledge or a broad set of skills and content. Comprehensive early learning
goals refer to programs whose primary purpose is not centered on language- or
literacy-skills. Instead, the program could target Science, Technology, Engineering
and Math (STEM) content (e.g., Curious George), animal knowledge (e.g., Go
Diego Go), or comprehensive and multifaceted content (e.g., Sesame Street).

*Younger (2-4yo)
*Barney & Friends
*Blue's Clues
*Curious George
«Clifford the Big Red Dog
*Go Diego Go
*Dora the Explorer
*Sesame Street
*Super Why
*Word World

*Older (4-7yo0)

* Arthur & Friends
*Between the Lions
*Franklin

*Martha Speaks
*Reading Rainbow
*WordGirl

* Traditional Narrative
¢ Arthur & Friends
«Curious George
«Clifford the Big Red Dog
*Franklin
*Martha Speaks
*WordGirl
*Word World

e Interactive Narrative
*Blue's Clues
*Dora the Explorer
*Go Diego Go
*Super Why

* Hybrid/Expository
*Barney & Friends
*Between the Lions
*Reading Rainbow
*Sesame Street

Fig. 7.1 Program titles grouped by key factors

*Code-Based Literacy Skills
*Between the Lions
*Super Why
*Word World
*Language Skills
*Martha Speaks
*Reading Rainbow
*WordGirl
*Prosocial Programs
* Arthur & Friends
« Clifford the Big Red Dog
e Franklin
*General Learning Skills
*Barney & Friends
*Blue's Clues
+Curious George
*Dora the Explorer
*Go Diego Go
*Sesame Street
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7.4 The Present Study

A comprehensive content analysis of preschool programming was conducted to exam-
ine whether strategies known to be effective in other educational settings were embed-
ded into preschool content, and whether such strategies were embedded taking into
consideration the most appropriate strategies for the target audience. Given that pre-
school children spend so much of their free time with media, it is important to under-
stand which aspects of program structure and which content features facilitate children’s
language learning and emerging literacy skills, and then to apply that knowledge to the
production of high quality television programming. One necessary step in this process
is to document the distributions of various strategies known to promote young chil-
dren’s language and literacy development (in live contexts) currently embedded in
language-based and non-language-based television programming for preschoolers, as
well as the manner in which these strategies are presented. Justice and Ezell (2004)
explain that children must be exposed to a skill in a variety of contexts in order for a
lesson to be successful. Exposure to content presented in different ways and through
different modalities (e.g., through song, visuals, direct experience, etc.) supports young
children’s comprehension and application of new knowledge and skills (Lawhon &
Cobb, 2002). Television programs have the potential to be one of the many contexts
that contribute to literacy development if they present language- and literacy-promot-
ing skills in a manner that encourages and facilitates learning (Lawhon & Cobb, 2002).

7.5 Method

7.5.1 Sample

Two episodes from each of the 15 series were randomly selected for inclusion in our
final sample of 30 videos.

7.5.2 Content Coding

Each episode was coded first for pace (see Goodrich, Pempek, & Calvert, 2009). In
this step, each of the 30 episodes was separated into discreet scenes to be used as the
unit of analysis. Based on the pace coding scheme developed by Wright and col-
leagues (1984), a scene change was coded for each change in physical location where
some action took place. If a scene was not considered part of the program content
(e.g., credits, disclaimers, advertisement), it was coded as “other,” not coded for
instructional strategies and interactional quality, and not included in analyses. More
information about pace coding is available in Goodrich et al. (2009). Each remaining
discrete program scene was then coded for the presence of specific instructional strat-
egies. Each code was applied only once in a given scene when that instructional
strategy was featured in a scene (i.e., codes reflect the presence or absence of that
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code in the scene). Thus, strategies were only coded once per scene regardless of the
number of times the strategy may have been featured in the scene (e.g., if multiple
words were defined during one scene, only one vocabulary definition code would be
applied to the scene). Definitions of each code are presented in Table 7.1.

7.5.2.1 Reliability

For ease of coding, the individual codes were grouped into multiple coding schemes.
Each of the 30 episodes went through five separate coding “passes” (i.e., learning
strategies, language-promoting strategies, parent—child interaction, executive func-
tion, scaffolding, and joint attention). Two coders coded all of the videos. Each
coder served as the “primary coder” on several passes (i.e., coded all of the episodes
for a pass), while serving as the reliability coder on the other passes. Inter-rater reli-
ability was established by double coding 20 % of videos in each pass. Kappa values
for double-coded episodes ranged from 0.68 to 1.0, and the mean value was 0.83
reflecting high inter-rater reliability.

7.5.3 Analytical Approach

All individual codes were subjected to a series of factor analyses based on a priori
categories. Specifically, three factor analyses were conducted based on: (1) strate-
gies related to cognition and language; (2) strategies related to literacy skills; and
(3) strategies related to character interactions. The resulting analyses yielded 11
factors, described in Table 7.1. The cognition and language analysis yielded the
factors of person cognition, object cognition, questions, and conversation building.
Two codes, verbal definitions and mislabeling, loaded on the final (conversation
building) factor. Both of these codes occurred infrequently compared to other codes
and were more likely to co-occur in the same programs despite one code represent-
ing a positive strategy and the other a negative strategy; this factor will be described
in further detail in the results. The literacy analysis resulted in three separate factors:
integrated onscreen print, techniques and forms of onscreen print, and isolated
onscreen print. The character interaction analysis resulted in three factors: peer
interactions, peer modeling, and adult interactions. In addition to these three primary
constructs, three other structural features of the programs were examined: scene
type, scene repetition, and scene context. These are also described in Table 7.1.

