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Abstract: Interdisciplinary science teaching in (lower) secondary education can lead to out-of-field
teaching in countries with a discipline-specific teacher education. For example, the discipline-specific
teacher education in Germany does not fit the current demands of interdisciplinary science teaching,
especially in comprehensive schools. Self-rated content knowledge (stCK)—a specific part of aca-
demic self-concept—of (prospective) teachers is important in the context of motivational orientations
and due to the reciprocal relation of academic self-concept and performance. Previous research
did not focus on the long-term development of core idea-based srCK regarding secondary educa-
tion. Thus, we surveyed 271 (prospective) teachers of biology, chemistry, and physics three times
(2019-2021). In addition, we surveyed seven chemistry and physics pre-service teachers participating
in a biology content knowledge (CK) course. Taking into account measurement invariance, we used
structural equation modeling and latent change models. The srCK of biology, chemistry, and physics
showed a high relative and absolute stability. We did not find any correlation between srCK of biology
and chemistry. SrCK of chemistry and physics always showed a small positive correlation. SrCK of
biology and physics always had a strong negative correlation. Supporting these results, studying
physics had a negative effect on the srCK of biology, and studying chemistry had a positive effect on
the srCK of physics. Additionally, studying the subject of the srCK in question always had a strong
positive effect. Though srCK seems to be time-stable, a biology CK course for pre-service chemistry
and physics teachers showed strong positive changes in their srCK of biology. Thus, training in
an unstudied subject could help to cope with the undesired time-stability of srCK. In addition, the
strong negative correlation between the srCK of biology and of physics needs to be addressed in
teacher education.

Keywords: self-rated content knowledge; interdisciplinary science teaching; longitudinal study;
teacher education; secondary education; academic self-concept

1. Introduction

Interdisciplinary science teaching in secondary education is a serious challenge for
teachers and teacher education [1-4]. In this paper, interdisciplinary science teaching means
teaching biology, chemistry, and physics as one subject [5]. Present issues of humanity, such
as pandemics, climate change, or the energy crisis, concern multiple scientific disciplines.
Addressing these issues with the perspectives of biology, chemistry, and physics is assumed
a major advantage of interdisciplinary science teaching [5]. However, pre-service teachers in
Germany can only study the single disciplines biology, chemistry, and physics and usually
no more than two (science) subjects [6]. This leads to out-of-field teaching (e.g., [2]), i.e.,
teaching an unstudied subject (mainly at comprehensive schools). Furthermore, questions
about the professional competence of (prospective) teachers for interdisciplinary science
teaching occur. In this paper, we focus on self-rated content knowledge (srCK) as an
important aspect of motivational orientations [7] and as a possible proxy for (prospective)
teachers’ content knowledge (CK) (e.g., [8]). The latter is an integral part of professional
knowledge [9]. Previous research shows a lack of longitudinal studies about (prospective)
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teachers” srCK or academic self-concept in the context of science-related core ideas of
secondary education. Thus, insights about possible changes or stability of this srCK
during teacher education and possible factors influencing srCK are missing. These insights
are important to analyze the actual state of teacher education, including chances and
challenges. In addition, they are important to develop measures to improve teacher
education regarding interdisciplinary science teaching. In our study, we want to learn more
about the development of the srCK of biology, of chemistry, and of physics during two years
of teacher education: How do the srCK of biology, of chemistry, and of physics change
during this time period? What influence do the studied subjects have on the different
subject-specific srCK types? Which challenges and chances for interdisciplinary science
teaching exist in the present teacher education? Is it possible to strengthen srCK with
participation in a content course for an unstudied science subject?

2. Theoretical Framework
2.1. Teacher Education and Interdisciplinary Science Teaching in Germany

In Germany, teacher education at university is usually separated into Bachelor (three years)
and Master of Education program (two years), including courses on CK, pedagogical
content knowledge (PCK), pedagogical knowledge, and first practical experiences [6]. For
example, at University of Kiel or University of Gottingen, the focus is on courses regarding
CKin the Bachelor program; in the Master of Education program, the focus is rather on PCK
and pedagogical knowledge [6]. Practical experiences are integrated in the Bachelor and
Master of Education programs at both universities [6]. In our paper, we call the students
in the Bachelor and Master of Education programs pre-service teachers. This first phase
of teacher education is followed by the traineeship at school for eighteen months to two
years—the second phase of teacher education [6]. We call the university graduates who
are trained in the second phase of teacher education trainee teachers in this paper. After
finishing the two phases of teacher education, they can be employed as qualified teachers
at schools [6]. In our paper, we named these persons in-service teachers; (prospective) teachers
include all three groups, i.e., pre-service, trainee, and in-service teachers. In Germany,
science is taught disciplinarily and interdisciplinarily in lower secondary education [10].
For example, in Lower Saxony, science is taught as an interdisciplinary subject from classes
five to ten especially at comprehensive schools [11] and usually as separated subjects
biology, chemistry, and physics at grammar schools [12].

At the same time, German teacher education for grammar and comprehensive schools
usually includes biology, chemistry, and physics as separate disciplines [6]. In addition,
mainly only two subjects are studied [6]. However, these two subjects do not have to be
two science education subjects. Thus, mostly only one or two of the subjects of biology,
chemistry, and physics are studied when entering interdisciplinary science teaching. This
leads to the problem of out-of-field teaching [2,3]. There are programs in Germany that try
to address this issue, such as the Schlozer Programm Lehrerbildung (SPL) at the University
of Gottingen or the course of study science and technology at the Karlsruhe Institute of
Technology. Within the SPL, a voluntary certificate program for interdisciplinary teach-
ing was developed [13]. One focus of this certificate program is interdisciplinary science
teaching [13]. The pre-service teachers study modules on CK and PCK of the otherwise
unstudied subjects [13]. In addition, there is a module to gain teaching practice in interdis-
ciplinary science teaching; it provides first experiences in school settings [13].

2.2. Definition and Importance of Self-Rated Content Knowledge

Teachers’ professional competence includes professional knowledge and motivational
orientations [9]. One domain of professional knowledge is CK [9]. Research showed that
CK is crucial for PCK (e.g., [14-17]). In turn, PCK is important for teaching (e.g., [15,17]).
On that basis, we are interested in (prospective) teachers’ perceptions of their own CK
in biology, chemistry, and physics [18], since a metasynthesis identified some correlation
(r = 0.29) between performance and the corresponding self-report [8]. Referring to the
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multidimensionality and hierarchy of self-concept [19], we define this perception of their
own CK as a specific part of the academic self-concept regarding a specific subject [4,18,20].
Academic self-concept is defined as the perceptions of the own skills regarding academic
situations [20]. The academic self-concept, in turn, as a type of self-rated ability cognitions,
is part of the motivational orientations of teacher’s professional competence [7]. On the
one hand, these types of affective components are important; they are integral parts of
teachers” PCK models [21]. On the other hand, academic self-concept has a reciprocal
relation to performance [22,23]. Thus, investigating srCK as a part of academic self-concept
can give significant insights into current teacher education regarding interdisciplinary
science teaching in secondary education.

2.3. Previous Research

There are cross-sectional investigations of the (academic) self-concept with pre-service
biology and physics secondary teachers, generally regarding the CK and PCK [24,25],
not with concrete core ideas such as in the science curricula for comprehensive schools in
Lower Saxony [11]. Other studies, such as that from Jansen et al. [26], investigated academic
self-concept for students on a rather subject-related specificity level. Some studies, such as
that from Hardy [27], focused on curricular-relevant topics, also for students, in England.
In turn, other studies, such as those from Yilmaz-Tuzun [28] or Yangin and Sidekli [29],
investigated pre- and in-service-teachers and specific topics, but in the primary education
of the USA and Turkey. In addition, Yilmaz-Tuzun [28] showed a positive relation between
participating in more science content courses and “the confidence in teaching biology and
earth science content”, r = —0.22, p < 0.05 (p. 195). Broll and Friedrich [1] focused on
curricular-relevant topics and German in-service teachers, but only from classes five to nine
and without the integration of curricular-based core ideas. Thus, Handtke and Bogeholz [4]
identified a lack of measurement instruments for srCK focusing on (prospective) teachers’
understanding of the biology, chemistry, and physics core ideas based on the German lower
secondary education curricula.

