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Abstract

This study examines early childhood pre-service teachers’ attitudes towards digi-
tal technologies and their relations to their self-perceived digital competence. Atti-
tudes towards digital technologies were divided into core attitudes: general attitudes
towards digital technologies; attitudes towards educational use of digital technolo-
gies; and perceived ease of digital technology use. Technological knowledge [TK]
and technological content knowledge [TCK] dimensions of the TPACK frame-
work were used to assess pre-service teachers’ self-perceived digital competence.
Two structural equation models, a correlated-traits model and a second-order factor
model, were used to analyse the relations between attitudes and digital competence.
Based on the results, the early childhood pre-service teachers held positive attitudes
towards digital technologies. Both models fit the data well, but the correlated-traits
model explained a larger portion of variance in competence measures. Moreover,
this model provided a more fine-grained picture of the associations between atti-
tudes and competence. The general attitudes towards digital technologies and per-
ceived ease of digital technology use were related to both TK and TCK, whereas
attitudes towards educational use of digital technologies were not. Therefore, the
correlated-traits model was viewed as better at describing the relations between atti-
tudes towards digital technologies and digital competence. The study contributes to
the development of teacher education. Instead of considering the current generation
of pre-service teachers as a homogeneous group, this study aims to understand how
they differ in their attitudes and how they perceive their own competence to use digi-
tal technologies.
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1 Introduction

Digital technologies have become a fundamental part of people’s everyday
lives and education. In recent years, they also have become a prominent part of
early childhood education (Fenty & Anderson, 2016), as digital citizenship and
required digital competence affect not only adults, but also young children (see
Lauricella et al., 2020). Simultaneously, Generation Z is enrolling in teacher edu-
cation now. This generation and its digital competence have been a topic of vari-
ous debates and studies (e.g., Hernandez-de-Menendez et al., 2020; Téth et al.,
2022). Generation Z has been labelled ‘digital natives’ as the first generation in
which digital technologies have been ubiquitous throughout their lives. However,
we must remember the critical notion that ‘there is no such thing as a digital
native who is information-skilled simply because (s)he has never known a world
that was not digital’ (Kirschner & De Bruyckere, 2017, p. 135). Instead, they are
not automatically confident when using digital technologies in an educational
context and in a pedagogically meaningful way (Brown et al., 2016) due to a lack
of educational digital competence (Alelaimat et al., 2020; Masoumi, 2021).

The present study is grounded in a notion that (digital) competence can be defined
as the integrated application of knowledge, skills and attitudes during task performance
(Baartman et al., 2007). Thus, it is important to highlight that digital competence and
the utilisation of knowledge, skills and attitudes in a specific context, e.g., work, may
differ significantly. Previous studies have highlighted the importance of attitudes, e.g.,
studies conducted with in-service teachers found that even if a teacher has the required
technology available and good general digital skills, this does not necessarily lead to
integration of technology into pedagogical practice (Aldhafeeri et al., 2016). In previ-
ous studies conducted with in-service teachers, attitudes towards technology have been
found to be a strong predictor of pedagogical technology integration (Aldhafeeri et al.,
2016; Altun, 2019; Blackwell et al., 2016) in the context of early childhood education.
Aldhafeeri et al. (2016) found that even though early childhood educators had the nec-
essary technological skills, and their classrooms were equipped with suitable technol-
ogy, the teachers’ negative attitudes towards digital technologies prevented successful
technology integration. Previous studies mainly have focussed on in-service teachers,
while pre-service teachers’ attitudes towards digital technologies have been under-
examined. Therefore, this study focuses on pre-service teachers’ attitudes towards digi-
tal technologies. The context of this study is Finnish early childhood teacher education
and with pre-service teachers we refer to students enrolled in a teacher education pro-
gramme. The Finnish early childhood teacher study programme consists of three years
of studies to attain the bachelor’s degree which is the legal requirement in Finland to
work as a teacher in early childhood education.

