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Abstract

A large body of literature suggests that attituegard technology and its educational use are
important determinants of technology acceptancearedration in classrooms. At the same
time, teachers’ Technological, Pedagogical, and€udrkKnowledge (TPACK) facilitates the
meaningful use of technology for educational pugso®verall, attitudes toward technology
and TPACK play a critical role for technology intagjon and have been in the focus of many
empirical studies. Albeit the attention that hasrbpaid to these two concepts, their relation
has not been fully understood. The present studiriboites to the advancement of this
understanding by examining the relations betwessethore technology attitudes (i.e.,
general attitudes towards ICT, attitudes towardE ifCeducation, and ease of use) and
TPACK self-efficacy beliefs, based on a samplé&lef 688 Flemish pre-service teachers in 18
teacher-training institutions. Using a variety trfistural equation modeling approaches, we
describe the TPACK-attitudes relations from muétiperspectives and present a substantive-
methodological synergism. The analyses revealddhbaattitudes toward technology and
TPACK self-beliefs were positively related; yetffeiences across the attitudes and TPACK
dimensions existed, pointing to the delineatiogerfieraland educational perspectives on the

use of ICT.

Keywords:Attitudes toward technology; Latent variable mag&ubstantive-
methodological synergism; Teacher education; Telcdgnal, pedagogical, content

knowledge (TPACK)
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The Importance of Attitudes Toward Technology foeBervice Teachers’ Technological,

Pedagogical, and Content Knowledge: Comparing &tralcEquation Modelling Approaches

Attitude is a little thing that makes a big diffece.

— Winston Churchill (1874-1965)

Introduction
There is no doubt that attitudes matter. In fdetytdetermine how people perceive situations,
feel about them, and behave (Ajzen, 1996; Fazico&Kes-Ewoldsen, 2005; Heider, 1946).
This almost deterministic relationship betweenadies and behavior does not only play a
role in everyday-life situations—it surfaces ingdeoom situations as well (OECD, 2016;
Richardson, 1996). For instance, the advancemem\witechnologies in the twenty-first
century and the resultant curricular focus on digatoblem-solving skills almost necessitates
the use of technology in educational setting (Fer2@13; Siddiq, Hatlevik, Olsen,
Throndsen, & Scherer, 2016; van Laar, van DeunsamDijk, & de Haan, 2017)s. At the
same time, the core actors in educational systemsdests and teachers—must be prepared
for this inexorable development. This has broughtdnt teachers’ attitudes toward
technology as determinants of the acceptance asptiad of ICT for teaching and learning
purposes. A large body of research indeed confihasICT attitudes are positively related to
the acceptance and use of ICT in classrooms (Intistaarop, 2014; Straub, 2009; Teo &
van Schaik, 2012).

At the same time, considerable attention has ba&htp teachers’ professional
competences for ICT integration in classrooms. aktesntion manifested in the development
of a framework that lays out a set of knowledge dims teachers should acquire to integrate
and use technology meaningfully (Koehler, Mishraréuik, Shin, & Graham, 2014; Mishra

& Koehler, 2006)—a conceptual framework referreasol echnological, Pedagogical, and



THE RELATION BETWEEN TPACK AND ICT ATTITUDES 3

Content Knowledge (TPACK) describing the knowletdgse for teachers to effectively teach
with technology. This framework emphasizes theradtons between content, pedagogy and
technology, and was derived from Shulman’s (198&1)-known concept of pedagogical
content knowledge. Next to ICT attitudes, TPACK &eachers’ self-efficacy beliefs in it also
determine technology acceptance (Gil-Flores, RoédgSantero, & Torres-Gordillo, 2017;
Mei, Brown, & Teo, 2017). Although TPACK and atties may play a similar role in
technology acceptance, their relation has scatmsyn explored. One of the reasons for this
research gap may lie in the methodological chaélsragsociated with the measurement of
attitudes toward technology: Different dimensiohattitudes, such as attitudes toward the
general use of ICT, attitudes toward the educatiosa of ICT, and attitudes toward the ease
of ICT use — just to name a few — are often higidgrelated and thus hardly distinguishable
(Bas, Kubiatko, & Stinbil, 2016; Bong, 2001; Hernandemyi®s, Martinez-Abad, Garcia
Pefalvo, Esperanza Herrera Garcia, & Rodriguez-€&till4). Such challenges compromise
the analysis of TPACK-attitudes relations and nrastlead to erroneous interpretations
(Marsh, Dowson, Pietsch, & Walker, 2004). Consetlyea synergism between the
substantive concept of ICT attitudes and methodoé@pproaches is needed to address
these challenges.

The present study responds to this call as it aealthe data obtained from a Flemish
sample olN = 688 student teachers’ who reported on their TRAElf-efficacy and three
core attitudes toward ICT. Performing structuralagpn modeling, we report on the
TPACK-attitude relations from different perspectwand thereby demonstrate how a
synergism between a substantive research quekaorstrelevant to the fields of teacher
education and educational technol@gg methodological approaches helps to circumvent
ubiquitous findings. This study further exempliftesw structural equation models can be

used to describe the connection between attituwdesrtl ICT and TPACK.
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Theoretical Framework
This section is organized as follows: We first eavithe conceptualization and distinction of
different attitude dimensions to emphasize themmwnalities and thus strong empirical
relations. Second, we introduce the TPACK framevant# describe approaches to the
measurement of TPACK self-efficacy. The final sectbrings together these two concepts—
attitudes toward ICT and TPACK—and presents thargxiterature on their empirical link.
Attitudestoward ICT

Research on pre- or in-service teachers’ attitto@ard ICT has a longstanding
tradition since the emergence of educational teldgyo This tradition was primarily
motivated by the question regarding which factoightndetermine teachers’ intentions to use
and the actual use of ICT in classrooms (Mumta@02Straub, 2009; Tamim, Bernard,
Borokhovski, Abrami, & Schmid, 2011) — indeed, taties toward ICT are among these
factors (Imtiaz & Maarop, 2014; Marangar& Granic, 2015).

Attitudes toward ICT have been conceptualized wessd ways, and the existing body
of research proposes a range from narrow to broadeptualizations. Focusing on the
correspondence between attitudes and behaviordrdomain-general perspective, Ajzen and
Fishbein (1977) referred to “attitudes” as “a pearsq...] evaluation of the entity in question”
(p. 889). These entities represent “some aspetftfble individual’'s world, such as another
person, a physical object, a behavior, or a pol{py'889). In the context of educational
technology, this broad definition of attitudes refe the use of ICT, ICT-related material
(e.g., learning environments, digital textbooks)teaching practices. Zhang, Aikman, and
Sun (2008) specified this definition further andtoliguished between two core aspects:
behaviororiented ICT attitudes amubjed-oriented ICT attitudes. The former describes a
person’s evaluation in favor or disfavor of ICTasobject; the latter describes a person’s

evaluation of the (anticipated) performance of ect#ic behavior, such as the use of ICT for
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teaching and learning. This delineation can alrbessimplified to the distinction between
technologicalandeducationalaspects of ICT use (Scherer, Siddig, & Teo, 20Zbang et al.
(2008) found empirical support for this delineateomd argued that attitudes toward ICT as a
behavior are better predictors of the intentionde ICT than object-oriented attitudes.