They focused on the perceptions regarding biology, chemistry, and physics core ideas
(lower secondary education) with 552 pre-service and trainee teachers in Germany using
a cross-sectional design [4]. The researchers found a strong correlation between the stCK
and the corresponding academic self-concept [4]. This strengthens the assumption of srCK
as a specific part of academic self-concept [18,20]. In addition, they found (1) no correlation
between the srCK of biology and of chemistry, (2) a positive and moderate correlation
between the srCK of chemistry and of physics, and (3) a moderate and negative correlation
between the srCK of biology and of physics [4]. Furthermore, Handtke and Bogeholz [4]
showed that studying the subject of the srCK in question always had a strong positive
effect. This effect is also described with manifest values of the srCK of biology, of chemistry,
and of physics by Broll and Friedrich [1]. Besides these strong positive effects, (1) studying
physics had a negative effect on the srCK of biology; (2) in turn, studying biology had
a negative effect on the srCK of physics and of chemistry; (3) studying chemistry had a
positive effect on the srCK of physics [4].

However, to the best of our knowledge, there are no longitudinal studies looking at
this type of (prospective) teachers’ srCK regarding science core ideas in (German) lower
secondary education. However, to give an impression about the state of the art, we outline
some exemplary longitudinal studies of neighboring research areas. Thus, we look at
science CK and more general academic self-concepts in the following, since srCK can be
seen as a proxy indicator of CK [8] and it correlated strongly with academic self-concept [4].

The longitudinal study of Nixon et al. [30] focused on the CK of 15 secondary science
teachers from the USA in their first and fifth years of teaching by using concept maps.
They found no significant gain in the teachers’ CK after five years of teaching [30]. Thus,
Nixon et al. [30] concluded that teachers cannot be assumed to learn the necessary CK
through teaching this CK. Sorge et al. [31] examined the physics CK of pre-service physics
teachers at two time points in different years (2014-2015 with 26 pre-service teachers;
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2015-2016 with 42 pre-service teachers). Their analysis revealed a strong prediction (relative
stability) of pre-service teachers’ CK at time point two by the CK at time point one, 3 = 0.77,
p < 0.001 [31]. Another longitudinal study focused on 22 secondary science (pre-service)
teachers’ change in CK especially regarding energy, atoms, cell, and pollution with data
from interviews including self-ratings at five measurement points over the period of
17 years [32]. They found out that CK “does not grow linearly over time.” [32] (p. 245).
Regarding the studied subjects, they identified an advantage for teaching studied subjects
in terms of confidence, interest, knowledge base, and faster remembering content [32].
Further, there are studies looking at academic self-concept on a more general level
regarding primary education and the context of participations in interventions/courses.
One exemplary study had a pre-post-follow-up design with 202 pre-service primary teach-
ers; among other things, the researchers investigated the influence of an interdisciplinary
course (focus on the CK and academic self-concept) on the academic self-concepts in bi-
ology, chemistry, and physics on a subject level [33]. They showed a significant increase
in all three academic self-concepts [33]. Another study for primary and lower secondary
education focused on pre-service teachers” academic self-concept in physics over the course
of two types of methods courses (n = 111 and 56) [34]. The researcher found the physics
academic self-concept to be stable over time [34]. However, such studies rather focus on
primary education leading to different requirements. They are on a more general level, not
addressing specific curricular-relevant core ideas. Thus, a longitudinal study about the
srCK of science subjects regarding the core ideas of German lower secondary education
seems to be missing. Thus, a differentiated investigation of relative and absolute stability
of the respective srCK is also missing. Relative stability has a focus on the change in rank
order [35]. Absolute stability has a focus on the change in means/absolute values [35].

3. Research Questions and Hypotheses

The present paper aims to explore the development of the srCK of biology, of chemistry,
and of physics. At the beginning, we investigated how the srCK of each subject is correlated
with each other over two years.

Research Question 1: How are the srCK of biology, of chemistry, and of physics related with
each other?

We wanted to deepen our results [4] by surveying the same persons over three succes-
sive years. Thus, we had one hypothesis comprising three sub-hypotheses:

Hypothesis 1. The correlations of srCK

a.  of chemistry and of physics are moderate and positive,
b.  of biology and of physics are moderate and negative,
c. and there are no correlations between the srCK of biology and of chemistry.

In a second step, we investigated the stability of the srCK of biology, of chemistry,
and of physics. Here, we were interested in the relative (correlation between the time
points; [35]) and absolute stability (change in the mean between time points; [35]). There are
studies looking at the science CK of secondary education pre-service teachers (e.g., [30,31])
or the general science academic self-concept of primary (or lower secondary) education pre-
service teachers (e.g., [33,34]). However, the srCK of biology, of chemistry, and of physics
on the level of curricular-relevant core ideas seem to be investigated only in cross-sectional
designs so far (e.g., [1,4,27]). Thus, there is no previous knowledge about its development
over several years. Therefore, our research question was:

Research Question 2: How time-stable is the srCK of biology, of chemistry, and of physics?

In a further step, we wanted to know more about factors influencing the srCK of
biology, of chemistry, and of physics (over the time of two years). Thus, our third research
question was:

Research Questions 3: Which factors have an influence on the stability of the srCK of biology,
of chemistry, and of physics?
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Regarding the studied science subjects, research has shown a strong effect of studying
the subject of the corresponding srCK [1,4]. In addition, there were some remarkable
(and especially negative) effects of the studied subjects on the srCK of other subjects [4].
According to these results, our second hypothesis comprises four sub-hypotheses assuming
specific effects:

Hypothesis 2. The studied subjects have an effect on the srCK of biology, of chemistry, and
of physics:

a. Studying the corresponding subject has a clear positive effect on the srCK (e.g., studying
biology on the srCK of biology).

Studying physics has a negative effect on the srCK of biology.

Studying biology has a negative effect on the srCK of chemistry and of physics.

d.  Studying chemistry has a positive effect on the srCK of physics.

oo

Moreover, we want to learn about the impact of a voluntary SPL course of the cer-
tificate program of interdisciplinary science teaching on the time-stability of srCK [13].
In the past, other researchers showed positive effects of CK courses on science academic
self-concepts or beliefs of being confident in teaching specific CK regarding primary ed-
ucation [28,33]. We investigated the srCK of biology regarding a biology CK course with
chem-istry and physics pre-service teachers. The aim of this course was to strengthen
chemistry and physics pre-service teachers’ biology CK (biology = unstudied subject) [13].
Thus, we expected a raise in these pre-service teachers srCK of biology—similar to the
advantage of studying the subject of the srCK to rate [1,4]:

Hypothesis 3. The biology CK course has a positive effect on the chemistry and physics pre-service
teachers’ srCK of biology.

