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Introduction

The concept of ‘pedagogical content
knowledge’ (PCK) was introduced by
Shulman (1986) as an answer to what he
called a ‘missing paradigm’ in (research
on) teaching and teacher education.
By introducing PCK, Shulman wanted
to emphasise the central role of sub-
ject matter and aimed at overcoming
the artificial distinction between con-
tent and pedagogy. In recent decades,
research on teaching and teacher ed-
ucation considers PCK to be a core
component of professional competence
(Blomeke, Gustafsson, & Shavelson,
2015). There are different ways of think-
ing about PCK. Recent research on
professional competencies of teachers
is characterized by different theoretical
approaches on the conceptualization
and evaluation of teachers’ professional
competencies, namely dispositional ver-
sus behavioural approaches. Dispo-
sitional orientated approaches restrict
the term competence to the sum of
cognitive and motivational resources,
assuming these multiple constituents
are needed for competent performance.
From this perspective, competencies are
used to predict behaviour in criterion
situations. Behavioural orientated ap-
proaches stress how cognition, affect-
motivation and performance are linked
together as a system (cobbled together in
response to task demands) and change
during the in-situation performance.
From this point of view, competence is
performance in real-world criterion situ-
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ations—observable behaviour (Blomeke,
et al,, 2015). Blomeke et al. (2015, p. 8)
highlighted these two different ways of
thinking about competence as “an unpro-
ductive dichotomy view of competence,
in particular knowledge or performance,
competence should be regarded as a pro-
cess, a continuum with many steps in
between”. From a more integrated per-
spective it is of interest which processes
connect both approaches (Krauss et al.,
2020; for PE Baumgartner, 2018).
Beside this, special interest 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’ knowledge necessary to
achieve the aims of teaching” (Depaepe,
Verschaftel, & Kelchtermans, 2013, p. 15)
by organising, representing, and adapt-
ing content to the diverse interests and
abilities of learners and presented for in-
struction. Thus, PCK serves the function
of providing the teacher with knowledge
to transform the content in ways that
make it understandable to learners.
This is of special importance to phys-
ical education (PE), since teaching PE is
different from other school subjects in
many significant ways. For example, PE
takes place in unique learning environ-
ments (e.g., gym, swimming pool) and
explicitly deals with students’ body and
corporeality. For example, performance
is permanently staged through the bod-
ies of the students (Alkemeyer, 2002).
PE is the only compulsory school sub-
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ject through which children and young
people can learn movement motor skills
and acquire the knowledge to participate
in a variety of physical activities. It is the
only subject whereby physical activity
is a primary means of accomplishing
educational objectives—although with
varying interpretations in different con-
cepts across the European Union (EU)
(MacPhail, Tannehill & Avsar, 2019;
Naul, 2003). It promotes the notion of
learning in and through sports, physical
activity, and exercise, targeting stu-
dents’ personal development as well
as the development of sport-specific
competences. PE aims at fundamental
experience with one’s own body and
correlates this with reflection processes
on ones own personal development,
allows individual access to the body and
thus to the world (Prohl, 2010). Hence,
PE is critical to the education of the
person in general and has the unique
potential to promote integral human
development. To date, research on PCK
in the field of sport science has contained
a “selection bias” (Depaepe et al., 2013,
p- 22; Ward & Ayvazo, 2016, p. 201)
because different didactics foci in Eu-
rope and research traditions on subject
matter didactics (Van Driel & Berry,
2012) have received little interest. Es-
pecially in 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).
From a conceptual perspective, German
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scholars mostly refer to dispositional
orientated and/or situated approaches
(Vogler et al, 2018), whereas under-
standings of PCK “have been largely
behavioural” in English-speaking publi-
cations (Backman & Barker, 2020, p. 2).
Since PCK is important in the sense
of student learning, it is of particular
interest to explore the extent to which
PCK is a specific professional feature,
thus providing insights into the condi-
tions of PCK within various education
programmes in sport science.

