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a b s t r a c t

Tablet computers are increasingly becoming commonplace in classrooms around the
world. More than half of early childhood educators in the U.S. now have access to tablets,
making it imperative to understand how they are using the device and what influences
such use. The current study draws on survey data from 411 preschool educators serving 3-
to 5-year-olds in school-based, center-based, and Head Start preschool programs to
investigate how TPACK contextual factors (e.g., student background, teacher attitudes, and
school support) influence teachers’ traditional and student-centered tablet computer
practices. Results suggest that teacher-level factorsdespecially positive attitudes toward
technologydare most influential. Overall, this study emphasizes the need for preschool
teachers and teacher educators to understand and address the critical contextual factors of
tablet computer use in preschool education. Implications for education policy include
expanding traditional funding models beyond technology access to provide on-going
educator support, and developing new initiatives that encourage novel professional
development models based on the same learned-centered practices that teachers are
encouraged to use themselves.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Tablet computers are increasingly becoming a mainstay in classrooms worldwide (e.g., Coughlan, 2014; Fischer, 2015;
Viriyapong & Harfield, 2013). In the United States in particular, more than 2200 K-16 institutions have Apple iPads (Apple,
2013). By 2016, 54% of U.S. K-12 students and teachers are projected to have access to 1:1mobile devices (Fischer, 2015).While
technology has traditionally been less prevalent in early childhood education (Vockley& Lang, 2011; Wartella & Robb, 2007),
there has been a two-fold increase in the presence of tablet computers in early childhood classrooms since 2012 (Blackwell,
Wartella, Lauricella, & Robb, 2015). While televisions, computers, and digital cameras still dominate, tablet computers are
now accessible to over 50% of U.S. early childhood educators (Blackwell et al., 2015).

Increases in early childhood educators' tablet computer access comes at a time of shifting policy recommendations that
now recognize the value of technology for young children’s learning and development. In 2012, the National Association for
the Education of Young Children (NAEYC, 2012) released a position statement supporting the developmentally appropriate
and intentional use of technology in early childhood education, which included using technology as a tool to support social
(C.K. Blackwell).
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interactions, provide opportunities to decrease the digital divide, and to individualize learning. Even the American Academy
of Pediatrics (AAP, 2015), which for the past 15 years has cautioned against screen time use in early childhood, recognized that
strict limits on children’s screen timewas no longer plausible in today’s media-saturated world. The AAP (2015) went so far as
to explicitly recognize decades of research showing high-quality educational media can have positive effects for young
children’s cognitive and social development (e.g., Fisch & Truglio, 2001; Jennings, Hooker, & Linebarger, 2009; Pasnik &
Llorente, 2013) and shifted its policy recommendations to acknowledge that, when used with caregiver guidance and in
moderation, along with quality content, screen time is not necessarily harmfuldand in some cases beneficialdto the health
and wellbeing of young children.

In light of these shifting views regarding general technology use in early childhood, tablet computers have been described
as particularly suitable for early childhood. Unlike traditional desktop or laptop computers, tablets are easier for young
children to use due to the technology’s smaller size and touchscreens, which allow for direct manipulation (Neumann &
Neumann, 2014; Tootell, Plumb, Hadfield, & Dawson, 2013). Tablets are also cognitively simpler and more intuitive than
prior technologies because there is no mouse, making them better suited for young children who have not fully developed
their motor skills and hand-eye coordination (Geist, 2012; McManis & Gunnewig, 2012). As Siegle (2013) suggests, tablet
computers are easily accessible to young children “because the tap and swipe gestures used tomanipulate virtual objects on a
tablet computer can be made very similar to the kinds of gestures that children would spontaneously use on physical objects
in the real world” (p.146). These unique affordances of tablet computers is reflected in the two-fold increase in early childhood
educators' access to tablets, from 29% in 2012 to 55% in 2014 (Blackwell et al., 2015).

As tablets continue to saturate the early childhood education sector, it is no longer sufficient to understand whether
teachers have access to this technology; rather, how teachers use tablets and the factors that influence such use are critical to
understanding the potential effects tablets may have on teaching and learning. As such, the purpose of this study is to
examine the relationship between TPACK contextual factorsdand thus effective technology integration practices (Mishra &
Koehler, 2006)dand the specific ways in which early childhood educators integrate tablet computers into the learning
environment. Ultimately, this study will provide a better understanding of the student-, teacher-, and school-level factors on
tablet computer integration in early childhood, with implications for teacher education and policymakers who seek to ensure
effective technology use in early childhood education.

1.1. Technological Pedagogical Content Knowledge (TPACK)

Technological Pedagogical Content Knowledge (TPACK) is based on Shulman (1986; 1987) Pedagogical Content Knowledge
(PCK) framework and describes the knowledge required to effectively teach with technology (Mishra & Koehler, 2006).
Specifically, 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 (Koehler, Mishra, & Cain, 2013; Mishra
& Koehler, 2006). TPACK is broader than just having technology knowledge, content expertise, or pedagogical expertise, as it
focuses on the complex relationship that exists between all three components (Koehler et al., 2013; Mishra & Koehler, 2006).
Importantly, and where TPACK differs from prior educational technology frameworks, is the acknowledgement that teaching
and learning occur in specific contexts, and such contexts influence the development of TPACK and thus the effective use of
technology (Rosenberg & Koehler, 2015).