In fact, existing models of technology acceptamo®iporated the behavioral
components of ICT attitudes to predict behaviangmtions and a person’s actual behavior,
such as the use of ICT for specific purposes (Vegkga Morris, Davis, & Davis, 2003). Even
further, the technology acceptance model (TAM)—aleidhat describes the interplay
between factors that explain variation in teacheesiavioral intention and their actual ICT
use—proposes that attitudes toward ICTthescritical predictors of ICT use, next to
perceived usefulness and perceived ease of usaliglant & Grani, 2015). This model has
gained considerable attention in educational teldyyp because it provides possible
explanations why teachers might or might not mae=af technology (Teo, 2008). Moreover,
the latter two represent sources of ICT attitudes@mplete the list of motivational
variables within the core of the TAM (Turner, Kigatham, Brereton, Charters, & Budgen,
2010). Given this close relation among ICT attisideerceived usefulness, and ease of use,
some authors consider them to be facets of tedapeneral attitudesoward ICT (Kreijns,
Vermeulen, Kirschner, Buuren, & Acker, 2013; Te008; Woodrow, 1991).

Concerning the measurement of ICT attitudes, ttgeelaody of empirical studies
relies on in-service or pre-service teachers’ sgibrts (Imtiaz & Maarop, 2014; Marangéni
& Grani¢, 2015), which often capture different aspectddiF httitudes, such as attitudes
toward the educational use or general use of IQEsE facets are often highly correlated as
they rely on the same trait, that is, teachersluateoons of ICT as an object or a behaviorgBa
et al., 2016; Fraillon, Schulz, Friedman, AinleyG&bhardt, 2015; Hernandez-Ramos et al.,

2014). For instance, although Zhang et al. (20@@pthesized the distinction between object-
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and behavior-oriented attitudes, the empirical lteghowed substantially high correlations
between different measures of these two aspeests77-.85. Empirical studies that
differentiated between core ICT attitudes—qgenettélides toward ICT, perceived
usefulness, and perceived ease of use—confirmee 8teong relations (Pynoo et al., 2011;
Scherer et al., 2015; Teo, Lee, & Chai, 2008; Te®, Chai, & Wong, 2009). Considering
these correlations, it is not surprising that attés toward ICT as a behavior predict
behavioral intentions, whereas attitudes toward #&n object do not. More specifically, the
high correlations among attitudes might affectdtractural parameters in the regression
model-a phenomenon referred to as “multicollinga(farrar & Glauber, 1967). In a similar
context, Marsh, Dowson, et al. (2004) argued thigtpioses a severe issue which might lead
to uninterpretable results or even misleading amiochs. Among others, Johnson (2000)
addressed multicollinearity by a weighting procedwhich allows researchers to disentangle
the unique contributions of predictors to explaghuariation in the outcome variable.
Thomas, Zumbo, Kwan, and Schweitzer (2014) extetltisgorocedure and found alternative
approaches to dealing with multicollinearity—ovéraiethodological research provides a
range of tools to obtain more accurate regressaoarpeters and standard errors when
predictor variables are highly correlated (MarsbwSon, et al., 2004). The issue that
different facets of ICT attitudes are highly coated is critical and demands researchers’
methodological attention.
TPACK

Teachers’ TPACK conceptualizes knowledge domaiastdle relevant for teachers to
implement technology in teaching and learning psses (Voogt, Fisser, Pareja Roblin,
Tondeur, & van Braak, 2013). This framework progoaeet ofjeneralknowledge domains
(e.g., content knowledge [CK], pedagogical knowke@gK], and pedagogical content

knowledge [PCK]) andechnologicaknowledge domains (i.e., technological knowledge
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[TK], technological pedagogical knowledge [TPK]ch@ological content knowledge [TCK],
and technological pedagogical content knowledgeCKP. TPACK was derived from the
well-known PCK model (Shulman, 1987), which conssd@CK a unique feature that
gualifies the teacher profession: teachers aretabtegegrate domain knowledge with
appropriate pedagogical approaches so that studentble to understand the subject. TPCK
has a similar notion, it adds technological knowkeds in indispensable part of the teacher
profession. TPACK was embraced by both scholargaactitioners. Although TPACK is an
intuitive concept that easily resonates with ptawmters, it is considered a complex concept
by many scholars and gives rise to academic diseoufoogt, Fisser, Tondeur, & van Braak,
2016). Hammond and Manfra (2009) conceive TPACIK asmmon language for discussing
the integration of technology in education: “ourdabof giving-prompting-making is
intended to clarify the relationship between PCK tethnology within TPACK” (p. 174). In
their opinion teachers first determine how theygkespecific content (PCK), and then
consider the use of technology.

Figure 1 exhibits the relations among the diffetamdwledge domains, as they were
originally conceptualized. In the context of teclogy integration, the so-called “T-
dimensions”—representing the technological pathefTPACK framework—have been in
the main interest of teacher educators and rese@,ciind are conceptualized as follows (e.g.,
Chai, Koh, & Tsai, 2013; Koehler et al., 2014; K@hai, & Tsai, 2013; Schmidt et al.,
2009): TPCK- “knowledge about the complex relations amongnetogy, pedagogy, and
content that enable teachers to develop appro@rateontext-specific teaching strategies”
(Koehler et al., 2014, p. 102)PK — knowledge about the use of ICT to implement
instructional practices, principles, and strategl€3K — knowledge about how the subject
matter can be represented with the help of teclyyplbK — knowledge of and about

technology. Whereas TPCK, TCK, and TPK representebhnological counterparts to
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Shulman’s general knowledge domains, TK has its p@asition within the framework in that
it refers to knowledge about technological conteside or outside of teaching and learning
contexts (Schmidt et al., 2009).

The conceptual distinction between TK and the oA CK domains is an important
characteristic of the framework and has recentgnl®ibstantiated in empirical studies of in-
and pre-service teachers (Authors, 2017a; Kaya & P@13). More specifically, in studies
using the TPACK framework as a blueprint for theige of assessments, dimensionality
analyses indicated that TK can be differentiatethfthe other TPACK aspects (Koehler et
al., 2014). This finding also surfaced in the retht the more pedagogically- and content-
oriented knowledge domains (i.e., TPCK, TCK, and)®ere highly related with
correlations as high as .90 (Chai, Koh, & Tsai,&®oh et al., 2013; Sahin, 2011). The
“high degree of correlation between the subscdl@$ACK raise questions about the extent
to which the components of TPACK are, in fact, safgpacomponents” (Koehler et al., 2014,
p. 102), and camouflage the boundaries betweee #resvledge domains (Graham, 2011).
This observation poses a methodological challeeggecially when researchers want to make
use of the TPACK framework as an assessment frankeiw@xtract its dimensions, or more
precisely the corresponding subscale scores, d&ctoes of technology integration. Two
recently published studies addressed this challévigeet al. (2017) examined the role of
TPACK for technology acceptance in the contextarhputer-assisted language learning and
determined the extent to which TPACK—as an indicatdeachers’ pedagogical capabilities
to use technology for educational purposes—predlitetehnology acceptance. The authors
adapted an existing TPACK self-report measurefti@tsed on the technology-related
dimensions (Koh et al., 2013) and created an advERACK score to circumvent possible
issues associated with multicollinearity. In anotsteidy, Authors (2017a) established that a

general TPACK factor (gTPACK) and a specific TKtaccan be differentiated with the help
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of complex factor models. In their study, the aushaddressed the issue of highly correlated
TPACK dimensions by extracting what is common talahensions (gTPACK) and what is
unique to some of them (specific TK). This studysva¢so based on a self-report measure of
the technology-related TPACK dimensions. Neverglsome researchers disentangled
different profiles of pre-service teachers using éntire TPACK framework, including its
non-technical dimensions (Sointu et al., 2017)sThversity of findings shows that the use of
the TPACK framework as an assessment frameworldieahguishes between knowledge
dimensions may be problematic (Koehler et al., 2014

