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How Much and What Kind?
Identifying an Adequate Technology Infrastructure for Early Childhood Education

T

o realize the potential benefits of technology use in early
childhood education (ECE), providers, families of young
children, and young children themselves must have access
to an adequate technology infrastructure—an infrastructure that
allows them to perform all of the tasks and functions that flow from
the goals for technology use in ECE. Identifying specific requirements for this infrastructure of devices, software, and connectivity
is neither a straightforward nor an easy undertaking, because many factors—such as the rapid
pace of technology development—make an
“adequate infrastructure” a moving target.
In this policy brief, we identify challenges
and examine how a wide variety of government and nongovernmental stakeholders
might collaborate to define
what constitutes an
adequate technology
architecture, and to
help ensure that it is
realized.
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Why Focus on Technology and Early Childhood Education?
Digital literacy—the knowledge and skills needed to use technology “to analyze, learn, and explore”i—plays an
important role in a child’s ability to succeed in school and beyond. Yet, despite rapid growth in society’s use of
information and communication technology, many children in low-income families in the United States are unable
to access technology—including devices, software, and connectivity—in the same ways as their more-advantaged
peers. And even when children from low-income families are able to access technology, they often learn to use it in
different ways. The result? Fewer opportunities to learn, explore, and communicate digitally, and fewer chances to
develop technology skills that might be needed for success in school and the workplace.
Technology use in formal early childhood education (ECE) settings, such as preschools and child-care centers,
may help shrink the digital divide in terms of both access and use for children in low-income families. Both in
and beyond formal ECE settings, technology use may also play a valuable role in ensuring that all children enter
kindergarten with early digital literacy skills—and in helping them build skills in such areas as literacy, math,
and motor development by providing additional opportunities for exploration, interaction, communication,
and creativity. With adequate resources and support, ECE providers and family members may also benefit from
technology use in ECE as they lead and encourage the education of young children.
Among children ages 3–5, technology use is not without potential pitfalls. Some physicians, policymakers,
educators, and parents are concerned that technology use in ECE may have a negative effect on the development
of social and gross motor skills, contribute to obesity, and diminish skill development in areas beyond digital
literacy. So, as we seek to realize the potential benefits of technology use in ECE, we must also ensure that we
address potential harms.
Charting the road ahead requires careful thought and planning. A broad group of stakeholders must be invited to
the discussion, and their unique perspectives—and, occasionally, competing priorities—must be understood and
addressed. We propose that achieving a better understanding of how to integrate technology into ECE requires
answering five key questions:
1. What are the goals for technology use in ECE?
2. How do we define developmentally appropriate technology use in ECE?
3. Once defined, how do we support developmentally appropriate technology use through devices, software,
connectivity, and other components of technology infrastructure?
4. How do we ensure that ECE providers are prepared to integrate technology appropriately, intentionally, and
productively into ECE settings?
5. How can parents and other family members play a role in the use of technology in ECE?

Our Approach
The study of modern technology use in ECE is, by definition, a relatively nascent field, and research has largely
examined only isolated aspects of the topic (with a heavy emphasis on the effects of watching television).
Therefore, considerable debate, disagreement, and uncertainty remain, although consensus appears to be forming
around the need to integrate technology into ECE in an intentional and productive way. In February 2014, the
RAND Corporation published a framing paper, Using Early Childhood Education to Bridge the Digital Divide, that
summarized and assessed the existing literature and outlined the five key questions introduced above.ii The paper
also described the need to involve a wide range of stakeholders in discussions, planning, and implementation.
In May 2014, RAND and PNC Grow Up Great hosted a one-day forum that brought these stakeholders—
advocates, educators, researchers, policymakers, funders, and parents—together to discuss issues, needs,
evidence, and ideas related to technology use in ECE. Through plenary sessions and smaller breakout groups, the
45 forum participants shared their perspectives on each of the five key questions.
This policy brief integrates findings from our literature review with the perspectives of forum participants.
Therefore, its contents cannot be considered comprehensive or definitive. Rather, we offer suggestions in the
spirit of advancing knowledge and encouraging continued conversation as stakeholders move ahead with policies
and programs that support technology use in ECE.
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How Much and What Kind?

