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a b s t r a c t

The increased access to, but continued under-use of, technology in education makes it imperative to
understand the barriers teachers face when integrating technology into their classrooms. While prior
research suggests teachers encounter both first-order extrinsic barriers and second-order personal
barriers, much of this research has focused on K-12 teachers, not early childhood educators. Applying the
Unified Theory of Acceptance and Use of Technology to early childhood education, the current study
examines predictors of early childhood educators’ access to and use of traditional technologies and
newer mobile devices. Findings from 1329 teachers of 0–4-year-olds reveal that while extrinsic barriers
influence access to a range of technologies, positive beliefs in children’s learning from technology
significantly predicted actual use of technology. Overall, the study provides new insight into factors
influencing technology integration specifically for early childhood educators, a subgroup that has not
been represented in much of the literature on technology integration in formal education.

! 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Previous promises of a technological revolution in education have failed to producemuch change (Buckingham, 2007). Despite increased
access to computers and newer mobile devices, the actual use of technology in the classroom remains infrequent, especially in early
childhood education (Wartella, Schomburg, Lauricella, Robb, & Flynn, 2010). While studies have explored how teacher beliefs and attitudes
toward technology influence infrequent use (e.g., Ertmer, 1999; Ifenthaler & Schweinbenz, 2013; Pynoo et al., 2013; Wood, Specht,
Willoughby, & Mueller, 2008), few large-scale quantitative analyses have been performed investigating teachers of young children, an
important group given the current debate of the place of technology in the lives of children. Extending the Unified Theory of Acceptance and
Use of Technology (UTAUT; Venkatesh, Morris, Davis, & Davis, 2003) to an education setting, the current study draws on surveys from 1329
early childhood educators to explore how school environment and personal attitudes toward the affordances and barriers of technology
integration predicted use of various devices, including both universally available technologies (i.e., TV/DVD, computer, digital cameras) and
newer mobile technologies (i.e., iPod/MP3 players, iPod touch devices, e-readers, tablet computers).

1.1. Technology in education

Despite general resistance to using technology, in-school computer access is now relatively universal (Gray, Thomas, & Lewis, 2010). In a
national 2009 survey of 3150 teachers, 97% of teachers reported access to computers, with 96% of computers in schools having Internet
access (Gray et al., 2010). While computers were once thought of as the silver bullet to education reform, the technology itself has done little
to alter the education landscape or to provide enhanced outcomes for students. This may be due to the continued under-use of technology in

* Corresponding author. Northwestern University, Department of Communication Studies, School of Communication, 2240 Campus Drive, Francis Searle Building, 2-147,
Evanston, IL 60201, United States. Tel.: þ1 847 467 2084.

E-mail address: ckblackwell@u.northwestern.edu (C.K. Blackwell).

Contents lists available at ScienceDirect

Computers & Education

journal homepage: www.elsevier .com/locate/compedu

0360-1315/$ – see front matter ! 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.compedu.2013.07.024

Computers & Education 69 (2013) 310–319

Delta:1_surname
Delta:1_surname
mailto:ckblackwell@u.northwestern.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.compedu.2013.07.024&domain=pdf
www.sciencedirect.com/science/journal/03601315
http://www.elsevier.com/locate/compedu
http://dx.doi.org/10.1016/j.compedu.2013.07.024
http://dx.doi.org/10.1016/j.compedu.2013.07.024


the classroom across all grade levels (National Education Association, 2008) and the failure to use technology for instructional purposes
(Gray et al., 2010). This is even more pronounced in the early education settings. While 55% of in-home care providers and 59% of classroom
teachers report access to computers, 34% and 35% of educators, respectively, report never using a computer with young children in their
childcare (Wartella et al., 2010).

1.2. Unified Theory of Acceptance and Use of Technology

Venkatesh et al. (2003) proposed the Unified Theory of Acceptance and Use of Technology (UTAUT) to explain what encourages people to
accept and use technology in the workplace. Venkatesh et al. (2003) posited four major constructs that influence acceptance and use of tech-
nology: performance expectancy, which describes howmuch users believe the technology will aid them in their work; effort expectancy, or the
perceived ease of using the technology; social influence, which describes subjective norms relating to technology use within the social envi-
ronment; and facilitating conditions, or the structural features of the environment, such as training, support, and access to technology. In addition
to these, theUTAUTposits four individual factors thatmoderate the relationship between the fourmain constructs and actual use. These include
theuser’s age, gender, andpriorexperiencewith technology, aswellaswhetherornotusing technology in theworkplace isvoluntary.Overall, the
UTAUT has been shown to explain 70% of the variance in behavioral intentions for using technology (Venkatesh et al., 2003).

While the UTAUT provides a sound theoretical basis for explaining how people adopt and use technology, few studies have applied it to
an education environment. To provide a more education-specific model, it is imperative to understand how the four main constructs of the
model relate to prior literature on teacher barriers to technology integration. Ertmer (1999) described two types of barriers at the teacher
level that prevent the successful integration of technology into the classroom. On the one hand, first-order extrinsic barriers prevent
teachers from integrating technology into their classrooms because they lack time, training, professional development, access to sufficient
hardware and software, and support (Ertmer, 1999). These extrinsic limitations relate to the UTAUT construct of facilitating conditions
(Venkatesh et al., 2003). On the other hand, second-order personal limitations, including teaching beliefs, perceived value of technology for
education, and comfort with technology also affect whether or not teachers embrace technology in their classrooms (Ertmer, 1999). These
personal limitations correspond to the remaining three UTAUT constructs, namely performance expectancy, effort expectancy, and social
norms (Venkatesh et al., 2003). Others have supported Ertmer’s (1999) distinction, showing that teachers feel both limited by the structural
elements of their environment and their personal beliefs (Mueller, Wood, Willoughby, Ross, & Specht, 2008; Parette, Quesenberry, & Blum,
2010; Wachira & Keengwe, 2010), thus supporting the use of a modified version of the UTAUT to understand teacher practices with
technology in the classroom.