Despite the importance placed on context, the original TPACK framework only described context as student background,
grade level, subject matter, and available technology (Mishra & Koehler, 2006), leaving room for others to develop more
complex understandings of what contextual factors are and how they influence TPACK (e.g., Angeli & Valanides, 2009; Kelly,
2010). Porras-Hernandez and Salinas-Amescua (2013) provide the most advanced description, taking an ecological approach
by defining three hierarchical levels of context. For the purposes of this paper, we focus on the first two levelsdthe micro and
the meso. The micro-level represents the classroom conditions (learning resources, classroom norms, student-teacher in-
teractions), while the meso-level represents the school and local community environment (e.g., school and district leadership
and support, local social, political, and/or economic conditions). For example, at the micro-level, teachers may lack access to
sufficient hardware and software, while at the meso-level, school leaders may not provide quality training and support, both
of which will undoubtedly influence a teacher’s ability to integrate technology effectively, and thus his/her TPACK. Addi-
tionally, Porras-Hernandez and Salinas-Amescua (2013) emphasized the importance of considering how student and teacher
characteristics influence TPACK. For students, their individual needs, interests, prior knowledge, and sociocultural back-
ground can influence how teachers design lessons, including how they choose to incorporate technology into the learning
environment. For teachers, factors such as technology self-efficacy, attitudes toward technology, and general pedagogical
beliefs all can influence TPACK. Thus, not only is it critical to approach TPACK context fromvarious ecological levels but also to
understand the intrinsic factors of students and teachers as these can have strong implications for how technology is inte-
grated and the effectiveness of such integration (Porras-Hernandez & Salinas-Amescua, 2013).

For early childhood educators in particular, contextual factors may be even more important given the continued debate
over the place of technology in the lives of young children. At the micro-level, particular student and teacher factors are
critical to informing technology use in early childhood education. At the student-level, concerns over potential negative
effects of technology tend to dominate discussions given early childhood being a critical period. Young children have always
been viewed as a vulnerable population in the U.S. when it comes to media (Wartella & Robb, 2007), leading to
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recommendations for no or limited screen time (American Academy of Pediatrics, 2013) and a continued emphasis on using
technology in developmentally-appropriate ways in early childhood (NAEYC, 2012; Guernsey, 2007). At the same time, early
childhood educators acknowledge the value of using technology to decrease the digital divide and to provide differentiated
learning experiences based on children’s individual needs (NAEYC, 2012).

At the teacher level, educators have traditionally been unsure of how to incorporate educational technology into their
practice (Thorpe et al., 2015; Turja, Endepohls-Olpe, & Chatoney, 2009), with early childhood educators often lagging behind
their K-12 counterparts in the amount and quality of technology integration (e.g., Thorpe et al., 2015; Vockley & Lang, 2011).
Of note, teachers' deep-seated beliefs about what early childhood education are often in contrast to how they view technology
(e.g., Cordes & Miller, 2000; Lindahl & Folkesson, 2012). As Donohue (2015) describes, in addition to concerns over inap-
propriate content and commercial messaging, technology is often viewed as displacing or interrupting social interactions,
imaginative open-ended play, and active learning, all of which are traditional essential components of early childhood ed-
ucation. Further, some argue that technology displaces children’s physical activity and time spent outdoors, which could
contributes to “Nature-Deficit Disorder,” or the negative physical, mental, and behavioral health effects that occur from a lack
of engagement with the natural environment (Louv, 2005/2008).

As such, attitudes toward the value of technology and pedagogical dispositions may be even more important to early
childhood educators' technology use compared to teachers of older children. Indeed, Blackwell, Lauricella, and Wartella
(2014) showed that attitudes had the strongest effect on early childhood educators' technology use, and Lindahl and
Folkesson (2012) found that preschool teachers integrated computers in ways that aligned with pre-existing pedagogical
beliefs. Similarly, Tondeur, Hermans, van Braak, and Valcke (2008) highlighted the relationship between pedagogical beliefs
and elementary teachers' computer integration, finding teachers with more traditional beliefs used computers as learning
tools for skill and drill practice, while those with more constructivist pedagogies used computers as information tools for
higher-level learning. Teachers in Thorpe et al. (2015) study simply chose not to integrate Internet searching activities into
their instruction because they were unsure about the Internet’s pedagogical role in early childhood education. Further,
technology competency and confidence have also been associated with early childhood educators' technology use (Blackwell
et al., 2014; Blackwell, Lauricella, Wartella, Robb, & Schomburg, 2013; Karaca, Can, & Yildirim, 2013). Together, these studies
suggest intrinsic characteristics are important and need to be accounted for to fully how and why teachers integrate tech-
nology into the classroom.

At themeso-level, school factors also play important roles in early childhood educators' technology integration. In the U.S.,
early childhood education presents a unique environment given the lack of universal preschool, such that teachers operate in
distinctive types of programs that may offer different climates and conditions for using technology. For example, Wartella,
Blackwell, Lauricella, and Robb (2013) found that teachers in center-based programs (i.e., for- or non-profit non-school
based care such as Bright Horizons, Montessori, and YMCA) were more likely to never use tablet computers compared to
teachers in school-based programs (i.e., public or private programs within K-12 school programs). While the majority of
teachers in this study taught more than one age group, there were no differences in the proportion of teachers serving 3 to 6-
year-olds at center- and school-based programs, such that differences in child age is unlikely responsible for differences in
use. Additionally, factors such as school support and a shared vision for technology use also influence early childhood ed-
ucators’ technology use (Blackwell et al., 2014; Karaca et al., 2013).

1.2. Tablet computer use in early childhood education

Prior research suggests that while technology is more often integrated as digitized skill and drill activities (e.g., Eteokleous,
2008; Project Tomorrow, 2011), the most effective integration practices use technology to support student-centered in-
struction (Li & Ma, 2010; Tamim, Bernard, Borokhovski, Abrami, & Schmid, 2011). Specifically, technology is thought to be
most effective when the learning focus shifts from the teacher to the student, with student interests and abilities guiding the
content, pace, and learning activities (Jones, 2007). This is opposed to more traditional didactic approaches where students
primarily use technology to acquire basic skills and pre-specified content knowledge through drill and practice (Eteokleous,
2008).