The highly specialised PCK is con-
sidered to be one of the main features
distinguishing teachers from laypeople
(Bromme, 2008; Mieg, 2001) and thus
characterising their professional identity
in a subject, also known as “profes-
sional knowledge hypothesis” (Baumert
& Kunter, 2006; Krauss, Baumert, &
Blum, 2008). For instance, PE teachers
are professionals in at least two fields:
they are both professionals in the field
of sport science and professional teach-
ers, whereas sport science students not
aiming for a teaching degree are solely
professionals in the field of sport science.
The latter are related professionals since
they are subject matter specialists. How-
ever, to the best of our knowledge, in the
field of sport science, there is no study
investigating whether students aiming
for a teaching degree or not differ in
their PCK. With regard to the notic-
ing, a construct close to PCK, Reuker
(2017) investigated differences in the
noticing between groups with different
expertise (i.e., athletes versus teachers).
The findings indicate a connection be-
tween pedagogical expertise and a focus
on teaching aspects. PE teachers with
exclusively high levels of pedagogical
expertise more frequently mentioned
methodological and didactic approaches
compared to athletes with exclusively
high levels of sport-specific expertise
(Reuker, 2017, 2018). Hence, one could
assume differences in the PCK between
subject matter specialists and teachers.
In other domains scholars have reported
higher PCK scores from teachers (Jiit-
tner & Neuhaus, 2013; Schmelzing et al.,
2012). However, a comparison of stu-
dent teachers and students majoring in
mathematics showed that the student

teachers’ advantage in PCK can be at-
tributed primarily to the “instruction”
dimension (Krauss et al., 2008).

In addition, scholars have described
that PCKisimpacted by their own experi-
ences with specific content together with
the values and emotional connections de-
rived from the content, which is perti-
nent to both Physical Education Teacher
Education (PETE) and sport science stu-
dents. Especially in the field of PE teach-
ing, the professional identity is shaped
by direct (personal) experiences with the
activity. Pike and Fletcher (2014) stated
that these experiences serve as founda-
tion to view teaching and coaching as
significantly different or not. For the
United States, they concluded that there
“are still many recruits who do come to
physical education with the aim of be-
coming coaches” (Pike & Fletcher, 2014,
p. 12), even though teaching orienta-
tions are more prevalent prior to 2000.
With respect to Germany there is ev-
idence that many (future) PE teachers
have taken up different roles in the field
of physical activity (as athlete or coach)
before their study (Meier 2015). Such
experiences shape their view of teaching
in a way that many (future) PE teach-
ers tend to coaching orientations (Ernst,
2017; Klinge, 2019). A coaching orien-
tation is focused more on skill mastery
and less on the relation of content and
pedagogy. Volkmann (2018) argued that
experiences and values inform such ori-
entations and can “block” the process of
professionalization. This subject-specific
phenomenon is stressed as a “unique and
understudied area” in the context of PCK
(Ward & Ayvazo, 2016, p. 200).

Furthermore, scholars have shown
that teacher education and professional
development programmes provide op-
portunities to acquire PCK by attending
workshops and lectures, collaborating
with peers, and in teaching practice
(Richter, 2013). As a result, preservice
and beginner teachers adhered more to
their written plan, while experienced
teachers were able to depart from their
plan to provide PCK in accordance with
their students’ abilities (Ward & Ayvazo,
2016). Such learning opportunities dur-
ing teacher education have fostered PCK
and in turn students’ learning (Iserbyt,
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Ward, & Martens, 2016; Iserbyt et al.,
2020; Kim et al., 2018). A recent valida-
tion study in Germany showed that the
PETE students’ semester predicted PCK,
whereas the grade point average did not.
The authors conclude that this finding
supports the qualification hypothesis
(Heemsoth & Wibowo, 2020).

Against this backdrop, the purpose of
the currentstudyis to compare the PCK of
students studying different degree pro-
grammes in the field of sport science
(PETE and sport science) in Germany.
Despite the importance of PCK, no in-
vestigation has ostensibly been made into
this issue to date. Although the number
of studies measuring PCK is rising (Meier
2020; Heemsoth & Wibowo, 2020; Vogler
et al,, 2017), no scale has been tested for
measurement invariance across these two
groups or additional variables relevant to
PCK (i.e., prior experience in the field
of physical activity). Measurement in-
variance is the precondition for compar-
ing the PCK of such different groups, as
PCK develops through different educa-
tional programmes and other non-formal
learning opportunities. A meaningful
and valid comparison of the PCK of both
groups can be made only if a scale mea-
sures the same construct in both groups
inthe same way (Chen, 2008). Hence, the
aims of the current study are as follows:
== The first purpose of the current study

is to examine whether it is possible

to measure PCK equivalently across

PETE and sport science students,

along with additional variables

relevant to PCK (i.e., prior experience
in physical activity, semester).