1.3. Teacher barriers to technology integration

With the increase in schools’ general access but the continued under-use of technology, some have noted that personal barriers may play
a more important role in changing whether and how much teachers integrate technology into their classroom (e.g., Ertmer, Addison, Lane,
Ross, & Woods, 1999; Ertmer, Ottenbreit-Leftwich, Sadik, Sendurur, & Sendurur, 2012; Zhao, Pugh, Sheldon, & Byers, 2002). Ertmer (2005)
distinguished between beliefs and knowledge by using Calderhead’s (1996) definition: beliefs refer to “suppositions, commitments, and
ideologies,” while knowledge is “factual propositions and understandings.” A teacher may have the knowledge of how to use a technology,
which results from breaking down first-order barriers, but this does not necessarily lead a teacher to believe in the value of the technology
for her teaching practices. Indeed, researchers have found that individual attitudes, such as confidence with or anxiety about using tech-
nology, have been correlatedwith actual use of technology, such that thosemore in favor of technology ormore open andwilling to try it are
more likely to adopt technology in their classroom (e.g., Calderhead, 1996; Clark & Peterson, 1986; Pajares, 1992). As Cuban (1993)
concluded, “It is a belief system, not an economic or empirical warrant, that determines failure or success” (p. 194) when integrating
technology into the classroom.

Research is mixed onwhether or not teacher beliefs and attitudes are significant predictors of use above and beyond first-order extrinsic
barriers. Some empirical evidence exists supporting the predictive power of beliefs to shape behavior (Kagan,1992; Pajares,1992), but others
have noted inconsistencies between teacher beliefs and actual practices, which tend to result from extrinsic constraints (e.g., Ertmer, 2005;
Ifenthaler & Schweinbenz, 2013; Wood et al., 2008). While belief systems impacted their practice with technology, the teachers also felt
constrained by extrinsic factors. Similarly, Ifenthaler and Schweinbenz (2013) found variations in attitudes across teachers implementing
tablet PC devices, where attitudes toward technology in addition to performance expectancy and extrinsic conditions influenced their actual
use of the devices. Inan and Lowther (2010) found that while personal efficacy and beliefs about the benefits of technology influenced actual
use, extrinsic factors, such as school support and professional development, helped shape teacher readiness and attitudes toward technology,
suggesting that use stems from the relationship between first-order extrinsic barriers and second-order personal barriers.

1.4. Technology in early childhood education

Research on teacher barriers to technology use has primarily focused on K-12 education, often making generalizations about how first-
order and second-order barriers influence technology integration across teachers of all grades. While this research provides a background
for investigating early childhood educators, it is important to note that early childhood educators are different than K-12 teachers in several
ways. First, teachers of young children tend to be less educated than K-12 teachers. The most recent National Institute for Early Education
Research (NIEER, 2013) report, The State of Preschool 2012, reported only 58% of state preschool programs required teachers to have a
bachelor’s degree and only 29% required assistant teachers to have a Child Development Associate (CDA) credential. Additionally, 85% of
state-funded preschool teachers have specific training in early childhood education (NIEER, 2013). Second, early childhood programs are
varied in quality (e.g., Hynes & Habasevich-Brooks, 2008), and despite new initiatives to provide a more universal quality measure (i.e., the
Quality Rating and Improvement System), there remains no required quality assessment for programs. Third, teacher turnover rate is
estimated at 20–50% annually in early childhood education (Barnett, 2003).
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Finally, and perhaps most pertinent to technology in education, the historical debate over the place of technology in the lives of young
children has likely structured some educators’ belief systems. While technology has been shown to increase learning inmany circumstances
(e.g., Huston, Anderson, Wright, Linebarger, & Schmitt, 2001; Jennings, Hooker, & Linebarger, 2009; Plowman & Stephen, 2003; Vernadakis,
Avgerinos, Tsitskari, & Zachopoulou; Wu & Zhang, 2010), others have highlighted the potential negative impact (e.g., Christakis &
Zimmerman, 2007; Christakis, Zimmerman, DiGiuseppe, & McCarty, 2004; National Research Council and Institute of Medicine, 2006).
The American Academy of Pediatrics (AAP, 2001, 2011) continues to recommend no screen time for children 0–2 and nomore than 2 hours of
screen time a day for older children. In light of these guidelines, the National Association for the Education of Young Children (NAEYC, 2012)
recently released a position statement supporting the thoughtful integration of technology in developmentally appropriate ways in early
childhood education. This mismatch in advice from research and major organizations may lead to more insecurity over using technology
with young children, which then could impact teachers’ actual use.

Research has shown that first-order and second-order barriers are important to early childhood educators’ use of technology. Lindahl and
Folkesson (2012) found preschool teachers’ attitudes influenced their technology adoption, as teachers fell into two groups, those that
embraced the technology and those that felt the technology threatened their traditional beliefs and teaching philosophies. In a focus group
study of 50 early childhood educators, Wood and colleagues (2008) found teachers reported both positive and negative attitudes to inte-
grating computers into their classrooms, with the main barriers being personal comfort with technology, physical resources, financial re-
sources, and current teaching philosophy. Teachers were also concerned with children’s access, experience, skills with technology, and
parent support for technology integration (Wood et al., 2008). However, few studies have specifically investigated how first- and second-
order barriers influence early childhood educators’ adoption and use of technology.