So far, previous research concerning pre-service teachers’ attitudes towards digi-
tal technologies mainly has focussed on pre-service teachers’ attitudes during the
final stage of their studies (e.g., Scherer et al., 2018; Yerdelen-Damar et al., 2017),
but research in the context of pre-service teachers during the starting phase of their
teacher education has been the topic of fewer studies (e.g., Mertala, 2019). Further-
more, research concerning early childhood pre-service teachers remains limited (i.e.,
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Altun, 2019; Dong & Xu, 2021; Mertala, 2019). Several studies have found that pre-
service teachers tend to hold mostly positive attitudes towards digital technologies
(e.g., Aslan & Zhu, 2017; Scherer et al., 2018). However, when it comes to early child-
hood pre-service teachers, extant research indicates that they have reservations about
using digital technologies with young children, and from this perspective, they do not
seem to differ from in-service teachers (Dong & Xu, 2021; Mertala, 2019). This chal-
lenges the narrative of digital natives and provides reason to view the current genera-
tion of pre-service teachers as a heterogenous group when it comes to attitudes towards
digital technologies (Mertala, 2019). However, to develop higher education and study
programmes, it is essential to understand students’ attitudes towards digital technolo-
gies and their pedagogical use at the beginning of their training. Therefore, this study
aims to broaden the understanding of attitudes that first-year pre-service teachers hold
towards digital technologies and to examine the relations between attitudes towards
digital technologies and study participants’ perceived digital competence.

2 Theoretical background
2.1 TPACK

As digital technologies have become an integral part of learning and teaching in the
twenty-first century, different frameworks have been developed to grasp the multifaceted
nature of digital competence required in different educational contexts. These frameworks
have been created from both educational policy and conceptual perspectives. Examples of
policy-level frameworks are the European Commission’s DigCompEdu (Redecker, 2017)
and UNESCO’s ICT Competency Framework for Teachers (2018). Other conceptual
approaches that have been adopted in the education field (Falloon, 2020) include Puent-
edura’s (2006) Substitution, Augmentation, Modification, and Redefinition (SAMR) and
Mishra and Koehler’s (2006) Technological Pedagogical Content Knowledge (TPACK),
which is used in this study. TPACK builds on Schulman’s (1986) pedagogical content
knowledge (PCK) theory. With TPACK, the teacher’s necessary knowledge about how to
integrate technology into pedagogy is divided into three domains: technology, pedagogy,
and content. The domains are viewed as equally important from the perspective of devel-
oping meaningful teaching (Wang et al., 2018). However, the domains are viewed not as
stand-alone parts of a competence, but rather as overlapping, thereby creating combina-
tions that eventually form the TPACK, as seen in Fig. 1.

In addition to specific technological skills and knowledge, TPACK acknowledges
that teaching and learning always happen in a specific context. These contexts influ-
ence the development of TPACK (Rosenberg & Koehler, 2015). Originally, these
contextual factors were defined only as student background, grade level, subject
matter and available technology (Mishra & Koehler, 2006), but recent research
(Blackwell et al., 2016; Porras-Hernandez & Salinas-Amescua, 2013) has taken a
wider view of these contextual factors and their relation to digital competence. One
of these contextual factors is teachers’ attitudes towards digital technologies (Black-
well et al., 2016), which is this study’s main focus.
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Fig. 1 The TPACK framework.
Note. Adapted from http://
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2.2 Pre-service teachers’ attitudes towards digital technologies

Aslan and Zhu (2017) defined attitudes as an individual’s predisposition to respond
favourably or unfavourably to an object, person or event (cf. Ajzen, 1988). Teach-
ers’ attitudes towards digital technologies have been examined using specific the-
ories, e.g., the Davis’ (1985) technology acceptance model (TAM) (Siyam, 2019;
Teo et al., 2008) and unified theory of acceptance and use of technology (UTAUT)
(Venkatesh et al., 2003), and by categorising attitudes towards digital technologies
based on their relation to the technology use context. In this study, pre-service teach-
ers’ attitudes towards digital technologies were divided into three core categories,
following the example of Tondeur et al. (2018) and Scherer et al. (2018): general
attitudes towards digital technologies (GATT), attitudes towards educational use of
digital technologies (EDATT), and perceived ease of digital technology use (EASE).