== With regard to the professional
knowledge hypothesis, we compare
latent mean scores of PCK in PETE
and sport science students hypoth-
esising that PETE students score
higher on PCK than students from
sport science. In addition, we ex-
plore the extent to which PCK differs
across groups with prior experiences
in physical activity.

== Based on evidence that the PETE
students’ semester predicted PCK, we
hypothesise that PETE students score
higher on PCK than sport science
students in different stages of the
study (semester).



Materials and methods

Participants

Data were derived from the study
“Higher, faster, stronger? Pedagogical
content knowledge of sports teachers:
conceptualization, measurement, vali-
dation”. Asshown in @ Table 1, the global
number of participants was 622 students
in two different sport science degree pro-
grammes aged between 18 and 37. All
participants were recruited from three
public universities in one federal state
of Germany, North-Rhine Westphalia.
Most of the students were in their 2nd
year of study and had prior experience
in teaching in the field of sports (“In
the last two years, how often did you
coach/instruct/guide kids and/or youth
in sports”). The sample comprises more
males compared to females. One part
of the sample comprised 431 PETE stu-
dents aiming to become a teacher for
upper secondary schools, the equivalent
to International Standard Classification
of Education (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 (within the PETE sample by
entrance of studying). The other part of
the sample comprised 191 sport science
students aiming to graduate in the field
of “Sport, Performance and/or Exercise”.

Study design

The cross-sectional study investigated
the PCK across PETE and sport science
students. The research was conducted in
classes during regular courses in the uni-
versity. After receiving approval from the
programme directors, paper-and-pencil
tests were brought to the courses by two
trained members of the project group.
Surveys were conducted by trained test
administrators as power tests without
time limits. Participation was on a vol-
untary basis. The questionnaire itself
included a covering letter with infor-
mation about the purpose of the study,
the benefits of participating in the study,
and ethical issues related to anonymity
and voluntariness. After the survey,
participants could ask questions about

the study in more detail. No incentives
or compensation were offered for tak-
ing part in the survey. Data collection
included standard sociodemographic
information, e.g., age, gender.

Measurements

The 15-item “PCK-PE” (Meier 2020)
was used to measure the PCK of PETE
and sport science students. It includes
two conceptually different PCK sub-
scales: (1) knowledge of instructional
strategies and (2) knowledge of stu-
dents’ (mis)conceptions and difficul-
ties. The first “instruction” dimension
highlights different representations and
explanations of making the content
comprehensible to others. The second
“students” dimension assessed the ability
to recognise students’ conceptions and
preconceptions about PE. The itemset
consists of a mixture of open ended
(example item PCK-PE “students” di-
mension: Imagine you teach swimming.
From the students perspective, which
obstacles could be related to that? Name
and describe two of them.) and multiple-
choice questions (example item PCK-PE
“instruction” dimension: In PE lessons,
the students body can be addressed
relating to which kind of aspects? “The
body as perception organ” Please mark
the box: right or wrong or I don’t know).
Responses are scored right or wrong.
All items were coded independently by
two trained raters using a standard-
ised manual. A higher score indicated
a more comprehensive PCK. Facto-
rial and discriminant validity and good
internal consistency for the subscales
of the PCK-PE has been reported in
a validation study (Meier 2020). In this
study, the latent correlations between
both PCK dimensions as computed on
the basis of a configural invariance con-
firmatory factor analyses (CFA) model
were 0.335 (PETE students) and 0.474
(sport science students). Discrimination
between the two constructs of PCK was
highest in group of the PETE students.

Data analysis

The data processing and frequency anal-
yses were conducted using SPSS 26. Cor-
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Abstract

Pedagogical content knowledge (PCK) is

a special feature providing the teacher with
knowledge to transform the content in ways
that make it understandable to learners.
This is of special importance in physical
education (PE), since it is significantly
different to other school subjects in many
ways i.e., it is the only subject whereby
physical activity (PA) is a primary means

of accomplishing educational objectives.
Given the importance of PCK, it is of special
interest to explore the specificity of PCK in
in the field of sport science. As research on
PCK in German speaking countries is still

at the beginning, a cross-sectional study
was conducted among 622 students to
explore potential differences in relation

to education programmes (PE Teacher
Education n=431, sport science n=191).
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
sport science students, along with additional
variables relevant to PCK. PETE students
outperformed sport science students in
terms of the “instruction” subdimension
(also in different stages of study), whereas
not in the “student” subdimension. Prior
experience in the field of PA is an advantage
for high scores only in the “instruction”
subdimension. Finally, the study provides
first insights into the specificity of PCK in the
field of sport science.

