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ARTICLE INFO ABSTRACT
Keywords: Against the backdrop of digitalization, it is imperative to provide pre-service teachers with
TPACK adequate training opportunities to foster their professional knowledge regarding technology

Professional knowledge
Technology integration
Pre-service teacher education
Test-based instruments

integration in teaching-learning scenarios. However, to date, only limited insights into the
empirical nature of such knowledge — often subsumed under the term Technological Pedagogical
and Content Knowledge (i.e., TPCK) — are possible given the heterogeneity of prior research
investigating the empirical relationship between different knowledge components. This hetero-
geneity is likely due to the predominant use of self-reports in previous studies. Against this
background, the present study pursued two goals. The first goal was to investigate the empirical
nature of TPCK among pre-service teachers, utilizing test-based instruments to explore TPCK’s
nature from a subject-specific angle, that is, its relationship with Pedagogical Content Knowledge
(PCK) and Technological Knowledge (TK). Given the widespread use of self-reports, the study’s
second goal was to examine the relationship between test-based and self-reported TPCK,
exploring possible associated factors (e.g., pre-service teachers’ gender, prior experience in
teaching with technologies in school, or metacognitive accuracy) that may explain why both
measures are linked only weakly. Findings reveal that both PCK and TK statistically predicted
TPCK to a similar extent highlighting the integrated nature of TPCK. The relationship between
test-based and self-reported TPCK was moderated by pre-service teachers’ metacognitive accu-
racy, but not by their gender or prior experience. Together, these insights offer valuable guidance
for refining teacher training regarding effective technology integration by indicating the need to
target not only PCK and TK but also TPCK.

1. Introduction

Integrating technology in the classroom has been shown to be a lever for supporting students’ learning (see Hillmayr et al., 2020 for
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a meta-analysis in STEM). Empirical evidence indicated a positive relationship between teachers’ professional knowledge and the
quality of instruction (Backfisch et al., 2020), which is in turn closely related to students’ learning outcomes as highlighted in a recent
model by Lachner et al. (2024). Hence, teachers’ professional knowledge is considered a crucial pre-requisite to integrate technologies
effectively in subject-matter teaching (Clark-Wilson et al., 2020; Knezek & Christensen, 2016; Mishra & Koehler, 2006). In this light, it
is imperative to take into account professional knowledge regarding technology integration early on in teachers’ careers and develop
adequate training opportunities for pre-service teachers. However, despite its relevance for both the design of effective pre-service
teacher training (Fabian et al., 2024) and the design of adequate assessment strategies (Willermark, 2018), the precise empirical
nature of such professional knowledge-commonly subsumed under the Technological Pedagogical and Content model (TPACK; Mishra
& Koehler, 2006)-is largely unclear. This is because prior studies investigating the empirical relationships between different
knowledge components have produced mixed results. For example, to date, it is debated whether Technological Pedagogical Content
Knowledge (i.e., TPCK') as the central knowledge component of TPACK is a related but distinct knowledge component from Peda-
gogical Content Knowledge (PCK; Shulman, 1986) or merely a sub-facet of it (GroBe-Heilmann et al., 2022; Schubatzky et al., 2023).

The inconsistencies of prior studies on the empirical relationships of TPACK-components may have arisen as most empirical studies
predominantly relied on self-report instruments to measure these components (Koehler et al., 2011; Willermark, 2018). Although
ecologically reasonable and valuable in providing initial proxies for knowledge, self-reports require participants to assess their
knowledge accurately, a process that has been shown to introduce potential biases in the level of TPCK concerning different variables,
such as gender (Gomez-Trigueros & Yanez de Aldecoa, 2021; Koh et al., 2010) or pre-service teachers’ experience (e.g., Heine et al.,
2023; Jang & Tsai, 2012). Therefore, it is commonly agreed upon that self-reports present a sub-optimal way to assess TPACK (Lachner
etal., 2019; Scherer et al., 2017). Despite the widespread use of self-reports in the TPACK literature, little research has been conducted
to explore empirically why the relationship between self-reported and test-based TPCK is commonly weak (Drummond & Sweeney,
2017; von Kotzebue, 2022).

Together, the review of the literature has shown two interrelated desiderates pertaining to the TPACK ecosystem. First, the inherent
empirical nature of TPACK has remained largely unclear. Second, it is an open question why self-reported and test-based TPCK are
commonly linked weakly. In the present study, we sought to shed light onto these two desiderates. Accordingly, we explored the
inherent empirical nature of TPACK within pre-service teachers, using test-based instruments, and investigated its relationship to TK
and PCK. Given the relevance of PCK for high teaching quality (Baumert et al., 2010), as well as the subject-specific nature of TPACK
(Max et al., 2022; von Kotzebue, 2022; Voogt et al., 2013) and its context-sensitivity (Mishra, 2019), we employed the study in the
context of mathematics education. Specifically, we examined whether the distinction between mathematics-specific TPCK and mathe-
matics-specific PCK drawn by Mishra and Koehler (2006) is empirically warranted (see Krauss. et al., 2008, for related approaches on
the relationship of PCK and CK).

Moreover, we examined the relationship between self-reported and test-based TPCK and explored possible boundary conditions on
this relationship, such as pre-service teachers’ gender, prior experience, and metacognitive accuracy (i.e., ability to accurately self-
asses one’s knowledge).

2. Theoretical background
2.1. Pre-service teachers’ professional knowledge for technology integration

Integrating technologies during subject-specific instruction requires rich knowledge of how to exploit the affordances of tech-
nologies to support students’ learning (Knezek & Christensen, 2016; Mishra & Koehler, 2006). Considering the importance of future
teaching with technologies, much research has been put into conceptualizing such knowledge. The TPACK model introduced by Mishra
and Koehler (2006) as an extension of Shulman’s Pedagogical Content and Knowledge framework is one of the most prominent
conceptualizations of professional knowledge (Brianza et al., 2023; Hew et al., 2019; Schmid et al., 2024). As such, it has been dis-
cussed as a “highly relevant and useful framework for informing educational research and practice” (Schmid et al., 2024, p. 14).
Therefore, TPACK was used as the guiding framework in the present study. The TPACK model suggests that the central knowledge for
subject-specific technology-enhanced teaching-i.e., Technological Pedagogical Content Knowledge (TPCK)-emerges from the complex
interplay of basic knowledge components such as PCK and TK. PCK relates to knowledge about how to foster students’ subject-specific
learning best, including knowledge about their (mis-) conceptions of relevant content-related topics and how to adapt teaching
strategies to students’ individual needs to support their acquisition of conceptual knowledge best (Shulman, 1986). PCK has been
discussed to be a central knowledge for the profession of teaching (Shulman, 1986) and predictive of high-quality instruction —
especially in the context of mathematics (Backfisch et al., 2020; Baumert et al., 2010; Blomeke & Kaiser, 2014). Technological
Knowledge (TK) refers to knowledge of technologies that, for instance, includes knowledge about operating with digital technologies
comprising “standard sets of software tools such as word processors, spreadsheets, browsers, and e-mail” (Mishra & Koehler, 2006, p.
1027). In the ongoing digital transformation, TK has been considered crucial for implementing technologies into subject-matter
teaching and learning (Fiitterer et al., 2023; Kastorff et al., 2022).