What Is a
Technology
Infrastructure and
Why Does It Matter?

It is important to
make progress
toward understanding
the components
of a technology
infrastructure and what
each component can
contribute to learning.

This is a time of transition for the use of technology in education, and all stakeholder groups, including policymakers, parents and families, providers, and researchers, are
grappling with how to define a technology infrastructure
in terms of learning standards outcomes. What should
children know about technology, and what should they
be able to do with it? This is particularly true in the case
of the education of young children, where technology has
been integrated into learning at a slower pace. As a result,
there is still considerable uncertainty about required standards of performance for technology infrastructure.
In the absence of such standards, it is important to make
progress toward understanding the components of a
technology infrastructure and what each component can
contribute to learning. We may then address the challenges associated with standardization, beginning with
the question of what the standards should seek to achieve.
This will help us determine “how much” or “what kind”
of each component is needed.
There are three critical components of a technology infrastructure:
1. devices (such as tablets, laptops, desktop computers, and smartphones), which provide the physical
interface that connects users with both locally stored
software and information and services available on
the Internet (and other remote data sources).
2. software, which is the set of computer programs that
both make devices functional and provide applications (apps) for different functions, such as gaming
and word processing.
3. connectivity (whether wired or wireless), which
connects users, via devices, to the information and
services available on the Internet.

Identifying specific requirements for these three components in ECE settings and at home is complex. The
universe of devices and software is constantly expanding,
as are their capabilities. Furthermore, a certain level of
connectivity is often required to operate and fully exploit
these capabilities.
Several factors make it difficult to identify a suite of adequate devices. The first is that devices are not standardized. For example, the capabilities of one tablet may differ
sharply from those of another. So, we cannot simply say
that ECE providers must have tablet computers available
for their charges. Rather, we must identify what capabilities and affordances of tablet computers are important in
ECE settings and then help providers select the appropriate devices. A second challenge to identifying a suite
of adequate devices is determining what specific design
attributes and affordances make a device suitable—or
unsuitable—for use by young children. Portability and
durability are important considerations, as children in
ECE settings are typically encouraged to move around.
Other factors to consider include ease of use, cost, touch
sensitivity, screen quality, and picture size and depth.
A key challenge in the case of software is that it is developed very rapidly. In January 2013, Apple reported that
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its App Store was growing by 20,000 apps a month—more
than 650 new apps every day.1 As of January 21, 2014,
developers had built more than 1.2 million unique apps
for the iOS platform used by iPhones, iPads, and iPod
Touch devices.2 Furthermore, developers are also working
on new programs for other platforms, such as those used
by Android devices, Windows-based computers, smart
televisions, and videogame consoles. The applications
vary in a host of ways that are important to consider in
identifying a suite of adequate software for ECE: level of
interactivity, languages supported, cost to purchase and
update, dependence on device features (such as cameras)
for full functionality, ease of use, and purpose and quality of content, to name but a few. Identifying potentially
appropriate software out of the myriad available options,
and then vetting individual applications, is a significant
undertaking, and, according to forum participants who
are ECE providers, one that cannot be shouldered by
teachers or families alone.
Of the three components, connectivity presents the
fewest challenges because it is the most standardized.
Connectivity can be achieved through one or more of a
mere handful of technologies, including wired and wireless technologies, that connect the user to a network of
remote servers that offer Internet and other data access.
But once connectivity is established and the user accesses
the Internet, it is bandwidth that determines how quickly
information can be uploaded from or downloaded to a
device. Once we have established which devices and software constitute an adequate technology infrastructure,
it is possible, in theory, to identify how much bandwidth
is required to operate and fully exploit the capabilities of
selected devices and software.
A potential challenge to identifying what constitutes
an adequate technology architecture stems from how
quickly new technologies, especially devices and software, are being introduced and rendered obsolete. What
is adequate in 2014 might not be adequate in 2015. A
technology widely available now might be eclipsed by
a new discovery down the line. Establishing standards
might help mitigate this challenge, as this would help us
better judge whether a new device, for example, is suitable
for use in ECE settings. However, new technologies may
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A potential challenge to identifying what constitutes an adequate technology architecture stems
from how quickly new technologies, especially
devices and software, are being introduced and
rendered obsolete.

