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Abstract: Following concepts describing lesson planning as a form of anticipatory reflection, preser-
vice physics teachers’ reflection skills are assumed to be positively connected with their planning
skills. However, empirical evidence on this is scarce. To explore how relations between these specific
skills change over the course of a field experience controlling for influences of professional knowledge,
we conduct a pre-post field study with N = 95 preservice physics teachers in a one-semester field
experience. Content knowledge (CK) and pedagogical content knowledge (PCK) (paper-and-pencil
tests), and reflection and planning skills (standardized performance assessments) were assessed
before and after the field experience. Path analyses revealed almost no influence of reflection skills
on planning skills. Reflections skills did not contribute to preservice teachers planning skills beyond
knowledge, indicating both constructs might represent rather independent abilities. The results show
the need for further development of models describing the development of teachers’ professional
knowledge and skills in academic teacher education and for the development of concepts for a better
integration of reflection and lesson planning in field experiences.

Keywords: reflection; lesson planning; PCK; CK; field experience; teacher education; professional
skills; core practice

1. Introduction

Physics teachers need a complex set of knowledge and skills to initiate and support
their students’ learning adequately. This includes professional knowledge (such as physics
content knowledge), as well as the skills to plan a physics lesson and reflect on physics
instruction (cf. [1]). Physics teacher education programs in many countries often combine
extensive phases of academic studies emphasizing the acquisition of knowledge with more
or less extensive field experiences (for example, school practicums, school placements,
school internships), in which preservice physics teachers are expected to apply their theo-
retical knowledge acquired at the university [2,3]. For example, preservice teachers observe
mentor teachers’ instruction and conduct physics lessons on their own. Field experiences
are often seen as an important moderator for the transformation of academic knowledge
into practical skills [4], and general positive effects of field experiences are reported [2].
From an empirical point of view, the relation between theory and practice remains a major
challenge [5]. In recent years, the development of preservice teachers” knowledge and skills
in field experiences has become a more prominent research topic [3]. Thus, it could be
shown that sufficient professional knowledge at the beginning of field experiences supports
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the adequate development of explaining skills of preservice physics teachers during the
field experience [6]. In addition, adequate reflection skills can support the development
of professional knowledge [7]. However, little is known about the interplay of different
aspects of knowledge and skills and their changes during the path of a school practicum.
Lesson planning can be conceptualized as anticipatory reflection [8,9]. Therefore, it is
reasonable to assume that the skills to reflect on physics instruction should contribute to
the skills to plan a physics lesson beyond aspects of professional knowledge. However,
evidence on the relationship between planning skills and reflection skills is scarce.

In this article, we explore how the relationship of content knowledge, pedagogical
content knowledge, lesson planning skills, and reflection skills of preservice physics teach-
ers change during a one-semester field experience using path analyses. We chose those
variables because they are important aspects of physics teachers” competence [1,10,11]. In
the sense of our study, we understood the assessed knowledge as academic knowledge,
acquired mainly in the university parts of teacher education, whereas the skills represent
typical tasks of beginning teachers, or in other words, core practices [12,13]. All variables
were assessed in a proximal way using standardized knowledge tests and performance
assessments for lesson planning and reflection on physics instruction. This provides higher
validity than often-used approaches to assess skills through self-reports (cf. [4]). In our
paper, we will argue that skills to reflect on physics instruction of other teachers’ are
not necessarily related to the skills to plan one’s own physics lessons when professional
knowledge is controlled for.

2. Background
2.1. Relations between Physics Teachers” Professional Knowledge and Professional Skills

In recent decades, a vast body of research on science teachers’ professional knowledge
has been conducted [14-16]. Based on Shulman’s work [17], most models distinguish
between three areas of professional knowledge: content knowledge (CK), pedagogical
content knowledge (PCK), and pedagogical knowledge (PK) [1,15,18]. In short, CK means
the knowledge about the content teachers want or have to teach. In the case of physics, of
course, CK refers to subject matter knowledge in physics. PCK refers to knowledge of how
to teach a particular content, for example, choosing appropriate instructional strategies or
knowing about typical misconceptions of physical concepts [11,19,20]. PK is knowledge
about more general principles of learning and instruction not linked to specific content.

In particular, PCK has been the subject of extensive research, resulting in the Refined
consensus model of PCK (RCM) [11]. Formulated by a group of international researchers,
the model proposes different dimensions or aspects of PCK to describe the relation between
science teachers’ knowledge and classroom actions. First, collective PCK refers to explicable
knowledge of teacher educators, for example, the community of researchers in science
education. Second, personal PCK means knowledge held by one individual teacher. Third,
enacted PCK refers to knowledge that is only observable in a teacher’s action. Furthermore,
enacted PCK means “the specific knowledge and skills utilized by an individual teacher in
a particular setting, with [a] particular student or group of students, with a goal for those
students to learn a particular concept [ ... ]” [11] (p. 83). Following this, specific skills of a
teacher are reflected in his or her enacted PCK applied in a specific situation. Personal PCK,
on the other hand, influences enacted PCK and vice versa. For example, on the one hand,
the personal PCK of a teacher can affect his or her observable actions in the classroom. On
the other hand, she or he can reflect on these actions and transform experiences into a form
of personal PCK [21].

The relation between teachers’ professional knowledge and their action-related skills
can also be described with another theoretical approach. The continuum model of profes-
sional competence of Blomeke, Gustafson, and Shavelson (MoC) [22] describes teachers’
professional competence as a continuum between dispositions and observable perfor-
mance, aiming to describe how “knowledge, skills and affect are put together to arrive
at performance” [22] (p. 6). In short, in the MoC, cognitive and affective-motivational
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dispositions such as professional knowledge are seen as resources, which can be trans-
formed into situation-specific skills, namely the perception of a situation, its interpretation,
and decision making. Finally, applied in complex teaching situations, these skills result in
observable performance. According to the MoC, the integration of all these resources leads
to adequate performance.

Both models describe the relation between teachers” knowledge and skills as similar
in many respects. For example, situation-specific skills and performance in the MoC can be
identified as enacted PCK in the RCM (cf. [6]). Nevertheless, there are a few differences.
In the RCM, CK, and PK build a foundation of PCK. In the MoC, CK, PCK, and PK
contribute to situation-specific skills in parallel. On the other hand, even in the RCM,
for example, it can be assumed that CK can have a direct impact on teachers’ observable
behavior (in the sense of enacted CK) (cf. [6]). However, both models share the idea that
theoretical or academic knowledge held as a disposition has an impact on teachers’ actions
in teaching practices.

In the domain of physics, empirical evidence for these assumed relations is incon-
clusive [18,23]. The ProwiN project did not find a significant relation between teachers’
instructional quality and their CK or PCK (measured with paper-and-pencil tests). This
holds true whether the instructional quality is operationalized as cognitive activation [23]
or as content structure [24], both measured via observer ratings. The same holds true for
student achievement [18]. The QuiP project found low correlations between PCK and
learning outcomes moderated by the level of cognitive activation [25].

One reason for these mixed results—besides possible validity issues [18,26]—might
be the fact that the mentioned research measured instructional quality mostly via ratings
of videotaped lessons from field studies. In the complexity of a real classroom, teachers’
professional knowledge is just one factor influencing instructional quality [27]. Other
variables can also have an impact (e.g., unplanned interruptions); therefore, the relation be-
tween teachers’ knowledge and instructional quality is confounded by many uncontrollable
factors leading to little or no observable effects on teachers” knowledge. Kulgemeyer and
Riese [28] focused on one specific skill of physics teachers assessed through a standardized
performance assessment: the skill of explaining physics. This assessment was conducted
following concepts of medical education [29]. Preservice teachers were asked to explain
a complex physics phenomenon in a simulated adaptive dialogue with a “standardized”
student in a controlled setting. The student was trained to react in a certain way to make the
explanation performances of different preservice teachers comparable. In this assessment,
the complexity of an actual instructional explanation in a real classroom was reduced to
a more concise setting, which, nevertheless, reflects an authentic core practice of teach-
ers [12,13,28]. In using such a performance assessment in a cross-sectional study, it could
be shown that PCK mediated the influence of CK on explaining skills [28]. Therefore,
both aspects of professional knowledge, CK and PCK, can be regarded as dispositions of
teachers’ skills in accordance with the MoC [22].

2.2. Physics Teachers’ Reflection Skills

The ability to reflect is described as a core skill of teachers (cf. [13,30]) and has been
investigated in a huge body of research in teacher education in general, e.g., [30-32]
and in science teacher education (cf. [7]). Despite this long research history, there is still
debate about what reflection actually is [30,33]. Dewey [34] formulated reflection as a
specific kind of thinking realized with the goal of becoming aware of why one acts in a
specific way. This broad concept was widely adopted and further developed in research
on teacher education. Schon [31] emphasized the relation between reflection and action
and distinguished between two forms of reflection: reflection-in-action and reflection-on-
action. Reflection-in-action means thinking about one’s own actions during the action,
while reflection-on-action means a retrospective, analytic review of actions afterward.
One goal of the latter is to support the generation of alternative ways of acting in the
future. Both approaches to reflection are widely accepted in teacher education, and many
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scholars see in reflection the potential to close the gap between academic theory and
practice in teacher education [33,35,36]. In doing so, teachers can reflect on their own
instructional practice or on the practice of others, and both forms are expected to help to
improve teachers’ competence [32]. In this study, we follow the concept of reflection of
Kulgemeyer et al. [7]: “Reflection is the theory-based analysis of teaching with the goal of
improving the quality of instruction and/or leading to further development as a science
teacher” [7] (p. 3038). Several models describing reflection as a process were developed
in research. The influential ALACT model [37] postulates five phases of reflection: (1) A
teacher performs an action, (2) she or he looks back on this action, (3) she or he becomes
aware of essential aspects, (4) alternative actions for future situations are formulated, and
(5) these alternative actions are realized in similar situations in the future.