For tablet computers in particular, teachers use this technology in a variety of learning contexts, some of which replicate
more traditional practices and others that embody student-centered learning. A recent survey conducted by the Joan Ganz
Cooney Center on K-8 teachers found the most frequently reported use of tablet computer games was to practice material
already learned (43%) and as a reward (33%; Takeuchi & Vaala, 2014), suggesting these teachers are not using tablets to
support more student-centered practices. On the other hand, Beschorner and Hutchison (2013) observed that teachers of
preschoolers integrated tablets during center timewhere children could choose any app to play with, small group timewhere
several students listened to stories or played apps together, and whole group teacher-led activities, suggesting a mix of
traditional and student-centered learning processes.

Early childhood educators also integrate tablets across subject areas (e.g., Beschorner & Hutchison, 2013; Janke & Kumar,
2014; Lui et al., 2014). In a survey of over 1400 educators of birth to age 8,Wartella et al. (2013) found that the largemajority of
teachers used tablets for teaching academic content. Alternatively, others find that tablets are often integrated into creation
activities in early childhood settings. Janke and Kumar (2014) observed preschoolers using the Book Creator app to create
digital book reviews, and Blackwell (2013) observed kindergarteners using the SMART Notebook app to create digital
scrapbooks. Teachers have also reported using tablets to facilitate social interactions and encourage collaboration among
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children (Beschorner & Hutchison, 2013; Henderson & Yeow, 2012). Indeed, recent research suggests that tablet computers
are exceptionally well suited for student collaboration due to the touchscreen and size of the device (Chou, Block, & Jesness,
2012; Henderson & Yeow, 2012), and paired tablet use may even promote positive cognitive and social-emotional devel-
opment (Blackwell, 2015; Gomez et al., 2013).

Despite the diverse use of tablets in both traditional and student-centered learning practices, when it comes to selecting
specific content, teachers are left in what Guernsey, Levine, Chiong, and Severns (2012) refer to as the “fast evolving and
chaoticWildWest of digital apps” (p.15); educators have many products to choose from but little information onwhether and
how these digital tools enhance learning (Cherner, Dix,& Lee, 2014). While frameworks and evaluation rubrics have proposed
specific design features that may promote learningdsuch as scaffolding, audio and visual cues, interactivity, and opportu-
nities for collaboration (e.g., Cahill & McGill-Franzen, 2013; Falloon, 2013; Hirsh-Pasek et al., 2015; More & Travers, 2013;
Neumann & Neumann, 2014)dthe currently available “educational” apps rarely align with these suggestions nor is there a
unified definition of educational quality (e.g., Murray & Olcese, 2011; Vaala & Ly, 2014). As a result, several researchers have
tried to categorize apps (e.g., Cherner et al., 2014; Goodwin, 2012; Michael Cohen Group, 2011) or provide more information
about apps in specific subject areas (e.g., Highfield & Goodwin, 2013; Shuler, 2012; Shuler, Levine, & Ree, 2012), but few have
investigated what apps early childhood educators actually use in the classroom.While Takeuchi and Vaala (2014) surveyed K-
8 teachers on their digital game selection, no survey of U.S. early childhood educators' app selection has been documented.
Given the importance of media content to young children’s learning (Guernsey, 2007), knowing what early childhood edu-
cators are using can provide realistic expectations for the effect of apps on children’s learning as well as insight onways to aid
educators in selecting high-quality apps.

1.3. Current study

The main objective of the current study was to better understand the relationship between TPACK contextual factors and
specific tablet computer practices that reflect traditional and student-centered teaching with technology. Additionally, given
the dearth of research on the specific content that educators actually use in the classroom, such that the secondary purpose of
this study was to provide information on the specific apps and app types that early childhood educators use. Specifically, we
ask:

1. What is the relationship between student-, teacher-, and school-level contextual factors and early childhood educators'
use of tablet computers?

2. What specific apps and app types do early childhood educators use in the classroom?

2. Methods

To address the above research questions, we developed an online survey based on a prior survey conducted by the authors
in 2012. In collaborationwith the National Association for the Education of Young Children (NAEYC), we emailed a link to the
survey to the NAEYC member listserv. NAEYC is a professional membership organization promoting high-quality early
childhood education through professional development, accreditation of early childhood programs that meet NAEYC stan-
dards, and public policy advocating and recommendations (see www.NAEYC.org for more information). The 70,000 NAEYC
members across the United States represent university faculty, researchers, and teacher educators in addition to early
childhood educators working with young children. Participants were screened, such that only educators working directly
with children ages 0 to 8 were included, with a final sample of 945 participants.

2.1. Participants

For the current study, a subsample of the 945 respondents was selected based on three criteria: 1) being a teacher of
children ages 3 to 5; 2) being a teacher in a Head Start, school-based, or center-based program (i.e., not a home-based care
provider); and 3) having access to tablet computers. The final sample included 411 participants (43.49% of the original
sample) whomet these criteria. The majority was female (96.3%) and white (90.1%). Most teachers had a Bachelor’s (37.7%) or
Master’s degree (50.4%), and on average 21.41 years (SD ¼ 10.53) of teaching experience. Respondents worked in a variety of
programsdHead Start (11.7%), center-based (37.2%; i.e., for- or non-profit non-school based care), and school-based (51.1%;
i.e., public or private programs within K-12 school programs)dand 46.5% taught low-income children.