change ways of learning, with tablets and smartphones
being two recent examples of devices with this potential.
When the first iPad was launched in 2010, many people
involved in making decisions about technology in education might not have visualized its use in ECE settings. As
the iPad’s potential became clearer, earlier (often costly)
investments in devices, software, and connectivity might
have become obsolete. We do not suggest that children
must always use the latest available technology. Although
keeping pace with advances might help meet the goal of
building digital literacy, “older” technologies might still
be adequate to support other learning, skills, and school
readiness goals. However, to the extent that new technologies significantly change the potential for learning,
new standards may need to be developed to capture these
capacities. Less-advantaged children might be the last to
benefit from new advances due to the high cost of keeping pace with devices, software, and connectivity. Those
involved in identifying an adequate technology architecture for ECE should be well informed about technology
choices and trends, so they can choose device, software,
and connectivity options that are most likely to meet
evolving learning standards. This brings us to our next
question: Who is best placed to determine what constitutes an adequate technology architecture, and who will
be involved in making sure that it is realized?

Who Is Best
Positioned to Do
What?
Forum participants agreed that a wide variety of organizations must be involved in defining what constitutes an
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adequate technology architecture and ensuring that it is
realized. Potential stakeholders include government agencies, technology developers, technology users (providers,
parents and families, and those who educate and provide
professional development to providers), researchers, advocates, and foundations.
Government agencies, for example, can be helpful in guiding other stakeholders as they develop practices that can
help the government set policy standards. For example,
government agencies can support research into the capabilities of specific technology systems, and may also play a
useful role when markets fail to provide necessary services
at reasonable costs. One such common market failure is
connectivity in ECE settings. Many ECE providers who
care for children from low-income families cannot afford
the access rates set by telecommunications companies.3
The government might have a role to play in making connectivity affordable.
What role stakeholders are best equipped to play depends
on their capacity to address challenges. Thus, one way to
determine the appropriate role for each stakeholder is to
(1) identify discrepancies in the access and use of technology between children in low-income families and their
more-advantaged peers that are likely to persist, and (2)
assess the capacity of different stakeholders to address
these discrepancies.
Discrepancies exist and are likely to persist in all three
components of the technology infrastructure for ECE.4
For example, poorer schools and homes are less likely to
have the latest generation of tablets, “always on” highspeed bandwidth, and the most sophisticated software.5
Which stakeholders are best positioned to address these
discrepancies?

Devices
Researchers, supported by foundations, and working
closely with device developers, are the stakeholders best
positioned to identify the affordances and features of
appropriate needed devices. Government agencies and
other stakeholders can then play a role in ensuring that
all children have access to suitable devices that deliver the
needed capabilities.

As noted earlier, specific design attributes can make a device suitable—or unsuitable—for young children; indeed,
devices that are large or heavy, or whose screens are very
small, may pose risks for young users. Researchers could
help establish guidelines for screen size, device weight,
and other important characteristics, and then work with
policymakers to assess the feasibility of setting national
standards that the federal government and state agencies could support through funding and other incentives.
Forum participants noted that, given how quickly new devices are developed, this research needs to be ongoing and
conducted in a timely fashion. They also suggested that
researchers and technology developers need to work more
closely together. Close collaboration between researchers and technology developers would put researchers in a
position to understand technology trends and incorporate
this information into their experiments. At the same time,
technology developers would learn about needs and about
how their products and services do or do not address
needs and standards.