A possible explanation for the high correlationsoagthe technological dimensions
may lie in the way they are measured. Most empifi®aACK studies rely on in- or pre-
service teachers’ self-reports, focusing on thermtio which they feel competent in the
knowledge domains (Chai et al., 2016; Koehler gt28l14; Voogt et al., 2013). These self-
reports reflect on self-efficacy beliefs — indivalsi perceptions of their capabilities to
achieve certain goals or to perform certain behaviBandura, 1997), yet not actual
performance. Authors (2017a) have listed seveesaes for the use of self-efficacy measures
of TPACK. Independent of the knowledge domain, ¢heslicators target the same belief
system, that is, one’s self-beliefs about spe&ifiowledge, skills, and competences, high
correlations among them are likely (Marsh, Dowsairgl., 2004). The fact that TPACK self-
reports measure self-efficacy—an important facehofivation (Schunk, 1991)—is vital to
consider when interpreting the TPACK-attitudestrefss.
TPACK-Attitudes Relations

Integrating the two perspectives — that of attituttevard ICT and that of TPACK —
poses the question about how these two conceptslated. In fact, knowledge about these

relations may help researchers to develop existiadels of technology acceptance and
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TPACK further and could provide teacher educatath waluable information about what to
emphasize to enhance TPACK.

Recently, several attempts have been made to atee§PACK and attitudes toward
ICT by extending the technology acceptance modeliristance, Mei et al. (2017) assessed
TPACK by self-efficacy measures and considered gxternal variable predicting perceived
usefulness, ease of use, and behavioral intenttonse ICT next to computer self-efficacy.
The authors found positive relations between amalv€EPACK score and perceived
usefulnesspy(= .41), and ease of use% .78). Moreover, Liu (2011) identified a positive
effect of TPACK on attitude$i(= .31) and found support for direct as well asrext effects
on the usage intentions. Focusing on traditiondlianovative forms of ICT use, Teo,
Milutinovi¢, Zhou, and Bankovi(2016) and Avidov-Ungar and Eshet-Alkalai (2011)
confirmed the positive and significant relation$vween overall TPACK, perceived
usefulness, and general ICT attitudes. An elememincon to these studies is that both
TPACK and attitudes were represented by overallescas indicators, without specifying
their specific facets. Finally, some researchegs@that the development of TPACK or self-
efficacy in teaching with ICT cannot be achievedependent of their attitudes toward ICT
(Koh & Divaharan, 2011; Sointu et al., 2017; Tongd&iddiq, Scherer, & Baran, 2017).
Overall, these findings provide ground for hypothieg positive TPACK-attitudes relations
and, at the same time, emphasize the need for @ finergrained investigation of these
relations which differentiate between differentdescof both TPACK and attitudes toward

ICT.

The Present Study
Considering the relation between teachers’ TPACK their attitudes toward ICT,
this study serves two main purposes: First, itngead at examining the TPACK-attitudes

relations with a TPACK measure that captures tligniensions of TPACK and a measure



THE RELATION BETWEEN TPACK AND ICT ATTITUDES 11

that captures three core attitudes toward ICT, @eneral attitudes toward ICT, attitudes
toward the educational use of ICT, and perceivesg @4 ICT use). Instead of representing
TPACK and ICT attitudes as unidimensional consguet distinguish between different
facets to obtain detailed information about howtthe constructs are related. This
multidimensional perspective may provide imporiastghts as to howpecificTPACK
dimensions relate tepecificattitudes dimensions. Substantive knowledge athase
empirical relations contributes to the advancenoétéchnology acceptance and TPACK
models (Chai et al., 2016; Mei et al., 2017).

Second, the paper showcases the usefulness akdiffetructural equation modeling
approaches to describe the TPACK-attitudes relatibhese approaches address the
methodological issue of multicollinearity encouetgin studies that use highly correlated
motivational measures, such as attitudes toward KSTMarsh, Dowson, et al. (2004) argued,
multicollinearity might leave researchers with @@ous conclusions on relations among
variables. This paper presents the applicatiohrafet approaches to circumvent these
methodological fallacies within a structural eqaatmodeling framework: (1) Correlated-
traits models with and without parameter constgiff) Second-order factor models; (3)
Nested-factor models. These transferable approguobegle researchers in the field of
educational technology with tools to describe #atrons among highly correlated constructs
from different perspectives. We will further dissube advantages and disadvantages of each
approach to help researchers decide on the most@pgie approach for their studies. The
key research question for the present study reads:

To what extent are pre-service teachers’ attitudegards ICT related to the T-dimensions

within the TPACK framework (i.e., TPCK, TCK, TPKdal K)?
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Method

Sample and Procedure

The data underlying the present study were obtanoea a sample ol = 688 pre-
service teachers in their final year of teachaning (age:M = 25.0 yearsSD= 7.7 years).
Initially, we contacted the heads of several teatfaning institutions in Flanders, the
Dutch-speaking part of Belgium, eighteen of whicbvided sufficient data Although the
proportion of female pre-service teachers was amliglly high (74.0%), this distribution was
representative of the body of pre-service teactetise time of the study (2014-15). Most of
the 688 pre-service teachers had obtained a Bathdkgree in higher education (57.7%);
42.3% had obtained a specific teacher-trainingekefnrom universities, colleges, or adult
learning centers. There was no restriction on thgest domains pre-service teachers
specialized in. All participants completed an oelgurvey that contained questions
concerning their TPACK self-efficacy beliefs, atties toward ICT, the perceived support at
their teacher-training institution, and backgroumidrmation (e.g., age, gender, subject
domains). Study participation was voluntary and plately anonymous.
M easur es

TPACK. An adapted Dutch version of the Schmidt et al.30@ TPACK scales was
used to assess pre-service teachers’ self-betig¢feitechnology dimensions (TPCK, TCK,
TPK, and TK). This version has been evaluated wersé studies and showed evidence of
reliability and construct validity (Authors, 2017#®re-service teachers were asked to indicate
their agreement with statements that presentectsspetheir self-efficacy beliefs in the four
T-dimensions. A five-point response scale was adtared that ranged from Ogompletely

disagre¢ to 4 ( completely agree Supplementary Material S1 presents this scatieiail.

