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Abstract
Initial teacher education plays a vital role in preparing pre-service teachers (PSTs) to integrate technology into their
classroom practice. In the present study, we examine how PSTs perceive their professional digital competence (PDC)
in the context of a major teacher education reform in Norway. Survey data was collected from two cohorts, consist-
ing of primary and lower secondary PSTs, both before (cohort 1) and after (cohort 2) the teacher education reform.
Several theoretical concepts were selected to operationalize PDC, including technological pedagogical knowledge,
confidence in the use of ICT, ICT self-efficacy, perceived usefulness, and ICTand inclusion. The overall results show a
significant increase in the pre-service teachers’ professional digital competence in cohort 2. The findings indicate that
partnership initiatives between university faculty staff and school-based mentor teachers are associated with the pre-
service teachers’ development of PDC. Several development initiatives in initial teacher education that are relevant to
other higher education institutions are also discussed.

Sammendrag
Lærerutdanningene spiller en sentral rolle i å forberede lærerstudentene til å integrere teknologi i sin klasse-
romspraksis. I denne studien undersøker vi hvordan lærerstudenter vurderer sin profesjonsfaglige digitale kompe-
tanse (PfDK) i lys av en større lærerutdanningsreform, og et utviklingsprosjekt finansiert av Kunnskapsdepartemen-
tet. Data ble samlet gjennom spørreskjema fra to kohorter grunnskolelærerstudenter (GLU 1-7 og GLU 5-10), før
(kohort 1) og etter (kohort 2) lærerutdanningsreformen. For å operasjonalisere PfDK benyttet vi flere teoretiske
begrep, slik som teknologisk pedagogisk kunnskap, selvtillit i bruk av teknologi, mestringstro, erfart nytte og IKT
og inkludering. Resultatene viser en signifikant økning i lærerstudentenes PfDK i kohort 2. Funnene indikerer at
nye former for partnerskap mellom lærerutdannere på universitetet og i skolen kan assosieres med lærerstudentenes
utvikling av PfDK. Studien inkluderer en diskusjon av flere utviklingstiltak i lærerutdanningene som kan være relevant
for andre høyere utdanningsinstitusjoner.
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Introduction
Through teacher education, pre-service teachers (PSTs) are expected to achieve proficiency
as digitally competent teachers who can support their pupils’ development of their own
digital competence. Studies show that teachers in technology-enriched classrooms are better
able to adapt their teaching to individual students’ needs (e.g., Tømte et al., 2019). But
increased digitalization in education also introduces challenges into daily school life, such as
digital distractions, potential information insecurity, digital exclusion, and online bullying
(Macaulay et al., 2018; Gudmundsdottir et al., 2020).

The numerous new opportunities and challenging side-effects of increased digitaliza-
tion mean that teacher educators within higher educational institutions must be digitally
competent to offer the necessary support to PSTs in terms of technological infrastructure
and competence developments (Uerz et al., 2018). Policy-driven intentions and research
demonstrate that this ambition develops more slowly than might be expected, since it is
quite demanding for teacher education institutions to meet these expectations (Tondeur et
al., 2018). Previous study findings have shown that newly qualified teachers often do not
develop sufficient digital competence to utilize the possibilities for integration, and to criti-
cally evaluate the use of digital technologies in the classroom (Gudmundsdottir & Hatlevik,
2018; Tondeur et al., 2018). This demanding situation is undoubtedly not particular to
Norway, and indeed may be observed across various educational systems in Europe (Uerz et
al., 2018; Kelentrić et al., 2017). A gap thus currently exists between schools’ needs for digi-
tally competent teachers and the education that is offered in this area (Instefjord & Munthe,
2016). This background clearly shows a need for research-based knowledge about the role
of teacher education programs in developing PSTs’ professional digital competence (Gud-
mundsdottir & Hatlevik, 2018). The field particularly requires more quantitative studies, as
most existing research is exploratory and qualitative in nature (Uerz et al., 2018).

To cope with these challenges, in 2018, the Norwegian government launched an initia-
tive to provide funding to five of Norway’s teacher education institutions to boost the PDC
development of teacher educators and PSTs. Among these efforts was the ProDiG project
(“professional digital competence in initial teacher education”) at the University of Agder
(UiA). A key objective was to provide pre-service teachers with adequate PDC for their
future careers as schoolteachers. The ProDiG project thus serves as a background for the
present study, where we investigate two cohorts of PSTs in initial teacher education and
examine how they differ in relation to several selected theoretical concepts connected to
their PDC. The present study is, to our knowledge, the first of its kind to measure pre-service
teachers’ PDC after Norway’s major teacher education reform in 2017.