2.2. Measures

2.2.1. Dependent variables
Frequency of use described how often teachers used tablet computers for instructional purposes with their students,

defined as “using technology with students to reinforce a curricular goal” andmeasured on a 7-point Likert scale anchored by
never and daily. This scale was converted into days per month to provide a more practical interpretation: never (0), less than
once a month (0.5), once a month (1), 2e3 times a month (2.5), once a week (4), 3e4 times a week (14), and daily (30).

http://www.naeyc.org
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Type of use described how often teachers integrated tablets for six specific practices measured on a 4-point Likert scale
anchored by never and always. Student-centered learning practices included using tablets for individual learning, paired
learning, creation activities, and free play (Jones, 2007). Traditional practices included using tablets for practicing material
already learned and basic technology user skills (Eteokleous, 2008). Binary variables were computed to represent whether or
not teachers ever used tablets in these ways because nearly half of teachers reporting never using tablets for these six
practices (Table 2). Importantly, this measure was completely separate from the content measure regarding specific apps
(described above) and thus the app categories described in Table 1 do not map onto the student-centered and traditional
practices described here.

2.2.2. Independent variables
Independent variables described contextual factors at the student-, teacher-, and school-levels.

2.2.2.1. Student-level. Student-income described teachers' report of their students' income level using McManis, Simon, &
Nemeth (2012) 5-point Likert scale: low-income, low-middle-income, middle-income, upper-middle-income, and upper-in-
come. For ease of interpretation, these categories were condensed to three binary variables: low-income, which included low-
and low-middle-income; middle-income, which included only the middle-income variable; and high-income, which include
middle-high-income and high-income. For all regression analyses, low-income was the reference category.

2.2.2.2. Teacher-level. Technology confidence described teachers’ confidence using tablets in developmentally-appropriate
ways on a 5-point Likert scale, anchored by not at all confident and very confident.

Pedagogy described the extent to which teachers held traditional pedagogical dispositions and was measured using Stipek
and Byler (1997) basic skills pedagogy scale (14 items, Cronbach’s alpha ¼ 0.88). The scale included eleven basic skills items
(e.g., “Worksheets and workbooks are a good way for children to master academic skills such as math”) and three child-
centered items (e.g., “Teachers should not emphasize right and wrong answers”), all measured on a 5-point Likert scale
anchored by strongly disagree and strongly agree. A factor analysis with varimax rotation was conducted and forced to two
factors given the two underlying constructs of basic skills and child-centered pedagogies. Two factors emerged with eigen-
values greater than 1, and all items fell on their respective basic skills or child-centered dimensionwith a factor loading of 0.6
or greater on one component and 0.4 or smaller on the other component. The one exception was the child-centered item,
“Formal instruction in math- and reading-related skills should only be given if childrenwant it,”which did not load on either
factor. The two factors accounted for 47.24% of the variation. Weighted factor scores were calculated, such that each teacher
had a score for traditional pedagogy and one for child-centered pedagogy.

Teacher technology attitudes were measured using a validated 9-item index of teacher attitudes toward the affordances of
technology integration (Cronbach’s alpha¼ 0.89; Blackwell et al., 2013; 2014), measured on a 5-point Likert scale anchored by
strongly disagree and strongly agree. A factor analysis with varimax rotation was conducted and resulted in two factors with
eigenvalues greater than 1, where each item had a factor loading of 0.6 or greater on one component and 0.4 or smaller on the
other component. Five items loaded on the first factordtechnology for children’s learningdand described how technology
could be useful to children’s cognitive and social development (e.g., “Technology can help to develop children’s critical
thinking skills” and “Technology is useful for social interactions among children.”). Three items loaded on the second fac-
tordtechnology for administrationdand described how technology could aid teachers in more administrative tasks (e.g.,
“Technology can improve my ability to communicate with parents and other caregivers”). The item “Technology is useful for
assisting children with disabilities” did not load on either factor. The two factors accounted for 70.5% of the variation.
Weighted factor scores were calculated, such that each teacher had a score for attitudes toward technology for children’s
learning and one for attitudes toward technology for administration.
Table 1
Description of app categories.

App category Description Example

Literacy Apps that teach ABCs, phonics, writing or tracing letters as well
as reading-type apps, such as storybook apps, e-books, and apps
where children can read or listen to books.

Starfall, RazKids, Handwriting Without Tears, Endless
ABCs, Letter Quiz

STEM Apps that specifically address any of the four STEM content
areasdscience, technology, engineering, and mathdas well as
STEM-related skills, such as logic and problem solving
(e.g., pattern, sorting, and puzzle apps).

Elmo Loves 123s, Marco Polo Weather, Little Logic
Problem Solvers, Montessori Math, Sort It Out

General education Apps that cover more than one academic topic. For example,
ABCMouse has a range of games and activities that include both
literacy and math skills. This category also includes general
descriptions of apps that participants made, such as “letters
and numbers apps” as well as non-content specific apps, such as YouTube.

ABCMouse, PBS/PBS Kids, Bugs and Bubbles, Preschool
Monkey Lunchbox, Hatch Early Learning, YouTube



Table 2
Proportion of teachers who reported never or at least sometimes using tablets for six learning activities and practices.

Never At least sometimes N

Individual learning 36.1% 63.9% 330
Creation activities 41.7% 58.3% 331
Paired learning 32.6% 67.4% 331
Free choice 45.3% 54.7% 333
Practicing material already learned 45.9% 54.1% 331
Basic user skills 34.1% 65.9% 334
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2.2.2.3. School-level. Technology professional development described how frequently schools offered professional development
in educational technology, measured on a 7-point Likert scale anchored by never and weekly.

School support for technology described the extent to which teachers perceived their school supported their educational
technology professional development needs, and was measured with a validated 11-item scale (Cronbach’s ¼ 0.95; Blackwell
et al., 2013; 2014). Each itemwas measured on a 6-point Likert scale anchored by no support offered and very supportive. Items
described both structural supports, such as access to sufficient hardware and software, and pedagogical supports, such as
finding quality digital content and providing developmentally-appropriate models of technology use. A factor analysis with
varimax rotation resulted in one factor, such that an average of the 11 items was used to measure teachers' average perceived
school support.

