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TPACK is a prominent model of teacher expertise for effectively teaching with digital technologies. While
numerous studies have investigated teachers’ TPACK by means of self-report surveys, its relation to more
objective outcomes like lesson planning has only recently come into focus. The aim of this study was to inves-
tigate whether differences in use of digital technologies in lesson plans are related to self-reported TPACK. Lesson
plans of 173 pre-service teachers were coded for whether or not they included the use of digital technologies as
well as for whether this use was intended for teachers or students. Independent t tests and ANOVAs were used to
compare individual TPACK components among groups. Subsequently, unique profiles of all TPACK components
were identified using cluster analyses and investigated for group differences via cross tabulation. Logistic and
multinomial regressions were conducted to investigate the relations between TPACK profiles and technology use
controlling for gender, age, and subject group. Overall results showed no significant group differences for either
individual TPACK components or for the two- and five-cluster solutions of TPACK profiles. Subject group
emerged as the only significant predictor and STEM pre-service teachers showed positive relations of TPACK

components and technology use in lesson plans.

1. Introduction

Technological Pedagogical Content Knowledge (TPACK; Koehler &
Mishra, 2008; Mishra & Koehler, 2006) is probably the most prominent
model of teacher expertise regarding the educational use of digital
technologies (Chai, Koh, & Tsai, 2013; Hew, Lan, Tang, Jia, & Lo, 2019;
Voogt, Fisser, Pareja Roblin, Tondeur, & van Braak, 2013). According to
this model, which is an extension of the Pedagogical Content Knowledge
framework proposed by Shulman (1986, 1987), teachers need to
combine different knowledge dimensions to effectively teach with
technology. These include the three core components of pedagogical
knowledge (PK), content knowledge (CK), and technological knowledge
(TK). In addition, there are three first level hybrid components formed at
their intersections, namely pedagogical content knowledge (PCK),
technological pedagogical knowledge (TPK), and technological content
knowledge (TCK). These combine into the second level hybrid compo-
nent, technological pedagogical content knowledge (TPCK), which is the
most complex type of knowledge. It relies on a creative combination and
alignment of all other knowledge domains mentioned previously.
Recently, contextual knowledge has also been described as an additional

area of knowledge, which needs to be considered to adapt technology
use to individual students, specific classrooms, schools, or to the de-
velopments of society at large (Mishra, 2019; Porras-Hernandez &
Salinas-Amescua, 2013; Rosenberg & Koehler, 2015).

According to Chai et al. (2013), the TPACK framework has been
primarily used to assess teachers’ levels of competence and to design
teacher professional development activities that are intended to build up
TPACK. The literature presents many institutional case studies or
intervention studies addressing these points (Starkey, 2019; Tondeur
et al., 2012; Wang, Schmidt-Crawford, & Jin, 2018). In contrast to
previous approaches, these professional development activities stressed
the importance of content-specific and creative lesson-design activities.
The TPACK model avoids a common oversimplification, where digital
devices are perceived as mere add-ons to the instructional design process
and instead highlights the complex interactions between pedagogy,
content, and technology. Although TPACK has been a highly acclaimed
and inspiring model, various issues have been identified by recent
research. In particular, it has remained disputed how the knowledge
dimensions should be defined and how their interplay should be
described theoretically (Graham, 2011; Kimmons, 2015), how TPACK
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relates to other aspects of technology integration like teacher beliefs
(Krauskopf & Forssell, 2018; Voogt et al., 2013), how TPACK impacts
lesson planning (Bilici, Guzey, & Yamak, 2016; Harris & Hofer, 2011) as
well as technology use in lessons (Agyei & Voogt, 2011; Chuang, Weng,
& Huang, 2015; Heitink, Voogt, Verplanken, van Braak, & Fisser, 2016;
Schmidt-Crawford, Tai, Wang, & Jin, 2016) and ultimately student
learning (Chai et al., 2013). Studies have struggled to find clear corre-
lations between TPACK constructs and the aforementioned aspects (e.g.,
Akyuz, 2018; Kopcha, Ottenbreit-Leftwich, Jung, & Baser, 2014;
Krauskopf & Forssell, 2018). These issues could be related to how
TPACK is currently understood and measured, as will be detailed in the
following chapters.

1.1. Teacher’s self-reported TPACK

There are various ways for measuring TPACK: standardized self-
report rating scales, open-ended questionnaires, interviews, and per-
formance assessments which can take the form of standardized tests,
lesson plans, or observations of actual teaching (Abbitt, 2011; Chai, Koh,
& Tsai, 2016; Koehler, Shin, & Mishra, 2012; Su & Foulger, 2019; Wil-
lermark, 2018). Among these, self-report methods are currently one of
the most frequently used approaches, as they are a seemingly straight-
forward and cost-effective way to collect quantitative data. Various
questionnaire scales have been developed to measure the seven areas of
TPACK in surveys (e.g., Archambault & Crippen, 2009; Chai, Koh, &
Tsai, 2011; Kabakci Yurdakul et al., 2012; Schmid, Brianza, & Petko,
2020; Schmidt et al., 2009; Valtonen et al., 2017). Nevertheless, there
are a number of issues surrounding this approach. Existing question-
naires have been criticized regarding the fuzzy, technology-unspecific,
and content-agnostic wording of questionnaire items, which ask par-
ticipants to rate the “appropriateness” of their competencies (Bran-
tley-Dias & Ertmer, 2013; Kimmons, 2015). Furthermore, existing
instruments have struggled to show the expected factor structure of
seven distinguishable knowledge dimensions (Archambault & Barnett,
2010; Scherer, Tondeur, & Siddiq, 2017).

In addition, self-reports present methodological issues which further
threaten their internal validity in more fundamental ways, for example
issues of social desirability bias, response bias (e.g., acquiescent,
extreme, pattern, random, or inconsistent responding), and subjective or
misinterpretations of items (Demetriou, Uzun Ozer, & Essau, 2015;
Paulhaus & Vazire, 2009). Moreover, the objective value of self-reported
knowledge is worth considering, given that self-evaluated knowledge is
relative to the extent of a person’s knowledge itself. One problem is the
issue of tacit knowledge, which assumes that certain types of knowledge
are not consciously accessible (Cianciolo & Sternberg, 2018; Polanyi,
1967). Another problem is the so-called Dunning-Kruger Effect, where
low-skilled respondents are likely to overestimate their ability
(Dunning, 2011; Kruger & Dunning, 1999). This “unskilled and un-
aware” bias has been recognized in research on TPACK as well: “As with
any self-reporting measure, the ability of the instrument to accurately
represent knowledge in the TPACK domains is limited by the ability of
the respondents to assess their knowledge and respond appropriately to
the survey items” (Abbitt, 2011, p. 291). For example, the study by
Drummond and Sweeney (2017) showed that self-reported TPACK of
pre-service teachers revealed only a weak correlation with a more
objective, fact-based knowledge test on TPACK. In another study,
Maderick, Zhang, Hartley, and Marchand (2016) came to similar
conclusions.

However, this is not just an issue unique to TPACK. Very similar
problems have been reported in research on the older and more mature
concept of Pedagogical Content Knowledge (see Baxter & Lederman,
1999; Hill, Loewenberg-Ball, Blunk, Goffney, & Rowan, 2007). Low
correlations between self-reported and direct assessments of teacher
knowledge are common (e.g., recently reported by Copur-Gencturk &
Thacker, 2020). Therefore, research on teacher professional knowledge
has extended beyond self-reports and focused on performance-oriented
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measures like actual classroom performance (Blomeke & Delaney,
2014; Hill, Loewenberg-Ball, & Schilling, 2008). With this shift and the
inclusion of additional factors like teacher beliefs and context-specific
mediators, it was possible to show an impact of teacher competencies
on classroom practice and student learning (e.g., Gess-Newsome et al.,
2019).

Research on TPACK is taking steps in similar directions to reconsider
the value of self-reported data. Given the lack or weak correlations with
objective performance measures, Krauskopf and Forssell (2018) propose
that self-report questionnaires are more likely to measure confidence
and self-efficacy with regard to the TPACK domains rather than actual
knowledge (see also Willermark, 2018). Some questionnaire measures
have been named accordingly (e.g., the questionnaires of Graham et al.,
2009 or Saubern, Urbach, Koehler, & Phillips, 2020 explicitly measure
TPACK confidence). Confidence, and more specifically self-efficacy as
the ability to overcome challenging tasks, have been core concepts in
research on teacher professional competence as they predict future
practice (Klassen & Tze, 2014; Zee & Koomen, 2016). Despite the lim-
itations of self-report, considering questionnaire data not strictly as a
measure of knowledge but rather as a measure of TPACK confidence or
self-efficacy might provide a valuable addition for studying performance
and technology uptake in teaching.

1.2. Self-reported TPACK and technology use in lesson plans

While numerous studies have investigated teachers’ knowledge by
means of self-report surveys, its relation to more objective outcomes like
lesson planning and actual teaching practices has only recently come
into focus (Archambault, 2016; Chai et al., 2013). Although many
studies have found positive relations between self-reported TPACK and
self-reported frequency, type, or quality of classroom technology use (e.
g., Chuang et al., 2015; Habib, Yusop, & Razak, 2019; Jang & Tsai, 2012;
Jung, Cho, & Shin, 2019; Kabakci Yurdakul & Coklar, 2014; Li, Garza,
Keicher, & Popov, 2019), correlations between self-reported TPACK and
more objective measures of implementation are less evident. Abbitt
(2011) stated that “the degree to which the perceived TPACK contrib-
utes to the demonstrated ability of a preservice teacher to effectively
plan for instructional uses of technology is largely unclear” (p. 297).
However, this connection would be crucial. As Starkey (2019) points
out, TPACK needs to be enacted by three different types of compe-
tencies: the ability to use particular technologies as a teacher, the ability
to decide which technology to use for a specific teaching purpose, and
the ability to guide and support students when learning with digital
tools.

In recent years, there have been an increasing number of TPACK-
related studies that include lesson plans or observations of actual les-
sons. Most studies try to use lesson plans or recordings of lessons as
performance indicators that are analyzed along TPACK rubrics (e.g.,
Angeli & Valanides, 2005; Archambault, 2016; Harris & Hofer, 2011;
Ocak & Baran, 2019; Valtonen et al., 2020). However, these studies
seldom relate these performance measures to self-reported levels of
TPACK. As one of the few existing studies in this regard, Backfisch,
Lachner, Hische, Loose, and Scheiter (2020) did not find direct corre-
lations between self-reported TPACK and technology use in lesson plans.
Graham et al. (2009) found that even though self-reported TPACK of
teachers increased over the course of a specific professional develop-
ment program, the extent of their technology use continued to be pri-
marily teacher-centered rather than also having students use technology
for learning. In their reviews, Abbitt (2011) and Chai et al. (2016) have
pointed out that the exact interplay between self-reported TPACK and
technology integration in lesson plans and actual teaching is still un-
clear. Chai et al. (2016) have put it this way: “pre-service teachers may
perceive themselves as efficacious in designing ICT integrated lessons,
but their lesson planning performance as assessed by experts may not
agree with their self-assessment” (p. 103).
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1.3. The present study

This study aims to explore how pre-service teachers’ self-reported
TPACK reflects on inclusion of digital technology (i.e., digital software
and hardware) in their lesson plans. This is investigated on two levels:
First, whether individual components of TPACK account for differences
in use of technologies in lesson plans; second, whether specific con-
stellations of TPACK’s seven components (i.e., TPACK profiles) corre-
spond with planned technology use in lesson plans. Lesson plans are
analyzed with regard to a) whether or not they include technology use
for teaching or learning purposes, and b) for whom this use is planned (i.
e., teachers or students).