The inconsistency in findings and lack of large-scale empirical evidence of how first- and second-order barriers influence early childhood
educator technology practices provide the foundation for the current study. Applying the UTAUT model to education and the interplay of
first- and second-order teacher barriers to technology acceptance and use, we ask the following research questions:

RQ1. How do extrinsic and personal teacher demographic characteristics influence a teacher’s access to technology?
RQ2. How do teachers' personal beliefs about the affordances of technology and their real and perceived extrinsic constraints influence
whether and how much they use technology?

2. Method

2.1. Participants

This study uses online survey data collected in fall, 2012 from 1329 early childhood educators who taught children age 4 and younger.
Participants were all associated with NAEYC and were recruited to participate by email through the NAEYC listserv. The majority of teachers
who took the survey were female (98%) andWhite (86%), with 5% African American, 4% Hispanic, 2% Asian American,<1% Native American/
Alaskan Native, <1% Hawaiian Native/Pacific Islander, and 3% of mixed racial background. The average age of participants was 48 years
(SD ¼ 10.9), with a range from 20 to 76 years. The median annual family incomewas between $61,000 and $70,000, which is slightly higher
than the national average family income of $50,054 (U.S. Census Bureau, 2012). Participants represented 48 states (excludingMississippi and
West Virginia) and Puerto Rico, as well as Canada and Europe. Almost half (45%) of participants taught in suburban areas, while 35% taught in
urban settings, and 20% taught in rural settings.

In terms of educational attainment, 36% had a graduate degree, 53% had a 4-year college degree, 11% had a high-school degree or less,
while 26% of participants either had no training or only some coursework in early childhood education. Teachers in the survey had been
working in the classroom for an average of 20.3 years (SD¼ 10.7). Therewas variation in the program type, with 49% of participants working
in center-based care (i.e., for- or non-profit non-school-based care, such as a YMCA, a Montessori, or a Bright Horizons), 33% in school-based
care (public or private programs within K-12 school programs), 11% in Head Start centers, and 7% in home-based childcare. The majority of
participants taught 3–4-year-olds (57%), 7% taught 0–2-year-olds, and just over a third (37%) taught both 0–2- and 3–4-year-olds.

2.2. Procedure

Researchers developed an original 46-item survey instrument (http://goo.gl/Rxeky) that asked participants about their access to and use
of multiple technologies, as well as their attitudes and beliefs toward technology in early childhood education and professional develop-
ment. Technologies were chosen based on prior research indicating use in early childhood environments (Wartella et al., 2010) as well as to
include both traditional platforms, such as TV/DVDs and computers, and newer mobile technologies, including iPods, iPod touch devices, e-
readers, and tablet computers. Given the increased interest in these newer mobile devices and the lack of prior research on differential
access and use in early childhood settings, these technologies were important additions from prior work in the field.

Researchers worked with NAEYC and the Fred Rogers Center to email an online survey link to the NAEYC membership database in fall,
2012. Because NAEYC membership is open to early childhood educators as well as professionals and higher education faculty, participants
were screened at the beginning of the survey to ensure that they were early childhood educators working with children 0–4 years old. This
resulted in 1329 completed surveys.

2.3. Measures & coding

2.3.1. Dependent variables
Teachers were asked how often they used each technology for instructional purposes in their classroom (e.g., TV/DVD, computer/laptop,

digital camera, iPod/MP3 player, iPod touch, e-reader, and tablet computer) on an eight-point scale: never/no access, never/access, less than
once a month, once a month, 2–3 times a month, once a week, 3–4 times a week, and daily. Two outcome variables were created for each
technology. First, teacher’s access to each technology in the classroomwas created as a dichotomous variable indicating 1 for access and 0 for
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no access. The second outcome variable measured use for only those teachers with access to the technology using the seven-point scale that
was converted to the number of days a month a teacher uses the technology: never (0), less than once a month (.5), once a month (1), 2–3
times a month (2.5), once a week (4), 3–4 times a week (14), and daily (30). This variable was treated as a continuous variable given that the
underlying concept of frequency of use is continuous and the scale has seven points, which research has shown valid for using this method
(e.g., Johnson & Creech, 1983; Zumbo & Zimmerman, 1993).

2.3.2. Independent variables
To investigate both extrinsic properties and internal teacher characteristics and attitudes, independent variables were distinguished

using Ertmer’s (1999) categories of first-order and second-order properties.

2.3.2.1. First-order properties. Extrinsic properties of the teacher’s school environment were included as independent variables. First, school
type, which has been shown in prior research to be an important control variable for access and use of technology (Wartella et al., 2010), was
used to distinguish between Head Start, school-based (private or public kindergartenwithin a school), center-based (for- or non-profit care not
associatedwith a school, such as a YMCAor Bright Horizons), and home-based childcare (in-home care). Second, research suggests that student
income levelmay be correlatedwith access to and use of technology, given that schoolswith lower student SES often have lower access tomore
pricy technology due to limited funding (Zickuhr & Smith, 2013), and teachers in these schools report using technology less often (Gray et al.,
2010). Thus, teachers were asked to describe their students’ income level (student income level) as low-income, lower-middle income, middle
income, upper-middle income, or upper income (McManis, Simon, & Nemeth, 2012). Technology policy describedwhether or not the school has
a technology policy, whichmay influence howmuch technology teachers use in the classroom. Finally, professional development described how
often the school offers professional development opportunities specifically targeting technology integration, which has been theorized as an
important mechanism for teacher acceptance and use of technology (Inan & Lowther, 2010). This was measured on a seven-point scale: (0)
never, less than once a year, once a year, several times a year, once a month, 2–3 times a month, weekly (6). Additionally, factor scores rep-
resenting teachers’ perceived extrinsic barriers were used and are described in further detail below.