Reflection skills mean the ability of a teacher to perform these specific thinking pro-
cesses described above (reflectivity) (cf. [7,33,35]). In order to assess the reflection skills
of preservice teachers in more detail, many studies used models of different levels of the
depth of reflection. For example, Hatton and Smith [30] formulated four kinds of written
reflection: descriptive writing (no reflection at all, just describing an experience), descrip-
tive reflection (providing reasons for an observed action based on personal judgment or
concepts from the literature), dialogic reflection (an exploration of possible reasons in the
form of a dialogue with oneself), and critical reflection (contains reasons for own decisions
or observed events considering a broader social, political, or historical context). From an
empirical point of view, preservice teachers do not always reflect on the higher levels of
such models [32]. Written reflective reports often remain on a descriptive level of reflec-
tion [30], and the reflection of preservice teachers—even after field experiences—can be
described as rather superficial with an action-oriented focus [38].

Nowak et al. [39] formulated a model of reflection skills, which distinguishes between
four elements of reflection: (1) description of a teaching situation or the context of a lesson,
(2) evaluation of the situation, (3) formulating alternatives for the observed teachers’ actions,
and (4) formulating consequences. In addition, the model relates these elements to the
three knowledge bases: CK, PCK, and PK. Kulgemeyer et al. [7] used this model as a basis
for a measure of preservice physics teachers’ reflection skills assessed via a performance
assessment. In this assessment, participants take part in a simulation collaborative reflection
in a field experience with a fellow intern who asks them for feedback on his instruction.
Using this measure, they showed that higher levels of reflection skills at the beginning
have a positive impact on the development of PCK and PK during a one-semester field
experience (N = 94) [7]. Correlations between reflection skills and professional knowledge
changed during the field experience. Whereas reflection skills are only positively correlated
with PCK at the beginning (r = 0.48, p < 0.001), after the field experience there was only
a correlation between reflection skills and PK (r = 0.34, p < 0.05). Overall development of
reflection skills was not observed, which was in line with the results of studies analyzing
written reflections and showing that reflection quality did not develop positively during
typical field experiences [40,41]. Similar correlations between PCK and professional vision
(as a form of reflection, cf. [42]) of science preservice and in-service teachers for elementary
schools (preservice: N =113, in-service: N = 110) were observed by Meschede et al. [43]
(r=0.56, p < 0.001). Kramer et al. [44] also found similar relations between diagnostic
activities and PCK of preservice biology teachers using path analysis (N = 186; 3 = 0.29;
p <0.001). In addition, studies showing that reflective processes are more of a content-
specific rather than a context-independent skill indicate that reflection skills and content-
specific knowledge are related [45].

2.3. Physics Teachers” Lesson Planning Skills

Another core practice of teachers is lesson planning cf. [12,13]. Lesson planning is seen
as an essential prerequisite for successful instruction itself [46,47]. The literature provides
many normative guidelines or prescriptive frameworks describing aspects and steps of
lesson planning [48]. However, research shows that teachers do not plan lessons according
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to such guidelines [49]. Some models describe lesson planning not as a linear process but
more as an integration of several thought processes. For example, in the CODE-PLAN
model, Konig et al. [50] describe six main cognitive demands teachers have to meet during
lesson planning: content transformation, task creation, adaptation to learning dispositions,
clarity of learning objectives, unit contextualization, and phasing. In planning a lesson,
a teacher has to consider all of these demands, not necessarily in a particular order, but
in an integrative way to design a coherent instructional plan. However, lesson planning
depends on the context [51], so concrete operationalizations of planning skills have to
be specified, for example, for a specific subject or domain, the learning prerequisites of
the students or how a lesson plan is required to be documented (e.g., with or without
extensive commentary).

Different assessment methods were used to assess preservice teachers’ planning skills.
Some studies applied distal measures such as self-reports or tests for knowledge of lesson
planning [52]. Considering the MoC [22], these assessments are more likely to capture
teachers’ dispositions for lesson planning and not the actual planning skills. A more
proximal approach is to analyze real lesson plans [47]. Konig et al. [50] used the CODE-
PLAN model to rate the quality of lesson plans provided by preservice German language
teachers for their demonstration lessons at the beginning and at the end of the induction
phase in German teacher education (approx. 1.5 years) as a measure of their planning
competence. For a subsample, they also collected ratings of the instructional quality of these
lessons based, even though just based on student ratings. Results showed that planning
competence at the beginning was predictive of planning competence at the end. Planning
competence also correlates as expected with the given grade of the final demonstration
lesson. Furthermore, quality aspects of the lesson plan could partly predict the instructional
quality of the planned lesson in multilevel regression models. This is in line with results of
qualitative research showing relations between the quality of lesson plans and carried out
instruction by preservice teachers in field experiences [53,54]. However, further empirical
evidence on the relationship between planning skills and instructional quality is scarce [55],
in particular in the domain of physics.

It is rather unlikely that teachers also write such extensive lesson plans in their ev-
eryday professional life. Therefore, assessments based on such plans might not reflect
the planning skills which can be applied under real conditions in the field. For example,
the time teachers have for lesson planning is more or less constrained, and planning has
to be done under the stressful conditions of a tight timetable. To cope with these prob-
lems, Schroder et al. [56] conducted a performance assessment to assess preservice physics
teachers’ planning skills, which simulates a situation in which participants are asked by a
mentor teacher in a field experience to provide a lesson plan for the teaching of Newton’s
third law for the next day. Using these measures to assess the planning skills of preservice
physics teachers’ before and after a one-semester field experience, a positive development
of planning skills with a small effect size (d = 0.33, p < 0.05) could be found [56]. Lesson
planning skills correlated positively with PCK before (r = 0.32, p < 0.001) and after (r = 0.33,
p < 0.001) the field experience, and with PK before (r = 0.36, p < 0.001) and after (r = 0.25,
p < 0.05). No correlations between planning skills and CK were observed. Qualitative
studies showing a positive development of the quality of lesson plans in field experiences
also indicate the development of planning skills in typical field experiences (cf. [53,54,57]).
Similarly, Stender et al. [58] found correlations between physics in-service teachers’ (N = 49)
topic-specific professional knowledge (similar to the concept of PCK) and the (functional)
quality of lesson plans measured via a standardized online test (8 = 0.45, p < 0.001).

2.4. Relations between Physics Teachers” Reflection and Planning Skills

While reflection skills, in theory, are related to the professional knowledge of teachers
by definition [36], they are also related to teachers’ lesson planning skills. Considering the
ALACT model [37], one goal of reflection is to create an alternative sequence of actions
(cf. [33]) while creating a sequence of actions (a plan) is also at the core of lesson plan-
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ning [47]. Early research on teachers’ cognitive planning processes also highlights the role
of the evaluation of past planning decisions for future lesson plans [59]. Consequentially,
some scholars further developed Schon’s concept of reflection [31] by incorporating lesson
planning as a form of anticipatory reflection [8]. During this reflection-before-action [8,9],
teachers reflect on possible future actions and prepare their lessons. In a broader sense, an-
ticipatory reflection is not limited to lesson planning and refers to all activities teachers have
to undertake [60]. Some scholars assume anticipatory reflection as an important factor for
the professional development of preservice teachers, in particular in field experiences [9,60].

Based on these considerations, we can assume a positive relationship between teachers’
reflection skills (reflection-on-action) and teachers’ lesson planning skills (which are related
to reflection-before-action). Skills to reflect observed lessons, therefore, should be helpful
in developing skills to plan lessons. Whether this applies only when preservice teachers
reflect on their own teaching or also on the teaching of others is not clear based on the
literature. On the other hand, following the MoC [22] or the RCM [11], both reflection skills
and planning skills are based on professional knowledge as a cognitive resource. Therefore,
it is also possible that differences in planning skills are largely explainable by differences in
aspects of professional knowledge such as CK and PCK. In a qualitative study with a small
sample size (N = 18) focusing on pedagogical knowledge (PK), Zaragoza et al. [61] (p. 13)
found: “Participants who were able to connect PK with their lesson plans were also able to
connect their PK with classroom observations”. However, whether this also applies to CK
and PCK in the domain of physics still needs to be examined. Reflection skills may also
act as a moderator between PCK and planning skills, and, simultaneously, PCK may be a
moderator of CK for planning skills (cf. [11,28]).

In many teacher education programs, preservice teachers have to observe and reflect
on other teachers’ instruction before they are expected to plan lessons independently on a
larger scale. This is at least the case for field experiences in teacher education programs in
Germany [3]. Field experiences are, therefore, a good context to investigate the proposed
relations. As mentioned above, previous research indicates that the relationship between
reflection skills and PCK can change over the course of a field experience, whereas the
relation between planning skills and PCK remains stable [7,56]. However, it remains an
open question if the mediating role of PCK for CK on explaining skills can be found for
reflection or planning skills as well (cf. [11,28]).

3. Methods
3.1. Research Goals and Assumptions

In the present study, we will explore the relation between preservice physics teachers’
reflection skills, planning skills, and their CK and PCK in more detail. We focus on a
one-semester field experience in teacher education in Germany. We cannot trace the actual
processes of reflection or planning of the preservice teachers during the whole school
internship in our study, but we, nevertheless, can look at the changes in their skills and
knowledge based on pre-post measures. Even if we chose an exploratory approach, we
could still formulate some conjectures regarding expected outcomes.

RG1: Seeing planning as anticipatory reflection, we assume to find positive correlations
between reflection skills and planning skills at both the beginning and the end of the field
experience. This corresponds with an interpretation of reflection skills as a disposition for
planning skills. However, since PCK and CK are dispositions for both skills following the
MoC [22], and reflection in our study is operationalized as a reflection on other teachers’
instruction, we assume that differences in skills can also be attributed to differences in PCK.
Considering all variables, we assume a mediating role of reflection skills for planning skills
and a mediating role of PCK for CK on both skills (cf. [11,28]).

