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Children are increasingly exposed to devices that can access the internet, such as

computers, smartphones, and tablets, beginning early in life. This review summarizes

current evidence regarding the understanding and use of internet-based devices

among children from birth through age 8, while highlighting gaps in the literature and

opportunities for future research. The first section describes children's access to

internet-based devices, and discusses the role that parents play in mediating chil-

dren's access to internet-based devices. The second section describes children's

developing understanding of how internet-based devices work and what they can do,

and how capable children are of accessing information from the internet using these

devices. The third section discusses potential implications of children's use of

internet-based devices for children's cognitive development, with an emphasis on the

development of memory, metacognition, and exploration.
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1 | INTRODUCTION

A 2-year-old traces letters with her finger on a tablet touchscreen. A

4-year-old watches videos on YouTube. A 6-year-old asks a voice-

controlled digital assistant whether eagles eat snakes. These scenarios

have become common in many homes, yet little is known about how

each of these children thinks about the internet-based devices that

they see and use. Over the past few decades, the majority of research

on children's understanding and use of technology has focused on

older children and adolescents, and has emphasized issues such as

social media use (e.g., Best, Manktelow, & Taylor, 2014; Wood,

Bukowski, & Lis, 2016) and cyber safety (e.g., boyd & Marwick, 2009;

Mishna, Cook, Saini, Wu, & MacFadden, 2011). However, in many

communities, children are exposed to computers, tablets, smartphones,

and other internet-based technological devices starting at birth, and

they begin using these devices not long afterwards. Thus, it is essential

to understand what children think about internet-based devices and

how they come to comprehend these devices' capabilities and limita-

tions, in addition to the influence that early and prolonged exposure to

internet-based devices may have on children's cognitive development.

This article reviews what is currently known about young children's

understanding of and use of internet-based devices, highlights critical

gaps in the literature, and outlines directions for future research.

This review focuses on technology use and understanding among

children from birth to age 8. This period of development is important

because children are actively exploring and learning about the world

around them as their cognitive and social skills rapidly develop. As

with other domains such as literacy (National Early Literacy Panel,

2008) and numeracy (e.g., Jordan, Kaplan, Ramineni, & Locuniak,

2009), early experiences with technology may form the basis for later

behaviors and competence. Additionally, the fact that the first genera-

tion of children who have been exposed to internet-based devices

from birth is only now approaching adolescence, and that there are

still communities where internet-based devices are not widely avail-

able, presents a unique opportunity for studying how emerging tech-

nologies and rapid access to information potentially influence child

development.

For the purpose of this review, internet-based devices are defined

primarily as technological devices that can access the internet

(e.g., computers, tablets, smartphones). These devices include text- or
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touch-controlled devices (e.g., iPads) that can access information from

websites and applications, as well as voice-controlled digital assistants

such as Siri and Alexa. As technology has improved, the appearance

and capabilities of the devices have changed, as have factors such as

the speed of internet access or ease of device use. Nevertheless,

internet-based devices share common characteristics of being interac-

tive (i.e., responsive to the user) and drawing information or content

from the internet. Beyond describing how children spend their time

on internet-based devices, this review does not focus on children's

use of device-based applications (i.e., apps) for activities such as

playing games, taking photos, or watching videos. Instead, this review

focuses on internet-based devices as a means of obtaining informa-

tion from the World Wide Web via search engine apps or websites.

Furthermore, it does not focus on children's understanding and use of

social media as social media blurs the boundary between the internet

and other human beings (e.g., when a child uses a device to communi-

cate with another person, the information being obtained is coming

directly from the other person, not the internet), and because thus far,

the data suggest that children under age 8 rarely engage in non-

gaming social media activities (e.g., Ofcom, 2019; Rideout, 2017).

Finally, this review is not intended to be exhaustive. Rather, it draws

from cognitive science, education, human-computer interaction, and

other fields to broadly describe what is currently known about chil-

dren's understanding and use of internet-based devices, and how chil-

dren's experiences with internet-based devices may relate to other

aspects of cognitive development.