4. Methods
4.1. Research Design of the Longitudinal Study

We started the longitudinal study with our cohort from nine German universities in
autumn 2019. We repeated the survey with this cohort in a longitudinal design twice, i.e.,
we collected data from the same study participants again in autumn 2020 and 2021. Thus,
we had information regarding srCK at three time points. After two years, the probability
was high that most of the study participants transitioned into a next section of teacher
education during this period (e.g., from Bachelor to Master of Education or from Master
of Education to teacher training). This should allow deep insights into the development
between all sections of teacher education. In addition to the pre-service teachers from nine
German universities, we contacted 90 study participants who expressed interest in partici-
pating in the longitudinal study after participating in a previous study (1previous study = 590;
see [4,36,37]). Thus, there were few trainee teachers at the beginning of this longitudinal
study as well. We started the longitudinal study with 698 study participants. From these
698 study participants, 393 participated again in 2020, and 284 again in 2021. Thus, we
were able to slow down panel attrition over time from 43.70% to 27.74%. The panel attrition
does not seem to concern a specific type of study participants. For example, the study
participants that only participated in the first two time points and those that participated in
all three time points do not clearly differ in terms of the phase of teacher education, age,
sex, university study site, and studied science subjects (biology, chemistry, and physics).
Thus, there is no hint of a specific reason for their drop out, rather indicating that those
missing are random. At the beginning, perhaps some study participants only wanted to be
part of the study in 2019, since every participation was rewarded. Only 515 of the 698 study
participants left their contact details for the second time point. In the following years, there
seem to have been more study participants who were ready to participate in the long term.
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4.2. Sample of the Longitudinal Study

In sum, 271 study participants completed our questionnaire at all three time points.
Table 1 shows the characteristics of these 271 study participants over the two years. Nearly
all pre-service teachers studied in a program to teach at a grammar/comprehensive school
from the beginning. Only two pre-service teachers started in a program to teach at an-
other school type and changed their indication in the following time points into gram-
mar/comprehensive school as well. Thus, all following trainee and in-service teachers
should be part of secondary education as well.

Table 1. Characteristics of the study participants that took part in the survey at all three time points
(n =271 for each time point). Differences to 100% are due to missing values or rounding of the single
values. All study participants studied at least two subjects. Only studying biology (“Biology”), for
example, means that the other subject studied is not chemistry or physics. This applies accordingly to
“Chemistry” or “Physics” as the subject studied.

Time Point 1 Time Point 2 Time Point 3
(2019) (2020) (2021)
Sex
Female 62.73% 63.10% 62.73%
Male 36.90% 36.16% 36.53%
Subjects studied
Biology 54.24% 53.51% 53.51%
Chemistry 13.28% 13.28% 13.28%
Physics 15.50% 15.50% 15.50%
Biology and chemistry 12.20% 12.55% 12.55%
Biology and physics 2.21% 2.21% 2.21%
Chemistry and physics 2.21% 2.21% 2.21%
Biology, chemistry, and physics 0.37% 0.74% 0.74%
Phase of teacher education
Bachelor 62.36% 44.28% 20.30%
Master of Education 36.16% 48.00% 57.93%
Trainee teacher 1.48% 7.01% 18.08%
In-service teacher 0.00% 0.74% 3.69%

Table 1 shows that the majority of our longitudinal sample was female. A lot of
our study participants studied biology (more than half of the sample). Indeed, we tried
to recruit more similar amounts of study participants in the different subjects. How-
ever, in Germany, biology is studied by more pre-service teachers than chemistry or
physics (e.g., [38], first semester in winter semester 18/19; biology: 12,005, chemistry: 5369,
physics/astronomy: 2818). Thus, this ratio of studied subjects seems to be rather realistic.
In our sample, around 15% each studied only chemistry, only physics, or biology together
with chemistry. Only a few study participants studied biology with physics, chemistry
with physics, or all three subjects. All these values are time-stable with the exception of
some single changes. Changes over the two years especially appeared regarding the phase
of teacher education.

We started our longitudinal study with around two thirds Bachelor students and one
third Master of Education students (and just a little group of trainee teachers) in 2019. At
this time, the Bachelor students were in semester 4.21 (SD = 2.13) of the Bachelor program
on average, with a minimum of 1 and maximum of 15. The Master of Education students
were in semester 2.51 (SD = 1.66) of the Master of Education program on average, with a
minimum of 1 and maximum of 7. These study participants progressed in teacher education
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over time. Thus, the portions of Bachelor and Master of Education students were nearly
on the same level in 2020—besides the growing number of trainee teachers and some first
in-service teachers. This distribution shifted again as expected in 2021. Only one fifth of
the study participants was left in the Bachelor studies, over half of the sample was in the
Master of Education studies, but almost another fifth was working as trainee teachers.

4.3. Accompanying Research Regarding the Biology Content Knowledge Course

In addition to our longitudinal study, we investigated gains in the srCK of biology
of pre-service chemistry and physics teachers in a biology CK course by accompanying
research. This course is part of a certificate program of the University of Gottingen regarding
the preparation for interdisciplinary science teaching in (lower) secondary education [13].
The biology CK course (presence time: 56 h, self-study: 94 h) contains sessions regarding
an overview of the biological disciplines and methods of scientific inquiry in biology (e.g.,
experimentation). In addition, there is one session for each of the eight biological core ideas
of the lower secondary curriculum [12]. The pre-service teachers receive broad overviews
of important aspects of the core ideas with selected in-depth examples. The in-depth
examples are introduced by the lecturers or by the participants: Each participant of the
course gives an individual presentation on a scientific biological paper related to one of
the core ideas (20 min presentation and 10 min discussion). No more than two pre-service
teachers are assigned to one core idea/session.

In the winter semester 2021/2022, ten pre-service teachers attended the biology CK
course. Seven of them participated in our voluntary survey before (pre-test) and after the
course (post-test). These seven participants of the biology CK course studied chemistry,
physics, or both subjects, but not biology. The participants were in the Bachelor program
and all studied to teach in secondary education (grammar or comprehensive school). We
asked these seven study participants before and after their participation in the biology CK
course (among other things) about their srCK of biology. The aim of this accompanying
research was to investigate the impact of the participation in this course on the respective
pre-service teachers’ srCK of biology.

4.4. Measurement Instrument and Survey

We used the reliable and valid measurement instrument from Handtke and Bogeholz [4]
to measure the srCK of biology, of chemistry, and of physics. The measurement instrument
development is described in detail by Handtke and Bogeholz [4]. The instrument focuses on
relevant core ideas of the lower secondary education curricula in Lower Saxony (Germany)
for students of biology, chemistry, and physics [12], since there are no detailed guidelines for
teachers” CK [4]. The instrument does not operationalize the curriculum of interdisciplinary
science teaching [11], since the discipline-specific approach allows analyses between the
subjects [4]. Further, the curricula of biology, chemistry, and physics [12] contain the core
ideas that are integrated in the curriculum for interdisciplinary science teaching [4].

The instrument contains three overarching items about the own CK to teach interdisci-
plinary science well (one for each subject), e.g., “I think that I have enough content knowl-
edge to teach the biological parts of the interdisciplinary subject science well.” [4] (p. 66).
In addition, there are seven items regarding biology core ideas, four regarding chemistry
core ideas, and six regarding physics core ideas [4]. These 17 items all start with “I know
very much about the core idea of ... ” [4] (p. 66). Each is followed by the specific core idea
(e.g., reproduction) with at least two examples that were developed with the help of experts
(n = 8) (e.g., “sexual and asexual procreation, technical cloning, [ ... ]”) [4] (p. 67). We asked
one researcher of biology/chemistry/physics education each and two teachers/teacher
trainers of biology/chemistry /physics each to rate the examples for their subject(s) [4].

One exemplary item for biology is “I know very much about the core idea of re-
production (e.g., sexual and asexual procreation, technical cloning, recombination, and
manifestation of genetic information, such as genes, phenotype, mutation).” [4] (p. 66-67).
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A four-point Likert scale is applied with the categories: 1: “Do not agree at all”, 2: “Do
rather not agree”, 3: “Do rather agree”, and 4: “Fully agree” [4] (p. 55).

The survey asked for different information: personal data, overarching questions about
interdisciplinary science teaching (not considered in this paper), srCK of biology, of chem-
istry, and of physics [4], self-efficacy beliefs of interdisciplinary science teaching [36,39]
(not considered in this paper), and the perceived advantages and disadvantages of inter-
disciplinary science teaching (not considered in this paper). We executed the study online
with the tool LimeSurvey. At the end of this survey, the study participants were directed to
another survey for further participation in the following year and monetary compensation
for their participation in the recent year. The survey gave information about the rewarding
system including 5€ per person for the participation in the study at each time point. In
addition, at each time point, the participation in the drawing of vouchers was possible
(20 vouchers worth 25€, from 2021 as cash due to internal regulations of the University
of Gottingen).