! Note that in the present paper, we follow Schmid et al. (2020) and use the term TPACK when referring to the TPACK model as a whole (including
all of its seven knowledge components, i.e., TK, PK, CK, TPK, TCK, PCK, & TPCK). Instead, we use TPCK when explicitly referring to the specific
knowledge component within the TPACK model.
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2.2. The inherent structure of TPACK

2.2.1. Theoretical considerations

A vivid debate on the theoretical nature of TPCK (i.e., the central TPACK-component) evolved which concerned the question of how
TPCK is developed during pre-service teacher training (Angeli & Valanides, 2009), and ultimately how TPCK is related to the other
TPACK-components (Schmid et al., 2020). Two opposing views crystallized around these questions: The integrative and transformative
views (Angeli & Valanides, 2009). According to the integrative view, TPCK is not a distinct or unique body of knowledge. Instead,
TPCK is closely related to all of the other TPACK-components (i.e., TK, PK, CK, PCK, TCK, and TPK). Therefore, high levels of TPCK
should correspond to high levels of all other TPACK-components including PCK and TK (Schmid et al., 2020; von Kotzebue, 2022). In
contrast, the transformative view posits TPCK as a distinct and unique knowledge component that goes “beyond simple integration, or
accumulation, of the constituent knowledge bases” (Angeli & Valanides, 2009, p. 158). In this view, teachers’ TPCK is shaped by the
second-order components (e.g., PCK) but not directly by the first-order components such as TK (Schmid et al., 2020; von Kotzebue,
2022). Therefore, TPCK should be more closely related to PCK than to TK.

These unclear theoretical underpinnings may have shaped how researchers from different disciplines conceptualized TPCK
regarding its relationship to other TPACK-components. For example, whereas some researchers have conceptualized TPCK as a unique
knowledge facet (e.g., Angeli & Valanides, 2009), others considered TPCK to be a sub-facet of PCK (Grofie-Heilmann et al., 2022;
Schubatzky et al., 2023). These different conceptualizations should be reflected in the empirical relationships of TPCK with PCK and
TK: If TPCK was merely a sub-facet of PCK, it may be reasonable to suggest that TPCK and PCK are empirically very closely related. At
the same time, as TK refers to knowledge theoretically distinct from PCK (Mishra & Koehler, 2006), assuming a lower relationship
between TPCK and TK may be reasonable.

2.2.2. Empirical studies on the relationships between TPCK, PCK, and TK

Numerous studies have aimed to empirically clarify the inherent structure of TPACK to shed light on the ongoing debate regarding
its inherent structure and inform practice in designing effective training opportunities for pre-service teachers. Considering the
relevance of PCK and TK for effective technology integration, the relationships between TPCK, PCK, and TK have been studied
extensively. However, empirical findings on the relationships of these TPACK-components were mixed. On the one hand, studies
provided evidence that TPCK is statistically influenced by PCK but not by TK (Pamuk et al., 2015; Schmid et al., 2020). On the other
hand, Koh et al. (2013) found that TPCK was influenced by TK but not PCK. Other studies indicated that neither PCK nor TK statistically
influences TPCK (Dong et al., 2015).

Possibly, this heterogeneity arises as most studies relied on self-report measures in which participants need to assess their level of
knowledge, a procedure which has been considered limited in assessing objective TPCK (Fiitterer et al., 2023; Lachner et al., 2021;
Willermark, 2018). Reasons for the limitations of self-reports have been prominently discussed in the past (Lachner et al., 2021;
Schubatzky et al., 2023; von Kotzebue, 2022; Voogt et al., 2013) and encompass induced bias arising from social desirability or the
challenge individuals face in accurately assessing their knowledge (Maderick et al., 2016; Urhahne & Wijnia, 2021). Especially be-
ginners struggle to accurately assess their knowledge (Kruger & Dunning, 1999). Therefore, self-reports are valuable for providing
proxies for the level of TPCK but they are not the optimal way to assess objective TPCK (see Lachner et al., 2021, for a thorough
discussion on self-reports in the context of TPACK research).

In contrast, test-based instruments have been considered superior over self-reports in assessing knowledge as they provide
objective, quantifiable measures of what individuals know or can do, reducing the subjectivity and bias inherent in self-reports.
Moreover, test-based assessments can be systematically standardized and validated, ensuring reliability and comparability across
different contexts and populations.

Given these advantages, researchers started developing and employing test-based instruments to explore the structure of TPACK
from a more cognitive angle (Baier & Kunter, 2020). Most of these studies concentrated merely on subcomponents of the TPACK
model, such as technology-unrelated PCK (Kilian et al., 2021; Krauss et al., 2008) or subject-unspecific TPK (Baier & Kunter, 2020;
Lachner et al., 2019) and therefore did not provide insights into the relationship of TPCK with other TPACK-components. In particular,
studies on the relationship between TPCK and PCK are lacking. This is surprising given the central role of PCK in the teacher profession
(Baumert et al., 2010; Shulman, 1986).

A scarce example applying a test-based TPCK instrument was provided by von Kotzebue (2022) who investigated the relationship
between TPCK, TPK, and TCK within a study implemented for 206 biology pre-service teachers. The author developed a new in-
strument to measure biology-specific TPCK which included the use of text-based vignettes depicting common teaching scenarios in
biology classes. This TPCK test was employed together with test-based measures for each of the other T-components of the TPACK
model which included-next to TK and TPK-Technological Content Knowledge (i.e., TCK), that is knowledge about technologies used in
specific domains regardless of pedagogical applications (Mishra & Koehler, 2006). On the one hand, the results suggested that TPCK is
more closely related to TPK (r = 0.50) than it is to TK (r = 0.34). On the other hand, TCK yielded a non-statistically significant
relationship with TPCK (r = 0.01). Moreover, the results of a subsequent structural equation modeling in which TK, TPK, and TCK were
specified as predictors for TPCK revealed that both TPK and TCK predicted TPCK, but TK did not. These findings were supportive of the
transformative view of TPACK given the somewhat closer relationship of the second-order TPACK-components (i.e., TPK and TCK)
compared to first-order TK. Moreover, the predictive power of TPK on TPCK was stronger (f = 0.29) than the predictive power of TCK
on TPCK (p = 0.69), suggesting that TPK and TPCK are stronger related than TCK and TPCK.

In light of the critical role of PCK in teacher education (Krauss et al., 2008) and its important role in predicting student achievement
(Baumert & Kunter, 2013), the question arises where PCK would fit in. To date, there has been no research on the relationship between
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test-based PCK and test-based TPCK using similar models, leaving the question of the predictive power of PCK on TPCK and the
empirical distinguishability of both subject-specific components unresolved.

