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Abstract: Primary school teachers need adequate professional knowledge and motivational orienta-
tions to qualify scientifically and technologically literate students. Previous studies have focused on
the impact of coursework on (pre-service) primary teachers’ content knowledge, rather than on the
development of academic self-concepts. In addition, the influence of the course format and the major
field of study has not been investigated much to this date. Thus, this study examines the effects
of an interdisciplinary course on pre-service primary teachers’ content knowledge and academic
self-concepts in science and technology using a quasi-experimental, quantitative, pre-post-follow-up
design (n = 202). Whilst no significant changes in knowledge were revealed for the baseline group not
participating in the course, significant short-term and long-term cognitive gains were found for the
experimental group. Biology-, chemistry-, physics- and technology-related self-concepts increased
significantly when participating in the course. The results also indicate that the course format and
major field of study can have an impact on the development of pre-service teachers’ professional
knowledge. Regarding the development of academic self-concepts in the experimental group, it can
be assumed that both the weekly and block course format are beneficial for heterogeneous learner
groups consisting of pre-service teachers with different major fields of study.

Keywords: teacher education; pre-service primary school teachers; content knowledge; academic
self-concept; interdisciplinarity; intervention

1. Introduction

Worldwide, the aim of science and technology education in primary school is to
develop pupils’ scientific [1] and technological literacy [2]. Children should acquire compe-
tencies enabling them to participate and act responsibly in this science- and technology-
oriented, multi-perspective world. Every day, they encounter numerous phenomena such
as rainbows, the “disappearance” of water from its puddle or the floating of a giant ship in a
river. Primary science and technology lessons are intended to help them better understand
these phenomena. However, it is not just about gaining knowledge and procedural skills,
being familiar with some of the fundamental concepts and fostering conceptual change to
overcome non-scientific concepts. The goal is also to contribute to positive motivational
orientations, thus reinforcing self-confidence and interest in science and technology [2–7].

In addition to pedagogical content knowledge (PCK) and pedagogical knowledge
(PK), primary school teachers need adequate content knowledge (CK) in the domains of
biology, chemistry, physics and technology to plan and deliver instruction that meets the
above goals [8–11]. CK is seen as a basis for the development of PCK and influences the
actions of teachers (for details, see Section 1.1). If a primary teacher wants children to
explore natural phenomena, he/she needs CK in all related disciplines to design the lesson
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so that a conceptual change can take place [8,12]. For example, he or she needs CK in
biology to explain the behavior of a water strider gliding on the water surface. He/she also
needs CK in chemistry and physics to understand the principle of the surface tension of
water. Thus, to design instruction appropriate to our multifaceted world, primary teachers
also require interdisciplinary CK [8,13].

However, teachers’ instructional practices are influenced not only by their actual
professional knowledge but also significantly by their motivational orientations [11,14],
such as their academic self-concepts (ASCs). ASCs, “describing our self-beliefs about our
intellectual strengths and weaknesses” ([15] p. 187), are not the inner mirror of our actual
knowledge and skills, but they reflect our self-perceived reality [15,16]. If a teacher does
not feel competent in a particular domain (e.g., physics), he/she will tend to avoid topics
from that area in class, even though his/her CK and PCK might be sufficient to make
instruction effective for learning [17,18]. Given this relevance to teacher behavior (see
Section 1.2 for details), positive biology-, chemistry-, physics- and technology-related ASCs
are desirable [17,19–21].

However, there is consistent evidence that science- and technology-related CK [22–28]
and ASCs [17,18,20] of pre- and in-service primary teachers tend to be low (for an overview
see [29]). They often have the same misconceptions as the children they teach [28,30,31].
Regarding ASCs, chemistry-, physics- and technology-related ASCs are rather low, whereas
biology-related ASCs are often higher [32,33]. These findings echo particular characteristics,
challenges and consequences of the primary teacher education system:

Primary teacher candidates frequently have different entry characteristics than sec-
ondary teacher candidates: Among other things, they have fewer high school backgrounds
in science [34], which can explain lower CK in this area. They are also less confident in
maximizing “understanding of the subject matter” and deciding “what content to teach”
([34], p. 50). Primary teacher candidates also exhibit higher intrinsic, pedagogically ori-
ented motives for choosing their course of study; subject interest as a reason for the career
decision is given less frequently [34–38]. These career decisions are influenced by ASCs.
Thus, if a teacher candidate has a high physics-related ASC, he or she is more likely to
choose physics as a major for secondary school teaching rather than a course in primary
education in which physics content plays little or no role [15,39]. Given these entry-level
characteristics and the relevance of science- and technology-related CK and ASCs to the
design of instruction that meets the aforementioned goals of primary science and tech-
nology education, university training should therefore ensure that CK and ASCs develop
positively. At this point, the primary teacher education system is facing challenges:

1. Teacher generalist training and teaching-out-of-field: In many countries, primary
teachers are educated as generalists who have to teach multiple subjects [29,40,41].
However, training in three to four or more subjects also implies fewer contact
hours per subject [42–45]. This is problematic for the goal of increasing CK and
ASCs—positively correlating with the corresponding CK domain (see Section 1.2)—,
as it has been shown that the number of contact hours with the subject at the university
correlates positively with the level of CK [46]. Primary teachers who took a science
major during their studies have a higher science CK than primary teachers without
this major [22,45]. In some countries, such as China [7] or Germany [47], science and
technology are sometimes not covered at all during studies [43–45]. Nevertheless,
primary school teachers then have to teach topics from these disciplines in their role
as classroom teachers [48].

2. Subject-integrated teaching—broad study content: With the aim of exploring the
multi-perspective world (see above), in many countries, including Japan, France, Aus-
tria, The Netherlands, Slovenia, China and Germany, science and technology content
is taught within an integrated subject in primary school [7,45,49,50]. By the term
“integrative” we mean that the subject includes not only biology, chemistry, physics
and (sometimes) technology, but also disciplines such as history, social sciences, geog-
raphy [7,45,49–51]. Since this subject is called differently in each country [45], the term



Educ. Sci. 2021, 11, 744 3 of 38

“General Studies” (Sachunterricht) is used as a generalization in the following. This is
the term used in Germany [3], where this study was conducted. Thus, at best, primary
teachers should have CK and positive ASCs in all of these disciplines (hereafter used
synonymously with the term “domain”; [13,51]). Given the interdisciplinary nature
of this subject, primary teachers should at the same time be able to think across
disciplines and appropriately connect the content of different fields [13].

Thus, in addition to the problem that there is already little time available for each
subject due to the training as generalists, General Studies teacher training is faced with en-
suring adequate professionalization given the wide range of corresponding disciplines [51].

In summary, there is a large discrepancy between the expectations for science and
technology teaching at the primary level and the realities of primary teacher education and
teachers’ professional competencies. The question arises as to how positive development
of pre-service primary teachers’ science- and technology-related CK and ASCs can be
promoted given the above entry-level characteristics on the one hand, and the limited time
resources and the broad range of study content on the other [52]. University courses that
combine several disciplines of General Studies (e.g., biology, chemistry and technology) are
seen as a possible solution to this dilemma [43,51]. Given the scarce time resources available
during the study, this could not only foster professional competencies in several domains
simultaneously but also raise awareness of the interdisciplinary nature of the discipline.
However, since there is little research on this topic (see Section 1.3), this study examines the
effects of an interdisciplinary intervention at the university on pre-service primary teachers’
CK and ASCs in science and technology. In the following, we first summarize the state of
the research in order to derive the research questions.

1.1. Teachers’ Content Knowledge: Definition, Structure, Relevance, Operationalization and
Influencing Factors

CK—also called subject matter knowledge [53]—is one of the main facets of teachers’
professional knowledge and comprises the deep understanding of the subject matter to
be taught [9,10,54–56]. It includes knowledge about subject-specific facts, terms, concepts,
(content) structures and their interrelationships as well as knowledge about relations to
other domains and methods to generate new knowledge [9,10,57,58].

There are several ways to categorize CK [9,10,54]. Following the work of Schwab [59],
a distinction is often made between substantive and syntactic CK [60,61]. Syntactic knowl-
edge refers to the knowledge of methods for generating and rules for evaluating subject-
specific knowledge [61,62]. Knowledge of syntax means being familiar with the principles
by “which truth or falsehood, validity or invalidity, are established” ([9], p. 9). Substan-
tive knowledge, on the other hand, includes the knowledge that is generated by science,
i.e., knowledge about facts, basic concepts, relationships and subject structure [9,61,62].
Regarding the type of knowledge, further categorizations and conceptualizations can be
found [54,63–65], including declarative (“knowing that” [65]), procedural (knowing how
to do something [54,63]) and conditional (knowing when and why to apply a process or
action [64,65]) knowledge. Declarative knowledge relevant to this work comprises theo-
retical and factual knowledge required to understand the relevant domain. It comprises
knowledge of terms, definitions and principles [63,64].

CK is considered an essential prerequisite for the development of PCK [66–71], indi-
cated by high to moderate correlations between these two facets of professional knowl-
edge [72,73]. For the disciplines of biology [68], chemistry [74], physics [75] and technol-
ogy [76], CK has already been shown to affect PCK, but PCK has not been shown to affect
CK. Thus, to some extent, fostering CK is sufficient for the development of PCK [72,77].
Along with this, many studies reveal CK’s impact on the quality of planning lessons,
teaching and instructions [58,68,78,79]: Due to a lack of CK, children’s misconceptions may
not be recognized, the instructional potential of certain concepts may not be realized and
insufficient activities may be offered to develop these concepts [12,58,80,81]. Teachers with
a high CK also have a broader repertoire and a higher quality of explanations and strategies
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for explaining and presenting learning content [70,78,82,83]. In addition, they plan more
cognitively demanding [84], coherent [78] and open learning environments [58], such as
inquiry-based science lessons [85]. CK in a particular domain is also related to teachers’
motivational orientations (see also Section 1.2). A low science CK has been found to be
associated with a low teaching self-efficacy and low confidence regarding science [86–88].
There is also preliminary evidence that primary teachers’ CK—mediated by instructional
quality—positively impact pupils’ learning outcomes [89–91].

Given this importance and impact of CK, a main goal of the teacher education stan-
dards is to ensure that prospective teachers acquire sound, structured and reflective CK
e.g., [8,92]. Theoretically and empirically it has not yet been clarified to what extent and
depth (primary) teachers need CK to implement good teaching [8]. However, there is a
noticeable consensus that adequate planning of lessons requires CK that goes beyond the
school level in which it is taught [93]. For the field of science education at primary schools,
Anders et al. [94] demand that the teachers’ CK should at least correspond to the level of the
lower secondary level. Since there is no consensus on the breadth and depth of teachers’ CK,
operationalizing knowledge in terms of difficulty levels is handled differently in research
studies [75,95,96]. In the TEDS-M study, for instance, a distinction was made between
novice (“content that is typically taught at the grades the future teacher will teach” [95],
p. 436), intermediate (one or two years beyond the grade levels taught) and advanced (three
or more years beyond) levels of difficulty [97]. Ohle and colleagues, in developing a physics
CK questionnaire for pre- and in-service primary teachers, made sure that there were items
with references to primary, secondary and university textbooks [91,96,98]. Simultaneously,
they differentiated between three levels of complexity: Facts, relations and concepts [91,98].

As mentioned in the introduction, teachers’ CK in a subject correlates positively
with the contact time to that subject during the course of study [22,45,46]. Overall, many
studies suggest that the phase of university studies and attending in-service training
are the strongest factors influencing teachers’ CK [26,99–101]. Content-focused learning
environments, i.e., topic-specific rather than non-topic-specific courses, have been found
to be particularly beneficial for CK [102,103]. Moderate constructivist [104,105] settings,
where participants can reflect on their concepts, develop them further and exchange ideas
with each other, have also proven successful [17,106].

However, teachers’ professional competence does not only arise from cognitive vari-
ables such as the CK. Affective-motivational characteristics, including self-concept, are also
essential to their professional performance [11,107].