RG2: Given the similarity between reflection on instruction and planning as anticipa-
tory reflection, we assume that reflection skills at the beginning of the field experience are
helpful for the development of planning skills. Given the postulated similarity between
thought processes of reflection-on-action and reflection-before-action, we can also assume
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that planning skills at the beginning of the field experience are helpful for the development
of planning skills. We cannot determine, which skill has a higher impact on the other, but
we will explore if there is an impact at all.

Findings regarding our research goal can help to understand the complex development
of professional knowledge and skills during field experiences in more detail. The whole
design of teacher education programs is based on assumptions similar to the MoC [22] or the
RCM [11], so results can strengthen these assumptions or indicate necessary modifications.

3.2. Design and Context of the Study

Our study was conducted in Germany. In physics teacher education programs in
the most federal states in Germany, a one-semester field experience was implemented
(the so-called practical semester [62]). It lasts approximately five months in the Master’s
program of the academic part of teacher education. This practical semester includes typical
activities of field experiences (cf. [2]). Preservice teachers are expected to observe and
reflect on the physics instruction of teachers at local schools and are obliged to plan and
carry out physics lessons on their own. Experienced mentor teachers and university teacher
educators collaboratively reflect on their teaching with them. Although the preservice
teachers work at their school most of the time, they usually have to take some courses at
the university (normally one day a week) with the goal of supporting the student teachers’
practical activities and providing guided opportunities to reflect on their practice explicitly
based on theoretical concepts. The quality of student teachers’ instruction is not graded,
and, therefore, it is not necessary to achieve a certain teaching quality to pass the practical
semester. It is rather intended that preservice teachers should try themselves out in the
role of teachers during the internship; class visits of teacher educators have more advisory
functions and are intended to support reflection [62]. Considering the overall design of the
practical semester, preservice teachers should have sufficient learning opportunities for
reflection and lesson planning.

We conducted a pre-post design. PCK, CK, reflection, and planning skills were
assessed before and after the one-semester field experience. In the beginning, participants
were also asked to fill out a questionnaire focusing on some demographic variables (such
as age) to get a deeper insight into the sample. After the practical semester, participants
were asked to complete another questionnaire regarding their experiences during the field
experience to shed some light on the actual learning opportunities preservice teachers had.
For example, they were asked about the number of observed and conducted lessons. We
are aware that this just comprises the quantity and not the quality of learning opportunities,
but a sufficient number of opportunities for reflection or lesson planning is the necessary
basis for skills development. Written informed consent was obtained from all participants
before data collection.

3.3. Sample

The sample consists of N = 95 preservice teachers from four German universities.
Physics teacher education at these universities is structured in a similar way, including
courses focusing on CK, PK, and PCK in the 6-semester Bachelor’s program with similar
course content. All four universities have implemented a one-semester field experience
(practical semester, approx. five months) in the second semester of their 4-semester Master’s
program. The present study takes place immediately before and after this school internship.
The sample is almost a full survey of all preservice physics teachers absolving the school
internship at the four universities at the time of our study. Therefore, the sample is
representative of preservice physics teacher students in Germany at the four universities.
The sample is not representative of preservice physics teachers in Germany in general
because it is a sample of convenience. However, since the structures of the study programs
and the covered contents are quite similar to other study programs in Germany [63],
conclusions drawn from our study might be transferable to other universities.



Educ. Sci. 2022, 12, 479

8 of 21

Teacher education in Germany is structured alongside different school tracks [64]. A
total of 77.5% of the participants were enrolled in study programs for teaching physics
for an upper secondary track (Gymnasium), 20.0% for a lower secondary track (Haupt-
und Realschule), and 2.5% made no statement in the questionnaire. Preservice teachers
for the upper secondary track usually had to take more and more specialized courses
focusing on CK (in most cases taking courses together with BA/MA physics students)
compared to preservice teachers for the lower secondary track (which mostly take courses
together with BA/MA students for engineering or chemistry) (cf. [63]). In all programs, the
courses in the first semesters of the BA degree programs were focused on mechanics (see
Section 3.4). Preservice teachers of both tracks took the same courses focusing on PCK at
their respective universities, but preservice teachers for the lower secondary track usually
had to take more courses. Due to the small total number of teacher students, the similar
learning opportunities for the content focus of this study (mechanics), and the instruments
that were designed to be used for preservice physics teachers for all of these programs (see
Section 3.4), we used the combined sample for our analyses.

All participants held a Bachelor’s degree in physics education for teaching. The
average age was 25.7 (21-45). All preservice teachers studied a second teaching subject, in
most cases, math. During the field experience, participants planned and taught an average
of 20.2 (5-50) physics lessons on their own. Of these, an average of 5.5 (0-33) lessons were
focused on mechanics. They also observed an average of 62.4 (10-220) physics lessons
taught by other teachers. In their second teaching subject, they taught 20.0 (4-54) lessons
on their own, on average, and observed 66.7 (2-200) lessons. All participants had many
opportunities to reflect with mentor teachers on lesson plans or on their own teaching. In
addition, all preservice teachers were visited by a university teacher educator at least once
and collaboratively reflected on their own teaching with her or him.

Due to the extensive testing time both before and after the internship (participation in
all assessments required an overall testing time of 190 min each), not all preservice teachers
were able to participate in all possible eight assessments. This results in missing data which
are distributed as follows: CK (t1: 23.2%; to: 29.5%), PCK (t1: 26.3%; tp: 27.4%), reflection
skills (t;: 30.5%; t;: 40.0%), and planning skills (t;: 6.3%; tp: 26.3%). Only N = 31 preservice
teachers participated in all eight measurements (pre and post). We will discuss how we
deal with this in our analyses in Section 3.5.

3.4. Instruments

In the present study, we rely on established instruments used previously in other
studies [7,56]. More details on instrument development and validation can also be found
in [7,18,56,65]. Regarding the physics content, all instruments (CK, PCK, reflection skills,
and planning skills) focus on mechanics. This includes concepts commonly covered in
curricula of German secondary schools: mass, inertia, speed, velocity, acceleration, force, en-
ergy (potential, kinetic), linear and circular motion (including equations of typical motions
such as constant translational acceleration), centripetal force, Newton’s laws of motion,
momentum, and conservation of momentum/energy. Not all concepts are represented in
all instruments. The instruments used to assess CK and PCK refer to all (respectively most)
of these mechanical concepts. The instruments for assessing reflection and planning skills
focus on the specific but related concepts of conservation of momentum (see Section 3.4.3)
and Newton’s third law of motion (see Section 3.4.4). Another principle of instrument
development was a curricular focus for a 10th-grade physics class at a comprehensive
school. Regardless of which degree programs for which type of school the preservice
teachers in our study were enrolled in, all of them had to be able to carry out instruction for
this particular group of students based on similar 10th-grade physics curricula in their later
professional life. Moreover, the preservice teachers in our study could make experiences
with concepts of mechanics in the context of the field experience (see Section 3.3).
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Furthermore, these foci allow relating the results of different instruments to each other
and combining preservice teachers of different programs in our sample ensuring higher
validity of interpretations. The respective pre- and post-tests were identical.

3.4.1. Content Knowledge

We used the CK test of the project Profile-P+ [18]. The paper-and-pencil instrument
included 48 multiple-choice questions. The required testing time was 60 min. The under-
lying model distinguishes between three subdimensions of CK represented in subscales
in the instrument. All subscales have sufficient reliability: (1) school knowledge (physics
knowledge represented in school textbooks) (EAP/PV reliability: 0.82); (2) a deeper under-
standing of physics school knowledge (e.g., knowledge of different solution procedures)
(EAP/PV reliability: 0.81); and (3) university knowledge (physics knowledge from a uni-
versity textbook) (EAP/PV reliability: 0.82). During development, also, several analyses for
validity were conducted: content validity (curricular analysis, textbook analysis), construct
validity (Rasch analyses), and cognitive validity (think-aloud study). The overall score is
also reliable (EAP/PV reliability: 0.84). More details can be found in [18]. In the present
study, we only use the manifest overall score.

3.4.2. Pedagogical Content Knowledge

We used the Profile-P test on PCK [18] developed by Gramzow et al. [20,66] based
on other models and instruments for PCK, e.g., [19] and the analyses of curricula of
German physics teacher education programs. In the test development process, several
analyses for validity were conducted: content validity (expert ratings), construct validity
(Rasch analyses, analyses of nomological networks), and cognitive validity (think-aloud
study). The paper-and-pencil test consisted of 43 items, including some open situational—
judgment items and some multiple choice items. The required testing time was 60 min. The
instrument was used in several previous studies [6,7,56,66]. It has good overall reliability
(EAP/PV reliability: 0.84) and a good level of interrater reliability regarding the coding of
open answers (x = 0.87). The test comprises four sub-scales that also have good reliability:
instructional strategies (EAP/PV reliability: 0.62); students” misconceptions and how to
deal with them (EAP/PV reliability: 0.69); experiments and teaching science adequately
(EAP/PV reliability: 0.74); and PCK-related theoretical concepts (EAP/PV reliability: 0.76).
In this study, we only use the manifest overall score. This score can be interpreted as a
measure of personal PCK of the participating preservice teachers.

3.4.3. Reflection Skills

We used the performance assessment for the reflection skills of the authors [7]. As
mentioned before, many studies assessed reflection skills by relying on self-reports or
knowledge of reflection [4]. To overcome issues of limited validity in such measures,
the authors [7] developed a performance assessment following assessment concepts of
medical education [29]. In such performance assessments, typical professional situations
or core practices [Quelle] are simulated with so-called standardized patients or, in the
case of teacher education, students [67]. The goal is to provide an authentic assessment of
action-related skills under standardized conditions [28,68]. Similar to research in medicine,
sufficient reliability and validity can be ensured, e.g., [69].