In light with our first goal (i.e., to examine TPACK components
individually), we expect to find differences only in the technology-
related TPACK components (i.e., TK, TCK, TPK, and TPCK) of pre-
services teachers in relation to their intended technology use in lesson
plans. More specifically, we expect these TPACK components to be
higher for those integrating technology in their lesson plans than for
those who do not (H1). In addition, we expect higher scores of
technology-related TPACK components among pre-service teachers
planning students’ use of technology compared to those planning only
teacher’s use or no technology use (H2).

Similarly, for our second goal (i.e., to investigate different constel-
lations of TPACK components underlying planned technology use), we
expect distinct TPACK profiles to be associated with technology use in
lesson plans. We expect the profiles of those not using technology to be
characterized by especially low levels of the technology-related com-
ponents of TPACK (H3). Whereas for those planning technologies for
students, we expect distinguishing levels of pedagogy- and technology-
related components (H4).

Given that TPACK is contextually bound (Mishra & Koehler, 2006)
teacher’s gender (e.g., Ergen, Yanpar Yelken, & Kanadli, 2019; Scherer
& Siddiq, 2015; Wright & Akgunduz, 2018) and age (e.g., Koh, Chai, &
Tsai, 2010; Lee & Tsai, 2010; Lin, Tsai, Chai, & Lee, 2013) have been
regarded as relevant for TPACK and/or use of technology. A further
aspect is school subject, although only a few studies take this into ac-
count (Voogt et al., 2013). While some studies investigate TPACK in a
single subject or subject group (especially the STEM field, see e.g. the
reviews by Yigit, 2014 and Young, 2016 on mathematics or by Iswadi,
Syukri, Soewarno, Yulisman, & Nurina, 2020 and Setiawan, Phillipson,
Sudarmin, & Isnaeni, 2019 on Science), few studies compare TPACK
across subjects (e.g., Altun & Akyildiz, 2017; Tokmak, Incikabi, &
Ozgelen, 2013). Consequently, clear statements about the relationship
between the subject and TPACK are currently lacking. Thus, we included
gender, age, and teaching subject as control variables in the analyses and
investigated them exploratively.

2. Material and methods
2.1. Sample

This study was conducted amongst pre-service upper secondary
teachers enrolled in a teacher training program at a Swiss university. In
Switzerland upper secondary school teachers are required to hold at
least a Master’s degree in their teaching subject. Thus, the pre-service
teachers in this study were either completing or already held at least a
Master’s degree in their subject. Data was collected over three semesters
from pre-service teachers attending the same compulsory course on
teaching methodology offered every semester. As part of their course-
work, participants were required to create a lesson plan in their subject
for a topic of their choice. In addition, pre-service teachers responded to
a voluntary online questionnaire assessing their demographic data and
TPACK measures. Of the 326 pre-service teachers surveyed, 181
completed the questionnaire (55.5%). More than 95% of the question-
naires could be matched to corresponding lesson plans. The final sample
consisted of 173 pre-service teachers (age range: 22-56 years, M =
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31.44, SD = 8.10; for one person the age had to be manually imputed
based on the mean of the sample), of which 93 could be identified as
females and 80 as males. This sample included lesson plans for 17
different subjects. The subjects were grouped into three subject groups:
STEM (biology, chemistry, computer sciences, mathematics, physics),
social sciences (economics & law, geography, history, pedagogy &
psychology, philosophy, religious studies), and languages (German,
English, French, Italian, Latin, Spanish).

2.2. Measures

2.2.1. Teacher’s self-reported TPACK

Pre-service teachers replied to the questionnaire “TPACK.xs”
(Schmid et al., 2020). This questionnaire measures all seven dimensions
reliably with four items per subscale (see Table 1).

2.2.2. Intended use of digital technologies in lesson plans

To assess the intended use of digital technologies, 173 lesson plans
were analyzed. Pre-service teachers were asked to imagine and describe
a specific educational scenario (i.e., class level, size, composition, as
well as school resources and curriculum) and design a lesson for a topic
of their choice. The assignment did not mention any explicit instruction
for including the use of technologies in the lesson plans. All lesson plans
included rationales for their topic choice and learning goals, as well as
detailed descriptions of the chronological outline of their lesson (i.e.,
instructional activity, duration of activity, student working form, tech-
nologies used over the course of the lesson, etc.). Based on these detailed
descriptions, lesson plans were coded in two steps (see Fig. 1). First,
these were coded for whether or not they included the planned use of
technologies (“planned technology use™ no technology or including
technology). Second, among those including the planned to use tech-
nologies, a distinction was made based on whom these technologies
were to be used by (“user of technology”: only teacher, e.g., teacher using
PowerPoint for presenting a topic to a class; or students, e.g., students
using Google Maps to model topographies of local communities; lesson
plans in the latter category may also include instances of teachers’
technology use). Two trained coders independently coded 25% of the
lesson plans, revealing high intercoder reliabilities (Cohen’s kappa for
“planned technology use” = 0.845; Cohen’s kappa for “user of tech-
nology” = 1.000). Thus, the remaining lesson plans were coded by a
single coder (see Wirtz & Caspar, 2002).

2.3. Data analysis

Prior to our main analyses, full and subsamples (i.e., “no technol-
ogy”, “including technology”, “only teacher”, and “students”) are tested
with regards to assumptions of distribution normality by means of Q-Q
plots, skewness, and kurtosis (with ranges from —2 to +2 indicating
normality; Koh, 2014), as well as of homogeneity of variance by means
of Levene tests (Field, Miles, & Field, 2012). For investigating group
differences in the seven TPACK components (first goal), various group
comparisons are conducted. For the two-group comparison (“no tech-
nology” vs. “including technology™) either parametric independent t
tests or respective nonparametric tests are applied: nonparametric
Mann-Whitney test for the not normally distributed components (Field
et al., 2012) or Welch’s t-test for variance heterogeneity (Corriero,
2017). Analogously, for the three-group comparison (“no technology”
vs. “only teacher” vs. “students™), parametric ANOVAs are chosen for the
TPACK components meeting the assumptions of normality and homo-
geneity, whereas Kruskal-Wallis tests are adopted for components with
non-normal distributions (Field et al., 2012), and Welch’s ANOVA for
those with unequal variances (Tomarken & Serlin, 1986).

Addressing our second goal, that is of analyzing the construct of
TPACK holistically in relation to differences in technology use, first, k-
means cluster analyses are conducted to identify groups with different
patterns of TPACK component scores. Cluster analysis is an explorative
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Table 1
Descriptive statistics of TPACK.xs items and subscale reliabilities.

Item M SD o

pkl I can adapt my teaching based upon what students ~ 3.77 0.76
currently understand or do not understand.
pk2 I can adapt my teaching style to different learners.  3.61 0.83

pk3 I can use a wide range of teaching approachesina  3.55 0.88
classroom setting.

pk4 I can assess student learning in multiple ways. 3.80 081

PK subscale 3.68 0.66 .82

ckl I have sufficient knowledge about my teaching 4.25 0.83
subject.

ck2 I can use a subject-specific way of thinking in my 438 0.74
teaching subject.

ck3 1 know the basic theories and concepts of my 4.35 0.66
teaching subject.

ck4 I know the history and development of important 3.80 0.93
theories in my teaching subject.

CK subscale 420 0.60 .74

tkl I keep up with important new technologies. 3.47 1.13

tk2 I frequently play around with the technology. 2.98 1.22

tk3 1 know about a lot of different technologies. 3.39 1.07

tk4 I have the technical skills I need to use technology.  3.75 1.05

TK subscale 3.40 0.99 .90

pckl I know how to select effective teaching approaches  3.83 0.75
to guide student thinking and learning in my
teaching subject.

pck2 I know how to develop appropriate tasks to 3.87 078
promote students complex thinking of my teaching
subject.

pck3 I know how to develop exercises with which 4.01 0.74

students can consolidate their knowledge of my
teaching subject.

pck4 I know how to evaluate students’ performance in 3.83 0.82
my teaching subject.
PCK subscale 3.88 0.62 .82
tpkl I can choose technologies that enhance the 3.75 0.88
teaching approaches for a lesson.
tpk2 I can choose technologies that enhance students’ 3.59 093

learning for a lesson.
tpk3 I can adapt the use of the technologies that I am 419  0.79
learning about to different teaching activities.

tpk4 I am thinking critically about how to use 3.67 0.95
technology in my classroom.

TPK subscale 3.80 0.70 .79

tekl 1 know how technological developments have 3.53 1.08
changed the field of my subject.

tck2 I can explain which technologies have been used in ~ 3.45 1.17

research in my field.
tck3 I know which new technologies are currently being ~ 2.88 1.20
developed in the field of my subject.

tck4 I know how to use technologies to participate in 3.20 1.10
scientific discourse in my field.
TCK subscale 3.27 099 .89

tpckl I can teach lessons that appropriately combine my  3.68 0.83
teaching subject, technologies, and teaching
approaches.

tpck2 I can use strategies that combine content, 3.40 0.97
technologies, and teaching approaches that I
learned about in my coursework in my classroom.

tpck3  Ican choose technologies that enhance the content  3.60  0.94
of a lesson.

tpck4 I can select technologies to use in my classroom 3.54 085
that enhance what I teach, how I teach, and what
students learn.

TPCK subscale 3.56 0.76 .87

Note. Scale: 1 (strongly disagree) to 5 (strongly agree); a = Cronbach’s alpha; N =
173.

approach which attempts to identify patterns in data and use these to
discover groups with the smallest within group differences and largest
between group differences (i.e., groups whose members are more similar
in their characteristics to each other than they are to those of other
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No technology

Including
technology H User of technology

Planned technology use Only teacher

Students
Fig. 1. Coding scheme for classifying technology use in lesson plans.

groups; Jain, 2010). Given the explorative nature of this method, models
with different numbers of clusters (K) are frequently investigated as to
identify the most meaningful solution in the research context (Jain,
2010). In this study, K clusters are selected based on four indices
showing high performance in simulation studies (Milligan & Cooper,
1985) and their respective criteria for optimal solutions (Charrad,
Ghazzali, Boiteau, & Niknafs, 2014): Calinski-Harabasz (CH) index with
the highest value; the Duda index with the smallest K having an index
value is greater than its respective critical value; C-index with the lowest
value; and Beale index with K such that the critical value is equal or
greater than alpha. Subsequently, the relations between the identified
clusters and different classifications of technology use in lesson plans are
investigated using cross tabulation.

In order to investigate the relations between TPACK profiles and
technology use in lesson plans controlling for the effects of gender, age,
and teaching subject, the same preliminary analyses described above are
applied. Subject group differences in TPACK components are investi-
gated by means of ANOVAs (or for non parametric variables, by means
of Kruskal-Wallis tests). Subsequently, hierarchical logistic and multi-
nomial regressions are conducted for the two- and three-way compari-
son, respectively. In a final step, cross tabulation is used to investigate
the relations between technology use and identified TPACK clusters
within each subject group.

All analyses are conducted in R (version 3.6.0; R Core Team, 2019)
using the packages psych (version 1.8.12; Revelle, 2018), car (version
3.0-4; Fox, 2019), NbClust (version 3.0; Charrad et al., 2014), sjPlot
(version 2.8.3; Liidecke, 2020), and mlogit (version 1.0-2; Croissant,
2019).