1.2. Teachers’ Academic Self-Concept: Definition, Structure, Operationalization, Relevance and
Influencing Factors

Hierarchically structured and multifaceted, self-concept is a person’s perception of
her- or himself [108]. It arises from the personal set of knowledge, skills and beliefs and
is formed through experiences with and influences of the environment [108–110]. The
general self-concept can be differentiated into a non-academic and academic self-concept
(ASC). The latter includes at least two facets—verbal and mathematic ASC—which can
be divided into different subject areas [111,112]. The chemistry- and physics-related ASC
are assigned to the math ASC, while the biology-related ASC can be allocated to both the
verbal and the math ASC [113,114]. According to Marsh’s classification [113], it is to be
assumed that the technology-related ASC can at least be subordinated to the mathematical
ASC due to its proximity to the subjects of physics and mathematics [115].

Little is known about the structure of teachers’ ASC, defined as self-evaluation of
their professional knowledge [116,117]. The findings of Paulick et al. [116] reveal that
teachers’ ASC can be subdivided into CK-, PCK- and PK-related components. Regarding
science- and technology-related CK ASCs of pre- or in-service primary teachers, previous
studies have either focused on one domain—mostly physics [20,118,119]—or their ASC
has been examined without checking whether mental discrimination is made between
the domains [32,120]. However, primary school teachers may not have science domain-
specific ASCs at all due to the integrative character of General Studies [3]. Gabriel-Busse
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et al. [121] showed that German primary school children discriminate between science-,
technology-, history-, geography- and politics-related ASCs, but not between their self-
evaluated abilities in biology, chemistry and physics.

ASC is considered a mediator between experiences of performance in a particular
domain and (learning) behavior or motivation related to this domain [122]. A pre-service
teacher who has had negative learning experiences with physics in school or the course
of study and, as a result, develops a low physics-related ASC [18] is likely to exhibit low
learning motivation and engagement in this area in the future [110,123,124]. Therefore,
it is not surprising that teachers with a positive ASC show different teaching behaviors
than teachers with a low ASC [21]. They are more likely to adopt new instructional
practices [125], support the development of pupils’ motivational orientations, such as
their interests [21], and are more tolerant to stress [126]. The ASC also influences whether
teachers avoid inquiry-based instructional settings and instead tend to provide expository
instruction, which does little to stimulate deep learning [17,21,29]. Consequently, in terms
of teaching effectiveness, high teacher ASCs can also lead to greater cognitive gains among
pupils [127]. Teachers’ ASCs also seem to be of relevance in developing other motivational
orientations and mediating the interaction of interest and professional knowledge [117].

According to the reciprocal effects model [128], ASC and performance have a recipro-
cal, mutually reinforcing relationship. Thus, academic achievement impacts and predicts
self-concept, and self-concept affects and predicts achievement. Positive correlations of
professional knowledge and ASC among pre- and in-service teachers have already been
shown for mathematics [129], biology and physics [116,117]. Paulick et al. [116] found
positive relationships between CK ASC and CK test scores, PCK ASC and PCK test scores,
and PK ASC and PK performance. They conclude that teachers’ ASC is a predictor for
their performance in the corresponding domain. However, the strength of correlations also
suggests that additional factors are influencing their ASCs.

Due to the numerous favorable outcomes of ASCs, many educational interventions
in school and colleges aim to develop them positively [32,118,130,131], although altering
them is challenging as they are considered rather stable [15]. Little is known about possible
factors that affect teachers’ ASC during their university education. There is first evidence
that external and internal reference norms [112] have an impact on pre-service teachers’
ASCs [117,132]. Social comparisons (external reference), take place, for example, when a
pre-service teacher compares his performance/skills in a university science course with the
performance of fellow students in the same course [16,112,133]. Internal reference norms
include temporal (comparison of current performance with past performance), dimensional
(comparison of performance in one domain, e.g., biology, with performance in another
domain, e.g., chemistry) and criterial (comparison of performance with target criteria, e.g.,
competence expectations for a teacher) comparisons [16,110,112,134]. In addition to a posi-
tive experience of competency, individual oral or written performance feedback and sup-
portive faculty behaviors could also strengthen pre-service teachers’ ASCs [16,110,135,136].
Furthermore, studies examining the experiment-related ASC [137,138] demonstrate that
the major field of study may also be a variable that influences pre-service teachers’ ASC.

For the positive development of ASCs with respect to more than one discipline and
avoiding fragmented knowledge, interdisciplinary learning environments are considered
beneficial [32,139,140]. This will be discussed in the next section.

1.3. Research on the Development of Pre- and In-Service Primary Teachers Science- and
Technolgy-Related CK and ASCs through Interdisciplinary Interventions: Status Quo and
Research Gaps

Interdisciplinary courses are seen as one way to address the challenges described in
the introduction [32,43,140]. By the term “interdisciplinary” we mean that a course deals
with topics and questions that require competencies from several disciplines, e.g., biology
and technology [141].

Such interdisciplinary learning environments are expected to better connect learning
content [139,140]. Aström showed for the school context that interdisciplinary learning
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has no disadvantages compared to disciplinary learning in terms of subject knowledge
gain [142]. While several studies have revealed positive effects of science content or/and
methods courses as well as teacher training on pre- and in-service primary teachers’
CK [24,26,101,143], there are just a few reports of courses and their effectiveness that
focus on more than one discipline of General Studies. Cross-sectional and longitudinal
studies often investigate topic- or discipline-specific CK, e.g., CK on “states of matter and
phase transitions” [96] or “combustion” [45]. However, this means that the ability to think
across disciplines, as explicitly called for in the Minimum Standards for General Studies
Teacher Education [13], cannot be tested at all or only to a very limited extent. For a cross-
sectional study, Niermann [144] developed a questionnaire to examine primary teachers’
declarative CK on all five main domains of General Studies. Nevertheless, the questionnaire
contains only one question per domain, and no interdisciplinary CK is required to answer
the questions. One of the few longitudinal studies investigating change in pre-service
primary teachers’ interdisciplinary CK is the study by Kratz and colleagues [102]. Using
a concept mapping technique, they demonstrate that interdisciplinary CK (biology and
physics) increased significantly as a result of a university seminar linking biology and
physics.

For the context of school, studies have shown that interdisciplinary science education
leads to a significant increase in science-related ASCs, especially among girls, thereby
eliminating the differences between girls and boys [141,145]. Given that the majority
of primary school teachers are women [146], a discipline-integrating approach to their
university education and training could be useful in positively influencing the often low
chemistry-, physics- and technology-related ASCs.

However, there is a global lack of research on the effects of (interdisciplinary) courses
on the development of science- and technology-related ASCs of pre- and in-service primary
teachers [147]. Those longitudinal studies that do exist tend to focus on only one science
domain, with an emphasis on physics-related ASC [118,119], and have yielded mixed
results: Technology-related ASC [147] and physics-related ASC [119] of pre-service primary
teachers did not change as a result of a single technology-related seminar or two physics-
related experiment-based seminars, respectively. However, as in studies with pupils who
participated in a half-day laboratory course [130,131], experiment-related ASC increased
significantly among pre-service primary teachers in [119] as a result of participation in a
one-semester course. Kleickmann and colleagues [118] found that five months of physics-
related in-service primary teacher training with extensive, adaptive scaffolding led to
higher physics-related ASCs. In a study involving a very small sample (n = 19; [120]),
a one-semester course integrating biology and chemistry led to a significant increase in
pre-service primary teachers’ chemistry-related ASC. Biology-related ASC did not change
significantly. Furthermore, Göhring [32] has shown that a program of study including
several integrated science modules results in positive development especially of pre-service
primary teachers’ chemistry- and physics-related ASCs. As university studies progressed,
the ASCs stabilized.

1.4. Research on the Development of Pre- and In-Service Teachers CK and ASCs through Different
Course Formats: Status Quo and Research Gaps

In particular, pre-service primary teachers, who do not study General Studies or
do not have a science and technology major, might be interested in block scheduled
training, e.g., during the semester break, to enhance their professional competencies in
the field of science and technology. Block course formats create curriculum flexibility
and are suitable for certain student groups, such as students with parallel time-intensive
commitments [148–150]. These “intensive” or “non-traditional” courses do not take place
regularly once or twice a week, but in compact time blocks during the semester or lecture-
free period. The total number of instructional hours is generally identical to that of
“traditional”, weekly courses [148,151].

Compared to the context of school, with very mixed results on the impact on academic
achievement [152], there are few longitudinal studies on the effectiveness of different
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course formats in higher education, including teacher education [153]. Often, samples
are relatively small [154,155] or only subjective impressions about experiences with the
course formats are investigated [153,155,156]. Most of these studies show that higher
education block courses lead to at least equivalent or even greater short- and long-term
knowledge gains than weekly courses [154,157–160]. Little research suggests that block
teaching leads to poorer performance in higher education institutions [161,162]. One of the
main arguments against the pedagogical value of block formats, frequently mentioned in
the context of school, is the attention span of learners. During a block course, less learning
content may be retained because attention diminishes [163,164]. Another counter-argument
is that the learning content is better memorized and deepened in weekly courses since
there is less input at once, regular processing and repetition [148,165,166].

In contrast to the effects on cognitive gain, there are almost no studies on the impact
of the variable “course format” on pre- and in-service teachers’ ASC. For the context of
school education, Bateson [167] showed that there were significant differences in science
achievement between grade-10 students attending different course formats, but no differ-
ences in affective domains. However, he examined science attitudes, not ASCs. [154,159]
found that students who participated in a university block course had higher scores on
perceived competence than those who participated in the weekly version. This may be
an indication that the ASC develops more positively through block courses, as the experi-
ence of competency is considered an important factor influencing self-concept [108,135].
According to Burton and Nesbit [151], perception of the ability in a specific domain—in
addition to experience with the course format and current subject load—also appears to
influence whether students tend to take a block course in the appropriate domain.

1.5. Aim of the Study

As described above, primary teachers’ CK and ASCs in biology, chemistry, physics
and technology play an essential role in supporting pupil learning in General Studies
classes [21,68,90,107]. However, pre- and in-service primary teachers’ CK and ASCs in
these disciplines tend to be low [17,18,20,22–28]. Previous research (see Section 1.3) suggests
that interdisciplinary courses have the potential to positively develop their CK and ASCs
regarding several of these disciplines. The few existing research reports on effects of
interdisciplinary interventions for pre-service primary teachers in the field of science and
technology refer to entire programs of study [32] or examine the impact of a short-time
intervention that links only two disciplines [102,120]. For the development of an adequate
professional identity and genesis of discipline-interlinking CK [8,13], however, it would
be appropriate to integrate all three science disciplines (biology, chemistry, physics) and
technology, which is closely interwoven with the natural sciences [168], in a single course.
With positive effects on the CK and ASCs, such interdisciplinary course offerings could be
a solution for making more effective use of the limited time resources (see introduction) in
the primary teacher education program [169].

Thus, this study investigates the impact of an interdisciplinary university course
that integrates biology, chemistry, physics and technology (see Section 2.2) on pre-service
primary teachers’ CK and ASCs in science and technology. The first block of research
questions is:

RQ 1: The intervention’s impact on CK and ASC in science and technology

RQ 1.1: Does participation in the intervention lead to short-term and long-term gains
in CK in science and technology compared to non-participation?
RQ 1.2: Does participation in the intervention lead to a change in biology-, chemistry-,
physics- and technology-related ASCs compared to non-participation?

RQ 2: Correlations between cognitive gain and changes in ASCs

Is there a positive correlation between cognitive gain and change in biology-, chemistry-,
physics- and technology-related ASCs?



Educ. Sci. 2021, 11, 744 8 of 38

Referring to the findings of [116] that teachers’ ASCs are indicators of their achieve-
ments in professional knowledge, the results on RQ 2 are used to assess the external
validity of the cognitive test (see Section 2.4.1). Furthermore, studies on the effects of
the course format (weekly versus block course format) are mostly situated in the con-
text of schooling [152,170]. Few research reports relate to higher education teaching (see
Section 1.4; [150]). The influence of this variable is particularly important with respect to
further training of pre- and in-service primary teachers who do not have an appropriate
university education in science and technology. Due to limited time during the semester or
work life, they may be particularly interested in further training in a block format. Thus,
the second block of research questions is:

RQ 3: Impact of the course format

RQ 3.1: Are there equivalent short- and long-term cognitive gains between pre-
service teachers attending a traditional/weekly and an intensive/block course for-
mat of the intervention?
RQ 3.2: Does the course format impact the development of biology-, chemistry-,
physics- and technology-related ASCs?