The instrument simulates a collaborative oral reflection situation typical for field
experiences in a digital format. In this assessment, participants have to follow a video-
based reflective conversation with a peer intern (“Robert”) who shows them video clips
of a staged lesson on the conservation of momentum and asks them for feedback on his
instruction. Overall, 13 video vignettes have to be reflected. After each clip, “Robert” asks
for feedback, and at the end of the conversation, the lesson as a whole has to be reflected.
Participants do not have to write down their reflections but can give answers verbally,
which are audio-recorded. The required testing time for the whole assessment is 70 min.
See [7] for more details on the structure of the instrument.
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Recorded answers were analyzed using categories derived from the qualitative content
analysis [70] of the whole material. The categories were based on the model of reflection of
Nowak et al. [39] (Figure 1).

| Elements of Reflection |

‘ With reasoning
@ Without reasoning

CONSEQUENCES

ALTERNATIVES

EVALUATION

Teaching situation

DESCRIPTION

Context of the lesson

Knowledge Base

Pedagogical
content
knowledge

Content
knowledge

Pedagogical
knowledge

Figure 1. Model of reflection skills (adapted from [38]).

The model distinguishes between elements of reflection, representing different re-
flective thought processes, and the knowledge bases reflective statements are based on.
These elements rely on the model of Ploger and Scholl [71]. In the rating process, every
reflective statement of a preservice teacher was matched with an element of reflection (e.g.,
a description of a teaching situation or the formulation of alternative actions for a situation),
a knowledge base, and if an evaluation, alternative, or consequence was explicitly based
on any form of reasoning (yes/no). Triple coding of 17% of the statements indicates good
interrater agreement (Gwet’s AC1 = 0.90). After coding, scores were applied to rate the
quality of each reflective statement for all knowledge bases in the form of levels of reflection
(Table 1).

For simple descriptions, participants received one point, whereas a reasoned conse-
quence was awarded seven points. In the end, points for all statements were added up.
During the development process, several analyses for validity were conducted: construct
validity (study with in-service teachers) and content validity (interview for the perception
of the situation). In the present study, we only use the manifest overall score, which has
sufficient reliability (« = 0.74).

3.4.4. Planning Skills

For the assessment of lesson planning skills, we used the performance assessment of
the authors [56,72]. Since teachers in practice do not usually write extensive lesson plans in
their everyday work, the performance assessment was developed to assess planning skills
in a more authentic and proximal way, but under standardized conditions. Similar to the
instrument for the assessment of reflection skills, concepts from medical education were
references for the development [29].

The assessment simulates a situation similar to everyday planning situations in field
experiences. Participants were asked by a fictive mentor teacher to provide a lesson plan
for the teaching of Newton'’s third law the next day. Therefore, planning time is constrained.
The mentor teacher determines the learning objectives of the lesson, and the only other
requirement is to include an experiment. Experiments are, in general, not a mandatory
element of physics instruction, but planning experiment represents an important core
practice of physics teachers. Participants were provided with standardized materials: a
short description of the class (e.g., including information on learning prerequisites) and
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excerpts from two frequently used school textbooks and a popular German website on

physics for teachers and students.

Table 1. Levels of reflection (adapted from [7], p. 3046).

Points Level of Reflection

Sample Statement

Reasoned consequences for future

7 instruction or
personal development

“You might consider working more with
cooperative learning techniques in the future.
For the next lesson, that would be worth trying
explicitly. It might help to let the students
discuss the question with their peers before
calling them up.

Cooperative learning explicitly suggests
following a ‘think-pair-share” approach, which
includes a phase of peer discussion.”

Consequences for future

“You might consider working more with
cooperative learning techniques in the future.

6 instruction or personal For the next lesson, that would be worth
development - oy
trying explicitly.
“You might consider letting the students discuss
the question with their peers before you call
Reasoned alternatives to the t'hem upP I:?ecause ta'lkmg about one’s own.
5 misconceptions requires a lot of courage. It is

teaching situation

important to make it part of the experience to say

that other students have the
same misconceptions.”

Alternatives to the teaching

“You should wait longer before you call someone

4 o up or let the students talk to each other before
situation ”
you call them up.

Reasoned evaluation of the It was not good to call th1§ student up so fast

3 teachine situation because the other students did not have a chance
J to really think about the task.”
5 Evaluation of the “It was not good to call this one student up
teaching situation so fast.”

1 Description of the teaching “Two students held up their hands and you

situation or lesson context

called one of them up immediately.”

The preservice teachers did not have to provide a fully formulated lesson plan but were
expected to document their planning on a pre-structured planning paper with prompts
covering different aspects of a lesson plan [56,72]: an analysis of the physical content,
possible student misconceptions, intended experiments and tasks or questions, explanations
or justifications, a short conclusion for the blackboard, and a lesson draft in the form of a
table. The required testing time for the whole assessment was 60 min.

In order to find a measure of planning skills, a model for the quality of the provided
lesson plans was conducted, including seven categories [56,72]:

Physical content and correctness
Elementarization

Reachability of learning objectives

Use of examples and contexts

Presentation and use of experiments
Presentation and use of tasks or questions

Presentation and consideration of students’ perspectives

Based on these categories, 45 dichotomic coding items to rate the quality of the lesson
plans were developed. Some coding items primarily focus on the local quality of different
elements of the lesson plans (e.g., the concrete description of planned experiments and
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their expected outcomes), while other coding items focus on the global quality, especially
on how the elements are integrated into a coherent instructional sequence (e.g., planned
experiments are implemented according to the learning goals) (cf. Table 2).

Table 2. Example of a dichotomic rating item: considering typical misconceptions of students on
Newton’s third law (adapted from [72], p. 1480).

Experiment—Materials

Aim: The Experiment is Described in Such a Way That Others Would be Able to Prepare the
Experiment by Themselves. Required Materials are Specified.

Item Solved (1P) Item Not Solved (0P)

Required Materials are specified in description
of the experiment or in the lesson draft, e.g.,

° “2 students on separate skateboards,
connected with a rope. Both students
hold on to one end of the rope. First, only
student A pulls in the rope, [ ... ]. Can be
repeated with force meters attached to the ®  Within the experiment, forces are to be

Important materials are not mentioned, e.g.,

ends of the rope” measured, but no force meters
e  “Materials: 2 skateboards, 2 students, 1 are mentioned

rope, 2 force meters” o  Description of experiment not clear
e  “Astudent is standing on roller skates e  No materials mentioned at all

and has to throw away different balls No experiment described

(tennis ball, basketball, medicine ball)
horizontally. The balls and his motion
shall be observed.”

For each coded item as “yes”, participants received one point. If they did not provide
information on one of the elements, this was coded as missing, and they received zero points
for this item. For a measure of planning skills, these points were summed about for all items.
Double coding of 52 lesson plans indicates good interrater agreement (Gwet’s ACI = 0.83).

Several analyses for validity were conducted: content validity (expert ratings, com-
parison with real lesson plans conducted in the field experience) and construct validity
(sensitivity for changes during teacher education, analyses of nomological networks). For
more details on validation see [18,56]. The overall score of planning skills has sufficient
reliability (a = 0.74).

3.5. Data Analysis

We used path analyses to investigate relations between all assessed variables according
to our research goal. Path analyses can be used to estimate the explained variance of one
variable by a set of other variables. In the literature, a sample size of at least ten cases
per variable is proposed for path analyses [73]. As all our models include a maximum of
four variables, our sample is appropriate for our planned analyses. While, in general, our
sample size is rather low, it still allows the observation of middle to large effects.

We have to deal with many “missing” coded items in all variables because most of
the preservice teachers did not participate in all measurements before and after the field
experience. Therefore, we used robust maximum-likelihood estimation (MLR) [74] and full
information maximum likelihood (FIML) [75] to estimate the path models. Additionally,
we rely on manifest values, which are more appropriate to deal with low overall sample
size. This is a rather conservative approach and may lead to an underestimation of possible
effects. For analyses of manifest correlations, we use all cases with pairwise deletion.

All analyses were conducted using AMOS 28.0 [76]. As measures for model fit, we
report CFI (comparative fit index; very good fit CFI > 0.95), RMSEA (root mean square
error of approximation; required RMSEA < 0.05), and x?-tests (required p > 0.05) [77].
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4. Results

4.1. Descriptive Analyses of PCK, CK, Reflection, and Planning Skills before and after the
Field Experience

Table 3 shows the descriptive results for all measures before and after the field experience.

Table 3. Descriptive results of PCK, CK, reflection skills, and planning skills L

Pre Post

M SD Range M SD Range

PCK

CK
Reflection skills
Planning skills

60
64
48
65

0.52 0.13 0.17-0.78 0.58 0.11
0.60 0.13 0.31-0.96 0.64 0.12
0.14 0.05 0.06-0.29 0.15 0.06
0.47 0.13 0.11-0.71 0.52 0.15

0.29-0.82
0.40-0.93
0.03-0.29
0.18-0.87

1 All variables are standardized as relative share of possible points achieved.

To estimate the significance of differences between pre-and post-measures, we used
paired t-tests including all available pre-post data for each variable (pairwise deletion,
see Table 3). We chose a p-value of p = 0.05. The pre-post differences of all variables
were normally distributed, as assessed by the Shapiro-Wilk test, with the exception of the
difference of CK (p = 0.005). However, the paired ¢-test is rather robust for not normally
distributed variables for sample sizes of N > 30 [78], so we conducted paired ¢-test for
all variables.

We can observe a statistically significant positive development between pre- and post-
measures for PCK using t-tests (d = 0.48; p < 0.001), CK (d = 0.32; p = 0.002), planning skills
(d =0.36; p = 0.009), but not for reflection skills (p = 0.234) (cf. [7]).