2.3.2.2. Second-order properties. Personal properties of teachers were defined as two types. First, demographic variables were examined
and included highest level of education, defined as having a high-school degree or less, having a bachelor’s degree, or having a graduate
degree (MA, PhD, or EdD). Prior research uses this as a proxy for socioeconomic status with the understanding that education is highly
correlated with income (Sirin, 2005). Thus, level of education may be associated with access to technology if teachers are using their own
devices in the classroom or may be reflective of the community socioeconomic status in which they work. Age of the teacher was also a
demographic variable, given that younger and older teachers may have different attitudes toward and confidence levels of technology use
(Venkatesh et al., 2003).

Second, factor scores representing attitudes and beliefs toward the affordances and personal barriers to technology use were examined.
Measures of attitudes and beliefs drew on two indices, one of teachers’ perceived affordances and one of perceived barriers to technology
integration. The researchers developed original indices influenced by the theoretical underpinnings of the UTAUT but specific to teachers to
create factor scores. All items were measured on a five-point scale that assessed agreement with the statement, anchored by strongly
disagree and strongly agree. Both the affordances (Cronbach’s alpha ¼ .89) and the barriers scale (Cronbach’s alpha ¼ .9) were highly
reliable. Exploratory factor analyses with varimax rotations were conducted for both indices to create the factor loadings.

The affordances index resulted in two dimensionswith eigenvalues greater than 1 and accounted for 69% of the variation. All items fell on
either dimension with a factor loading of .6 or greater on one component and .4 or smaller on the other component, with the exception of
the statement, “Technology is useful for assisting children with disabilities,” which did not load on either factor and was dropped from the
subsequent analysis.

Five items loaded on the first factor, which we called children’s learning from technology, as each item described how technology could be
useful to children’s cognitive and social development: “Technology can improve individualized learning,” “Technology can help to develop
children’s critical thinking skills,” “Technology can help to develop children’s higher-order skills,” “Technology can help to develop children’s
content knowledge,” and “Technology is useful for social interactions among children.”

The second factor was called technology for administration and had three items load on the factor: “Technology can improve docu-
mentation of children’s learning,” “Technology can improve my ability to communicate with parents and other caregivers,” and “Technology
is useful for online professional development.” These items described how technology can aid the teacher in more administrative tasks. Both
affordances factors represent second-order properties as they describe teachers’ personal attitudes toward technology use.

The barriers index resulted in three dimensions with eigenvalues greater than 1 and accounted for 61% of the total variance. All items fell
on their respective dimension with a factor loading of .6 or greater on one component and .4 or smaller on the other component, with the
exception of three statements, which did not load on any of the factors: “Technology use is limited by children’s inability to appropriately use
technology,” “Technology use is limited by a lack of appropriate digital content for my students,” and “Technology use is limited by tech-
nology changing too fast.”

The first factor loaded five items and was called teacher inhibitions as the items described teachers’ lack of self-efficacy and preparedness
for integrating technology into the classroom, making this factor a second-order property: “Technology use is limited by insufficient or lack
of training,” “Technology use is limited by my lack of time to learn technology,” “Technology use is limited by my lack of time to use
technology in my early childhood classroom/program,” “Technology use is limited bymy lack of comfort with technology,” and “Technology
use is limited because I am unsure of how to make technology relevant to subject areas.”

The second factor was called lack of access and support, as the three items that loaded on the factor described how access to technology
and perceived school support limit teachers’ actual use of technology in the classroom: “Technology use is limited by insufficient or lack of
technical support,” “Technology use is limited by insufficient or inadequate software,” and “Technology use is limited by insufficient or
inadequate hardware.”

The final factor had two items and was called gatekeepers because the items described two key groups of people who hold power to limit
technology integration, namely parents and school leadership: “Technology use is limited by the lack of parent approval of technology inmy
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early childhood classroom/program” and “Technology use is limited by my school/program’s policy that prohibits technology use.” Both the
lack of access and support and gatekeepers factors represent first-order properties because they indicate perceived extrinsic constraints to
teachers’ use of technology in the classroom.

Factor scores were created for the two affordances factors and three barriers factors. Scores were computed by first multiplying the raw
score of each item by its factor loading score and then summing these weighted scores by their respective factor. Thus, each individual
participant had a weighted factor score for each of the five factors, which were then used in subsequent regression analyses pertaining to
teachers’ actual use of technology in the classroom.

2.3.3. Technology
Two types of technologies were explored, those that were universally available to teachers in the sample as determined by 75% ormore of

teachers indicating they had access to the devices and non-universal newer mobile devices as indicated by less than 30% of teachers who
said they had access to them. Universally available technologies were TV/DVDs (79%), laptop or desktop computers (83%), and digital
cameras (92%). Newer mobile technologies were non-video iPods/MP3 players (21%), iPod touch devices (15%), e-readers (15%), and tablet
computers (28%). While technology access and use were measured individually for each technology, exploring both universal and non-
universal accessible technologies provided a conceptual framework for exploring differences in access and use among early childhood
educators.

3. Results

3.1. RQ1

How do extrinsic and personal teacher demographic characteristics influence a teacher’s access to technology? A series of Pearson’s chi-
square analyses were used to investigate whether program type, student SES, or teacher education were associated with access to each
technology.