Finally, we examine whether both pre-service primary teachers with and without a
major field of study in science and technology benefit from the intervention in terms of
CK and ASCs. Given the differences in cognitive and affective baselines found in previous
studies [22,45,137], it may be possible that one group is under-challenged and the other is
over-challenged.

RQ 4: Impact of the major field of study

RQ 4.1: Does the major field of study affect short- and long-term cognitive gains
within groups of weekly and block course participants?
RQ 4.2: Does the major field of studies influence the development of biology-,
chemistry-, physics- and technology-related ASCs within groups of weekly and
block course participants?

2. Materials and Methods
2.1. Research Design

The cognitive and affective effects of the intervention described in Section 2.2 were
investigated using a quasi-experimental pre-post-follow-up design with an experimental
group (EG) who attended the intervention and a control group that did not participate
in the course (baseline group (BG), see Figure 1). The latter group served to exclude
pretest effects and capture effects resulting from participation in other courses or practical
experiences. Pretest 1 with the affective questionnaire (see Section 2.4.2) took place directly
before the start of the first course unit. The cognitive pretest (pretest 2; see Section 2.4.1)
was carried out between the introductory session (unit 1) and the first session with station
rotation learning (unit 2, see Figure 1) because the mind mapping in unit 1 should not be
influenced by the questions of the knowledge test. The posttest (affective and cognitive
test) was administered immediately after the completion of the last unit. Eight weeks after
the end of the course the follow-up test (cognitive test) was performed.

There were two EG subgroups that participated in either a weekly or a block course
format (see Figure 1, RQ 3 and [137]). To ensure comparability, the BG was also divided
into two groups, who completed the questionnaire either at the beginning and end of the
lecture period (and eight weeks later for the follow-up test; corresponding to weekly course
attendance) or within the time of a block course during the semester break corresponding
to block course participation.

Since many variables influence the impact of an intervention, each round of the
intervention was always carried out by the same lecturer—accompanied by the same
student assistant—in the same room. Therefore, the influence of these variables on the
dependent variables is negligible.
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2.2. Summary of the Intervention’s Educational Concept and the Curricular Framework

A detailed description of the intervention with implementation instructions can be
found in [171]. Therefore, the curricular framework, the target audience and elements
of the course particularly relevant to this study are only briefly described here. For the
reasons outlined in the introduction, one of the main goals of the intervention is to increase
CK and ASCs not only with respect to one subject area of General Studies (e.g., biology),
but to strengthen them in several subject areas. In this case, they are biology, chemistry,
physics and technology.

The target audience includes pre-service primary teachers currently pursuing bach-
elor’s and master’s degrees—regardless of their major field of studies. The reason for
admitting students from all kinds of disciplines is that most of them have to teach General
Studies without having an appropriate college education [48]. Many participants (e.g., all
master’s students, bachelor’s students specializing in English or social sciences) can only
take the course voluntarily due to the existing examination regulations. The only group
of students required to participate was bachelor primary teacher candidates majoring in
science and technology (SciTec). This was done as part of a pilot project in which the
intervention was applied as a substitute for a mandatory module component.

The entire intervention consists of twelve units (see Figure 1), each scheduled for
100 min. As mentioned before, students can either take a traditional, weekly format
or attend a four-day block course with three units per day. There is a maximum of
30 participants per intervention to ensure intensive support.

The course is divided into two thematic blocks of five units each, framed by an in-
troductory and a concluding unit (Figure 1). In thematic block 1, the context “the pond
and its surrounding” is explored. In block 2, the context is “the human being and its
physical performance”. These contexts were chosen for the following reasons: 1. There are
many connections to the children’s experiences [3,172]. 2. Interdisciplinary interdependen-
cies between the fields of biology, chemistry, physics and technology can be experienced.
3. Following the concept of exemplary in teaching [173], key concepts in science such as
matter and energy [168] can be understood. 4. There are many points of reference to the
guidelines of the curriculum for General Studies in North Rhine-Westphalia [174] and the
recommendations of the Perspectives Framework for General Studies [3].

Based on the findings of previous studies [106,118], the learning environment was
designed according to moderate constructivist learning theory [104,105]. Emphasis is
placed on student-centered learning, which is supported by the lecturer. In three units
per thematic block, participants acquire scientific and technical CK through a combination
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of station rotation learning and conducting experiments in partner work (see Figure 1).
Learning at stations is preceded and followed by activities that are also relevant to this
study:

1. Before conducting the experiments: In the introductory session, the participants create
a mind map for each of the two contexts noting existing CK on the subjects biology,
chemistry, physics and technology. The creation and subsequent review of all mind
maps prepared in partner work not only serve to activate prior knowledge but also
help to recognize first contextual relationships and get an overview of the course
topics [175]. Based on the mind maps’ contents, the lecturer finally resolves which of
the mentioned contents will be covered in the course.

2. When conducting the experiments: Questions such as “What makes water lilies float
on the surface of the water?” and “Why does a small stone sink?” form the starting
point of the experimentation process. Considering that most pre-service primary
teachers are more interested in biology than the other three subjects [176,177], many of
the questions were formulated from a biological perspective to reduce the reservations
many primary teachers have about the subjects of chemistry, physics and technology
(see Section 1). The station worksheets are designed to develop biological, chemical,
physical and technical CK through experimentation. First, hypotheses can be made
about the outcome of the experiments. By conducting and interpreting experiments
and accompanied by sharing ideas with the team partner, these hypotheses are verified
or falsified. Thus, conceptual change [178] is enabled. During this work process, the
participants should become aware that there is no division into individual subjects
in nature, that many biological or technical phenomena can only be explained by
chemical and physical laws and that chemistry [120], physics and technology have
high relevance for everyday life [179,180].

3. After conducting the experiments:

a. Background information: For each station a one-page text with further in-
formation on the scientific background of the experiment is available. This
can be read as a refresher or reinforcement of CK if there is time after the
station is completed and before the plenary debrief (see 3b). After each session,
digital versions are available in the digital learning room, also containing
bibliographical references to simplify further engagement into the topics.

b. Debrief: After each experimental work phase and in the final session, CK
gained and interdisciplinary connections experienced are brought together
and discussed in the plenary. This debrief is guided by the lecturer, supported
by presentation slides with pictures from the experimentation phase and by
giving impulses [175].

c. Applying CK: In two additional units per topic block (see Figure 1), partic-
ipants practice planning experiment-based science/technology lessons by
applying and combining CK and PCK to create a child-oriented experiment.
In doing so, they can realize that CK is important for the development of
PCK [69–71]. As part of this planning, CK that the teacher will need for this
experiment is recorded in bullet points on a poster. The lecturer then provides
written feedback to the groups on their planning via the digital learning space.
Participants have access to feedback for all groups but do not know which
people are behind which planning product to avoid social comparisons [112].

2.3. Sample

The study was conducted at a university in the federal state of North Rhine-Westphalia
(Germany) from winter semester 2017/2018 up to and including summer semester 2019.
During this period, the intervention took place eight times: Four times in a weekly and four
times in a block course format. The sample included 238 primary teacher students, of whom
191 belonged to the experimental group (EG) while 47 formed the baseline group (BG).
Only the records of students who completed the questionnaire at all three measurement
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time points were subjected to data analysis (Section 2.5), resulting in a sample size of
Ntotal = 202 (NEG = 158; NBG = 44) with a mean age of 22.65 years (SD = 2.93 years). 79.2%
of the students were in a bachelor’s degree program, 20.8% were in a master’s degree
program. 90.1% of the participants were female. This gender distribution corresponds to
the typical situation regarding the teaching staff at German primary schools (89.4% female
teachers in the school year 2019/2020 [146]). 55.7% of the EG students attended the weekly,
44.3% the block course format (NEG, weekly = 88; NEG, block = 70). 47.7% (NBG, weekly = 21)
of the BG-students completed the questionnaire at the beginning and end of the lecture
period and eight weeks later, which corresponds to participation in the weekly course. The
other 52.3% (NBG, block = 23) filled in the tests during the time span of a block course, which
corresponds to block course attendance. 66.5% of the participants in the EG studied primary
school education with a focus on science and technology (SciTec), the other 33.5% reported
studying primary school teaching with other majors, e.g., English, social or religious studies.
Therefore, when selecting participants for the BG, care was taken to ensure a similar
distribution of the representatives in terms of the major field of study (NBG, SciTec = 27; i.e.,
61.4%; NBG, no SciTec = 17; i.e., 38.6%). For data analysis and interpretation of results, it
should be noted that 45.6% of the EG attended the course voluntarily (NEG, voluntary = 72),
while 54.4% (NEG, mandatory = 86) participated as part of a mandatory module of their
studies (see Section 2.2). Due to the examination regulations for elementary school teaching
at the university, students without the major SciTec could only participate in the course
voluntarily.

2.4. Instruments and Data Collection

Data were collected using the SoSci Survey online questionnaire tool [181]. Via the
message forum of a digital learning space, information and links to the questionnaires,
which included the cognitive and affective test separately, were provided for each reference
time point. The test was administered as a power test [182] without time pressure since the
intention was to investigate whether the students can answer the questions of the cognitive
test correctly in a reasonable time frame. In addition, they were given the opportunity
to reflect on their motivational orientations in detail and without pressure. However,
participants were asked to complete the questionnaires without interruption and to answer
the cognitive test without assistance.

2.4.1. Cognitive Test

The cognitive questionnaire assesses substantive, declarative CK in science and tech-
nology covering the intervention’s topics (see Section 2.2 and [171], e.g., properties of
water, human senses, bionics). Standards of the curriculum for General Studies in North
Rhine-Westphalia [174] and recommendations of the Perspectives Framework for Gen-
eral Studies [3] were taken into account to ensure curricular validity. As with Ohle and
colleagues [91], the curricular validity of the CK test was also guaranteed by analyz-
ing textbooks from German primary schools, then from secondary schools and subse-
quently university-level textbooks and handouts for General Studies teachers. Table A1
(Appendix A) lists textbooks and handouts used for some of the topics covered in the test.

Due to the self-construction of the items, they were tested in a preliminary study with
pre-service primary teachers and then revised. The final measurement instrument consists
of 127 items in the form of 24 multiple-choice questions (each with three to eight items;
multiple answer questions), three matching questions (each with three to four items) and
three open-ended questions (eight items in total). Since closed-ended questions can be
scored rapidly and facilitate the assessment of a large sample [183], they predominate in
this questionnaire. According to Bridgeman and Lewis [184], closed-ended items do not
necessarily have a lower validity than open-ended items. The order of the questions varied
at each reference time to counteract order effects [185].

Based on the consensus that teachers’ CK should extend beyond the school level in
which it is taught [93] and Anders and colleagues’ suggestion that primary school teachers’
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science CK should correspond at least to lower secondary level [94], all items represent
secondary school level content. According to the classification by Ohle et al. [91,98]
and textbook analysis (see Table A2), most items can also be assigned to primary school
content level (26 items) and/or university content level (112 items). Following Ohle and
colleagues [91,98] two levels of item complexity were used. Complexity level 1 includes
facts (37 items), i.e., single facts and terms. Complexity level 2 covers relations and concepts
(90 items), i.e., relating facts to each other, integrating concepts or applying (physical) laws.

To meet the interdisciplinary goals of the course, many questions relate to more than
one discipline of General Studies, e.g., biology and chemistry or physics and technology.
Sample questions can be found in Table A2. Multiple-choice items and matching items were
scored with one point for a correct and zero points for an incorrect answer. Open-ended
items were scored with zero to two points using a scoring horizon to ensure objective
evaluation.