Teachers’ professional digital competence

During the development of terminology related to teachers’ PDC, the various concepts have
gradually changed from the simple use of digital tools to the use of broader terms such as
“digital competence” and “digital literacy” (e.g., Wilson et al., 2020). In this context, teach-
ers are expected to be able to contribute to the development of students’ digital competence
and therefore be able to use technology in their teaching. PDC involves a broad range of
knowledge to effectively operate in digital environments, including cognitive, emotional,
and sociological knowledge (Røkenes & Krumsvik, 2016). Although PSTs have generally
positive attitudes toward information and communications technology (ICT) for teaching
and learning, they are nevertheless more reserved when integrating ICT into their classroom
practices (e.g., Sadaf et al., 2012). Ertmer (1999) distinguishes between first and second-
order barriers that can hinder these implementation efforts. Ertmer describes first-order
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barriers as extrinsic, including lack of access to available technology, insufficient time, and
inadequate support. Second-order barriers are the teachers’ intrinsic beliefs about tech-
nology, teaching strategies, established classroom practices, and attitudes toward changing
their practice. To circumvent these barriers, initial teacher education must promote teaching
strategies that address both technical skills and incorporate meaningful uses of technology.
Doing so requires practical hands-on training, both at campus and in school practicum,
where students can design teaching activities that include digital technology (Tondeur et al.,
2012; Røkenes & Krumsvik, 2016). Thus, modeling by skilled mentor teachers is typically
emphasized, which in turn influences prospective PSTs’ intentions to integrate technology
(Nelson, 2017).

Based on previous studies that have examined teachers’ and pre-service teachers’ profes-
sional digital competence, in the present study we have included several variables that are
expected to be related to pre-service teachers’ PDC. The sections that follow describe these
variables and provide a theoretical rationale for inclusion in the study.

Technological pedagogical knowledge (TPK)

Several scholars have suggested that the pedagogical use of ICT must be seen in the context
of pedagogical, technological, and didactic areas (e.g., Mishra & Koehler, 2006). Mishra and
Koehler (2006) define TPK as “knowledge of the existence, components, and capabilities of
various technologies as they are used in educational settings, and conversely, knowing how
teaching might change as the result of using particular technologies” (p. 1028). This knowl-
edge is usually demonstrated by applying technology in pedagogical practices, and the use
of technology to create authentic learning and assessment strategies. Thus, teachers need to
develop a complex form of teacher knowledge that can integrate pedagogy with technology
(Schmidt et al., 2009). The rationale for using TPK in the present study is based on research
that has shown that this type of knowledge is positively related to teacher self-efficacy, per-
ceived usefulness of technology, and teachers’ intention to use technology (Abbitt, 2011).
Studies have also shown that teachers with well-developed TPK are more likely to use tech-
nology appropriately and to be confident in their instruction (e.g., Maeng et al., 2013).

Confidence in the use of ICT (CU-ICT)

Several factors determine how teachers integrate ICT in their classrooms, including ICT
experience, skills, and attitudes toward ICT (Hernández et al., 2014). Some contradictory
findings, however, have indicated that technology skills and actual practice in the classroom
are not always linked, which is the case among both PSTs (Negishi et al., 2003) and in-serv-
ice teachers (Becker, 2000). This situation might be caused by teachers’ lack of confidence
in their own capabilities, which involves the teachers’ perceived likelihood of succeeding
in using ICT for educational purposes (Nikolopoulou & Gialamas, 2015). Thus, PSTs who
develop confidence in technology integration in the classroom during initial teacher educa-
tion (ITE) will also be more likely to integrate technology into their professional teaching
practice (Al-Awidi & Alghazo, 2012).

ICT self-efficacy

Self-efficacy refers to people’s belief in their ability to successfully accomplish specific tasks
and to be persistent in the face of obstacles (Bandura, 1977). Based on accumulated theo-
retical and empirical evidence, teachers’ self-efficacy beliefs can have a clear impact on
their motivation, teaching, and performance, thus affecting students’ learning (Tschannen-
Moran & Johnson, 2011). Previous research has provided strong evidence that teachers’ self-
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efficacy beliefs about technology integration and best practices in classrooms are positively
correlated (e.g., Albion, 1999). We must note, however, that enhanced self-efficacy beliefs
do not automatically translate into actual technology use but have been found to be a useful
indicator and a necessary condition for technology integration (Abbitt, 2011). Research sug-
gests that teachers’ self-efficacy beliefs promote enthusiasm for using technology in their
instruction (e.g., Anderson et al., 2011). This finding is especially the case for PSTs or novice
teachers, since self-efficacy beliefs have been shown to impact their actual practices more
directly (Valtonen et al., 2015).