2.3. Relationship between test-based and self-reported TPCK

As illustrated above, findings on the empirical relationship between TPCK and different TPACK-components were mixed, likely due
to the distortions induced by self-report measures. Although used frequently for estimating the effectiveness of technology-related
interventions (Fabian et al., 2024; Willermark, 2018), or for supporting pre-service teachers in acquiring respective knowledge
(Max et al., 2022), little research has been put into comparing test-based and self-report instruments assessing TPCK (see Kastorff et al.,
2022, for comparing test-based and self-reported TK). A rare exception was provided by the study of von Kotzebue (2022) who
compared pre-service teachers’ test-based TPCK with their self-reported TPCK. She found that both measures were linked weakly (r =
0.09). Similar studies regarding the relationship of test-based and self-reported TPCK measures found somewhat stronger, yet still
comparatively small correlations. For example, Drummond and Sweeney (2017) developed a performance-based measure including
true/false items and investigated the relationship to self-reported TPCK (Kabakci Yurdakul et al., 2012). Based on a sample of 93
pre-service teachers, the correlation was small (r = 0.24). However, the items used to assess TPCK were rather generic in nature and did
not seem to draw upon any subject-specific knowledge (e.g., “Research suggests that technology generally motivates students to
participate in the teaching and learning process”; Drummond & Sweeney, 2017, p. 935). Relatedly, another study by Baier and Kunter
(2020) yielded a similar weak correlation between self-reported and performance-based knowledge assessments in the context of TPK
(r =0.15).

In sum, previous research suggests that test-based and self-reported TPCK were only related to a limited extent, a finding which
urgently needs further inspection given the widespread use of self-report measures across the TPACK landscape (Koehler et al., 2011;
Willermark, 2018). To date, little attention has been brought to investigating possible explanations for the low correspondence of both
measures which was exactly the second goal of the present study.

2.3.1. Variables affecting the relationship between test-based and self-reported TPCK

To examine why test-based and self-reported TPCK are empirically linked only weakly, we included three variables which might
affect this relationship: gender, prior experience and metacognitive accuracy. We specifically focused on these three variables given
that those have been discussed to be associated with (pre-service) teachers’ self-reported TPACK-components in prior studies (gender:
Koh et al., 2010; prior experience: Heine et al., 2023; metacognitive accuracy: Abbitt, 2011) and have been discussed extensively in the
TPACK literature.

Gender. Early research on computer use documented that there were decisive gender differences in favor of male teachers when it
comes to attitudes regarding pre-service teachers’ attitudes or use of computers detached from any pedagogical context (Kay, 2006).
With the advent of technologies in classrooms, researchers started to investigate whether similar results translate to TPACK-related
research. However, previous research findings in the field of TPACK were inconclusive: On the one hand, several studies could not
replicate the gender differences of computer usage in the field of TPACK (Jang & Tsai, 2012; Koh & Chai, 2011). On the other hand,
there is growing evidence that males tend to rate their TPCK higher than females. For example, Koh et al. (2010) investigated potential
gender differences among a sample of 1185 pre-service teachers and found that men rated their knowledge of teaching with technology
significantly higher than females. Relatedly, Gomez-Trigueros and Yanez de Aldecoa (2021) found similar gender effects on
self-reported TPCK based on an analysis of 914 pre-service teachers from Spanish universities. Whether these findings translate to
objective TPCK remains an open question.

Prior Experience. Previous studies have shown that integrated knowledge domains such as PCK (Krauss et al., 2008) or TPK (Heine
etal., 2023; Lachner et al., 2019) are sensitive to pre-service teachers’ level of experience (cf. knowledge encapsulation, see Boshuizen
& Schmidt, 1992). Tondeur et al. (2012) also highlighted the crucial role of authentic experiences with technology integration for the
development of pre-service teachers’ TPCK: “It seems to be important that pre-service teachers have the possibility to see and expe-
rience the pedagogical integration of technology in the classroom during their training experiences, by observing good examples and
being able to implement such practices themselves” (p. 9). In this light, pre-service teachers who had previous experience of teaching
in schools (e.g., during a practical internship) should be able to outperform those in TPCK who did not. It seems worthwhile to
investigate whether TPCK-as the integration of PCK and TK-also depends on (pre-service) teachers’ level of experience.

Metacognitive Accuracy. Metacognitive accuracy is a term coined within the research field of metacognition (Flavell, 1979) which
describes the ability of people to assess their own knowledge accurately (Maki & McGuire, 2002). Metacognitive accuracy is often
conceptualized as the extent of deviation between a person’s believed/self-judged skill and his/her actual level of skill or performance.
It is most commonly operationalized as the squared difference between both measures: (Xperformance — X. Judge,,nem)2 (Schraw, 2009). An
extensive body of evidence exists that (pre-service) teachers struggle to accurately judge their own knowledge regarding technology
integration (Fiitterer et al., 2023; Maderick et al., 2016; Max et al., 2022). Given that answering self-report TPCK questions requires
participants to assess their own knowledge, it seems reasonable to assume that the gap between test-based and self-report TPCK
measures depends on participants’ level of metacognitive accuracy. For example, Abbitt (2011) argued as follows: “As with any

2 Initially, as pre-registered, we planned on comparing the level of TPCK of pre-service teachers (of mathematics) to students of mathematics
without any pedagogical background. However, due to the rattler low participation rate of mathematics students, we instead decided to solely focus
on pre-service teachers to keep the participant group consistent.
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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 own knowledge and respond appropriately to the survey items” (p. 291). Following the author’s
argumentation, the better people are able to accurately assess their own knowledge (i.e., the less deviation there is between judged and
actual level of skill), the more their self-reported and test-based TPCK scores should be correlated.

2.4. The present study

The two overarching goals of the present study were (1) to shed light on the empirical inherent structure of TPCK from a subject-
specific angle using test-based instruments, and (2) to investigate possible boundary conditions on the relationship between test-based
and self-reported TPCK.

Regarding the first goal, we specifically examined whether the theoretical distinction between PCK and TPCK drawn by Mishra and
Koehler (2006) could be empirically justified. Contrasting these findings with relationships between TK and TPCK results could yield
important insights into the ongoing debate on the theoretical underpinnings of TPCK as either transformative or integrative, and the
thoughtful implementation of the TPACK model for the design of effective pre-service teacher training. We formulated the following
two pre-registered research questions tackling our first goal.

(RQ 1a) What are the empirical relationships between TPCK, PCK, and TK of pre-service mathematics teachers assessed by subject-
specific, test-based measures?

(RQ 1b) What is the predictive power of PCK and TK on TPCK and do these predictions support the transformative or integrative
view of TPCK?

Given the widespread use of self-reports in the TPACK landscape, we investigated to what extent our subject specific TPCK measure
was related to self-reported TPCK. As findings from prior research were rather diverse (see 2.3), we examined possible boundary
conditions on this relationship. As a result, the research questions tackling the second overarching goal were as follows:

(RQ 2a) What is the relationship between test-based and self-reported TPCK within pre-service teachers?
(RQ 2b) Is this relationship affected by gender, prior experience, or the metacognitive accuracy of pre-service teachers’ self-
assessed level of TPCK?

