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EFFECTS OF TEACHER COMPETENCE

The Effects of Teacher Competence on Student Outcomes in Elementary Science

Education: The Mediating Role of Teaching Quality

Abstract
In this contribution, we investigate links between teacher competence, teaching quality, and
student outcomes in elementary science education. Students’ conceptual understanding and
interest were measured during two teaching units in a pre-post design (1,070 students, 54
classes). Results show that teacher competence (pedagogical content knowledge, self-
efficacy, and teaching enthusiasm) was positively related to students’ interest; self-efficacy
was positively related to student achievement. Three dimensions of teaching quality
(cognitive activation, supportive climate, and classroom management), which refer to the
actual teacher-student-interactions in the classroom, mediated these relationships. These

results help illuminate the mechanisms behind the effects of teachers on student outcomes.

Keywords: teacher competence, teaching quality, science education, elementary school



EFFECTS OF TEACHER COMPETENCE

The Effects of Teacher Competence on Student Outcomes in Elementary Science Education:

The Mediating Role of Teaching Quality

Good teachers can make a difference in their students’ progress (Rivkin, Hanushek, &
Kain, 2005). Meta-analytic results show that teachers are an important source of variance in
students’ development in schools (Hattie, 2009). As a consequence, recent research has set
out to determine which specific aspects of teachers’ professional competence matter for
student development. Teacher competence is conceptualized as a framework that describes
the specific personal qualities that teachers need to meet the high demands of their profession.
The concept covers cognitive as well as motivational variables (Baumert & Kunter, 2013).
For example, good teachers should have a profound knowledge of tasks and instructional
strategies that foster students’ conceptual understanding (i.e., pedagogical content knowledge;
Sadler, Sonnert, Coyle, Cook-Smith, & Miller, 2013). They should also exhibit a certain
degree of motivation to really be able to concentrate on the challenges of everyday classroom
instruction (e.g., enthusiasm for teaching; Keller, Goetz, Becker, Morger, & Hensley, 2014).

Recent studies have fruitfully distinguished these aspects of teacher competence from
characteristics that reflect the actual practice of teaching in the classroom (Rimm-Kaufman &
Hamre, 2010; Zee & Koomen, 2016). The latter has also been referred to as teaching quality
and has convincingly been described as having three basic dimensions: effective classroom
management, supportive classroom climate, and the potential for cognitive activation
(Klieme, Pauli, & Reusser, 2009; Pianta & Hamre, 2009). Teacher competence refers to the
teacher’s personal characteristics (e.g., knowledge and motivation). In contrast, teaching
quality refers to teachers’ actual behavior and teacher-student interactions in the classroom
(Rimm-Kaufman & Hamre, 2010). Thus, while teacher competence should be related to

teaching quality, the two are not interchangeable.
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The basic theoretical assumption of the present study is that teacher competence is
positively related to teaching quality, which in turn has an effect on student outcomes
(Kunter, Klusmann, Baumert, Richter, Voss, & Hachfeld, 2013). This basic idea forms the
foundation of several recent studies on different aspects of professional competence such as
teachers’ knowledge (Baumert et al., 2010; Fortsch, Werner, von Kotzebue, & Neuhaus,
2016; Keller, Neumann, & Fischer, 2016), professional beliefs (Kleickmann, Vehmeyer, &
Mo'ler, 2010; Kunter et al., 2013; Staub & Stern, 2002), enthusiasm for teaching (Frenzel,
Goetz, Ludtke, Pek un, & Sutton, 2009; Keller et al., 2014; Kunter et al., 2008), and self-
efficacy (Guo, Connor, Yang, Roehrig, & Morrison, 2012; Zee & Koomen, 2016).

The thorough examination of teaching quality can illuminate the processes that
underlie the relations between teacher competence and student development (Rimm-Kaufman
& Hamre, 2010). More specifically, the effect of teachers’ personal characteristics on student
outcomes might be mediated by teachers’ classroom behaviors and teacher-student
interactions in the classroom (i.e., teaching quality). Teacher competence, on the other hand,
may serve as an important lever that can be used to improve the quality of teaching and
student outcomes, for instance, in professional development programs (Kleickmann, Trobs ,
Jonen, Vehmeyer, & Mo'ler, 2016).