! The data used in the present study formed the aspreviously published works that focused @): (
the validation of the TPACK-measure across genflathors, 2017a); (b) the psychometric evaluatiothefso-
called SQD-scale (Authors, 2016); (c) the idendifion and interpretation of motivational ICT pre8l (Authors,
2017b).
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Attitudestoward ICT. Three core attitudes toward ICT were assessedeglgam
general attitudes toward ICT, attitudes towarddtiecational use of ICT, and perceived ease
of ICT use (e.g., Teo et al., 2008). The “Genettflugles toward ICT” (GATT) scale
contained five items, which included statementsualgeneral interest, pleasure, and
usefulness of ICT (e.g., "The use of ICT is uséduine”; Evers, Sinnaeve, Clarebout, van
Braak, & Elen, 2009). The “Attitudes toward the ealional use of ICT” (EDATT) scale
referred to the perceived usefulness of ICT foché&ay and learning purposes (e.g., “I find
ICT useful for my work as a teacher”) — a constthet is an integral part of ICT attitudes
(Scherer et al., 2015) and that is highly predect¥ technology adoption (e.g., Teo, 2009).
The “perceived ease of ICT use” (EASE) scale coethithree items measuring general
perceptions of how easy it appears to pre-sereaehers to work with ICT, independent of
the educational context (e.g., “It is easy to beeakilled in the use of ICT”). Perceived ease
of use also qualifies as a critical predictor ahteology adoption (Teo, 2011). All scales were
based on a six-point Likert scale ranging fronstdangly disagregto 5 Gtrongly agreg The
full set of items is presented in the Supplemenkéayerial S2.

Data Analysis

Model estimation and evaluation. All constructs used to assess the TPACK-attitudes
relations were represented as latent (unobsenables that are indicated by manifest
(observed) indicators (Kline, 2016). Although masifindicators of latent variables showed
only marginal departures from normality, measuremaed structural models were estimated
with the help of robust maximum likelihood (MLR)tesation with standard errors and tests
of fit that were robust against possible non-nonyalf observations and the use of
categorical variables in the presence of at leastiesponse categories (Rhemtulla,
Brosseau-Liard, & Savalei, 2012). To evaluate theffthe structural equation models

specified to examine the TPACK-attitudes relatioms,referred to common guidelines for an



THE RELATION BETWEEN TPACK AND ICT ATTITUDES 14

acceptable model fit (i.e., CFl.95, RMSEA< .08, and SRMK: .10; Hu & Bentler, 1999;
Marsh, Hau, & Grayson, 2005). Nevertheless, thesdegines do not represent “golden rules”
(Marsh, Hau, & Wen, 2004) — in fact, they do ndlyfapply to complex factor structures,
such as second-order or nested-factor models khgjasteh & Lo, 2015). All models were
estimated in the softwarepus 7.3 (Muthén & Muthén, 1998-2015).

Item parceling and scalereliability. Given the number of items (TPACK: 21 items,
Attitudes: 11 items), the number of response categdTPACK: 5 options; Attitudes: 6
options), and the number of factors or subscal®NJK: 4 factors; Attitudes: 3 factors), the
sample olN = 688 pre-service teachers is relatively smatilitain robust parameter estimates
and standard errors. A structural equation modslttieats item responses categorically and
links TPACK and attitudes toward ICT contains ab2@® parameters that need to be
estimated — the resultant sample size-to-modehpatex ratio is about 3.4:1. If item
responses were treated continuously, the ratioavoairespond to about 7:1 — a value that is
at the edge of what researchers recommend for nestietation (Lei & Wu, 2012; Wolf,
Harrington, Clark, & Miller, 2013). We consequendgcided to reduce the number of model
parameters to achieve optimal power for detectffegts, but, at the same time, ensure that
this reduction does not affect the structural paans of the TPACK-attitudes relations. A
promising approach to this is referred to as itemceling. Item parceling represents a
procedure that combines item responses in pargedstimating their means or sum scores. If
the factor structure of a scale or a group of it&grsiown, and information on item factor
loadings is available, items can be grouped togdthged on their factor loadings (Little,
Cunningham, Shahar, & Widaman, 2002; Little, Rhélat@ibson, & Schoemann, 2013).
The results of an item parceling strategy are pasghich can be used as continuous
indicators of latent variables. This procedure peoduce models with better fit and less

biased structural parameters than item-based maquietscularly if scales are unidimensional
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(Bandalos, 2002; Nasser-Abu Alhija & WisenbakeQ&0Sass & Smith, 2006). Yet, it is
critical that the factor structure of a scale isWn to create meaningful parcels (Little,
Rhemtulla, Gibson, & Schoemann, 2013). For eacle sae created three item parcels.

Scale reliabilities were estimated as Cronbaahdsd McDonald’'sy.. The latter is
based on more relaxed assumptions on the measurerodsl of scales and might therefore
provide a more accurate reliability coefficientih@ronbach’s: (Revelle & Zinbarg, 2008).
Nevertheless, Cronbachishas been used widely for decades; to ensure caimpgr with
other studies, Cronbachisis reported next toy.

Handling missing data and the cluster ed sample structure. The missing data that
occurred in the present study (less than 4%) wanellled by full information maximum
likelihood estimation under the assumption thay thecurred randomly (Enders, 2010). We
further accounted for the clustered data strudiuge pre-service teachers clustered in
teacher-training institutions) by adjustigfgystatistics and the standard errors of all model
parameters with the TYPE = COMPLEX option irpMs 7.3 (Muthén & Muthén, 1998-
2015). This adjustment results in Satorra—Bemdnare:c:tedx2 statistics, which form the basis

for further model comparisons (Satorra & Bentl€r]@).

Results

Descriptive Statistics and Scale Reliabilities

As a first step towards establishing models thatdee the relation between TPACK
and ICT attitudes, we examined the descriptivessied, characteristics of distributions, and
reliabilities for each TPACK and attitude scaleisT$tep is of importance as it facilitates the
choice of an appropriate estimation procedure bssquent structural equation models. Table
1 shows the resultant statistics. Pre-service t¥aatxhibited positive attitudes toward
technology across all three core dimensions @eneral ICT attitudes, educational ICT

attitudes, and ease of use), as indicated by lugle sneans approaching the average
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maximum of the response options. Concerning TPA®K;service teachers exhibited
mediocre to high self-beliefs—there was yet no ewvae for ceiling effects that would have
uncovered overclaiming. The scale distributionsenest severely skewed (Gravetter &
Wallnau, 2017); a graphical inspection of theitmlitions confirmed that only marginal
departures from normality existed. The descripitiem statistics confirmed these
observations and exhibited only slightly skewedriiations (see Supplementary Material
S3). Given that both item and scale distributiomseanot severely skewed, and ceiling effects
could not be identified, models that assume nogndhditributed latent variables with item
responses or parcels as indicators could be speéchit the same time, minor deviations from
normality warrant the application of robust estimatrocedures (e.g., MLR). All scales
showed acceptable to high scale reliabilities.
M easurement Models and Item Par celing

In a second step, we established measurement nfodéhe TPACK self-efficacy
beliefs and the attitude scales. This step forragptlerequisite for describing the TPACK-
attitudes relations in latent variable models. Asatibed earlier, we performed item
parceling—a procedure that groups items basedemtbrmation about their psychometric
properties and conceptual framing. This procedalteiis two steps: (1) Investigating the
item parameters in measurement models; (2) Pagckdims based on the outcomes of (1)
and the conceptual assumptions on the factor strictf the entire scale or selected groups of
items (Little et al., 2013). In the following, wesktribe the procedure of item parceling for
both the TPACK and the attitudes toward ICT scaleble 2 gives an overview of the
resultant item parcels.