4.5. Measurement Invariance and Data Analysis

Measurement invariance is required for a reliable analysis of longitudinal data since it
shows whether the measurement instrument does work in the same way at all time points. Test-
ing measurement invariance can include four steps of measurement invariance [40]: configural
(same model), metric (same factor loadings), scalar (same intercepts), and residual in-
variance (same residuals). Metric invariance allows for the comparison of variance and
covariance [41]. Scalar invariance allows for the comparison of factor means [41], and
residual invariance allows for the comparison of factor variances since the item residuals
are equivalent [40].

We applied the more commonly used structural equation modeling (SEM) framework [40].
We estimated all autocorrelations (unstructured) to enable the calculation of the autocorre-
lations between all three measurement time points. Configural invariance was evaluated
by the absolute fit of the model [40]. The other steps of invariance were evaluated by a
comparison of the model fit of one invariance step, e.g., configural invariance, and the
next one, e.g., metric invariance; this includes the differences between the models’ fit
statistics [40].

We used the following more liberal guidelines as lower limits to test the overall model
fit: X2/df < 5, (robust) Comparative Fit Index (CFI) > 0.90, (robust) Root Mean Square
Error of Approximation (RMSEA) < 0.10 [41,42]. Furthermore, we applied the follow-
ing guidelines for testing the differences between the individual steps of measurement
invariance: ACFI < 0.005, ARMSEA < 0.01 [43]. In addition, smaller values of the AIC
(Akaike Information Criterion) [44] and BIC (Bayesian Information Criterion) [45] indi-
cate a better fit when comparing the models [35]. A non-significant chi-square difference
test also indicates the acceptance of a stricter model, i.e., the next step of invariance [46].
However, there are doubts about (only) using the chi-square difference test [43,47]. These
doubts are due to the fact that sample size and violation of normality assumption can have
a great impact on the result of the chi-square difference test [43]. The additional use of
goodness-of-fit indices, such as CFI or RMSEA, is recommended [43,47]. Therefore, we
used goodness-of-fit indices and the chi-square difference test. However, in case of doubt,
our focus was on the goodness-of-fit indices.

We used SPSS 27 and the following packages in RStudio: lavaan (0.6-9; [48]), ggplot2
(3.3.5; [49]), and tidyr (1.2.0; [50]). We applied the robust maximum likelihood estima-
tor (MLR) for SEM, since it can deal with non-normality and we assume our data to be
metric [51,52]. We used listwise deletion for the only use of complete data with study
participants that attended the questionnaire every year. This procedure seems reason-
able since the panel attrition rate does not seem to concern specific persons in particular
(see Section 4.2).

First, we tested configural and metric invariance for the model including srCK of
biology, of chemistry, and of physics at the same time (Table 2). We wanted to investigate
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the latent intercorrelations and, therefore, metric invariance was sufficient [41]. The means
of the observed variables were omitted to make the calculation of the model possible (more
parsimonious model). Furthermore, these means are not necessary for the comparison and
interpretation of the latent correlations. The fit indices show that metric invariance is valid
for our model (Table 2).

Table 2. Fit indices for the two measurement invariance steps of srCK of biology, of chemistry, and of
physics in the same model. Guidelines for testing the next step of measurement invariance: non-significant
(p > 0.05) chi-square difference test [46], ACFI < 0.005, ARMSEA < 0.01 [43], smaller values for AIC and
BIC [35].

Configural Metric
X2 /df 2596.76/1614 2634.07 /1648

(p-value) (<0.001) (<0.001)

X? Difference/df i 33.74/34
(p-value) (0.480)
Rob. CFI (ACFI) 0.946 (-) 0.946 (-)

AIC 27,270.08 27,231.09

BIC 28,048.14 27,886.68

Adj. BIC 27,363.27 27,309.61
Rob. RMSEA 0.048 0.048

(ARMSEA) () )

After that, we tested the different steps of measurement invariance for three sin-
gle models regarding srCK of biology (Table 3), of chemistry (Table 4), and of physics
(Table 5). The fit indices of the different models show that residual invariance is valid for
all three models.

Table 3. Self-rated biology content knowledge: fit indices for the different measurement invariance
steps. Guidelines for testing the next step of measurement invariance: non-significant (p > 0.05)
chi-square difference test [46], ACFI < 0.005, ARMSEA < 0.01 [43], smaller values for AIC and BIC [35].
Values indicating non-invariance are bold.

Configural Metric Scalar Residual
X2/ df 405.67/225 423.51/239 448.13/253 465.47 /269
(p-value) (<0.001) (<0.001) (<0.001) (<0.001)
X? Difference /df B 15.42/14 24.56/14 19.97/16
(p-value) (0.350) (0.039) (0.222)
Rob. CFI (ACFI) 0.972 () 0.972 () 0.971 (—0.001) 0.970 (—0.001)
AIC 9987.04 9973.97 9970.30 9972.29
BIC 10,343.65 10,280.15 10,226.05 10,170.40
Adj. BIC 10,029.75 10,010.64 10,000.93 9996.01
Rob. RMSEA 0.062 0.061 0.060 0.059
(ARMSEA) ) (—0.001) (—0.001) (—0.001)

Due to residual invariance of all models (including scalar invariance), we applied
latent change models/latent difference models [53-57] to investigate the development of the
srCK of biology, of chemistry, and of physics over the course of the two years. This included
the differences between the years as latent variables. According to Steyer et al. [54,55], we
specified neighbor change versions of the models, i.e., we specified the changes between
time points 1 and 2 and 2 and 3.
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Table 4. Self-rated chemistry content knowledge: fit indices for the different measurement invariance
steps. Guidelines for testing the next step of measurement invariance: non-significant (p > 0.05)
chi-square difference test [46], ACFI < 0.005, ARMSEA < 0.01 [43], smaller values for AIC and BIC [35].

Configural Metric Scalar Residual

X2 /df 118.46/72 128.10/80 139.46/88 154.17/98
(p-value) (<0.001) (0.001) (<0.001) (<0.001)

X? Difference/df i 8.18/8 11.00/8 14.67/10
(p-value) (0.416) (0.202) (0.145)

Rob. CFI (ACFI) 0.984 (-) 0.984 (-) 0.983 (—0.001) 0.982 (—0.001)
AIC 6632.09 6623.39 6618.34 6615.63
BIC 6859.020 6821.50 6787.64 6748.91
Adj. BIC 6659.27 6647.11 6638.62 6631.60
Rob. RMSEA 0.056 0.053 0.052 0.051

(ARMSEA) () (—0.003) (—0.001) (—0.001)

Table 5. Self-rated physics content knowledge: fit indices for the different measurement invariance
steps. Guidelines for testing the next step of measurement invariance: non-significant (p > 0.05)
chi-square difference test [46], ACFI < 0.005, ARMSEA < 0.01 [43], smaller values for AIC and BIC [35].
Values indicating non-invariance are bold.