School Type described the type of program in which the educators worked: Head Start, center-based care, or school-based
care. Binary variables were created for each program type, and center-based care was the reference category in all regression
analyses.

2.2.3. App content
To better understandwhat tablet computer apps teachers use, we asked teachers to report up to three specific app titles. In

total, 186 teachers reported 242 unique app titles or kinds of apps (e.g., games, photo apps). Due to this large variability, we
only conducted descriptive frequencies for specific apps mentioned by at least 5% of teachers. Additionally, to obtain infor-
mation on more general trends in app selection, the primarily researcher iteratively developed 13 app categories through
open-coding of the full list of apps. A second researcher double-coded 20% of the sample and achieved an inter-rater reliability
of 0.89. Because of the small sample size within categories, only the top three most commonly listed app categories were
included in the analysisdearly literacy apps, STEM apps, and general education apps (see Table 1 for a description and
example of each category).

Of note, teachers used a broad definition of “app” that included pre-installed system-specific (e.g., Android, iOS) appli-
cations (e.g., Internet, weather, camera), web-based mobile apps that function as portals to access online content from a
mobile device (e.g., YouTube), and non-web-based apps that, once downloaded, can be usedwithout Internet access (e.g., Bugs
and Bubbles, Preschool Monkey Lunchbox), including those that have companionwebsites (e.g., Starfall, ABCMouse, Raz-Kids). In
our inductive categorization, we included all types of “apps” as this most accurately represented what early childhood ed-
ucators view as tablet computer apps.
2.3. Analytic procedure

First, a linear regressionwas conducted to understand how contextual factors influence teachers’ frequency of using tablet
computers. Second, a series of logistic regressions with odds ratios were conducted to explore howcontextual factors relate to
whether or not teachers integrate iPads in the six specific practices described above. Nagelkerke R Square values were used to
describe the variance explained in each model. Finally, we conducted descriptive frequencies to understand what specific
apps and types of apps teachers select to use in their classrooms.
3. Results

3.1. Frequency of tablet computer use

On average, teachers reported using tablet computers for 12.16 days per month (SE ¼ 0.62). Results from the linear
regression showed specific student-, teacher-, and school-level factors influence how often early childhood educators use
tablet computers (Table 3). At the student level, teachers of high-income students used tablets approximately six fewer days a
month compared to teachers of low-income students. At the teacher level, both confidence and attitudes toward the affor-
dances of technology to aid children’s learning were positively associated with use; attitudes toward using technology for
administrative purposes had a negative relationship. At the school level, frequency of professional development and being a
teacher in a school-based program compared to a center-based program were positively associated with using tablets.
Overall, the model explained 30% of the variation in teachers' frequency of using tablet computers.
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3.2. Specific tablet computer use

Results from the logistic regressions showed few significant relationships for student and school-level variables, but
teacher-level variables were consistently related to how teachers specifically integrated tablets into their classrooms (Tables 4
and 5). Overall, each model explained between 22% and 34% of the variability in teachers’ likelihood to use tablet computers
for each specific practice.

3.2.1. Student level
Teachers of middle-income students were less likely to use tablets for individual activities, to teach material already

learned, and for creation activities compared to teachers of low-income students. Additionally, teachers of high-income
students were less likely to use tablets for individual and free choice activities compared to teachers of low-income students.

3.2.2. Teacher level
Teacher attitudes had a strong relationship with teachers' likelihood to use tablets across all practices. Specifically, a one-

point increase in attitudes toward the value of technology to aid children’s learning was associated with being approximately
twice as likely to use tablets for each practice. Alternatively, a one-point decrease in attitudes toward administrative technology
use was associated with being 2 to 3 times more likely to implement tablet computers. Additionally, teachers' confidence in
using tablets in developmentally appropriate ways was associated with using tablets for all practices except free choice. Of
note, a one-point increase in confidence was associated with a 2.26 times higher likelihood to use tablets to teach basic
technology skills. When it comes to pedagogy, a one-point decrease in basic skills pedagogywas associated with a 2.33 higher
likelihood to use tablets for paired learning, while a one-point increase in child-centered pedagogy was associated with a 2.6
higher likelihood to use tablets for basic technology skills.

3.2.3. School level
Technology school support was only associated with student-centered practices. Specifically, a one-point increase in

support was associated with a higher likelihood of using tablets for creation activities, paired learning, and free choice.
Additionally, program type was associated with teachers’ likelihood to use tablets to teach basic technology skills. Being a
teacher in a school-based program was associated with a 3.07 times higher likelihood while being a teacher in a Head Start
programwas associated with a 1.54 times higher likelihood of using tablets to teach basic user skills compared to teachers in
center-based programs.
3.3. App selection

There was great variation in specific apps listed, with only seven apps being named by more than 5% of teachers. Spe-
cifically, PBS/PBS Kidswasmentionedmost frequently (12.9%), followed by ABCMouse (10.22%), YouTube (9.14%), StarFall (8.6%),
rhyming apps (6.98%), ABC apps (5.38%), and Bugs and Bubbles (5.38%). Of the 242 apps listed, 26.86% were early literacy,
20.25% were general education, and 19%were STEM apps. Slightly over half of respondents (54.8%) reported using at least one
early literacy app, while 42.5% and 34.4% reported using at least one general education and STEM app, respectively. Only 5.4%
of respondents listed all three types of apps. Because of the limited overlap of apps, differences could not be assessed as a
function of student-, teacher-, and school-level factors.
Table 3
Linear regression predicting the frequency with which teachers use tablet computers for
instruction.