Perceived usefulness of ICT in teaching and learning (PU-ICT)

How PSTs perceive the usefulness of ICT in the classroom is part of their belief system
(Delone & McLean, 2003) and refers to their individual beliefs about the benefits of using
ICT to improve their job performance (Joo et al., 2018). Studies have found a clear con-
nection between how PSTs assess the value of classroom technology integration and their
intentions to use technology in their future classrooms (e.g., Teo, 2019). Several studies have
also indicated a clear relationship between teachers’ attitudes toward ICT integration and
effective technology implementation in the classroom (e.g., Anderson et al., 2011).

ICT and inclusion

ICT has in recent decades played an increasingly important role as flexible tools to support
learning processes and developing inclusive schools (e.g., Roy et al., 2013). The use of ICT
allows teachers to differentiate their teaching to a diverse group of students by utilizing
diverse student-active and creative approaches to teaching (Chauhan, 2017). Thus, digital
technology can help provide all learners the ability to access the curriculum and may offer
a variety of strategies to achieve certain learning objectives they might otherwise have diffi-
culty achieving.

Digital judgment

In the current digital age of education, PSTs are expected to develop PDC to navigate the
complexity of this increased digitalization. Such complexity is related to many challeng-
ing interpersonal situations, including online harassment and bullying, privacy issues, the
evaluation of online content, and the proper use of information (Livingstone et al., 2015).
An essential purpose of education in general is thus to raise a generation of digitally active
citizens who will be responsible for addressing all these issues (Choi et al., 2018). One ration-
ale for including the concept of digital judgment in the present study is based on research
that has shown that PSTs do not acquire sufficient competence to address challenges related
to ever-increasing digitalization (Macaulay et al., 2018).

Teacher educators’ professional digital competence (TE-PDC)

Scholars and others have long questioned whether teacher educators are sufficiently inspir-
ing role models, since teacher educators often do not use technology effectively enough
themselves (Valtonen et al., 2015; Uerz et al., 2018). Studies have shown that even though
more teacher educators use technology in their instruction, their instruction is insufficient
for PSTs to use technology in the classroom (e.g., Kaufman, 2014). The teaching frequently
seems to be characterized by a predominant focus on theoretical approaches to digital tech-
nology, thus failing to activate the PSTs through practical examples and engaging teaching
strategies (Røkenes & Krumsvik, 2016). We have thus examined PSTs’ assessment of the
need for their campus teacher educators to develop PDC.
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Research context: The ProDiG project at the University of Agder

In the context of a major teacher education reform in Norway (four-year bachelor’s degree
to a five-year master’s degree), UiA initiated the three-year partnership project ProDiG
(Professional Digital competence in initial teacher education) in cooperation with munici-
palities and schools in the region. The aim was to redesign the teacher education program
and to strengthen PSTs’ and teacher educators’ professional digital competence. PDC were
included in the subject syllabus and adapted to the practical training of PSTs at campus as
well as at the partner schools. The ProDiG project included several efforts, such as a partner-
ship initiative where school-based mentor teachers from partner schools were contracted as
joint faculty members (20%) at the university, PDC workshops located in partner schools,
the development of a new elective course (30 ECTS) on teachers’ PDC and faculty training
for teacher educators.

The present study’s overall objective is to examine how two cohorts of PSTs perceive their
PDC in the context of the national teacher education reform and the local redesign efforts
initiated by the ProDiG project. Those PSTs who have enrolled in the reformed five-year
master program (cohort 2) thus have been exposed to a wide range of digital learning initia-
tives at the university and partner schools. We conceptualize PDC in terms of six selected and
previously introduced theoretical perspectives: technological pedagogical knowledge (TPK);
confidence in the use of ICT (CU-ICT); ICT self-efficacy; perceived usefulness of ICT in teach-
ing and learning (PU-ICT); ICT and inclusion and digital judgment. In addition, we seek to
measure how the pre-service teachers perceive the need for competence development among
their teacher educators (TE-PDC). Based on this starting point, we seek to test the following
hypotheses:

1. We hypothesize a difference between cohort 1 and cohort 2 in the measures of pre-
service teachers’ PDC for technology integration in the classroom.