3.1.1. Program type
Results in Table 1 show that teachers from home-based programs were significantly more likely to have access to e-readers compared to

teachers from any other program type (c2 ¼ 20.7, df ¼ 3, p < .01). School-based programs had significantly more access to tablet computers
compared to center-based programs (c2 ¼ 25.5, df ¼ 3, p < .01). Finally, Head Start programs had significantly less access to TV/DVDs
compared to all other programs (c2¼14.5, df¼ 3, p< .01), while center-based programs had significantly less access to computers compared
to all other program types (c2 ¼ 30.8, df ¼ 3, p < .01).

3.1.2. Student SES
Results in Table 1 indicate teachers in programs with middle-income students had less access to several technologies compared to other

teachers. First, teachers of middle-income students had less access to iPod/MP3 players compared to teachers of upper-middle-income
students (c2 ¼ 17.7, df ¼ 4, p < .01). Second, these teachers also had less access to tablet computers compared to those with upper-income
students (c2 ¼ 12.5, df¼ 4, p¼ .01). Finally, teachers of middle-income students also had significantly less access to computers compared to
teachers of low-income students (c2 ¼ 10.8, df ¼ 4, p ¼ .03).

3.1.3. Teacher education
Results in Table 1 show that having a graduate degreewas associatedwithmore access to computers (c2¼17.9, df¼ 2, p< .01) and digital

cameras compared to teachers with a high-school degree or less (c2¼ 8.6, df¼ 2, p¼ .01). Significantlymore teachers with graduate degrees
also had access to iPod/MP3 players (c2 ¼ 13.3, df ¼ 2, p < .01) and iPod touch devices (c2 ¼ 12.8, df ¼ 2, p < .01) compared to teachers with
a 4-year college degree. Further, significantly more teachers with graduate degrees had access to tablet computers compared to both
teachers with a 4-year college degree and those with a high-school degree or less (c2 ¼ 17.9, df ¼ 2, p < .01).

Table 1
Pearson’s chi-square tests for a teacher’s access to technology by program type, student SES, and teacher education.

TV/DVDs Computer Digital camera iPod/MP3 player iPod touch E-reader Tablet Computer

Program type
Home-based care 94.6a 92.6a 91.4a 23.9a 16.9a 30.4a 33.7a,b

Head Start 75.9b 92.1a 94.9a 19a 13.2a 11b 23.9a,b

School-based care 78.7a 86.1a 92.8a 23.7a 16.9a 12.8b 35.7b

Center-based care 78.8a 77.7b 90.5a 19.5a 12.5a 14.7b 22.4a

Student SES
Low-income 80a 86.5a 92.7a 18.5a 13.1a 13.6a 29.9a,b

Middle income 81.5a 79.5b 89.4a 19.1a 12.5a 13.8a 23.6b

Upper income 75.9a 81.1a,b 93.1a 29.4b 20.3b 19.7a 31.5a

Teacher education
High school or less 80.9a 76.6a 87.3a 19a/b 13.5a,b 14.2a 22.5a

4-Year college degree 78.6a 80.4a 90.8a,b 18.2b 11.7b 14.1a 24.7a

Graduate degree 79.8a 88.6b 94.3b 26.9a 19.2a 16.7a 35.2b

Note: All numbers are reported as percentages. Statistical significance should be read separately for program type, student SES, teacher age, and teacher education. Differing
subscript letters indicate a significant difference at p < .05 level between subgroups. For example, more home-based centers have access to TV/DVDs compared to all other
types of childcare programs.
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Table 2
Regression analyses measuring frequency of use of a technology by attitudes for technology, controlling for program type, technology policy, frequency of professional development, teacher age, and teacher education.

TV/DVDs Computer Digital camera iPod/MP3 iPod touch E-reader Tablet computer

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Constant 8.2 (2.97) 11.24 (4.62) 7.68 (4.96) 5.11 (7.1) 14.8 (4.62) 14.07 (7.26) 19.03 (9.22) 4.79 (12.97) #.75 (12.14) 5.69 (15.13) 14.98 (8.84) 1.41 (12.07) 13.07 (8.18) 14.23 (10.92)
Head Start #1.73 (2.2) #3.75 (2.39) 1.04 (3.63) #1.22 (3.69) 3.46 (3.49) 2.29 (3.85) #8.84 (8.06) #3.26 (8.22) 2.49 (10.11) 8.74 (10.13) #17.27 (5.94)* #14.31 (6.93)* #6.53 (5.59) #3.54 (5.17)
School-based

care
#3.36 (1.96) #5.17 (2.16) 4.18 (3.29) 1.08 (3.38) 5.74 (3.21) 4.19 (3.54) #8.72 (7.43) #5.88 (7.42) 1.96 (9.39) 6.94 (9.31) #14.36 (4.87)* #12.0 (5.57)* #5.71 (4.8) #3.51 (4.32)

Center-based
care

#3.94 (1.93)* #5.14 (2.12) #.08 (3.25) #.89 (3.34) 5.49 (3.16) 4.27 (3.54) #6.67 (7.52) #2.55 (7.66) 4.02 (9.45) 11.19 (9.68) #15.53 (4.94)* #10.12 (5.82) #8.35 (4.84) #5.6 (4.39)

Student low SES #.94 (.99) #1.77 (1.06) 4.51 (1.59)** 2.68 (1.61) #2.01 (1.47) #3.31 (1.61)* 4.21 (3.0) 4.85 (3.11) #4.45 (3.46) #3.43 (3.46) #.39 (2.97) #2.39 (3.8) 1.86 (2.53) #1.15 (2.43)
Student middle