Configural Metric Scalar Residual
X2 /df 312.04/165 326.80/177 345.19/189 373.16/203

(p-value) (<0.001) (<0.001) (<0.001) (<0.001)

X? Difference/df i 9.92/12 17.89/12 28.24/14
(p-value) (0.623) (0.119) (0.013)

Rob. CFI (ACFI) 0.970 (-) 0.971 (+0.001) 0.970 (—0.001) 0.967 (—0.003)

AIC 10,966.67 10,949.67 10,943.45 10,943.83

BIC 11,280.05 11,219.83 11,170.38 11,120.33

Adj. BIC 11,004.20 10,982.03 10,970.62 10,964.97
Rob. RMSEA 0.062 0.060 0.059 0.059

(ARMSEA) ) (—0.002) (—0.001) )

We used violin plots with integrated box plots to illustrate the distributions of the
srCK of biology, of chemistry, and of physics at all time points. We scaled the violins to
the same maximum width to allow an easier comparison of the distribution between the
time points. When integrating the studied subjects into the graphs, we focused on studying
biology, chemistry, or physics only. We excluded combinations of biology, chemistry, and
physics since the graphs would be too complicated with all seven combinations of studied
subjects. In contrast, we integrated all combinations of studied science subjects into the
latent change models in the form of time-invariant covariates. Note that we used the
three covariates regarding the studied subjects of the study participants (indicated at time
point 1) as the exogenous variables for srCK of biology, of chemistry, and of physics at all
three time points. This procedure allowed for a more parsimonious model, compared to
using the studied subjects at time points 2 and 3 as well. The covariates for the investiga-
tion of the studied subjects’ influence were effects-coded (—1 = did not study the subject,
and 1 = studied the subject) [58]. We created one variable for each subject (biology, chem-
istry, and physics). We integrated all three variables in the three different latent change
models simultaneously. Thereby, we considered the effect of all studied combinations
of biology, chemistry, and physics on the srCK of biology, of chemistry, and of physics.
We evaluated the strength of the coefficients of determination with the guidelines from
Cohen [59]: small = 0.02 < R? < 0.13, middle = 0.13 < R? < 0.26, and strong = R? > 0.26.
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In addition, we applied the Wilcoxon signed-rank test [60] to investigate the difference
in pre-service chemistry and physics teachers’ srCK of biology before and after the biology
CK course of the SPL certificate program for interdisciplinary science teaching. We used
the Wilcoxon signed-rank test as a non-parametric method due to our small dependent
sample in the course (1 = 7) [60]. We evaluated the strength of the effect by Pearson’s r with
the guidelines from Cohen [59]: small = 0.1, middle = 0.3, and strong = 0.5.

5. Results

5.1. Research Question 1: Relations of the Self-Rated Content Knowledge of Biology, of Chemistry,
and of Physics with Each Other

Hypothesis la—c: Intercorrelations of the Self-Rated Content Knowledge of Biology, of
Chemistry, and of Physics over Two Years

Before looking at the single latent change models of the srCK of biology, of chemistry,
and of physics, we present one model with all three subjects of srCK together (metric
invariance, see Table 2). We investigated the intercorrelations (Table 6) of the srCK of
biology, of chemistry, and of physics (X?/df = 1.60, robust CFI = 0.95, robust RMSEA = 0.05,
90%-CI = 0.04-0.05). Similar for all three time points, Table 6 reveals rather small positive
correlations between the srCK of chemistry and srCK of physics (r = 0.23-0.30, p < 0.01),
no correlations between the srCK of biology and srCK of chemistry, and strong negative
correlations between the srCK of biology and srCK of physics (r = —0.57 to —0.52, p < 0.01).

Table 6. Correlations between the latent factors of self-rated content knowledge of biology, of chemistry,
and of physics at time points 1, 2, and 3 (n = 271). Measurement invariance tested in Table 2. The
intercorrelations at the same time point are marked gray. Bio = srCK of biology, Che = srCK of chemistry,
Phy = srCK of physics, 1 = time point 1, 2 = time point 2, and 3 = time point 3.

Biol Chel Phy1 Bio2 Che2 Phy2 Bio3 Che3 Phy3
Biol 1.00 - - - - - - - -
Chel 0.03 1.00 - - - - - - -
Phyl —0.52 ** 0.23 ** 1.00 - - - - - -
Bio2 0.89 ** —0.01 —0.59 ** 1.00 - - - - -
Che2 —0.05 0.85 ** 0.15* 0.03 1.00 - - - -
Phy2 —0.54 ** 0.18* 0.90 ** —0.56 ** 0.23 ** 1.00 - - -
Bio3 0.89 ** —0.05 —0.59 ** 0.92 ** —0.06 —0.58 ** 1.00 - -
Che3 —0.10 0.83 ** 0.21 ** —0.07 0.89 ** 0.27 ** —0.08 1.00 -
Phy3 —0.52 ** 0.23 ** 0.89 ** —0.57 ** 0.23 ** 0.93 ** —0.57 ** 0.30 ** 1.00

*=p<0.05*=p<0.01

5.2. Research Question 2: Time-Stability of the Self-Rated Content Knowledge of Biology, of
Chemistry, and of Physics over Two Years of Teacher Education

5.2.1. Self-Rated Content Knowledge of Biology

We positively tested the three subject-specific models of srCK for residual mea-
surement invariance, including scalar invariance (biology: Table 3; chemistry: Table 4;
physics: Table 5). Thus, we specified three latent change models, following the scheme of
Figure 1, exemplified for the srCK of biology.

The scheme shows the latent factors of self-rated content knowledge of biology at
time points 1, 2, and 3 (Bio_T1, Bio_T2, and Bio_T3) computed by the manifest variables.
For biology, the manifest variables are one overarching item and seven items regarding
biological core ideas at each time point. Between these values in 2019, 2020, and 2021, we
specified factors that represent the change for every test person between two time points
(Bio_T1_T2 between Bio_T1 and Bio_T2; Bio_T2_T3 between Bio_T2 and Bio_T3). The
arrows represent the necessary regressions fixed to 1 and the residual variance (i.e., the
unexplained variance) fixed to zero. These specifications mean: Adding the value of time
point 1 to the change between time point 1 and 2 equals the value at time point 2 that has
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no unexplained variance. Thus, the srCK at time point 2 is only computed by the srCK at
time point 1 and the change between time point 1 and 2. This applies accordingly for the
time points 2 and 3. By these specifications, the latent factors Bio_T1_T2 and Bio_T2_T3
represent the change between two time points. Since we investigate the changes between
two neighboring time points, the model is called the neighbor change model.

Bio_

Figure 1. Simplified scheme of the latent factors of the latent change model (neighbor change)
exemplarily for the srCK of biology. Bio_T1/T2/T3 = Values of srCK of biology at time points 1, 2,
and 3. Bio_T1_T2/T2_T3 = Values of the change in srCK of biology between time points 1 and 2 as
well as 2 and 3. Further parts of the statistical model, such as manifest variables and correlations, are
omitted for a better overview. This scheme was transferred to the srCK of chemistry and of physics

in the same way.

First, we look at the distribution of the srCK of biology for all study participants at
the three time points in Figure 2. The distribution of the studied subjects (see Section 4.2)
should be kept in mind when looking at Figures 2—4.

m

1
Bio_T1 Bio_T2 Bio_T3
Time Point

w

N

Self-Rated Content Knowledge of Biology

Figure 2. Self-rated content knowledge of biology at three different time points (n = 271) illustrated
by violin plots and box plots. The violins have been scaled to the same maximum width for a better
comparison of the distributions. Scale: 1 = Do not agree at all, 2 = Do rather not agree, 3 = Do rather
agree, and 4 = Fully agree. Bio_T1 = time point 2019, Bio_T2 = time point 2020, and Bio_T3 = time
point 2021.

The distribution is very similar at each time point with a clear positive srCK of biology
(median over 3). Regarding the latent change model of the srCK of biology, we look
especially at two aspects of the model: relative stability (change in the rank order in the
form of correlations between the time points; [35]) and absolute stability (change in the
means/ difference between time points; [35]). Table 6 shows a strong correlation between
the srCK of biology of neighboring time points (r11-2 = 0.89, p < 0.01; r1p_13 = 0.92, p < 0.01).
The change factors between the srCK of biology at time points 1 and 2 as well as time
points 2 and 3 were not significant.
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5.2.2. Self-Rated Content Knowledge of Chemistry

First, we look at the distribution of the srCK of chemistry for all study participants at
the three time points in Figure 3.

A,

Che_T1 Che_T2 Che_T3
Time Point

4

w

Self-Rated Content Knowledge of Chemistry
N

1

Figure 3. Self-rated content knowledge of chemistry at three different time points (n = 271) illustrated
by violin plots and box plots. The violins have been scaled to the same maximum width for a better
comparison of the distributions. Scale: 1 = Do not agree at all, 2 = Do rather not agree, 3 = Do rather
agree, and 4 = Fully agree. Che_T1 = time point 2019, Che_T2 = time point 2020, and Che_T3 = time
point 2021.