3. Method
3.1. Design and sample

We employed a cross-sectional online study with secondary mathematics pre-service teachers from a total of ten different German
universities. The study was conducted from March 2022 to February 2023. In Germany, pre-service teachers are obliged to study at
least two content-related subjects (e.g., Mathematics and English) besides taking courses that aim at fostering specific teaching
relevant knowledge, such as PCK. Another peculiarity of the pre-service teacher training curriculum in Germany is that at some point
during their training, pre-service teachers are required to spend a practical internship in schools teaching mathematics, often for the
first time.

Participants were selected through self-selection sampling which is a non-probability sampling technique where participants
volunteer in response to an invitation, based on specific criteria (here, being pre-service mathematics teachers; see 3.3. for details on
the selection process). In total, we obtained data from 150 pre-service mathematics teachers.” As preregistered, we eliminated 8
participants from the dataset, who finished the survey in less than 15 min (which corresponds to less than 50% of the average time
participants needed to answer the knowledge tests). Further, we eliminated data from one participant who did not answer each of the
test-based TPCK item presented to him/her. Therefore, our final sample included data from N = 141 pre-service teachers (100 females
& 41 males) who were trained to teach mathematics in German upper secondary schools. On average, they were 21.5 years old (SD =
2.17) and either in the Bachelor’s (n = 108) or Master’s program (n = 33).

To keep the survey parsimonious and to avoid fatiguing effects, we implemented a planned missing data design (Graham et al.,
2006). Accordingly, the pre-service teachers randomly received only some, but not all items for each of the test-based instruments (see
details in the following).

3.2. Instruments

We used previously validated instruments to measure TPCK, PCK, and TK. Each construct had been demonstrated to be one-
dimensional in previous studies (test-based TPCK: Lachner et al., 2021; PCK: Buchholtz et al., 2016; TK: Fiitterer et al., 2023).
Given that we adapted some instruments, we initially fitted a one-dimensional model for each of our test-based constructs (i.e.,
test-based TPCK, PCK, TK) using Confirmatory Factor Analyses (CFA), in which the constructs were represented as the only latent
variable in the respective models. After establishing one-dimensionality, we transformed the raw scores of test-based TPCK, PCK, and
TK by calculating estimates for the person ability as detailed in the following.
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3.2.1. Test-based instruments

3.2.1.1. Mathematics specific Technological Pedagogical Content Knowledge (TPCK). To measure TPCK, we adapted the mathematics
version of the test instrument developed by Lachner et al. (2021). The test-based TPCK instrument comprised eight items and was
based on open-ended items that contained text vignettes that depicted typical math-specific teaching problems in the classroom (e.g.,
“The Pythagorean theorem is often misused in exercises in your ninth-grade class, which can be attributed to possible misconceptions
about the theorem. For example, the theorem is frequently applied to triangles without a right angle, or the formula is memorized
without understanding its geometric relationship. How could you use educational technologies to help your students develop a better
understanding of the Pythagorean theorem and consequently apply it correctly? Please justify your answer.”). From the original test
used by Lachner et al. (2021), we replaced three items to ensure content validity by having the items cover the whole range of topics in
the curriculum of upper secondary schools. The one-dimensional CFA indicated good fit to our data (Root Mean Square Error of
Approximation [RMSEA] < 0.001; Standardized Root Mean Square Residual [SRMR] = 0.068, Robust Comparative Fit Intex [CFI] =
1.000). As the study by Lachner et al. (2021) was an effectiveness study and did not focus on the validity of the instrument, we also
ensured that our TPCK instrument was reliable and valid by piloting the instrument beforehand. In this pilot study, 16 pre-service
teachers answered all eight items at two distinct measurement points spaced one week apart. To account for remembering effects,
we randomized the order of the test-based TPCK items at the second measurement point. To establish (test-retest) reliability, we
calculated the correlation between both measurement points, which was high, r = 0.72. To establish validity, we investigated the
convergent validity by comparing the test-based TPCK scores with the instructional quality of lesson plans (scenario adapted by
Backfisch et al., 2020) provided by the pre-service teachers at the second measurement point. Again, the correlation between both
measures was high, r = 0.64, which demonstrated the external validity of our instrument (Schmidt-Atzert & Amelang, 2012).

Of the eight test-based TPCK items, participants randomly received five of them. To account for the intended missing values, we
employed a Full Information Maximum Likelihood (FIML) method as recommended (Graham, 2012). For each item, pre-service
teachers could receive 0 to 3 points (see https://osf.io/y9hxt/ for the coding manual). To ensure coding quality, two raters coded
20% of all open test-based TPCK answers independently. Since interrater reliability was good (ICC = 0.91), the items were split in half
and each rater coded the rest of the answers of their respective items independently. For the subsequent analysis, we estimated
participants’ test-based TPCK by calculating (manifest) factor scores using Bartlett’s method (Bartlett, 1937).

3.2.1.2. Mathematics specific pedagogical Content Knowledge (PCK). To measure PCK, we used an adapted version of the well-
established instrument provided in Buchholtz et al. (2016). From the available 14 original items, we had to drop one item that
required drawing and thus was not transferable from paper to online format. Another item was dropped to assure that each sub-facet
(content-related and pedagogical-related perspective on PCK) contained an equal number of items. Therefore, our instrument
comprised 12 multiple-choice items in which participants had to apply their PCK from both a content-related and pedagogical-related
perspective (e.g., “Consider in the following cases of activities in math class, which of the two forms of performance assessment —
portfolio or written test — best suits the following activities: Please indicate portfolio or written test for each of the activities: a) Working
on problem-solving tasks, b) Working on tasks related to calculus of variations, ¢) Working on tasks of algebraic manipulations”; see
Buchholtz et al., 2016, for details). A one-dimensional CFA demonstrated good fit (RMSEA = 0.033; SRMR = 0.097, CFI = 1.00) to the
data. Participants randomly received 8 out of 12 items and scored one point for each item if they selected the correct answer(s). To
account for the planned missing values, we specified a Rasch model. For the subsequent analysis, we estimated pre-service teachers’
PCK by means of Weighted Likelihood Estimates (WLEs; Warm, 1989).

3.2.1.3. Technological Knowledge (TK). To measure TK, we adapted an instrument by Fiitterer et al. (2023). The original test
comprised 26 single-choice items that required to apply knowledge of operating technologies that are commonly (but not exclusively)
used in schools (e.g., spreadsheets or PowerPoint). To keep the test battery as small as possible, we dropped 9 items that we considered
to be least relevant for high-quality instruction in the classroom (e.g., one item being dropped asked participants to choose the
appropriate way to send an e-mail). Therefore, our instrument contained 17 single-choice items of which participants received 9
randomly chosen ones (e.g., “You want your students to work on a collaborative writing document. You use a common web-based
Etherpad (collaborative real-time editor; e.g., edupad.ch, ZUMpad). You want to be able to distinguish the entries of different stu-
dents. What specific function do Etherpads offer you? Choose the correct response: a) I can activate the function that the author colors
are visible., b) I can activate the function that the students’ name abbreviations are displayed before each of their entries., ¢) I can
activate the function that only one student writes on the pad at a time., d) I can activate the function that each student writes on his or
her own pad.”). Again, a one-dimensional CFA demonstrated good fit to the data (RMSEA <0.001, SRMR = 0.094, CFI = 1.00). For
each item that was answered correctly, participants received one point. Like for PCK, we specified a Rasch model and calculated WLEs
to estimate participants’ TK.