Table 4 shows the intercorrelations (Pearson’s r) between all measures. Before the field
experience, we found a correlation between PCK and reflection skills (r = 0.48, p < 0.001)
as well as between PCK and planning skills (r = 0.33, p < 0.01) (cf. [7,56]). In addition, we
can observe a statistically significant correlation between reflection and planning skills
(r=0.27, p < 0.05). After the field experience we found a correlation between PCK and CK
(r=0.33, p < 0.001), and the correlation between PCK and planning skills (r = 0.35, p < 0.01)
remains stable. The correlations between PCK and reflection skills and between reflection
and planning skills vanished. However, in terms of effect size, the latter is still close to the
correlation before the internship. We found no correlations between CK and reflection or
planning skills before and after the internship.

Table 4. Manifest intercorrelations of PCK, CK, reflections skills, and planning skills—pre/post 1

PCK;

CK; Ry P, PCK, CK, R, P,

R 0.43 **
P; 0.33 **
PCK, 0.70 **

P, 0.53 **

1
—0.05 1
—0.04 0.27 % 1
0.38 ** 0.15 0.34 ** 1
0.33 ** —0.01 0.07 0.33 ** 1
0.11 0.54 ** 0.37 ** 0.11 —0.06 1
0.35 ** 0.33 % 0.48 ** 0.35 ** —0.19 0.23 1

1#p <0.05, ** p < 0.01; PCK = pedagogical content knowledge, CK = content knowledge, R = reflection skills,
P = planning skills, 1 = pre, 2 = post.

A first look at the correlations between pre- and post-measures reveals that every pre-
measure correlates significantly with its post-measure. PCK and CK before the field experi-
ence both positively correlate with planning skills after the field experience (0.33 < r < 0.53;
at least p < 0.05). In addition, planning skills before the school internship are correlated
with reflection skills after the internship (r = 0.37, p < 0.01) and vice versa (r = 0.33, p < 0.05).
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4.2. Relations between PCK, CK, Reflection Skills, and Planning Skills before and after the
Field Experience

We investigated the impact of reflection skills on planning skills while simultaneously
controlling for the influence of CK and PCK using path analyses. Following our assumption
(see Section 3.1), we specified reflection skills as a moderator between PCK and planning
skills and PCK as a moderator for CK as well. To explore changes in the relations during
the field experience, we conducted a path model for each measurement (pre and post)

(Figures 2 and 3).
1 R’=0.157

planning skills

—0.100 (n.s.)

159 (n.s. 0.314*
CK ()13)(11\)' PCK

A 4

A

0.428 ** 0.146 (n.s.)
| reflection skills

R’=0.184

Figure 2. Path model for the relations between CK, PCK, reflection, and planning skills before the
field experience, * p < 0.05, ** p < 0.01, model fit: RMSEA = 0.000; CFI = 1.000; x2 =0.483; p = 0.487.

l R*=0.276
0.308%* 0.447* |

CK | PCK »| planning skills

—0.379%**

A
0.133 (n.s.) 0.151 (n.s.)
p| reflection skills

R’=0.018

Figure 3. Path model for the relations between CK, PCK, reflection, and planning skills after the field
experience, * p < 0.05, ** p < 0.01, model fit: RMSEA = 0.000; CFI = 1.000; Xz =0.901; p = 0.343.

Both models have a good fit. Considering the standardized regression weights before
and after the field experience, the most important factor influencing preservice teachers’
planning skills was PCK, whereas the relation is even stronger after the internship. In
addition, reflection skills show no influence on planning skills in both path models when
we control the influence of PCK and CK.

All other relations change between the beginning and the end of the field experience.
We cannot observe PCK playing a mediating role in the influence of CK on planning skills
before the internship, as both paths from CK to PCK and planning skills are not significant.
However, after the field experience, the model indicates that PCK is a mediator for CK on
planning skills. Additionally, the direct path from CK to planning skills shows a significant
negative standardized regression weight (3 = —0.379, p < 0.01). The relation between PCK
and reflection skills also changes. Before the internship, PCK has a significant influence on
reflection skills in this model, and PCK explains 18.4% of the variance of reflection skills.
After the internship, PCK shows no significant influence on reflection skills, explaining just
1.8% of the variance. CK, PCK, and reflection skills together explain 15.7% of the variance
of planning skills before the field experience and 27.6% after the field experience.
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To investigate if reflection skills at the beginning of a field experience are helpful for
the development of planning skills as anticipatory reflection and vice versa, we conducted
path analyses in a cross-lagged panel design [64] (Figure 4).

pre post
k%
planning skills 0449 »| planning skills R=0317
0.232%*
0.238*
reflection skills — »| reflection skills | R’=0.356
0.490

Figure 4. Cross-lagged panel analysis, * p < 0.05, ** p < 0.01, model fit: RMSEA = 0.000; CFI = 1.000;
x> =0.179; p = 0.672.

Both reflection and planning skills at the beginning of the field experience have an
impact on the respective scores after the field experience. On the one hand, planning skills
and reflection skills before can explain 31.7% of the variance of planning skills afterward.
Planning skills at the beginning alone can only explain 23.7% of the variance afterward.
Therefore, roughly one-third of the variance can be explained by reflection skills before the
internship. On the other hand, planning skills and reflection skills before can explain 35.6%
of the variance of reflection skills after the field experience. Reflections skills before alone
explain 32.4% of variance afterward. Therefore, the contribution of planning skills to the
development of reflection skills is rather low.

5. Discussion

Our research goal was to explore the relations between professional knowledge and
professional skills of preservice physics teachers in the context of field experiences in
more detail.

In RG1 (see Section 3.1), we assumed that skills to reflect on physics teaching might
be helpful in planning physics lessons following the notion that planning was a form of
anticipatory reflection [8]. Overall, our results seem not to confirm this conjecture. In
our path analyses, preservice teachers’ reflection skills showed no significant influence on
planning skills, both before and after the completion of a one-semester field experience. In
light of our results, lesson planning and reflecting on physics instruction might not be based
on such similar cognitive processes as indicated by the concept of planning as anticipatory
reflection [9]. However, we operationalized reflection skills as a reflection of the physics
instruction of other teachers. Anticipatory reflection as a concept itself is more related to
reflection on one’s own actions or the development of one’s own professional self [60].
Reflections of one’s own actions or own physics instruction might evoke other cognitive
processes than the reflection on actions of others (cf. [33]). Research on preservice teachers’
reflections of videos of their own lessons compared to videos of others show that reflection
of one’s own instruction often comes together with more effective thought processes and
emotions, which leads to other forms of reflection [79]. This could provide an explanation
for why we found almost no relations between reflection and planning skills before and
after the field experience.

However, since planning a physics lesson is also a rather analytic process in which
PCK seems to play an important role, we would argue that we should at least see some
connections to the more analytic reflection of physics instruction of others (cf. [71]). The
cross-lagged panel analyses show some evidence for this assumption by the fact that
reflection skills at the beginning of the field experience explain more variance of planning
skills after the field experience than planning skills before the other way around (RG2, see
Section 3.1). However, looking at the path models controlling for PCK and CK, we would
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conclude that reflection skills alone do not support the development of planning skills.
Our explorative results rather support the claim that planning and reflection skills both
might need a profound, shared knowledge base but develop rather independently over the
course of a field experience (cf. [61]).

However, relations between professional knowledge and skills showed to be complex
and to change over time. We cannot replicate PCK to be a mediator for CK for planning
skills at the beginning of the field experience as well, as we assumed based on results of
previous research [28]. Furthermore, planning skills do not directly correlate with CK of the
participants before and after the field experience (cf. [56]). On the other hand, considering
our path analyses for the variables measured after the field experience, we found PCK
to be the expected mediator between CK and planning skills. Furthermore, we found a
direct negative influence of CK on planning skills. The latter can be interpreted in a way
that a high amount of CK alone does not help in lesson planning and has to be mediated
through PCK to have a positive impact. It seems that just pre-service teachers with a
high PCK benefit from their CK. The direct impact of CK being negative is related to
Kulgemeyer’s [80] observation regarding the relationship between CK and explaining
skills: in this study, explainers with high content knowledge tend to have less developed
explaining skills and, thus, explain worse than explainers with less physics CK. This “expert
blindspot” (content experts are usually not aware of this effect) can likely be compensated
with PCK. Our results here, again, highlight the importance of PCK for being a successful
teacher. For both the core practices of explaining and lesson planning, it is not sufficient to
have just a high level of CK; an unreflected high CK without a high PCK might even do
more harm than good.

It was also quite surprising that PCK showed no influence on reflection skills after
the internship, while the impact was relatively strong at the beginning. Previous research
indicates that the way preservice teachers reflect on teaching in field experiences changes
over time [7]. In the beginning, they highly relate to theoretical concepts learned through
university studies. Afterward, reflection is lesser based on theory but more on mentors’
notions or generalized own experiences, which were not related to concepts of physics
education learned at the university before. In addition, a shift regarding the knowledge
bases could be observed, in the sense that preservice teachers refer in their reflections
more to concepts of PK than PCK [7]. This also could explain why we see a shift in
the relations between knowledge and reflection skills in our study but no development
of reflection skills in total if the reflection score is a sum over all knowledge bases (see
Section 3.4.3). Another explanation lies in research indicating that preservice teachers’
belief that knowledge learned at university might not be helpful for practical teaching
demands [81]. Field experiences might intensify these beliefs, and accordingly, preservice
teachers do not deliberately apply their knowledge in reflection. For the more analytic task
of lesson planning, the use of knowledge learned at university is more likely overall since
student teachers have at least to think about how to present physical concepts in a planned
instructional sequence.

We have to consider some limitations. Our sample size is rather low, which limits
our analyses to finding small effects, which is quite probable since our data is based on
a field study and not an experimental design. Therefore, our study did not allow for
causal interpretations [82]. Our analyses may also be biased by the fact that, on average,
reflection skills do not change over the course of the field experience (possible floor effect).
In addition, we had to deal with some missing data, in particular for the assessment of
reflection skills after the field experience. Although we applied robust statistical methods
for analyses [74,75], this is a challenge to the validity of our interpretations in general.
Nevertheless, it has to be noted that our study is one of the first in physics teacher education
that relys solely on proximal measures for the two skills and for PCK and CK.