To create the composite factors, the presence of strategies per scene was summed.
As a consequence, it is possible for the number of strategies per scene to be greater
than the number of available scenes. Each instance where this occurred is high-
lighted in the results tables. For instance, conversation building strategies occurred
in 81.05 interactive narrative scenes, whereas interactive narratives averaged just
35.63 scenes. This means that, on average, 2.28 conversation building strategies
were used per scene in these programs.

Next, repeated measures ANCOVAs were computed to examine (1) the relations
among each of the factors comprising the three educational content areas (i.e., language/
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Table 7.1 Codes and definitions for factors within categories of cognition and language
instructional strategies, onscreen print and literacy instructional strategies, character interactions,
and cognitive instructional support. A factor analysis yielded 11 factors.

Factors

Cognition and language instructional strategies

Questions

Coded whenever questions were asked between characters and/or narrators.
Includes “wh” questions (i.e., open-ended questions like “where” and
“why”) and “yes/no” questions (i.e., closed-ended questions that can be
answered by a simple yes or no).

Conversation
building
strategies

1. Matched labeling objects/actions was coded whenever the name of an
object or action was presented onscreen. Simple matched labels were coded
whenever an object or action was named using one word (e.g., “ball”).
Descriptive/Elaborative matched labels were more detailed (e.g., “This is a
red ball”).

2. Prefacing was coded when any language or language and visual
presentation was used to preface the upcoming educational content

(e.g., sequencing words such as next, then; predicting statements [e.g., I
wonder what we’re going to do next]).

3. Summary was coded for any language and/or visual presentation that
provided a simple summary or restatement of relevant prior knowledge that
learners had learned in a previous lesson.

4. Praise and reinforcement was coded when a character praised or
commented positively about or to the audience or another character (e.g.,
“You are working hard”).

5. Proto-conversational strategies was coded when a character looked
directly at the viewer and spoke or asked a question, or if the narrator asked
a question. Time to respond (i.e., a pause of at least 2 s for the viewer to
respond) and contingent feedback (e.g., “That’s a great answer; [ was
thinking of...”) were also coded.

Person
cognition

1. Problem solving was coded when the character/narrator showed or
verbalized the steps viewers can take to solve the problem themselves.

2. Comparisons or similarities and contrasts was coded when any language/
or visual presentation was used to provide a framework or schema for new
learning by comparing a similar known entity to it. This code also included
antonyms (e.g., a tree is not a flower) and opposites.

3. Persistence was coded when a character showed persistence in attempting
to complete a task, or willingness to continue a task in the face of
discouragement or challenges, to overcome frustration, to try again after
experiencing failure, and to take risks when trying something novel.

Object cognition

1. Pretense with implicit transformation of object, space or character was
coded when transformation occurred without explicit statement of pretense
(e.g., child pretends to “drive a bus” (space); characters taken to another
place, e.g., Dragon Tales to Dragonland (space); child dresses up as a
princess but no verbal information about pretend play roles (character)).

2. Pretense with explicit verbal transformation of object, space, or character
was coded for explicitly stated transformations (e.g., “We can pretend these
rocks are chairs” (object); “Let’s pretend this is a bank” (space)).

3. Orienting to objects was coded when attention-directing words/phrases
(e.g., “See.”) were used by the character/narrator, when visual production
techniques (e.g., close-up) were used to elicit attention, or when the object
moved by itself (e.g., print moving itself to attract attention).

4. Perspective taking was coded when characters showed evidence of taking
the perspective/recognizing the point of view of others, including
recognizing others’ desires and intentions.

(continued)
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Table 7.1 (continued)

Factors Cognition and language instructional strategies
Defining and 1. Verbal vocabulary definition was coded when the meaning of a word was
mislabeling explicitly provided.
2. Mismatched labels were coded when the label offered was not a clear
indication of what the image or action depicted, or if labels and images were
not in sync (i.e., they did not appear in the program at the same time).
Factors Onscreen print and literacy instructional strategies
Integrated 1. Environmental print was coded when there was a clear visual focus on

onscreen print

print that was physically displayed in the environment, and/or characters
interacted with the print in some way (e.g., child wearing a shirt with
writing on it).

2. Print onscreen with visual and verbal referent was coded when single
words, numbers, and phrases were onscreen with a visual referent (a
depiction of the referenced object or action) and verbal referent (print is
spoken aloud).

3. Onscreen print center of screen was coded whenever print was centered
on the horizontal axis and in the middle third of the screen vertically.

4. Onscreen print font was coded every time print was presented onscreen
(excluding credits and environmental print). The codes for all capital letters,
and capital letter followed by lowercase, loaded on this factor.

5. Alphabet/letter identification was coded when a character or narrator
specifically named a letter (e.g., “This is the letter W”) or recited the letters
of the alphabet in sequential order.

6. Spelling was coded when a character or narrator verbally spelled out the
letters in a word or phrase (in some instances accompanied by the onscreen
letters).

Techniques and
forms of
onscreen print

1. Print visual technique was coded when a visual technique accompanied
print onscreen and was used to draw attention to the font including print
movement (e.g., print flies across the screen on its own—not directed by a
character) and visual production technique (e.g., print flashes or is
highlighted).

2. Onscreen print font was coded for type of font used. All-lowercase or
other inappropriate font (font that did not resemble the way children would
learn to write in school, e.g., mixed up capitals, indecipherable font choice,
or typeface letters like “a” and “g”) loaded on this factor.