3. Results

3.1. Differences in individual TPACK components and planned
technology use

Initial descriptives showed that regardless of group membership,
pre-service teachers’ highest TPACK ratings were on the CK subscale and
lowest ratings were on the TCK subscale (see Table 2). With regards to
the use of technology in lesson plans, codings revealed that 37 lesson
plans did not include the use of any digital technologies, whereas of the
136 which did, 90 included “only teacher” use and 46 planned “stu-
dents” use. Investigating the assumptions for statistical comparisons of
groups, revealed approximately normal distributions for all the TPACK
components except for CK and PCK in all subgroups. Levene tests indi-
cated homogeneity of variances for all components except TPK, F(1,
171) = 4.77,p = .03 and F(2, 170) = 3.63, p = .03, respectively for the
two-group (no technology vs. including technology) and three-group
comparisons (no technology vs. only teacher vs. students).

Thus, for our first goal of investigating differences in individual
TPACK components among pre-service teachers planning to use tech-
nology compared to those not planning any technology use, parametric
independent ¢ tests were adopted for the components PK, #(171) =
—0.03, p = .98; TK, t(171) = —0.09, p = .93; TCK, t(171) = —0.30, p =
.77; and TPCK, t(171) = —1.86, p = .06. For TPCK the effect size isd =
0.34, which equals a small to medium effect. For the not normally
distributed components the nonparametric Mann-Whitney test was
chosen: CK, W = 2628, p = .68 (median = 4.25); and PCK, W = 2917, p
= .14 (median = 3.75). For TPK, a Welch’s t test was applied to account
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Table 2
Descriptives of TPACK components for full and subsamples of technology use.
Sample n M (SD)
PK CK TK PCK TPK TCK TPCK
Full sample 173 3.68 4.20 3.40 3.88 3.80 3.27 3.56
(0.66) (0.60) (0.99) (0.62) (0.70) (0.99) (0.76)
Planned technology use
No technology 37 3.68 4.22 3.39 4.03 3.71 3.22 3.35
(0.77) (0.66) (0.93) (0.71) (0.84) (1.00) (0.86)
Including technology 136 3.69 4.19 3.40 3.84 3.83 3.28 3.61
(0.63) (0.58) (1.00) (0.60) (0.66) (0.99) (0.72)
User of technology
Only teacher 90 3.72 4.13 3.34 3.88 3.82 3.20 3.66
(0.63) (0.58) (0.98) (0.61) (0.71) (0.96) (0.71)
Students 46 3.61 4.29 3.51 3.77 3.84 3.42 3.51
(0.64) (0.58) (1.04) (0.57) (0.56) (1.03) (0.74)

for variance heterogeneity: t(48.48) = —0.77, p = .44. Analogously, for
the three-group comparison parametric ANOVAs were chosen for the
TPACK components meeting the assumptions of normality and homo-
geneity: PK, F(2, 170) = 0.40, p = .67; TK, F(2, 170) = 0.44, p = .65;
TCK, F(2, 170) = 0.80, p = .45; and TPCK, F(2, 170) = 2.29, p = .10.
Kruskal-Wallis tests were adopted for the two components with non-
normal distributions: CK, H(2) = 3.05, p = .22; and PCK, H(2) = 4.10,
p = .13. Lastly, a Welch’s ANOVA for unequal variances was conducted
for TPK: F(2, 82.92) = 0.32, p = .73. Overall, no significant differences
emerged in comparing means of individual TPACK components across
either two- or three-group classifications.

3.2. TPACK profiles and planned technology use

For our second goal of considering TPACK from a multidimensional
perspective, three of the four indices (i.e., CH, Duda, and Beale) sug-
gested a two-cluster solution, whereas the C-index identified five clus-
ters (see Table 3). Given the explorative nature of this goal, both
solutions suggested by the fit indices were considered in the subsequent
analyses.

The two-cluster solution resulted in one group with all high and the
other with all low TPACK components scores (see Fig. 2). Similarly, the
five-cluster model also revealed two groups characterized by all high
and all low TPACK components as well as three additional groups each
distinguishing itself from the others for lower scores on one core and its
related hybrid TPACK components (e.g., low TK reflected in low TPK,
TCK, and TPCK; see Fig. 3).

Table 4 describes the means and standard deviations of TPACK
components by cluster for both the two- and five-cluster solutions. In
both the two- and five-cluster models (with the exception of the cluster
characterized by “low C”), pre-service teachers’ highest TPACK ratings
were on the CK subscale. In contrast, lowest component ratings varied
over clusters.

In a second step, two- and five-cluster models were cross tabulated
with planned technology use (i.e., “no technology” vs. “including tech-
nology™) as well as with the user of technology (i.e., “no technology” vs.

Table 3

Indices for identifying the optimal number of clusters.
Number of clusters (K) CH Duda (critical value) C Beale
2 74.11 1.22 (0.72) 0.35 —0.82
3 56.69 1.26 (0.69) 0.32 —0.91
4 49.49 1.63 (0.64) 0.29 -1.71
5 42.69 1.00 (0.66) 0.28 —0.02
6 40.47 0.75 (0.66) 0.37 1.50
7 37.71 2.06 (0.57) 0.37 —2.25
8 35.06 1.33(0.59) 0.32 -1.09
9 32.17 2.11 (0.48) 0.32 —2.22
10 30.91 1.52 (0.53) 0.34 —1.46

Note. The optimal value for each index is bolded.

“only teacher” vs. “students”). Results for the two-cluster solution
(Table 5) revealed practically null relations with both planned tech-
nology use, X? (1, N=173)=0.17,p = .68 (¢ = 0.05) as well as with the
user of technology,;(z (2, N=173) = 0.38, p = .83 (Cramer’s V = 0.05).
Similarly, the five-cluster solution (Table 6) showed only small and
nonsignificant effects in relation to planned technology use and user of
technology, 72 (4, N = 173) = 2.83, p = .57 (Cramer’s V = 0.13) and 2
(8, N=173) =10.28, p = .26 (Cramer’s V = 0.17), respectively.

3.3. Predicting technology use from gender, age, subject, and TPACK
profiles

Considering the effects of gender, age, and subject for the relations
between TPACK and technology inclusion in lesson plans, Table 7 pre-
sents the descriptives of each TPACK component by subject group and
technology use type. Comparing the means of TPACK components be-
tween subject groups showed STEM pre-service teachers to have the
highest scores on CK, TK, PCK, and TCK subscales. In contrast, social
science pre-service teachers had the highest score on the TPK subscale,
whereas language pre-service teachers showed the highest PK and TPCK.
ANOVAs showed that these differences were only significant for the
subscales TK and TCK, F(2, 170) = 3.82, p = .02 and F(2, 170) = 7.58, p
< .00, respectively. On the remaining subscales differences did not reach
significance: PK, F(2, 170) = 1.84, p = .16; CK, H(2) = 1.14, p = .56;
PCK, F(2, 170) = 0.66, p = .52; TPK, F(2, 170) = 0.50, p = .61; and
TPCK, F(2, 170) = 0.22, p = .81.

Hierarchical logistic regressions predicting planned technology use
from TPACK profiles controlling for gender, age, and subject, found
subject to be the only significant predictor in both models based on the
two- and the five-cluster solutions of TPACK profiles (see Table 8 and
Table 9): Compared to STEM pre-service teachers, social science and
language pre-service teachers were more likely to include technology in
their lesson plans.

In predicting technology user, similar patterns of significance
emerged for the two hierarchical multinomial regressions (see Table 10
and Table 11). Compared to STEM pre-service teachers, social science
and language pre-service teachers were significantly more likely to plan
technology for their own use (i.e., only teacher) than to not include
technology in their lesson plans. In contrast, compared to STEM pre-
service teachers, social science and language pre-service teachers were
significantly less likely to plan lessons incorporating students’ use of
technology (i.e., students) than technology used only by teachers. Sub-
ject group did not emerge as a significant predictor for distinguishing
between teachers not planning the use of technology and those planning
lessons including students’ use. For the other predictors (i.e., gender,
age, and the two- and five-cluster solutions of TPACK profiles) no sig-
nificant findings emerged from any of the models.

In the final step, given restrictions of sample size, the relations of
technology use and TPACK profiles within subject groups were
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Clusters

=+ Cluster 1 (all low)
* Cluster 2 (all high)

Clusters

=+ Cluster 1 (low T)
* Cluster 2 (low C)

*= Cluster 3 (low P)

— Cluster 4 (all low)

== Cluster 5 (all high)

Fig. 3. Five-cluster solution of TPACK presenting standardized mean values as to ease interpretation of clusters with respect to average sample scores per component.

Table 4
Means and standard deviations (in parentheses) for two- and five-cluster TPACK models.
Model Cluster PK CK TK PCK TPK TCK TPCK Description
Two-cluster 1 3.50 3.95 2.65 3.63 3.36 2.45 3.11 All low
(0.54) (0.59) (0.83) (0.60) (0.61) (0.64) (0.66)
2 3.81 4.37 3.93 4.07 4.11 3.85 3.88 All high
(0.65) (0.549) (0.70) (0.58) (0.59) (0.76) (0.66)
Five-cluster 1 3.75 4.15 213 3.89 3.44 2.36 3.18 Low T
(0.46) (0.54) (0.59) (0.42) (0.53) (0.60) (0.55)
2 3.80 3.89 3.67 3.90 4.01 2.85 3.83 Low C
(0.49) (0.61) (0.59) (0.56) (0.40) (0.50) (0.38)
3 3.27 4.42 3.78 3.64 3.63 4.14 3.32 Low P
(0.48) (0.47) (0.85) (0.49) (0.54) (0.56) (0.56)
4 2.81 3.67 3.17 3.03 2.83 2.40 2.49 All low
(0.52) (0.56) (0.88) (0.44) (0.59) (0.78) (0.62)
5 4.28 4.59 4.04 4.47 4.50 4.14 4.32 All high
(0.52) (0.37) (0.64) (0.44) (0.43) (0.60) (0.53)

investigated only for the two-cluster solution of TPACK profiles.
Consistent with the results reported above, among STEM pre-service
teachers (Table 12) significant relations emerged for the two-cluster

TPACK profiles and planned technology use, X2 (1, N = 43) = 491, P

=.02 (¢ = 0.39) as well as with technology user, X? (2,N=43)=7.04,

p = .03 (Cramer’s V = 0.41). In contrast, no significant relations were

found among social science pre-service teachers (Table 13): planned
technology use, X2 (1, N = 55) = 0.00, p = 1.00 (¢ = 0.04); technology
user, X2 (2, N=55) = 0.07,p = 1.00 (Cramer’s V = 0.04). Similarly, for
pre-service language teachers’ TPACK profiles no significant relations

were found with planned technology use, X* 2 (1,N=75)=0.27,p=.57
(¢ = 0.09), nor with technology user, X2 (2, N=175) = 1.68,p = .43
(Cramer’s V = 0.15) (see Table 14).