2. We hypothesize that differences between cohort 1 and cohort 2 have a specific direction;
we expect that pre-service teachers in cohort 2 will have a higher PDC for technology
integration in the classroom compared to participants in cohort 1.

3. Finally, we expect that participants in cohort 2 will have a lower assessment of the need
for competence development in PDC for their university lecturers.

Methods

Sample and data

The participants in the present study were third-year PSTs enrolled in primary and lower
secondary teacher education at the University of Agder. An online questionnaire was admin-
istered to cohort 1 in February 2018 and cohort 2 in February 2020. The two cohorts
include PSTs before (cohort 1) and after (cohort 2) the teacher education reform in
Norway (master’s degree), including several implemented measures with the specific aim of
strengthening the PDC of pre-service teachers and teacher educators.

The survey was made up of two sections: (1) demographic information and (2) questions
about pre-service teachers’ PDC and ICT usage in initial teacher education. The overall
response rate was 73% (N = 128) in cohort 1 and 67% (N = 118) in cohort 2. Cohort 1 had a
mean age of 22.9 (SD = 2.71) and 77% female, while cohort 2 had a mean age of 23.11 years
(SD = 2.45) and 73% female. The data was collected and analyzed in line with normative
ethical standards for researching in Norway, including approval from the Norwegian Social
Science Data Services.
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Measures

A questionnaire was constructed based on measurement instruments previously reported
on and validated in the contemporary literature and adapted for the present purposes. In
total, these instruments address various perspectives on pre-service teachers’ PDC. The par-
ticipants responded to items on a five-point scale ranging from “completely disagree” to
“completely agree.”

TPK (technological pedagogical knowledge) was measured with five items derived from the
widely used TPACK (Technological Pedagogical Content Knowledge) instrument (Schmidt
et al., 2009). Instead of utilizing the entire instrument, we used only the items from the TPK
variable in this study to reduce the length of the survey and to prevent survey fatigue. The
psychometric properties of the TPK have been validated in several countries (Herring et al.,
2016). A sample item was, “I can choose technologies that enhance students’ learning in a
lesson.” The Cronbach’s alpha values were .73 (c1) and .84 (c2).

CU-ICT (confidence in the use of ICT) was measured with three items adapted from the
work of Nikolopoulou and Gialamas (2015) regarding participants’ confidence for technol-
ogy use in the classroom. A sample item was, “I can give students clear learning goals for
their use of ICT in school subjects.” Cronbach’s alpha values were .76 (c1) and .84 (c2).

ICT self-efficacy was measured with four items adapted from Wang et al.’s study (2004)
regarding participants’ self-efficacy beliefs for successfully integrating technology into
teaching practices. A sample item was, “I believe that I can master ICT in my teaching prac-
tice.” Cronbach’s alpha values were .87 (c1) and .91 (c2).

PU-ICT (perceived usefulness of ICT in teaching and learning) was measured with four
items adapted from Scherer et al.’s study (2015). Perceived usefulness is part of teachers’
belief systems and refers to their individual beliefs that using ICT will improve their job per-
formance. A sample item was, “ICT can improve the quality of students’ learning.” Cron-
bach’s alpha values were .87 (c1) and .84 (c2).

ICT and inclusion were measured with three items adapted from the Differentiated
Instruction Scale (Roy et al., 2013) regarding the PSTs’ ability to use ICT to address diverse
learning needs among students. A sample item was, “Digital tools help me to differentiate
my teaching to individual student needs.” Cronbach’s alpha values were .67 (c1) and .79 (c2).

Digital judgment was measured with one item adapted from the work of Røkenes and
Krumsvik (2016): “How well do you master guiding pupils in developing digital judgment
associated with ethical challenges that their digital lifestyle offers?”

TE-PDC (teacher educators’ professional digital competence) was measured with one item
adapted from the work of Røkenes and Krumsvik (2016): “To what extent do you see a need
for competence development in the use of ICT for teacher educators at the university?”