3.2.2. Other instruments

3.2.2.1. Self-reported TPCK. To measure self-reported TPCK, we used an adapted version of the questionnaire by Schmidt et al. (2009)
comprising five items based on rating scales in which participants assessed their knowledge of integrating technologies for teaching
mathematics (e.g., “I can teach lessons that appropriately combine mathematics, technologies, and teaching approaches™). The scale
ranged from 0 = strongly disagree to 4 = strongly agree (Cronbach’s « = 0.78). For the analysis, we estimated the average score across the
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five items.

3.2.2.2. Metacognitive accuracy. To measure metacognitive accuracy of participants regarding their test-based TPCK, we followed
common metacognitive research and asked them to make prospective judgments of learning (JOL) to estimate how well they would
perform on the subsequent TPCK test (Golke et al., 2019; Jacob et al., 2020; Maki & McGuire, 2002). To operationalize metacognitive
accuracy, we calculated the Absolute Accuracy Index as defined in Schraw (2009) which is the squared difference between the
test-based TPCK scores and JOL:

Accuracy = (TPCKjo, — TPCK est—pased)”-

Accordingly, larger values of accuracy corresponded to less accurate estimations, whereas values close to zero indicated excellent
accuracy. Given that each participant answered five test-based TPCK items (see 3.2.1), the sum score of test-based TPCK ranged from
0 to 15 (three points per answer). Therefore, the scores for accuracy ranged from 0 (perfect accuracy) to 152 = 225 (extremely low
accuracy).

Given that the Absolute Accuracy Index does not allow to investigate over- or under-estimation (due to the square), we calculated
the Bias Index which is defined as the signed difference between the test-based TPCK scores and JOL:

Bias Index = TPCK o, — TPCK est_based -

Accordingly, negative scores on the Bias Index indicated underestimation, positive scores overestimation, and values around zero
indicated good accuracy.

3.2.2.3. Prior experience with teaching in schools. To assess prior teaching experience in schools, we used a single dichotomous item in
which the participants indicated whether they had completed their practical school term (1 = prior school experience) or not (0 = no
prior school experience).

3.3. Procedure

Prior to the start of the study, we obtained approval from the local ethics committee. The pre-service teachers were invited to take
part in the study via email or personal invitations during lectures. Upon following the provided link, the pre-service teachers gave
consent to take part in the study. At the beginning of the survey, the participants provided background information and their de-
mographic data. Next, they answered the self-reported TPCK questions. Following this, they judged how many of the upcoming test-
based TPCK items they would get correct. After the test-based TPCK questionnaire, the participants answered items that tapped their
PCK and TK. There was no time constraint for the participants to work on the tests and questionnaires. On average, the participants
took 34.9 (SD = 10.68) minutes to complete the survey. They received 10 euros upon completion of the survey.

3.4. Analyses to investigate the research questions

To investigate the empirical relationships between test-based TPCK, PCK, and TK (RQ 1a), we calculated Pearson correlation
coefficients for each pair of knowledge components.

To investigate the predictive power of PCK and TK on test-based TPCK (RQ 1b), we employed a multiple linear regression model, in
which we specified PCK and TK as the predictors for test-based TPCK. For more precise estimates, we controlled for gender. To explore
whether the predictive power of PCK and TK differed significantly, we applied a t-test in which we tested the hypothesis that the
difference between both regression coefficients was zero (Shrout & Yip-Bannicq, 2017).

To investigate the empirical relationship between test-based and self-reported TPCK (RQ 2a), we calculated the Pearson correlation

Table 1
Descriptive Statistics of all Variables Including Two-Tailed t-Test Statistics to Investigate Gender Differences on these Variables.
Variables Whole Sample (n = 141) Men (n = 41) Women (n = 100)
M SD M SD M SD t(139) p
test-based TPCK?® 0.00 0.66 0.15 0.60 —0.06 0.68 -1.73 0.087
PCK® —0.03 1.02 —0.03 0.91 —0.03 1.06 0.04 0.967
TK® —0.02 1.03 0.33 1.09 -0.17 0.97 —2.68 0.008
Self-reported TPCK 3.02 0.74 3.22 0.79 2.93 0.71 —-2.15 0.033
Accuracy 21.74 30.85 23.25 28.12 21.13 32.02 —0.37 0.712
Judgment Bias 3.12 3.48 3.43 3.43 2.99 3.51 —0.68 0.501
Exp.¢ No exp.d Exp. No exp. Exp. No exp.
Prior school experience 25 116 8 33 17 83

Note. ® Bartlett estimates, > WLEs.
¢ Number of participants who completed a practical internship in school.
4 Number of participants who did not complete a practical internship in school.
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coefficient.

To examine possible influencing variables on this relationship (RQ 2b), we specified three multiple linear regression models, each
of which included self-reported TPCK as an independent and test-based TPCK as the dependent variable. The three models differed
regarding the moderator variable, which was gender in the first, prior experience with teaching in the second, and metacognitive
accuracy in the third model.

4. Results
4.1. Descriptives and preliminary analysis

All descriptive statistics of the measures used for investigating the research questions are presented in Table 1. To explore gender
effects on test-based and self-reported TPCK, TK, PCK and metacognitive accuracy, we conducted two-tailed t-tests. Considering the
last two columns of Table 1, we found statistically significant differences between male and female pre-service teachers in our sample:
Men tended to self-report their TPCK higher than women, t(139) = —2.15, d = 0.37 p = 0.033, Further, men demonstrated significantly
higher scores regarding TK than women, t(139) = —2.68, d = 0.50, p = 0.008.

4.2. Research question 1: the empirical relationship between TPCK, PCK, and TK

We provide scatterplots for each pair of test-based variables in Fig. 1. As suggested by the slopes of the regression lines in the scatter
plots (Fig. 1), we found a statistically significant positive relationship between PCK and test-based TPCK (r = 0.538, p < 0.001)
indicating that participants who performed well in PCK tended to perform also well in test-based TPCK. Similarly, we found a sta-
tistically significant, positive relationship between TK and test-based TPCK (r = 0.472, p < 0.001). Furthermore, we found a statis-
tically significant relationship between TK and PCK (r = 0.359, p < 0.001).

To investigate the predictive power of PCK and TK on test-based TPCK, we specified a linear regression model as detailed in section
3.4.1. The summary of the statistics can be found in Table 2. Considering the first column of Table 2, we found that the effects of both
TK (p = 0.321, p < 0.001) and PCK ( = 0.423, p < 0.001) on test-based TPCK were (statistically) significantly positive. However, the
effect of PCK on test-based TPCK was not significantly larger than the effect of TK on test-based TPCK (p = 0.36).