The sample consists of preservice physics teachers from four different universities
in Germany. Although the study programs of these universities are typical for physics
teacher education programs in Germany [63], further studies are needed to determine
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whether the results are generalizable to students at other universities. In addition, we used
a combined sample of preservice teachers of programs for two different school tracks. We
do not expect the outcome to be different between the two sub-groups in our sample due to
the instruments being developed for both groups (see Section 3.4) and the large similarities
in study programs. However, further research with a larger sample is needed to validate
these assumptions.

However, our instruments focused on the physical domain of mechanics. Further
research is needed to estimate whether our results can also be transferred to other domains
of physics. Lastly, we operationalized reflection skills through the reflection of other
teachers’ physics instruction. Therefore, it is difficult to compare our results with research
analyzing reflection skills based mainly on the reflections of one’s own instruction (cf. [33]).
As discussed above, this could lead to other relations between reflection and planning skills.
Overall, more future research is needed to look at these relations in more detail.

6. Conclusions

The MoC [22] describes the relationship between professional knowledge as a disposi-
tion and situation-specific skills in a rather static sense. How these relations can or should
change over time during the course of teacher education is not specified in detail in the
model. The RCM [11] formulates such relations in a more dynamic way. However, it is
hard to derive how relations, for example, between personal and enacted PCK, should
change during a field experience based on the model. Our results show evidence that the
assumptions of both models tend to be valid, at least for the relationship between lesson
planning skills, and remain stable before and after the field experience.

However, future research is needed to develop further such models to describe
empirically-based trajectories for preservice physics teachers’ competence development
over the course of academic teacher education programs. Such trajectories also had huge
practical implications because they would enable decisions on which kinds of knowledge
and skills should be developed at which point in teacher education. They would at least
enable us to estimate if a non-found correlation between professional knowledge and skills
is more or less typical for a specific stage of professional development.

More closely, our results might indicate that in field experiences, at least in Germany,
reflection on the physics instruction of others is not used in a sufficient way to support
preservice teachers’ skills to plan one’s own lessons. Following typical process models of
reflection [37], this should be the main path of professional development, which, however,
is apparently not yet fully explored. Therefore, there is a need for the development of
training concepts that better relates to reflection and lesson planning for the mean of skills
development. Performance assessments such as the ones we used in our study may be a
helpful tool [68].

Author Contributions: Conceptualization, C.K., C.V. and J.R.; methodology, C.V.; validation, C.K,,
C.V. and J.R,; formal analysis, C.V,; investigation, C.K., C.V. and J.R.; data curation, C.V.; writing—
original draft preparation, C.V.; writing—review and editing, C.K., C.V. and J.R.; visualization, C.V.;
supervision, C.K. and J.R.; project administration, C.K., C.V. and J.R.; funding acquisition, C.K. and
J.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the German Federal Ministry of Education and Research,
grant numbers 01PK15005A-D.

Institutional Review Board Statement: At the time this study was conducted (2016-2019), it was
not necessary to obtain Institutional Review Board approval by German legislation and the funding
criteria. Data collection was in accordance with the General Data Protection Regulation (GDPR) of
the European Union.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.



Educ. Sci. 2022,12, 479 18 of 21

Acknowledgments: We would like to thank our colleagues of the project ProfileP+ for their close
cooperation, support and contributions to our work: Andreas Borowski, David Buschhiiter, and
Patrick Enkrott (University of Potsdam, Germany); Horst Schecker, and Maren Kempin (University of
Bremen, Germany); Jan Schroder (RWTH Aachen University, Germany); Peter Reinhold (Paderborn
University, Germany).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

Baumert, J.; Kunter, M. The COACTIV model of teachers’ professional competence. In Cognitive Activation in the Mathematics
Classroom and Professional Competence of Teachers; Kunter, M., Baumert, J., Blum, W., Klusmann, U., Krauss, S., Neubrand, M., Eds.;
Springer: Boston, MA, USA, 2013; pp. 25-48. [CrossRef]

Cohen, E.; Hoz, R.; Kaplan, H. The practicum in preservice teacher education: A review of empirical studies. Teach. Educ. 2013,
24,345-380. [CrossRef]

Besa, K.S.; Biidcher, M. Empirical evidence on field experiences in teacher education: A review of the research base. In Schulpraktika
in der Lehrerbildung: Theoretische Grundlagen, Konzeptionen, Prozesse und Effekte; Arnold, K.H., Groschner, A., Hascher, T., Eds.;
Waxmann: Miinster, Germany, 2014; pp. 129-146.

Holtz, P.; Gnambs, T. The improvement of student teachers’ instructional quality during a 15-week field experience: A latent
multimethod change analysis. High. Educ. 2017, 74, 669-685. [CrossRef]

Zeichner, K. Rethinking the connections between campus courses and field experiences in college-and university-based teacher
education. J. Teach. Educ. 2010, 61, 89-99. [CrossRef]

Kulgemeyer, C.; Borowski, A.; Buschhiiter, D.; Enkrott, P.; Kempin, M.; Reinhold, P.; Riese, J.; Schecker, H.; Schréder, J.; Vogelsang,
C. Professional knowledge affects action-related skills: The development of preservice physics teachers” explaining skills during a
field experience. J. Res. Sci. Teach. 2020, 57, 1554-1582. [CrossRef]

Kulgemeyer, C.; Kempin, M.; Weiflbach, A.; Borowski, A.; Buschhiiter, D.; Enkrott, P.; Reinhold, P;; Riese, J.; Schecker, H,;
Schroder, J.; et al. Exploring the impact of pre-service science teachers’ reflection skills on the development of professional
knowledge during a field experience. Int. J. Sci. Educ. 2021, 43, 3035-3057. [CrossRef]

Loughran, J.J. Developing Reflective Practice. Learning about Teaching and Learning; Falmer Press: London, UK, 2006.

Ruys, I.; Van Keer, H.; Aelterman, A. Examining pre-service teacher competence in lesson planning pertaining to collaborative
learning. J. Curric. Stud. 2012, 44, 349-379. [CrossRef]

Sorge, S.; Stender, A.; Neumann, K. The development of science teachers” professional competence. In Repositioning Pedagogical
Content Knowledge in Teachers” Knowledge for Teaching Science; Hume, A., Cooper, R., Borowski, A., Eds.; Springer: Singapore, 2019;
pp. 115-166. [CrossRef]

Carlson, J.; Daehler, K.R.; Alonzo, A.C.; Barendsen, E.; Berry, A.; Borowski, A.; Carpendale, J.; Chan, KK.H.; Cooper, R,;
Friedrichsen, P; et al. The refined consensus model of pedagogical content knowledge in science education. In Repositioning
Pedagogical Content Knowledge in Teachers” Knowledge for Teaching Science; Hume, A., Cooper, R., Borowski, A., Eds.; Springer:
Singapore, 2019; pp. 77-84. [CrossRef]

Grossman, P.; Hammerness, K.; McDonald, M. Redefining teaching, re-imagining teacher education. Teach. Teach. Theory Pract.
2009, 15, 273-289. [CrossRef]

Matsumoto-Royo, K.; Ramirez-Montoya, M.S. Core practices in practice-based teacher education: A systematic literature review
of its teaching and assessment process. Stud. Educ. Eval. 2021, 70, 101047. [CrossRef]

Abell, S. Research on science teachers” knowledge. In Handbook of Research on Science Education; Abell, S., Lederman, N., Eds.;
Lawrence Erlbaum Associates: Mahwah, NJ, USA, 2007; pp. 1105-1149.

Fischer, H.; Borowski, A.; Tepner, O. Research on science teachers” knowledge. In Second International Handbook of Science Education;
Fraser, B., Tobin, K., McRobbie, C., Eds.; Springer: Dordrecht, The Netherlands, 2012; pp. 435-448.

Fischer, H.; Neumann, K.; Labudde, P,; Viiri, J. Quality of Instruction in Physics. Comparing Finland, Germany and Switzerland,
Waxmann: Miinster, Germany, 2014.

Shulman, L. Knowledge and teaching: Foundations of the new reform. Harv. Educ. Rev. 1987, 57, 1-22. [CrossRef]

Vogelsang, C.; Borowski, A.; Buschhiiter, D.; Enkrott, P.; Kempin, M.; Kulgemeyer, C.; Reinhold, P; Riese, J.; Schecker, H.;
Schroder, J. Entwicklung von Professionswissen und Unterrichtsperformanz im Lehramtsstudium Physik—Analysen zu valider
Testwertinterpretation [Development of professional knowledge and performance in academic physics teacher education]. Z. Fiir
Pidagogik 2019, 64, 473-491. [CrossRef]

Lee, E.; Luft, J.A. Experienced secondary science teachers’ representation of pedagogical content knowledge. Int. J. Sci. Educ.
2008, 30, 1343-1363. [CrossRef]

Gramzow, Y.; Riese, ].; Reinhold, P. Modellierung fachdidaktischen Wissens angehender Physiklehrkrafte [Modelling prospective
teachers” knowledge of physics education]. Zeitschrift fiir Didaktik der Naturwissenschaften 2013, 19, 7-30.