SES
#1.24 (1.05) #2.04 (1.12) #1.41 (1.72) #1.99 (1.69) #2.81 (1.57) #3.17 (1.67) 3.2 (3.32) 2.79 (3.38) #1.69 (3.66) #.58 (3.62) #2.5 (3.18) #2.95 (3.66) #2.81 (2.96) #4.26 (2.74)

Tech policy #1.82 (.75)* #2.19 (.81) 2.24 (1.22)* 2.59 (1.23) .43 (1.12) 1.81 (1.22) .89 (2.49) .81 (2.65) 8.3 (2.85) 6.5 (3.15)* 1.52 (2.45) .88 (2.82) 3.25 (1.99) 2.36 (1.92)
Professional

development
.33 (.3) .1 (.33) 1.93 (.49)** 1.32 (.48)** .01 (.45) #.06 (.48) .63 (1.02) .02 (1.1) 2.46 (1.05) 1.53 (1.07) 1.04 (.88) .49 (1.05) 1.54 (.75)* .82 (.71)

Teacher age .02 (.04) .004 (.04) .04 (.06) .4 (.06) #.9 (.05) #.08 (.06) #.14 (.11) #.14 (.12) #.1 (.13) .03 (.14) #.05 (.11) #.03 (.13) #.02 (.1) .11 (.09)
4-Year college

degree
#1.78 (1.58) #1.25 (1.64) #4.87 (2.65) #3.97 (2.56) .64 (2.43) .09 (2.54) 1.85 (5.66) #1.3 (6.21) 1.73 (6.12) #4.06 (7.09) 4.81 (6.16) 4.87 (6.77) #2.45 (4.41) #4.03 (4.34)

Graduate degree #2.1 (1.57) #.94 (1.65) #5.5 (2.63)* #4.05 (2.55) 2.55 (2.43) 2.18 (2.56) 3.86 (5.39) 2.77 (5.83) 3.58 (6.05) #1.99 (6.77) 4.51 (5.77) 6.29 (6.44) #.61 (4.29) .13 (4.18)
Child learning

factor
.48 (.12)** 1.51 (.18)** .23 (.18) .16 (.39) .78 (.42) .92 (.42)* 1.64 (.31)**

Administration
factor

#.71 (.3)* #1.47 (.45)** .02 (.45) 1.66 (.92) .25 (.98) .11 (.93) #2.08 (.8)*

Personal
inhibitions
factor

.08 (.14) .18 (.04) .08 (.2) .45 (.49) #.19 (.55) .36 (.56) #.32 (.31)

Access/support
factor

#.4 (.2)* #.45 (.3) #.12 (.3) #.54 (.72) #.65 (.81) #.87 (.82) #.11 (.49)

Gatekeepers
factor

.5 (.35) #.23 (.53) #.32 (.52) #1.86 (1.17) #2.18 (1.34) #.31 (1.17) #1.04 (.88)

Change in R2 .05 .14 .01 .1 .15 .12 .24

Note: *p < .05, **p < .01.

C.K.Blackw
ellet

al./
Com

puters
&

Education
69

(2013)
310

–319
315



3.2. RQ2

How do teachers’ personal beliefs about the affordances of technology and their real and perceived extrinsic constraints influence whether and
how much they use technology? A series of step-wise linear regression analyses were used to explore if and how often teachers use uni-
versally accessible technology and newer mobile devices in their classrooms. Extrinsic characteristics (school type, student SES, technology
policy, and frequency of professional development) and personal demographic (teacher education and teacher age) variables were entered
on the first step, and factor scores for teacher attitudes on the affordances of technology and beliefs about barriers to integration were
entered on the second step (Table 2).

3.2.1. TV/DVDs
The overall first-step model was not significant. Adding factor scores in the second step resulted in a significant model (F ¼ 2.48, df¼ 15,

p < .01), with significant values for both affordances factor scores. The children learning from technology factor was positively predictive of
using TV/DVDs, while the technology for administration and access/support factors were negatively predictive.

3.2.2. Computers
The first-step model was statistically significant in predicting use of computers (F ¼ 6.82, df ¼ 10, p < .01). Results showed that receiving

more professional development and working in a school with a technology policy were positively associated with computer use. Addi-
tionally, teachers who work in schools with lower-income students use computers in the classroom more frequently than teachers who
work in schools with high-income students. Having a graduate degree, on the other hand, was negatively associated with computer use.
Adding factor scores resulted in a significant model (F ¼ 9.8, df ¼ 15, p < .01). Both affordances scale scores predicted use, with children
learning from technology a positive predictor and technology for administration a negative predictor. Frequency of professional development
also remained significant.

3.2.3. Digital cameras
The first-step model was not significant in predicting use of digital cameras, nor did the addition of factor scores result in a significant

model.

3.2.4. iPod/MP3 players
The first step of the analysis resulted in no significant predictors of iPod/MP3 player use, nor did the addition of the affordances and

barriers factor scores.

3.2.5. iPod touch
The first-stepmodel was not significant. However, when factor scores were added to the analysis, themodel became significant (F¼ 2.25,

df ¼ 15, p ¼ .01). Having a technology policy was a positive predictor of using iPod touch devices.

3.2.6. E-readers
The first-step model was not significant in predicting use of e-readers, nor did the addition of factor scores result in a significant model.

3.2.7. Tablet computers
The first-step model was not significant. The addition of factor scores resulted in a significant overall model (F ¼ 4.72, df ¼ 15, p < .01),

where the children learning from technology factor was a significant positive predictor and the technology for administrationwas a negative
predictor of use.

4. Discussion

The purpose of this study was to explore how various extrinsic and personal properties influence teachers’ access to and use of tech-
nology as a way to understand general use of technology in early childhood education. Grounded in Venkatesh and colleague’s (2003)
UTAUT, this study highlights the interplay between extrinsic and personal properties that influence whether and how much early child-
hood educators use technology in their classroom.