Keywords

Measurement invariance - Preservice
physical education teachers - Professional
knowledge - Sport science students - Subject
matter

relation and multivariate analyses were
calculated with Mplus 8.3 (Muthén &
Muthén, 1998-2012).

The first research question addresses
the comparison of latent means between
the two different study programmes
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Table 1 Demographic characteristics of participants

Age (SD) =
Semester (SD) -
Beginner
Advanced
Gender -
Female
Male
Study Pro- -
gEunme PETE (ISCED 3)
Sport Science
Prior Experi- -
CIICE Often (>3 h/week)

Sometimes (1-2 h/week)
Never
‘ °Sample sizes vary due to missing data

M N? %
21.96 (2.61) 617 -
3.72(2.39) - -

= 314 51.06
= 301 48.94
= 244 39.22
= 378  66.77
= 431 69.29
= 191 30.71
= 170 2738
= 247 39.77
- 204 3285

(PETE and sport science) preparing for
different professions in the field of sport
science. For this purpose, we inves-
tigated whether the testing instrument
measured the constructs in the same way
across groups, i.e., that the underlying
constructs were invariant (equivalent)
across different groups (Chen, 2008;
van de Schoot, Schmidt, De Beuckelaer,
Lek, & Zondervan-Zwijnenburg, 2015).
First, based on pre-existing findings the
two-factor structure model of the “PCK-
PE” was tested through CFA including
a review of modification indices. We
then conducted 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
measurement invariance (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 de-
termine the extent to which the factor
structure was comparable across the
study programme, stages of the study
(semester), and prior experience in the
field of physical activity. This approach
involves setting cross-group constraints
on parameters and comparing more
restricted models with less restricted
models (Millsap, 2011). Three steps
were considered for the MI of categori-
cally ordered data (Muthén & Muthén,
1998-2012): the baseline model tested
the original two-factor structure through

a CFA for each group separately. Pro-
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
(nested models). Strong measurement
invariance (scalar equivalence) across
groups is a precondition for comparing
means.

Given the categorically ordered data,
themeansand variance adjusted weighted
least squares estimator (WLSMV) was
chosen for all analyses (Flora & Curran,
2004). The Mplus DIFFTEST option was
used to conduct y? difference tests for
the nested model comparison evaluation.
As chi-square tests (x?) are sensitive to
sample size and may reject models with
even trivial misfit (Chen, 2007), we used
the root mean square error of approxi-
mation (RMSEA, cut-oft 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 ac-
ceptable fit >0.90) to evaluate goodness
of fit (Hu & Bentler, 1999; Marsh, Hau,
& Wen, 2004). Chi-square difference
tests between the nested models were
applied in which the difference in x?
value (Ax?) relative to the change in
degrees of freedom (Adf) was evaluated,
as were changes in RMSEA (ARMSEA)
and CFI (ACFI). Model equivalence was
indicated by either a nonsignificant A x?
or ACFI values <0.010 and ARMSEA
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values <0.015 (Chen, 2007; Cheung &
Rensvold, 2002; Rutkowski & Svetina,
2017).

To address the second and third re-
search question, we examined differences
in latent means across the study pro-
gramme, stages of the study, and prior
experience in the field of physical activ-
ity as these have been reported as sig-
nificant to PCK (Heemsoth & Wibowo,
2020; Iserbyt et al., 2020; Pike & Fletcher,
2014; Ward & Ayvazo, 2016). Effect sizes
are not directly computed in Mplus, so
to examine the magnitude of differences
in latent means, we calculated an effect
size d for these differences. Common
standards for small, medium, and large
standardized effects are 0.2, 0.5, and 0.8,
respectively (Cohen, 1988).