4. Discussion and conclusions

Based on the results from the full sample of pre-service teachers, all
four hypotheses need to be rejected. However, when looking at STEM
teachers in contrast to language and social science teachers, some hy-
potheses can be confirmed. With regard to the full sample, our findings
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Table 5
Two-cluster TPACK solution in relation to technology codings in lesson plans.
Technology coding Cluster 1~ Cluster 2  Total
(all low) (all high)
Planned technology use ~ No technology 17 20 37
Including technology 55 81 136
Total 72 101 173
User of technology No technology 17 20 37
Only teacher 36 54 90
Students 19 27 46
Total 72 101 173

suggest that no single component of self-reported TPACK is significantly
higher for pre-service teachers that plan to use technology in their les-
sons when compared to those who do not (H1 rejected). Although the
difference in TPCK points in the expected direction, it was only
marginally significant. Also, no significant differences were found with
regard to whether technology was planned for only teacher’s or for
students’ use (H2 rejected). Here too, self-reported TPCK seems to be
slightly higher for those planning only teacher’s use but this result is
only marginally significant as well. Furthermore, the study was able to
distinguish two different ways of clustering pre-service teachers ac-
cording to their self-reported TPACK: a two-cluster and a five-cluster
solution. Neither the two-cluster nor the five-cluster solution showed
significant group differences with regard to technology inclusion in
lesson plans (H3 rejected) nor with regard to whether technology use
was planned for only teachers or students (H4 rejected).

The reasons underlying the lack of relations between TPACK and
teachers’ planned use of technology could be twofold: First, self-
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reported TPACK might not be a valid measure of teachers’ technology
use, whereas more objective TPACK measures might show the expected
correlations. This seems plausible as the findings support earlier results
showing that self-reported accounts of TPACK do not correlate with
other, more objective measures (e.g., Akyuz, 2018; Kopcha et al., 2014;
Krauskopf & Forssell, 2018; see also Chapter 1.1). However, it is unlikely
that self-reported TPACK is completely useless as it measures
TPACK-related confidence and self-efficacy, but for higher levels of
predictive value, it needs to be complemented with more rigorous tests
(Copur-Gencturk & Thacker, 2020).

Second, the results lead to the question whether self-reported TPACK
is the defining aspect of technology integration or whether teacher be-
liefs, context-related pedagogical reasoning, learner characteristics, or
the technological infrastructure need to be taken into account as well (e.
g., Brantley-Dias & Ertmer, 2013; Chai et al., 2013; Gil-Flores, Rodri-
guez-Santero, & Torres-Gordillo, 2017). Similar observations have been
made in studies on PCK, where teacher factors and student factors like
beliefs and behaviors can be considered as amplifiers and filters
(Gess-Newsome et al., 2019). Based on our results, self-reported TPACK
measures alone do not suffice for determining differences in teachers’
use of technology, but rather require to be considered in combination
with additional factors.

With regard to the control variables, no significant differences ac-
cording to gender or age were found. This result is not surprising.
Although certain studies showed significant differences in self-reported
TPACK or the use of technology between men and women or regarding
the age, the differences were rather small and vary depending on the
TPACK component (e.g., Ergen et al., 2019; Lin et al., 2013; Scherer,
Siddiq, & Teo, 2015; Tondeur, Valcke, & van Braak, 2008). While there

Table 6
Five-cluster TPACK solution in relation to technology codings in lesson plans.
Technology coding Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Total
(low T) (low C) (low P) (all low) (all high)
Planned technology use No technology 8 6 8 6 9 37
Including technology 29 36 28 12 31 136
Total 37 42 36 18 40 173
User of technology No technology 8 6 8 6 9 37
Only teacher 20 27 13 7 23 90
Students 9 9 15 5 8 46
Total 37 42 36 18 40 173
Table 7
Means and standard deviations of TPACK components in subject subsamples depending on form of technology use in lesson plans.
n PK CK TK PCK TPK TCK TPCK
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
STEM 43 3.55 (0.70) 4.26 (0.61) 3.72(0.91) 3.93 (0.67) 3.72 (0.70) 3.76 (0.95) 3.52(0.85)
Planned technology use
No technology 16 3.53(0.74) 4.09 (0.78) 3.55 (0.88) 4.08 (0.74) 3.72 (0.85) 3.14 (0.81) 3.41 (0.95)
Including technology 27 3.56 (0.70) 4.36 (0.47) 3.81 (0.93) 3.84 (0.62) 3.72 (0.61) 4.12 (0.85) 3.58 (0.80)
User of technology
Only teacher 10 3.75 (0.74) 4.30 (0.55) 3.62 (0.84) 3.98 (0.76) 3.73 (0.53) 4.15 (0.63) 3.75 (0.70)
Students 17 3.46 (0.67) 4.40 (0.43) 3.93 (0.99) 3.76 (0.54) 3.72 (0.67) 4.10 (0.97) 3.49 (0.86)
Social sciences 55 3.65 (0.66) 4.18 (0.59) 3.41 (1.00) 3.80 (0.59) 3.86 (0.70) 3.12(0.81) 3.53 (0.70)
Planned technology use
No technology 6 3.50 (0.39) 4.25 (0.50) 3.54 (1.10) 3.71 (0.40) 3.71 (0.29) 3.12 (0.83) 3.17 (0.30)
Including technology 49 3.67 (0.69) 4.17 (0.60) 3.40 (0.99) 3.82(0.61) 3.88 (0.74) 3.12(0.82) 3.57 (0.72)
User of technology
Only teacher 36 3.66 (0.72) 4.15 (0.52) 3.44 (1.02) 3.79 (0.64) 3.81 (0.81) 3.11 (0.84) 3.51 (0.77)
Students 13 3.69 (0.61) 4.25 (0.82) 3.29 (0.95) 3.88 (0.54) 4.10 (0.46) 3.13 (0.78) 3.75 (0.55)
Languages 75 3.79 (0.63) 4.17 (0.60) 3.20 (0.98) 3.92 (0.62) 3.80 (0.70) 3.09 (1.04) 3.60 (0.76)
Planned technology use
No technology 15 3.92 (0.88) 4.35 (0.57) 3.15 (0.94) 4.12 (0.77) 3.70 (1.02) 3.35(1.27) 3.37 (0.95)
Including technology 60 3.75 (0.55) 4.12 (0.60) 3.22 (1.00) 3.87 (0.58) 3.83 (0.61) 3.03 (0.98) 3.66 (0.70)
User of technology
Only teacher 44 3.77 (0.53) 4.09 (0.64) 3.20 (0.98) 3.93 (0.55) 3.85 (0.66) 3.06 (1.01) 3.77 (0.67)
Students 16 3.72 (0.62) 4.22 (0.48) 3.25 (1.07) 3.69 (0.64) 3.75 (0.45) 2.94 (0.92) 3.36 (0.74)
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Table 8
Hierarchical logistic regression predicting technology use from gender, age, subject, and 2-cluster model of TPACK profiles.
Predictor Step 1 Step 2 Step 3
B (SE) e® [95% CI] B (SE) e® [95% CI] B (SE) ep [95% CI]
Constant 1.46 4.31 0.56 1.74 0.25 1.28
(0.75) [0.97, 18.69] (0.85) [0.32, 9.15] (0.93) [0.20, 7.83]
Gender (ref.: female) Male 0.02 1.02 0.01 1.01 —0.03 0.97
(0.37) [0.49, 2.15] (0.41) [0.45, 2.30] (0.42) [0.43, 2.22]
Age —0.01 1.00 —0.00 1.00 0.00 1.00
(0.02) [0.95, 1.04] (0.54) [0.95, 1.05] (0.02) [0.96, 1.05]
Subject (ref.: STEM) Social sciences 1.58%* 4.83 1.61** 4.99
(0.54) [1.76, 14.87] (0.549) [1.81,15.44]
Languages 0.86 2.37 0.92* 2.50
(0.45) [0.98, 5.79] (0.46) [1.03, 6.22]
TPACK cluster (ref.: all low) All high 0.33 1.39
(0.40) [0.64, 3.06]
R? Hosmer-Lemeshow 0.00 0.05 0.06
Cox & Snell 0.00 0.06 0.06
Nagelkerke 0.00 0.09 0.09

Overall model evaluation X(2) =0.06,p = .97

X(2) =9.80,p = .01 X(1) =0.69,p = .41

Note. ° p < .06; *p < .05; **p < .01; ***p < .001.

Table 9
Hierarchical logistic regression predicting technology use from gender, age, subject, and 5-cluster model of TPACK profiles.
Predictor Step 1 Step 2 Step 3
B (SE) e’ [95% CI] B (SE) ¢’ [95% CI] B (SE) e’ [95% CI]
Constant 1.46 4.31 0.56 1.74 —0.31 0.73
(0.75) [0.97, 18.69] (0.85) [0.32, 9.15] (1.07) [0.09, 5.94]
Gender (ref.: female) Male 0.02 1.02 0.01 1.01 —0.05 0.95
(0.37) [0.49, 2.15] (0.41) [0.45, 2.30] (0.43) [0.41, 2.22]
Age —0.01 1.00 —0.00 1.00 0.01 1.01
(0.02) [0.95, 1.04] (0.54) [0.95, 1.05] (0.03) [0.96, 1.06]
Subject (ref.: STEM) Social sciences 1.58%* 4.83 1.58** 4.83
(0.54) [1.76, 14.87] (0.56) [1.69, 15.47]
Languages 0.86 2.37 0.91* 2.50
(0.45) [0.98, 5.79] (0.48) [0.99, 6.46]
TPACK cluster (ref.: all low) All high 0.57 1.77
(0.66) [0.48, 6.43]
Low C 0.91 2.49
(0.71) [0.61, 10.32]
Low P 0.70 2.01
(0.69) [0.51, 7.86]
Low T 0.30 1.35
(0.67) [0.35, 5.02]
R? Hosmer-Lemeshow 0.00 0.05 0.07
Cox & Snell 0.00 0.06 0.07
Nagelkerke 0.00 0.09 0.10

Overall model evaluation X(2) =0.06,p = .97

X(2) =9.80,p = .01 X(4) =2.04,p=.73

Note. ° p < .06; *p < .05; **p < .01; ***p < .001.

were no differences according to gender and age in our study, differ-
ences were found when comparing different subject groups. This is in
line with the results of Altun and Akyildiz’s (2017) study, in which
pre-service science teachers tended to report higher knowledge along
TPACK than social science or Turkish language teachers (significant
differences in CK, PCK, TCK, and TPCK). However, another study did not
find any significant differences in terms of TPACK between science,
mathematics, and literacy pre-service teachers before their intervention
(Tokmak et al., 2013). In our study, we also observed higher levels of TK
and TCK for STEM pre-service teachers. In addition, STEM pre-service
teachers with overall high levels of TPACK showed higher levels of
technology integration in lesson plans than those with lower ratings on
the TPACK scale. In contrast, TPACK ratings and technology integration
in lesson plans were unrelated in the subsample of language and social
science pre-service teachers. Nevertheless, the overall probability of
using technology in languages and social sciences were higher than in
STEM subjects.

