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Abstract 
Pedagogical content knowledge (PCK) is of critical importance to Physical Edu-
cation (PE), since teaching PE is fundamentally distinct from teaching other 
subjects in many significant ways. Despite the importance of PCK, research 
on PCK in German speaking countries is still at the beginning. Against this 
backdrop, the current study explores the extent to which PCK is a specific 
professional feature across German students aiming for a teaching degree in 
PE or not. A cross-sectional study was conducted among 762 students to ex-
plore potential differences in relation to teacher education (TE) programs 
(PETE students n = 431, TE students n = 331). Measurement invariance (MI) 
between the groups was carried out using multigroup confirmatory factor 
analysis models to ensure latent mean scores can be compared meaningfully. 
The progressive evaluation of MI confirms that it is possible to measure the 
PCK (scalar) equivalently across PETE and TE students. PETE students out-
performed TE students in both PCK subdimensions, also in different stages of 
the study. The study provides evidence for the “professional knowledge” and 
“qualification hypothesis” within PETE programs. 
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1. Introduction 

There has been a growing interest in conducting research on teacher knowledge 
in recent decades. Following the influential work by Shulman (1986, 1987) re-
searchers have been building on the concept of “pedagogical content knowledge” 
(PCK). Research on teaching and teacher education considers PCK to be a core 
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component of professional competence (Blömeke, Gustafsson, & Shavelson, 2015). 
Special attention has been directed toward teachers’ PCK since it predicts both 
the quality of teaching as well as student learning (e.g., Baumert et al., 2010; Iserbyt 
et al., 2020). PCK is of critical importance, “since it deals with teachers’ know-
ledge necessary to achieve the aims of teaching” (Depaepe et al., 2013: p. 15) by 
organizing, representing, and adapting content to the abilities and interests of 
learners and presented for instruction. Thus, PCK serves the function of provid-
ing the teacher with knowledge to transform the content in ways that make it un-
derstandable to students. 

This is of special importance to Physical Education (PE), since teaching PE is 
fundamentally distinct from the teaching of other subjects in many significant 
ways. It can be named as almost the only subject which explicitly deals with body 
and corporeality on different levels (e.g., cognitive, socio-emotional). PE aims at 
fundamental experience with one’s own body and connects this with reflection 
processes on one’s own personal development, allows individual access to the 
body and thus to the world (Prohl, 2010). Thus, PE is the only compulsory sub-
ject whereby physical activity is a primary means of accomplishing educational 
objectives although with varying interpretations in different concepts across the 
European Union (EU) (MacPhail, Tannehill, & Avsar, 2019; Naul, 2003). 

To date, research on PCK in the field of sport science has contained a “selec-
tion bias” (Depaepe et al., 2013: p. 22; Ward & Ayvazo, 2016: p. 201), because 
different didactics foci in the EU and research traditions on subject matter di-
dactics (Van Driel & Berry, 2012) have received little interest. With particular 
respect to German speaking countries, research on PCK is still at the beginning 
(Vogler et al., 2018; Baumgartner, 2018; Heemsoth, 2016; Heemsoth & Wibowo, 
2020; Vogler, Messmer, & Allemann, 2017; Wibowo & Heemsoth, 2019). As theo-
retical approaches to conceptualize PCK differ, German scholars mostly refer to 
dispositional orientated approaches (Vogler et al., 2018), whereas understand-
ings of PCK “have been largely behavioural” in English-speaking publications 
(Backman & Barker, 2020: p. 2). Dispositional orientated approaches restrict the 
term competence to the sum of cognitive and motivational resources, assuming 
these multiple constituents are necessary for competent performance. Behavioral 
orientated approaches refer on how cognition, affect-motivation and perfor-
mance are interlinked as a system and change during the in-situation perfor-
mance (Blömeke, et al., 2015). A more integrated perspective focuses on the 
processes connecting both approaches (Krauss et al., 2020; for PE Baumgartner, 
2018). However, as PCK is important in the sense of student learning, it is of 
special interest to explore the extent to which PCK is a specific professional fea-
ture, thus providing insights into the conditions of PCK within teacher education 
(TE) programs. 