2 | CHILDREN'S ACCESS TO INTERNET-
BASED DEVICES

According to the UN International Telecommunications Union, as of

late 2017, more than half of the global population had access to the

internet (ITU, 2017), with the percentage being much higher in devel-

oped nations. A 2018 survey of American adults found that nearly

77% of respondents went online daily, and only 10% of respondents

(primarily elderly individuals) did not use the internet at all (Perrin &

Jiang, 2018). It is telling that surveys of internet use over the past few

decades have shifted from asking whether individuals use the internet

to how frequently they do so, and that nearly 40% of American adults

ages 18–29 reported being online “almost constantly” in the 2018 sur-

vey. As the number of adults with access to the internet and their fre-

quency of internet use increases, so does the likelihood that young

children are exposed to devices that can access the internet.

Parent surveys and case studies have documented that exposure

to caregivers using mobile internet-based devices begins in infancy

(e.g., Harrison & McTavish, 2018; Kildare & Middlemis, 2017) and that

an estimated 98% of American children ages 0–8 live in homes with

devices that can access the internet (Rideout, 2017). Moreover, on

average, American children spend over an hour a day using computers

or mobile devices (Rideout, 2017). This high rate of technology expo-

sure and use is not limited to children in high-income families. Even in

lower-income American communities, the data indicate that most

children are exposed to mobile devices before their first birthday and

that the majority of 4-year-olds have at least one mobile internet-

enabled device (e.g., a tablet) of their own (Kabali et al., 2015). Similar

patterns of early access to technology have been observed in Europe,

where in some countries the majority of children are online by age

3 or 4 (Holloway, Green, & Livingstone, 2013), and in Australia

(Huber, Highfield, & Kaufman, 2018) and South Korea (Korea

Internet & Security Agency, 2012). Recent evidence suggests that

even in the least developed countries, over 30% of individuals’ ages

15–24 have internet access (ITU, 2017). Thus, on a global scale, chil-

dren's access to the internet has been steadily increasing and can be

expected to continue doing so.

Whether or not children have the opportunity to use internet-

based devices in their first few years of life is largely determined by

the adults around them. Parents mediate children's access to internet-

based devices by enabling and/or restricting their child's technology

use (see Livingstone et al., 2017; Livingstone & Helsper, 2008).

Enabling mediation strategies involve sharing the experience of using

a device or accessing the internet together with the child. For exam-

ple, a parent can observe their child playing an online game or have a

discussion with the child about what link to click on a Google search.

Restrictive mediation involves limiting the child's access or engage-

ment with internet-based devices, including setting time limits on how

long the child can use a device or restricting their access to certain

websites. Research suggests that caregivers use restrictive strategies

more frequently as children become more capable of using internet-

based devices independently (i.e., the children grow older; Nikken &

Jansz, 2014). Importantly, though, the two major mediation strategies

are not exclusive and parents use both to different degrees and at dif-

ferent times (Livingstone et al., 2017).

The likelihood that parents will mediate their child's use of

internet-based devices has been linked to parent characteristics,

including parent age (Lauricella, Wartella, & Rideout, 2015; Living-

stone et al., 2017) and education level (Valcke, Bonte, De Wever, &

Rots, 2010), and the parent's comfort using technology (Livingstone

et al., 2017). Parenting style is also predictive of the extent to which

parents mediate their child's technology use, such that children of

more authoritarian parents spend less time using mobile devices and

the internet (Hwang, Choi, Yum, & Jeong, 2017; Valcke et al., 2010).

Another factor related to parent mediation of children's device use is

how often parents use internet-based devices themselves and how

they feel about it. A 2015 survey of a representative sample of Ameri-

can parents examined the relation between parent device use and

attitudes and the amount of time children ages 0–8 spent using com-

puters, smartphones, and tablets (Lauricella et al., 2015). Not surpris-

ingly, parents who spent more time using devices themselves and had

more positive attitudes toward device use had children who spent

more time using devices, though the influence of parent attitudes

toward device use depended on the child's age and the type of device.

Children under age 5 spent more time using computers if their parents

viewed computer use positively. There was no relation between par-

ent attitudes and computer use among children ages 6–8, yet 6- to

8-year-olds spent more time using tablets and smartphones if their
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parents viewed those devices positively. Hence, parent opinions influ-

ence children's access to technology, but the extent of their influence

varies based on factors such as age and the type of device. As

Lauricella et al. propose, when children become old enough to access

devices on their own, the ways in which parents influence their chil-

dren's device use necessarily shift.