However, especially within the domain of elementary science education, not many
studies have systematically examined the links between teacher competence, teaching quality,
and student outcomes (Kleickmann, Vehmeyer, & Méller, 2010; Lange, Kleickmann, Trobs ,
& Mo'ler, 2012). In science education, the relation between teacher competence and
instructional settings is complex: Reform attempts in many countries focus on inquiry-based
learning (Furtak, Seidel, Iverson, & Briggs, 2012), which is considered crucial for fostering
students’ conceptual understanding of science phenomena. Among researchers, there is
growing consensus that science learning should be regarded as an activity of sense-making

that can be promoted through practices such as posing research questions, conducting
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experiments, and discussing the implications (Odden & Russ, 2019). The promotion of
science literacy places high demands on science teachers in general (Duschl & Bybee, 2014),
and the implementation of inquiry-based learning in the classroom is particularly challenging
(Kramer, Nessler & Schliiter, 2015). However, in Germany, as in many other countries,
elementary school teachers are generalists who often do not have an academic background in
a science-related subject (Brobst, Markworth, Tasker, & Ohana, 2017). Elementary science
teachers are often hesitant to teach science which is probably due to their limited pedagogical
content knowledge and low self-efficacy (Appleton, 2008; Johnston & Ahtee, 2006; Rice,
2005). Similar to elementary school teachers, early childhood teachers also report that they
expect to fail in teaching science to young children (Greenfield et al., 2009), a fact that may
be related to their lack of specific university training or professional development with regard
to science teaching (Hope et al., 2017). Overall, teaching science in a manner conducive to
young students’ learning seems to be a real challenge for elementary school teachers
(Appleton, 2008; Kleickmann et al., 2016). Accordingly, examining the antecedents of
effective science teaching can offer valuable insights into how to promote educational quality
and thus effective student learning. Within this domain, we sought to identify specific,
measurable aspects of professional competence that are exhibited by successful teachers. How
are these aspects of teacher competence in elementary school related to student outcomes?
Which aspects are related to high-quality classroom instruction? Does teaching quality serve
as a mediator of the relation between teacher competence and student outcomes in elementary
science education? It is still an open question whether or not the relationships reported in the
literature will be comparable in the domain of elementary science education.
Theoretical Framework

Classroom instruction is the “core business” of teachers (Baumert & Kunter, 2013).

Research on teaching quality provides general principles of high-quality learning

environments that have also been applied to science education (Pianta & Hamre, 2009). In the
4
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following, we will give an overview on the literature about teaching quality and the different
aspects of competence that teachers need to provide high quality instruction. In these sections,

we will particularly focus on the context of elementary science education.

Teaching Quality

In recent theoretical frameworks of teaching quality, three basic dimensions of
teaching quality that are crucial for student learning and motivation have emerged in different
studies: cognitive activation, supportive climate, and classroom management (Baumert et al.,
2010; Authors, 2014b; Klieme, Pauli, & Reusser, 2009). These dimensions are very similar to
the three domains conceptualized in the Classroom Assessment Scoring System (instructional
support, emotional support, and classroom organization; Pianta & Hamre, 2009).

Cognitive activation includes challenging tasks, the exploration of concepts, ideas, and
prior knowledge, and Socratic dialogue practice as key features (Lipowsky et al., 2009).
These classroom practices should foster students’ cognitive engagement, which should in turn
lead to elaborated knowledge (Klieme et al., 2009). Cognitive activation in science education
works by challenging students’ preconceptions through a teacher-guided classroom discourse
practice as well as by presenting challenging tasks, observations, and experiments that help
students to cognitively engage with the learning content (Leuchter, Saalbach, & Hardy, 2014).
As research on science education stresses the importance of conceptual change in students
(Vosniadou, 2013; Wandersee, Mintzes, & Novak, 1994), cognitive activation in instruction
may be considered an important condition for students’ cognitive restructuring of science
concepts.

Supportive climate (also referred to as feacher support; Lazarides, Gaspard & Dicke,
2018) covers specific aspects of teacher-student interactions such as individual, positive, and
constructive teacher feedback, a positive approach to student errors and misconceptions, and

caring teacher behavior (Brophy, 2000; Klieme et al., 2009). Positive student-teacher
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interactions have been conceptualized in different theoretical approaches such as attachment
theory, sociocultural perspectives, and self-determination theory (Davis, 2003). Self-
determination theory suggests that three basic intrinsic needs are associated with human
motivation: social relatedness, autonomy, and competence (Deci & Ryan, 2000; Kunter,
Baumert, & Koller, 2007). Supportive climate is a vital element of elementary science
education because it stresses the role of teacher feedback for students’ construction of
knowledge, sensemaking, and conceptual change (Authors, 2014b).