Results

Factor structure of the PCK-PE

Based on prior findings, we hypoth-
esised that a two-factor model would
be an appropriate fit with the data
(Meier, 2020), differentiating the two
latent variables pedagogical content
knowledge of instructional strategies (1)
and pedagogical content knowledge of
students’ (mis)conceptions and difficul-
ties (2). The CFA of this initial two-
factor model resulted in an accept-
able model fit: ¥? (df)=305.157 (89),
p<0.001, CFI=0.980, RMSEA =0.062.
To find a (more) parsimonious and well-
fitting model, we reviewed modification
indices. Although there were a few
additional modifications, we did not
make additional changes since it did
not result in significant changes in fit
indices. The G-factor model CFA was
subsequently carried out on the basis
of the initial two-factor model and re-
sulted in a worse fit to the data, with
all indices being worse compared to the
initial model. The A? result indicated
that the initial two-factor model fitted
the data significantly better than the
G-factor model (Ay? (Adf)=42.063 (1),
p<0.001). These results indicated that
the best model for the full sample was
the modified two-factor model. Before
the MI analysis, the initial two-factor
model was tested on different study



Table 2 Measurement invariance model fitting indices and comparison across the two groups (sport science and PETE students)

Model X
Study Programme

PETE (n=431) 222.544
Sport Science (n=191) 153.954
Configural 373.575
Scalar 390.058
Stage of the study”

Beginner (n=314) 165.399
Advanced (n=301) 145.274
Configural 359.831
Scalar 370.102
Prior experience®

Often (n=170) 162.782
Sometimes (n=247) 145.348
Never (n=204) 147.183
Configural 456.482
Scalar 469.721

Df p RMSEA  CFI ARMSEA  ACFI Ay? (Adf) p
89 0.000 0.059 0.981 = = = =
89 0.000 0.062 0.984 = = = =
178 0.000 0.059 0.982 = = = =
189 0.000 0.058 0.981 0.001 0.001 21.450(11) 0.029
76 0.000 0.054 0.986 = = = =
76 0.000 0.049 0.986 = = = =
178 0.000 0.058 0.983 = = = =
189 0.000 0.056 0.983 0.002 0.000 14.508 (11) 0.206
89 0.000 0.070 0.978 = = = =
89 0.000 0.051 0.990 = = = =
89 0.000 0.057 0.975 = = = =
267 0.000 0.059 0.983 = = = =
298 0.000 0.055 0.984 0.004 0.001 19.520 (22) 0.613

Ay’ test is conducted using the DIFFTEST option for nested models

°7 missing values
® 1 missing value

programme, stages of study, prior expe-
rience in the field of physical activity, and
gender. Indices revealed that the two-
factor model generally fits the data well
in each subsample. Thus, the two-factor
model can serve as the initial model for
the subsequent MI tests.

Measurement invariance across
students

@ Table 2 contains the fit indices for the
basic model in subsamples and each MI
test step. Since there were two indicators
loading on two factors, only the config-
ural invariance model and scalar invari-
ance model weretestedineach group (i.e.,
study programme, stages of the study,
and prior experience in the field of phys-
ical activity). First, we investigated MI
across study programme, in which stu-
dents were classed into a PETE group and
a sport science group. This distinction
reflects different paths of education in the
context of sport science. Results of the
configural and scalar invariance model
indicated that the two-factor structure
was verified across study programme.
Both models fitted the data well. Though
the x* difference test showed a signifi-
cant x? (df) change, the changes in CFI
and RMSEA values from the invariance