Although both parents and older children sometimes report con-

cerns about the amount of time they spend using technology

(Kildare & Middlemis, 2017), parents generally have a positive atti-

tude toward their children's use of internet-based technology

(Nikken & Jansz, 2014). In a study of American parents of children

ages 2–7, the majority of parents believed that using technological

devices would benefit their child and prepare them for the work-

force (Vittrup, Snider, Rose, & Rippy, 2016). To this end, parents

reported a willingness to disregard guidelines recommending that

young children's media use be restricted. Parents' positive attitude

toward technology also extends specifically to internet use. For

example, parents of elementary school children in Singapore report

that internet use is beneficial for their children, citing its value for

finding information (e.g., using Google to obtain information for

school assignments; W. Shin, 2015). These positive attitudes carry-

over into educational decisions, as parents who hold positive views

of internet use in their child's preschool and elementary school

classrooms seek out schools that will provide these opportunities

(Chen & Tu, 2017).

Besides viewing their children's use of internet-based technology

positively, parents frequently view their children as being adept at

using internet-based devices. For example, Vittrup et al. (2016)

found that 62% of parents of young children in their sample

endorsed the statement that “children today naturally understand

how to use computers and related technologies at the preschool

age.” However, interviews with the children suggested parents over-

estimated their abilities. Regardless of whether parents' opinions of

their children's technological skills and understanding are accurate

(and the research suggests that they are not; see also Metzger, Flan-

agin, & Nekmat, 2015), these findings may help explain why some

parents report that they allow children as young as age 3 or 4 to use

internet-based devices largely independently (Kabali et al., 2015) and

that they are not very aware of their children's online activities

(Vittrup et al., 2016). If parents interpret their child's ease at using

internet-based devices (e.g., their ability to access a desired website

or manipulate objects on a touchscreen with their fingers; see

Cristia & Seidl, 2005) as indicative of a genuine understanding of

how the device works or the ability to navigate the internet, then

parents may be less likely to mediate their child's interactions with

internet-based devices. Consequently, understanding how well chil-

dren comprehend the nature and functions of internet-based devices

and how adept children are at using these devices could help inform

parents' decisions about whether to monitor and support children

when they are using technology, and potentially influence parent

attitudes toward granting young children access to internet-based

devices.

3 | CHILDREN'S UNDERSTANDING AND
USE OF COMPUTERS AND OTHER
INTERNET-BASED DEVICES

Although children may have extensive exposure to internet-based

devices and use these devices independently, they do not necessarily

understand how these devices work or what they can do. Children's

understanding of internet-based devices involves two elements:

understanding the device's physical nature and inner workings

(i.e., hardware) and understanding the device's functions and capaci-

ties (see Rücker & Pinkwart, 2016). Although these elements are

inter-related, acquiring an understanding of each one may involve dif-

ferent types of experiences and judgments.

Because of their long-term presence in children's homes and class-

rooms, computers have been the focus of much of the research on

children's understanding of technological devices. Although com-

puters may sometimes behave in ways that imply sentience or agency

(e.g., by producing spoken language), children quickly come to grasp

the difference between computers and other living entities. By age

5, children indicate that computers are not alive, nor do they experi-

ence mental states, desires, or emotions (Mikropoulos, Misailidi, &

Bonoti, 2003; Subrahmanyam, Gelman, & Lafosse, 2002). Young chil-

dren also indicate that computers require electricity to work and that

they rely on “wires,” so that if the wires are unplugged or improperly

connected, the computer will not work (Mertala, 2019; Rücker &

Pinkwart, 2016). That said, even older children may have difficulty

comprehending that a computer's capabilities are determined by inter-

nal components, such as memory capacity and CPU speed. For exam-

ple, although older children sometimes agree that computers have a

“brain” in the figurative sense, they may struggle to identify its loca-

tion (e.g., indicate that it is in the monitor rather than the CPU;

Scaife & Van Duuren, 1995). Rücker and Pinkwart (2016) propose that

children learn about the physical nature of devices such as computers

through observations of how adults handle computer dysfunction

(e.g., watching a parent discover that a computer is unplugged) and

through observations of other types of mechanical devices, such as

watches or cash registers. Hence, as digital devices increasingly

replace their mechanical counterparts and their inner workings

become more opaque (and less accessible when they malfunction), it

may become more challenging for children to understand the physical

components of computers and other internet-based devices.