The highly specialized PCK is considered to be one of the main features dis-
tinguishing teachers from laypeople (Bromme, 2008; Mieg, 2001). Thus, PCK 
characterizes teachers’ professional identity in a subject, also known as “profes-
sional knowledge hypothesis” (Baumert & Kunter, 2006; Krauss et al., 2008). For 
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instance, PE teachers are professionals in at least two areas: they are both profes-
sionals in sport science and professional teachers, whereas teacher students not 
aiming for a PE teaching degree are solely professional teachers. The latter are 
“related professionals” (Krauss et al., 2008: p. 881) as both PE and TE students 
have high levels of pedagogical expertise. To the best of our knowledge, there is 
no study investigating whether students aiming for a PE teaching degree or not 
differ in their PCK. With respect to other domains scholars reported higher PCK 
scores from students aiming for a subject specific teaching degree (Jüttner & 
Neuhaus, 2013; Krauss et al., 2008; Schmelzing et al., 2012). Hence, one could 
assume differences in the PCK between PETE and TE students. 

In addition, scholars have evidenced that teacher education and professional 
development programs provided opportunities to acquire PCK (Richter, 2013), 
also known as “qualification hypothesis” or “growing knowledge hypothesis” 
(Krauss et al., 2008). As a consequence, beginner teachers adhered more to their 
written plan, while more experienced teachers were able to depart from their 
plan to provide PCK in accordance with their students’ abilities (Ward & Ayva-
zo, 2016). Such learning opportunities during teacher education and profession-
al development programs have fostered PCK and in turn students’ learning 
(Iserbyt, Ward, & Martens, 2016; Iserbyt et al., 2020; Kim et al., 2018). In Ger-
many a validation study showed that the PETE students’ semester predicted PCK, 
whereas the grade point average did not. This finding supports the qualification 
hypothesis (Heemsoth & Wibowo, 2020). 

Against this background, the purpose of the current study is to compare the 
PCK of German students aiming for a teaching degree in PE or not. To date, no 
investigation has been made into this issue. Although the number of studies 
measuring PCK is rising (Meier, 2020, 2021; Heemsoth & Wibowo, 2020; Vogler 
et al., 2017), no scale has been tested for measurement invariance across these 
two groups. As PCK develops through different educational programs and other 
learning opportunities, measurement invariance is the precondition for com-
paring the PCK of such different groups. A meaningful and valid comparison of 
the PCK of both groups can be made only if a scale measures the same construct 
in both groups in the same way (Chen, 2008). The aims of the current study are 
as follows: 
1) Is it possible to measure PCK equivalently across students aiming for a teach-
ing degree in PE or not? 
2) With regard to the “professional knowledge hypothesis”, we compare latent 
mean scores of PCK in students aiming for a teaching degree in PE or not. This 
approach is conservative as both students aim for a teaching degree, thus are re-
lated professionals. From this point of view, the professional knowledge hypo-
thesis aims at analyzing to which extent PCK is deeply ingrained in the popula-
tions investigated. We hypothesize that PETE students score higher on PCK 
than TE students. 
3) Towards the “qualification hypothesis”: Based on evidence that the PETE stu-
dents’ semester predicted PCK, we hypothesize that PETE students score higher 
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on PCK than TE students in different stages of the study. 

2. Materials and Methods 
2.1. Study Design 

A cross-sectional survey design was used to investigate the PCK across students 
aiming for a teaching degree in PE or not. The research was conducted in classes 
during regular courses. After receiving approval from the program directors, 
paper-and-pencil tests were brought to the courses. Surveys were conducted by 
trained test administrators as power tests without time limits. Participation was 
on a voluntary basis. The questionnaire included a covering letter with informa-
tion about the purpose of the study, the benefits of participating in the study, 
and ethical issues related to anonymity and voluntariness. Basic information was 
collected on demographic variables (e.g., gender, age,). After the survey, partici-
pants could ask questions about the study in more detail. The students did not 
receive incentives or compensation for their participation. 