The distribution is very similar at each time point with a positive srCK of chemistry
(median around 3). Comparable to biology, we look at relative stability and absolute
stability. Table 6 shows a strong correlation between the srCK of chemistry of neighboring
time points (rr1-t2 = 0.85, p < 0.01; r1o-13 = 0.89, p < 0.01). The change factor between
the srCK of chemistry at time points 1 and 2 was not significant. In contrast, the change
factor between the srCK of chemistry at time points 2 and 3 indicated only a small negative
change in the mean of —0.07, p < 0.05.

5.2.3. Self-Rated Content Knowledge of Physics

First, we look at the distribution of the srCK of physics for all study participants at the
three time points in Figure 4.

(el

Phy_T1 Phy_T2 Phy_T3
Time Point

4

w

Self-Rated Content Knowledge of Physics
[N

1

Figure 4. Self-rated content knowledge of physics at three different time points (1 = 271) illustrated
by violin plots and box plots. The violins have been scaled to the same maximum width for a better
comparison of the distributions. Scale: 1 = Do not agree at all, 2 = Do rather not agree, 3 = Do rather
agree, and 4 = Fully agree. Phy_T1 = time point 2019, Phy_T2 = time point 2020, and Phy_T3 = time
point 2021.
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The distribution is very similar at each time point with a rather neutral srCK of physics
(median around 2.5). Comparable to biology and chemistry, we look at relative stability
and absolute stability. Table 6 shows a strong correlation of the srCK of physics between
neighboring time points (r11-12 = 0.90, p < 0.01; r1o_13 = 0.93, p < 0.01). The change factors
between the srCK of physics at time points 1 and 2 as well as time points 2 and 3 were
not significant.

5.3. Research Question 3: Factors Influencing the Stability of Self-Rated Content Knowledge of
Biology, of Chemistry, and of Physics

5.3.1. Hypothesis 2a—d: Effect of the Studied Subjects on the Self-Rated Content
Knowledge of Biology, of Chemistry, and of Physics

Since the studied science subjects are not equally distributed in our sample (see
Section 4.2), we examine the srCK of biology, of chemistry, and of physics differentiated
by the subjects studied next. Before looking at the latent change model with the studied
subjects integrated, we present the absolute values for the three srCK subjects differentiated
by studying biology, chemistry, and physics (Figures 5-7). For a clearer overview, the
figures only contain study participants with biology, chemistry, or physics as one studied
subject and the other subject not being biology, chemistry, or physics. In contrast, the
latent change models integrate all subject combinations of the 271 study participants (e.g.,
studying biology with chemistry).

Figure 5 shows high values of the srCK of biology for the study participants who stud-
ied biology. The lowest values had the study participants who studied physics. The study
participants who studied chemistry were in between with a median near the theoretical
middle of the scale. Figure 6 shows the highest (and absolutely very high) values of the
srCK of chemistry for the study participants who studied chemistry. The study participants
who studied biology and physics indicated lower values on a similar level a little above
the theoretical middle of the scale. Figure 7 indicates the highest values of the srCK of
physics for the study participants who studied physics. While the study participants who
studied biology had the lowest values, the study participants with chemistry as a subject
were around the theoretical middle of the scale.

4

I . Biology
. Chemistry
Physics
1 5

Bio_T1 Bio_T2 Bio_T3
Time Point

w

Self-Rated Content Knowledge of Biology
N

Figure 5. Self-rated content knowledge of biology at three different time points differentiated by
the studied subjects of biology (n = 147), chemistry (n = 36), and physics (n = 42)—violin plots and
box plots. The violins have been scaled to the same maximum width for a better comparison of the
distributions. Scale: 1 = Do not agree at all, 2 = Do rather not agree, 3 = Do rather agree, and 4 = Fully
agree. Bio_T1 = time point 2019, Bio_T2 = time point 2020, and Bio_T3 = time point 2021.
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(I}
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Self-Rated Content Knowledge of Chemistry

Figure 6. Self-rated content knowledge of chemistry at three different time points differentiated by
the studied subjects of biology (1 = 147), chemistry (n = 36), and physics (n = 42)—violin plots and
box plots. The violins have been scaled to the same maximum width for a better comparison of the
distributions. Scale: 1 = Do not agree at all, 2 = Do rather not agree, 3 = Do rather agree, and 4 = Fully
agree. Che_T1 = time point 2019, Che_T2 = time point 2020, and Che_T3 = time point 2021.
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Figure 7. Self-rated content knowledge of physics at three different time points differentiated by
the studied subjects of biology (1 = 147), chemistry (n = 36), and physics (n = 42)—violin plots and
box plots. The violins have been scaled to the same maximum width for a better comparison of the
distributions. Scale: 1 = Do not agree at all, 2 = Do rather not agree, 3 = Do rather agree, and 4 = Fully
agree. Phy_T1 = time point 2019, Phy_T2 = time point 2020, and Phy_T3 = time point 2021.

In sum, three things can be highlighted:

1. Study participants who studied the subject of the srCK in question showed the highest
(and absolutely high) values.

2. Regarding the srCK of unstudied subjects:



Educ. Sci. 2022, 12,928

16 of 24

a. Study participants who studied chemistry showed rather neutral srCK of biol-
ogy and slightly positive srCK of physics.

b.  Study participants who studied biology showed low srCK of physics and
vice versa.

c. Study participants who studied biology or physics showed rather neutral srCK
of chemistry.

In a next step, we integrated the three effects-coded variables for studying biology,
chemistry, and physics as time-invariant covariates (with an effect on the starting value
as well as the first and second change factors) into each of the three subject-specific la-
tent change models: biology (X2 /df = 2.20, robust CFI = 0.95, robust RMSEA = 0.07,
90%-CI = 0.07-0.08), chemistry (X2/df = 2.46, robust CFI = 0.95, robust RMSEA = 0.08,
90%-CI = 0.07-0.09), and physics (X2/df = 2.57, robust CFI = 0.93, robust RMSEA = 0.08,
90%-CI = 0.07-0.09). All models showed a good fit.

Table 7 presents the effects of studying biology, chemistry, or physics on the starting
values (value at time point 1) of the srCK of biology, of chemistry, and of physics. The
effects of studying one of the three science subjects on the two change factors (factors for
difference between time points 1 and 2 as well as time points 2 and 3) of each of the three
models were not significant.

Table 7. Effects of studying biology, chemistry, or physics on the starting values (time point 1) of the
self-rated content knowledge of biology, of chemistry, and of physics (1 = 271). srCK = self-rated
content knowledge, 3 = standardized regression coefficient, SE = standard error, and p = p-value.
Each self-rated content knowledge was calculated as an own latent change model. The table serves as
an overview. Significant (p < 0.05) values are bold.

stCK of biology srCK of chemistry stCK of physics
Studied Subject
B (SE) 4 B (SE) 4 B (SE) r
Biology 0.78 (0.05) <0.001 —0.07 (0.07) 0.340 —0.07 (0.06) 0.205
Chemistry 0.04 (0.04) 0.291 0.67 (0.05) <0.001 0.21 (0.04) <0.001
Physics —0.13 (0.06) 0.021 —0.08 (0.08) 0.309 0.80 (0.04) <0.001

Table 7 shows strong positive effects of studying the subject of the corresponding srCK
in question (biology: 3 = 0.78, p < 0.001; chemistry: § = 0.67, p < 0.001; physics: 3 = 0.80,
p < 0.001). In addition, there is a small positive effect of studying chemistry on the srCK
of physics (sStCKphysics: Behemistry = 0-21, p < 0.001) and a rather small negative effect of
studying physics on the srCK of biology (srtCKpiology: Bphysics = —0.13, p = 0.021). Table 8
presents the coefficients of determination of the starting values and two change factors of
the srCK of biology, of chemistry, and of physics.