Alonzo, A.; Berry, A.; Nilsson, P. Unpacking the complexity of science teachers” PCK in action: Enacted and personal PCK. In
Repositioning Pedagogical Content Knowledge in Teachers” Knowledge for Teaching Science; Hume, A., Cooper, R., Borowski, A., Eds.;
Springer: Singapore, 2019; pp. 93-116. [CrossRef]


http://doi.org/10.1007/978-1-4614-5149-5_2
http://doi.org/10.1080/10476210.2012.711815
http://doi.org/10.1007/s10734-016-0071-3
http://doi.org/10.1177/0022487109347671
http://doi.org/10.1002/tea.21632
http://doi.org/10.1080/09500693.2021.2006820
http://doi.org/10.1080/00220272.2012.675355
http://doi.org/10.1007/978-981-13-5898-2_6
http://doi.org/10.1007/978-981-13-5898-2_2
http://doi.org/10.1080/13540600902875340
http://doi.org/10.1016/j.stueduc.2021.101047
http://doi.org/10.17763/haer.57.1.j463w79r56455411
http://doi.org/10.25656/01:2399
http://doi.org/10.1080/09500690802187058
http://doi.org/10.1007/978-981-13-5898-2_12

Educ. Sci. 2022,12, 479 19 of 21

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

Blomeke, S.; Gustafsson, J.; Shavelson, R. Beyond dichotomies. Competence viewed as a continuum. Z. Fiir Psychol. 2015,
223, 3-16. [CrossRef]

Cauet, E.; Liepertz, S.; Kirschner, S.; Borowski, A.; Fischer, H.E. Does it matter what we measure? Domain-specific professional
knowledge of physics teachers. Schweiz. Z. Fiir Bild. 2015, 37, 462-479. [CrossRef]

Liepertz, S.; Borowski, A. Testing the consensus model: Relationships among physics teachers” professional knowledge, intercon-
nectedness of content structure and student achievement. Int. J. Sci. Educ. 2018, 41, 890-910. [CrossRef]

Ergonenc, J.; Neumann, K.; Fischer, H. The impact of pedagogical content knowledge on cognitive activation and student learning.
In Quality of Instruction in Physics; Fischer, H., Neumann, K., Labudde, P., Viiri, J., Eds.; Waxmann: Miinster, Germany, 2014; pp.
145-160.

von Aufschnaiter, C.; Blomeke, S. Professionelle Kompetenz von (angehenden) Lehrkriften erfassen—Desiderata [Measuring
teachers’ professional competence—Desiderata]. Z. Fiir Didakt. Der Nat. 2010, 16, 361-367.

Seidel, T.; Shavelson, R.J. Teaching effectiveness research in the past decade: The role of theory and research design in disentangling
meta-analysis results. Rev. Educ. Res. 2007, 77, 454—499. [CrossRef]

Kulgemeyer, C.; Riese, J. From professional knowledge to professional performance: The impact of CK and PCK on teaching
quality in explaining situations. J. Res. Sci. Teach. 2018, 55, 1393-1418. [CrossRef]

Miller, G. The assessment of clinical skills/competence/performance. Acad. Med. 1990, 65, 63—67. [CrossRef]

Hatton, N.; Smith, D. Reflection in teacher education: Towards definition and implementation. Teach. Teach. Educ. 1995, 11, 33-49.
[CrossRef]

Schon, D.A. The Reflective Practitioner. How Professionals Think in Action; Basic Books: New York, NY, USA, 1983.

Korthagen, F.A J. Promoting core reflection in teacher education: Deepening professional growth. In International Teacher Education:
Promising Pedagogies (Part A); Orland-Barack, L., Craig, C.J., Eds.; Emerald Group Publishing: Bingley, UK, 2014; pp. 73-89.
[CrossRef]

von Aufschnaiter, C.; Fraij, A.; Kost, D. Reflexion und Reflexivitit in der Lehrerbildung [reflection and reflectivity in teacher
education]. Herausford. Lehr. Z. Zur Konzept. Gestalt. Und Diskuss. 2019, 1, 144-159. [CrossRef]

Dewey, ]. How We Think. A Restatement of the Relation of Reflective Thinking to the Educative Process; Heath & Co Publishers: Boston,
MA, USA, 1933.

van Manen, M. Linking ways of knowing with ways of being practical. Curric. Inq. 1977, 6, 205-228. [CrossRef]

van Manen, M. Epistemology of reflective practice. Teach. Teach. Theory Pract. 1995, 1, 30-50. [CrossRef]

Korthagen, F.AJ.; Vasalos, A. Levels in reflection: Core reflection as a means to enhance professional growth. Teach. Teach. 2005,
11, 47-71. [CrossRef]

Hoekstra, A. Experienced Teachers’ Informal Learning in the Workplace; Utrecht University: Utrecht, The Netherlands, 2007.
Nowak, A.; Kempin, M.; Kulgemeyer, C.; Borowski, A. Reflexion von Physikunterricht [reflection on physics instruction]. In
Naturwissenschaftliche Bildung als Grundlage fiir berufliche und gesellschaftliche Teilhabe; Maurer, C., Ed.; Universitiat Regensburg:
Regensburg, Germany, 2019; pp. 838-841.

Korkko, M.; Kyré—Amméila', O.; Turunen, T. Professional development through reflection in teacher education. Teach. Teach. Educ.
2016, 55, 198-206. [CrossRef]

Pieper, M.; Roelle, J.; vom Hofe, R.; Salle, A.; Berthold, K. Feedback in reflective journals fosters reflection skills of student
teachers. Psychol. Learn. Teach. 2021, 20, 107-127. [CrossRef]

Chan, K.K.H.; Xu, L.; Cooper, R.; Berry, A.; van Driel, ].H. Teacher noticing in science education: Do you see what I see? Stud. Sci.
Educ. 2021, 57, 1-44. [CrossRef]

Meschede, N.; Fiebranz, A.; Moller, K.; Steffensky, M. Teachers” professional vision, pedagogical content knowledge and beliefs:
On its relation and differences between pre-service and in-service teachers. Teach. Teach. Educ. 2017, 66, 158-170. [CrossRef]
Kramer, M.; Fortsch, C.; Boone, W.J.; Seidel, T.; Neuhaus, B.J. Investigating pre-service biology teachers” diagnostic competences:
Relationships between professional knowledge, diagnostic activities, and diagnostic accuracy. Educ. Sci. 2021, 11, 89. [CrossRef]
Todorova, M.; Sunder, C.; Steffensky, M.; Moller, K. Pre-service teachers’ professional vision of instructional support in primary
science classes: How content-specific is this skill and which learning opportunities in initial teacher education are relevant for its
acquisition? Teach. Teach. Educ. 2017, 68, 275-288. [CrossRef]

Blomeke, S.; Paine, L.; Houang, R.T.; Hsieh, E]J.; Schmidt, W.H.; Tatto, M.T.; Bankov, K.; Cedillo, T.; Cogan, L.; Han, S.I.; et al.
Future teachers’ competence to plan a lesson: First results of a six-country study on the efficiency of teacher education. ZDM
2008, 40, 749-762. [CrossRef]

Scholl, D. Metatheorie der Allgemeinen Didaktik: Ein Systemtheoretisch Begriindeter Vorschlag [Metatheory of General Didactics: A
Proposal Based on Systems Theory]; Klinkhardt: Bad Heilbrunn, Germany, 2018.

Konig, J.; Bremerich-Vos, A.; Buchholtz, C.; Fladung, I.; Glutsch, N. Pre-service teachers’ generic and subject-specific lesson-
planning skills: On learning adaptive teaching during initial teacher education. Eur. . Teach. Educ. 2020, 43, 131-150. [CrossRef]
Kang, H. Preservice teachers’ learning to plan intellectually challenging tasks. J. Teach. Educ. 2017, 68, 55-68. [CrossRef]

Konig, J.; Krepf, M.; Bremerich-Vos, A.; Buchholtz, C. Meeting Cognitive Demands of Lesson Planning: Introducing the
CODE-PLAN Model to Describe and Analyze Teachers’ Planning Competence. Teach. Educ. 2021, 56, 466—487. [CrossRef]
Mutton, T.; Hagger, H.; Burn, K. Learning to plan, planning to learn: The developing expertise of beginning teachers. Teach. Teach.
2011, 17, 399-416. [CrossRef]


http://doi.org/10.1027/2151-2604/a000194
http://doi.org/10.24452/sjer.37.3.4963
http://doi.org/10.1080/09500693.2018.1478165
http://doi.org/10.3102/0034654307310317
http://doi.org/10.1002/tea.21457
http://doi.org/10.1097/00001888-199009000-00045
http://doi.org/10.1016/0742-051X(94)00012-U
http://doi.org/10.1108/S1479-368720140000022007
http://doi.org/10.4119/UNIBI/hlz-144
http://doi.org/10.1080/03626784.1977.11075533
http://doi.org/10.1080/1354060950010104
http://doi.org/10.1080/1354060042000337093
http://doi.org/10.1016/j.tate.2016.01.014
http://doi.org/10.1177/1475725720966190
http://doi.org/10.1080/03057267.2020.1755803
http://doi.org/10.1016/j.tate.2017.04.010
http://doi.org/10.3390/educsci11030089
http://doi.org/10.1016/j.tate.2017.08.016
http://doi.org/10.1007/s11858-008-0123-y
http://doi.org/10.1080/02619768.2019.1679115
http://doi.org/10.1177/0022487116676313
http://doi.org/10.1080/08878730.2021.1938324
http://doi.org/10.1080/13540602.2011.580516

Educ. Sci. 2022,12, 479 20 of 21

52.

53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.
74.

75.
76.