2.2. Participants 

As shown in Table 1, the global number of participants was 762 students in two 
different teacher education programs aged between 18 and 37. Most of the stu-
dents were in their 2nd year of study. All participants were recruited from three 
public universities in one federal state of Germany, North-Rhine Westphalia. The 
sample comprises more males compared to females. One part of the sample com-
prised 431 PETE students aiming to become a teacher for upper secondary schools, 
the equivalent to International Standard Classification of Education (ISCED) 3. 
The other part of the sample comprised 331 teacher students not aiming for a PE 
teaching degree for ISCED 3. In Germany, teacher candidates decide at the very 
beginning of their study in which type of school they want to work after their 
graduation. 

 
Table 1. Demographic characteristics of participants. 

  M Na % 

Age (SD)  22.62 (3.00) 757  

Semester (SD)  4.04 (2.74)   

 Beginner  387 51.67 

 Advanced  362 48.33 

Gender     

 Female  368 48.36 

 Male  393 51.64 

Study Program     

 PETE  431 55.56 

 TE  331 43.44 

a. Sample sizes vary due to missing data. 
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2.3. Measurements 

To measure the PCK of the students, the 15-item “PCK-PE” (Meier, 2020) was 
used. The items covered two conceptually different PCK subscales: 1) knowledge 
of instructional strategies and 2) knowledge of students’ (mis)conceptions and 
difficulties. The “instruction” dimension stresses on different representations and 
explanations of making the content comprehensible to learners. The “students” 
dimension assessed the ability to recognize students’ (pre)conceptions about PE. 
The itemset consists of a mixture of open ended and multiple-choice questions. 
Responses were coded right or wrong by two trained raters following a standar-
dized manual. The PCK-PE showed factorial and discriminant validity and good 
internal consistency for the subscales in prior research (Meier, 2020, 2021). In 
this study, the internal consistency of both the “instruction dimension” (α = 0.757) 
and the “students’ dimension” (α = 0.815) were good. The latent correlations be-
tween both PCK dimensions as computed on the basis of a configural invariance 
confirmatory factor analyses (CFA) model were 0.144 (PETE students) and 0.333 
(TE students). Discrimination between the two constructs of PCK was therefore 
highest in the PETE students’ group. 

2.4. Data Analysis 

The data processing and frequency analyses were conducted using SPSS 26. 
Correlation and multivariate analyses were calculated with Mplus 8.3 (Muthén & 
Muthén, 2012). 

The first research question addresses the comparison of latent means between 
the two different teaching degree programs (PETE or not) preparing for a PE 
specific teaching degree or another subject specific teaching degree. For this pur-
pose, we investigated whether the testing instrument measured the constructs in 
the same way across these two groups, i.e., that the underlying constructs were 
invariant (equivalent) across different groups (Chen, 2008; van De Schoot, Schmidt, 
& De Beuckelaer, 2015). To test for measurement invariance (MI) between the 
groups, we therefore conducted a series of CFA following an approach that is 
well established in the literature on structural equation modeling. Based on pre- 
existing findings we tested the two-factor structure model of the “PCK-PE” 
through CFA including a review of modification indices. After that we con-
ducted a CFA to compare the fit of this two-factor model with the G-factor 
model to figure out the most parsimonious model for the following MI analyses. 
Following that, several nested models of multigroup CFAs (MGCFA) were con-
ducted to study MI within the framework of structural equation modelling to 
determine the extent to which the factor structure was comparable across the 
study program and stages of the study. This approach involves setting cross- 
group constraints on parameters and comparing more restricted models with 
less restricted models (Millsap, 2011). For the MI of categorically ordered data 
three steps were considered (Muthén & Muthén, 2012): the baseline model tested 
the original two-factor structure through a CFA for each group separately. Pro-
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ceeding to the simultaneous MGCFA, the configural model and the scalar model 
were tested, from least restrictive to most restrictive. More restricted models 
were compared with less restricted models. Scalar equivalence (strong MI) across 
groups is a precondition for comparing means. 