One could argue that understanding the physical nature of tech-

nological devices is not important for children as long as they know

how to use these devices and what these devices can and cannot

do. By the time they enter elementary school, children realize that the

capacity of technological devices, such as computers, is limited to cer-

tain types of tasks. For instance, in a study that took place prior to the

advent of social media, 5- and 8-year-olds expressed surprise when a

computer answered a biographical question about them (van Duuren,

Dossett, & Robinson, 1998). Likewise, when judging what kinds of

questions should be directed toward a computer or person, 5-year-

olds indicate that questions involving emotional or moral judgments
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should not be directed toward a computer; however, not until age

7 do children strongly prefer to consult a computer rather than a

human for answers to computational or obscure factual questions

(Danovitch & Keil, 2008). Unfortunately, because a wide range of

methodologies have been used to probe children's thinking about

computers, it is difficult to draw definitive conclusions from these

studies. Many studies of children's understanding of computers are

also limited in their scope because they were undertaken before inter-

net access became widely available (e.g., Scaife & Van Duuren, 1995;

van Duuren et al., 1998), did not directly reference the internet when

describing the computers (e.g., Danovitch & Keil, 2008), or they failed

to take into account children's prior experience with the internet.

Consequently, research is needed to determine whether children hold

similar views of modern internet-based devices.

A recent study of children's judgments about computers and other

types of internet-based devices suggests that children continue to

view devices as having a restricted range of functions and that chil-

dren's judgments are primarily driven by their personal experiences

using devices for specific purposes. Eisen and Lillard (2017) asked

American children ages 4–6 and a group of college students to iden-

tify seven objects, including a tablet, smartphone, and a book, and

then to indicate whether each device could be used for certain pur-

poses. Nearly all of the children accurately identified the tablet and

smartphone, and they consistently indicated that the tablet and

smartphone could be used for playing games, watching movies, and

taking pictures. Yet, children were less likely than adults to say that

tablets and smartphones could be used for work or for learning. In

addition, when asked to choose the best device for learning specifi-

cally about dogs, children were most likely to choose the book. These

findings suggest that even as the capabilities of technological devices

have expanded and these devices have become more accessible to

young children, children may still think of devices as being capable

only of the functions for which they have personally used them

(e.g., playing games), and younger children may struggle to see

internet-based devices as multifunctional. Thus, despite being familiar

with devices such as computers and tablets, children often do not

understand how they work or what they can do, and it may take

extensive experience using them for children to grasp their range of

capabilities.

4 | CHILDREN'S UNDERSTANDING AND
USE OF THE INTERNET

In order to fully understand how internet-based devices work and

how to use them effectively, children must acquire an understanding

of the internet itself. The first step in the process of understanding

the internet is to realize that it exists—a fact that is not always appar-

ent to young children. In a study of Australian preschoolers with expe-

rience using internet-based devices, less than half of children

indicated familiarity with the internet even when alternate terms like

“online” or “the web” were used (Edwards et al., 2016). That said, by

the time they are in kindergarten, children in the United States and

Jordan nearly unanimously report having heard of the internet or ref-

erence it in some way (Dodge, Husain, & Duke, 2011; Oliemat,

Ihmeideh, & Alkhawaldeh, 2018). Nevertheless, familiarity with the

internet does not necessarily imply an understanding of what it is or

how it is used. In a recent study, Finnish 5- to 7-year-olds who were

familiar with the term “internet” often did not know what it meant

and could not accurately identify which computer-based activities

require an internet connection (e.g., checking the weather forecast;

Mertala, 2019). As Mertala proposes, one factor that may contribute

to children's lack of familiarity with the internet is that children do not

have experience taking actions to get online on most modern devices.

Unlike in earlier eras when users had to set up and sign on to a con-

nection, many devices now passively connect to the internet when

Wi-Fi is available. As cellular networks and Wi-Fi accessibility con-

tinue to become faster and more ubiquitous, it may be more difficult

for children to realize that the internet is a separate entity from the

devices used to access it.