First, general attitude measures a person’s attitude towards digital technologies on
a general level without any relation to a pedagogical context. Positive general attitudes
towards digital technologies have been found to predict better competence in support-
ing learners’ digital technology use (Tondeur et al., 2018), but other extant research
found no relation between pre-service teachers’ general attitudes towards digital tech-
nologies and pedagogical integration of digital technologies (Aslan & Zhu, 2017).

Second, previous research (e.g., Valtonen et al., 2018) has found that pre-service teach-
ers generally have positive attitudes towards the pedagogical use of digital technologies.
However, there might be variation between pre-service teachers from different subject
domains (Padmavathi, 2016). As noted earlier, early-childhood pre-service teachers have
been found to express reserved attitudes towards the pedagogical use of digital technolo-
gies, as they have concerns about possible negative effects that digital technologies may
inflict on young children (Dong, 2018; Palaiologou, 2016; Dong & Xu, 2021).
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Finally, ease of use has been found to be related to pre-service teachers’ digital com-
petence. Tondeur et al. (2018) found that high perceived ease of use positively impacted
pre-service teachers’ competence to support their pupils’ digital competence, as well as
design learning environments rich with digital technologies. However, negative percep-
tions of ease of use seem to have impacted pre-service teachers’ self-efficacy and can
lead to barriers in using digital technologies for educational purposes (Scherer et al.,
2018). A relation between ease of use and pre-service teachers’ intention to integrate
digital technologies into the pedagogy also has been found in studies conducted with
early childhood pre-service teachers (Kalogiannakis & Papadakis, 2019; Teo, 2011).

As we can see, attitudes towards digital technologies can be viewed as a multi-
faceted phenomenon moderated by educational context. In previous studies (Scherer
et al., 2018; Tondeur et al., 2017), these various attitude categories — i.e., GATT,
EDATT and EASE - have been found to correlate between each other. This raises
the question of whether these attitude categories should be viewed individually or
combined into one big entity, i.e., a more holistic approach.

As these various attitude categories all seem to be related to digital competence
(Tondeur et al., 2018), and teacher education has been found to be an effective way and
place to foster development of both attitudes towards digital technologies and perceived
digital competence (Aslan & Zhu, 2017; Gill & Dalgarno, 2017), it is necessary to
understand the relations between attitudes towards digital technologies and digital com-
petence. To be able to design teacher study programme content so that these relations
and variances among pre-service teachers are considered, it is paramount that an under-
standing of these relations be developed during the initial phase of teacher education.

2.3 Research questions

This study has two main goals. First, it aims to broaden the understanding of first-
year early childhood pre-service teachers’ attitudes towards digital technologies by
examining whether differences exist between the three core attitude scales’ mean
values and whether the attitude scales differ from expected mean value. The study’s
second aim, in line with Scherer et al. (2018), is to analyse the relations between atti-
tudes towards digital technologies and TPACK by using structural equation model-
ling (SEM). Previous research (Scherer et al., 2018) has indicated that final-year pre-
service teachers’ positive attitudes towards digital technologies are related to both
TK and TCK dimensions of TPACK. This study aims to discover whether this also
is evident with early childhood pre-service teachers during the initial phase of their
training. Furthermore, we examine whether the relationships between attitudes and
competence are better described by a model that approaches each attitude compo-
nent separately or that combines the three categories into one general attitude factor.
Research questions

1. Do the mean values of first-year early childhood pre-service teachers’ core

attitudes towards digital technologies (GATT, EASE, EDATT) differ from the
expected mean value and do they differ from each other?
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2. How are pre-service teachers’ attitudes towards digital technologies related to
TPACK factors TK and TCK?

3 Method
3.1 Participants and data collection

The participants (N=304) in this study were first-year early childhood education
students from three Finnish universities. The participants ranged in age from 18 to
57 M=27.19, Mdn=22.00, SD=9.80), comprising 282 women, 18 men and four
participants who identified themselves as neither. The low percentage of men among
the participants’ (6.4%) represents well the ratio of men (6.0%) who started in early
childhood teacher education programme in 2021 (Finnish National Agency for Edu-
cation, 2021) when the data were collected.