4.1. Access

While prior studies have compared all types of classroom teachers to home-based providers (Wartella et al., 2010), this is the first study
to examine more granular differences in access between certain types of classroom teachers (i.e., Head Start, school-based, and center-
based) and home-based providers. Extrinsic properties of school type and student income level predicted whether or not teachers had
access to technologies. Home-based programs were more likely to have access to e-readers compared to all other programs, which may be
due to home-based teachers owning these devices for themselves and then using them with the children during program hours. Signifi-
cantly more school-based programs also had access to tablet computers compared to center-based care, which may be due to the recent
increase in local, state, and federally-funded pilot iPad projects across the country (e.g., Chicago, IL Public School District, Guilford County, NC
School District; San Diego Public School District; see Kaufman, 2012 for a summary). Head Start programs were less likely to have access to
TV/DVDs compared to all other programs. Further, center-based programs had significantly less access to computers compared to all other
programs, which is noteworthy given prior research that found no difference in computer access between classroom teachers, including
center-based care, and family providers (Wartella et al., 2010). Our study builds on this research by disaggregating classroom teachers to
show that there are more granular differences in access. Suggestions that computer access is universal are not necessarily accurate, as our
study showed teachers working with middle-income students actually have less access compared to teachers of lower-income students.
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Further, middle-income students may also be missing out on access to iPod/MP3 players and tablet computers in their classroom, as
significantly fewer teachers of these students had access to these devices compared to teachers of upper-income students. While traditional
digital divide literature focuses on lower-income students compared to higher-income students, results from this study provide amore fine-
grained analysis and show a potential digital divide emerging for the middle class. This may be due to technology funding initiatives tar-
geted at lower-income students, such that the policies miss children in the middle income who also do not have equal access to technology
compared to higher-income students.

Interestingly, a teacher’s highest educational attainment was also predictive of access. Having a graduate degree was consistently
positively associated with access to technology, including more access to computers and digital cameras compared to those with a high-
school degree or less, and more access to iPod/MP3 players and iPod touch devices compared to teachers with a 4-year college degree.
Additionally, more teachers with graduate degrees also reported access to tablet computers compared to all other teachers.

One possibility is that highest level of education represents extrinsic features not captured in the other measures. Thus, teachers with
higher levels of education may represent the school culture or the type of community in which the school was located. Additionally, it may
be that the personal qualities represent teacher ownership of such devices, with more educated teachers having the means to purchase and
use their technologies. Indeed, 17% of teachers use their own computers, 32% their own digital cameras, 42% their own iPod/MP3 players,
38% their own iPod touch devices, 49% their own e-reader, and 35% their own tablet computers. Thus, the digital divide is not simply an
extrinsic problem, but one also influenced by the personal means of the teacher. Students with teachers who have higher educational
attainment, and thus likely higher-income levels, gain access to more and diverse technologies than their peers in classrooms with lower-
income teachers.

4.2. Use

While access to technologies gives teachers the opportunity to integrate them into the classroom, the UTAUT suggests that facilitating
conditionsdor extrinsic barriersdand performance expectancy, effort expectancy, and social influencedor personal barriersdinfluence
actual adoption and use of the technology. The current study showed both extrinsic facilitating characteristics and personal attitudes toward
technology predict use.

The significance of extrinsic characteristics changed depending on the technology. Frequency of professional development predicted
increased use of computers and tablet computers, while the presence of a technology policy and the income level of students differentially
predicted use depending on the technology. Compared to home-based schools, other schools used e-readers and TV/DVDs less frequently.

However, personal attitudes strongly predicted use across all technologies except digital cameras, iPod/MP3 players, iPod touch devices,
and e-readers. The lack of finding for digital camerasmay be from ceiling effects given that the overwhelmingmajority had access to them in
their classrooms. For the remaining technologies, if a teacher had strong agreement that technology can benefit children’s learning, teachers
used technology more often. This makes intuitive sense as the main goal of teachers is to increase student learning, such that any belief in
the positive benefit of resourcesdwhether digital technology or traditional toolsdis likely to induce use. Prior research with teachers of
older children has found that positive beliefs in the affordances of technology for children’s learning are an underlying construct of
technology use (e.g., Ottenbreit-Leftwich, Glazewski, Newby, & Ertmer, 2010). Interestingly, teachers who believed children could learn from
technology were more likely to use TV/DVDs, which has been a historically controversial technology in early childhood settings given the
debate over the educational value of television and its potential to displace other necessary preschool activities, such as social interactions
with peers and imaginary play (Christakis & Garrison, 2009).

Beliefs about the affordances of technology for administration negatively predicted use for TV/DVDs, computers, and tablet computers.
Thus, teachers who agreed that technology in general could help with administrative tasks used these technologies less often. It could be
that teachers do not use these technologies for communicating with parents, documenting children’s learning, and online professional
development, but this only makes sense for TV/DVDs. Computers and tablet computers, on the other hand, are noted as aiding these tasks
(Ifenthaler & Schweinbenz, 2013; Lemke, Coughlin, & Reifsneider, 2009), so it could also be that teachers primarily use these technologies for
administrative tasks, which they engage in less often than if they were to use the technologies more as a classroom resource.

The barriers factors, on the other hand, did not predict technology use despite prior research indicating personal inhibitions, a lack of
access and support, and school and parent buy-in influences teachers’ use of technology (e.g., Ertmer, 1999; Mueller et al., 2008; Parette
et al., 2010; Wachira & Keengwe, 2010). Only the access and support factor was negatively predictive of TV/DVD use, suggesting that
teachers with more access and support actually use this technology less often. These teachers may be supported in more advanced tech-
nology and therefore allocate their instructional time to those technologies over TV/DVDs.