3. Phoneme letters and sounds code was coded when specific letter sounds
or parts of words were emphasized by a character or narrator.

4. Storybook was coded when onscreen print was embedded within a
storybook presented on the television.

Isolated
onscreen print

This code was used when onscreen print was not accompanied by either a
visual or verbal referent or it was accompanied by a visual referent but no
verbal referent.

Factors

Quality of character interactions

Peer modeling

1. Peer parallel play was coded when a child was depicted as playing
independently next to a peer and/or observing the peer’s play behavior.

2. Older child or peer active (direct) model was coded when modeling was
active (model aware and engaged with the at home viewer).

3. Older child or peer passive model was coded when modeling was passive
(model unaware of viewer).

(continued)
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Table 7.1 (continued)

Factors

Cognition and language instructional strategies

Peer interactions

1. Peer cooperative active visual interaction was coded when nonverbal
cues indicated participation in a cooperative activity (e.g., a group of
children playing soccer).

2. Peer cooperative visual verbal interaction was coded when interaction
occurred with dialogue and nonverbal cues (e.g., children working together
to solve a problem or reach a common goal).

3. Peer uncooperative visual/visual verbal interaction was coded when
uncooperative verbal and nonverbal behaviors (e.g., shouting, arguing,
aggression, and bullying) were present.

Adult
interactions

1. Adult active model was coded when direct modeling was active (model
aware and engaged with the at home viewer).

2. Adult passive model was coded when modeling was passive (model
unaware of viewer).

3. Adult monitoring was coded when an adult in the scene was watching
(but not just glancing) without interacting with the child.

4. Adult passive interactions was coded when an adult in the scene was
uninterested but responsive to child requests and/or was shifting attention
between the child and another activity.

5. Adult active visual interaction was coded when the content was portrayed
visually, where the adult’s primary focus was on the child and nonverbal
cues indicated interactions beyond responsiveness (e.g., shared attention,
close physical proximity).

6. Adult active visual verbal interaction was coded for verbal and visual
interactions where the child was the primary focus of the adult and
interactions went beyond responsiveness (e.g., verbal initiation,
suggestions).

Scene level: Cognitive instructional support

Scene type

Definition of scene: A scene is a physical location where some action takes
place.

1. New Scene was scored for each new physical location shown (i.e., it had
not appeared before in that episode of the program). A new scene was not
coded if the “camera” shifted to another part of the same location (e.g.,
moved from one part of a room to another or zoomed in on one aspect of the
room.

2. Familiar Scene was scored if the physical location had already appeared
earlier in the program.

Repetition

Repetition was coded if the exact or similar content was repeated. It was
scored if repetition occurred within scenes or across scenes (e.g., the same
video clip is shown multiple times over the course of a video).

Context
depicted in
scene

The familiarity of each scene was scored on a scale of 1-3.

1. High familiar context—everyday setting, e.g., the home

2. Low familiar context—not everyday setting, e.g., outer space
3. No context—stage set

cognition, literacy, character interactions) as well as the cognitive instructional sup-
port associated with scenes (i.e., scene type, repetition, context) and (2) the interac-
tions among the three educational content constructs and three scene structural
features and each of the between-subjects factors: program structure, curriculum
emphasis, and age-related differences. Tables 7.2, 7.3, 7.4, 7.5, and 7.6 provide
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Table 7.3 Number of scenes with onscreen print and literacy-promoting strategies

Isolated

Total Integrated Techniques/forms | onscreen
Predictor scenes” | onscreen Print | of onscreen print | print Overall F
Overall 69.27 [29.99% (7.97) | 12.47*(4.78) 2.22°(0.55) 6.03%*
Younger programs | 59.50 |27.85 (8.98) 8.63 (5.36) 2.20 (0.60) 0.56
Older programs 83.92 3197 (15.52) |19.47 (9.23) 2.18 (1.09)
Traditional 73.79 |38.81(12.54) |7.75(7.45) 3.54(0.81) 1.29
narrative
Interactive 35.63 |6.95(7.98) 5.06 (4.74) 0.39 (0.53)
narrative
Hybrid/expository | 95.00 |48.45(21.28) |33.16(12.64) 2.47 (4.75)
Code-related 53.67 |72.67'3(9.60) |41.91'%(5.10) 2.20 (0.91) 557
skills
Language skills 91.33 |26.94' (16.35) |4.74' (8.68) 3.65 (1.55)
Prosocial skills 71.50 |18.30%(12.80) |1.57%(6.79) 0.86 (1.22)
General learning 64.92 |8.50° (8.24) 1.43% (4.41) 0.78 (0.78)
skills
Arthur & Friends | 128.00 | 48.00 1.92 0.38
Barney & Friends 76.50 |25.17 2.68 2.68
Blue’s Clues 17.00 |0.02 0.02 0.02
Between the 63.00 |54.56 73.84 2.02
Lions
Curious George 57.50 |4.37 0.86 1.84
Clifford the Big 48.00 |11.18 0.05 8.06
Red Dog
Dora the Explorer 33.50 271 0.47 0.03
Go Diego Go 27.50 |0.03 0.03 0.03
Franklin 38.50 |6.16 2.00 0.04
Martha Speaks 109.50 |19.27 1.75 2.52
Reading Rainbow 63.00 |34.27 7.56 2.33
Sesame Street 177.50 |53.43 12.43 0.18
Super Why 64.50 |45.02 35.73 297
WordGirl 101.50 |16.75 2.03 5.99
Word World 33.50 83.68 20.74 1.54

Note. Percentages in rows bearing the same superscript alphabet letter significantly differ at p <
0.05. Percentages in columns bearing the same superscript numeric value significantly differ at p

<0.05.