4.3. Research question 2: the relationship between test-based TPCK and self-reported TPCK and the effect of gender, prior experience and
metacognitive accuracy

The relationship of self-reported TPCK and test-based TPCK was low but statistically significant, r = 0.243, 95% CI [0.081, 0.392],
p = 0.004. To investigate possible influencing variables on this relationship, we specified three linear models with either gender, or
prior experience, or metacognitive accuracy as moderators. The complete statistics are displayed in Table 3.

Across all three models, we found a statistically significant positive effect of self-reported TPCK on test-based TPCK with varying
effect sizes (see Table 3) indicating that pre-service teachers who reported having higher levels of TPCK also performed better in the
test-based TPCK questions.

Regarding main effects of moderators, no significant effect of gender on test-based TPCK was observed (Model 1 in Table 3). In
contrast, the main effect of prior experience on test-based TPCK was significantly positive, § = .590, p = .006 indicating that pre-
service teachers with prior teaching experience in school outperformend those without respective experience. Additionally, the
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Fig. 1. Scatter Plots for Each Pair of Performance-Based Measures. Note. In each of the scatter plots, a dot represents the unstandardized score of one
participant in the respective measures.
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Table 2

Regression coefficients of PCK and TK on test-based TPCK.
Variable p SE t P
(Intercept) 0.000 0.007 0.00 1
TK 0.321 0.007 4.460 <0.001
PCK 0.423 0.007 5.885 <0.001
R2y 0.37

Note. N = 141. SE denotes the standard error. p denotes the standardized regression coefficients.

Table 3
Three Different Linear Models Displaying Regression Coefficients of Self-Reported TPCK on test-based TPCK with Gender (Model 1), Prior Experience
(Model 2), or Metacognitive Accuracy (Model 3) as Moderators.

Variable Model 1 Model 2 Model 3

[} SE t p B SE t p [} SE t p
(Constant) -0.069 0.098 —-0.703 0.483 —0.116 0.088 —1.320 0.189 0.016 0.065 0.250 0.803
SR-TPCK? 0.204 0.102 1.991 0.048 0.175 0.087 2.019 0.045 0.321 0.066 4.880 <0.001
Moderator
Gender 0.221 0.186 1.188 0.237
Interaction 0.061 0.178 0.342 0.733
Experienceb 0.590 0.212 2.780 0.006
Interaction 0.307 0.227 1.353 0.178
Accuracy —0.564 0.066 —8.600 <0.001
Interaction —0.157 0.056 —2.815 0.006
RZ4 0.050 0.111 0.406

Note. ® SR-TPCK = Self-reported TPCK, ° Experience: 0 = Pre-service teacher did not complete practical internship, 1 = Pre-service teacher completed
practical internship.

main effect of accuracy on test-based TPCK was significantly negative, § = —0.564, p < 0.001, indicating that the more accurate pre-
service teachers could assess their level of TPCK (i.e., values of accuracy tended towards zero), the better they performed in the TPCK
test.

Regarding interaction effects, we found no evidence that gender or prior experience moderated the relationship between self-
reported and test-based TPCK (Table 3). However, we found a statistically significant interaction effect of accuracy, p = —0.157, p
= 0.006, which suggests that the relationship between self-reported and test-based TPCK was higher for pre-service teachers who could
more accurately assess their TPCK. To explore this interaction further, we employed a subsequent Johnson-Neyman procedure
(Johnson & Fay, 1950). As suggested by the Johnson-Neyman plot (Fig. 2), for pre-service teachers whose accuracy was below a

Range of
= observed
data

n.s.
p<.05

regression coefficient of self-reported TPCK

0 50 100 150 200
accuracy

Fig. 2. Johnson-Neyman Plot for the Moderating Effect of Accuracy on the Relationship Between Test-Based and Self-Reported TPCK. Note. The
range of observed values of accuracy was [0, 182.25]. Values are represented in unstandardized beta coefficients. When participants’ accuracy was
below the cut-off value of 52.84 (blue area), the effect of self-reported TPCK on test-based TPCK was statistically significant.
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threshold, the relationship between test-based TPCK and self-reported TPCK was statistically significant. Put differently, the more
accurate participants could self-assess their knowledge regarding technology integration, the stronger both measures (self-reported
TPCK and test-based TPCK) were linked.

5. Discussion

In the present study, we shed light on two desiderate that have prevailed in the TPACK ecosystem for years. First, we investigated
the inherent structure of TPACK by employing test-based and subject-specific instruments, and thereby extended prior research that
have mainly focused on the relationship of subject-unspecific TPACK-components such as TPK. In particular, we were interested in
scrutinizing whether the theoretical distinction between PCK and TPCK is empirically warranted. By also including TK as a predictor
for TPCK, we were further able to compare the predictive power of TK on TPCK with the predictive power of PCK on TPCK to conclude
whether the data are suggestive of the transformative or integrative view of TPACK. Second, we explored potential factors contributing
to the predominant findings of prior research indicating that test-based and self-report TPCK instruments have only been linked to a
limited extent. To do so, we investigated potential influencing variables that have been shown to be confounded with the level of self-
reported TPCK (i.e., gender, prior experience, and metacognitive accuracy).

5.1. Main findings

5.1.1. Research question 1: the inherent structure of TPACK

Concerning the inherent structure of TPACK, the results suggest that TPCK and PCK are moderately related (r = 0.538) and
therefore similar, yet different knowledge components (Angeli & Valanides, 2009). In terms of the empirical distinguishability, we can
assert that TPCK represents a knowledge facet on its own rather than a sub-facet of PCK, as both constructs only share 30% of common
variance. Considering the predictive power of PCK and TK on TPCK, our findings suggest that both PCK and TK moderately predicted
the level of pre-service teachers’ TPCK. This finding indicates that TK, too, is essential for TPCK which contrasts the findings by von
Kotzebue (2022) who did not find a statistically significant effect of TK on TPCK in the context of biology education. This finding
highlights the situated character of TPACK in a (domain) specific context and calls for further investigations across different domains.

The similar closeness of TK and PCK with TPCK highlights the importance of both constructs for domain-specific teaching with
technologies. Moreover, comparing the predictive power of PCK on TPCK (p = 0.423) in our sample with predictors for TPCK from the
study of von Kotzebue (2022), we further note that PCK seems to be more predictive for TPCK than TCK but less predictive than TPK.
Again, one needs to be cautious as TPCK is highly context sensitive (Mishra, 2019; Schmid et al., 2020) and comparisons across
different samples are hence limited. Contrasting our findings with prior studies based on self-reports, we note that we could not
confirm prior findings that “TPCK is primarily influenced by the hybrid components TPK and PCK” (Schmid et al., 2020) as we found a
statistically significant contribution of TK to TPCK, too. Also, our findings are in line with some studies that showed that PCK was
predictive of TPCK (e.g., Celik et al., 2014; Schmid et al., 2020) while contrasting findings from other studies that instead found TCK
and TPK to be predictive of TPCK (e.g., Dong et al., 2015; Koh et al., 2013).