The data were collected during the fall semester of the 2021-2022 academic year
using an online survey that contained questions concerning pre-service teachers’ atti-
tudes towards digital technologies on the two dimensions (TK and TCK) of a TPACK
self-efficacy scale, their opinions on digital technologies’ possible effects on chil-
dren’s development, their free-time digital technology use and background informa-
tion. As the scales used in the survey were translated into Finnish, a pilot study was
conducted to ensure the translated scales’ reliability. In all three participating univer-
sities, the early childhood teacher programme includes mandatory courses where the
students learn about the pedagogical use of digital tools as a part of early childhood
pedagogy. At the time of the data collection, in one university there were two courses
related to digital technologies during the first year of studies totalling 4,5 credits. In
the second participating university one course of 4 credits was held during the first
year and in the third university one course of 1 credit was held during the first year
and one 5 credit course during the second year, totalling 6 credits.

To ensure minimal impact of courses related to digital technologies to the partici-
pants’ attitudes and competence, the data collection was timed in all three universities to
the beginning or before these courses. At one university, students answered the survey
during a course lecture on one of the courses related to digital technologies. At the other
two universities, data were collected during course lectures that were unrelated to the
topic, and an orientating video informed participants about the research and its goals.
Participation in the study was voluntary. E-mail addresses were collected from those
who wished to participate in a lottery for gift cards to thank them for their participation.

3.2 Measures
3.2.1 Attitudes

A three-part survey was administered to measure attitudes towards digital technolo-
gies.! The first part was a five-item scale to measure general attitudes towards digital

! In all scales used, the term ICT originally was used instead of digital technologies.
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technologies (GATT) (Evers et al., 2009). The GATT scale included items related to
the person’s interest in digital technologies, pleasurable experiences related to digi-
tal technologies and perceived usefulness of digital technologies. The second scale
(EDATT) included three items that measured attitudes towards educational use of
digital technologies. EDATT included questions related to the person’s views on
digital technologies’ usefulness for educational purposes. The final attitude scale
(EASE) was a three-item scale that measured perceived ease of digital technology
use. Other scholars previously have used all three attitude scales (e.g., Scherer et al.,
2018; Teo, 2011; Tondeur et al., 2018). The scales were based on a 1 (completely
disagree) to 5 (completely agree) Likert scale. All three scales’ reliability was good
based on Cronbach’s alpha and McDonald’s omega (see Table 1).

3.2.2 TPACK

Pre-service teachers’ self-beliefs were measured using Schmidt et al.’s (2009)
TPACK scales. Instead of measuring all four TPACK dimensions, this study
focussed on technological content knowledge (TCK) and technological knowledge
(TK) due to the participants being first-year pre-service teachers who only recently
had started their studies. As the participants had not yet amassed any pedagogi-
cal experience in their studies, their self-assessments in pedagogically emphasised
TPCK and TPK dimensions would have been strongly hypothetical in nature. The
TPACK scales also were five-point Likert scales with a range of 1 (completely disa-
gree) to 5 (completely agree). According to Cronbach’s o and McDonald’s @, both
TPACK scales’ reliability was excellent (Table 1).

3.3 Data analysis

To answer the first research question — whether the three attitude scales’ means dif-
fered from the hypothesised mean value of 3 — a one-sample t-test was used. Fur-
thermore, a repeated-measures ANOVA, including attitude scale scores as the
within-subject factor, was conducted to determine whether the three attitude scales’
means differed statistically significantly from each other.