TPACK measurement model. In a preliminary study that was based on the same
sample of pre-service teachers (Authors, 2017a)inVestigation of the TPACK factor

structure revealed that a nested-factor model septed the data best. This model assumed a
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general TPACK factor (QTPACK) and a specific faatgpresenting technological knowledge
(TK). The observation that TK stands out was atgticated by the slightly lower correlations
to the other T-dimensions (Table 3). These findiwgse based on item-level analyses and
targeted the invariance of the TPACK measurememteinacross gender.

In the present study, however, the TPACK measuremedel is linked to a
measurement model describing attitudes toward tRi§ extending both the focus of the
study and the complexity of the model. We consetiyeevisited the factor structure of
TPACK using item parcels and created six parceltherbasis of conceptual and empirical
considerations: First, item measuring TPCK, TCKJ &K were grouped into three parcels
because they conceptually belong to a single T-dao@. Moreover, the homogeneity of
factor loadings of all TPCK, TCK, and TPK itemMdn[A] = .76,A = .55-.79) supported this
decision. The seven TK items were parceled basedeinfactor loadings and possible
residual correlations among items. The resultatiparcels (see Table 2) exhibited high
factor loadings, Parcel L € .83), Parcel 2\(= .89), Parcel 3\(= .82).

Combining the six parcels (i.e., TPCK, TCK, TPKdahree TK parcels) into the
nested-factor model Authors (2017a) have alreadstified at the item-level resulted in a
well-fitting TPACK measurement model, S;B(Ja) =21.4p=.002, SCF = 1.0567,

RMSEA = .062, 90% ClI RMSEA =[.035, .092], CFI 93 TLI = .988, SRMR =.011.

Figure 2 presents its model parameters. Both thergeTPACK and the specific TK factors
showed significant factor loadings so that theséofa could be identified statistically. The
nested-factor model served therefore as a repisanbdbf TPACK in all subsequent models.
The specific TK factor represents the deviatiothefthree TK parcels from what is measured
by TPCK, TCK, and TPK.

Attitudes measurement model. Unlike TPACK, evidence on the factor structure of

attitudes toward ICT were not available. Howeveg,lwpothesized that the three core
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dimensions (i.e., general attitudes, educationdiides, and perceived ease of ICT use) could
be distinguished. Prior to testing this hypothesis,examined the general attitudes toward
ICT scale and established a single-factor modéi five manifest item indicators. Factor
loadings Mdn[A] = .75, = .53-.85) and modification indices suggested itieats GATT1

and GATT2, as well as GATT3 and GATT4 could be pked, leaving GATTS as a
standalone item. Hence, general attitudes wereatell by these three parcels in subsequent
models (Table 2).

To test whether three, empirically distinct atteeudctors existed, we first specified a
correlated-traits model (Figure 3a). This modebassd three correlated factors and showed a
reasonable fit to the data, S&24) = 143.2p < .001, SCF = 1.2017, RMSEA = .085, 90%
CIRMSEA =[.072, .099], CFIl = .953, TLI =.930, BR = .040. Inspecting modification
indices, however, suggested the inclusion of aluedicorrelation between items EDATT1
and EDATT2. The modified model showed an acceptatddel fit (SBy’[23] = 118.0,

p <.001, SCF =1.2103, RMSEA = .077, 90% Cl| RMSER064, .092], CFI = .963,

TLI =.942, SRMR = .039); in comparison to the orgd model, model fit had significantly
improved after including the residual correlati®&f-Ay*(1) = 29.2,p < .001. The correlated-
traits model indicated mediocre to high correlasiamong the attitude factoys= .56-.78
(Figure 3a). These correlations might cause sdviasein structural parameters describing the
TPACK-attitudes relations — caused by multicollimgaMarsh, Dowson, et al., 2004).
Whereas the correlated-traits model might indeedtermulticollinearity issues, alternative
factor models, such as second-order or nestedrfamidels might not. We therefore specified
these alternative measurement models in subsegiegs.

The second-order factor assumes a hierarchicarfttwat captures the variance that is
common to the three ICT attitudes (see Figure Bt the present data, this model had the

same fit as the correlated-traits model and un@a/armon-significant residual variance of the
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general attitudes factaf,= 0.034 SE= 0.056,p = .543). The latter indicates that the three
attitude factors are not clearly distinct (Gignad&&tzschmar, 2017).

The pure form of the nested-factor model is ofefienred to as the “bifactor model”
(Gustafsson, 1984; Holzinger & Swineford, 1937)likinthe second-order factor model, this
model assumes that a general factor underliegeatl iesponses, interpreting the specific
factors as residuals that capture variance overahnde what is common to all items. For the
present data, the bifactor model did not convepgejarily because at least one of the attitude
factors could not be identified after controlliray bverall attitudes. This observation is
indeed common to bifactor models (Eid, Geiser, Ké&hkeene, 2016). We consequently
dropped one of the specific attitude factors, @dts toward the educational use of ICT
(EDATT), resulting in a nested-factor model asishown in Figure 3c. This model exhibited
good model fit (SBF[19] = 60.6,p < .001, SCF = 1.1714, RMSEA = .056, 90% CI
RMSEA =[.041, .073], CFl =.984, TLI = .969, SRMR027) and showed significant factor
loadings for all factors. The remaining correlatlmtween the specific EASE and GATT
factors was mediocre,= .51. Although this model fitted the data veryllwigs interpretation
is more complex than for the other models. Spedlficthe general factor represents pre-
service teachers’ attitudes toward the educatios@lof ICT (reference factor), whereas the
specific GATT and EASE factors represent what tAd G and EASE items measure over
and above the educational attitudes. In this s¢heespecific factors can be interpreted as
deviations from the reference factor.

In sum, attitudes toward ICT could be describedhbge measurement models: (a)
correlated-traits model; (b) second-order factodatp(c) nested-factor model. These three
models shed light on the structure of attitudemfobfferent perspectives and might be

differentially useful for examining the TPACK-attde relations.
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Structural Equation Models

Based on the extensive analyses of the TPACK danddds measurement models and
an initial inspection of factor correlations (sesble 3), four structural equation models may
describe the TPACK-attitudes relations. We kindifer the reader to Supplementary Material
S4 for details on the correspondingpMs codes.

Model M1: Correlated-traits model. Linking the correlated-traits model of ICT
attitudes and the nested-factor model of TPACKItedun a model that fitted the data
reasonably well (see Table 4 M1). Six structurabpeeters described the TPACK-attitudes
relations (see Figure 4): General attitudes tou@idwere positively associated with
gTPACK (3 = .25,p < .01) and specific TKB(= .61,p < .01); the same held for perceived
ease of ICT use (QTPACHK:= .28,p < .01; TK:p = .45,p < .01). For both attitude factors,
the Wald test revealed that the associations withwv&re significantly stronger than those
with gTPACK (GATT:¢*(1) = 8.9,p = .003; EASEX*(1) = 4.9,p = .027).