5. Limitations and future research

There are three main limitations of this study. First and foremost,
there are questions regarding the use of lesson plans as a measure of
actual pre-service teachers’ performance. It is questionable how well a
single lesson plan, fictively designed as a part of coursework rather than
a direct implementation, represents the future teaching of pre-service
teachers and how generalizable this lesson is (see also Backfisch et al.,
2020 for differences between “experience levels”, namely pre-service,
trainee, and in-service). In addition to the validity of relying on a sin-
gle lesson plan, limitations also result from the ways these lesson plans
are analyzed. The codings in this study focused on generic features,
namely, whether technologies were planned and by whom they were
intended to be used. A finer-grained differentiation considering the
quality of technology use and its functions are important factors. In its
given form, the dependent variable of technology use might be too broad
and too generic for sensing meaningful differences. This point should be



M. Schmid et al.

Computers in Human Behavior 115 (2021) 106586

Table 10
Hierarchical multinomial regression predicting technology use from gender, age, subject, and 2-cluster model of TPACK profiles.
Predictor Step 1 Step 2 Step 3
B (SE) e’ [95% CI) B (SE) e’ [95% CI] B (SE) ¢’ [95% CI]
Only teacher use vs. no use
Constant 1.54 4.69 0.22 10.05 -0.17 0.84
(0.80) [0.97, 22.70] (0.93) [0.20, 7.73] (1.01) [0.11, 6.16]
Gender (ref.: female) Male -0.22 0.80 -0.31 0.73 -0.37 0.69
(0.40) [0.37, 1.74] (0.45) [0.30, 1.76] (0.45) [0.28, 1.68]
Age —0.20 0.98 —0.02 0.98 —0.01 0.99
(0.02) [0.94, 1.03] (0.03) [0.93, 1.04] (0.03) [0.94, 1.04]
Subject (ref.: STEM) Social sciences 2.31%** 10.05 2.36%** 10.55
(0.60) [3.08, 32.85] (0.61) [3.20, 34.78]
Languages 1.44%* 4.24 1.52%* 4.57
(0.52) [1.54, 11.67] (0.53) [1.63, 12.80]
TPACK cluster (ref.: all low) All high 0.43 1.53
(0.43) [0.66, 3.56]
Student use vs. no use
Constant —0.54 0.59 —0.68 0.51 —0.86 0.42
(0.89) [0.10, 3.30] (0.97) [0.08, 3.40] (1.06) [0.05, 3.39]
Gender (ref.: female) Male 0.49 1.64 0.42 1.52 0.39 1.48
(0.45) [0.68, 3.94] (0.48) [0.59, 3.89] (0.48) [0.57, 3.82]
Age 0.02 1.02 0.01 1.01 0.02 1.02
(0.03) [0.96, 1.07] (0.03) [0.96, 1.07] (0.03) [0.96, 1.07]
Subject (ref.: STEM) Social sciences 2.31 1.97 0.70 2.02
(0.60) [0.60, 6.51] (0.61) [0.61, 6.69]
Languages 0.17 1.18 0.20 1.22
(0.53) [0.42, 3.31] (0.53) [0.43, 3.48]
TPACK cluster (ref.: all low) All high 0.20 1.23
(0.47) [0.49, 3.06]
Student use vs. teacher only use
Constant —2.08 0.12 —0.90 0.20 —0.69 0.50
(0.76) [0.03, 0.55] (0.88) [0.07, 2.29] (0.96) [0.08, 3.29]
Gender (ref.: female) Male 0.71* 2.04 0.73 2.08 0.76 2.14
(0.37) [0.99, 4.23] (0.41) [0.92, 4.67] (0.42) [0.95, 4.86]
Age 0.03 1.03 0.03 1.03 0.03 1.03
(0.02) [0.99, 1.08] (0.02) [0.99, 1.08] (0.02) [0.98, 1.08]
Subject (ref.: STEM) Social sciences —1.63** 0.20 —1.65%* 0.19
(0.53) [0.03, 0.33] (0.53) [0.07, 0.54]
Languages —1.30* 0.28 —1.32% 0.27
(0.52) [0.10, 0.76] (0.52) [0.10, 0.74]
TPACK cluster (ref.: all low) All high -0.22 0.80
(0.40) [0.28, 1.52]
R? MacFadden 0.02 0.08 0.08

Overall model evaluation

X%(4) = 6.54,p = .16

X%(4) = 20.66, p = .00

X3(2) = 1.02, p = .60

Note. *p < .05; **p < .01; ***p < .001.

Table 11
Third step of the hierarchical multinomial regression predicting technology use from gender, age, subject, and 5-cluster model of TPACK profiles.
Predictor Only teacher use vs. no use Student use vs. no use Student use vs. teacher only use

B (SE) P [95% CI] B (SE) P [95% CI] B (SE) e? [95% CI]

Constant -0.78 0.46 —1.48 0.23 -0.71 0.49
(1.18) [0.05, 4.72] (1.25) [0.07, 2.62] (1.15) [0.05, 4.68]

Gender (ref.: female) Male —0.36 0.70 0.35 1.42 0.71 2.04
(0.47) [0.28, 1.73] (0.50) [0.54, 3.76] (0.43) [0.88, 4.72]

Age —0.01 0.99 0.03 1.03 0.03 1.03
(0.03) [0.94, 1.05] (0.03) [0.97, 1.09] (0.02) [0.98, 1.08]

Subject (ref.: STEM) Social sciences 2.30%%* 9.97 0.67 1.95 —1.63%* 0.20
(0.63) [2.92, 33.99] (0.64) [0.56, 6.79] (0.55) [0.07, 0.58]

Languages 1.48** 4.38 0.23 1.26 —1.24* 0.29
(0.549) [1.51, 12.67] (0.56) [0.42, 3.76] (0.54) [0.10, 0.83]

TPACK cluster (ref.: all low) All high 0.92 2.50 0.07 1.08 —0.84 0.43
(0.74) [0.59, 3.37] (0.79) [0.23, 5.08] (0.76) [0.10, 1.92]

Low C 1.07 2.92 0.70 2.02 -0.37 0.69
(0.78) [0.64, 13.36] (0.85) [0.38, 10.56] (0.76) [0.16, 3.04]

Low P 0.51 1.66 0.88 2.41 0.37 1.44
(0.78) [0.36, 7.69] (0.78) [0.52,11.11] (0.75) [0.33, 6.32]

Low T 0.38 1.47 0.24 1.27 —0.14 0.87
(0.74) [0.35, 6.22] (0.82) [0.26, 6.15] (0.75) [0.20, 3.77]

RZ

MacFadden = 0.10

Overall model evaluation: X%(8) = 6.76, p=.56

Note. *p < .05; **p < .01; ***p < .001.
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Table 12
Two-cluster TPACK solution in relation to technology codings in lesson plans for
STEM pre-service teachers.

Technology coding Cluster 1 Cluster 2 Total
(all low) (all high)

Planned technology use ~ No technology 9 7 16
Including technology 5 22 27
Total 14 29 43

Technology user No technology 9 7 16
Only teacher 1 9 10
Students 13 17
Total 14 29 43

Planned technology use: ¥ = 4.91, df = 1, ¢ = 0.39, Fisher’s p = .02.
Technology user: ;(2 = 7.04, df = 2, Cramer’s V = 0.41, Fisher’s p = .03.

Table 13
Two-cluster TPACK solution in relation to technology codings in lesson plans for
social science pre-service teachers.

Technology coding Cluster 1~ Cluster 2 Total
(all low) (all high)

Planned technology use ~ No technology 2 4 6
Including technology 19 30 49
Total 21 34 55

Technology user No technology 2 4 6
Only teacher 14 22 36
Students 5 8 13
Total 21 34 55

Planned technology use: )(2 = 0.00, df = 1, ¢ = 0.04, Fisher’s p = 1.00.
Technology user: y° = 0.07, df = 2, Cramer’s V = 0.04, Fisher’s p = 1.00.

Table 14
Two-cluster TPACK solution in relation to technology codings in lesson plans for
language pre-service teachers.

Technology coding Cluster 1 Cluster 2 Total
(all low) (all high)

Planned technology use ~ No technology 6 9 15
Including technology 31 29 60
Total 37 38 75

Technology user No technology 6 9 15
Only teacher 21 23 44
Students 10 6 16
Total 37 38 75

Planned technology use: 2 = 0.27, df = 1, ¢ = 0.09, Fisher’s p = .57.
Technology user: y° = 1.68, df = 2, Cramer’s V = 0.15, Fisher’s p = .43.

addressed by future investigation, as the mere use of technologies is not
in itself a quality criterion. Rather, it is important that the use of tech-
nologies is aligned with the goals and content of the lessons. Quality
could, for example, be rated using the Three Basic Dimensions of
teaching quality (see Praetorius, Klieme, Herbert, & Pinger, 2018) or the
SAMR model (see Hamilton, Rosenberg, & Akcaoglu, 2016; Puentedura,
2006). Another approach could be to take greater account of teachers’
decision-making process regarding the use of technology (see e.g.,
Kopcha, Neumann, Ottenbreit-Leftwich, & Pitman, 2020) and the rea-
sons why teachers use technology in classrooms (see e.g., Heitink et al.,
2016). In future, teacher’s technology use should be considered over
multiple lessons and in addition to lesson plans, video recorded lessons
could also be included to examine the use of technology and help in-
crease external validity.

Second, it is crucial to acknowledge that this study was conducted
with pre-service teachers. Pre-service teachers are not completely bare
of any professional knowledge but they are likely to be not experienced
enough to already have well established schemas and stable structures of
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TPACK. In other words, pre-service teachers belong to that “in-between”
knowledge development phase “... when one acquires some minimal
information but evidence for [self-assessed] knowledge adequacy is
neither easily available nor convincing, ...” (Park, Gardner, & Thukral,
1988, p. 402). In contrast to the not knowledgeable and the highly
knowledgeable which appear to have realistic evaluations of their
knowledge, this “in-between stage” shows greater discrepancies be-
tween their self-perceived and their actual knowledge (Park et al.,
1988). Therefore, in the future, it would be interesting to examine not
only pre-service but also in-service teachers who teach at different
school levels (see e.g., Backfisch et al., 2020).

Third, given the insufficient number of teachers per individual sub-
ject, analyses were based on overarching subject groups. Focusing on
specific subjects individually could be important, since for example,
computer science teachers, given the inherent content of their teaching
subject, would be expected to have greater TK as well as to naturally use
digital technology more often than other teachers. Future research is
required to further investigate this point, as our results show that there
are differences between subject groups, yet at present the literature
comparing individual subjects is very limited.

To conclude, future research needs to investigate relations between
self-reported TPACK, more objective TPACK measures, different kinds of
technology integration measures that go beyond self-report data, as well
as how these constructs may vary across teaching subjects. Next to the
simple question of whether technology is used or not, the quality and
ultimately the effectiveness of technology use need to be taken into
account. In addition, TPACK needs to be embedded in overarching
frameworks of technology integration to assess its predictive value in
combination with other measures like teacher beliefs or context vari-
ables such as student variables, technological infrastructure, or school
culture. There does not seem to be a direct connection between self-
reported TPACK and technology use in lesson plans, thus research
needs to understand the indirect and mediated connections in order to
support teachers in the task of integrating technology in a meaningful
way in their lessons.

Credit author statement
Mirjam Schmid: Conceptualization, Methodology, Formal analysis,

Investigation, Data Curation, Writing - Original Draft, Project adminis-
tration. Eliana Brianza: Conceptualization, Methodology, Formal anal-

ysis, Data Curation, Writing - Original Draft. Dominik Petko:
Conceptualization, Methodology, Writing - Review & Edition,
Supervision.

Acknowledgements

We would like to thank Andrea Cantieni for his support with the
statistical analyses.

This research project involves human beings, but according to the
University of Zurich Ethics Policy no ethical examination and approval
was necessary. The study was conducted with adults on the basis of
informed consent.