Descriptive analysis

Table 1 presents descriptive statistics among all measures included in the final data analysis.
The highest correlations were found between ICT-C and ICT self-efficacy (r = .63,

p < .001), TPK and ICT-C (r = .57, p < .001), PU-ICT and ICT-inclusion (r = .51, p < .001),
TPK and ICT self-efficacy (r = .49, p < .001), and TPK and PU-ICT (r = .49, p < .001).
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Table 1 Pearson correlations and descriptive statistics among variables in cohort 1 (above

the diagonal) and cohort 2 (below the diagonal).

Variables 1 2 3 4 5 6 7 8

1.TPK .20* .18 .20** .23** -.01 -.15 .20
2. CU-ICT .57** .52** .13 .24** .49** .-.30** .19*
3. ICT self-efficacy .49** .63** .32** .19* .24** -.13* .23*
4. PU-ICT .49** .33** .41** .51** .04 .05 -.02
5. ICT and inclusion .38** .44** .37** .40** -.001 -.03 .00
6. Digital judgment .20* .48** .40** .03 .14 -.05 .22*
7. TE-PDC .08 -.07 .03 .30** .14 -.07 -.16
8. Gender -.07 .09 .17 -.01 -.13 .28** -.23*
Scale range 1 to 5 1 to 5 1 to 5 1 to 5 1 to 5 1 to 5 1 to 5

Notes: *p < .05; **p < .001. TPK (technological pedagogical knowledge), CU-ICT (confidence in the use of ICT), PU-ICT (perceived
usefulness of ICT in teaching and learning), TE-PDC (teacher educators’ professional digital competence).

A principal component analysis (PCA) was conducted to check for the underlying dimen-
sionality of the study’s constructs. An inspection of the factor loading matrix showed that
all variables except PU-ICT (perceived usefulness of ICT in teaching and learning) loaded to
one component, with acceptable factor loadings. PU-ICT revealed three components with
an unclear theoretical structure. Visual inspection of the screen plot indicated that one com-
ponent, including four items with acceptable factor loadings, should be retained. The items
reflected the theoretical concept of the perceived usefulness of ICT in teaching and learning.
In addition, considering that the underlying structures of ICT self-efficacy and CU-ICT
might be theoretically related, a PCA using varimax rotation was conducted on all seven
items comprising these instruments. Tabachnick et al. (2007) recommend that only variables
with loadings of .30 and above should be interpreted. The analysis identified two different
and distinct underlying dimensions above an eigenvalue of 1.0, corresponding to the two
variables of ICT self-efficacy and CU-ICT. The results of the PCA thus clearly showed that
these two variables represent psychometrically distinct dimensions.

Results
We performed a series of separate t-tests on all variables and have reported the mean (M)
differences of all variables across the two groups. The t-test analyses, means, and SDs for all
measures are provided in Table 2. The results of the t-tests provide support for hypothesis
(1) and clearly show a difference between the variables TPK (t = -3.22, p < .001), confidence
in the use of ICT in the classroom (t = -4.93, p < .001), ICT and inclusion (t = -2.83, p <
.05), and digital judgment (t = -3.57, p < .001). Interestingly, the PSTs reported a higher ICT
self-efficacy in cohort 2, but the results were not significant. We should note, however, that
the differences in mean values of ICT self-efficacy were similar to other variables that were
significant. The lack of statistical significance could be attributed to the level of reported SD
in this variable (see Table 2 for details).

The pattern of differences is in agreement with our initial assumptions concerning
hypothesis 2; the mean values in cohort 2 are consistently higher than in cohort 1. Regard-
ing hypothesis 3, the PSTs’ assessment of the need for competence development in PDC for
the teacher educators was lower in cohort 2 (t = -3.58, p < .001). This finding indicates that
competence development has occurred among the faculty staff, which could impact their
teaching and program development. The PSTs’ perceived usefulness of ICT in teaching and
learning did not differ significantly between the two cohorts (M = 4.92 in cohort 1 and M =
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4.82 in cohort 2), which indicates that both groups perceived ICT integration as an impor-
tant aspect of teaching duties. Medium to moderately large effect sizes of at least .36 (Cohen,
2013) were reported. The largest effect size (d = .64) was obtained for PSTs perceived confi-
dence in using ICT in the classroom. Overall, the results indicate that the development ini-
tiatives in the five-year teacher education is associated with PSTs increased PDC.