Although educational attitudes were also positivelpted to gTPACK{ = .15,

p < .05), they exhibited a negative relation tospecific TK factor § = -.45,p <.01). The
latter implies that more positive attitudes towtre educational use of ICT pre-service
teachers have, the less competent they perceinestiees concerning the technological
issues associated with the use of ICT, or viceaterhis finding, however, might be due to
the high correlations among the attitude scaleshvbause multicollinearity issues and thus
bias in parameter estimates and their standardsgiivtarsh, Dowson, et al., 2004). Despite
the result that the variance inflation factorstfoe three predictors were within the suggested
boundaries (VIF = 1.9-2.8 < 4; O'Brien, 2007), TRAGttitudes relations in the correlated-
traits models can still be flawed. We thereforecHjed alternative models that may reduce

the correlations among the attitude factors and the consequences of multicollinearity.
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Model M1B: Correlated-traits model with equality constraints. One possible
approach to handling multicollinearity is to comastrthe regression coefficients for each
outcome variable to equality (Marsh, Dowson, et20004). For the data in this study, the
model with equality constraints fitted the datalvste Table 4 M1B), yet worse than Model
M1 (SB-Ay*[4] = 67.9,p < .001), and showed positive and significant aissions between
all attitude factors and gTPACHK € .23,p < .01) and TKf§ =.22,p <.01). Factor
correlations were still highp = .57-.79.

Model M2: Second-order factor model. Combining the second-order factor model
for ICT attitudes with the TPACK model resultedainvell-fitting model (see Table 4 M2 for
model fit; see Figure 5 for model parameters). Tihaslel showed significantly positive
relations between overall ICT attitudes and gTPABK .63,p <.01), as well as overall ICT
attitudes and TK[ = .64,p < .01). Considering this, more positive, over@Tlattitudes are
associated with stronger self-beliefs in TPACK, aiod versa. The difference between these
two relations was non-significant, Wayé) = 0.1,p = .936.

Model M3: Nested-factor model. Finally, we combined the nested-factor attitudes
model with the TPACK model (see Table 4 M3 for mddgsee Figure 6 for model
parameters). In this model, overall ICT attitudg&TT) were positively and significantly
related to gTPACK[ = .49,p<.01) and TK§ = .30,p < .01); so were GATT (gTPACK:
B=.19,p<.01; TK:B = .35,p < .01) and EASE (gTPACK3 = .22,p < .01; TK:p = .36,

p <.01). For overall ICT attitudes, the regressiorfficients did not differ significantly
(Wald+?[1] = 2.6,p = .107); the same results held for the specificTGAactor (Wald-

v[1] = 3.1,p = .079). The relation between EASE and TK was, dx@w, significantly
stronger than that between EASE and gTPACK, W&t = 4.4,p = .035. These findings
suggest that overall positive ICT attitudes (gAEr@ linked to higher TPACK self-beliefs,

independent of whether they represent educationaiyvant TPACK aspects or mere
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technical dimensions of ICT use (TK). The gATT taan this model represents the reference
attitude, that is, educational attitudes. Althoitglrelation to gTPACK — the more
educationally relevant aspect of TPACK — was ngiigicantly stronger, the observed
tendency points to the link between TPACK andwadgts via educational relevance.
Furthermore, we observed a tendency towards straalzgions of the specific GATT and
EASE factors to the more technical TPACK aspect)(TK

Robustness checks. To test whether the above-mentioned TPACK-attitued@tions
were biased due to using item parcels insteadcnof raw responses, we checked the
robustness of the findings by re-running Models M3-(including M1B) with item-level
data. Supplementary Materials S5 and S6 show Hutamt models fit indices and structural
parameters. Overall, the findings at the item-leagreed with those at the parcel-level,

supporting their robustness.

Discussion

Substantive Per spectives on the TPACK -Attitudes Relations

The present study examined the relations betwe&CKPand attitudes toward ICT
for a sample of pre-service teachers. A seriesrot®iral equation modeling approaches
suggested that more positive attitudes toward I@Tagasociated with higher self-efficacy in
TPACK, and vice versa. The different modeling ajpiees suggested that educational
aspects of both TPACK and attitudes are linkedhenoine hand, and general aspects on the
other hand. Generally, ICT attitudes as well as TRAlimensions showed high within-
construct correlations, thus challenging the imeiadion of TPACK-attitudes correlations
due to methodological issues such as multicolling@ivarsh, Dowson, et al., 2004). Overall,
second-order and nested-factor models circumveahese issues and facilitated the

substantive interpretation of the relations.
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From a substantive perspective, the positive mldbetween TPACK self-efficacy
beliefs and attitudes toward ICT emphasizes themapce of how pre-service teachers
perceive ICT, its ease of use, and usefulnesgémhing and learning purposes, for their self-
perceptions (Aubusson, Burke, Schuck, Kearney, i&chknecht, 2014; Voogt et al., 2013).
This relation links two distinct, yet related bélsystems: that of beliefs about technology and
that of beliefs about one’s own competences fargugchnology (Ertmer, Ottenbreit-
Leftwich, & Tondeur, 2015). Conducting secondartadanalysis of the International
Computer and Information Literacy Study (ICILS) 205cherer et al. (2015) supported this
finding by showing that different facets of teadigrerceived usefulness of ICT and their
self-efficacy in teaching with computers are peosily related. The two beliefs systems are
therefore closely connected. This connection miightlue to the conceptualization of
constructs and measures: both attitudes and TPAGeHBicacy beliefs represent
motivational constructs that are measured by sglibits (Nagengast & Marsh, 2014; Schunk,
1991; Zimmerman, 2000). This interpretation, howekeguires further attention in
experimental study designs which systematicallyimaate the types of measures for both
constructs.

Another important point to highlight for the integpation of the findings is the issue
of causality. Although the research model speciliPdACK as the outcome and attitudes
toward technology as predictors, it might well battthe relations between the two concepts
are bi-directional. For instance, pre-service teaglself-efficacy beliefs — that is, the beliefs
about their capabilities within the TPACK knowled#gmains — might well be a source of
their attitudes toward ICT: Whenever pre-serviakers fail to master technology-related
tasks, their TPACK self-efficacy beliefs could dearse and thus create negative attitudes
toward technology (Tschannen-Moran & Johnson, 2QElyel, 2007). Indeed, in a study of

727 Chinese pre-service teachers, Sang, ValckakBead Tondeur (2010) integrated the



THE RELATION BETWEEN TPACK AND ICT ATTITUDES 24

two perspectives on the direction of TPACK-attitsidelations: The authors assumed that
teaching self-efficacy predicted both educatioGAl httitudes and computer self-efficacy;
attitudes further predicted computer self-efficdaytheir model, attitudes toward the
educational use of ICT served as outcoaraspredictors at the same time. Overall, the
causality represented in the TPACK-attitudes refetiremains unclear.