References

Abbitt, J. (2011). Measuring technological pedagogical content knowledge in preservice
teacher education: A review of current methods and instruments. Journal of Research
on Technology in Educational Technology & Society, 43(4), 281-300. https://doi.org/
10.1080/15391523.2011.10782573

Agyei, D., & Voogt, J. (2011). Determining teachers’ TPACK through observations and
self-report data. In M. Koehler, & P. Mishra (Eds.), Proceedings of SITE 2011-society
for information technology & teacher education international conference (pp.
2314-2319). Nashville, Tennessee, USA: Association for the Advancement of
Computing in Education (AACE). Retrieved April 28, 2020 from https://www.lear
ntechlib.org/primary/p/36652/.

Akyuz, D. (2018). Measuring technological pedagogical content knowledge (TPACK)
through performance assessment. Computers & Education, 125, 212-225. https://doi.
org/10.1016/j.compedu.2018.06.012


https://doi.org/10.1080/15391523.2011.10782573
https://doi.org/10.1080/15391523.2011.10782573
https://www.learntechlib.org/primary/p/36652/
https://www.learntechlib.org/primary/p/36652/
https://doi.org/10.1016/j.compedu.2018.06.012
https://doi.org/10.1016/j.compedu.2018.06.012

M. Schmid et al.

Altun, T., & Akyildiz, S. (2017). Investigating student teachers’ technological
pedagogical content knowledge (TPACK) levels based on some variables. European
Journal of Education Studies, 3(5), 467-485. https://doi.org/10.5281/
zenodo.555996

Angeli, C., & Valanides, N. (2005). Preservice elementary teachers as information and
communication technology designers: An instructional systems design model based
on an expanded view of pedagogical content knowledge. Journal of Computer Assisted
Learning, 21(4), 292-302. https://doi.org/10.1111/j.1365-2729.2005.00135.x

Archambault, L. M. (2016). Exploring the use of qualitative methods to examine TPACK.
In M. C. Herring, P. Mishra, & M. J. Koehler (Eds.), Handbook of technological
pedagogical content knowledge for educators (2nd ed., pp. 65-86). New York:
Routledge. https://doi.org/10.4324/9781315771328.

Archambault, L. M., & Barnett, J. H. (2010). Revisiting technological pedagogical content
knowledge: Exploring the TPACK framework. Computers & Education, 55(4),
1656-1662. https://doi.org/10.1016/j.compedu.2010.07.009

Archambault, L. M., & Crippen, K. (2009). Examining TPACK among K-12 online distance
educators in the United States. Contemporary Issues in Technology and Teacher
Education, 9(1). Retrieved from http://www.citejournal.org/vol9/iss1/general/art
icle2.cfm.

Backfisch, 1., Lachner, A., Hische, C., Loose, F., & Scheiter, K. (2020). Professional
knowledge or motivation? Investigating the role of teachers’ expertise on the quality
of technology-enhanced lesson plans. Learning and Instruction, 66, 1-13. https://doi.
org/10.1016/j.learninstruc.2019.101300

Baxter, J. A., & Lederman, N. G. (1999). Assessment and measurement of pedagogical
content knowledge. In J. Gess-Newsome, & N. G. Lederman (Eds.), Examining
pedagogical content knowledge (pp. 147-161). Dordrecht: Springer.

Bilici, S. C., Guzey, S. S., & Yamak, H. (2016). Assessing pre-service science teachers’
technological pedagogical content knowledge (TPACK) through observations and
lesson plans. Research in Science & Technological Education, 34(2), 237-251. https://
doi.org/10.1080/02635143.2016.1144050

Blomeke, S., & Delaney, S. (2014). Assessment of teacher knowledge across countries: A
review of the state of research. In S. Blomeke, F.-J. Hsieh, G. Kaiser, & W. H. Schmidt
(Eds.), International perspectives on teacher knowledge, beliefs and opportunities to learn
(pp. 541-585). Dordrecht: Springer. https://doi.org/10.1007/978-94-007-6437-8.

Brantley-Dias, L., & Ertmer, P. A. (2013). Goldilocks and TPACK: Is the construct “just
right?”. Journal of Research on Technology in Education, 46(2), 103-128. https://doi.
org/10.1080/15391523.2013.10782615

Chai, C. S., Koh, J. H. L., & Tsai, C.-C. (2011). Exploring the factor structure of the
constructs of technological, pedagogical, content knowledge (TPACK). The Asia-
Pacific Education Researcher, 20(3), 595-603.

Chali, C. S., Koh, J. H. L., & Tsai, C.-C. (2013). A review of technological pedagogical
content knowledge. Educational Technology & Society, 16(2), 31-51.

Chai, C. S., Koh, J. H. L., & Tsai, C.-C. (2016). A review of the quantitative measures of
technological pedagogical content knowledge (TPACK). In M. C. Herring, P. Mishra,
& M. J. Koehler (Eds.), Handbook of technological pedagogical content knowledge for
educators (2nd ed., pp. 87-106). New York: Routledge.

Charrad, M., Ghazzali, N., Boiteau, V., & Niknafs, A. (2014). NbClust: An R package for
determining the relevant number of clusters in a data set. Journal of Statistical
Software, 61(6), 1-36. https://doi.org/10.18637/jss.v061.106

Chuang, H.-H., Weng, C.-Y., & Huang, F.-C. (). A structure equation model among factors
of teachers’ technology integration practice and their TPCK. Computers & Education,
86, 182-191. https://doi.org/10.1016/j.compedu.2015.03.016

Cianciolo, A. T., & Sternberg, R. J. (2018). Practical intelligence and tacit knowledge: An
ecological view of expertise. In K. A. Ericsson, R. R. Hoffman, A. Kozbelt, &

A. M. Williams (Eds.), The Cambridge handbook of expertise and expert performance
(2nd ed., pp. 770-792). Cambridge, UK: Cambridge University Press.

Copur-Gencturk, Y., & Thacker, 1. (2020). A comparison of perceived and observed
learning from professional development: Relationships among self-reports, direct
assessments, and teacher characteristics. Journal of Teacher Education. https://doi.
org/10.1177/0022487119899101. Advance online publication.

Corriero, E. (2017). Heterogeneity of variance. In M. Allen (Ed.), The sage encyclopedia of
communication research methods (Vol. 2, pp. 653-654). Thousand Oaks, CA: SAGE
Publications, Inc. https://doi.org/10.4135/9781483381411.n229.

Croissant, Y. (2019). mlogit: Multinomial logit models. R package version 1.0-2 https://
cran.rproject.org/web/packages/mlogit/index.html.

Demetriou, C., Uzun Ozer, B., & Essau, C. A. (2015). Self-report questionnaires. In
R. L. Cautin, & S. O. Lilienfeld (Eds.), The encyclopedia of clinical psychology (pp. 1-6).
New York: John Wiley & Sons. https://doi.org/10.1002/9781118625392.
wbecp507.

Drummond, A., & Sweeney, T. (2017). Can an objective measure of technological
pedagogical content knowledge (TPACK) supplement existing TPACK measures?
British Journal of Educational Technology, 48(4), 928-939. https://doi.org/10.1111/
bjet.12473

Dunning, D. (2011). The Dunning-Kruger Effect: On being ignorant of one’s own
ignorance. Advances in Experimental Social Psychology, 44, 247-296. https://doi.org/
10.1016/B978-0-12-385522-0.00005-6

Ergen, B., Yanpar Yelken, T., & Kanadli, S. (2019). A meta-analysis of research on
technological pedagogical content knowledge by gender. Contemporary Educational
Technology, 10(4), 358-380. https://doi.org/10.30935/cet.634182

Field, A., Miles, J., & Field, Z. (2012). Discovering statistics using R. London: Sage.

Fox, J. (2019). car: Companion to applied regression. R package version 3.0-4 https://cran.
r-project.org/web/packages/car/index.html.

Gess-Newsome, J., Taylor, J. A., Carlson, J., Gardner, A. L., Wilson, C. D., &

Stuhlsatz, M. A. M. (2019). Teacher pedagogical content knowledge, practice, and
student achievement. International Journal of Science Education, 41(7), 944-963.
https://doi.org/10.1080/09500693.2016.1265158

11

Computers in Human Behavior 115 (2021) 106586

Gil-Flores, J., Rodriguez-Santero, J., & Torres-Gordillo, J.-J. (2017). Factors that explain
the use of ICT in secondary-education classrooms: The role of teacher characteristics
and school infrastructure. Computers in Human Behavior, 68, 441-449. https://doi.
org/10.1016/j.chb.2016.11.057

Graham, C. R. (2011). Theoretical considerations for understanding technological
pedagogical content knowledge (TPACK). Computers & Education, 57(3), 1953-1960.
https://doi.org/10.1016/j.compedu.2011.04.010

Graham, C. R., Burgoyne, N., Cantrell, P., Smith, L., St Clair, L., & Harris, R. (2009).
Measuring the TPACK confidence of inservice science teachers. TechTrends, 53(5),
70-79. https://doi.org/10.1007/s11528-009-0328-0

Habibi, A., Yusop, F. D., & Razak, R. A. (2019). The role of TPACK in affecting pre-service
language teachers’ ICT integration during teaching practices: Indonesian context.
Education and Information Technologies. https://doi.org/10.1007/5s10639-019-10040-
2. Advance online publication.

Hamilton, E. R., Rosenberg, J. M., & Akcaoglu, M. (2016). The substitution augmentation
modification redefinition (SAMR) model: A critical review and suggestions for its
use. TechTrends, 60, 433-441. https://doi.org/10.1007/s11528-016-0091-y

Harris, J. B., & Hofer, M. J. (2011). Technological pedagogical content knowledge
(TPACK) in action: A descriptive study of secondary teachers’ curriculum-based,
technology-related instructional planning. Journal of Research on Technology in
Education, 43(3), 211-229.

Heitink, M., Voogt, J., Verplanken, L., van Braak, J., & Fisser, P. (2016). Teachers’
professional reasoning about their pedagogical use of technology. Computers &
Education, 101, 70-83. https://doi.org/10.1016/j.compedu.2016.05.009

Hew, K. F,, Lan, M., Tang, Y., Jia, C., & Lo, C. K. (2019). Where is the “theory” within the
field of educational technology research? British Journal of Educational Technology,
50(3), 956-971. https://doi.org/10.1111/bjet.12770

Hill, H. C., Loewenberg-Ball, D., Blunk, M., Goffney, I. M., & Rowan, B. (2007).
Validating the ecological assumption: The relationship of measure scores to
classroom teaching and student learning. Measurement, 5(2), 107-118.

Hill, H. C., Loewenberg-Ball, D., & Schilling, S. G. (2008). Unpacking pedagogical
content knowledge: Conceptualizing and measuring teachers’ topic-specific
knowledge of students. Journal for Research in Mathematics Education, 39(4),
372-400.

Iswadi, I., Syukri, M., Soewarno, S., Yulisman, H., & Nurina, C. I. E. (2020). A systematic
literature review of science teachers’ TPACK related to STEM in developing a
TPACK-STEM scale. Journal of Physics: Conference Series, 1460. https://doi.org/
10.1088/1742-6596/1460/1/012105

Jain, A. K. (2010). Data clustering: 50 years beyond K-means. Pattern Recognition Letters,
31(8), 651-666. https://doi.org/10.1016/j.patrec.2009.09.011

Jang, S.-J., & Tsai, M.-F. (2012). Exploring the TPACK of Taiwanese elementary
mathematics and science teachers with respect to use of interactive whiteboards.
Computers & Education, 59(2), 327-338. https://doi.org/10.1016/j.
compedu.2012.02.003

Jung, Y. J., Cho, K., & Shin, W. S. (2019). Revisiting critical factors on teachers’
technology integration: The differences between elementary and secondary teachers.
Asia Pacific Journal of Education, 39(4), 548-561.