In general, while early childhood teachers may feel limited, in actuality these attitudes are not consistent with what happens in the
classroom. Because the current study focused on early childhood educators, this finding may represent a key difference between these
teachers and K-12 educators, though Ertmer (2001, 2005) has noted inconsistencies in K-12 teacher beliefs compared to actual practices.
Another plausible explanation for our findings may be that the barriers index measured perceived barriers, which may capture teachers’
feelings about the quality of integration, such that teachers may use technology because they have access to it, but they still feel limited in
what they can do with the technology because of the various barrier factors. This does not mean teachers use the technology less, just that
they may not be using it in ways and to the extent they desire or feel the technology affords.

It is noteworthy that several models to predict teacher use of technology had moderate R2 values and predicted a fair proportion of the
variance in how often teachers use a certain technology. Indeed, models for teacher use of computers, iPod touch devices, and tablet
computers accounted for approximately 27–35% of the variance. Adding factor scores changed thesemodels from insignificant to significant,
suggesting the inclusion of attitudes and beliefs factors improved the prediction of teachers’ actual use of technology. This reflects
Sheingold’s (1991) argument that “teachers will have to confront squarely the difficult problem of creating a school environment that is
fundamentally different from the one they themselves experienced” (p. 23), such that technology integration becomes not only an access
problem but one fundamentally tangled with the personal properties of teachers. Due to the reliability and significance of the affordances
and barriers scales found in this study, they would be particularly useful in future quantitative studies of teachers’ use of technology.
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Finally, evidence from this study shows that while positive attitudes toward technology aiding children’s learning is a strong predictor of
use above and beyond real and perceived extrinsic barriers, first-order barriers still influenced use for particular technologies. Further, there
is no evidence from this study that teachers’ inhibitions to using technology predicted actual use, which contradicts current research that
shows personal efficacy is a strong second-order predictor of actual use (e.g., Ertmer,1999, Ertmer et al., 2012; Parette et al., 2010). Given that
the early childhood education community is in the state of transition over technology, with evolving, and sometimes conflicting policies
affecting classroom integration, this finding may reflect different influences to technology integration particular to this demographic, as
prior research has not specifically focused on early childhood educators.

4.3. Limitations

While the current study provides insight into early childhood educators’ access to and use of a variety of technologies, findings should be
taken in light of three limitations. First, all data are self-reports from teachers of 0–4-year-olds, such that there is the potential for self-
response bias, though this is the case in all survey research. Throughout the results, we have emphasized that findings are based on the
perceptions of teachers. Second, the survey instrument itself was limited by the amount and depth of the questions wewere able to ask. For
example, it would be difficult for teachers to report the exact number of days they used a variety of technologies over the last month, such
that a less explicit likert scale was used to measure technology use. Similarly, it would be difficult for teachers to exactly assess the income
level of their students, but more general categories of low, middle, and high income are easier to answer. While this introduces some
vagueness and bias in terms of participants defining “low” versus “middle” income, these types of categories are used in other survey work
with this population (McManis et al., 2012). Finally, participants in this study were NAEYC members, such that results may not represent
trends in the general population of all early childhood educators. However, given the large sample size and participants from across the
nation, along with the dearth of research in general on how attitudes and beliefs shape early childhood educators’ use of technology, this
study provides an important first step in understanding technology in early childhood education.

4.4. Suggestions for future research

While the current study provides a unique snapshot of early childhood educators’ access to and use of technology and how these are
mediated by extrinsic and personal factors, future research should focus on more than just frequency of using technology. Instead, studies
should consider what quality integration looks like and whether or not teachers are getting the support they need to confidently integrate
technology inmeaningful and intentional ways. Additionally, futureworkwould benefit from amore diverse population of participants. This
information will help move the field forward in understanding how teachers can leverage technology to effectively enhance teaching and
learning practices with young children.

5. Conclusions

Overall, early childhood educators’ access to technology is influenced by extrinsic properties, but when it comes to actual use, personal
properties matter, especially attitudes on the affordances of technology.While the study supports the UTAUTmodel, there is less support for
the belief that personal attitudes matter more than extrinsic ones in predicting teacher use of technology. However, this may represent
important differences between early childhood educators and K-12 educators, who have been the focus of prior research, suggesting that
future research needs to disaggregate findings for these two teacher demographics.

More broadly, if we adopt the NAEYC position statement for the thoughtful use of technology in developmentally appropriateways to aid
learning in early childhood, this study provides evidence of specific practical considerations to increase quality integration of technology in
early childhood education. First, frequency of professional development was associated with higher use, such that providing early childhood
teachers with more targeted professional development on using technology in developmentally appropriate ways could help educators
more effectively integrate technology into their classrooms. Second, providing a technology policy for early childhood teachers that lays out
how to appropriately incorporate technology into their curriculum tomeet the developmental needs of students could help educators more
effectively use technology with their students. Third, shifting the teaching attitudes of early childhood educators to embrace the positive
potential of technology to impact children’s learning could go a far way to increase these teachers’ actual use of technology in the classroom.
As Fisher (2006) argued, the role of technology is not to produce change; rather, teachers are the agent of change, suggesting that
concentrated efforts to adjust teacher attitudes toward the benefits of technology could produce more effective use. Professional devel-
opment initiatives could address this, but increased empirical evidence on the effectiveness of technology to aid children’s learning could
also alter teachers’ beliefs.
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