Next to the overall positive TPACK-attitudes retais, the present study uncovered
differences in the strengths of relations. Spealifyc more educational attitudes were related
to the pedagogical and content-related TPACK dinoen@TPACK), whereas technological
attitudes showed stronger relations to TK. Theseofations point to the domain specificity
of both attitudes and self-efficacy measures (Sarad., 2010; van Braak, Tondeur, & Valcke,
2004; Zhang & Aikman, 2007), and further providengoevidence for the validity of the
scores obtained from these measures. The lattéirrasrthe conceptual distinction between
educationally and technologically oriented dimensiof TPACK and attitudes toward
technology. Along these lines, Scherer and Sid2iid %) showed a similar result for teachers’
self-efficacy in the context of teaching and leagmwvith digital technology, and the
delineation between an educational and technolbg@ACK-attitudes link supports Zhang
et al.’s (2008) dichotomous conceptualization tifides. This distinction may have practical
implications for teacher education and professioleakelopment in that teacher educators
should pay attention to fostering student teacredtgudes and self-efficacy beliefs toward
both the educational and the technological as@sssciated with use of ICT for teaching and
learning. In fact, negative perceptions of the ulsefss of technology and its ease might
create barriers for their integration into teachamgl learning (Scherer et al., 2015; Teo et al.,
2008). In this regard, we encourage researchatutly the interactions between attitudes and
TPACK in the context of technology acceptance (Hsang, Chai, & Tsai, 2013; Teo et al.,

2016).



THE RELATION BETWEEN TPACK AND ICT ATTITUDES 25

Overall, the positive relations between TPACK atiduales identified in the current
study highlight the importance of attitudes for eleping critical competences and self-
beliefs needed whilst using ICT for educationalpmses. Teacher educators might therefore
present pre-service teachers with opportunitiels(d)ashowcase the usefulness and ease of
ICT use for educational purposes, for instanceyaged examples; and (b) allow them to
gain mastery experiences—critical sources of taasdébeliefs (Tschannen-Moran & Hoy,
2007)—in using technology. Although the repertafachieving this is broad, instructional
approaches in teacher education should considetetelopment of attitudes toward ICT and
TPACK self-beliefs important.

Methodological Perspectives on the TPACK -Attitudes Relations

One of the main goals of the present study wabawsase how researchers in the
field of educational technology could handle anam@ant methodological issue: the
occurrence of high correlations among predictoraldes causing multicollinearity. This is in
fact a critical issue because ignoring it can tdsumisleading and uninterpretable findings
(Marsh, Dowson, et al., 2004). Besides this merthaumwlogical perspective, there is a
substantive perspective on it: many motivationalstaicts, or more precisely the scores
obtained from their measures, are substantiallsetated (e.g., Author, 2013; Bong, 2001;
Nagengast & Marsh, 2014; Scherer & Siddig, 2018gSE high correlations challenge their
conceptual distinction and point to the need facate approaches to handle them (Gignac
& Kretzschmar, 2017). The present study proposezkthore approaches under the
framework of structural equation modeling and slgdtt on their strengths and limitations.
The starting point for this demonstration was theesvation that (a) pre-service teachers’
attitudes toward ICT were highly correlated anddhadistinguishable empirically; (b)
seemingly ambiguous TPACK-attitudes relations (eggative relation between the attitudes

toward the educational use of ICT and TK) occuirea commonly used model that
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represented attitudes as correlated traits (“CatedHraits model”). This observation
challenges the adequacy of the correlated-traitdetrem,s a common modeling approach
(Marsh, Dowson, et al., 2004). Nevertheless, thmnsarength of this model lies in its
straightforward specification and interpretatiorr@gtions and factors. Overall, a careful
review of the parameters derived from such a modalternative models is needed.

Marsh, Dowson, et al. (2004) suggested constraitmagtructural parameters in the
correlated-traits model. This approach can redoeebrrelations among predictors and
therefore lead to more interpretable results. Atgame time, imposing equality constraints
represents a strong conceptual assumption, thheigquality of relations between
independent variables and a dependent variablekeJilarsh, Dowson, et al. (2004), we do
not recommend using this approach to handle p@ssiécts of multicollinearity, because the
equality assumption is conceptually often not fiesti Moreover, equality constraints might
not necessarily result in reduced factor corretegtiein fact, in this study, factor correlations
were still highp = .57-.79. Alternative approaches, such as secodelr and nested-factor
modeling, might be more useful in this regard.

The second-order factor model establishes a gemesmlall factor that is based on
three, first-order attitude factors. This approacparticularly useful if the relation between
TPACK andoverall ICT attitudes are in the major interest of theeegsher. The high
correlations among attitude scales are summariztiaihvthe overall factor. This approach,
however, camouflages possible, differential refaibetween TPACK and attitudes across
the different attitude dimensions — it simply praed relations between overall attitudes,
gTPACK, and TK. Second-order factor models arentenmore useful to examine the
differentiation of attitudes over time or descrthe hierarchy of motivational constructs (e.g.,

Gustafsson & Balke, 1993; Marsh, 1987; MolenaalaDoWicherts, & van der Maas, 2010).
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Nevertheless, their extensions to multi-group orem@mmplex structural equation models
often suffer from non-identification (Byrne & Ste;a2006).

Finally, the nested-factor model was particulageful for reducing multicollinearity,
as it assumed an overall attitudes factor and peaiic factors. The general attitudes factor
differed from that specified in the second-ordetda model, because it did not capture what
iscommon to all first-order factorigut what iscommon to all itemsAt the same time, the
model distinguishes between different attitudedescaind thus provides researchers with an
opportunity to study differential relations to TPRCDespite these advantages, nested-factor
models are often hard to specify (given their caxipy), and, more importantly, the factors
need to be interpreted with caution. Specific fextepresent what is measured by a set of
items over and above a reference factors. In tbdyseducational attitudes (EDATT) served
as the reference; hence, the perceived ease afis€Tactor represents the deviation of the
EASE items from the EDATT items. Eid et al. (20&&plained how the interpretation of
nested-factor models can be facilitated.

Overall, these three approaches present reseasgtiera toolbox to describe the
TPACK-attitudes relations from different perspeesivand circumvent possible
methodological flaws due to the multicollinearitydifferent attitude dimensions. We
recommend transferring these approaches to sistiidies and research contexts.
Nevertheless, researchers need to be aware ofdtelshstrengths and limitations when
interpreting the resultant parameters.