Even when children realize that the internet exists and have some

sense of its usefulness, they are still unlikely to understand how it

works. Understanding the structure of the internet presents multiple

challenges due to its complexity and its unusual nature as a virtual

artifact made up of both technical and social components (see Yan,

2009). In a ground-breaking series of studies, Yan (2005, 2006, 2009)

examined children's and adults' understanding of the technical and

social complexity of the internet. Based on responses to questions

about the internet (e.g., How big is the internet? What kinds of good

things can the internet do for us? etc.) and prompts to draw the inter-

net, Yan classified participants' understanding of the internet into one

of four categories, ranging from a minimal understanding (e.g., viewing

the internet as a single computer) to a sophisticated scientific under-

standing (e.g., viewing the internet as a network of networks). The

results of Yan's studies suggest that most children have acquired an

adult-like understanding of the technical complexity of the internet by

ages 11–12, and that they have an adult-like understanding of the

social complexity of the internet by ages 13–14. That said, having an

adult-like understanding is not equivalent to having the most sophisti-

cated level of understanding; older adolescents and adults rarely dem-

onstrated completely accurate models of how the internet works, and

their understanding tended to be perceptually driven rather than con-

ceptually driven (see Yan, 2009). Furthermore, across these studies,

children's understanding of the internet was most strongly predicted

by age, rather than experience using the internet, exposure to formal

education about the internet, or other demographic factors

(i.e., gender). Based on these data, Yan argues that forming an accu-

rate and complete concept of the internet is a particularly difficult

task, and as such, the development of children's and even adults'

understanding may lag several years behind their acquisition of con-

cepts involving other unobservable or abstract entities (e.g., the uni-

verse, God). This proposal is also supported by recent findings that

middle school children frequently conceptualize search engines in an

anthropomorphic, rather than a technological, fashion (e.g., depicting

Google as a person or workers; Kodama, Jean, Subramaniam, & Taylor,

2017). Taken together, these findings imply that as technology
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continues evolving and the distinction between the internet's techni-

cal and social components continues to blur, it may become even

more difficult for children to form an accurate and coherent under-

standing of the internet.

5 | CHILDREN'S UNDERSTANDING AND
USE OF ONLINE INFORMATION SEARCHES

Given their limited understanding of how the internet works, it may

not be surprising that children struggle to effectively use the internet

for one of its primary functions: obtaining information. Using a semi-

structured interview where children in kindergarten through second

grade were asked about the internet and given the opportunity to

demonstrate their skills on a laptop computer, Dodge et al. (2011)

found that most children did not identify the internet as an informa-

tion source, and even when they did, they were rarely capable of

using it to obtain information on their own. Although children tend to

use the same search engines as adults, they face many challenges

finding and evaluating information (Large, Nesset, & Beheshti, 2008).

Children do not have a solid grasp of what kinds of information are

available on the internet or where to find it, sometimes leading them

to make egregious errors or conduct misguided searches

(e.g., searching for information about the vice-president on a website

dedicated to the fictional character SpongeBob Squarepants; Druin,

Foss, Hutchinson, Golub, & Hatley, 2010).

A substantial body of research has documented the obstacles chil-

dren face when formulating search queries and identifying appropriate

results (e.g., Foss et al., 2012; Gossen, Höbel, & Nürnberger, 2014;

Duarte Torres, Weber, & Hiemstra, 2014; Madrazo Azbiazu, Dragovic,

Anuyah, & Pera, 2018). For instance, an analysis of Yahoo! search

queries and web behavior among children ages 6–7, 8–9, and 10–12

revealed that younger children's searches lasted for a shorter time

than older children's searches, and that younger children typed in

shorter queries (i.e., fewer terms in the search bar), and were more

likely to use natural language (i.e., phrasing queries in the form of a

question), which can be problematic for some search engines (Duarte

Torres et al., 2014). They were also more likely to undo auto-

corrections by the search engine and to click on whatever item or link

was most prominent in the search results, even if it was an advertise-

ment. These findings raise questions about how the introduction of

sophisticated search engine software that supports natural language

queries and offers better suggestions for search terms may influence

children's capacity to obtain information from the internet (Madrazo

Azbiazu et al., 2018). Likewise, the introduction of voice-controlled

digital assistants, such as Alexa and Siri, to many homes has removed

spelling and other literacy-based barriers to children's information

searches, making it possible for younger, preliterate children to search

the web independently. In the coming years, it will be informative to

see how the increasing accessibility of internet searches and more fre-

quent experience conducting these searches influences the develop-

ment of children's understanding of the internet's structure and

function.