The criterion validity of the cognitive test was examined by correlating the pre-,
posttest and follow-up test scores with the external criterion of students’ last biology,
chemistry and physics grades at secondary school, since the cognitive test includes topics
that are also part of the curriculum in biology, chemistry and physics at this school level.
Grades in technology were not correlated with the test results because this subject is not
offered in many secondary schools. A correlation with the average grades in biology,
chemistry, physics and technology during the study period was not performed as it turned
out that many participants had not yet completed a science or technology course. Due to
the interdisciplinary nature of the questions, no subdivision of the questions into purely
biological, chemical, physical and technical questions was made for the calculation of the
correlations (see also Section 4). Criterion validity is confirmed by weak but significant cor-
relations for the domain of biology at all three times of measurement (pre: rbiology = −0.225,
p ≤ 0.001; post: rbiology = −0.156, p = 0.026; follow-up: rbiology = −0.211, p = 0.003), for the
field of chemistry partially (pre: rchemistry = −0.125, p = 0.076; post: rchemistry = −0.215,
p = 0.002; follow-up: rchemistry = −0.130, p = 0.065) and also partially for physics (pre:
rphysics = −0.092, p = 0.192; post: rphysics = −0.154, p = 0.028; follow-up: rphysics = −0.169,
p = 0.016). The r-values are negative since the German grading scale uses 1 for the best
and 6 for the worst grade. Furthermore, the external validity of the test is discussed by
interpreting the results for RQ 2 (Sections 3.2 and 4).

2.4.2. Affective Questionnaire

According to the classification of [116], this study examines CK-related ASCs. ASCs
in science (biology, chemistry, physics) and technology were assessed using five-point
Likert-type scales (1 = I strongly disagree to 5 = I strongly agree) and three items for each
subscale (see Table 1; analogous wording for each subject).

An exploratory factor analysis (EFA; [186]) was carried out to test construct validity as
the subscales and items listed in Table 1 were adapted from studies focusing on a different
study group in combination with only one reference subject ([187]: Subject: General
Studies with focus on physics, study group: In-service primary teachers; [131]: Subject:
Biology, study group: High school students). Kaiser–Meyer–Olkin (KMO) measure of
sampling adequacy [188] indicated that the sampling was adequate for factor analysis
as KMO values were >0.50 (pretest: 0.773; posttest: 0.790; [189]) and Bartlett’s test of
sphericity [190] was significant (p ≤ 0.001; [186]). A principal axis factor analysis with
varimax rotation was performed for each time of measurement, including the twelve items
shown in Table 1. Considering the theoretical assumptions [186] and the proportions of the
total variances [189], a four-factor solution was chosen (see Table A3), which accounted
for 75.04% (pretest) and 76.89% (posttest) of the variance, respectively. Items with the
highest loadings on one common factor were combined into a subscale. Factor loadings
of λ ≤ 0.50 were not accepted [191]. No item had to be removed as there were no cross-
loadings λ ≥ 0.40 [192] or highest loads on an unexpected factor. Factor loadings λ < 0.30,
interpreted as low [193], are not shown in Table A3. Moreover, item communalities were
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calculated as they indicate the stability of the factor solutions. The average communalities
h2 of 0.75 (pretest) and 0.77 (posttest) are greater than 0.50 which is acceptable for sample
sizes of approximately 200 persons [194].

Table 1. Affective variables (ASCs) with subscale name, number of items, the wording of the items in German (original)
and English, item abbreviations, discriminatory power rit and reliability (Cronbach’s α).

Subscales Number of
Items Original Item Item Translation

Item
Abbreviation

(Pre/Post)
rit (Pre/Post) Cronbach’s α

(Pre/Post)

biology-
related

ASC
3

Biologie liegt mir
nicht besonders *.

Biology doesn’t
come easily to me *. TU31_03/NT19_11 0.650/0.724

0.845/0.862Ich bin gut in
Biologie.

I am good at
biology. TU31_05/NT19_01 0.768/0.787

Mir fällt es leicht,
neue Inhalte im
Fach Biologie zu

verstehen.

I find it easy to
understand new

content in biology.
TU31_08/NT19_06 0.732/0.708

chemistry-
related

ASC
3

Chemie liegt mir
nicht besonders *.

Chemistry doesn’t
come easily to me *. TU31_06/NT19_05 0.853/0.850

0.934/0.919Ich bin gut in
Chemie.

I am good at
chemistry. TU31_11/NT19_10 0.879/0.871

Mir fällt es leicht,
neue Inhalte im
Fach Chemie zu

verstehen.

I find it easy to
understand new

content in
chemistry.

TU31_13/NT19_12 0.863/0.805

physics-
related

ASC
3

Ich bin gut in
Physik.

I am good at
physics. TU31_09/NT19_18 0.846/0.898

0.924/0.928Mir fällt es leicht,
neue Inhalte im
Fach Physik zu

verstehen.

I find it easy to
understand new

content in physics.
TU31_14/NT19_15 0.844/0.840

Physik liegt mir
nicht besonders *.

Physics doesn’t
come easily to me *. TU31_16/NT19_08 0.857/0.833

technology-
related

ASC
3

Ich bin gut in
Technik.

I am good at
technology. TU31_02/NT19_04 0.761/0.840

0.863/0.890Technik liegt mir
nicht besonders *.

Technology doesn’t
come easily to me *. TU31_15/NT19_14 0.720/0.779

Mir fällt es leicht,
neue Inhalte im
Fach Technik zu

verstehen.

I find it easy to
understand new

content in
technology.

TU31_17/NT19_17 0.745/0.750

* = inversely formulated items that were recoded for analysis.

2.5. Data Analysis

Data analyses were carried out using the software SPSS statistics, version 27 (IBM
Germany, Ehningen, Germany). Missing values in the data did not be replaced as the
survey tool’s function for reminding people to answer each item was set.

The cognitive test’s open answers were evaluated using a scoring horizon to ensure
objectivity. For correct scoring, incorrectly ticked items in the multiple-choice questions
were recoded. Posttest items with a difficulty index of <20% (overly easy items) and
>80% (overly difficult items) were eliminated [195] as the cognitive test aims to measure
a person’s cognitive performance. Ninety-eight items remained for further evaluation.
Because the cognitive test examined broad scientific and technical CK, the next step was
to exclude all items with discriminability values rit < 0.1 [130,195], resulting in 74 items
with an internal consistency of Cronbach’s α = 0.873 in the posttest (pretest: α = 0.721,
follow-up test: α = 0.835). Based on George and Mallery’s guidelines [196], these values of
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Cronbach’s α are considered acceptable and good, respectively. With these 74 remaining
items, a maximum of 81 points could be achieved at each reference time.

Since the ASCs examined here were operationalized by tight constructs, item dis-
criminability values rit should be as high as possible [195]. For this reason, items with
discriminability values rit < 0.3 with at least one of the two test times were excluded before
further analyses were performed (values between 0.3–0.5 are considered medium, values
above 0.5 as high [195]). As can be seen in Table 1, rit values for all items were well above
0.5 at both test times, so no item had to be removed. With Cronbach’s α ≥ 0.8 and α ≥ 0.9
in the pre- and posttest, the reliabilities of the subscales can be regarded as good and
excellent, respectively [196]. To allow comparison, total scores of the affective subscales
were normed to a maximum of 5.

While most statistical tests are relatively robust to slight deviations from a Gaussian
distribution [189], the total (normed) scores of all constructs were examined for normal
distribution at all test times. Optical methods were also used as Kolmogorov–Smirnov
and Shapiro–Wilk tests react very sensitively to minimal deviations from a normal distri-
bution when in larger samples [189]. According to Q-Q plots, values of the skew index
(−3.0 ≤ SI ≤ 3.0) and Fisher kurtosis (<8.0; [197]), data were normally distributed. Thus,
parametric tests could be applied for cross-sectional and longitudinal comparisons. To
exclude ceiling and floor effects [195], the pre-test means of all scales were examined for
extremely high and extremely low values.

For longitudinal comparisons over two or three measurement times and between two
groups, the following procedure—adapted from Damerau [131]—was chosen: Initially,
independent samples t-tests [189] served to explore pretest differences between the two
groups.

In case of no a priori differences, two-way repeated measures analyses of variance
(ANOVAs) were performed to answer RQ 1 and 3, with the first factor being time (within-
subject) and the second factor being the main comparison group (between-subject). When
interpreting the results, the interaction effect, i.e., the interaction between the factors, is
decisive [198]. This interaction effect provides information on whether there is a significant
difference in the development of the dependent variables between the two groups over
time.

The influence of the variables “type of participation” (voluntary/mandatory) re-
spectively “major field of studies” (SciTec/non-SciTec) was factored out by conducting
three-way repeated measures ANOVAs with an additional between-subject factor repre-
senting the factored-out variable to be able to attribute possible changes in the dependent
variables to the impact of the course format (RQ 3). Since the two factored-out factors are
nominally scaled, they were included as between-subject factors rather than as covariates
for which a metric scale level is required [191]. It was not possible to include both between-
subject factors simultaneously. The reason for this is the existing examination regulations,
by which non-SciTecs can only participate voluntarily, resulting in a subgroup sample size
of nnon-SciTec+mandatory participation = 0.

In case of significant pretest differences between two groups, analyses of covariance
(ANCOVAs; [191]) were applied with the pretest scores as the covariate, posttest or follow-
up test scores as the dependent variable and one (RQ 1: Treatment; RQ 4: Major) or two
(RQ 3; course format + the respective factored-out variable) independent variables as fixed
factors. This setting partializes out the influence of the covariate and the second fixed factor
(RQ 3) on the dependent variable. When interpreting the results, the main effect of the
first fixed factor in each case (RQ 1: Treatment; RQ 3: Course format; RQ 4: Major) on the
dependent variables is crucial. Interaction effects of fixed factor 1 and fixed factor 2 are also
reported. These effects indicate that the interaction of both factors affects the knowledge
gain or the development of the ASCs, respectively.

The following procedure was used to localize the previously identified differences: In
the case of three measurement times (CK) one-way repeated measures ANOVAs were first
conducted for each group to investigate whether knowledge changed significantly over
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time. If a significant change in knowledge was found, paired samples t-tests [189] were
conducted to determine time spans in which significant changes occurred (pre-/posttest;
pre-/follow-up test and post-/follow-up test). In the case of two measurement times (ASCs)
paired samples t-tests were performed to examine pre-post differences within a group.

To answer RQ 3, the impact of the variables “type of participation” or “major field of
studies” on the dependent variables again had to be factored out. Thus, instead of one-way
repeated measures ANOVAs and paired samples t-tests, two-factor (pairwise) repeated
measures ANOVAs [198] were employed. The variable “time” was used as within-subject
factor and the factored-out variable (“type of participation” or “major field of studies”)
as between-subject factor. The main effect was considered to determine the impact of the
factor “time” on the dependent variable [198].

Prior to performing the independent samples t-tests and ANCOVAs, Levene’s tests
were applied to assess the homogeneity of variances of the two populations. In case of
unequal variances, Welch-tests were subsequently used [189]. Besides, before conducting
repeated measures ANOVAs with three times of measurement, Mauchly’s test of sphericity
was used to test for equality of variances of differences. If the Mauchly’s test was significant,
correction procedures were applied (Greenhouse–Geisser epsilon ε > 0.75: Huynh–Feldt
correction; ε < 0.75: Greenhouse–Geisser correction [199]).

For paired samples t-tests and AN(C)OVAs, partial eta-squared (ηp
2) is reported as

effect size [198,200], with 0.01 ≤ ηp
2 < 0.06 representing a small effect, 0.06 ≤ ηp

2 < 0.14 a
medium effect and ηp

2 ≥ 0.14 representing a large effect [201]. For independent samples
t-tests, the effect size omega squared (ω2) is reported. Values of 0.01 ≤ ω2 < 0.06 are
interpreted as a small effect, 0.06 ≤ ω2 < 0.15 as a medium effect andω2 ≥ 0.15 as a large
effect [202].

To answer RQ 2, cognitive gain and changes in ASCs were first calculated by deter-
mining the differences between pre- and posttest for each participant. Then, Pearson r
correlations were used to investigate the strength of the relationship [189] between cogni-
tive gain and change in ASCs (Pearson correlation coefficient of |r| ≥ 0.1: Weak/small
correlation; |r| ≥ 0.3: Moderate correlation; |r| ≥ 0.5: Strong/large correlation [201]).

3. Results
3.1. Impact of the Intervention: Comparison of EG and BG
3.1.1. Content Knowledge (RQ 1.1)

For the EG and BG, average cognitive test scores were examined for all three reference
times. Table 2 shows corresponding means, standard deviations, p-values and effect sizes
ηp

2 for inner- and intergroup comparisons.