Table 8. Coefficients of determination (R?) of the first time point and the two change factors of each
subject’s self-rated content knowledge with the studied subjects as covariates. srCK = self-rated
content knowledge. The studied subjects of biology, chemistry, and physics were integrated as
time-invariant covariates. The strength of the coefficients of determination is evaluated with the guide-
lines from Cohen [59]: small = 0.02 < RZ < 0.13, middle = 0.13 < R? < 0.26, and strong = R? > 0.26.

stCK of biology stCK of chemistry stCK of physics
Starting value T1 0.73 0.50 0.71
Change T1-T2 0.03 0.03 0.01
Change T2-T3 0.01 0.03 0.01

The coefficients of determination indicate a strong explanation of variance in all
starting values of stCK by the three studied subjects’ covariates. The effect of the studied
subjects on the changes, which are based on the starting values in part, shows only small
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or no meaningful further explanations of the variance. This fits the missing effects of the
studied science subjects on the change factors mentioned before.

5.3.2. Hypothesis 3: Effect of a Biology Content Knowledge Course on the Self-Rated
Biology Content Knowledge of Pre-Service Chemistry and Physics Teachers

Hypothesis 3 is about the effect of a biology CK course on the srCK of biology of
chemistry and physics pre-service teachers (1 = 7). Figure 8 presents a spaghetti plot with
the development curves of the seven participants from the beginning to the end of the
course (winter semester 2021/2022).

4

w

N

Self-Rated Content Knowledge of Biology
0\

Bio_pre Bio_post
Time Point
Figure 8. Development of physics and chemistry pre-service teachers’ (n = 7) self-rated content
knowledge of biology before (Bio_pre) and after (Bio_post) the participation in the biology content
knowledge course—spaghetti plot. The black triangles present the mean of all pre-service teachers at
the respective time point. Scale: 1 = Do not agree at all, 2 = Do rather not agree, 3 = Do rather agree,
and 4 = Fully agree. Since two pre-service teachers had the same development (from 2.13 to 3.25,

green curve), only six curves are visible.

The participation in the biology CK course significantly and strongly increased the
pre-service chemistry and physics teachers’ srCK of biology, z = 2.38, p < 0.05, ¥ = 0.90.
Figure 8 shows the strong effect and the gain in every pre-service teacher’s srCK of biology
(means included for more information).

6. Discussion

Our study contributes to the field of research with a novel longitudinal study exam-
ining (prospective) teachers’ srCK of biology, of chemistry, and of physics. The study has
a focus on teacher education for lower secondary education in Germany and curricular-
relevant core ideas. In sum, our results show that the srCK of biology, of chemistry, and of
physics regarding lower secondary education seems to be time-stable (relative and absolute
stability; Figures 2—4). Nevertheless, the participation in a biology CK course had positive
effects on the participants’ srCK of biology (Figure 8). Although the sample is small and
this has to be taken into account, stCK can be improved though it seems to be time-stable
during teacher education. Studying the subject of the srCK in question had strong positive
effects (Table 7). In addition, studying chemistry was supportive for the srCK of physics,
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and studying physics had a small negative effect on the srCK of biology (Table 7). Only
the starting values of srCK were influenced by the studied subjects, and there was a strong
clarification of variance in the starting values of the srCK of biology, of chemistry, and of
physics. These results indicate an important role of the specific teacher education in terms
of the studied subjects for the srCK (Table 8). In addition, the relationship between the srCK
of biology and of physics needs to be highlighted as a major challenge for interdisciplinary
science teaching (Table 6). The intercorrelations were strongly negative at all three time
points. This underlines previous results [4]. Supported by the negative effect of studying
physics on the srCK of biology, these results suggest for teacher education to stronger
emphasize the links between biology and physics.

The intercorrelations between the srCK of biology, of chemistry, and of physics show
similar values as in Handtke and Bogeholz [4]: There are no correlations between the
srCK of biology and of chemistry at all three time points and rather small to middle
positive correlations between the srCK of chemistry and of physics (Table 6). A correlation
between the srCK of biology and of chemistry may be missing due to the focus on lower
secondary education that hardly considers topics such as neurobiology [4]. In Handtke and
Bogeholz [4], the srCK of biology and of physics was rather middle negative correlated
(r=—0.34, p < 0.01). In this longitudinal study, the correlation is also negative, but rather
strong negative at all three time points (Table 6). Perhaps subjects such as biophysics
are too rarely addressed in teacher education or too novel to be strongly considered in
teacher education and thus, are no strong part of (prospective) teachers’ perception of
their CK. In this context, it is interesting to note that students at school do not always
seem to perceive these hurdles between biology and physics when they are asked about
srCK/academic self-concept on a subject level (positive correlation; [26]) or on a topic level
(positive correlation; [27]).

Taking into account Figures 5-7, we want to look at the absolute perception of the
unstudied srCK of biology, of chemistry, and of physics. For example, pre-service teachers
of all subjects seem to think that they have a rather good chemistry CK (Figure 6). This
is in line with Frubose et al. [3], who stated that chemistry CK can be mastered by every
teacher due to the ostensible low requirements. Thus, chemistry does not seem to be the key
problem of interdisciplinary science teaching from the (prospective) teachers’ perspective.

We cannot support stereotypes or results such as those from White and Tyler [61] that
(high school) physics teachers feel well-prepared for other sciences besides physics as well.
This is valid for chemistry a little, but our (prospective) physics teachers show rather low
srCK when it comes to biological core ideas. Perhaps questionnaires only asking on a subject
level [61] do not point out the complexity and diversity of biology like questionnaires
reflecting several core ideas [4]. Yilmaz-Tuzun [28] stated that pre-service elementary
science teachers would rather teach biology than physics and chemistry concepts. Looking
at the values of all study participants (Figures 2—4), only at first sight this seems to be
valid for our sample regarding (lower) secondary education. However, a more precise look
differentiated by the studied subjects is necessary (Figures 5-7). The differentiated analyses
show that the overarching result of Yilmaz-Tuzun [28] needs more differentiation.

The effects of the studied subjects (Table 7) were similar in some points to those of
Handtke and Bogeholz [4], but also different in other points. In both studies and in the
study from Broll and Friedrich [1] as well, studying the subject of the srCK in question was
a strong advantage (Table 7; [4]). In both studies, there is a small positive effect of studying
chemistry on the srCK of physics and a small negative effective of studying physics on the
srCK of biology (Table 7; [4]). In addition, Handtke and Bogeholz [4] also found a small
negative effect of studying biology on the srCK of chemistry and a small negative effect of
studying biology on the srCK of physics. Thus, not all results of Handtke and Bogeholz [4]
could be reproduced in our longitudinal sample. However, important conclusions from the
intercorrelations and the studied subjects’ effects are:

1. Studying the subject according to the srCK is very positive for the srCK and indicates
a positive effect of discipline-specific teacher education on the intended subject.
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2. From the (prospective) teachers’ perspective, chemistry and physics have a rather
positive relation, that could be used for teaching interdisciplinary science.

3. From the (prospective) teachers’ perspective, biology and physics have a rather strong nega-
tive relation, which could be an enormous challenge for teaching interdisciplinary science.

Looking at relative and absolute stability [35], as well as the clarification of variances in
the srCK of biology, of chemistry, and of physics, similar trends emerge for each subject. For
all subjects of the srCK, we identified a strong relative stability with correlations between
the time points of at least r = 0.85, p < 0.01 (Table 6). In addition, there also seems to be
an absolute stability for the srCK of biology, of chemistry, and of physics. Besides one
very small and negligible change in means in chemistry between time points 2 and 3, there
was no significant difference. This seems to be comparable to some results of longitudinal
studies regarding physics and chemistry, also indicating no strong changes over the course
of time [30,31]. This stability over time also underpins the intercorrelations that were
stable over two years and indicates a stable perception of the (prospective) teachers. This
complicates the challenge of interdisciplinary science teaching additionally. Not only do
there seem to be strong perceived hurdles between biology and physics CK, but also the
srCK of all subjects does not seem to change significantly during teacher education. Thus,
one cannot assume that these hurdles will be solved by the actual teacher education without
additional interventions or modifications.