#Scenes in which the number of strategies is higher than the total scenes available occurs when
there are more than one strategy per category found in each scene

#5%p < 0.001; *p < 0.01; *p < 0.05; *p <0.10
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Total Adult Peer Peer
Predictor scenes’ | interactions modeling interactions Overall F
Overall 69.27 |23.69®(5.20) | 7.48%¢(1.80) |26.60% (3.74) |43.67***
Younger programs 59.50 |23.44(5.71) 8.09 (1.96) 26.78 (3.99) 2.39+
Older programs 83.92 | 21.65(10.32) |5.12(3.52) 23.08 (7.13)
Traditional narrative 73.79 |21.40 (7.97) 3.69' (2.29) 33.50 (5.61) 3.08*
Interactive narrative 35.63 | 18.24 (5.10) 2.74'2 (1.46) 14.54 (3.60)
Hybrid/expository 95.00 |23.94 (14.54) |24.42'2(4.18) |20.43 (10.26)
Code-related skills 53.67 |5.80(9.28) 2.79 (3.17) 32.36 (6.39) 2.25%
Language skills 91.33 |19.82 (14.43) |2.37 (4.93) 16.44 (9.95)
Prosocial skills 71.50 | 19.88 (11.30) |5.93 (3.86) 36.32 (7.79)
General learning skills 64.92 | 34.67 (727) 11.95 (2.47) 21.55 (5.00)
Arthur & Friends 128.00 |28.29 11.65 49.92
Barney & Friends 76.50 |36.18 42.38 10.10
Blue’s Clues 17.00 |26.98 0.73 1.51
Between the Lions 63.00 |13.29 4.66 14.62
Curious George 57.50 |35.48 3.22 7.02
Clifford the Big Red 48.00 |8.30 1.39 32.06
Dog
Dora the Explorer 33.50 |2.28 2.01 22.41
Go Diego Go 27.50 |6.24 3.14 13.75
Franklin 38.50 |16.94 5.01 17.94
Martha Speaks 109.50 |41.17 3.50 35.04
Reading Rainbow 63.00 |4.66 2.02 1.32
Sesame Street 177.50 |41.00 48.99 85.73
Super Why 64.50 |10.64 5.93 24.12
WordGirl 101.50 |20.50 1.42 20.10
Word World 33.50 |0.03 0.03 34.04

Note. Percentages in rows bearing the same superscript alphabet letter significantly differ at p <
0.05. Percentages in columns bearing the same superscript numeric value significantly differ at p
<0.05.

#Scenes in which the number of strategies is higher than the total scenes available occurs when
there are more than one strategy per category found in each scene

*#¥p <0.001; **p < 0.01; *p < 0.05; *p <0.10

means, standard errors, interaction results, and pairwise comparisons. The overall
sample size was small (30 episodes) and the sample programs split into each of the
three between subjects-factors (target age, program structure and curriculum empha-
sis) was small (see Fig. 7.1). Cohen’s d effect sizes were calculated to better estimate
the size of the differences regardless of sample size in addition to statistical signifi-
cance for all pairwise comparisons. These results are provided in Table 7.7. Effect
sizes at or above small (i.e., >+0.20) are then discussed in the text.
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Table 7.5 Scene type and scene repetition
Familiar Overall | Repeat Repeat
Predictor New scenes | scenes F across within | Overall F
Overall 42.47*(6.0) |26.80*(3.1) | 10.44** |547*(1.52) |10.25* |12.59%%%*
(1.45)
Younger programs | 37.2 (7.8) 22.3(3.8) 0.04 6.43 (1.67) 10.77 10.04
(1.55)
Older programs 50.4 (9.5) 33.54.7) 2.85(2.85) |8.31
(2.69)
Traditional 40.4 (7.9) 3341 (4.1) |5.36% 1.77'(1.99) |5.39'2 | 4.20%
narrative (1.92)
Interactive 21.6' (10.4) | 14.0' (5.3) 6.91'2(1.28) | 7.66!
narrative (1.21)
Hybrid/expository | 66.9' (10.3) |28.1 (5.4) 5.70> (3.42) |20.14?
(3.23)
Code-related skills |29.3 (13.9) |24.3(6.5) 0.66 3.54(2.52) 6.17 0.17
(2.31)
Language skills 50.5 (13.9) 40.8 (6.5) 2.74 (4.29) | 10.50
(3.93)
Prosocial skills 46.2 (13.9) |25.3(6.5) 1.50 (3.36) 543
(3.07)
General learning 43.2.(9.7) 21.8 (4.6) 8.96 (2.14) | 14.09
skills (2.01)
Arthur & Friends 85.0 43.0 0.64 4.99
Barney & Friends 45.5 31.0 0.08 18.13
Blue’s Clues 11.5 5.5 4.23 4.96
Between the Lions 39.5 23.5 5.29 7.62
Curious George 25.0 32.5 0.86 5.52
Clifford the Big 27.0 21.0 1.54 4.90
Red Dog
Dora the Explorer 29.5 4.0 11.99 7.74
Go Diego Go 11.5 16.0 3.14 3.14
Franklin 26.5 12.0 1.00 3.35
Martha Speaks 52.5 57.0 2.41 12.92
Reading Rainbow 46.5 16.5 4.03 9.83
Sesame Street 136.0 41.5 13.49 58.93
Super Why 34.0 30.5 3.55 14.38
WordGirl 52.5 49.0 0.51 7.00
‘Word World 14.5 19.0 2.01 0.03

Note. Percentages in rows bearing the same superscript alphabet letter significantly differ at p <
0.05. Percentages in columns bearing the same superscript numeric value significantly differ at

p <0.05.