Table 2. Means (M) and standard deviations (SD) of declarative CK at all three measurement times comparing EG (n = 158)
and BG (n = 44). p-values and effect sizes ηp

2 are given for inner- and intergroup comparison.

Group Reference Time M SD p ηp
2 pgroups ηp, groups

2

EG
Pre 36.61 8.61

0.000 *** 0.686

0.000 *** 0.285

Post 53.18 9.99
Follow-up 51.66 9.28

BG
Pre 36.45 6.70

0.142 0.044Post 36.23 9.43
Follow-up 37.93 7.74

Significance level: p ≤ 0.001 highly significant (***) [203]; effect size: 0.01 ≤ ηp
2 < 0.06: Small effect, 0.06 ≤ ηp

2 < 0.14: Medium effect,
ηp

2 ≥ 0.14: Large effect [201].

According to the result of independent samples t-test, there is no significant difference
in test scores between EG and BG at the time of pretest (t(200) = 0.114, p = 0.910,ω2 ≤ 0.001).
This means both groups had very similar declarative CK regarding the course contents
prior to the intervention. At this point, both groups scored on average less than half of the
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maximum score of 81 points (MEG = 36.61; MBG = 36.45). Floor and ceiling effects [195] can
therefore be excluded.

Due to the similarity of pretest means, a two-way repeated measures ANOVA was con-
ducted to detect a significant group/treatment*reference time interaction. With Mauchly’s
test of sphericity being significant (Mauchly-W(2) = 0.848, p ≤ 0.001) and Greenhouse–
Geisser epsilon ε > 0.75, a Huynh–Feldt correction was applied for calculation. The ANOVA
shows that the EG is significantly different from BG in terms of cognitive gain across the
three measurement time points (F(1.760, 351.902) = 79.644, p ≤ 0.001, ηp

2 = 0.285); the effect
size is large.

The following steps served to locate the observed differences: First, one-way re-
peated measures ANOVAs were conducted to investigate whether CK within EG and BG
changed significantly over time. Since in the EG Mauchly’s test of sphericity was signifi-
cant (Mauchly-W(2) = 0.816, p ≤ 0.001) and Greenhouse–Geisser epsilon was ε > 0.75, the
Huynh–Feldt correction was used: CK increased significantly over the three measurement
times (F(1.706,267.782) = 343.798, p ≤ 0.001, ηp

2 = 0.686). The large effect size indicates a
statistically significant difference. On the other hand, there was no significant change in
CK over time in the BG (F(2,86) = 1.997, p = 0.142, ηp

2 = 0.044). Pretest effects or effects
resulting from participation in other courses or practical experiences can thus be excluded.

Paired samples t-tests were then performed to localize the identified differences in the
EG’s test scores: CK increased significantly from pre- to posttest (t = −20.706, p ≤ 0.001,
ηp

2 = 0.740, n = 158) and from pre- to follow-up test (t = −20.545, p ≤ 0.001, ηp
2 = 0.729,

n = 158) with large effect sizes. However, it should also be noted that knowledge decreases
significantly between post- and follow-up test, but the effect size is small (t = 2.834, p = 0.005,
ηp

2 = 0.049, n = 158).
Overall, the results reveal both significant short-term and long-term gains of declara-

tive CK for the participants of the intervention.

3.1.2. Academic Self-Concepts (RQ 1.2)

As shown in Table 3, the biology-related ASC is highest in both the EG (M = 3.74) and
BG (M = 3.93) before the start of the intervention, followed by the technology-related ASC
(MEG = 3.20; MBG = 3.19). The chemistry- and physics-related ASCs are rated the lowest
(2.71 ≤ M ≤ 3.06). Especially for the last three subscales, floor- and ceiling effects [195] can
be neglected as extremely high or extremely low mean values are not present.

Independent samples t-tests revealed no significant differences between the two
groups in the pretest for all four ASC constructs (biology: t(200) = −1.294, p = 0.197,
ω2 = 0.003; chemistry: t(200) = 1.673, p = 0.096,ω2 = 0.009; physics: t(200) = 1.808, p = 0.072,
ω2 = 0.011; technology: t(200) = 0.044, p = 0.965,ω2 ≤ 0.001).

Thus, two-factor repeated measures ANOVAs were conducted to examine differ-
ences in the development of ASCs between the EG and BG. There is a significant differ-
ence in the ASC development between EG and BG for all four disciplines, albeit with
small to medium effect sizes (biology: F(1,200) = 9.892, p = 0.002, ηp

2 = 0.047; chemistry:
F(1,200) = 10.871, p ≤ 0.001, ηp

2 = 0.052; physics: F(1,200) = 6.617, p = 0.011, ηp
2 = 0.032;

technology: F(1,200) = 18.149, p ≤ 0.001, ηp
2 = 0.083).

In the EG, the ASC increases significantly from pre- to posttest in all four subscales
with large or medium effect sizes (biology: t = −7.272, p ≤ 0.001, ηp

2 = 0.252; chemistry:
t = −6.563, p ≤ 0.001, ηp

2 = 0.215; physics: t = −4.879, p ≤ 0.001, ηp
2 = 0.132, technology:

t = −7.680, p ≤ 0.001, ηp
2 = 0.273, nEG = 158). By contrast, the results of paired samples

t-tests for all four ASC subscales in the BG show no significant differences between pre- and
posttest means (biology: t = −0.703, p = 0.486, ηp

2 = 0.011; chemistry: t = 0.090, p = 0.929,
ηp

2 = 0.000; physics: t = 0.227, p = 0.822, ηp
2 = 0.001; technology: t = 0.728, p = 0.470,

ηp
2 = 0.012, nBG = 44).
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Table 3. Means (M) and standard deviations (SD) of biology-, chemistry-, physics- and technology-related ASCs at both
measurement times comparing EG (n = 158) and BG (n = 44). p-values and effect sizes ηp

2 are given for inner- and intergroup
comparison.

Scale Group Reference Time M SD p ηp
2 pgroups ηp, groups

2

biology-related
ASC

EG
Pre 3.74 0.90

0.000 *** 0.252
0.002 ** 0.047

Post 4.10 0.79

BG
Pre 3.93 0.75

0.486 0.011Post 3.98 0.69

chemistry-related
ASC

EG
Pre 3.02 1.09

0.000 *** 0.215
0.001 *** 0.052

Post 3.43 0.99

BG
Pre 2.71 1.03

0.929 0.000Post 2.70 1.07

physics-related
ASC

EG
Pre 3.06 1.05

0.000 *** 0.132
0.011 * 0.032

Post 3.32 0.98

BG
Pre 2.74 0.93

0.822 0.001Post 2.73 0.95

technology-related
ASC

EG
Pre 3.20 0.90

0.000 *** 0.273
0.000 *** 0.083

Post 3.64 0.86

BG
Pre 3.19 0.94

0.470 0.012Post 3.12 0.87

Significance levels: p ≤ 0.05 significant (*), p ≤ 0.01 very significant (**), p ≤ 0.001 highly significant (***) [203]; effect size: 0.01 ≤ ηp
2 < 0.06:

Small effect, 0.06 ≤ ηp
2 < 0.14: Medium effect, ηp

2 ≥ 0.14: Large effect [201].

3.2. Correlations between Cognitive Gain and Changes in ASCs (RQ 2)

Bivariate correlations were calculated between the change in CK and changes in
ASCs (posttest-pretest) to evaluate the external validity of the cognitive questionnaire.
The results reveal a weak, but significant positive correlation between cognitive gain and
change in physics-related ASC (r(201) = 0.148; p = 0.035) as well as cognitive gain and
change in technology-related ASC (r(201) = 0.182; p = 0.010). No significant correlations
were found between change in CK and change in biology- (r(201) = 0.120; p = 0.089) and
chemistry-related ASC (r(201) = 0.072; p = 0.308).

3.3. Impact of the Course Format

Having demonstrated that BG’s CK and ASCs did not change significantly over time,
we now examined whether the course format had an impact on cognitive gain and change
in biology-, chemistry-, physics- and technology-related ASCs. Therefore, only the EG was
considered for this purpose.

The impact of the factors “type of participation” (voluntary or mandatory) and “major
field of studies” (SciTec or non-SciTec) was factored out as outlined in Section 2.5 to be
able to attribute the effects to the influence of the course format. As described above, these
factors had to be partialized out separately. Therefore, two statistical values are given for
each scale and group. To improve the reading flow, the statistical values are not reported
in the text. Instead, reference is made to the corresponding tables which contain the most
important statistical characteristics.

3.3.1. Content Knowledge (RQ 3.1)

Since there were a priori differences in the test scores between weekly and block
course participants, ANCOVAs were conducted for longitudinal comparisons between
two groups with posttest/follow-up test scores as dependent variables, pretest scores as
covariate and the variables “course format” and “type of participation”/“major field of
study” as fixed factors. As shown in Table 4, there is a significant difference in the increase
in CK from pre- to posttest between weekly and block course participants; the effect size is
medium. Short-term cognitive gain is higher among block course participants. In terms of
differences in long-term gains of cognitive knowledge, the following should be noted: A



Educ. Sci. 2021, 11, 744 18 of 38

significant difference—with a small effect size—is only given if the influence of the type of
participation is factored out. There is no difference when the impact of the major field of
study is factored out (see Table 4).

Table 4. Means (M) and standard deviations (SD) of declarative CK at all three measurement times comparing the groups of
weekly (n = 88) and block format (n = 70) participants. p-values and effect sizes ηp

2 are given for inner- and intergroup
comparison.

Group Reference
Time M SD p ηp

2 pgroups ηp, groups
2

weekly
Pre 38.31 8.80 (0.000

***)/[0.000
***]

(0.627)/[0.612] (Post: 0.000 ***),
(Follow-up 0.038 *)/

[Post 0.000 ***],
[Follow-up 0.066]

(Post 0.088),
(Follow-up 0.028)/

[Post 0.080],
[Follow-up 0.022]

Post 51.99 9.76
Follow-up 51.60 8.85

block
Pre 34.49 7.93 (0.000

***)/[0.000
***]

(0.793)/[0.793]Post 54.67 10.14
Follow-up 51.73 9.86

round brackets = AN(C)OVA with further between-subject factor “type of participation” (see Section 2.5); square brackets = AN(C)OVA
with further between-subject factor “major field of study”; significance levels: p ≤ 0.05 significant (*), p ≤ 0.001 highly significant (***) [203];
effect size: 0.01 ≤ ηp

2 < 0.06: Small effect, 0.06 ≤ ηp
2 < 0.14: Medium effect, ηp

2 ≥ 0.14: Large effect [201].

Significant interaction effects course format*type of participation or course format*major
do not exist here, i.e., the factors “type of participation” or “major field of studies” do not
additionally influence the effect of the course format on CK.

To locate the differences found, repeated measures ANOVAs were first performed for
each group. The Huynh–Feldt correction was used for the subgroup of weekly participants
as Mauchly’s test of sphericity was significant and the Greenhouse–Geisser epsilon was
ε > 0.75. According to the ANOVA’s results, both the students who attended the weekly
format and those who participated in the block course showed a significant change in
cognitive performance over the three measurement times; the effect was large (Table 4).
Further repeated measures ANOVAs, each including two measurement time points, were
then conducted for each group to more precisely localize the identified differences in the
average test scores. In both subgroups, there was a significant cognitive gain from pre- to
posttest and from pre- to follow-up-test (large effect size). While CK decreased significantly
from post- to follow-up test in the group of block course participants (large effect), there
was no significant loss of knowledge in the group of weekly participants.

3.3.2. Academic Self-Concepts (RQ 3.2)

With no a priori differences between the two groups regarding the four subscales,
three-way repeated measures ANOVAs were conducted to examine whether the ASC
development of the two groups was significantly different (factor 1/within-subject-factor:
Reference time; factor 2: Course format as between-subject factor; factor 3: The factored-out
between-subject factor: “Type of participation” or “major field of study”). As can be seen
in Table 5, there are no statistically significant differences in the change in ASCs between
the groups.

Both weekly and block course participants showed significant increases in biology-,
chemistry-, physics- and technology-related ASCs from pre- to posttest (Table 5). Effect
sizes are large or medium, latter with respect to the biology-related and physics-related
ASC of weekly participants.