Software
Identifying and developing appropriate software will
require collaboration among several different stakeholders. As noted earlier, applications vary widely in terms
of languages supported, functions, etc., which makes
categorization and standardization more difficult. In addition, the rapid proliferation of new software requires that
any agreed-upon categories and standards will need to be
frequently revised to avoid becoming obsolete.
Government efforts that consider the content of software
in the context of identifying effective curricula and practices—such as the What Works Clearinghouse initiative6—
are likely to be more effective when supported by independent research and trials undertaken by nongovernmental
stakeholders, including researchers and practitioners. This
would further the goal of establishing national standards
for learning outcomes from software. Once such standards
are established, software developers would have an incentive to develop software that meets them.
According to several forum participants, until such
standards are established, software designers and ECE
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providers should collaborate directly in the development
of applications. This would help software designers better
understand the needs of providers. Forum participants
suggested that foundations and advocates could play a role
in facilitating this collaboration.
Nonprofit funding bodies, such as private foundations,
could consider funding research into how to rate software
in a way that is useful to ECE providers and families—
perhaps in terms of key learning outcomes (such as the
development of particular cognitive skills). They could
then make rating guidelines freely available over the Internet for use by ECE providers and families. Communities
of application users could be encouraged to discuss the
ratings and provide feedback. These ratings could incorporate the work of many commercial sites, such as Common Sense Media, Children’s Technology Review, and
EdSurge, that are set up to track new educational software
and categorize applications in multiple ways, such as by
age of targeted users, curriculum type, device compatibility, and cost.

Connectivity
Government agencies may be well positioned to help
address discrepancies in connectivity. The federal government has played an important role in ensuring connectivity for public and private schools through the E-Rate
program, which provides funding for up to 90 percent of
the cost of Internet access.7 However, the program is not
uniformly available to ECE providers across the country.
Eligibility for E-Rate is decided by state governments,8
and some states have declined to participate. Of those that
have joined the program, 16 states—representing 43.7 percent of the country’s population—have qualified all Head
Start preschools, whether they are stand-alone facilities
or part of a public school district, for the E-Rate program.
An additional eight states—representing 21.1 percent
of the country’s population—have qualified all ECE
schools that are part of a public school district. Currently, however, neither home-based Head Start facilities
nor Early Head Start facilities are eligible for the E-Rate
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program. Federal policymakers should consider expanding eligibility for E-Rate to all Head Start programs and
settings. Another related priority is to encourage states
that have not yet joined the E-Rate program to do so. This
is an assignment for which civil-society advocates may be
well suited.
Ensuring connectivity in the home is also important.
Parents and other family members play an important role
as “teachers” during time spent outside ECE settings, and
parental roles in technology use and joint engagement
with media appear to be important in building children’s
technology literacy.9 Some local governments are partnering with private firms to provide wireless access free of
charge either citywide or in specific zones.10 There may
also be a role for foundations and other stakeholders in
ensuring sufficient connectivity in the home.

The Bottom Line
To realize the potential benefits of technology use in ECE,
including its ability to help address the digital divide,
providers, families of young children, and young children
themselves must have access to an adequate technology infrastructure—an infrastructure that allows them
to perform all of the tasks and functions that flow from
the goals for technology use in ECE. This infrastructure
comprises adequate devices, appropriate software, and Internet connectivity. But identifying specific requirements
for these three components in ECE settings and at home is
neither a straightforward nor an easy undertaking. A wide
variety of organizations must be involved in defining what
constitutes an adequate technology architecture and ensuring that it is realized. Many factors—such as the rapid
pace of technology development—make an “adequate
infrastructure” a moving target. Developing standards is
a critical step in defining, measuring, and achieving such
an infrastructure. Meanwhile, there is work to be done in
other areas, such as subsidizing connectivity and developing robust ratings for devices and software.
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