##%p < 0.001; *p < 0.01; *p < 0.05; *p <0.10
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Table 7.6 Context depicted within scenes

D.N. Linebarger et al.

High Low
Total familiar familiar

Predictor scenes” | context context No context Overall F
Overall 69.27 |25.91® 15.242 18.43°(1.87) | 9.65%*x*

(2.56) (1.94)
Younger programs 59.50 |24.93(2.80) |13.33(2.20) |7.79 (2.14) 0.95
Older programs 83.92 |25.76 (4.78) |18.04 (3.86) | 13.76 (3.69)
Traditional narrative 73.79 3291 (3.84) |15.94 (3.03) |7.23' (2.58) 4.10%*
Interactive narrative 35.63 |12.86(2.42) |10.08 (1.92) |3.14%(1.64)
Hybrid/expository 95.00 |24.80 (6.46) |15.68 (5.13) |26.60'? (4.37)
Code-related skills 53.67 |19.48 (4.56) |9.50(3.49) |5.04'(3.38) 1.11
Language skills 91.33 | 28.86(7.85) |22.01(6.03) |27.67'"(4.66)
Prosocial skills 71.50 [29.03(6.15) |13.59 (4.72) |1.722(3.65)
General learning skills 64.92 |25.45(3.90) |15.97 (2.99) |9.74 (2.86)
Arthur & Friends 128.00 |49.15 32.38 2.94
Barney & Friends 76.50 |0.08 7.57 17.52
Blue’s Clues 17.00 |10.95 2.21 0.77
Between the Lions 63.00 |6.99 11.59 3.34
Curious George 57.50 |27.20 18.57 247
Clifford the Big Red Dog | 48.00 |20.93 9.02 2.40
Dora the Explorer 33.50 | 11.69 12.70 3.05
Go Diego Go 27.50 |3.96 10.84 2.50
Franklin 38.50 |15.25 0.04 0.04
Martha Speaks 109.50 |54.86 32.08 10.18
Reading Rainbow 63.00 |12.10 14.11 27.66
Sesame Street 177.50 |75.97 26.98 71.00
Super Why 64.50 | 19.67 14.71 8.00
WordGirl 101.50 |25.98 20.91 38.16
‘Word World 33.50 |0.03 0.03 3.48

Note. Percentages in rows bearing the same superscript alphabet letter significantly differ at p <
0.05. Percentages in columns bearing the same superscript numeric value significantly differ at p
<0.05.

#Scenes in which the number of strategies is higher than the total scenes available occurs when
there are more than one strategy per category found in each scene

**%p <0.001; **p < 0.01; *p < 0.05; *p <0.10

7.6 Results

7.6.1 Overall Patterns

Cognition/Language Strategies. Five factors comprised the cognition/language
strategies. Overall, conversation building strategies were used most frequently; that
is, 69.13 of 69.27 scenes contained at least one conversation building strategy.
Object cognition strategies were used in 24.87 scenes followed by questions (18.29
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scenes) and person cognition strategies (8.24 scenes). One factor was particularly
low; providing appropriate definitions and mislabeling visual content with verbal
labels occurred in just 4.92 scenes (see Table 7.2).

Onscreen Print and Literacy Strategies. Integrated onscreen print occurred in 29.99
scenes, followed by techniques and forms of onscreen print (12.47 scenes). Isolated
onscreen print occurred in only 2.22 scenes (see Table 7.3).

Character Interactions. Both peer interactions and adult interactions were found in
just over a third of all scenes (i.e., 26.60 and 23.69 scenes, respectively). Peer mod-
eling occurred in 7.48 scenes (see Table 7.4).

Scene Type and Repetition. Scenes featuring new backdrops and settings were more
frequent (42.47 scenes) than scenes depicting previously presented backdrops and
settings (26.80 scenes). Repetition of content across scenes (10.25 scenes) was
more frequent than repetition of content within scenes (5.47 scenes; see Table 7.5).

Scene Context. Most scenes featured backdrops and settings that would be highly
familiar to young children such as the home (25.91 scenes) followed by low famil-
iar context such as outer space (15.24 scenes) and no context/stage set (9.97 scenes;
see Table 7.6).

7.6.2 Molar Components: Target Viewer Age

Cognition/Language Strategies. Programs targeting younger children contained
more person cognition (9.16 scenes), object cognition (25.64 scenes), and conversa-
tion building strategies (79.61 scenes) when compared with programs targeting
older children (5.12,20.22, and 37.02 scenes, respectively). Questions were slightly
more frequent in programs targeting older children (older = 24.09 scenes; younger
= 14.88 scenes). Defining and mislabeling occurred similarly across programs tar-
geting younger and older children.

Onscreen Print and Literacy Strategies. Programs targeting younger children fea-
tured similar levels of isolated onscreen print (younger = 2.20 scenes; older = 2.18
scenes) whereas techniques and forms of onscreen print were higher in programs
targeting older children (19.47 scenes) versus programs targeting younger children
(8.63 scenes). Integrated onscreen print did not differ significantly by target age
(younger = 27.85 scenes; older = 31.97 scenes).