configural model showed that the con-
strained model was not rejected. Ac-
cording to the “qualification hypothe-
sis” (e.g., Heemsoth & Wibowo; Iser-
byt 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 be-
ginner (Ist year students) and a more
advanced group (2nd year students and
older). The configural and scalar invari-
ance models both fitted the data equally
well (Ax? (Adf)=14.508 (11), p=0.206,
ACFI=0.000, ARMSEA =0.002). To ex-
amine the invariance between different
prior experience in the field of physical
activity, students were classed into three
groups depending on their amount of ex-
perience: often (more than 3 h a week),
sometimes (1-2haweek), and never. The
x* difference test suggested that there is
no significant deterioration in the model
fit between the configural and scalar in-
variance 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, compar-
isons of latent group-mean PCK scores
seemed to be acceptable.
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Investigation of 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. Stu-
dents scored significantly higher on the
“instruction dimension” if they reported
some prior experience in the field of phys-
ical activity (mean 0.479 higher) as well as
more comprehensive experience (mean
0.977 higher) compared to those report-
ing no prior experience. The effect size
for the difference in some experience was
small (d = 0.240), but for the difference in
comprehensive experience it was modest
(d=0.367). No differences appeared in
the “students dimensions” at all. In terms
of the study programme, PETE students’
mean score was 0.627 higher compared to
the sport science students in the “instruc-
tiondimension” only (d= 0.139), whereas
there were no significant differences in
the “students dimension”. By comparing
the means in both the study programmes
in different stages of their study sepa-
rately, PETE students scored higher on
the “instruction dimension” than sport
science-students at the beginning (mean
0.713 higher) as well as at the end of
studying (mean 0.720 higher). The effect
size for the difference at the beginning
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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
Prior experience?
Never (n=204) 0.000 0.000 - 0.000 0.000 -
Sometimes (n=247) 0.479 0.168 0.004 0.238 0.164  0.147
Often (n=170) 0.977 0.251 0.000 0.275 0.158  0.083
Study Programme
Sport Science (n=191) 0.000 0.000 — 0.000 0.000 -
PETE (n=431) 0.627 0.122 0.000 0.206 0.129  0.109
Stage of the study/Study Programme®
Beginner/Study Programme (n=314)
Sport Science (n=111) 0.000 0.000 - 0.000 0.000 -
PETE (n=203) 0.713 0.174 0.000 0.336 0.196  0.086
Advanced/Study Programme (n = 301)
Sport Science (n=76) 0.000 0.000 - 0.000 0.000 -
PETE (n=225) 0.720 0.216 0.001 -0.009 0.163  0.954

°1 missing value
*7 missing values

was small (d=0.214) and at the end of
studying it was even smaller (d=0.028).
There were no differences in the “students
dimension’, neither at the beginning nor
at the end of studying.

Discussion

The objective of the current study was the
PCK across PETE and sport science stu-
dentsin Germany. Asresearch on PCKin
German-speaking countries is still at the
beginning, the current study contributes
to a more comprehensive picture of the
PCK, accounting for different didactics
foci and research traditions on subject
matter didactics in the EU. The aim was
to discover the extent to which PCK is
specific in the field of sport science.

In the first research question of this
study, the factor structure of the PCK-
PE was examined across PETE and sport
science students, along with additional
variables relevant to the PCK (i.e., prior
experience in the field of physical activity,
stage of the study) via CFA and fitted the
data acceptably. With the MGCFA proce-
dure, we ensured that the factor structure
was invariant across groups. Testing MI
across groups is fundamental in mak-
ing a reliable comparison of the PCK-PE
scores between PETE and sport science
students to obtain a valid statistical infer-
ence. The MI analysis indicated that the

conceptual framework to define the two
latent factors is equivalent for PETE and
sport science-students in different stages
of the study (semester), with different
prior experience in the field of physical
activity. In other words, it makes sense to
compare the mean scores between PETE
and sport science students in these differ-
ent conditions (Chen, 2008; Cheung &
Rensvold, 2002). This is important as, to
the best of our knowledge, there is no evi-
dence in the field of sport science towards
MI across such groups. In mathematics,
Kleickmann et al. (2013) measured PCK
with some variation between groups (i.e.,
scalar model). However, further evalua-
tion of this variation did not specifically
disadvantage any of the groups, which is
in line with the findings of the current
study.

With the second research question,
the subsequent latent mean comparisons
between PETE and sport science stu-
dents provide further insights into the
professional knowledge hypothesis. As
hypothesised, the PCK of PETE students
is specific to some extent. PETE students
outperform the sport science students
in terms of the “instruction dimension”
This finding is consistent with findings
in other domains (Jiittner & Neuhaus,
2013; Schmelzing et al., 2012) support-
ing the assumption that pedagogical con-
tent knowledge of instructional strategies
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is a specific feature of PETE students.
They are both professional sport scien-
tists and professional teachers, whereas
sport science students are rather profes-
sional sport scientists. Hence, knowl-
edge in the “instruction dimension” dis-
tinguishes PETE students from sport sci-
ence students. However, the effect size
of the difference was small, and thus fu-
ture research should study whether this
is specific to the field of sport science.