Table 2 Descriptive statistics and results of independent sample t-tests for subscales on

cohort 1 and cohort 2

Cohort 1 (N = 128) Cohort 2 (N = 118)
Scale M SD M SD t d

TPK 3.65 .65 3.93 .72 -3.22** .41
CU-ICT 3.03 .73 3.52 .80 -4.93** .64
ICT self-efficacy 4.12 1.4 4.43 1.58 -1.58 .28
PU-ICT 4.92 1.38 4.82 1.39 .52 .07
ICT and inclusion 3.87 1.12 4.32 1.34 -2.83* .36
Digital judgment 3.45 .82 3.79 .67 -3.57** .45
TE-PDC 4.49 .64 4.14 .87 3.58** .46

Notes: *p < .05; **p < .001. TPK (technological pedagogical knowledge), CU-ICT (confidence in the use of ICT), PU-ICT (perceived
usefulness of ICT in teaching and learning), TE-PDC (teacher educators’ professional digital competence).

The descriptive analysis (Table 1) also showed a significant correlation between self-efficacy
and gender (cohort 1). Although not part of our initial hypothesis, we were prompted to run
a t-test on self-efficacy with gender as a grouping variable. The results showed gender dif-
ferences in ICT self-efficacy, with female PSTs reporting significantly lower (M = 4.09) ICT
self-efficacy than male PSTs (M = 4.79) (-3.08, p < .05). This finding indicates a significant
gender difference in ICT self-efficacy beliefs.

Discussion
The purpose of this study was to examine how two cohorts of PSTs perceive their PDC in the
context of a teacher education reform and redesign efforts initiated by the ProDiG project.
The overall findings support the study’s hypothesis (1), which posits a difference between
cohort 1 and cohort 2 in pre-service teachers’ PDC for technology integration in the class-
room. Hypothesis (2), which posits that PSTs in cohort 2 have a higher PDC for technol-
ogy integration in the classroom than participants in cohort 1, was also supported. The full
program redesign showed across cohort growth in pre-service teachers’ TPK, confidence in
the use of ICT for teaching and learning, ICT for inclusion in the classroom, and digital
judgment. A significant gender difference was found in ICT self-efficacy beliefs. This finding
agrees with findings from studies that have undertaken a gender perspective on ICT self-
efficacy, where women seem to underestimate their abilities, and men tend to overestimate
their abilities (e.g., Tømte & Hatlevik, 2011). In terms of actual ICT-related achievements,
studies’ results are less consistent (Hatlevik et al., 2018). The PSTs’ perceived usefulness of
ICT in teaching and learning was high in both cohorts and did not differ significantly. One
possible explanation for this finding is that PSTs consider ICT to have a central place in the
teaching profession, regardless of the teacher education program’s emphasis. The perceived
usefulness of ICT has been shown to have a direct and positive effect on teachers’ intentions
to use ICT (Teo, 2019) and to actually integrate such technologies in the classroom (Sang et
al., 2010). Our results can also be seen in the context of studies that have shown that PSTs’
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technology integration behaviors are affected by their beliefs in ICT’s value and their efficacy
with ICT (Ertmer & Ottenbreit, 2010; Joo et al., 2018). The training provided by ITE pro-
grams plays a central role in developing beliefs related to value and efficacy in teaching with
technology, which in turn indirectly affects the actual use of technology in the classroom
(Chen, 2010).

Overall, the present study’s findings indicate that teacher education institutions are
central to enhancing PDC beliefs among PSTs. Researchers highlight the need to take a
multi-faceted approach to technology integration, where planning and leadership, coopera-
tion within and between institutions, professional staff development, ensuring access to
appropriate resources, and systematic change efforts, is essential (Tondeur et al., 2012;
Nelson et al., 2019). Several studies have previously emphasized the need for a strong
connection between campus-based teaching and field practices and the technology-rich
learning activities in these environments (e.g., Polly et al., 2010). In these collaborative part-
nerships, expertise is shared between school-based mentor teachers and faculty staff (Lille-
jord & Børte, 2016). Ertmer (2003) found that collaboration between university faculty staff
and mentor teachers to plan and implement technology-integrated lessons created a natural
framework for modeling and leveraging their expertise. This type of modeling has been
shown to be a significant predictor of those PDC aspects important to pre-service teachers
(Baran et al., 2019). As mentioned above, a key development initiative at UiA has been a
partnership where 14 mentor teachers from partner schools are contracted as joint faculty
members (20%) to co-instruct university courses in ITE. This partnership across institu-
tional and professional boundaries is often referred to as “boundary crossing” (Akkerman
& Bakker, 2011). Partnerships provide opportunities for the relationship between theory
and practice to be enhanced when knowledge of and examples from current practice are
integrated more coherently (Lillejord & Børte, 2016). One of these partnerships is a new 30
ECTS course for PSTs that addresses the educational system’s digital transformation as well
as the teachers’ role. The course links theory to practical tasks related to the seven knowledge
domains that constitute the framework for PDC for teachers (Kelentrić et al., 2017). The
course emphasizes explicit modeling and explanation of pedagogical reasoning, followed by
PSTs collaborating on developing technology-integrated lessons guided by the teacher edu-
cators, a pedagogical approach that Mishra and Koehler (2006) called “learning technology
by design” (p. 1020).