It can be concluded that both course formats lead equally to a positive change in
biology-, chemistry-, physics- and technology-related ASCs of pre-service primary teachers.

No significant interaction effects time*course format*type of participation or time*
course format*major field of study were observed. I.e., the factors “type of participation”
or rather “major field of study” do not additionally influence the effect of the interaction
time*course format on the dependent variables. The only exception is the technology-
related ASC when factoring out the impact of the type of participation. There is a significant
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interaction effect (F(1,154) = 4.359, p = 0.038, ηp
2 = 0.028), but the effect size can be described

as small.

Table 5. Means (M) and standard deviations (SD) of biology-, chemistry-, physics- and technology-related ASCs at both
measurement times comparing the groups of weekly (n = 88) and block format (n = 70) participants. p-values and effect
sizes ηp

2 are given for inner- and intergroup comparison.

Scale Group Reference
Time M SD p ηp

2 pgroups ηp, groups
2

biology-
related

ASC

weekly Pre 3.74 0.87
(0.000 ***)/[0.000 ***] (0.187)/[0.139]

(0.442)/[0.326] (0.004)/[0.006]
Post 4.06 0.77

block
Pre 3.74 0.93

(0.000 ***)/[0.000 ***] (0.386)/[0.374]Post 4.14 0.81

chemistry-
related

ASC

weekly Pre 3.02 1.10
(0.000 ***)/[0.000 ***] (0.230)/[0.232]

(0.647)/[0.849] (0.001)/[0.000]
Post 3.42 1.01

block
Pre 3.01 1.08

(0.000 ***)/[0.000 ***] (0.225)/[0.217]Post 3.43 0.97

physics-
related

ASC

weekly Pre 3.08 1.09
(0.000 ***)/[0.000 ***] (0.133)/[0.138]

(0.716)/[0.528] (0.001)/[0.003]
Post 3.38 1.04

block
Pre 3.03 1.02

(0.001 ***)/[0.001 ***] (0.157)/[0.153]Post 3.26 0.92

technology-
related

ASC

weekly Pre 3.20 0.85
(0.000 ***)/[0.000 ***] (0.276)/[0.294]

(0.962)/[0.736] (0.000)/[0.001]
Post 3.67 0.88

block
Pre 3.19 0.96

(0.000 ***)/[0.000 ***] (0.340)/[0.346]Post 3.60 0.85

round brackets = ANOVA with further between-subject factor “type of participation” (see Section 2.5); square brackets = ANOVA with
further between-subject factor “major field of study”; significance level: p ≤ 0.001 highly significant (***) [203]; effect size: 0.01 ≤ ηp

2 < 0.06:
Small effect, 0.06 ≤ ηp

2 < 0.14: Medium effect, ηp
2 ≥ 0.14: Large effect [201].

3.4. Impact of the Major Field of Study

The intervention aims to develop the professional skills of all pre-service primary
teachers, regardless of their major field of study. Thus, we also examined whether there are
significant differences in the development of CK and ASCs between SciTec and non-SciTec
students within the groups of participants in the weekly and block format. It was not
possible to factor out the impact of the type of participation since there was a subgroup
sample size of nnon-SciTec+mandatory participation = 0 due to examination regulations.

3.4.1. Content Knowledge (RQ 4.1)

According to independent samples t-tests, weekly participating SciTec and non-SciTec
students differed significantly in their prior CK, the effect size being medium (t(86) = 2.565,
p = 0.012, ω2 = 0.060). This was not the case with the block course format subgroups
(t(68) = 1.334, p = 0.187,ω2 = 0.012).

For the first group (weekly participants), the results of the ANCOVAs show no statisti-
cally significant differences in the change of CK from pre- to post- (F(1,83) = 0.043, p = 0.836,
ηp

2 = 0.001) and from pre- to follow-up test (F(1,83) = 0.284, p = 0.595, ηp
2 = 0.003) between

SciTec and non-SciTec students.
One-way repeated measures ANOVAs with Huynh–Feldt correction (Mauchly’s

tests of sphericity significant and ε > 0.75 in both subgroups) show that CK changed
significantly over the three measurement times in the SciTec (F(1.654,97.607) = 88.188,
p ≤ 0.001, ηp

2 = 0.599) and in the non-SciTec subgroup (F(1.603,43.294) = 54.761, p ≤ 0.001,
ηp

2 = 0.670; Table 5). The following paired samples t-tests reveal a significant increase in
knowledge from pre- to posttest (SciTec: t = −9.811, p ≤ 0.001, ηp

2 = 0.620, n = 60; non-
SciTec: t = −7.894, p ≤ 0.001, ηp

2 = 0.698, n = 28) and from pre- to follow-up-test (SciTec:
t = −11.321, p ≤ 0.001, ηp

2 = 0.685, n = 60; non-SciTec: t = −8.169, p ≤ 0.001, ηp
2 = 0.712,

n = 28) within both subgroups. In addition, there was no loss of knowledge from post-
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to follow-up test within both subgroups (SciTec: t = 0.587, p = 0.560, ηp
2 = 0.006, n = 60;

non-SciTec: t = 0.153, p = 0.880, ηp
2 = 0.001, n = 28).

These results confirm the above findings (see Section 3.3.1) and demonstrate that
pre-service teachers with and without a SciTec major benefit equally from the weekly
intervention in terms of short- and long-term increases in CK.

In the case of the block course subgroups, the two-way repeated measures ANOVA
indicates a significant difference in the development of CK between SciTec- and non-SciTec
students, with a medium effect size (F(2,136) = 5.610, p = 0.005, ηp

2 = 0.076; Table 6). Further
pairwise two-way repeated ANOVAs, each with two measurement time points, served to
localize the difference found. There is a significant difference in cognitive gain between pre-
and posttest (F(1,68) = 9.805, p = 0.003, ηp

2 = 0.126) and between pre- and follow-up test
(F(1,68) = 5.371, p = 0.023, ηp

2 = 0.073). The effect size is medium. Thus, within the group
of block course participants, short- and long-term gain of CK is greater among non-SciTec
pre-service teachers (Table 6).

Table 6. Means (M) and standard deviations (SD) of declarative CK at all three measurement times comparing weekly
participants with a SciTec major (n = 60) and a different major (n = 28) and block format participants with a SciTec major
(n = 45) and a different major (n = 25). p-values and effect sizes ηp

2 are given for inner- and intergroup comparison.

Group Subgroup Reference Time M SD p ηp
2 pgroups ηp, groups

2

weekly

SciTec
Pre 39.90 9.08

0.000 *** 0.599 0.836 (Post),
0.595

(Follow-up)

0.001 (Post),
0.003

(Follow-up)

Post 52.55 9.93
Follow-up 52.07 8.99

non-SciTec
Pre 34.89 7.19

0.000 *** 0.670Post 50.79 9.45
Follow-up 50.61 8.60

block

SciTec
Pre 35.42 7.77

0.000 *** 0.756

0.005 ** 0.076

Post 53.36 9.98
Follow-up 50.87 9.87

non-SciTec
Pre 32.80 8.08

0.000 *** 0.842Post 57.04 10.20
Follow-up 53.28 9.86

Significance levels: p ≤ 0.01 very significant (**), p ≤ 0.001 highly significant (***) [203]; effect size: 0.01 ≤ ηp
2 < 0.06: Small effect, 0.06 ≤

ηp
2 < 0.14: Medium effect, ηp

2 ≥ 0.14: Large effect [201].

Despite these significant differences, one-way repeated measures ANOVAs show
that knowledge changed within the three measurement times in both subgroups (SciTec:
F(2,88) = 136.562, p ≤ 0.001, ηp

2 = 0.756; non-SciTec: F(2,48) = 127.873, p ≤ 0.001, ηp
2 = 0.842).

CK increased significantly from pre- to posttest (SciTec: t = −15.588, p ≤ 0.001, ηp
2 = 0.847,

n = 45; non-SciTec: t = −13.946, p ≤ 0.001, ηp
2 = 0.890, n = 25) and from pre- to follow-up

test (SciTec: t = −12.369, p ≤ 0.001, ηp
2 = 0.777, n = 45; non-SciTec: t = −11.020, p ≤ 0.001,

ηp
2 = 0.835, n = 25) in the SciTec- as well as in the non-SciTec subgroup.

A significant difference in loss of knowledge from post- to follow-up test between
both subgroups could not be identified (F(1,68) = 0.518, p = 0.474, ηp

2 = 0.008). According
to paired samples t-tests, knowledge in both groups decreased significantly from post- to
follow-up test with medium and high effect sizes, respectively (SciTec: t = 2.214, p = 0.032,
ηp

2 = 0.100, n = 45; non-SciTec: t = 3.059, p = 0.005, ηp
2 = 0.281, n = 25).

3.4.2. Academic Self-Concepts (RQ 4.2)

Within the group of weekly participants, an independent samples t-test revealed
pretest equality between SciTec and non-SciTec students only for the biology-related ASC
(t(86) = 1.320, p = 0.190, ω2 = 0.008). On the other hand, within the block course group,
no pretest differences between the two subgroups were found for the biology-related
(t(68) = 1.045, p = 0.300,ω2 = 0.001), chemistry-related (t(68) = 1.718, p = 0.090,ω2 = 0.028)
and physics-related (t(68) = 1.753, p = 0.084,ω2 = 0.030) ASC. In this case, two-way measures
ANOVAs were performed next.
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Regarding the chemistry- (t(86) = 3.806, p ≤ 0.001,ω2 = 0.133), physics- (t(86) = 4.893,
p ≤ 0.001,ω2 = 0.207) and technology-related (t(86) = 6.670, p ≤ 0.001,ω2 = 0.331) ASCs
of weekly participants and the technology-related ASC within the block course group
(t(68) = 6.286, p ≤ 0.001,ω2 = 0.365), a priori differences were revealed between SciTec- and
non-SciTec students. Because of these pretest differences, ANCOVAs were performed with
pretest values as the covariate.

The results of the analyses show no significant differences in the development of the
ASCs between the subgroups (Table 7). This means that both groups of pre-service primary
teachers benefited equally from taking the course in terms of ASC development. With one
exception, paired samples t-tests revealed significant increases in biology- (SciTecweekly:
t = −4.151, p ≤ 0.001, ηp

2 = 0.226, n = 60; SciTecblock: t = −6.069, p ≤ 0.001, ηp
2 = 0.456,

n = 45; non-SciTecblock: t = −3.343, p = 0.003, ηp
2 = 0.318, n = 25), chemistry- (SciTecweekly:

t = −3.784, p ≤ 0.001, ηp
2 = 0.195, n = 60; non-SciTecweekly: t = −3.414, p = 0.002, ηp

2 = 0.302,
n = 28; SciTecblock: t = −4.282, p ≤ 0.001, ηp

2 = 0.294, n = 45; non-SciTecblock: t = −2.351,
p = 0.027, ηp

2 = 0.187, n = 25), physics- (SciTecweekly: t = −2.333, p = 0.023, ηp
2 = 0.084,

n = 60; non-SciTecweekly: t = −3.173, p = 0.004, ηp
2 = 0.272, n = 28; SciTecblock: t = −2.667,

p = 0.011, ηp
2 = 0.139, n = 45; non-SciTecblock: t = −2.156, p = 0.041, ηp

2 = 0.162, n = 25) and
technology-related (SciTecweekly: t = −3.628, p ≤ 0.001, ηp

2 = 0.182, n = 60; non-SciTecweekly:
t = −5.726, p ≤ 0.001, ηp

2 = 0.548, n = 28; SciTecblock: t = −3.697, p ≤ 0.001, ηp
2 = 0.237,

n = 45; non-SciTecblock: t = −3.973, p ≤ 0.001, ηp
2 = 0.397, n = 25) ASCs in all four subgroups

with high or medium effect sizes, respectively. There is no statistically significant change
in the biology-related ASC from pre- to posttest in the group of non-SciTec pre-service
teachers, who took part in the weekly course format (t = −1.675; p = 0.106, n = 28; Table 7).

Table 7. Means (M) and standard deviations (SD) of biology-, chemistry-, physics- and technology-related ASCs at both
measurement times comparing weekly participants with a SciTec major (n = 60) and a different major (n = 28) and participants
of the block format with a SciTec major (n = 45) and a different major (n = 25). p-values and effect sizes ηp

2 are given for
inner- and intergroup comparison.