Classroom management is a well-known concept in educational research (e.g.,
Kounin, 1970) that focuses on classroom rules and procedures, coping with disruptions, and
smooth transitions. Effective classroom management provides time on task, which can be
seen as a necessary precondition to be actively engaged in learning (Emmer & Stough, 2001).
The positive effects of well-managed classrooms on student achievement are well-
documented in education research (Lipowsky et al., 2009; Seidel & Shavelson, 2007; Wang,
Haertel, & Walberg, 1993). Classroom management is of particular importance in inquiry-
based science education, where students work a lot on their own experiments in small group
settings. These nontraditional classroom settings in elementary science bear special
challenges for a teacher’s classroom management.

In summary, cognitive activation and classroom management, in particular, have been
shown to predict cognitive student outcomes (Kyriakides, Christoforou, & Charalambous,
2013; Lipowsky et al., 2009; Seidel & Shavelson, 2007), whereas a supportive climate was
found to be especially connected to students’ motivational and interest development (Authors,

2014b; Kunter, Klusmann, et al., 2013).

Teachers’ Professional Competence
In recent years, research has made progress not only in identifying successful teachers

(e.g., in value added models; McCaffrey, Lockwood, Koretz, Louis, & Hamilton, 2004), but
6
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also in describing specific aspects of teacher competence that can be directly measured via
teacher surveys or standardized tests (Gitomer & Zisk, 2015). Just as we can for student
outcomes, we can distinguish between aspects of teacher competence that are more cognitive
versus more motivational in nature (Kunter, Kleickmann et al., 2013). Cognitive constructs
comprise teachers’ professional knowledge (Shulman, 1986) and beliefs (Fives & Buehl,
2012; Fives & Gill, 2015; Mansour, 2009), both of which have been widely discussed,
especially in the field of science education. Motivational constructs in the field of teacher
competence cover aspects such as self-efficacy (Klassen, Tze, Betts, & Gordon, 2011; Zee &
Koomen, 2016) and teaching enthusiasm (Kunter et al., 2011). It seems that motivational
variables are as important for competent teachers as the classic knowledge areas are
(Richardson, Karabenick, & Watt, 2014). The following sections provide a brief overview of
the most prominent cognitive and motivational constructs as well as their relations to teaching
quality and student outcomes.

Cognitive aspects: knowledge and beliefs. Profession-specific knowledge is
traditionally regarded as a key factor for teachers’ vocational success (Anderson, Blumenfeld,
Pintrich, Clark, Marx, & Peterson, 1995; Hill, Rowan, & Ball, 2005). Shulman (1998) and
Bromme (2001) made a widely acknowledged distinction between content knowledge (CK),
which refers to a comprehensive understanding of the topics taught, and pedagogical content
knowledge (PCK), which refers to ways of making this content knowledge accessible to
students (Depaepe, Verschaffel, & Kelchtermans, 2013; Krauss et al., 2008). In particular,
PCK has been found to be related to student achievement (Depaepe, et al., 2013; Fortsch et
al., 2016; Keller et al., 2016; Mahler, GroBBschedl, & Harms, 2017; Sadler, Sonnert, Coyle,
Cook-Smith, & Miller, 2013). At the same time, because teacher education programs are
rather general, it is particularly challenging for elementary school teachers to build up
knowledge on how to teach science (PCK) as well as to actually understand science

phenomena (CK) (Appleton, 2008; Brobst et al., 2017, Gomez-Zwiep, 2008).
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Compared to CK, PCK is more proximal to classroom instruction. It comprises three
domains that are directly important to good teaching (Kleickmann et al., 2013; Park & Oliver,
2008): (1) knowledge on tasks that foster student understanding, (2) knowledge on good
explanations and instructional strategies, and (3) knowledge on students’ preconceptions,
misconceptions, and the typical difficulties they encounter during learning. Thus, PCK is
closely related to the concept of “subject-matter knowledge for teaching” (Hill et al., 2005, p.
372), which does not focus on content knowledge per se but on “how this knowledge is used
in classrooms” (Hill et al., 2005, p. 376).