B SE

Teaching experience �0.02 0.07
Professional development 1.28* 0.63
Middle-income �3.61 1.97
High-income �5.96** 1.87
School-based care 3.73* 1.72
Head Start 0.84 1.32
Traditional pedagogy 3.09* 1.60
Child-centered pedagogy 0.13 1.87
Confidence 3.15** 0.82
Learning factor 3.99** 1.12
Administrative factor �4.21** 1.34
School support 0.73 0.72
Constant �8.70 6.76

Note. *p � 0.05, **p � 0.01.



Table 4
Logistic regressions for using tablets in traditional learning practices.

Practice Basic user skills

B SE Odds ratio B SE Odds ratio

Tablet use per month 0.00 0.02 1.00 0.01 0.02 1.01
Teaching experience 0.02 0.02 1.02 0.02 0.02 1.02
Professional development 0.18 0.16 1.20 �0.02 0.17 0.98
Student income
Middle-income �0.96* 0.46 0.38 0.47 0.53 1.59
High-income �0.21 0.44 0.81 �0.45 0.47 0.64
Program type
School-based care 0.73 0.42 2.08 1.12* 0.47 3.07
Head Start 0.32 0.62 1.38 0.43 0.66 1.54
Traditional pedagogy 0.47 0.39 1.60 0.13 0.43 1.13
Child-centered pedagogy 0.47 0.43 1.61 0.96* 0.48 2.60
Confidence 0.44* 0.22 1.55 0.82** 0.24 2.26
Learning factor 0.80** 0.28 2.22 0.97** 0.31 2.64
Administrative factor �1.15** 0.38 0.32 �1.11** 0.44 0.33
School support 0.26 0.18 1.29 0.30 0.19 1.35
Constant �3.19 1.85 0.04 �5.15 2.11 0.01
Overall model summary
Chi-square 46.98, df ¼ 13 54.31, df ¼ 13
2 log likelihood 217.65 188.32
Nagelkerke R Square 0.29 0.34

Note. *p � 0.05, **p � 0.01.

Table 5
Logistic regressions for using tablets in student-centered learning practices.

Individual learning Creation activities Paired learning Free choice

B SE Odds ratio B SE Odds ratio B SE Odds ratio B SE Odds ratio

Tablet use per month 0.01 0.02 1.01 �0.01 0.02 0.99 �0.01 0.02 0.99 0.01 0.02 1.01
Teaching experience 0.00 0.02 1.00 �0.02 0.02 0.98 0.02 0.02 1.02 0.00 0.02 1.00
Professional development 0.20 0.16 1.22 0.03 0.16 1.03 0.11 0.16 1.11 0.00 0.15 1.00
Student income
Middle-income �1.27** 0.47 0.28 �1.13* 0.50 0.32 �0.41 0.50 0.66 �0.58 0.46 0.56
High-income �0.89* 0.45 0.41 �0.80 0.46 0.45 �0.67 0.47 0.51 �1.02* 0.44 0.36
Program type
School-based care �0.23 0.44 0.79 �0.47 0.45 0.62 �0.16 0.46 0.85 0.75 0.42 2.11
Head Start �1.03 0.66 0.36 �0.97 0.65 0.38 �0.73 0.66 0.48 �0.25 0.60 0.78
Traditional pedagogy �0.41 0.39 0.66 �0.72 0.39 0.49 �0.85* 0.40 0.43 �0.11 0.38 0.90
Child-centered pedagogy 0.49 0.44 1.63 0.10 0.43 1.10 0.61 0.45 1.84 0.64 0.43 1.90
Confidence 0.42* 0.22 1.52 0.64** 0.23 1.89 0.62** 0.23 1.86 0.22 0.22 1.25
Learning factor 0.81** 0.29 2.25 0.84** 0.30 2.32 0.61* 0.29 1.85 0.94** 0.29 2.57
Administrative factor �0.91** 0.36 0.40 �0.97** 0.39 0.38 �0.84* 0.41 0.43 �0.78* 0.35 0.46
School support 0.13 0.17 1.14 0.60** 0.18 1.83 0.44* 0.18 1.55 0.56** 0.18 1.74
Constant �0.43 1.81 0.65 �1.54 1.85 0.22 �1.80 1.91 0.17 �3.59 1.82 0.03
Overall model summary
Chi-square 34.92, df ¼ 13 44.15, df ¼ 13 32.41, df ¼ 13 47.33, df ¼ 13
2 log likelihood 215.06 211.87 203.45 221.05
Nagelkerke R Square 0.23 0.28 0.22 0.29

Note. *p � 0.05, **p � 0.01.
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4. Discussion

Results from the current study support Porras-Hernandez and Salinas-Amescua (2013) suggestion that TPACK occurs
within specific contexts, making it necessary to separate student-, teacher-, and school-level factors to understand educa-
tional technology integration. First, teachers lacked consensus in app selection, suggesting the need for support to ensure
educators are using the highest quality apps available. Next, at the student level, teachers of low-income students integrated
tablets more frequently and were more likely to use the technology to support student-centered learning practices; at the
teacher level, attitudes toward technology, confidence, and pedagogy strongly influenced whether and how teachers inte-
grated tablets; and at the school level, frequency of professional development was associated with how often teachers use
tablets, while school support was associated with teachers’ specific tablet computer instructional practices.
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4.1. Student-level

Of particular note is the finding that teachers of low-income students not only used tablet computers more often than
teachers of high-income students, but that they were more likely to use tablets for student-centered practices compared to
teachers of middle- and high-income students. These findings contrast prior work often shows that teachers of low-income
students primarily use technology for skill and drill work (e.g., Warschauer & Matuchniak, 2010).