Table 1 Descriptive statistics, one-sample t-test and scale properties

Scale M SD Min Max Skewness Kurtosis « 0, 1(303) p

GATT 384 063 180 5.00 -0.31 -0.29 078 0.80 234 <0.001
EDATT 399 0.67 200 5.00 -042 -0.14 0.77 078 255 <0.001
EASE 351 093 1.00 5.00 -0.53 -0.26 090 090 9.6 <0.001
TCK 329 088 1.00 5.00 -0.35 -0.27 0.8 085 5.1 <0.001
TK 338 081 1.14 5.00 -0.20 -0.46 0.88 0.88 82 <0.001

N=304, GATT=General attitudes towards digital technologies, EDATT = Attitudes towards the edu-
cational digital technology use, EASE =Perceived ease of digital technology use, TCK =Technological
content knowledge, TK =Technological knowledge, o= Cronbach’s alpha, &»,=McDonald’s omega total
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SEM was used with the second research question. Two different models were
established to view the relations between the three attitude scales (GATT, EDATT
and EASE) and two TPACK dimensions (TK and TCK). Both estimated mod-
els’ goodness of fit was evaluated using five indicators: y° test, comparative fit
index (CFI), Tucker-Lewis fit index (TLI), root mean square error of approxi-
mation (RMSEA), and standardised root mean square residual (SRMR). Both
models were estimated using Mplus software (Version 8.8) (Miithen & Miithen,
1998-2023).

4 Results
4.1 Pre-service teachers’ attitudes towards digital technologies

In the first research question, we examined pre-service teachers’ attitudes towards
digital technologies — namely whether they were negative, neutral or positive — and
whether attitude levels differed from each other. A one-sample t-test indicated that
the means were higher than the hypothesised scale mean of 3 in all three attitude
scales, suggesting that pre-service teachers expressed rather positive attitudes
towards digital technologies (Table 1). A repeated measures ANOVA with a Green-
house—Geisser correction indicated that all three attitude scales’ means differed from
each other (F[1.77, 534.75]=53.3, p<0.001). Post hoc pair-wise comparisons with
a Bonferroni adjustment indicated that attitudes towards pedagogical use of digital
technologies had a higher mean score than general attitudes towards digital tech-
nologies. Perceived ease of digital technology use had a lower mean score than gen-
eral attitudes towards digital technologies and attitudes towards pedagogical usage
of them. Furthermore, the variance in perceived ease of digital technology use was
largest.

4.2 The relations between attitudes towards digital technologies and TPACK

The second research question investigated the relations between the three core atti-
tudes towards digital technologies and the two TPACK dimensions: TK and TCK.
As a first step, correlations within the three attitude scales, as well as between
them, and both measures of digital technology use, namely TK and TCK, were
examined (see Tables 2 and 3). The three attitude scales were moderately (Cohen,
1992), but not highly, associated with each other. Variance inflation factors for the
three attitudes varied between 1.29 and 1.46, suggesting a low multicollinearity
level between these scales. Correlations between the three attitude scales and TCK
were all low. Instead, correlation strength between the three attitude scales and TK
seemed to differ: Perceived ease of digital technology use and TK were associated
strongly, whereas only a moderate correlation was found between EDATT and TK.
The strength of the association between GATT and TK fell in between these two
extremes, but the associations between all attitude scales and TCK were of similar
strength, i.e., weak, although statistically significant.
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Table 2 Pearson correla}tlon Variable 1 5 3 4 5
coefficients between attitude
scales and digital competence 1. GATT _

2. EDATT  0.469%*% -
3. EASE 0.449%%% () 35]%*%*
4. TCK 0.274%%%  (0.206%%*%  (,224%%*

5. TK 0.535%#%  (0.318%**  (.697***  (.376%** -
*#%kp <0.001
Table 3 Model fit
Model Measurement X2 af p RMSEA 90% CIRMSEA CFI TLI SRMR
model
Ml CT™M 1.703 2 0.427 0.000 [0.000, 0.108] 1.000 1.000 0.014
M2 SOFM 5561 3 0.135 0.042 [0.000, 0.121] 0.993  0.977 0.015

CTM = Correlated-traits model, SOFM = Second-order factor model, Scaling correction factor

Based on the correlations, two models were established to examine the relations
between pre-service teachers’ attitudes towards digital technologies and the two
TPACK dimensions: TK and TCK. The first model was a correlated-traits model
(M1), and the second was a second-order factor model (M2). These two models’
constructs were based on Scherer et al.’s (2018) models. Both models fit the data
well, based on the fit indices (see Table 3).