5.1.2. Research question 2: the relationship between test-based and self-reported TPCK

Our results suggested that test-based TPCK was only linked weakly to self-reported TPCK which is in line with an ever-growing body
of evidence from previous research (Drummond & Sweeney, 2017; Max et al., 2022; von Kotzebue, 2022). In contrast to prior studies,
however, we also investigated boundary conditions on this relationship by including possible influencing variables, which allowed us
to recognize the following patterns in our data.

5.1.2.1. The role of gender. Male pre-service teachers self-reported their TPCK abilities significantly higher than females (Table 1)
which is in line with prior results from studies based on self-reports (see 2.3.1). At the same time, there was no main effect of gender on
test-based TPCK. Taking both findings together, we may conclude that self-reported TPCK does induce gender-effects that stem from
the way TPCK is assessed. At the same time, our moderator analyses did not provide evidence for a moderating gender effect on the
relationship between test-based and self-reported TPCK.

5.1.2.2. Therole of prior experience. We found a main effect of experience on test-based TPCK indicating that pre-service teachers who
had had the opportunity to teach students in authentic school settings were able to integrate technology more effectively to support
students’ learning. This finding highlights the crucial factor of providing pre-service teachers with opportunities to gain experience and
reflect on their actions as suggested by the SQD-model (Tondeur et al., 2012) and prior studies (e.g., Lachner et al., 2021). Similar to
gender, we did not find a moderating effect of experience on the relationship between self-reported and test-based TPCK.

5.1.2.3. The role of metacognitive accuracy. We did not only find a significant main effect on TPCK but also a significantly moderating

effect of metacognitive accuracy on TPCK suggesting that the relationship between self-reported and test-based TPCK was higher for
those pre-service teachers who assessed their level of TPCK more accurately.
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5.2. Theoretical implications

Our findings reveal two principal theoretical insights. First, while PCK and TPCK are moderately related, they still seem to be
distinct knowledge components mirroring findings about the empirical distinguishability of PCK and CK (Krauss et al., 2008).
Therefore, the theoretical distinction between PCK and TPCK seems to be warranted despite existing conceptualizations that consider
TPCK a sub-facet of PCK (Schubatzky et al., 2023). At the same time, the results suggest that PCK and TK are both equally necessary for
technology-enhanced instruction in subject-specific teaching. Also, PCK and TK could not explain the whole variance of TPCK indi-
cating that TPCK goes beyond the mere integration of PCK and TK. This may be suggestive of TPCK being of transformative nature
which is in line with recent findings (von Kotzebue, 2022). Second, our findings revealed that metacognitive skills play a central role in
the reliability of self-report instruments. Put differently, self-report measures seem to be a suitable way to assess pre-service teachers’
knowledge of technology integration if and only if their level of metacognitive accuracy is high. Against this background, developing
self-report instruments including items with more context may be a promising pathway to help teachers judge their knowledge more
accurately (see Sailer et al., 2021, for a first attempt in this regard).

5.3. Practical implications

What are the practical implications of our findings? First, our findings highlight the distinct role of knowledge regarding technology
integration in a subject-specific setting. Seemingly, providing high quality teaching with technology is not merely dependent on
Pedagogical Content Knowledge. Instead, (pre-service) teachers need to combine their knowledge of good mathematics teaching and
learning with their knowledge of technologies. Therefore, pre-service teacher trainings should provide plenty opportunities for pre-
service teachers to deliberately practice integrating PCK with TK to reach TPCK.

Second, the main effect of prior experience on TPCK indicates the need for early practical experiences in pre-service teacher ed-
ucation. The earlier pre-service teachers are allowed to experience authentic teaching and reflect on their acting, the better they seem
to be prepared for their future life as teachers.

Third, the crucial role of metacognitive accuracy calls forth the need for not only focusing on cognitive but also on metacognitive
competencies throughout pre-service teacher curricula. For example, constant formative diagnoses within lectures and seminars, or
the application of diaries in which pre-service teachers reflect on their learning may pose adequate strategies to improve pre-service
teachers’ metacognitive accuracy (Cohen-Sayag & Fischl, 2020; Saks & Leijen, 2019).

5.4. Limitations and conclusion

One needs to consider several limitations when interpreting our findings. First, our study was of correlational nature. Therefore,
causal interpretations should be avoided. For example, it remains unclear whether high levels of PCK or TK automatically translate to
high levels of TPCK. Here, more research is needed with strong experimental research designs to establish causality (see Evens et al.,
2018, for an experimental approach in the context of English-specific PCK). Second, we implemented the study in an online survey
which carries the risk of little control and inattentiveness of participants. At the same time, the use of an online format, not requiring
pre-service teachers to provide identifiable data, likely mitigated social desirability biases. Third, we employed a self-selected sampling
technique, which may have introduced a volunteer bias, potentially affecting the generalizability of the findings. Fourth, our TK
focused narrowly on operational aspects, omitting other crucial facets of TK, such as ethical consequences (Gomez-Trigueros, 2023) or
future technologies like artificial intelligence (Celik, 2023). Fifth, we included only some, but not all, of the seven TPACK-components
in our study. Possibly, some of the unexplained variance in TPCK could be accounted for by the varying levels of TCK or PK. Therefore,
we encourage future researchers to conduct studies considering all seven TPACK-components. To implement such a study, however,
researchers need to invest more resources into the development of parsimonious subject-specific test-based instruments (e.g., multiple
choice tests, see GroBe-Heilmann et al., 2023, for first attempts in the field of physics education) to make sure not to overburden
participants and to keep studies economically feasible. Lastly, our study only allows to draw conclusions regarding the inherent
structure of TPACK from mathematics pre-service teachers trained at universities in Germany. Given the context sensitivity of TPACK
(Mishra, 2019), it is questionable to what extent our results translate to different subjects or levels of expertise, such as in-service
teachers. Therefore, future research is necessary to investigate whether our results pertain across different contexts.

Despite these limitations, our findings contribute to the nuanced understanding of the inherent structure of TPACK in a subject-
specific context, and provide valuable insights into the peculiarities of different assessments.
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Appendix

The Test-Based TPCK Items

Items Original Item (in German) Translated Item

Item Eine andere Lehrkraft aus Ihrem Kollegium mochte das bestimmte Integral Another teacher from your department wants to introduce the concept of
1 als Grenzwert einer Summe von Rechtecken einfiihren ("Riemannsummen").  the definite integral as the limit of a sum of rectangles ("Riemann sums").
Sie bittet Sie dabei um Rat fiir eine mogliche Umsetzung in ihrem Unterricht ~ He/she is seeking your advice on how this could be implemented in their
mit digitalen Medien. teaching using educational technologies.
Was wiirden Sie der Lehrkraft empfehlen, um fiir ihre geplante Einfiihrung digitale =~ What would you recommend to the teacher for effectively utilizing educational
Medien gewinnbringend einzusetzen? Begriinden Sie dabei gegeniiber der anderen  technologies in their planned introduction? Justify your suggestion to the other

Lehrkraft Ihren Vorschlag. teacher.