In contrast, PETE and sport science
students scored equally on the peda-
gogical content knowledge of students’
(mis)conceptions and difficulties, which
is consistent with the study of Krauss
et al. (2008). Thus, it remains unclear
why PETE and sport science students did
not score differently on the “students di-
mension”. According to the professional
knowledge hypothesis, one could expect
that PETE students score higher on this
dimension compared to sport science
students. As Shulman (1986, 1987) ini-
tially stated, if a (future) teacher does
not know the interests and abilities of
the student, then the teacher will be
unable to match instruction to their
students (Behets & Vergauwen, 2006).
Thus, the data support the interpretation
that the “instruction dimension” may be
a core aspect of PCK, as it is the most
lesson-related sub-facet, and both must
be integrated for an interactive teaching
decision. Hence, this finding sensitises
us to a deeper understanding of the
similarity between both groups in the
“students” dimension, which could date
back to learning opportunities in PETE
and sport science: To which extent are
they specific in the “students” dimension
and, moreover, how are they integrated
in teaching? However, future research
should tackle this in more detail. In
addition, the study focused on PCK
in the sense of dispositional oriented
approaches. Hence, it remains an open
question, how PCK is related to perfor-
mance. From a more integrative point
of view future research should “trace the
long route from teacher disposition to
student learning” (Krauss et al., 2020,
p. 312) to investigate how much PCK
predicts student learning and the steps
in between.



Furthermore, the findings highlight
that prior experience in the field of phys-
ical activity is primarily associated with
higherscores only on the “instruction” di-
mension, indicating that such experience
is an advantage. However, in terms of the
“students dimension”, itis not. One could
therefore argue that prior experiences do
not sensitise students’ (mis)conceptions
and difficulties. This could indicate that
subjectspecificexperiencesserveasfoun-
dation for a teaching orientation (Pike &
Fletcher, 2014) with respect to the “in-
struction” and not to the “students di-
mension”. Future research should focus
on the relevance of subject specific ex-
periences in more detail.

With regard to the third research ques-
tion, mean comparison in different stages
of the study highlighted that PETE stu-
dents only scored higher than sport sci-
ence students on the “instruction dimen-
sion” at the beginning as well as at the
end of studying. As the effect sizes for
the differences were small, the results
provide little evidence that learning op-
portunities during PETE are conducive to
the development of the highly specialised
PCK (e.g., Heemsoth & Wibowo, 2020;
Iserbyt et al., 2020). Unexpectedly, no
differences appeared in the “students di-
mension”. This may indicate that learn-
ing opportunities during education do
not foster development that much. How-
ever, this must be tackled in more detail
in future studies.

Conclusion

This study measured the PCK across
PETE and sport science students and
examined differences in latent means
in subsamples (i.e., prior experience in
the field of physical activity, stages of
the study). It has been demonstrated
that the factor structure of the PCK was
invariant across (sub)groups; thus latent
mean scores can be compared mean-
ingfully. In line with the professional
knowledge hypothesis, PETE students
outperformed the sport science students
in terms of the “instruction dimension’,
which is also pertinent in different stages
of the study. In addition, prior experi-
ence in the field of physical activity is
also associated with higher scores on this

subdimension. Itis the other way around
in the “students dimension™ PETE and
sport science students did not score
significantly different, also with respect
to stages of the study. Prior experience
is not an advantage for high scores on
this subdimension.

Some limitations need to be consid-
ered when interpreting the results of the
present study. Firstly, participants in the
study were all from one region in Ger-
many, aiming for a specific degree in
a PETE (i.e., ISCED 3) and sport sci-
ence programme, therefore the results
apply only to these study programmes
and do not allow generalisations. Since
PCK is assumed to be affected by dif-
ferent traditions in subject matter didac-
tics, which vary across the EU, the re-
sults can be seen as a case study or start-
ing point for cross-cultural studies. Sec-
ondly, the complex nature of cross-sec-
tional design prevents us from drawing
causal conclusions. Although we tested
MI and considered covariates, we can-
not rule out that other factors confound
the group differences in PCK. Remark-
ably, the comparison of students in dif-
ferent stages of the study must be taken
as a tendency. Future, preferably longi-
tudinal studies with prospective inves-
tigation should investigate the extent to
which PCK develops during educational
programmes and control for covariates
(e.g., learning opportunities). Neverthe-
less, an interesting pattern of similar-
ities between PETE and sport science
students (at the beginning and end of
studying) emerged: Differences do not
lay within the “students dimension”. Fu-
ture research should cast light on this
PCK subdimension. However, it must be
pointed out that it is still unclear to what
degree the findings of the current study
relate to observable teacher behaviour in
class and/or students’ achievement. Fi-
nally, from a methodological point of
view, it must be mentioned that the eval-
uation 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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