Teachers with higher PCK are better able to implement challenging tasks at a high
cognitive level (cognitive activation; Fortsch et al., 2016) and they provide more individual
learning support according to student ratings (Baumert et al., 2010). In science education,
teacher PCK is relevant for knowing students’ typical misconceptions and difficulties in
content-related knowledge construction; it is also relevant for knowing the specific
requirements for the acquisition of scientific knowledge (Magnusson, Krajcek, & Borko,
1999). It also pertains to teachers’ knowledge of instructional strategies, representations, use
of models, experiments, and observations in science education (Meschede, Fiebranz, Moller,
& Steftensky, 2017).

It can be assumed that teachers’ knowledge of good tasks and teaching strategies is
more related to cognitive activation, and their knowledge of students’ typical misconceptions
helps them to individually support students by addressing these misconceptions. As in science
learning, students often hold prior conceptions that are not consistent with scientific views,
and they need to differentiate, integrate, and restructure their knowledge over time
(Schneider, Vamvakoussi, & van Dooren, 2012), teachers’ PCK is especially important. Yet,
there are few studies addressing in-service teachers’ PCK in elementary science (Meschede,

Fiebranz, Moller, & Steftensky, 2017).
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In the few studies that have been conducted, it has been found that teachers with
greater PCK tend to provide a higher degree of individual support, which might also be
responsible for the effects of PCK on students’ motivation in elementary science education
(Lange et al., 2012). This can be explained by the fact that individual student support has been
found to promote student motivation (Kunter et al., 2013; Lazarides et al., 2018).

In the field of teacher beliefs, researchers have made a distinction between a
transmission orientation and a constructivist orientation (Mansour, 2009; Tsai, 2002; Voss,
Kleickmann, Kunter, & Hachfeld, 2013). The first orientation goes along with beliefs about
teaching as a direct transmission of knowledge from the teacher to the student. The student’s
role is thus conceptualized as a “knowledge recipient.” The constructivist orientation goes
along with beliefs that students process new learning content by building on preconceptions
and that new knowledge has to be actively constructed by interacting with this pre-existing
knowledge (Dubberke, Kunter, McElvany, Brunner, & Baumert, 2008; Staub & Stern, 2002;
Voss et al., 2013). The student’s role is thus conceptualized as an active “knowledge
constructor.”

Constructivist beliefs play a particularly important role in elementary science
education, where dealing with students’ preconceptions and misconceptions is regarded as a
key factor for insightful learning (Jones & Carter, 2007; Kleickmann et al., 2016; Vosniadou,
2013). Elementary science teachers often tend to equate science teaching with hands-on
activities (Mayer, 2004), thus not paying attention to the role played by students’
preconceptions in learning. Research indicates that transmission beliefs can have negative
effects on student achievement (Kleickmann et al., 2016), while constructivist beliefs can
have positive effects (Voss et al., 2013).

The results of research on the significance of teacher beliefs for the quality of their
instruction have been mixed (Fives & Buehl, 2012; Voss et al., 2013). Staub and Stern (2002)

reported that science teachers with a stronger constructivist orientation frequently applied
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tasks with a greater potential for cognitive activation. From a theoretical standpoint, the
question that arises is whether and how teachers’ beliefs become relevant for their activities in
the classroom. Teachers who acknowledge the constructivist nature of learning processes
might cognitively activate students during classroom discourse (Voss et al., 2013) and take
more care in handling the individual levels of students’ conceptual understanding, thus
providing more individual support (Dubberke et al., 2008). However, in an analysis that
considered several aspects of teacher competence simultaneously, teachers’ constructivist
beliefs were related to only classroom management but not to any other dimension, and even
more surprisingly, this relation was negative (Kunter et al., 2013).

Motivational aspects: self-efficacy and enthusiasm. Research on self-efficacy has a long
history in psychological research and has led to numerous results in a variety of fields. In
Bandura’s (1995) social cognitive theory, self-efficacy is defined as “beliefs in one's
capabilities to organize and execute the courses of action required to produce given
attainments” (p. 3; see also Tschannen-Moran, Woolfolk Hoy, & Hoy, 1998). Teachers’ self-
efficacy can be defined as the self-perception of competence to perform well in their job,
including the management of potentially challenging situations in everyday school practice
(Bandura, 1995; Guo, Dynia, Yeager Pelatti, & Justice, 2014; Schmitz & Schwarzer, 2000;
Zee & Koomen, 2016). Teacher self-efficacy is related to greater effort invested in teaching,
higher degrees of intrinsic motivation, and a greater openness to new ideas and teaching
methods (Tschannen-Moran & Woolfolk Hoy, 2001). However, the link between teacher self-
efficacy and student outcomes is not as well established as one would expect: In Klassen et
al.’s (2011) seminal efficacy review, only two out of 218 studies between 1998 and 2009
focused on this link. A recent meta-analysis revealed only a small effect on student
achievement (Klassen & Tze, 2014). According to Klassen et al. (2011), further research on