Item2 Das korrekte Multiplizieren von zwei Briichen (% -3: %) bereitet den The correct multiplication of two fractions (% -5: %) presents little
meisten Ihrer Schiilerinnen und Schiiler in der sechsten Klasse nur wenig difficulty for most of your sixth-grade students. However, many in your
Schwierigkeiten. Allerdings féllt es vielen in Ihrer Klasse schwer zu class struggle to justify that the product of two rational numbers can be
begriinden, dass das Produkt zweier rationaler Zahlen betragsmaBig kleiner ~ smaller in absolute value than the individual factors, as they have the
sein kann als die einzelnen Faktoren, denn sie haben die Fehlvorstellung, misconception that multiplying two numbers must always result in a
dass durch Multiplikation zweier Zahlen stets eine betragsméBig groBere Zahl ~ number that is larger in absolute value.
entstehen muss. How could you use educational technologies to counteract this misconception
Wie konnten Sie digitale Medien einsetzen, um dieser Fehlvorstellung Ihrer among your students? Please justify your answer.

Schiilerinnen und Schiile entgegenzuwirken? Begriinden Sie bitte Ihre Antwort.

Item Der Satz des Pythagoras wird in Anwendungsaufgaben in Ihrer neunten The Pythagorean theorem is often misused in exercises in your ninth-

3 Klasse héufig falsch verwendet, was auf moglichen Fehlvorstellungen des grade class, which can be attributed to possible misconceptions about the
Satzes zuriickzufiihren ist. So wird der Satz haufig bei Dreiecken ohne theorem. For example, the theorem is frequently applied to triangles

without a right angle, or the formula is memorized without
understanding its geometric relationship.

How could you use educational technologies to help your students develop a
better understanding of the Pythagorean theorem and consequently apply it
correctly? Please justify your answer

rechten Winkel angewandt oder die Formel (32 +b? = cz) auswendig

gelernt, ohne deren geometrischen Bezug zu verstehen.
Wie konnten Sie digitale Medien einsetzen, damit Ihre Schiilerinnen und Schiiler
ein besseres Verstandnis des Satzes des Pythagoras entwickeln und ihn als Folge
korrekt anwenden? Begriinden Sie bitte Ihre Antwort.

Item Variiert man bei einer gegebenen Funktion der Form f(x) = ax? + bx + cden ~ When varying the parameter c in a given function of the form f(x) =

4 Parameter c, so verschiebt sich der dazugehérige Graph nach oben oder ax? + bx + ¢ the corresponding graph shifts up or down. Based on this
unten. Auf der Grundlage dieses Wissens nehmen mehrere Threr knowledge, several of your eighth-grade students assume that varying
Schiilerinnen und Schiiler in der achten Klasse an, dass sich der Graph auch g also moves the graph exclusively up or down.
durch das Variieren von a ausschlieplich nach oben oder unten bewegt. How could you use educational technologies to correct this conceptual

Wie konnten Sie digitale Medien verwenden, um das konzeptuelle Fehlverstandnis ~ misunderstanding among your students? Please justify your answer.
Ihrer Schiilerinnen und Schiiler zu korrigieren? Begriinden Sie bitte Ihre Antwort.
Item Sie mochten Thre Schiilerinnen und Schiiler an Problemldsestrategien bei You want to introduce your students to problem-solving strategies for
5  Extremwertaufgaben unter Nebenbedingungen heranfiihren. Dafiir legen Sie ~ optimization problems with constraints. For this purpose, you present
den Schiilerinnen und Schiiler die folgende Aufgabe vor, die sie selbststandig  the following task to your students, which they should work on

bearbeiten sollen: independently:
.Berechnen Sie den Parameter d des Punktes D so, dass der (blau-schraffierte) ~ "Calculate the parameter d of point D such that the (blue-hatched) area of
Flacheninhalt des eingeschlossenen Rechtecks (siehe Bild) maximal wird.* the enclosed rectangle (see image) becomes maximal."

(continued on next page)
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(continued)
Items  Original Item (in German) Translated Item
6 3
” - D(0,d C
D(0,d C 2
2
2 0 2 4 1 8
-2 0 | 4 6 8
-2
=]
How could you use educational technologies to support your students in

Wie kbnnten Sie digitale Medien einsetzen, um Ihre Schiilerinnen und Schiiler bei ~ S0WVing this task? Please justify your answer.

der Bearbeitung der Aufgabe zu unterstiitzen? Begriinden Sie bitte Ihre Antwort.

Item Sie mochten in einem lernendenzentrierten Unterrichtsszenario den Satz des ~ You want to introduce Thales’ theorem in a learner-centered teaching
6  Thales in Ihrer siebten Klasse einfiihren. Ihre Schiilerinnen und Schiiler scenario in your seventh-grade class. Your students should
sollen dabei eigensténdig eine Vermutung fiir die Aussage des Satzes independently formulate a hypothesis for the statement of the theorem
aufstellen und Begriindungen finden, die die Richtigkeit des Satzes plausibel ~ and find justifications that make the correctness of the theorem
machen. plausible.
Welche Einsatzmoglichkeiten digitaler Medien konnten Sie sich vorstellen, um ihr ~ What potential uses of educational technologies could you envision to
Vorhaben in die Tat umzusetzen? Begriinden Sie bitte Ihre Antwort. implement your plan? Please justify your answer.
Item Sie haben in Ihrer siebten Klasse das Losen von Linearen Gleichungen mit You have introduced solving linear equations with one variable using
7  einer Variablen mit Aquivalenzumformungen eingefiihrt. Sie méchten nun, equivalence transformations in your seventh-grade class. Now, you want
dass Ihre Schiilerinnen und Schiiler diese Rechenfertigkeit daheim bis zur your students to practice this computational skill at home until the next
néchsten Stunde einiiben. lesson.

What potential uses of educational technologies could you envision to
Welche Einsatzmoglichkeiten digitaler Medien konnten Sie sich vorstellen, um das ~ meaningfully support the practice of this computational skill? Please justify
Einiiben der Rechenfertigkeit sinnvoll zu unterstiitzen? Bitte begriinden Sie Ihre your answer.

Antwort.

Item Sie wollen Ihren Schiilerinnen und Schiilern in Threm Leistungskurs den You want to demonstrate to your students in your advanced course the

8  Erwartungswert einer Zufallsvariablen als den Durchschnitt des expected value of a random variable as the average of the observed value
beobachteten Werts eines sich unbegrenzt wiederholenden gleichbleibenden  of an unlimited, consistently repeating experiment ("Law of Large
Experiments verdeutlichen ("Gesetz der gropen Zahlen"). Numbers").
Wie konnten Sie dabei digitale Medien lernwirksam einsetzen, um den How could you effectively use educational technologies to illustrate the
beschriebenen Zusammenhang zu verdeutlichen? Begriinden Sie bitte Ihre described relationship? Please justify your answer.
Antwort.
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