The present results, which show significant differences between the two cohorts in our
study, could also be related to PDC workshops initiated in ProDiG and located in partner
schools for PSTs, in-service teachers, and the university faculty. Previous researchers have
emphasized that technology courses should not be isolated from the curriculum, and con-
tents and should be situated in the school-based learning environment (e.g., Choy et al.,
2008). Involving the partner schools’ entire staff in planning and implementing these work-
shops offered them an opportunity to learn and collaborate on technology’s educational
use. The goal of these workshops was to involve PSTs, the university faculty, and mentor
teachers in collective participation in hands-on technology practice through active learning
using classroom examples from in-service teachers. This approach is in line with the work of
researchers who have emphasized the importance of the content-specific practice of devel-
oping PDC (e.g., Hughes, 2005).

Finally, our results have also shown that the cohort 2 participants demonstrated a lower
assessment of the need for competence development in PDC for their university lecturers.
We may reasonably assume that teacher educators are role models who influence how PSTs
develop their attitudes toward technology and how they perceive their efficiency in applying
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technology in the classroom (Baran et al., 2019). Thus, a university faculty needs institu-
tional support with opportunities for professional development (Nelson et al., 2019). Based
on this reasoning, we therefore consider teacher educator PDC training with funded staff
release time as a critical development initiative in the ProDiG project.

Limitations and recommendations for future research

Several limitations should be acknowledged. First, we do not wish to imply that the vari-
ables included in this study represent an extensive or final definition of pre-service teachers’
PDC. Other relevant variables associated with PSTs’ professional digital competence could
be included, such as general teacher self-efficacy, ICTexperience, and subject domain (Her-
nández et al., 2014).

Second, we also limited the use of TPACK by only measuring TPK. Including all meas-
ures of the TPACK constructs could have indicated other competencies that PSTs possessed
across different subjects. In addition, the use of one item to measure digital judgment and
TE-PDC involves less precision than using a multi-item instrument. The use of a multi-item
scale could have improved the reliability of the instrument.

Third, although all the instruments employed in the present study showed satisfactory
internal reliability, the general approach of using self-report measures to assess a complex
concept such as PDC might be challenging. Although assessing pre-service teachers’ PDC
through self-reporting is not uncommon in the contemporary literature; previous studies
have shown that PSTs inaccurately self-assess their PDC when compared to more objective
assessments (e.g., Maderick et al., 2016). Self-assessment should therefore be used in con-
junction with more objective means to measure pre-service teachers’ PDC. Longitudinal
studies would also help track competence development over time in ITE and during the
first three years as in-service teachers to see if technology integration continues (Sang et al.,
2010). Observational data of PSTs’ technology integration in their ITE practicum, assess-
ing the quality of teaching with technology integration, should also be included in future
studies.

A fourth limitation is that we collected cross-sectional data across three years to examine
the pre-service teachers’ PDC before and after a major teacher education reform. Although
we found significant across-cohort differences, we cannot claim to have found within-group
growth. Furthermore, because this is not an experimental study, we cannot claim causal-
ity. Thus, this method does not provide evidence that the development initiatives through
the ProDiG project determined the across-cohort differences. Future studies should include
more experimental designs to verify the causal inferences, thus adding more validity to the
conclusions.

Concluding remarks

Teacher education institutions are crucial for enhancing professional digital competence
among pre-service teachers and teacher educators. The findings in this study indicate that
partnerships between university and schools, involving all stakeholders, is associated with
pre-service teachers’ beliefs about their PDC. Pre-service teachers need opportunities to
actively engage in their learning process to apply PDC in their classroom teaching. Based on
our results, the outlook is promising for development initiatives that aim to improve pre-
service teachers’ PDC, including modeling technology-integrated teaching.
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