this link is needed—particularly with strong research designs.
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Correlational relations between teacher self-efficacy and teaching quality in the
classroom have also been documented in the literature (Klassen & Tze, 2014; Zee & Koomen,
2016). Considering the way self-efficacy is conceptualized, positive relations with all three of
the above-described basic dimensions can be expected. Teachers with high self-efficacy
should be better able to cope with the demands of high-quality classroom instruction reflected
by the dimensions of cognitive activation, supportive climate, and classroom management
(Zee & Koomen, 2016). Given the special situation of an elementary school teacher who is
teaching science, we assume that teacher self-efficacy will be particularly important
(Appleton, 2008).

Whereas self-efficacy research focuses on the part of motivation involving
expectancies (“I am able to accomplish this™), teaching enthusiasm refers to the intrinsic
value of teaching activities (“Doing this is fun for me”). Enthusiasm was identified long ago
as one of the most important characteristics of good teachers (Brophy & Good, 1986).
However, in recent years, researchers have been working on establishing a clear definition of
teacher enthusiasm. Drawing on interest and self-determination theory, Kunter et al. (2008)
defined enthusiasm as the trait-like “affective component of teacher motivation” (p. 470; see
also Keller et al., 2014), which is reflected in enjoyment, excitement, and pleasure during
professional activities. The authors distinguished between two dimensions of teacher
enthusiasm: enthusiasm for the subject (e.g., “I am still enthusiastic about the subject of
mathematics”) and enthusiasm for teaching (e.g., “I really enjoy teaching mathematics in this
class”™).

Kunter et al. (2011) found that for these two dimensions, only teachers’ enthusiasm for
teaching was related to students’ ratings of teachers’ enthusiasm and students’ enjoyment of
mathematics. Indeed, teaching enthusiasm is one of the strongest predictors for students’
interest development (Frenzel, Goetz, Ludtke, P krun, & Sutton, 2009; Lazarides et al.,

2018). This connection was mediated by teachers’ enthusiastic behaviour and individual
11
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support in the classroom (Keller et al., 2014; Kunter et al., 2013; Lazarides et al., 2018).
Taken together, the intrinsic value of teaching that enthusiastic teachers experience seems to
particularly contribute to a supportive and warm atmosphere in the classroom. It might be
easier for teachers who have more fun while teaching to create a respectful atmosphere and
also to put effort into supporting each student individually (Roth, Assor, Kanat-Maymon, &

Kaplan, 2007).

The Present Study

Previous studies have predominantly measured teacher effects over longer time
periods (e.g., Guo et al., 2012; Hill, Rowan, & Ball, 2013; Kunter et al., 2013). These time
periods have the advantage that students’ long-term cumulative learning in a subject can be
evaluated. However, this approach may also entail some undesired side effects. Most
importantly, there are numerous factors that occur across a whole school year that are not
under the control of researchers but are likely to influence both independent and dependent
variables. In addition, this approach makes it necessary to apply very broad outcome
measures, which are again more prone to external influences.

The basic idea of the present investigation was to evaluate the effects of teacher
competence and teaching quality in a standardized research design (Authors, 2014a; Authors,
2015a). This investigation is part of a larger research design in which all teachers received the
same materials for two predesigned teaching units on similar topics in the area of “floating
and sinking” (materials from Hardy, Jonen, Mdéller, & Stern, 2006), accompanied by a
professional development workshop on basic scientific concepts. This made it possible to
assess student outcomes (conceptual understanding and interest) closely related to these
instructional units. The fact that the topic addressed is demanding for teachers as well as for
students makes these instructional units very well-suited for addressing our research

questions. Here, the specific teaching unit is the vessel through which teacher performance
12
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can be evaluated. This approach has previously been applied in research on teaching quality
in mathematics and science education (Hardy et al., 2006; Klieme et al., 2009; Lipowsky et
al., 2009). It offers the advantage of involving fewer external (unobserved) factors that could

possibly threaten the internal validity of the results.