4.2.1 Model M1: Correlated-traits models

The correlated-traits model was constructed first by adding hypothesised paths
between all measures, after which non-significant paths were removed one by one.
The final model with all significant paths is presented in Fig. 2. General attitudes
towards digital technologies (GATT) were associated quite evenly with both TPACK
dimensions. More positive general attitudes were related to higher values in both
TK and TCK. Perceived ease of digital technology use (EASE) also was associated
positively with both TPACK dimensions. The relation between EASE and TK was
much stronger than the one between EASE and TCK. The attitude towards educa-
tional use of digital technologies (EDATT) was not directly associated with either of
the two TPACK dimensions, although it was associated with both GATT and EASE,
through which it had indirect associations with both TK and TPACK.

4.2.2 Model M2: Second-order factor model

The second-order factor model (see Fig. 3) was constructed next. A second order
latent attitude factor (gATT) was constructed from the three attitude scales first. Next,
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GATT 278 (.043) ®
217 (.065
(% 548 268 (.058)
469 (.045)
572 (.038)
1449 (.047) EDATT TCK
351 (.051) 126 (.064)
.088
EASE
Fig.2 Model 1: The correlated-traits model
GATT TK
683 572 231 (.065)
826 (.052) 363 (.058)
490 (.049)
EDATT TCK
562 (.053)
316 \ 347 (.070) 120
EASE
316

Fig.3 Model 2: The second-order factor model

hypothesised paths between it and both TPACK measures were added. Finally, an
additional path between EASE and TK was added based on the modification indices
that the Mplus program suggested. The final model is presented in Fig. 2. From the
three attitude scales, GATT was associated more strongly with the latent factor gATT
than with EASE or EDATT. The general factor of attitudes towards digital technolo-
gies (gATT) found positive relations with both TPACK dimensions (TCK and TK).
The association strengths between gATT and TCK, on one hand, and gATT and TK,
on the other hand, were quite even. As in the correlated-traits model, a strong direct
association between EASE and TK clearly also was visible in the second-order fac-
tor model, in which EASE was related to TK both directly and indirectly via gATT,
whereas the other two attitude scales were related only through gATT.
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5 Discussion

This study examined first-year early childhood pre-service teachers’ attitudes
towards digital technologies and how these attitudes are related to their perceived
digital competence. The first research question examined early childhood pre-ser-
vice teachers’ attitudes towards digital technologies. They had positive attitudes
towards all three core attitudes, but attitudes towards pedagogical use registered the
highest mean score. Recent studies have reported mixed results concerning early
childhood pre-service teachers’ attitudes towards the use of digital technologies in
early childhood education (see Birkollu et al., 2017; Mertala, 2019). Our results
are in line with previous studies’ findings that pre-service teachers hold positive
attitudes towards digital technologies and view them as an important part of early
childhood education (e.g., Alelaimat et al., 2020; Casillas et al., 2020). Other stud-
ies (e.g., Dong & Xu, 2021; Mertala, 2019) have reported that early childhood pre-
service teachers’ attitudes towards digital technologies do not differ very much from
those of in-service teachers, and that they tend to have reserved attitudes towards the
benefits of using digital technologies with young children, viewing them as a threat
to play-based pedagogy and children’s well-being. In this sense, this study’s results
are somewhat contradictory. Explaining the reasons behind these positive attitudes
towards the educational use of digital technologies lies beyond this study’s scope,
but possibly, participants found it difficult to assess critically the pedagogical aspect
of digital technologies used in early childhood education without having any peda-
gogical experience yet. Considering that the perceived ease of digital technology
use registered the lowest mean score and greatest variance among the participants
indicates that even though the current generation of pre-service teachers view digi-
tal technologies and their pedagogical use in a generally positive light, they remain
a heterogeneous group with different skills and self-esteem levels when it comes
to their self-perception of their digital competence. This is in line with previous
research (e.g., Valtonen et al., 2018) and is an important finding, as perceived ease
of use is a strong predictor of the integration of digital technologies into pedagogi-
cal activities (Teo, 2011). The results support previous conclusions that the ‘digital
native’ generation needs training just like other generations (Alelaimat et al., 2020).