For all analyses, the means and variance adjusted weighted least squares esti-
mator (WLSMV) was chosen because the data are categorical (Flora & Curran, 
2004). The Mplus DIFFTEST option was used to perform χ2 difference tests for 
the nested model comparison evaluation. As chi-square tests (χ2) are sensitive to 
sample size and may reject models with even trivial misfit (Chen, 2007), we used 
the root mean square error of approximation (RMSEA, cut-off value for a good 
model fit <0.06, acceptable fit <0.08) and the comparative fit index (CFI, cut-off 
value for a good fit was >0.95 and acceptable fit >0.90≥) to evaluate goodness of 
fit (Hu & Bentler, 1999; Marsh, Hau, & Wen, 2014). Chi-square difference tests 
between the nested models were applied in which the difference in χ2 value (Δχ2) 
relative to the change in degrees of freedom (Δdf) was evaluated, as were changes 
in RMSEA (ΔRMSEA) and CFI (ΔCFI). Model equivalence was indicated by ei-
ther a nonsignificant Δχ2 or ΔCFI values ≤ 0.010 and ΔRMSEA values ≤ 0.015 
(Chen, 2007; Cheung & Rensvold, 2002; Rutkowski & Svetina, 2017). 

To address the second and third research question (“professional knowledge” 
and “qualification hypothesis”), we examined differences in latent means across 
the study program and stages of the study as these have been reported as signifi-
cant to PCK (Heemsoth & Wibowo, 2020; Iserbyt et al., 2020; Ward & Ayvazo, 
2016). In Mplus effect sizes are not directly computed, so to determine the mag-
nitude of differences in latent means, we calculated an effect size d for these dif-
ferences. Common standards for small, medium, and large standardized effects 
are 0.2, 0.5, and 0.8, respectively (Cohen, 1988). 

3. Results 
3.1. Factor Structure of the PCK-PE 

Based on prior findings, we hypothesized that a two-factor model would be an 
appropriate fit with the data (Meier, 2020, 2021). This model differentiates the 
two latent dimensions “instruction” and “students”. The CFA of this initial two- 
factor model resulted in an acceptable model fit: χ2 (df) = 415.752 (89), p < 
0.001, CFI = 0.976, RMSEA = 0.069. To find a (more) parsimonious and well- 
fitting model, we reviewed modification indices. Although there were a few ad-
ditional modifications, we did not make additional changes since it did not re-
sult in significant changes in fit indices. Subsequently the G-factor model CFA 
was carried out on the basis of the initial two-factor model and resulted in a 
worse fit to the data, with all indices being worse compared to the initial model. 
The Δχ2 result indicated that the initial two-factor model fitted the data signifi-
cantly better than the G-factor model (Δχ2 (Δdf) = 224.108 (1), p < 0.001). Be-
fore the MI analysis, the initial two-factor model was tested on different study 
program and stages of study. Indices revealed that the two-factor model gener-
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ally fits the data well in each subsample. Thus, the two-factor model can serve as 
the initial model for the subsequent MI tests. 

3.2. Measurement Invariance across Students 

The fit indices for the basic model in subsamples and each MI test step are 
shown in Table 2. Since there were two indicators loading on two factors, only 
the configural invariance model and scalar invariance model were tested in each 
group (i.e., study program, stages of the study). First, we investigated MI across 
study program, in which students were classed into a PETE group and TE group. 
This distinction reflects different paths of subject matter education in the con-
text of teacher training and is in line with the “professional knowledge hypothe-
sis”. Results of the configural and scalar invariance model indicated that the 
two-factor structure was verified across study program. Both models fitted the 
data well. Though the χ2 difference test showed a significant χ2 (df) change, the 
changes in CFI and RMSEA values from the invariance configural model showed 
that the constrained model was not rejected. According to the “qualification 
hypothesis” (e.g., Heemsoth & Wibowo; Iserbyt et al., 2020), we investigated 
whether stages of study affected the measurement model. Based on the year of 
study (self-reported), students were split into a beginner (1st year students) and a 
more advanced group (2nd year students and older). The χ2 difference test sug-
gested that there is no significant deterioration in the model fit between the con-
figural and scalar invariance model. In addition, the increase in CFI and RMSEA 
indicated an equal fit. Since all MI tests provided evidence for configural and 
scalar invariance of the two-factor PCK model in the PE(TE) students group and 
subsamples, comparisons of latent group-mean PCK scores seemed to be ac-
ceptable. 
 