6 | DEVELOPING TRUST IN THE INTERNET

In order to effectively use internet-based devices to find information,

children must determine whether to trust the information that these

devices provide. By adolescence, internet users are aware that not all

the information they find online is credible or accurate (e.g., Jung,

Walsh-Childers, & Kim, 2016; St. Jean, Greene Taylor, Kodama, &

Subramaniam, 2017), yet they are still vulnerable to believing false

information found online (Metzger, Flanagin, Markov, Grossman, &

Bulger, 2015). Moreover, adults show a good deal of trust in internet

search engines and confidence in their own ability to use search

engines to find the most relevant information (Pan et al., 2007; Pur-

cell, Rainie, & Brenner, 2012).

Insights into the development of children's trust in the internet

may be gained from research into the development of children's trust

in human informants (see reviews by Harris, 2012; C. M. Mills, 2013).

Developmental psychologists have demonstrated that as early as age

3 or 4 children are capable of evaluating informants based on charac-

teristics such as prior accuracy (e.g., Koenig, Clément, & Harris, 2004),

benevolence (e.g., Johnston, Mills, & Landrum, 2015), and intent

(e.g., Vanderbilt, Liu, & Heyman, 2011). An open question, then, is

whether children apply the same heuristics that they use to evaluate

human sources to evaluate nonhuman ones such as internet-based

devices. Classifying internet-based devices as informants may be par-

ticularly challenging for young children because these devices share

some properties, such as interactivity, with human sources and some

properties with information-containing artifacts, such as books. How-

ever, unlike human sources, internet-based sources do not select

information based on pedagogical intent or their understanding of the

information-seeker's goals (see Csibra & Gergely, 2009; Landrum,

Eaves Jr, & Shafto, 2015); instead, search engines select information

based on factors such as prior browsing history, the user's location,

and website popularity. Due to the differences between humans and

internet-based devices, children may be uncertain whether the criteria

they use to evaluate human sources apply to internet-based devices

and they may even be wary of internet-based sources. Alternatively,

internet-based sources may be easier for young children to evaluate

than human informants if children view internet-based sources as

more consistent or reliable because they are not subject to factors

such as changing moods that can sometimes make human informants

unreliable.

Using a paradigm similar to those used to measure children's trust

in human informants, Danovitch and Alzahabi (2013) found that pre-

schoolers tracked a computer's prior accuracy and trusted information

from a previously accurate computer more than from a previously

inaccurate one. In fact, they seemed to evaluate the computer's accu-

racy with more ease than children in other studies evaluated human

informants (e.g., Koenig et al., 2004). In addition, despite anecdotal

reports that children treat internet search engines as omniscient (see

Richler, 2015), recent findings from the United States and China sug-

gest that 5- and 6-year-old children are skeptical of information

retrieved from the internet and that, in some cases, they prefer to
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seek out factual information from a person than the internet

(Danovitch, Noles, & Shafto, under review; Wang, Tong, & Danovitch,

2019). In these studies, not until at least age 8 do children start show-

ing a preference to seek out information from the internet and, even

then, they do not show strong trust in the results of internet searches.

Another recent study supports that children also approach novel

internet-based devices skeptically: when children were allowed to ask

questions of a novel voice-controlled search device, some children

chose to test the interface with questions for which they already

knew the answer (Yarosh et al., 2018). Although further research is

needed to understand the mechanisms underlying children's trust in

internet-based devices, these early findings suggest that children's

trust in information obtained from internet-based devices may take

significant time and experience to develop.

7 | EFFECTS ON COGNITIVE
DEVELOPMENT

The increase in children's early and prolonged access to internet-based

devices raises important questions about the effects of exposure and

use of internet-based devices on children's cognitive development.

(There are also important questions about the effects on social and

emotional development, but these are beyond the scope of the current

paper.) Some commentators have argued that prolonged access to the

internet diminishes cognitive capacity and intelligence (Bauerlein, 2008;

Carr, 2011; Greenfield, 2015). Others, such as the author Nora Ephron,

have wondered if “Google will mean the end of conversation as we

know it” (Ephron, 2008) as individuals spend more time seeking answers

from computers and less time seeking them from other people. These

popular fears are echoed by internet users who indicate that internet

use has impaired their memory and concentration (Näsi & Koivusilta,

2013) and who feel stressed by the amount of information available

online (i.e., experience “information overload”; Horrigan, 2016). That

said, empirical research on the cognitive effects of internet-based

device and internet use has been inconclusive and yielded inconsistent

outcomes (e.g., Orben & Przybyzki, 2019; see also reviews by K. L. Mills,

2016; Wilmer, Sherman, & Chein, 2017), and research with young chil-

dren has rarely been conducted at all. Children are clearly capable of

learning from internet-based devices, just as they are capable of learn-

ing from books or television (see Troseth & Strouse, 2017). The ques-

tion is whether using internet-based devices enhances or diminishes

children's learning relative to other media, including face-to-face inter-

actions. This section describes potential effects of internet-based

device use on three fundamental, interrelated features of children's

learning: memory, metacognition, and exploration.