Character Interactions. All character interactions occurred more frequently in pro-
grams targeting younger children (adult interactions = 23.44 scenes; peer modeling
= 8.09 scenes; peer interactions = 26.78 scenes) versus programs targeting older
children (adult interactions = 21.65 scenes; peer modeling = 5.12 scenes; peer inter-
actions = 23.08 scenes).
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Scene Type and Repetition. Programs targeting younger children had significantly
fewer overall scenes (familiar scenes = 22.3; new scenes = 37.2) when compared
with programs targeting older children (33.5 and 50.4 scenes, respectively). Both
repetition types occurred more frequently in programs targeting younger children
(within = 6.43 scenes; across = 10.77 scenes) when compared with programs target-
ing older children (within = 2.85 scenes; across = 8.31 scenes).

Scene Context. There were no significant differences in scene contexts across differ-
ent ages.

7.6.3 Molar Components: Program Structure

Cognition/Language Strategies. Cognition/language strategies varied by program
structure. Person cognition strategies were most frequent in both narrative types
(traditional = 10.11 scenes; interactive = 5.77 scenes) when compared with hybrid/
expositories (3.23 scenes). Object cognition strategies were highest in hybrid/
expositories (28.79 scenes) when compared with traditional narratives (20.73
scenes) and interactive narratives (19.38 scenes). Questions were found most fre-
quently in traditional narratives (24.28 scenes) followed by hybrid/expositories
(13.68 scenes) and interactive narratives (9.09 scenes). Conversation building strat-
egies were highest in interactive narratives (81.06 scenes) compared to both hybrid/
expositories (46.55 scenes) and traditional narratives (38.52 scenes). Defining con-
cepts and mislabeling objects occurred most frequently in traditional narratives
(4.72 scenes) when compared with both hybrid/expositories (4.28 scenes) and inter-
active narratives (3.71 scenes).

Onscreen Print and Literacy Strategies. Literacy strategies varied by program struc-
ture. The use of integrated onscreen print was lowest in interactive narratives (6.95
scenes) when compared with both traditional narratives (38.81 scenes) and hybrid/
expositories (48.45 scenes). The use of specific techniques and forms of onscreen
print was highest in hybrid/expositories (33.16 scenes) compared with both tradi-
tional (7.75 scenes) and interactive narratives (5.06 scenes). Finally, although
occurring rarely, isolated onscreen print occurred most frequently in traditional nar-
ratives (3.54 scenes) versus interactive narratives (0.39 scenes) and hybrid/exposi-
tories (2.47 scenes).

Character Interactions. Character interactions differed by program structure. Adult
interactions occurred similarly across interactive narratives (18.24 scenes) when
compared with both traditional narrative (21.40 scenes) and hybrid/expositories
(23.94 scenes). Peer modeling occurred more frequently in hybrid/expositories
(24.42 scenes) when compared with traditional (3.69 scenes) and interactive narra-
tives (2.74 scenes). Finally, traditional narratives contained significantly more peer
interactions (33.05 scenes) when compared with hybrid/expositories (20.43 scenes)
and interactive narratives (14.54 scenes).
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Scene Type and Repetition. Scene type varied significantly by program structure.
Interactive narratives had significantly fewer overall scenes (familiar scenes = 21.6;
new scenes = 14.0) when compared with both traditional narratives (40.4 and 33.4
scenes, respectively) and hybrid/expositories (66.9 and 28.1 scenes, respectively).
Scene repetition also varied by program structure. Interactive narratives used the
most overall repetition (6.91 scenes repeated the same content within a scene and
7.66 scenes contained content repeated in other scenes). Hybrid/expositories most
frequently repeated the same content within scenes (20.14 scenes) with little repeti-
tion across scenes (5.70 scenes). Traditional narratives followed a similar pattern as
hybrid/expositories although at much lower levels (5.39 scenes repeated content
within scenes; 1.77 scenes repeated the same content across scenes).

Scene Context. High familiarity and low familiarity scene context did not differ by
program structure. Hybrid/expositories were more likely to feature no context
(26.60 scenes) when compared to traditional narratives (7.23 scenes) and interactive
narratives (3.14 scenes).

7.6.4 Molar Components: Curriculum Emphasis

Cognition/Language Strategies. Person cognition strategies were most frequently
used in general learning programs (37.07 scenes) when compared with code-based
literacy programs (7.51 scenes), prosocial programs (6.01 scenes), and language
programs (5.48 scenes). Object cognition strategies were highest in code-based lit-
eracy programs (41.38 scenes) versus language programs (37.81 scenes) and gen-
eral learning programs (18.57 scenes). Prosocial programs contained just 7.65
scenes with object cognition strategies. Questions occurred most frequently in pro-
social (27.96 scenes) and language (21.83 scenes) programs followed by general
learning programs (15.52 scenes) and code-based literacy programs (10.79 scenes).
Conversation building strategies were most frequently used in general learning pro-
grams (102.51 scenes). Code-based literacy programs (49.38 scenes) and language
programs (44.75 scenes) used conversation building strategies similarly followed by
prosocial programs (29.17 scenes). Finally, language programs (10.50 scenes)
defined concepts and mislabeled objects more frequently than general learning pro-
grams (4.87 scenes), prosocial programs (3.50 scenes), and code-based literacy pro-
grams (2.42 scenes).