Scale Group Subgroup Reference
Time M SD p ηp

2 pgroups ηp, groups
2

biology-
related

ASC

weekly
SciTec

Pre 3.82 0.88
0.000 *** 0.226

0.365 0.010
Post 4.19 0.76

non-SciTec
Pre 3.56 0.85

0.106 0.094Post 3.79 0.72

block
SciTec

Pre 3.83 0.81
0.000 *** 0.456

0.870 0.000
Post 4.22 0.65

non-SciTec
Pre 3.59 1.11

0.003 ** 0.318Post 4.00 1.04

chemistry-
related

ASC

weekly
SciTec

Pre 3.31 1.04
0.000 *** 0.195

0.473 0.006
Post 3.65 0.97

non-SciTec
Pre 2.42 0.97

0.002 ** 0.302Post 2.93 0.93

block
SciTec

Pre 3.18 1.04
0.000 *** 0.294

0.255 0.019
Post 3.51 0.96

non-SciTec
Pre 2.72 1.12

0.027 * 0.187Post 3.29 1.01

physics-
related

ASC

weekly
SciTec

Pre 3.43 0.96
0.023 * 0.084

0.310 0.012
Post 3.67 0.94

non-SciTec
Pre 2.35 0.99

0.004 ** 0.272Post 2.75 0.97

block
SciTec

Pre 3.19 0.99
0.011 * 0.139

0.320 0.019
Post 3.36 1.01

non-SciTec
Pre 2.75 1.03

0.041 * 0.162Post 3.07 0.68
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Table 7. Cont.

Scale Group Subgroup Reference
Time M SD p ηp

2 pgroups ηp, groups
2

technology-
related

ASC

weekly
SciTec

Pre 3.54 0.70
0.001 *** 0.182

0.336 0.012
Post 3.92 0.77

non-SciTec
Pre 2.48 0.68

0.000 *** 0.548Post 3.13 0.85

block
SciTec

Pre 3.62 0.70
0.001 *** 0.237

0.660 0.003
Post 3.86 0.72

non-SciTec
Pre 2.41 0.88

0.001 *** 0.397Post 3.13 0.89

Significance levels: p ≤ 0.05 significant (*), p ≤ 0.01 very significant (**), p ≤ 0.001 highly significant (***) [203]; effect size: 0.01 ≤ ηp
2 < 0.06:

Small effect, 0.06 ≤ ηp
2 < 0.14: Medium effect, ηp

2 ≥ 0.14: Large effect [201].

4. Discussion

In this study, the impact of an interdisciplinary university course on pre-service pri-
mary school teachers’ CK and ASCs in science and technology has been examined. This is
intended to contribute to providing learning environments that inherently hold the poten-
tial to foster professional knowledge and motivational orientations concerning multiple
disciplines—in this case, biology, chemistry, physics and technology—simultaneously. Not
only does this take into account the interdisciplinary nature of General Studies [3], but it
may also be a possible solution to making the most profitable use of the limited time often
allotted to this broad subject in university teacher education [43,44].

4.1. The Intervention’s Impact on Pre-Service Primary Teachers’ CK and ASCs
4.1.1. Cognitive Gain

Consistent with previous studies [22–28] the pretest results indicate rather low declara-
tive CK of pre-service primary teachers in science and technology. Regarding the relevance
of teachers’ CK for the development of PCK and the teaching activities [55,58,68] as well as
the difficulty level of the items, a dilemma of primary teacher education becomes apparent.
Theoretically, all questions of the test could be answered correctly by the participants
already in the pretest, since they correspond to the secondary school level according to the
analysis of the textbooks (see Section 2.4.1). Since this is not the case, it can be assumed that
some university courses suppose basic CK that is not available at all. How can possible
alternative conceptions of children be analyzed and discussed in a seminar if the pre-service
teachers do not have the CK to even recognize these misconceptions? Do lecturers go
over this and directly teach university-level CK, or do they invest time to help pre-service
teachers refresh CK at secondary school level, which is—according to [94]—the level of CK
that they will need for their professional practice? The latter objective is pursued by the
present intervention.

In contrast to the BG, there are short- and long-term gains in the EG in terms of
substantive, declarative CK in science and technology (RQ 1.1). Course design took into
account previous findings on learning environments that have led to gain in CK, such as
content focus [102,103] and a moderate constructivist setting [106]. Making assumptions
before conducting the experiment or mind-mapping at the beginning of the course activate
prior knowledge that can be referred to during the course and reflected upon through
the activities. Follow-up studies could investigate, among other things, whether omitting
mind-mapping results in even lower CK scores in the pretest. Other factors that may
have led to an increase in knowledge include: Study materials to refresh or reinforce CK
(one-page texts), debrief in plenary to clarify ambiguities or questions and application of
CK in planning experiment-based science/technology lessons (see Section 2.2).

Due to the interdisciplinary nature of many questions, a division according to the four
disciplines was dispensed with in the evaluation. Similar to the study by Niermann [144], a
test could also be used in the future in which the items can be clearly assigned to a discipline.
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However, this would not meet the interdisciplinary course concept and the requirements
regarding an interdisciplinary mindset of General Studies teachers [13]. Another, more
open way to investigate cross-linked CK would be the concept mapping method, which
was used in the study of [102]. The validity of the knowledge test and the generalizability
of the results are discussed in Section 4.4., also with the help of the interpretation of the
results for RQ 2.

4.1.2. Science- and Technology-Related Academic Self-Concepts

So far, it has been an open question whether pre-service primary teachers differentiate
between different domains of science (biology, chemistry, physics) respectively General
Studies (science, technology, history, geography and politics) in their ASCs. For school
context, it has been found that pupils differentiate between related (sub-)domains and
content areas within a subject [121,204,205]. Gabriel-Busse et al. [121] showed that, despite
multi-perspective teaching practice of General Studies, German primary school children
develop five subject-specific ASCs (science, technology, history, geography and politics)
that can be empirically distinguished from one another. Science domain-specific ASCs
were not found. According to the results of the factor analysis, participants of this study
do not have a “general” scientific-technical ASC or, for example, a science ASC and a
technology ASC. Instead, they distinguish between their abilities in biology, chemistry,
physics and technology, both in the pre- and posttest. These findings could result from the
fact that in most German secondary schools, these four subjects are traditionally taught
separately and not interdisciplinarily as in other countries [205]. Moreover, many General
Studies courses at university only relate to one of these subjects [43]. Different performance
experiences in these subjects lead to a differentiation of ASCs, with contrast effects also
playing a role [206]. As in previous studies [32,33], the biology-related ASC is rated highest,
whereas the chemistry- and physics-related ASC is rated lowest.

Factor cross-loadings of λ≥ 0.30 arising in the rotated factor matrix of the posttest data
for factor 3 (physics-related ASC) and factor 4 (technology-related ASC; see Table A3) might
be an indication that participating in an integrative educational setting leads to change
in the ASC structure. The intervention emphasizes connections between the disciplines
and focuses on interdisciplinary competencies such as problem-solving skills needed for
experimentation (Section 2.2). In an interdisciplinary setting, contrast effects and the use
of dimensional reference norms [114,134,206] may therefore play a minor role in affecting
the ASC. Jansen et al. [204] also found that the learning environment can influence ASC
structures: Correlations between the three ASC subscales biology, chemistry and physics
were significantly higher in the group of ninth-grade students who were taught science
in an integrated subject for several years, compared to students who were taught the
three sciences separately. Subsequent longitudinal studies should therefore investigate the
structural stability [110] of pre-service primary teachers’ ASCs. Moving toward a “general
scientific-technical ASC” by attending several interdisciplinary courses may be evidence
of more coherent thinking. This would meet both the goals of General Studies, being an
integrative subject [3,45], and the recommendations recorded in the qualification model
concerning teacher education for General Studies [13].

The results of our study indicate that a single course has the potential to reinforce
pre-service primary teachers’ ASC in multiple science and technology domains (RQ 1.2).
While in the EG, ASC increased significantly in all four subscales from pre- to posttest
with high effect sizes, there were no changes in ASCs in the BG. Comparing the change in
ASCs between the two groups, the difference is significant, but the effect sizes are small to
moderate. This may be due to the unequal size of the comparison groups since this can
affect effect size [195]. A follow-up study with a larger sample, especially with regard to
the BG, should therefore investigate whether this positive trend is confirmed. If follow-up
studies confirm these small to moderate effects, the results should lead to the conclusion
that such one-semester intervention does indeed have a small or moderate impact on ASC
development (although not a large effect).
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Looking at the results of previous studies, it can be assumed that the interdisciplinary
character of the intervention plays an essential role in the positive development of ASCs:
While in the work of [119,147] physics-related and technology-related ASCs, respectively,
did not change significantly through courses that addressed only one domain at a time,
pre-service teachers’ science-related ASCs increased during a program of study with
several modules integrating science [32]. In Janssen’s study [120], assessing the effects of
a one-semester seminar integrating biology and chemistry, the chemistry-related ASC of
pre-service primary teachers also developed positively. Future studies should investigate
whether participants’ domain-specific ASCs remain stable at the posttest level over the
course of the study, similar to [32], or whether they change due to the influence of other
courses or practical experience at school.

The following course activities or components may have resulted in the positive devel-
opment of participants’ ASCs: By independently acquiring CK through experimentation
and applying professional knowledge when planning lessons, they can experience their
competencies and gain positive learning experiences [108,110,135]. A positive, supportive
learning atmosphere, mentioned by participants in the open-ended responses [171], is also
cited in the literature as a factor influencing self-concept [110]. Verbal feedback during
the work phases, written feedback on the planning products [135,136] and the debriefing
phases promote reflection on own competencies. These continuous feedback structures
and the comparison with requirements, such as the learning objectives of the course (cri-
terial reference norm, [110]), help to assess one’s state of performance. Using temporal
comparisons [110,133], participants may find that they have more science and technology
CK at the end of the course than at the beginning. The influence of grades, which are also
frequently used as a source for performance evaluation [123,207], can be excluded since
these were not assigned during the survey period. In addition, by anonymizing the written
feedback by the lecturer and setting objective feedback criteria, we tried to minimize the
negative effects of social comparisons [16,112,133].

4.2. Impact of the Course Format

This study contributes to filling the research gaps in the field of higher education
regarding the impact of course format (RQ 3) on students’ development of professional
competencies [153].

Our findings are in line with the majority of previous research showing that block
courses lead to equal or even better knowledge gains than weekly courses [155–157,159,160].
The significantly higher short-term cognitive scores of the block course participants could
be related to the fact that the course was not interrupted by other courses due to its format
and position in the lecture-free period. This can lead to less stress [208], a more positive
learning atmosphere [209], a higher level of concentration on the learning content, a more
continuous learning experience and a more intense and more efficient mental linking of
the contents in comparison to the weekly format [148,158,210,211].

However, it is more important to examine the differences in terms of long-term
CK retention, as “retention is considered the more serious test because it shows which
knowledge is retained or stable over longer time periods” ([170], p. 21). If it turns out that
block course participants lose a lot of CK from the course after six months, it is questionable
to offer this course format, as it usually still takes time for them to apply the knowledge in
professional practice. Again, there are slight advantages for block course participants, but
only with small effect sizes and only when the type of participation is factored out. Future
studies need to investigate whether this outcome is also observed when the variables “type
of participation” and “major field of study” are simultaneously partialized out. In this
study, this was not possible due to existing examination regulations, according to which
non-SciTec students cannot be obliged to attend the course.

Besides, it is striking that among the weekly group, the CK remained stable from the
post to the follow-up test, while the knowledge of the block course participants decreased
significantly. In terms of long-term knowledge gain, participants of the weekly format could
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benefit from learning less content at once, which they can process and deepen gradually
over weeks [148,165,166]. Follow-up studies covering a longer observation period than
two months after the end of the course could provide further evidence for this.

Similar to Bateson’s results [167], block course participants have an advantage in short-
term CK gain, but there are no differences between the groups in ASC change between the
pretest and posttest. Both course formats are equally beneficial to the positive development
of science- and technology-related ASCs. Thus, the period over which a course runs (a
semester, i.e., several months, as opposed to four days) does not appear to be a determining
factor in the development of pre-service teachers’ ASCs in this case. The trends observed
in the studies by [154,159] (see Section 1.3) are not supported by our findings.