Correlations between attitudes and TPACK dimensions TK and TCK revealed une-
ven relations between the three attitudes and both TK and TCK. Despite moderate
associations between attitudes, it was possible to test two different models to analyse
relations further between attitudes and digital competence, a correlated-traits model
with all three attitude scales separately and a second-order factor model that included
a general attitude factor. Both models demonstrated the relation between TK and TCK,
as well as attitudes towards digital technologies, as has been reported in several pre-
vious studies with pre-service teachers (Altun, 2019; Scherer et al., 2018; Yerdelen-
Damar et al., 2017). The relations between the core attitudes and TK were stronger in
both models than the relations between attitudes and TCK. The strong relation between
perceived ease of use and technological knowledge could be viewed as self-explan-
atory, but still is important information for teacher training, as the relation between
perceived ease of use and self-efficacy in digital technology use has been reported in
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previous research (e.g., Tondeur et al., 2018). The results support Yerdelen-Damar
et al.’s (2017) findings that to foster development of pre-service teachers’ digital com-
petence during teacher training, pre-service teachers’ attitudes cannot be overlooked.

As these models have been used previously with data comprising final-year pre-
service teachers (Scherer et al., 2018), this study aimed to provide new information
about pre-service teachers at the beginning of their training. Based on the results,
it seems that with these data, the three core attitudes should be viewed separately,
instead of forming a general factor to explain pre-service teachers’ attitudes towards
digital technology. The correlated-traits model clearly demonstrated how all three
attitude scales were related differently to the TPACK dimensions and how attitudes
towards pedagogical use of digital technologies were not statistically related to either
of the TPACK scales. The second-order factor model that utilised a factor compris-
ing all three attitude scales indicated an uneven loading of the three scales on the
general attitudes factor. Based on these results, the correlated-traits model was bet-
ter-suited to describe the relations between attitudes and TPACK dimensions. This
result differs from those of Scherer et al. (2018) with final-year pre-service teachers.
These varying results raise the question of whether the same models can be used
when comparing first- and final-year pre-service teachers’ attitudes towards digital
technologies. More research is needed on first-year pre-service teachers to determine
whether the results are the same with other data sets.

6 Limitations and conclusion

Regarding our results, the following limitations need to be considered. In this study,
the TPACK framework’s pedagogically focussed scales were excluded, with only the
scales with technological emphasis included, as it was assumed that first-year pre-ser-
vice teachers could not reasonably assess their pedagogical competence at the begin-
ning of their teacher studies. The results support this decision, as attitudes towards
educational use were not related to either of the TPACK scales, and it seems that vari-
ations in attitudes were more random in nature. The exclusion of the other TPACK
scales makes it impossible to assess the relation between the whole TPACK and atti-
tudes towards digital technologies, and to compare the results with studies that have
included all TPACK scales. This study also cannot explain the reasons behind pre-ser-
vice teachers’ varying attitudes or explain the observed relations. In the future, a more
qualitative approach is needed to better understand how these attitudes are formed and
how pre-service teachers perceive the possible reasons behind the relations between
their attitudes and their perceived digital competence. In addition, this study doesn’t
take into account possible gender differences related to the use of digital technologies
or if the non-native language needed to operate the digital technologies has an impact
on the attitudes towards digital technologies. Therefore, further studies are needed to
investigate the gender and language differences.

Despite these limitations, our study has clear advantages. The results provide
insight into first-year pre-service teachers’ attitudes and increase understanding on
how even though attitudes towards digital technologies are generally high, variation
remains among students. Particularly important for teacher education is the finding
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that perceived ease of digital technology use had the lowest mean score among the
pre-service teachers. As the results indicated that perceived ease of use had the
strongest relation to technological knowledge of all three attitude scales, it is evident
that the current generation of pre-service teachers still needs support in developing
their skills and knowledge on how to use digital technologies in contexts that are not
familiar to them. In teacher education, this can be achieved by providing pre-service
teachers with guided opportunities to experiment with different digital technologies
in pedagogical contexts to develop their self-efficacy and digital competence.
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