Onscreen Print and Literacy Strategies. Both integrated onscreen print (72.67
scenes) and techniques and forms of onscreen print (41.91 scenes) were more fre-
quently found in code-based literacy programs when compared with language pro-
grams (integrated = 26.94 scenes; techniques/forms = 4.74 scenes), prosocial
programs (integrated = 18.30 scenes; techniques/forms = 1.57 scenes), and general
learning programs (integrated = 8.50 scenes; techniques/forms = 1.43 scenes). Both
code-based literacy programs (2.20 scenes) and language programs (3.65 scenes)
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featured isolated onscreen print similarly and at higher rates when compared with
both prosocial programs (0.86 scenes) and general learning programs (0.78 scenes).

Character Interactions. Adult interactions occurred most frequently in general
learning programs (34.67 scenes) versus prosocial programs (19.88 scenes) and lan-
guage programs (19.82 scenes). Code-based literacy programs contained relatively
few adult interactions (5.80 scenes). Peer modeling was highest in general learning
programs (11.95 scenes) followed by prosocial programs (5.93 scenes), code-based
literacy programs (2.79 scenes), and language programs (2.37 scenes). Peer interac-
tions were highest in code-based literacy programs (32.36 scenes) and prosocial
programs (36.32 scenes) when compared with both language programs (16.44
scenes) and general learning programs (21.55 scenes).

Scene Type and Repetition. New scenes were most prevalent in language programs
(50.5 scenes), prosocial programs (46.2 scenes), and general learning programs
(43.2 scenes) versus code-based literacy programs (29.3 scenes). Familiar scenes
were highest in language programs (40.8 scenes) followed by code-based literacy
programs (24.3 scenes), prosocial programs (25.3 scenes), and general learning pro-
grams (21.8 scenes). General learning programs used the most overall repetition
(14.09 scenes repeated the same content within a scene and 8.96 scenes contained
content repeated in other scenes). Code-based literacy programs (6.17 scenes), lan-
guage programs (10.50 scenes), and prosocial programs (5.43 scenes) used repeti-
tion within scenes more frequently than across scenes (3.54, 2.74, and 1.50 scenes,
respectively).

Scene Context. Scene context varied little by curriculum emphasis. Low familiarity
contexts were more common in language (22.01 scenes) and general learning pro-
grams (15.97 scenes) although both prosocial programs (13.59 scenes) and code-
based literacy programs (9.50 scenes) used slightly fewer low familiar context
scenes. Language programs were much more likely to include scenes with no context
(27.67 scenes). General learning programs included no context in 9.74 scenes, code-
based literacy programs in 5.04 scenes and prosocial programs in 1.72 scenes.

7.7 Discussion

This comprehensive content analysis of preschool programming reveals a number
of strengths of current programming as well as areas for growth. The approach
taken was to examine strategies known to be effective in other educational settings
as well as known developmental constraints and to apply this information to the
analysis of content delivery. Specifically, molecular instructional strategies (cogni-
tion, language, literacy and the quality of character interactions) were examined
alongside several molar features (target viewer age, program structure, and curricu-
lum empbhasis).
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7.7.1 Molecular Components of Educational Television:
Embedding Instructional Strategies

7.7.1.1 Cognitive Instructional Strategies

Recent research on the development of learning, memory, and higher order execu-
tive functioning skills indicates that during early childhood these skills emerge rap-
idly; however, the development of these skills places significant constraints on
learning (Barr, 2013). Specifically, young children are highly sensitive to mis-
matched cues and to cognitive overload due to complexity or quantity of informa-
tion. Significant gains occur when educational materials are presented by competent
individuals and when this content is well-scaffolded with frequent opportunities for
contingent responding. The current content analysis reflects how some producers of
educational television have created curriculum that incorporates these new findings
and considers these developmental constraints. Specifically, the introduction of the
interactive narrative (e.g., Blue’s Clues), where conversation building strategies
were dramatically higher compared to traditional narratives or hybrid/expositories
and where pseudo-contingent interactions were embedded, created opportunities
for more naturalistic social interactions where language learning can occur.

On the other hand, levels of cognitive strategies to support the relatively fragile
but rapidly emerging higher order executive functioning skills of young children
were noticeably absent or infrequent in much of the preschool content. Specifically,
factors that are associated with enhanced science, technology, engineering, and
math skills (STEM skills), including problem-solving strategies or comparisons of
physical similarities and differences, occurred infrequently. This may reflect the fact
that the programs included in this content analysis were on-air in 2009 and 2010
when content was more focused on language and literacy skills, although shows that
included a more general learning curriculum focus also included few instances of
these strategies. Producers may want to consider the value of the televised medium
for conveying such information especially taking advantage of the dynamic nature
of television compared with the challenges that occur when such material is pre-
sented in static books (see Simcock, Garrity, & Barr, 2011 for a similar argument).