Kabakci Yurdakul, I., & Coklar, A. N. (2014). Modeling preservice teachers’ TPACK
competencies based on ICT usage. Journal of Computer Assisted Learning, 30(4),
363-376. https://doi.org/10.1111/jcal. 12049

Kabakei Yurdakul, 1., Odabasi, H. F., Kilicer, K., Coklar, A. N., Birinci, G., & Kurt, A. A.
(2012). The development, validity and reliability of TPACK-deep: A technological
pedagogical content knowledge scale. Computers & Education, 58(3), 964-977.
https://doi.org/10.1016/j.compedu.2011.10.012

Kimmons, R. (2015). Examining TPACK’s theoretical future. Journal of Technology and
Teacher Education, 23(1), 53-77.

Klassen, R. M., & Tze, V. M. C. (2014). Teachers’ self-efficacy, personality, and teaching
effectiveness: A meta-analysis. Educational Research Review, 12, 59-76. https://doi.
0rg/10.1016/j.edurev.2014.06.001

Koehler, M. J., Mishra, P., & AACTE Committee on Innovation and Technology. (2008).
Introducing TPCK. In Handbook of technological pedagogical content knowledge (TPCK)
for educators (pp. 2-29). New York: Routledge.

Koehler, M. J., Shin, T. S., & Mishra, P. (2012). How do we measure TPACK? Let me
count the ways. In C. R. Rakes, R. N. Ronau, & M. L. Niess (Eds.), Educational
technology, teacher knowledge, and classroom impact: A research handbook on
frameworks and approaches (pp. 16-31). Hershey: IGI Global.

Koh, K. (2014). Univariate normal distribution. In A. C. Michalos (Ed.), Encyclopedia of
quality of life and well-being research (pp. 6817-6819). Dordrecht: Springer. https://
doi.org/10.1007/978-94-007-0753-5_3109.

Koh, H. L., Chai, C. S., & Tsai, C.-C. (2010). Examining the technological pedagogical
content knowledge of Singapore pre-service teachers with a large-scale survey.
Journal of Computer Assisted Learning, 26, 563-573. https://doi.org/10.1111/j.1365-
2729.2010.00372.x

Kopcha, T. J., Neumann, K. L., Ottenbreit-Leftwich, A., & Pitman, E. (2020). Process over
product: The next evolution of our quest for technology integration. Educational
Technology Research & Development. https://doi.org/10.1007/s11423-020-09735-y.
Advance online publication.

Kopcha, T. J., Ottenbreit-Leftwich, A., Jung, J., & Baser, D. (2014). Examining the TPACK
framework through the convergent and discriminant validity of two measures.
Computers & Education, 78, 87-96. https://doi.org/10.1016/j.compedu.2014.05.003

Krauskopf, K., & Forssell, K. (2018). When knowing is believing: A multi-trait analysis of
self-reported TPCK. Journal of Computer Assisted Learning, 34, 482-491. https://doi.
org/10.1111/jcal. 12253

Kruger, J., & Dunning, D. (1999). Unskilled and unaware of it. How difficulties in
recognizing one’s own incompetence lead to inflated self-assessments. Journal of
Personality and Social Psychology, 77(6), 1121-1134.


https://doi.org/10.5281/zenodo.555996
https://doi.org/10.5281/zenodo.555996
https://doi.org/10.1111/j.1365-2729.2005.00135.x
https://doi.org/10.4324/9781315771328
https://doi.org/10.1016/j.compedu.2010.07.009
http://www.citejournal.org/vol9/iss1/general/article2.cfm
http://www.citejournal.org/vol9/iss1/general/article2.cfm
https://doi.org/10.1016/j.learninstruc.2019.101300
https://doi.org/10.1016/j.learninstruc.2019.101300
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref10
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref10
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref10
https://doi.org/10.1080/02635143.2016.1144050
https://doi.org/10.1080/02635143.2016.1144050
https://doi.org/10.1007/978-94-007-6437-8
https://doi.org/10.1080/15391523.2013.10782615
https://doi.org/10.1080/15391523.2013.10782615
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref14
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref14
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref14
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref15
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref15
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref16
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref16
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref16
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref16
https://doi.org/10.18637/jss.v061.i06
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref19
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref19
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref19
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref19
https://doi.org/10.1177/0022487119899101
https://doi.org/10.1177/0022487119899101
https://doi.org/10.4135/9781483381411.n229
https://cran.rproject.org/web/packages/mlogit/index.html
https://cran.rproject.org/web/packages/mlogit/index.html
https://doi.org/10.1002/9781118625392.wbecp507
https://doi.org/10.1002/9781118625392.wbecp507
https://doi.org/10.1111/bjet.12473
https://doi.org/10.1111/bjet.12473
https://doi.org/10.1016/B978-0-12-385522-0.00005-6
https://doi.org/10.1016/B978-0-12-385522-0.00005-6
https://doi.org/10.30935/cet.634182
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref27
https://cran.r-project.org/web/packages/car/index.html
https://cran.r-project.org/web/packages/car/index.html
https://doi.org/10.1080/09500693.2016.1265158
https://doi.org/10.1016/j.chb.2016.11.057
https://doi.org/10.1016/j.chb.2016.11.057
https://doi.org/10.1016/j.compedu.2011.04.010
https://doi.org/10.1007/s11528-009-0328-0
https://doi.org/10.1007/s10639-019-10040-2
https://doi.org/10.1007/s10639-019-10040-2
https://doi.org/10.1007/s11528-016-0091-y
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref35
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref35
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref35
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref35
https://doi.org/10.1016/j.compedu.2016.05.009
https://doi.org/10.1111/bjet.12770
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref38
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref38
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref38
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref39
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref39
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref39
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref39
https://doi.org/10.1088/1742-6596/1460/1/012105
https://doi.org/10.1088/1742-6596/1460/1/012105
https://doi.org/10.1016/j.patrec.2009.09.011
https://doi.org/10.1016/j.compedu.2012.02.003
https://doi.org/10.1016/j.compedu.2012.02.003
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref43
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref43
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref43
https://doi.org/10.1111/jcal.12049
https://doi.org/10.1016/j.compedu.2011.10.012
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref46
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref46
https://doi.org/10.1016/j.edurev.2014.06.001
https://doi.org/10.1016/j.edurev.2014.06.001
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref48
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref48
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref48
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref49
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref49
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref49
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref49
https://doi.org/10.1007/978-94-007-0753-5_3109
https://doi.org/10.1007/978-94-007-0753-5_3109
https://doi.org/10.1111/j.1365-2729.2010.00372.x
https://doi.org/10.1111/j.1365-2729.2010.00372.x
https://doi.org/10.1007/s11423-020-09735-y
https://doi.org/10.1016/j.compedu.2014.05.003
https://doi.org/10.1111/jcal.12253
https://doi.org/10.1111/jcal.12253
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref55
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref55
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref55

M. Schmid et al.

Lee, M.-H., & Tsai, C.-C. (2010). Exploring teachers’ perceived self efficacy and
technological pedagogical content knowledge with respect to educational use of the
World Wide Web. Instructional Science, 38, 1-21. https://doi.org/10.1007/s11251-
008-9075-4

Li, Y., Garza, V., Keicher, A., & Popov, V. (2019). Predicting high school teacher use of
technology: Pedagogical beliefs, technological beliefs and attitudes, and teacher
training. Technology, Knowledge and Learning, 24, 501-518. https://doi.org/
10.1007/s10758-018-9355-2

Lin, T.-C., Tsai, C.-C., Chai, C. S., & Lee, M.-H. (2013). Identifying science teachers’
perceptions of technological pedagogical and content knowledge (TPACK). Journal
of Science Education and Technology, 22(3), 325-336. https://doi.org/10.1007/
$10956-012-9396-6

Liidecke, D. (2020). sjPlot: Data visualization for statistics in social science. https://doi.org/
10.5281/zenodo.1308157. R package version 2.8.3 https://CRAN.R-project.org/pa
ckage=sjPlot.

Maderick, J. A., Zhang, S., Hartley, K., & Marchand, G. (2016). Preservice teachers and
self-assessing digital competence. Journal of Educational Computing Research, 54(3),
326-351. https://doi.org/10.1177/0735633115620432

Milligan, G. W., & Cooper, M. C. (1985). An examination of procedures for determining
the number of clusters in a data set. Psychometrika, 50, 159-179. https://doi.org/
10.1007/BF02294245

Mishra, P. (2019). Considering contextual knowledge: The TPACK diagram gets an
upgrade. Journal of Digital Learning in Teacher Education, 35(2), 76-78. https://doi.
org/10.1080/21532974.2019.1588611

Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge: A
framework for teacher knowledge. Teachers College Record, 108(6), 1017-1054.

Ocak, C., & Baran, E. (2019). Observing the indicators of technological pedagogical
content knowledge in science classrooms: Video-based research. Journal of Research
on Technology in Education, 51(1), 43-62. https://doi.org/10.1080/
15391523.2018.1550627

Park, C., Gardner, M., & Thukral, V. (1988). Self-perceived knowledge: Some effects on
information processing for a choice task. The American Journal of Psychology, 101(3),
401-424. https://doi.org/10.2307/1423087

Paulhaus, D. L., & Vazire, S. (2009). The self-report method. In R. W. Robins, R. C. Fraley,
& R. F. Krueger (Eds.), Handbook of research methods in personality psychology (pp.
224-239). New York: Guilford.

Polanyi, M. (1967). The tacit dimension. New York: Doubleday.

Porras-Hernandez, L. H., & Salinas-Amescua, B. (2013). Strengthening TPACK: A broader
notion of context and the use of teacher’s narratives to reveal knowledge
construction. Journal of Educational Computing Research, 48(2), 223-244. https://doi.
org/10.2190/EC.48.2.f

Praetorius, A.-K., Klieme, E., Herbert, B., & Pinger, P. (2018). Generic dimensions of
teaching quality: The German framework of three basic dimensions. Zentralblatt fiir
Didaktik der Mathematik, 50, 407-436. https://doi.org/10.1007/s11858-018-0918-4

Puentedura, R. (2006). Transformation, technology, and education [Blog post]. Retrieved
from http://hippasus.com/resources/tte/.

R Core Team. (2019). R: A language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing. URL https://www.R-project.org/.

Revelle, W. (2018). psych: Procedures for personality and psychological research. Evanston,
Illinois, USA: Northwestern University. https://CRAN.R-project.org/package=psych
Version = 1.8.12.

Rosenberg, J. M., & Koehler, M. J. (2015). Context and technological pedagogical
content knowledge (TPACK): A systematic review. Journal of Research on Technology
in Educational Technology & Society, 47(3), 186-210. https://doi.org/10.1080/
15391523.2015.1052663

Saubern, R., Urbach, D., Koehler, M. J., & Phillips, M. (2020). Describing increasing
proficiency in teachers’ knowledge of the effective use of digital technology.
Computers & Education. https://doi.org/10.1016/j.compedu.2019.103784. Advance
online publication.