Limitations and Future Directions

The present study has some limitations worth notingt, the pre-service teachers in
this study were still enrolled in teacher educatidithough information about their TPACK
self-beliefs provides valuable insights into poksiteterminants of technology integration in

classrooms, they may differ from those exhibitedrbgervice teachers who gather immediate
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mastery experiences with ICT in their classroomeo(R015). We consequently encourage
further investigations focusing on comparisonshef TPACK-attitudes relations between pre-
and in-service teachers. Second, this study focasdtree core attitudes toward ICT. This
selection was informed by the existing body of aesle on technology acceptance and
integration which highlighted general attitudes aoavICT, perceived usefulness, and ease of
ICT use as core attitudes (Scherer et al., 20X&uBt 2009; Teo, 2009). Still, further attitudes
or ICT-related beliefs might be considered in falap studies to broaden the view on the
TPACK-attitudes relations. Moreover, the relevapsgchological factors, such as pre- or in-
service teachers’ personality traits (e.g., opesiaesl adaptability to novelty), demands
further attention and should be considered as pi@di of the TPACK competence
development.
Conclusion

This study provided insights into the relationsiedn TPACK dimensions and
different types of attitudes toward ICT for a saenpf pre-service teachers. The results
indicated significantly positive relations suggegtthat positive attitudes toward ICT are
associated with higher self-beliefs in both the eneducational TPACK dimensions (i.e.,
TPCK, TCK, and TPK) and the technological dimengibK). From a substantive
perspective, we conclude that educational and géatitudes matter for TPACK self-
beliefs. As it is the designated goal of'ZEntury teacher education to stimulate the
development of TPACK, we encourage teacher edusttaronsider the link between
TPACK and attitudes, because it provides them wailnable information about what might
block the development of TPACK. Nevertheless, tesality of the TPACK-attitudes
relations needs to be further substantiated inraxieatal and longitudinal studies. From a
methodological perspective, examining the TPACHuates relations needs to account for

the methodological issues caused by high corr@latéamong several dimensions of attitudes
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toward ICT. To describe the TPACK-attitudes relasi@appropriately, a series of different
models should be specified for researchers toddierent perspectives on these relations.
Overall, we argue that the link between TPACK attiluales toward ICT is best examined by

integrating substantivend methodological perspectives.
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Tables
Table 1
Descriptive statistics and scale properties
Scale M SD N Mdn Min Max Skewness Kurtosis SE o ot
GATT 3.48 0.81 688 3.60 0.2 5.0 -0.39 0.23 0.03 .85 91
EDATT 4.01 0.79 688 4.00 0.0 5.0 -1.04 1.93 0.03 .83 .90
EASE 3.37 0.94 688 3.33 0.0 5.0 -0.77 0.98 0.04 .89 .94
TPCK 2.65 0.63 665 2.80 0.0 4.0 -0.92 220 0.02 .86 .89
TCK 2.59 0.67 665 2.75 0.0 4.0 -0.72 1.31 0.03 .88 .90
TPK 2.68 0.60 665 2.80 0.0 4.0 -0.91 250 0.02 .90 .93
TK 2.51 0.72 665 2.57 0.0 4.0 -0.43 0.38 0.03 91 .94

Note.GATT = General attitudes toward ICT, EDATT = Adiites toward the educational use of ICT, EASE =ddeed ease of ICT use,
TPK = Technological pedagogical knowledge, TCK =HRmological content knowledge, TPCK = Technologpmdagogical content knowledge,
TK = Technological knowledge; = Cronbach’s Alphap; = McDonald’s Omega-total (Revelle & Zinbarg, 2008)
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Table 2

Overview of item parcels
Scale Parcel 1 Parcel 2 Parcel 3
TPACK TPCK1-TPCK5 TCK1-TCK4 TPK1-TPK5
TK TK1, TK2 TK4, TK6 TKS, TK5, TK7
GATT GATT1, GATT2 GATT3, GATT4 GATTS
EDATT EDATT1 EDATT2 EDATT3
EASE EASE1 EASE2 EASE3

Note.GATT = General attitudes toward ICT, EDATT = Atitites toward the educational use
of ICT, EASE = Perceived ease of ICT use, TPK =hHhetogical pedagogical knowledge,
TCK = Technological content knowledge, TPCK = Tealbgical pedagogical content
knowledge, TK = Technological knowledge.
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Table 3
Factor correlations
GATT EDATT EASE TPK TCK TPCK TK

GATT 1.00

EDATT .76 1.00

EASE .70 .56 1.00

TPK 57 51 .54 1.00

TCK .56 A48 .57 .97 1.00

TPCK .53 A4 .50 .98 .97 1.00

TK .69 A4 .68 .82 .87 .81 1.00

Note.GATT = General attitudes toward ICT, EDATT = Atiiites toward the educational use
of ICT, EASE = Perceived ease of ICT use, TPK =hHhetogical pedagogical knowledge,
TCK = Technological content knowledge, TPCK = Temlbgical pedagogical content
knowledge, TK = Technological knowledge. All coatbns are statistically significant at the
0.1% level. Correlations between factors of theesanderlying constructs are highlighted in
grey.N = 688.
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Table 4
Fit of the structural equation models describing TPACK-attitudes relation

Measurement models

90% CI
Model TPACK Attitudes SBCZ df p SCF RMSEA RMSEA CFl  TLI SRMR
M1 NFM CTM 2449 77 0.000 1.1409 .056 [.048, .064] .973 .964 .035
M1B NFM CTM with equality 315.2 81 0.000 1.1435 .065 [.057,.072] .963 .952 .048
constraints
M2 NFM SOFM 325.3 81 0.000 1.1554 .066 [.059, .074] .961 .950 .046
M3 NFM NFM 1929 73 0.000 1.1350 .049 [.041, .057] .981 .973 .029

Note.CTM = Correlated-traits model, SOFM = Second-ofdetor model, NFM = Nested-factor model; $B= Satorra-Bentler correctad
value (Satorra & Bentler, 2010), SCF = Scaling ection factor.
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Note.gTPACK = General TPACK factor, TK = Specific factairtechnological knowledge
(TK), P;j = ltem parcels. Factor loadings and residual naea are statistically significant
(p<.01).
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Figure 3.Measurement models describing the factor strudbr€T attitudes: (a) Correlated-traits model, §8cond-order factor model,

(c) Nested-factor model.

Note.GATT = General attitudes toward ICT, EDATT = Attites toward the educational use of ICT, EASE = Pezdecase of use,
gATT = General factor of ICT attitudes; B Item parcelsns = statistically not significanto(> .05). Factor loadings, residual variances, and

factor correlations are statistically significapt<(.01).
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Figure 4.Structural equation model describing the relatiogisveen ICT attitudes and
TPACK based on the correlated-traits model ofades.

Note.GATT = General attitudes toward ICT, EDATT = Attles toward the educational use
of ICT, EASE = Perceived ease of ICT use, gTPAC&eneral TPACK factor, TK =
Specific factor of technological knowledge (TK}, Pltem parcels. Factor loadings, residual

variances, and factor correlations are statisticatinificant p < .01). *p < .05, **p < .01.
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(TK), P; = Item parcels. Factor loadings and residual naea are statistically significant
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Figure 6.Structural equation model describing the relatiosisveen ICT attitudes and

TPACK based on the nested-factor model of attitudes

Note.GATT = General attitudes toward ICT, EASE = Perediease of ICT use,

gATT = General factor of ICT attitudes, gTPACK =rig&eal TPACK factor, TK = Specific
factor of technological knowledge (TK); B Item parcels. Factor loadings, residual
variances, and factor correlations are statisticatinificant p < .01). **p <.01.
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Highlights

» The dimensions of pre-service teachers’ ICT atétudre highly correlated.

* A nested-factor model describes the structure dfd@itudes best.

* ICT attitudes are positively related to general TAand specific TK.

* Educational and technological aspects of TPACK attitldes are connected.

* Methodological considerations are needed to desthi® TPACK-attitudes relations.