4.3. Impact of the Major Field of Study

One of the important things to consider when examining the effects of different course
formats is the pre-existing knowledge of the participants, as this can have an impact on
learning success [151]. Based on previous studies, showing that primary teachers with a
science background have a higher science CK than those without a science major [22,45],
it was assumed that non-SciTec students would have lower science and technology CK
than SciTec students at pretest. This has been confirmed only for the group of weekly
participants. In the block format group, CK of the non-SciTecs was also lower in the
pretest but did not differ significantly from that of the SciTecs. One possible reason for
these differences could be Burton and Nesbit’s [151] finding that students who are more
confident in a subject are more likely to choose the block format. This also matches the
results that the pretest ASCs of the weekly non-SciTec participants were significantly lower
than those of the SciTec students in three subscales, whereas this was the case in the block
format group in only one subscale (see Section 3.4.2). Burton and Nesbit’s thesis, however,
is refuted when the pretest CK scores of the weekly and the block course participants are
considered more globally. The scores of both SciTecs and non-SciTecs who attend weekly
are each comparatively higher than those of block course participants. In future studies, the
number of participants per subgroup should be as similar and as large as possible because
unequal study group sizes and sample size affect test power and effect size [195].

Overall, while controlling for pretest scores using ANCOVAs when necessary, both
pre-service teachers with and without a SciTec major benefit from the course in terms
of CK and ASC, regardless of whether they attend weekly or the block course (RQ 4).
Regarding the ASC, the intervention seems to include situations and factors that lead
to a positive development of science- and technology-related ASC for both groups of
pre-service teachers (see Section 4.1.2). With a heterogeneous learning group and an
instructional setting that thrives on interaction with one another (see Section 2.2), social
comparisons [16,112,117,133] are also expected to have an impact on ASC. In addition to
the aforementioned attempt to avoid the negative effects of social comparisons, non-SciTecs
may have found that their knowledge and skills in science and technology are similar when
compared to SciTec students.

In line with the findings of [137,138], however, the comparison of short- and long-term
CK gains within the block course group also demonstrates that the major field of study
can be a factor influencing ASC development. The combination of a course format that
has hitherto been little represented in university teaching with learning content from areas
that are rarely or completely untouched in one’s studies may be one of the reasons why
non-SciTecs show a significantly higher increase in knowledge.

4.4. Limitations and Implications for Further Research

Due to the existing examination regulations, many of the pre-service teachers attended
the course voluntarily. It can be assumed that mainly those interested in such training
participated in the intervention. According to Richter [212], teachers who already have
a higher CK level are more likely to attend professional training. Participants could also
choose the course format they prefer. Thus, in subsequent studies, randomized assignment
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of pre-service teachers to the groups (EG/BG and weekly/block) would be appropriate.
Otherwise, differences in the outcomes could already be due to self-selection. However,
such an experimental design is often difficult to implement in regular university teaching
under the given examination regulations. Burton and Nesbit also point out that “random
assignment of students to traditional or block classes is unlikely to be acceptable to students,
ethics committees or to universities, given the normal practice of allowing students to
choose between available alternatives” ([151], p. 6).

As mentioned above, in addition to increasing the sample size per subgroup, the
stability of CK and ASC over a longer period than two months after the end of the course
should be examined to better assess the sustainability of the intervention.

Regarding the cognitive questionnaire, the following limitations should be noted: CK
is domain-specific [213]. That is, a high CK in one topic (e.g., human respiratory system)
does not necessarily imply high CK in another topic (e.g., human senses). Even though
the questionnaire covers several topics from science and technology, only course-specific
content is assessed, which limits the generalizability of the results. The same applies to
the type of knowledge. In future studies, not only the development of declarative CK but
also that of procedural or situational CK could be investigated, as these are also relevant
for professional action [54]. In preparing the analysis of the cognitive test, we were also
confronted with a reliability-validity trade-off [214]: A broad coverage of the knowledge
under investigation usually increases validity, but this may lead to low reliability of the
test. We tried to find a balance by using a test that represents a wide variety of topics
and by choosing a low discriminability value that led to the exclusion of items, as is
recommended for broad constructs [195]. Nevertheless, several items had to be removed,
which on the one hand led to acceptable reliability (see Section 2.5), but on the other hand,
may result in lower validity. Referring to the findings of Paulick and colleagues [116],
our study tested the validity of the knowledge test by correlating CK increases with
changes in ASCs (RQ 2). The more the participants gained CK, the more their physics- and
technology-related self-concept increased. No significant correlations were found for the
biology- and chemistry-related ASCs. These results can be interpreted to the effect that
the questionnaire—after removal of the items according to the above criteria—adequately
covers the CK in the disciplines of physics and technology and that there is further need
for optimization for the disciplines of biology and chemistry. This need is alleviated when
the results on correlations with the external criterion “last school grade” are added. Here,
weak but significant correlations were found between CK posttest scores and school grades
in biology, chemistry and physics. As with [72], high school GPA (grade point average)
could additionally be used for external testing of knowledge test’s validity in the future.

As an online questionnaire was used, it cannot be ruled out that participants relied
on external help to answer the questions, even if they were asked not to do so. Due to
the anonymity of the test and the lack of an examination character, it was not expected
that external help would be used. The instrument “online questionnaire” was deliberately
chosen because it offers many advantages: There are more ways to present the questions,
resource consumption is less, and with open-ended answers, there is no difficulty deci-
phering the handwriting. Missing values are reduced because participants are alerted to
missing responses, and data entry time and errors are minimized as data no longer need to
be entered manually by the person conducting the evaluation. The primary reason, though,
was that it would otherwise have been difficult to reach participants for the follow-up test
two months after the end of the course.

In this study, the instructor of the intervention was also the researcher. The influence
of this confounding variable [215] was minimized by considering several aspects of course
delivery, data collection and data analysis: The effect of “teaching to the test” was avoided
by the course setting, which emphasized self-directed knowledge acquisition through
experimentation, and by the abundance of supplementary material provided after the
experiments (see Section 2.2). To ensure objectivity in conducting the study [195], the links
to the online questionnaires were always sent by the same test administrator with the same
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instructions and information via the digital message forum in all course runs. Objectivity
of data analysis was ensured by using a predominantly closed-response format, a scoring
key for the open-ended responses in the cognitive test and a standardized data analysis
procedure (see Section 2.5). Since CK alone is not sufficient ensure to lead to effective
instruction or to improve pupil achievement [60,216] future studies should also consider
the intervention’s impact on pre-service teachers’ PCK. It could be explored, for example,
whether attending the course reinforces pre-service teachers’ PCK about primary school
children’s (alternative) conceptions of course topics. Referring to the finding that CK is
negatively correlated with PCK self-concept [117], we could also examine whether gains in
CK lead pre-service teachers to have more pessimistic perceptions of their PCK.

5. Conclusions

In summary, this study shows that a single interdisciplinary university course holds
the potential to positively impact not only pre-service primary teachers’ CK but also their
ASC in several disciplines. Thus, interdisciplinary interventions of this kind could be one
way of addressing the challenges facing the primary teacher education system worldwide
(see introduction). The course concept has been proven to be suitable for a heterogeneous
learner population. The finding that the course format can significantly influence the CK is
relevant not only to the design of university curricula and courses but also to the offering
of voluntary professional development courses in teacher education.
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Appendix A

Table A1. Examples of textbooks and handouts used to ensure the curricular validity of the cognitive
questionnaire.

Topic (Subtopic) Content Level Reference

Bionics (Lotus effect)
primary school [217,218]

secondary school [219,220]
university [221–224]

The human body (air and
respiratory system)

primary school [225–229]
secondary school [230–232]

university [233–236]

Table A2. Sample questions (cognitive questionnaire).

Original Question with
Corresponding Items

Translation of Sample
Question with

Corresponding Items

Type of
Question Disciplines Content Level Complexity

Level

Es geht nun um die
Phasenübergänge
zwischen den
Aggregatzuständen fest,
flüssig und gasförmig.
Geben Sie die
Bezeichnung (ein Wort
genügt, z.B. “Schmelzen”)
für die genannten
Vorgänge an. Falls Sie es
nicht wissen, setzen Sie
ein Fragezeichen (?).

• fest zu gasförmig:
___

• flüssig zu fest: ___
• gasförmig zu flüssig:

___
• flüssig zu gasförmig:

___

It is now about the phase
transitions between the
physical states of matter
(solid, liquid, and gas).
Enter the term (one word
is sufficient, e.g.,
“melting”) for the
processes mentioned. If
you don’t know, put a
question mark (?).

• solid to gas: ___
• liquid to solid: ___
• gas to liquid: ___
• liquid to gas: ___

open-ended
question

chemistry,
physics

primary school,
secondary

school (solid to
gas: secondary

school,
university

level)

fact

Welche dieser Geräte
gehören zu den
zweiseitigen Hebeln?
Kreuzen Sie alles
Zutreffende an!

• Schere
• Wippe
• Schubkarre
• Nussknacker

Which of these devices
belong to the two-sided
levers? Tick all that apply!

• scissors
• rocker
• wheelbarrow
• nutcracker

closed-ended
question

physics,
technology

secondary
school

relations/concepts
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Table A2. Cont.

Original Question with
Corresponding Items

Translation of Sample
Question with

Corresponding Items

Type of
Question Disciplines Content Level Complexity Level

Beim Blutdruckmessen
einer Ihnen unbekannten
Person zeigt Ihr
Blutdruckmessgerät
folgende Werte an:
Blutdruck: 90/60. Welche
dieser Aussagen sind
dann korrekt?

• Die Zahl 90 steht für
den systolischen
Blutdruck, 60 für den
diastolischen
Blutdruck.

• Die Zahl 90 steht für
den diastolischen
Blutdruck, 60 für den
systolischen
Blutdruck.

• Sie können ableiten,
dass dies der ideale
Blutdruck einer 10
bis 30-jährigen
Person ist.

• Sie können ableiten,
dass dies der ideale
Blutdruck eines
Kindes unter 10
Jahren ist.

When measuring the
blood pressure of a person
you do not know, your
blood pressure monitor
shows the following
values: Blood pressure:
90/60. Which of these
statements are correct?

• The number 90
stands for systolic
blood pressure, 60
for diastolic blood
pressure.

• The number 90
stands for diastolic
blood pressure, 60
for systolic blood
pressure.

• You can deduce that
this is the ideal blood
pressure for a 10- to
30-year-old.

• You can deduce that
this is the ideal blood
pressure for a child
under 10 years of
age.

closed-ended
question

biology,
physics

secondary
school,

university

relations/concepts

Table A3. Assignment of items to factors (rotated factor matrix) and communalities (h2). Loadings that led to the assignment
of the variables to the factor/subscale are highlighted in gray. Factor loadings λ < 0.30, interpreted as low [193], are not
shown.

Item Abbreviation
(Pre/Post) Factor 1 (Pre/Post) Factor 2 (Pre/Post) Factor 3 (Pre/Post) Factor 4 (Pre/Post) h2 (Pre/Post)

1-6
TU31_03/NT19_11 0.689/0.781 - - - 0.490/0.640
TU31_05/NT19_01 0.875/0.896 - - - 0.794/0.827
TU31_08/NT19_06 0.832/0.754 - - - 0.715/0.598
TU31_06/NT19_05 - 0.878/0.877 - - 0.792/0.808
TU31_11/NT19_10 - 0.910/0.910 - - 0.864/0.873
TU31_13/NT19_12 - 0.887/0.820 - - 0.837/0.736
TU31_09/NT19_18 - - 0.846/0.877 -/0.328 0.784/0.894
TU31_14/NT19_15 - - 0.836/0.856 - 0.803/0.817
TU31_16/NT19_08 - - 0.876/0.808 -/0.305 0.844/0.760
TU31_02/NT19_04 - - - 0.805/0.896 0.735/0.913
TU31_15/NT19_14 - - 0.342/0.361 0.716/0.754 0.641/0.711
TU31_17/NT19_17 - - -/0.373 0.755/0.680 0.705/0.649
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