Baer, M.; Kocher, M.; Wyss, C.; Guldimann, T.; Larcher, S.; Dorr, G. Lehrerbildung und Praxiserfahrung im ersten Berufsjahr und
ihre Wirkung auf die Unterrichtskompetenz von Studierenden und jungen Lehrpersonen im Berufseinstieg [Teacher education
and field experience in the first year of professional life and its effect on the teaching competence of preservice teachers and
beginning teachers entering the profession]. Z. Fiir Erzieh. 2011, 14, 85-117. [CrossRef]

Santoyo, C.; Zhang, S. Secondary teacher candidates’ lesson planning learning. Teach. Educ. Q. 2016, 43, 3-27. [CrossRef]
Kademian, S.M.; Davis, E.A. Supporting beginning teacher planning of investigation-based science discussions. J. Sci. Teach. Educ.
2018, 29, 712-740. [CrossRef]

Rothland, M. Anmerkungen zur Modellierung und Operationalisierung (allgemeindidaktischer) Unterrichtsplanungskompetenz
[Notes on modelling and operationalising (general didactic) lesson planning competence]. Unterrichtswissenschaft 2021, 3-27.
[CrossRef]

Schroder, J.; Riese, J.; Vogelsang, C.; Borowski, A.; Buschhiiter, D.; Enkrott, P.; Kempin, M.; Kulgemeyer, C.; Reinhold, P,;
Schecker, H. Die Messung der Fahigkeit zur Unterrichtsplanung im Fach Physik mit Hilfe eines standardisierten Performanztests
[Measuring the Skills of Lesson Planning in the Subject of Physics Using a Standardized Performance Assessment]. Z. Fiir Didakt.
Der Nat. 2020, 26, 103-122. [CrossRef]

Jain, P; Brown, A.L. Using an adapted lesson study with early childhood undergraduate students. Teach. Educ. 2022, 33, 154-174.
[CrossRef]

Stender, A.; Briickmann, M.; Neumann, K. Transformation of topic-specific professional knowledge into personal pedagogical
content knowledge through lesson planning. Int. J. Sci. Educ. 2017, 39, 1690-1714. [CrossRef]

Shavelson, R.J.; Stern, P. Research on teachers’ pedagogical thoughts, judgments, decisions, and behavior. Rev. Educ. Res. 1981, 51,
455-498. [CrossRef]

Conway, PF. Anticipatory reflection while learning to teach: From a temporally truncated to a temporally distributed model of
reflection in teacher education. Teach. Teach. Educ. 2001, 17, 89-106. [CrossRef]

Zaragoza, A.; Seidel, T.; Hiebert, ]. Exploring preservice teachers’ abilities to connect professional knowledge with lesson planning
and observation. Eur. J. Teach. Educ. 2021, 1-20. [CrossRef]

Ulrich, I.; Klingebiel, F,; Bartels, A.; Staab, R.; Scherer, S.; Groschner, A. Wie wirkt das Praxissemester im Lehramtsstudium
auf Studierende? Ein systematischer Review [How does the practical aemester in teacher education affect teacher students? A
systematic review]. In Praxissemester im Lehramtsstudium in Deutschland: Wirkungen auf Studierende; Ulrich, 1., Groschner, A., Eds.;
Springer: Wiesbaden, Germany, 2020; pp. 1-66. [CrossRef]

Grofimann, S.; Hertel, I. Zur fachlichen und fachdidaktischen Ausbildung fiir das Lehramt Physik: Eine Studie der Deutschen Physikalischen
Gesellschaft (DPG) [On the Subject-Matter and Subject-Matter-Education Training for the Teaching Profession in Physics: A Study by the
German Physical Society (DPG)]; Deutsche Physikalische Gesellschaft: Bad Honnef, Germany, 2014.

Neumann, K.; Hartig, H.; Harms, U.; Parchmann, I. Science teacher preparation in Germany. In Model Science Teacher Preparation
Programs: An International Comparison of What Works; Pedersen, J., Isozaki, T., Hirano, T., Eds.; IAP: Charlotte, NC, USA, 2017;
pp- 29-52.

Riese, J.; Kulgemeyer, C.; Zander, S.; Borowski, A.; Fischer, H.; Gramzow, Y.; Reinhold, P.; Schecker, H.; Tomczyszyn, E.
Modellierung und Messung des Professionswissens in der Lehramtsausbildung Physik [Modeling and measuring professional
knowledge in physics teacher education]. In Kompetenzen von Studierenden (Zeitschrift fiir Pidagogik, Beiheft 61); Blomeke, S.,
Zlatikin-Troitschanskaia, O., Eds.; Beltz: Weinheim, Germany, 2015; pp. 55-79. [CrossRef]

Riese, ].; Gramzow, Y.; Reinhold, P. Die Messung fachdidaktischen Wissens bei Anfingern und Fortgeschrittenen im Lehramtsstu-
diengang Physik [Measuring Pedagogical Content Knowledge of Beginning and Advanced Students in Teacher Training Programs
in the Subject of Physics]. Z. Fiir Didakt. Der Nat. 2017, 23, 99-112. [CrossRef]

Dotger, B.H.; Dotger, S.C.; Maher, M.J. From medicine to teaching: The evolution of the simulated interaction model. Innov. High.
Educ. 2010, 35, 129-141. [CrossRef]

Dotger, B.H.; Harris, S.C.; Hansel, A. Emerging authenticity: The crafting of simulated parent-teacher candidate conferences.
Teach. Educ. 2008, 19, 337-349. [CrossRef]

Walters, K.; Osborn, D.; Raven, P. The development, validity and reliability of a multimodality objective structured clinical
examination in psychiatry. Med. Educ. 2005, 39, 292-298. [CrossRef]

Mayring, P. Qualitative content analysis. Forum Qual. Soc. Res. 2000, 1, 159-176. [CrossRef]

Ploger, W.; Scholl, D. Analysekompetenz von Lehrpersonen-Modellierung und Messung [Modeling and measuring skills to
analyse teaching]. Z. Fiir Erzieh. 2014, 17, 85-112. [CrossRef]

Schroder, J.; Vogelsang, C.; Riese, J. Assessing student teachers’ skills to plan physics lessons. In Electronic Proceedings of the
ESERA 2019 Conference. The Beauty and Pleasure of Understanding: Engaging with Contemporary Chal-lenges Through Science Education,
Part 13. (co-ed. Evagorou, M., Jimenez Liso, M.R.); Levrini, O., Tasquier, G., Eds.; AlmamMater Studiorum—University of Bologna:
Bologna, Italy, 2019; pp. 1077-1485.

Nunnally, ]J.C. Psychometric Theory; McGraw-Hill: New York, NY, USA, 1967.

Sass, D.; Schmitt, T.; Marsh, H. Evaluating model fit with ordered categorical data within a measurement invariance framework:
A comparison of estimators. Struct. Equ. Modeling Multidiscip. ]. 2014, 21, 167-180. [CrossRef]

Little, R.J.; Rubin, D.B. Statistical Analysis with Missing Data; Wiley: Hoboken, NJ, USA, 2014.

IBM Corp. IBM AMOS for Windows, Version 28.0; IBM Corp: Armonk, NY, USA, 2021.


http://doi.org/10.1007/s11618-011-0168-5
http://doi.org/10.2307/teaceducquar.43.2.3
http://doi.org/10.1080/1046560X.2018.1504266
http://doi.org/10.1007/s42010-021-00111-0
http://doi.org/10.1007/s40573-020-00115-w
http://doi.org/10.1080/10476210.2020.1826424
http://doi.org/10.1080/09500693.2017.1351645
http://doi.org/10.3102/00346543051004455
http://doi.org/10.1016/S0742-051X(00)00040-8
http://doi.org/10.1080/02619768.2021.1996558
http://doi.org/10.1007/978-3-658-24209-1_1
http://doi.org/10.25656/01:15503
http://doi.org/10.1007/s40573-017-0059-2
http://doi.org/10.1007/s10755-009-9128-x
http://doi.org/10.1080/10476210802438324
http://doi.org/10.1111/j.1365-2929.2005.02091.x
http://doi.org/10.17169/fqs-1.2.108917
http://doi.org/10.1007/s11618-014-0490-9
http://doi.org/10.1080/10705511.2014.882658

Educ. Sci. 2022,12, 479 21 of 21

77.

78.

79.

80.

81.

82.

Fan, X.; Thompson, B.; Wang, L. Effects of sample size, estimation methods, and model specification on structural equation
modeling fit indexes. Struct. Equ. Modeling 1999, 6, 56-83. [CrossRef]

Stone, E.R. t Test, Paired Samples. In Encyclopedia of Research Design; Salkind, N.J., Ed.; SAGE: Los Angeles, CA, USA, 2010; pp.
1560-1565.

Kleinknecht, M.; Schneider, J. What do teachers think and feel when analyzing videos of themselves and other teachers teaching?
Teach. Teach. Educ. 2013, 33, 13-23. [CrossRef]

Kulgemeyer, C. Impact of Secondary Students” Content Knowledge on Their Communication Skills in Science. Int. J. Sci. Math.
Educ. 2016, 16, 89-108. [CrossRef]

Bleck, V.; Lipowsky, F. Droge, nutzlos, praxisfern? Wie verdndert sich die Bewertung wissenschaftlicher Studieninhalte in
Praxisphasen? [Dull, useless and without practice-relevance? How does the evaluation of scientific content change during
field experiences in teacher training?]. In Praxissemester im Lehramtsstudium in Deutschland: Wirkungen auf Studierende; Ulrich, L.,
Groschner, A., Eds.; Springer: Wiesbaden, Germany, 2020; pp. 97-127. [CrossRef]

Reinders, H. Kausalanalysen in der Langsschnittforschung [Causal analysis in longitudinal studies]. Diskurs Kindh. Jugendforsch.
2006, 4, 569-587. [CrossRef]


http://doi.org/10.1080/10705519909540119
http://doi.org/10.1016/j.tate.2013.02.002
http://doi.org/10.1007/s10763-016-9762-6
http://doi.org/10.1007/978-3-658-24209-13
http://doi.org/10.25656/01:1001

	Introduction 
	Background 
	Relations between Physics Teachers’ Professional Knowledge and Professional Skills 
	Physics Teachers’ Reflection Skills 
	Physics Teachers’ Lesson Planning Skills 
	Relations between Physics Teachers’ Reflection and Planning Skills 

	Methods 
	Research Goals and Assumptions 
	Design and Context of the Study 
	Sample 
	Instruments 
	Content Knowledge 
	Pedagogical Content Knowledge 
	Reflection Skills 
	Planning Skills 

	Data Analysis 

	Results 
	Descriptive Analyses of PCK, CK, Reflection, and Planning Skills before and after the Field Experience 
	Relations between PCK, CK, Reflection Skills, and Planning Skills before and after the Field Experience 

	Discussion 
	Conclusions 
	References