Much of the popular concern about the effects of accessing vast

amounts of information online focuses on memory. In what was coined

the “Google effect” on memory, Sparrow, Liu, and Wegner (2011) dem-

onstrated that college students showed diminished memory for trivia

statements that they knew could be accessed on a computer. Adults

who search for information on the internet also remember less of the

information than those who search in a printed encyclopedia, and show

diminished activation of brain areas associated with the formation of

long-term memories (Dong & Potenza, 2015). The detrimental effects

of internet-based device use on memory have been shown to extend to

devices that are used for other functions as well. For example, recent

evidence suggests that using a hand-held device to take photos or share

experiences on social media diminishes memory for the experience,

both immediately and 1 week later (Tamir, Templeton, Ward, & Zaki,

2018). Although reduced memory for factual and autobiographical

information may seem like a negative consequence of technology use,

some have proposed that offloading memories to the internet can be

beneficial because it allows for more efficient allocation of cognitive

resources. Therefore, using internet-based devices can support better

memory for information that cannot be offloaded (e.g., Storm & Stone,

2015) or allow for more creative thinking and problem solving (Clowes,

2013; Sparrow & Chatman, 2013).

Because young children are in the process of developing effective

memory strategies and rapidly acquiring semantic knowledge (see

Bjorklund, Dukes, & Brown, 2009 for a review), it is crucial to examine

how use of internet-based devices may influence memory development.

One possibility is that children may not feel compelled to remember

information that can be accessed via a device, delaying the development

of effective strategies for organizing and remembering information. For

example, children no longer need to memorize their friends' phone num-

bers. As a result, they may have fewer opportunities to learn and deploy

strategies such as rehearsal or clustering. Alternatively, it is possible that

because access to internet-based devices makes remembering some fac-

tual information unnecessary, children may be able to devote more cog-

nitive resources to remembering or understanding more complex

information that cannot be easily retrieved from the internet, such as

procedures or relations between concepts. Given that children's access

to internet-based devices is likely to continue increasing in the coming

years, cross-sectional and longitudinal studies are needed to investigate

the development of children's memory for information that can and can-

not be accessed on the internet.

Besides potentially influencing the formation and maintenance of

memories, using the internet to obtain information may distort meta-

cognitive judgments, leading adults to inflate estimates of their knowledge

and understanding even when they do not have access to the internet

(Hamilton & Yao, 2018; Ward, 2013a, 2013b). For instance, in a series of

experiments, Fisher, Goddu, and Keil (2015) found that adults who

searched for answers to questions on the Internet reported an inflated

sense of how well they could explain the answers to different, unrelated

questions compared to adults who did not perform searches. Moreover,

this overestimation effect was specific to questions that could be

answered through an internet search; it did not extend to information that

was not available on the internet (e.g., personal autobiographical informa-

tion). This illusion of knowledge could have major repercussions when it

comes to learning, particularly for children.

Children are notorious for overestimating their knowledge and abili-

ties (e.g., C. M. Mills & Keil, 2004; H. Shin, Bjorklund, & Beck, 2007;

Spinath & Spinath, 2005). Does using internet-based devices further

inflate children's overoptimistic views of their own knowledge and, con-

sequently, their willingness to defer to more knowledgeable individuals
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(Aguiar, Stoess, & Taylor, 2012; Danovitch, Fisher, Schroeder,

Hambrick, & Moser, in press)? Children (and adults) are relatively opti-

mistic about their ability to evaluate the information they find online

(Metzger, Flanagin, & Nekmat, 2015). Although these findings are sug-

gestive, no studies have examined whether the direct experience of

finding answers on the internet influences children's judgments of how

much they know. If children are vulnerable to similar effects of internet

search as adults, then prolonged experience with online information

searches may alter the typical developmental timeline for the emer-

gence of more realistic metacognitive judgments during the elementary

school years. Furthermore, recent findings that the effects of using

internet-based devices on adults' metacognition are positively corre-

lated with familiarity and attachment to the specific device used to sea-

rch the internet (Hamilton & Yao, 2018) suggest that children who

frequently use the same internet-based device or who own a device

may be more vulnerable to overestimating their knowledge. Although

there is some debate over whether overestimating knowledge and skills

is necessarily detrimental to children's learning (see Bjorklund, 2007),

understanding whether internet use influences children's metacognition

could potentially elucidate the mechanisms underlying internet-induced

changes in adult metacognition as well.