Table 2. Measurement invariance model fitting indices and comparison across the two 
groups (PETE and TE students). 

Modela χ2 df p RMSEA CFI ΔRMSEA ΔCFI Δχ2 (Δdf) p 

Study Program          

PETE (n = 431) 222.544 89 0.000 0.059 0.981     

TE (n = 331) 199.520 89 0.000 0.061 0.974     

Configural 420.935 178 0.000 0.060 0.978     

Scalar 452.812 189 0.000 0.061 0.976 0.001 0.002 37.922 (11) 0.0001 

Stage of the studyb          

Beginner  
(n = 387) 

222.972 89 0.000 0.062 0.977     

Advanced  
(n = 362) 

277.990 89 0.000 0.077 0.980     

Configural 503.263 178 0.000 0.070 0.979     

Scalar 512.915 189 0.000 0.068 0.979 0.002 0.000 8.577 (11) 0.6609 

a. Δχ2 test is conducted using the DIFFTEST option for nested models. b. 13 missing values. 
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3.3. Latent Mean Differences in PCK 

The differences between groups in the latent means for the two constructs of the 
PCK-PE are shown in Table 3. TE students scored significantly lower compared 
to the PETE students in both, the “instruction dimension” (d = 0.883) as well as 
in the “students’ dimension” (d = 0.984). The effect sizes for the differences are 
large. By comparing the means in both the study programs in different stages of 
their study separately, TE students scored lower on both dimensions than PETE 
students at the beginning and at the end of studying. The effect size for the dif-
ference at the beginning was medium in the “instruction dimension” (d = 0.661) 
and large in the “students’ dimension” (d = 0.984). At the end of studying it was 
large in both the “instruction dimension” (d = 1.090) and in the “students di-
mension” (d = 1.041). 
 
Table 3. Comparison of Latent Means in PCK-PE Subscales via Series of MGCFA. 

 
PCK-PE Instruction PCK-PE Students 

M SE P M SE P 

Study Program       

PETE (n = 431) 0.000 0.000  0.000 0.000  

TE (n = 331) −1.110 0.180 0.000 −1.080 0.081 0.000 

Stage of the studya/Study Program 

Beginner/Study Program (n = 387) 

PETE (n = 203) 0.000 0.000  0.000 0.000  

TE (n = 184) −0.669 0.159 0.000 −1.054 0.106 0.000 

Advanced/Study Program (n = 362) 

PETE (n = 225) 0.000 0.000  0.000 0.000  

Sport Science (n = 137) −1.942 0.553 0.000 −1.137 0.132 0.000 

a. 13 missing values. 

4. Discussion 

The purpose of the current study was the PCK of German students aiming for a 
teaching degree in PE or not. As research on PCK in German-speaking countries 
is still at the beginning, this research contributes to a more comprehensive pic-
ture of the PCK, accounting for different didactics foci and research traditions 
on subject matter didactics in the EU. The aim was to examine the “professional 
knowledge” and the “qualification hypothesis” within (PE)TE programs. 

The first research question tested the factor structure of the PCK-PE across 
students aiming for a teaching degree in PE or not via CFA. With the MGCFA 
procedure, we ensured that the factor structure was invariant across groups. In 
order to make a reliable comparison of the PCK-PE scores between the two 
groups, examination of MI is fundamental. The MI analysis indicated that the 
conceptual framework to define the two latent factors (the “instruction” and 
“students’ dimension”) is equivalent for PETE and TE students and in different 
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stages of the study (beginner vs. advanced). Hence, it makes sense to compare 
the mean scores between aiming for a teaching degree in PE or not in these dif-
ferent conditions (Chen, 2008; Cheung & Rensvold, 2002). This is of critical im-
portance as, to date, there is no evidence towards MI across such groups. 