7.7.1.2 Literacy and Language Promoting Strategies

The last 40 years have seen a strong emphasis across developmental and educational
fields on the importance of school readiness with a primary focus on language and
literacy skills. To a certain extent that emphasis is reflected in the high quality
embedding of code-related and language-promoting instructional strategies in this
preschool educational content. Conversation building and integrated onscreen print
and the inclusion of phonemic and letter identification strategies were used fre-
quently and, for the most part, in ways consistent with best evidence-based educa-
tional practices. The cognitive and language instructional strategy of object cognition
which included orientation, perspective-taking, and transformation of objects was
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also done consistently well across programs. In particular, literacy curriculum-based
programs were highly effective. This is the overall good news. Surprisingly, how-
ever, defining vocabulary occurred infrequently. Vocabulary definitions tend to
occur frequently and spontaneously during book reading (e.g., Lauricella, Barr, &
Calvert, 2014) and are linked to better language development and conceptual under-
standing (Lonigan & Shanahan, 2009). Their low frequency in this set of programs,
particularly given the research that indicates young children can learn new words
effectively from television content (e.g., Linebarger, Moses, Garrity Liebeskind, &
McMenamin, 2013; Rice & Woodsmall, 1988), is unfortunate. Mislabeling, or mis-
matching visual objects with verbal labels, was also found, a strategy that is prob-
lematic for novice language learners. These are two things that producers could
actively change to enhance preschoolers’ developing conceptual knowledge and
language skills. The potential to expose children to less common yet sophisticated
or rare vocabulary words, especially with the ability to visually and verbally define
these words, is a strength of educational television, but is currently under-utilized.

7.7.1.3 Interactional Quality

Socio-cognitive strategies portraying prosocial interactions, persistence, or emotion
regulation were also fewer in frequency than might be expected. Programs such as
Mr. Rogers with a prosocial emphasis have been related to prosocial outcomes in
preschoolers (Stein & Friedrich, 1972), and future programming should continue to
build upon this success. Although prosocial depictions were low overall in the sur-
veyed videos, the content included vignettes that depicted conflict and then proso-
cial resolution embedded within familiar contexts. That is, rather than depicting
only positive interactions that would portray an unsustainable view of peer interac-
tions, both positive and negative peer interactions were depicted as part of a typical
narrative, showing that children fight but also showing how to negotiate and resolve
conflict.

Since the time that the programs used in the present analysis aired, producers of
educational media have begun to include more strategies aimed at increasing emo-
tion regulation. Recent experimental research suggests that these strategies are
effective. For example, preschoolers who watched Cookie Monster practice delay-
ing gratification on Sesame Street were able to wait significantly longer during the
“marshmallow task” (~12.5 min) when compared with preschoolers who watched
an unrelated Sesame Street clip (~8 min; Gatewood & Linebarger, 2015). In addi-
tion to these specific socio-cognitive strategies, general character interaction levels
in the present analysis are simply too low. Increasing interactions between adults
and children and between peers will be an important vehicle to convey this complex
socio-cognitive content. Embedding approaches to learning, persistence, and other
metacognitive and theory of mind strategies is likely to show considerable growth
in future content. Developmental scientists need to work harder to disseminate this
research to media producers and parents.
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7.7.2  Molar Components of Educational Television: Target
Viewer Age, Program Structure, and Curriculum
Emphasis

7.7.2.1 Target Viewer Age

For both older and younger children, the curriculum emphasis was relatively well
developed via instructional strategies that promote language and cognitive develop-
ment. For example, the content was embedded in high familiar or low familiar con-
texts for a high proportion of the scenes instead of more ambiguous no context
settings. The pacing was also slower for programs directed at younger children.
This is important because younger children process information more slowly than
older children (e.g., Barr & Hayne, 2000; Rovee-Collier & Barr, 2010).

There were also a number of areas where producers could continue to improve
program quality. Although content was presented in context in fewer and longer
scenes for programs directed toward younger children, repetition of content occurred
relatively infrequently. Producers have previously considered the relevance of rep-
etition for younger viewers, demonstrating, for example, that repetition of the same
episode of Blue's Clues across a week enhanced comprehension for the younger
3-year-old viewers (Anderson et al., 2000; Crawley et al., 1999). Producers of edu-
cational media for young children should look for more opportunities to build in
repetition.

There were more conversation building and cognitive strategies embedded in
content directed toward younger children, reflecting their cognitive and language
competence and the explicit need to scaffold language development. Object orienta-
tion strategies were embedded particularly well in shows directed toward younger
audiences using interactive narrative formats. There were also more adult interac-
tions in shows directed toward younger children and more peer interactions in
shows directed toward older children reflecting the shift in preferred playmates as a
function of child age (Hartup, 1992).

Surprisingly, producers did not maximize the presence of either adult or peer
interactions or modeling. In a previous content analysis of infant-directed program-
ming (Fenstermacher et al., 2010) we found low levels of interactions (10 %); we
predicted that the frequency of interactions would be much higher for preschool
content, but it was not. Television provides an ideal medium to present quality inter-
actions and both intervention studies (e.g., Barr, Brito, & Simcock, 2013; Pempek
et al., 2010) and experimental studies (e.g., Barr, 2013; Barr, Muentener, & Garcia,
2007; Barr, Muentener, Garcia, Fujimoto, & Chavez, 2007) overwhelmingly indi-
cate that young children can learn from televised models.

Furthermore, although print was well-integrated onscreen, overall levels of print
for programs directed at younger children were high. Producers may have chosen this
strategy in order to prepare children for print as well as to expand the target age range
of the program, with the print content directed at older children viewing the show. The
problem for younger children is that print content may be distracting and poorly com-
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prehended and, for both of these reasons, may detract from learning other embedded
content. Some evidence suggests that learning letter sounds in the absence of seeing
letter names can benefit young children’s letter sound knowledge although this may
be limited to letter names that are more confusing or challenging (e.g., letters that do
not contain the sound like “w” or two letters that co-occur and form one sound like
“ph” = /t/; see Block & Duke, 2015). Other research suggests that additional details,
like pop-ups, can detract from learning (Tare, Chiong, Ganea, & DeLoache, 2010).
Because onscreen print often includes production techniques to highlight the print
(e.g., growing/