Scherer, R., & Siddiq, F. (2015). Revisiting teachers’ computer self-efficacy: A
differentiated view on gender differences. Computers in Human Behavior, 53, 48-57.
https://doi.org/10.1016/j.chb.2015.06.038

Scherer, R., Siddiq, F., & Teo, T. (2015). Becoming more specific: Measuring and
modeling teachers’ perceived usefulness of ICT in the context of teaching and
learning. Computers & Education, 88, 202-214. https://doi.org/10.1016/j.
compedu.2015.05.005

Scherer, R., Tondeur, J., & Siddiq, F. (2017). On the quest for validity: Testing the factor
structure and measurement invariance of the technology-dimensions in the
Technological, Pedagogical, and Content Knowledge (TPACK) model. Computers &
Education, 112, 1-17. https://doi.org/10.1016/j.compedu.2017.04.012

Schmid, M., Brianza, E., & Petko, D. (2020). Developing a short assessment instrument
for technological pedagogical content knowledge (TPACK.xs) and comparing the
factor structure of an integrative and a transformative model. Computers & Education,
157, 103967. https://doi.org/10.1016/j.compedu.2020.103967

Schmidt-Crawford, D. A., Tai, S.-J. D., Wang, W., & Jin, Y. (2016). Understanding
teachers’ TPACK through observation. In M. C. Herring, M. J. Koehler, & P. Mishra

Computers in Human Behavior 115 (2021) 106586

(Eds.), Handbook of technological pedagogical content knowledge (TPACK) for educators
(pp. 107-118). London: Taylor & Francis.

Schmidt, D. A., Baran, E., Thompson, A. D., Mishra, P., Koehler, M. J., & Shin, T. S.
(2009). Technological Pedagogical Content Knowledge (TPACK): The development
and validation of an assessment instrument for preservice teachers. Journal of
Research on Technology in Education, 42(4), 123-149. https://doi.org/10.1080/
15391523.2009.10782544

Setiawan, H., Phillipson, S., Sudarmin, S., & Isnaeni, W. (2019). Current trends in TPACK
research in science education: A systematic review of literature from 2011 to 2017.
Journal of Physics: Conference Series, 1317. https://doi.org/10.1088/1742-6596/
1317/1/012213

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching.
Educational Researcher, 15(2), 4-14. https://doi.org/10.3102/0013189X015002004

Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform. Harvard
Educational Review, 57(1), 1-22. https://doi.org/10.17763/haer.57.1.
j463w79r56455411

Starkey, L. (2019). A review of research exploring teacher preparation for the digital age.
Cambridge Journal of Education, 50(1), 37-56. https://doi.org/10.1080/
0305764X.2019.1625867

Su, M., & Foulger, T. (2019). We aren’t there yet: A progression of literature on TPACK
measures to assess technology integration. In K. Graziano (Ed.), Proceedings of society
for information technology & teacher education international conference (pp.
2534-2542). Las Vegas, NV: Association for the Advancement of Computing in
Education (AACE). Retrieved from: https://www.learntechlib.org/primary/p/
208005/.

Tokmak, H. C., Incikabi, L., & Ozgelen, S. (2013). An investigation of change in
mathematics, science, and literacy education pre-service teachers’ TPACK. Asia-
Pacific Education Researcher, 22(4), 407-415. https://doi.org/10.1007/540299-012-
0040-2

Tomarken, A. J., & Serlin, R. C. (1986). Comparison of ANOVA alternatives under
variance heterogeneity and specific noncentrality structures. Psychological Bulletin,
99(1), 90-99. https://doi.org/10.1037,/0033-2909.99.1.90

Tondeur, J., Valcke, M., & van Braak, J. (2008). A multidimensional approach to
determinants of computer use in primary education: Teacher and school
characteristics. Journal of Computer Assisted Learning, 24(6), 494-506. https://doi.
org/10.1111/j.1365-2729.2008.00285.x

Tondeur, J., van Braak, J., Sang, G., Voogt, J., Fisser, P., & Ottenbreit-Leftwich, A.
(2012). Preparing pre-service teachers to integrate technology in education: A
synthesis of qualitative evidence. Computers & Education, 59(1), 134-144. https://
doi.org/10.1016/j.compedu.2011.10.009

Valtonen, T., Leppanen, U., Hyypia, M., Sointu, E., Smits, A., & Tondeur, J. (2020). Fresh
perspectives on TPACK: Pre-service teachers’ own appraisal of their challenging and
confident TPACK areas. Education and Information Technologies. https://doi.org/
10.1007/510639-019-10092-4. Advance online publication.

Valtonen, T., Sointu, E., Kukkonen, J., Kontkanen, S., Lambert, M. C., & Makitalo-
Siegl, K. (2017). TPACK updated to measure pre-service teachers’ twenty-first
century skills. Australasian Journal of Educational Technology, 33(3), 15-31. https://
doi.org/10.1111/j.1365-2729.2012.00487.x

Voogt, J., Fisser, P., Pareja Roblin, N., Tondeur, J., & van Braak, J. (2013). Technological
pedagogical content knowledge — a review of the literature. Journal of Computer
Assisted Learning, 29(2), 109-121. https://doi.org/10.1111/j.1365-
2729.2012.00487

Wang, W., Schmidt-Crawford, D., & Jin, Y. (2018). Preservice teachers’ TPACK
development: A review of literature. Journal of Digital Learning in Teacher Education,
34(4), 234-258. https://doi.org/10.1080/21532974.2018.1498039

Willermark, S. (2018). Technological pedagogical and content knowledge: A review of
empirical studies published from 2011 to 2016. Journal of Educational Computing
Research, 56(3), 315-343. https://doi.org/10.1177/0735633117713114

Wirtz, M., & Caspar, F. (2002). Beurteileriibereinstimmung und Beurteilerreliabilitat.
Methoden zur Bestimmung und Verbesserung der Zuverlassigkeit von Einschatzungen
mittels Kategoriensystemen und Ratingskalen [Rater agreement and rater reliability.
Methods for determining and improving the reliability of assessments by means of category
systems and rating scales]. Gottingen: Hogrefe.

Wright, B., & Akgunduz, D. (2018). The relationship between technological pedagogical
content knowledge (TPACK) self-efficacy belief levels and the usage of Web 2.0
applications of pre-service science teachers. World Journal on Educational Technology:
Current Issues, 10(1), 70-87.

Yigit, M. (2014). A review of the literature: How pre-service mathematics teachers
develop their technological, pedagogical, and content knowledge. International
Journal of Education in Mathematics, Science and Technology, 2(1), 26-35.

Young, J. R. (2016). Unpacking TPACK in mathematics education research: A systematic
review of meta-analyses. International Journal of Educational Methodology, 2(1),
19-29. https://doi.org/10.12973/ijem.2.1.19

Zee, M., & Koomen, H. M. (2016). Teacher self-efficacy and its effects on classroom
processes, student academic adjustment, and teacher well-being: A synthesis of 40
years of research. Review of Educational Research, 86, 981-1015. https://doi.org/
10.3102/0034654315626801

12


https://doi.org/10.1007/s11251-008-9075-4
https://doi.org/10.1007/s11251-008-9075-4
https://doi.org/10.1007/s10758-018-9355-2
https://doi.org/10.1007/s10758-018-9355-2
https://doi.org/10.1007/s10956-012-9396-6
https://doi.org/10.1007/s10956-012-9396-6
https://doi.org/10.5281/zenodo.1308157
https://doi.org/10.5281/zenodo.1308157
https://CRAN.R-project.org/package=sjPlot
https://CRAN.R-project.org/package=sjPlot
https://doi.org/10.1177/0735633115620432
https://doi.org/10.1007/BF02294245
https://doi.org/10.1007/BF02294245
https://doi.org/10.1080/21532974.2019.1588611
https://doi.org/10.1080/21532974.2019.1588611
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref63
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref63
https://doi.org/10.1080/15391523.2018.1550627
https://doi.org/10.1080/15391523.2018.1550627
https://doi.org/10.2307/1423087
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref66
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref66
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref66
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref67
https://doi.org/10.2190/EC.48.2.f
https://doi.org/10.2190/EC.48.2.f
https://doi.org/10.1007/s11858-018-0918-4
http://hippasus.com/resources/tte/
https://www.R-project.org/
https://CRAN.R-project.org/package=psych%20Version%20=%201.8.12
https://CRAN.R-project.org/package=psych%20Version%20=%201.8.12
https://doi.org/10.1080/15391523.2015.1052663
https://doi.org/10.1080/15391523.2015.1052663
https://doi.org/10.1016/j.compedu.2019.103784
https://doi.org/10.1016/j.chb.2015.06.038
https://doi.org/10.1016/j.compedu.2015.05.005
https://doi.org/10.1016/j.compedu.2015.05.005
https://doi.org/10.1016/j.compedu.2017.04.012
https://doi.org/10.1016/j.compedu.2020.103967
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref79
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref79
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref79
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref79
https://doi.org/10.1080/15391523.2009.10782544
https://doi.org/10.1080/15391523.2009.10782544
https://doi.org/10.1088/1742-6596/1317/1/012213
https://doi.org/10.1088/1742-6596/1317/1/012213
https://doi.org/10.3102/0013189X015002004
https://doi.org/10.17763/haer.57.1.j463w79r56455411
https://doi.org/10.17763/haer.57.1.j463w79r56455411
https://doi.org/10.1080/0305764X.2019.1625867
https://doi.org/10.1080/0305764X.2019.1625867
https://www.learntechlib.org/primary/p/208005/
https://www.learntechlib.org/primary/p/208005/
https://doi.org/10.1007/s40299-012-0040-2
https://doi.org/10.1007/s40299-012-0040-2
https://doi.org/10.1037/0033-2909.99.1.90
https://doi.org/10.1111/j.1365-2729.2008.00285.x
https://doi.org/10.1111/j.1365-2729.2008.00285.x
https://doi.org/10.1016/j.compedu.2011.10.009
https://doi.org/10.1016/j.compedu.2011.10.009
https://doi.org/10.1007/s10639-019-10092-4
https://doi.org/10.1007/s10639-019-10092-4
https://doi.org/10.1111/j.1365-2729.2012.00487.x
https://doi.org/10.1111/j.1365-2729.2012.00487.x
https://doi.org/10.1111/j.1365-2729.2012.00487
https://doi.org/10.1111/j.1365-2729.2012.00487
https://doi.org/10.1080/21532974.2018.1498039
https://doi.org/10.1177/0735633117713114
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref95
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref95
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref95
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref95
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref95
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref96
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref96
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref96
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref96
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref97
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref97
http://refhub.elsevier.com/S0747-5632(20)30333-2/sref97
https://doi.org/10.12973/ijem.2.1.19
https://doi.org/10.3102/0034654315626801
https://doi.org/10.3102/0034654315626801

	Self-reported technological pedagogical content knowledge (TPACK) of pre-service teachers in relation to digital technology ...
	1 Introduction
	1.1 Teacher’s self-reported TPACK
	1.2 Self-reported TPACK and technology use in lesson plans
	1.3 The present study

	2 Material and methods
	2.1 Sample
	2.2 Measures
	2.2.1 Teacher’s self-reported TPACK
	2.2.2 Intended use of digital technologies in lesson plans

	2.3 Data analysis

	3 Results
	3.1 Differences in individual TPACK components and planned technology use
	3.2 TPACK profiles and planned technology use
	3.3 Predicting technology use from gender, age, subject, and TPACK profiles

	4 Discussion and conclusions
	5 Limitations and future research
	Credit author statement
	Acknowledgements
	References