We also identified very strong predictors of the variance in the starting values of the
srCK of biology, of chemistry, and of physics: the studied subjects (Table 8). While there is
actually no change over time due to very strong relative and absolute stability, the studied
subjects seem to be a crucial factor to explain the different levels of the srCK of biology, of
chemistry, and of physics. Thus, the srCK seems to be determined by the subject studied in
large parts (Table 8). In addition, some effects and intercorrelations show great challenges
for interdisciplinary science teaching (e.g., strong negative correlation between biology and
physics; Tables 6 and 7).

It seems that there is a major role in teacher education to prepare pre-service teachers
for interdisciplinary science teaching. Despite the stability during teacher education, we
were able to show (with a small sample), that the srCK of biology can be improved strongly
by a biology CK course for pre-service chemistry and physics teachers (Figure 7). Therefore,
our results rather indicate a possible change comparable to Beudels et al. [33] with their
interdisciplinary course affecting academic self-concept in science. Thus, the srCK of
biology, of chemistry, and of physics seem to depend on the studied subjects—without
great changes over the time of teacher education. However, for biology we could find hints
that the srCK—although it is time-stable—can be improved significantly.

7. Conclusions
7.1. Limitations and Future Research

When interpreting our results, some limitations have to be considered. Regarding our
sample, only 18.1% were trainee teachers and 3.7% were teachers at the third time point.
Thus, the conclusion about the teacher education of trainee teachers and the phase of the
in-service teachers is limited. Surveying the sample in following years also could give
hints on these parts of teacher education. Nevertheless, teacher education in university is
captured very well by our sample.

We have to register panel attrition in our sample, but we do not seem to have a bias,
since those missing seem to be rather random (see Section 4.1). In addition, considering
possible changes in study or university, with nearly 300 persons, we were able to convince
a lot of study participants to stay in the panel in three consecutive years. At the beginning
of our longitudinal study, we contacted pre-service teachers of nine German universities.
It is important to note that 90 study participants of a previous study regarding srCK
(n =590) [4,36,37] were additionally contacted over e-mail to be part of the first time point
of our longitudinal study. Thus, there will probably be an overlap between a part of
the previous study on srCK [4,36] and the 698 study participants at the beginning of the
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longitudinal study. This possible overlap has to be kept in mind when comparing the
results (e.g., intercorrelations, effect of the subjects studied) of the previous cross-sectional
study on srCK [4] and the present longitudinal study on srCK. However, since it is not a
great portion of both samples (90 of 590 and maximally 90 of 698 study participants), the
effect should be negligible.

Further, our sample contains more than 50% study participants with biology as at
least one subject. This is due to there being many more biology than chemistry and physics
pre-service teachers in Germany (e.g., [38]). Since we looked at the different parts of
srCK differentiated by the studied subjects and surveyed enough chemistry and physics
(prospective) teachers, the sample composition does not really matter.

Our investigation of the intervention’s effect could only be carried out with seven
study participants. Thus, more research is necessary to support this result. However,
our result seems to give a serious hint since the effect of the intervention is very strong.
In addition, the effects of comparable chemistry or physics CK courses for pre-service
teachers who did not study the subject should be investigated. Perhaps the strong effect
of the biology CK course is also due to the fact that the study participants had rather low
starting values of the srCK of biology. However, even the one test person who started with
a relatively high srCK value was able to get better. In sum, further research is needed to
deepen our preliminary result regarding the accompanying research.

It has to be made transparent that all study participants received a monetary com-
pensation for their participation. In addition, every year 20 people received a bonus by
draw. Since all study participants received a monetary compensation, an effect of this
compensation cannot be tested in our study. However, the monetary compensation was
essential to reduce panel attrition.

Last, it has to be taken into account that our survey focuses on teacher education for
lower secondary education, not higher secondary education. This can have implications,
e.g., for the interpretation of the intercorrelations. Nevertheless, this focus makes sense
since interdisciplinary science is rather taught in lower secondary education [10]. In
Germany, if at all, interdisciplinary science is taught in lower secondary education, too [10].

Another option for further research is a differentiation of the core ideas by lower and
higher secondary education or specific class levels such as performed by Broll and Friedrich [1]
in another context (classes five to nine, used topics and no core ideas). Further, it can be of
interest to investigate the suitability of srCK as a proxy indicator of CK. In this context, the
intercorrelations of biology, chemistry, and physics CK could be examined, too. Such future
research could help to find out about possible negative relations not only between srCK of
biology and of physics, but also between the respective CK. Such an investigation could
clarify whether this negative correlation only relies on (prospective) teachers’ perception of
the subjects or also on the knowledge of the subject matter of biology and physics itself.

7.2. Implications

Our results are in line with other teachers and researchers that demand a change in
teacher education regarding interdisciplinary science teaching (e.g., [1-4,37,62]). We found
no change in the srCK of biology, of chemistry, and of physics over time, a negative effect
of studying physics on the srCK of biology (Table 7), and negative (biology—physics) as
well as no (biology—chemistry) intercorrelations (Table 6). These results reveal the actual
discipline-specific teacher education as not appropriate enough for interdisciplinary science
teaching. In addition, the results underline the great challenge to link biology, chemistry,
and physics in interdisciplinary science teaching. Regarding another interdisciplinary teach-
ing challenge, Education for Sustainable Development (ESD), we also revealed potential for
more ESD in German teacher education [63]. However, interdisciplinary science teaching
is assumed important to address interdisciplinary issues of humanity in school [5]. Pre-
service biology teachers also expressed their belief in addressing issues of humanity and
cross-linking contents as advantages of interdisciplinary science teaching [64]. In addition,
the majority of these pre-service biology teachers criticized the actual teacher education
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regarding interdisciplinary science teaching [64]. Thus, a corresponding interdisciplinary
science teacher education would be crucial to prepare the (prospective) teachers better for
the challenges of interdisciplinary science teaching. This could also help to strengthen
the links between biology and physics. Other countries are already one step further by
focusing on (integrated) STE(A)M education, i.e., teaching science, technology, engineering,
arts, and math (e.g., [65-67]). Integrative STEM education includes even two or more of
these STEM subjects or one STEM subject and at least one other subject in school [68]. The
following starting points for improving discipline-specific science teacher education can be
derived from our results:

1. Due to the very stable values of the srCK of biology, of chemistry, and of physics
during teacher education, active interventions and advanced trainings are necessary
for interdisciplinary science teaching (e.g., [13]). Otherwise, the negative effect of
studying physics and the intercorrelations of the srCK of biology, of chemistry, and
of physics do not seem to change over time. It needs to be considered whether a
voluntary offer can suffice at all.

2. A focus on the relation between biology and physics is necessary to break down
obvious hurdles in (prospective) teachers’ heads and/or competencies. Otherwise,
biology and physics (prospective) teachers will probably struggle with the respective
other unstudied subject. Perhaps the (prospective) physics teachers need even more
support regarding biology CK (Figure 5: median = 1.75-1.81) than (prospective)
biology teachers regarding physics CK (Figure 7: median = 2). One approach could be
the integration of overlaps between the subjects in the mandatory teacher education
or voluntary certificates (e.g., [13]) to highlight the relations between both subjects. In
addition, it is possible to develop educational resources that especially focuses on the
connection of biological and physical aspects of a topic, e.g., optics.

3.  The positive potential between chemistry and physics should be used in teacher
education as well to facilitate interdisciplinary science teaching. The focus should not
only be on the challenges for interdisciplinary science teaching, but also on the oppor-
tunities. The positive relation between chemistry and physics is one that should be
used and further strengthened in teacher education, e.g., in curriculum development.

In sum, the present paper shows that the srCK of the different science subjects can
give important insights into the deficits of current teacher education. Moreover, the paper
provides possible starting points to improve teacher education regarding interdisciplinary
science teaching in (lower) secondary education.
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