One explanation for such findings may be due to teachers having different views about technology integration based on
student-income. Blackwell et al. (2014) found that preschool teachers of high-income students had less positive attitudes
toward the value of technology for children’s learning and thus used technology less. Further, high-income students have
more access to tablets at home, and their parents are much more likely to download educational apps compared to low-
income parents (Rideout, 2013). High-income children also have more support and quality parent engagement both with
and without technology compared to low-income students (Neuman & Celano, 2012; Phillips, 2011; Wartella, Rideout,
Lauricella, & Connell, 2014), such that teachers of low-income students may see their role as being the provider of holistic
technology experiences in the absence of such experiences at home. Finally, recent policy initiatives highlighting the
importance of digital literacy for children’s future academic andworkplace success (e.g., Beauchamp, Burden,& Abinett, 2015;
ISTE, 2007; NIL, 2008) and providing quality technology experiences to all children (e.g., NAEYC, 2012; Office of Head Start,
2012) may finally be trickling down to the classroom level. As such, results from the current study suggest teachers may be
working toward a more integrated approach of technology use for low-income preschool children that goes above and
beyond traditional skill and drill activities to foster more student-centered practices.

4.2. Teacher-level

Teacher contextual factors not only predicted how often teachers used tablets but consistently predicted the types of
activities for which teachers used the device. Specifically, teacher attitudes toward the affordances of technology to aid
children’s learning was the strongest teacher-level predictor across all practices. Similarly, teacher confidence in using tablets
in developmentally appropriate ways was associated with a higher likelihood of using tablets for all practices, with the
exception of free choice. Alternatively, more positive attitudes toward using technology for administrative tasks was asso-
ciated with a lower likelihood of using tablets for the six instructional practices. One potential explanation for this finding is
based on prior research suggesting teachers align their technology use with their perceived value of the device to accomplish
particular tasks (Blackwell et al., 2013; Lindahl & Folkesson, 2012; Tondeur et al., 2008). A such, teachers with more positive
attitudes toward the administrative value of technologymay use tablets to accomplish administrative tasks more so than they
use tablets for instructional purposes, thus explaining the negative relationship.

Teacher pedagogy also influenced tablet use; however, pedagogy was only associated with two specific practicesdpaired
learning and basic technology skills. While teachers withmore basic skills pedagogies were less likely to use tablets for paired
learning, teachers with more child-centered pedagogies were more likely to use tablets to teach basic technology skillsda
practice originally hypothesized as a basic skills pedagogical practice. One plausible explanation for these results is that
teachers equate basic technology skills with digital literacy in early childhood, which aligns more with student-centered
pedagogy (Partnership for 21st Century Skills, 2009). Indeed, the National Institute for Literacy (NIL, 2008) suggests early
digital literacy skills are analogous to early book handling skills, and the International Society for Technology in Education
(ISTE, 2007) recommends that young children should learn these basic technology skills by the age of 5. This suggests that
these basic technology skills are the foundation for more advanced digital literacy skills. As such, while learning basic
technology skills at first appears to align with basic skills pedagogy, teachers may view these basic technology skills as more
student-centered learning processes because such skills prepare young children for more advanced critical thinking and use
of technology in the future.

4.3. School-level

While teachers withmore professional development used tablets more frequently, they did not use tablets differently than
teachers with less frequent professional development. On the other hand, while school support was not associated with the
frequency of tablet use, it was associated with how teachers used tablets. Specifically, school support was associated with
student-centered practicesdincluding creation activities, paired learning, and free choicedsuggesting that support may be
critical for teachers to adopt more student-centered approaches with tablets. However, more detailed explorations of school
support are required to better understand how specific support practices influence early childhood educators’ tablet com-
puter use.

4.4. Content

Descriptive findings suggest early childhood educators lacked a cohesive definition of what an app is as well as consensus
on specific apps to use in the classroom. Indeed, many teachers interpreted “apps” in the broadest sense possible to include
pre-installed applications, web-based mobile apps, and non-web-based that can be downloaded and used offline. Thus, from
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a teacher’s point of view (and likely the non-technical audience more generally), any program that runs on a tablet computer
is an app.

When it comes to specific apps, results suggest that educators tended to favor early literacy apps, with slightly over half of
respondents reporting at least such app. This finding supports Wartella et al. (2013) results where 79% of early childhood
educators reported using tablet computers for literacy instruction. However, the most frequently reported app was only
named by 24 of the 186 teachers, mirroring Takeuchi and Vaala (2014) study, where themost frequently reported digital game
was only named by 26 of 264 K-8 teachers. Thus, while early childhood educators are somewhat more likely to select early
literacy apps, there remains little agreement on specific app titles. This is not surprising given the extensive selection of apps
(Shuler et al., 2012) paired with the lack of a unified definition of educational quality for apps (Guernsey et al., 2012).

Overall, results from the current study suggest that teacher-level factors (e.g., attitudes, confidence, pedagogy) are more
strongly associated with tablet computer integration compared to student- or school-level factors (e.g., student income,
support), a finding consistent with prior work (e.g., Blackwell et al., 2014; Ertmer & Ottenbreit-Leftwich, 2013; Ertmer,
Ottenbreit-Leftwich, Sadik, Sendurur, & Sendurur, 2012). Given that the specific ways in which technology is used influences
its effectiveness on learning (e.g., Li&Ma, 2010; Ross, Morrison,& Lowther, 2010; Tamim et al., 2011), this study suggests that
developing teachers’ positive dispositions toward the educational value of tablet computers as well as their student-centered
pedagogies could help them integrate tablets in more diverse and potentially more effective ways in the classroom.