With the second research question, the subsequent latent mean comparisons 
between students aiming for a teaching degree in PE or not provide further in-
sights into the “professional knowledge hypothesis”. As hypothesized, the PCK is 
a special feature distinguishing PETE-students’ from TE students in other sub-
jects. PETE students outperform the TE students in both PCK-PE subdimen-
sions the “instruction” and “students’ dimension”. The effect sizes for the dif-
ferences in both PCK-PE subdimensions were large. This finding is consistent 
with findings in other domains (Jüttner & Neuhaus, 2013; Schmelzing et al., 
2012) supporting the assumption that PCK characterizes a teachers’ professional 
identity in a subject. PETE students aim to be professional on at least two di-
mensions: sport science and teaching. TE students aim to become a teacher in 
other subjects and thus, they are related professionals. With regard to the “pro-
fessional knowledge hypothesis” PCK distinguishes PETE students from TE stu-
dents. This finding sensitizes for a deeper understanding of the PCK-difference, 
which could date back to learning opportunities in PETE: To what extent foster 
(which kind of) learning opportunities during PETE the PCK? However, future 
research should study this in more detail. Furthermore, the study stressed on 
PCK in the sense of dispositional oriented approaches. As a result, it remains an 
open question, how PCK is linked to observable performance. In line with Krauss 
et al. (2020: p. 312) future research should “trace the long route from teacher 
disposition to student learning” and thus examine how much PCK predicts stu-
dent learning. 

With respect to the third research question, mean comparison in different stages 
of the study highlighted that TE students scored significantly lower than PETE 
students on both the “instruction” and “students’ dimension” at the beginning as 
well as at the end of studying. The effect sizes for these differences were medium 
to large, especially at the end of studying. As we drew on cohort comparisons 
(beginner vs. advanced) and not on large scale data, this provides little evidence 
for the “qualification hypothesis”: learning opportunities during PETE are con-
ducive to the development of the highly specialized PCK, which is in line with 
prior findings (e.g., Heemsoth & Wibowo, 2020; Iserbyt et al., 2020). However, 
this must be tackled in more detail in future studies. 

5. Conclusion 

In this study we measured the PCK of German students aiming for a teaching 
degree in PE or not and investigated differences in latent means in subsamples 
(i.e., stages of the study). The results provided evidence that the factor structure 
of the PCK was invariant across (sub)groups, thus latent mean scores can be 
compared meaningfully. In line with the “professional knowledge hypothesis”, 
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PETE students outperformed TE students in both PCK subdimensions, which is 
also pertinent in different stages of the study. With regard to the “qualification 
hypothesis” one could argue that study progress within PETE program fosters 
the development of PCK as TE students scored significantly lower on both PCK 
subdimensions at the beginning as well as at the end of studying. 

However, when interpreting the results of the present study some limitations 
need to be considered. Firstly, participants were all from one region in Germany, 
aiming for a specific teaching degree (i.e., ISCED 3) in PE and other subjects, 
therefore the results apply only to these study programs, preventing generaliza-
tions. Secondly, the complex nature of cross-sectional design prevents us from 
drawing causal conclusions. Although we tested MI and considered covariates, 
we cannot rule out that other factors confound the group differences in PCK. 
Remarkably, the cohort-comparison of students in different stages (beginner vs. 
advanced) must be taken as a tendency. Given the said limitations of this study, 
these observations should be treated with caution. Future, preferably longitudin-
al studies with prospective investigation, should study the extent to which PCK 
develops during PETE programs and control for covariates (e.g., learning op-
portunities). Furthermore, it must be pointed out that it is an open question to 
what degree, the findings of the current study relate to observable teacher beha-
vior in class and thus future studies should relate the measure of PCK with 
teacher performance. Finally, the evaluation of (MG)CFA models and MI with 
categorical indicators is a field not well studied. Although the number of studies 
is rising, recommendations for using fit measures and cut-off values are based 
on only a few simulation studies (Rutkowski & Svetina, 2017). 
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