Finally, if internet access inflates children's evaluation of their own

knowledge, then it may subsequently diminish their curiosity and

motivation to acquire new information (see Ward, 2013b). Curiosity

and exploration are essential components of children's learning (see

Lowenstein, 1994; Sobel & Letourneau, 2018) and children are intrin-

sically motivated to understand how the world works. Children can

explore the world through their direct actions and observations, or by

seeking information from others, and they are motivated to gain infor-

mation to fill gaps in their knowledge (Danovitch & Mills, 2018). For

instance, children explore more and ask more questions when faced

with ambiguous evidence (e.g., Schulz & Bonawitz, 2007) or incom-

plete explanations (e.g., Frazier, Gelman, & Wellman, 2009). If internet

use artificially inflates children's sense of knowledge or understanding

about a topic, then they may be less motivated to seek out additional

information about that topic. Internet experience may also be detri-

mental to learning and exploration if children become accustomed to

finding information quickly and easily, and thus give up more quickly

when they encounter obstacles or more complex problems. Alterna-

tively, using internet-based devices could have a positive effect on

children's exploration and learning by facilitating access to information

that children cannot easily obtain on their own or from other people.

Research exploring the volume and types of questions children

direct toward internet-based sources could be a useful means of explor-

ing these possibilities. Moreover, examining how children's initial success

at finding information on the internet influences further information

seeking behaviors would elucidate the potential relation between inter-

net use and self-directed learning, a question which may be particularly

relevant as new voice-controlled devices and more sophisticated search

engines make children's searches more likely to succeed. In addition,

future studies should examine how exposure to internet-based devices

potentially influences children's attitudes toward what can be learned. In

comparison to previous generations, children who have used internet-

based devices throughout their lives may be more optimistic about their

likelihood of finding answers to questions and thus be more willing to

tackle challenging scientific or philosophical problems.

8 | CONCLUSIONS

As internet-based devices such as computers, tablets, and smartphones

become more widely available and easier to use, children are more likely

to encounter and use these devices at younger ages. Although children

as young as toddlers may seem adept at using internet-based devices,

their understanding of these devices may take many years to develop.

Hence, a child's ability to activate a device or conduct an internet sea-

rch should not be interpreted as an indication that the child under-

stands how the device works or that they can effectively evaluate the

information it provides. Although parents play an important role in

mediating children's access to technology, it is important to keep in

mind that children's understanding of internet-based devices develops

in conjunction with other cognitive skills: cognitive development influ-

ences children's use and understanding of devices, and children's expe-

rience using devices may influence their cognitive development.

Despite the increasing presence of internet-based devices in chil-

dren's daily lives, there remain many open questions about how chil-

dren's concepts of technology and the internet develop, and how

internet-based devices may influence the ways children think about

and explore their environment. As described in this review, specific

questions include how children's understanding of internet-based

devices originates, and how children's concepts may be changing as

technology advances. They also include how experience obtaining

information online influences children's memory, metacognitive judg-

ments, and interest in learning and exploration. These open questions

present unique and timely opportunities for researchers. For instance,

most of the research to date on the cognitive effects of technology

and internet use has been conducted with adults from WEIRD

populations (see Henrich, Heine, & Norenzayan, 2010), and little is

known about whether the findings generalize to other populations,

including children. As access to internet-based devices rapidly spreads

to children in low- and middle-income countries, researchers could

capitalize on this opportunity to study the effects of using internet-

based devices among cohorts of children who first encounter these

devices at different ages. Such research could shed light not only on

the long-term consequences of technology use, but also on how chil-

dren's cognitive functions and learning behaviors change and adapt as

their means of accessing information change, and on what we can

expect as the first generation to grow up with early and prolonged

access to the internet matures into adults.
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