4.5. Policy implications

Given the two-fold increase in access to tablet computers from 2012, with over 50% of U.S. early childhood educators now
having access to the device (Blackwell et al., 2015), policymakers should be aware of how teachers are integrating tablets into
their classrooms and what factors influence such integration. First, a large number of teachers reported never integrating
tablets in student-centered ways, despite research suggesting these are more effective than more traditional pedagogical
practices (Li &Ma, 2010; Tamim et al., 2011). While NAEYC (2012) suggests that teachers use technology in developmentally-
appropriate ways and TPACK literature suggests that effective technology integration needs to align with student-centered
pedagogies (Koehler et al., 2013; Mishra & Koehler, 2006), it is clear from this study than many early childhood educators
are not using tablet computers to support a student-centered learning environment. While policymakers can continue to
make recommendations on how teachers should use technology, more work is needed to develop policies that ensure
teachers have sufficient educational technology professional development to appropriately deliver on these
recommendations.

Policymakers must also rethink technology investments to include both investments in the devices and investments in
professional development. In particular, policymakers should focus on professional development that works to increase
educators' attitudes toward the value of technology to aid children’s learning, shift teachers' pedagogies to more student-
centered dispositions, and provide information on specific quality digital content. Indeed, Pasnik and Llorente (2013)
found that preschool teachers shifted their attitudes toward the value of educational technology when they received
upfront and continual professional development in both technology use and curricular guidance. Others have suggested that
professional development should include a hands-on approach where teachers have the opportunity to design and test their
own digital content (Yeh, Hwang, & Hsu, 2015), explore and play with available content (Beauchamp, Burden, & Abbinett,
2015), and practice developing standards-aligned lesson plans that incorporate digital content (Mouza & Barrett-Greenly,
2015). Unlike traditional professional development programs that provide one-time trainings, these initiatives stress the
importance of providing on-going support to teachers during the school year. As such, if the goal of professional development
in educational technology is to shift teachers' attitudes and pedagogical dispositions to embrace more learner-centered
practices, it follows that their training should also shift to a more learner-centered approach.

5. Limitations

While the current study provides novel evidence on the influence of TPACK contextual factors on early childhood edu-
cators’ integration of tablet computers, several limitations should be noted. First, this study did not directly test TPACK as it
relates to tablet computers but instead tested how TPACK contextual factors that were noted in the literature (e.g., Rosenberg
& Koehler, 2015) influence how teachers integrate tablets in traditional and student-centered practices. As such, the current
study cannot say whether or not these contextual factors directly influenced TPACK.

Second, the large proportion of teachers who reported never implementing tablets in the six practicesmade it necessary to
only investigatewhether or not teachers integrated tablets in theseways. The results do not provide evidence on the extent to
which teachers integrated tablets in specific traditional and student-centered practices, as a continuous outcome variable
would be necessary to provide such information. However, this is one of few studies to provide quantitative evidence on how
teachers integrate tablets in specific practices versus just how often they use tablets in the classroommore generally. As such,
while future research should aim to measure the extent to which teachers use tablets in traditional and student-centered
practices, the current study provides an important first step.

Finally, the current study does not provide evidence on how TPACK contextual factors and the ways in which teachers
integrated tablet computers influence student learning. While we can hypothesize that more student-centered learning
practices will have larger positive effects on student learning based on prior research (e.g., Li &Ma, 2010; Tamim et al., 2011),
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it is impossible to determine whether students whose teachers integrated tablets in more student-centered practices did
better than students whose teachers did not use tablets in these ways. As such, future research should connect teacher-level
variables of attitudes and pedagogy with student-level outcome data to better understand how teacher variables moderate
the influence of specific tablet computer practices on student learning.

6. Conclusions

With the large increase in tablet computer access in the U.S. and worldwide, it is critical to understand the context in
which these devices are being used. The current study provides novel evidence on how TPACK contextual factors influenced
early childhood educators' use of tablet computers in traditional and student-centered practices. While TPACK has been
applied to a variety of studies investigating teachers' technology use (for reviews, see Chai, Koh, & Tsai, 2013; Voogt, Fisser,
Pareja Roblin, Tondeur, & van Braak, 2013), few take into account particular technology devices or specific contextual factors
as the current study does. Indeed, given that some contextual factors influenced certain practices but not others, the current
study highlights the need to look more carefully at specific tablet computer integration practices and not treat technology or
context as universal constructs. Importantly, this study suggests that attitudes toward the value of technology to aid chil-
dren’s learning are critical to understanding how teachers incorporate tablets into the learning environment. Shifting such
attitudes has the potential to not only change how technology is integrated but also the effect of technology on student
achievement.

Overall, this study will benefit teachers, teacher educators, and policymakers. First, teachers will better understand how
contextual factors influence their digital learning practices, enabling critical reflection on attitudes, confidence, and peda-
gogical dispositions. Further, teachers will gain practical information regarding how to use tablets with young students to
support student-centered learning endeavors.

Second, teacher educators will gain a better understanding of critical contextual components of TPACK. Theywill be able to
use this information to develop more targeted professional development on educational technology that goes beyond basic
user skills to focus on shifting teachers’ attitudes and pedagogies. Further, this professional development could provide
developmentally-appropriate models on how to effectively use tablet computers in the classroom as well as specific
curricular-aligned digital content to ensure that teachers are using the best quality educational apps with their students.

Finally, policymakers will better understand the various contextual factors that influence early childhood educators' tablet
computer integration. For example, while allocating funds for hardware, software, technology infrastructure is a necessary
foundation for using technology in the classroom, factors such as teacher attitudes toward technology and teachers' un-
derstanding of how to effectively integrate the technology are needed as well. As such, future policy recommendations and
professional development initiatives must take into account the interplay of student-, teacher-, and school-level factors on
early childhood educators’ technology use to ensure effective outcomes for teaching and learning.
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