Research Questions and Hypotheses

With this design, we investigated whether the previous findings described above could
be transferred to the field of elementary science education, where the gap between teacher
competence and the high demands of everyday teaching practice is more pronounced than in
other domains and grade levels (Appleton, 2008; Brobst et al., 2017). We examined the
following research questions and hypotheses:
1. What are the effects of teachers’ pedagogical content knowledge, constructivist beliefs,
self-efficacy, and teaching enthusiasm on students’ conceptual understanding of floating and
sinking and interest in the teaching units? We expected the aspects of teacher competence to
be positively associated with the student outcome measures of conceptual understanding and
interest (Hypothesis 1).
2. What are the effects of the four aspects of professional competence on the three basic
dimensions of teaching quality? We expected PCK (Hypothesis 2) as well as constructivist
beliefs (Hypothesis 3) to be associated with the supportive climate and cognitive activation
dimensions. We further expected teaching enthusiasm to be associated with supportive
climate (Hypothesis 4), and self-efficacy to be associated with all three teaching quality
dimensions (Hypothesis 5).
3. Are the effects of teacher competence on student outcomes mediated by teaching quality?
We expected the respective teaching quality dimensions to mediate the relations between

teacher competence and student outcomes (Hypothesis 6).

13
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The fundamental idea behind these research questions is that the effects of teacher
competence on student outcomes are mediated by what actually happens in the classroom in
terms of teaching quality. The research questions build upon previous research conducted
within the same research project, which has provided evidence that the teaching quality
measures we used are related to student outcomes (Authors, 2014a; 2014b; Authors, 2015b).
This work was mainly concerned with methodological questions of how to best assess
teaching quality. It also offers indications as to which data source should be used to measure
each basic dimension of teaching quality (see Instruments section). Relations between teacher
competence and teaching quality as well as between teacher competence and student

outcomes, which represent the focus of the present work, have not been examined before.

Method
Design

Participating teachers taught two teaching units on the topic of floating and sinking in
their Grade 3 class. This topic is part of the science curriculum in German primary schools.
The materials and schedule we used were adapted from an empirically evaluated science
curriculum for teaching floating and sinking that was modeled on the principles of inquiry-
based science education (Moller & Jonen, 2005). The first unit covered the concept of
density, and the second unit focused on the concepts of buoyancy force and displacement.
Each unit consisted of 4.5 lessons of 90 minutes that were integrated into regular courses for a
duration of about nine weeks (about one 90-minute lesson per week).

The implementation of these units was part of a larger design for evaluating different
teaching approaches in science education in German primary schools (Authors, 2015a). As
part of this design, the teachers in the study participated in professional development
workshops. One part of these workshops (4.5 hours) focused on the scientific concept of

density and on how to implement the teaching units and use the materials. This part of the
14
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training was the same for all groups. In the second part of the workshops, teachers were
randomly assigned to four different conditions. Three of them were given one approach to
adaptive teaching, while the fourth served as a control group (Authors, 2015a).

We did not focus on these different approaches in the present study. Instead, we
examined the data set as a whole and did not differentiate between treatment conditions. We
did not expect the treatment conditions to impact student learning in a mediation model with
teaching quality, as the different approaches referred to specific teaching practices that were
quite independent of the generic dimensions of teaching quality examined in this study
(Authors, 2015b). In all of the four groups, the same inquiry-oriented science curriculum was
taught. Thus, all of the treatment conditions were expected to offer a high degree of cognitive
activation due to the basic curriculum. There were also no expectations that the other two
dimensions of teaching quality would vary systematically between the conditions.

Descriptively, there were only small differences between the treatment groups
regarding our major variables of interest. We also conducted empirical tests of whether the
treatment conditions differed. Regressing variables of teacher competence or teaching quality
on dummy-coded treatment groups did not reveal any significant relationships (using a more
conservative alpha level of 10%). We additionally controlled for the various treatment
conditions in our analyses to make sure that they did not affect the relations between teacher
competence, teaching quality, and student outcomes (see Data Analyses section).

The measures of teacher competence were taken after teachers completed the
workshops. One exception was enthusiasm for teaching, which was assessed only prior to the
workshops. We included this measure nonetheless because we regard enthusiasm as a rather
stable characteristic of teacher motivation (Keller et al., 2014; Kunter et al., 2008) that should
not have been affected by the workshops. All measures of teacher competence were collected
before teachers started to implement the teaching units. Teaching quality during these units

was assessed via student ratings after the first teaching unit (supportive climate and classroom
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management) and via external observations in one block period of 90 minutes during the first
unit (cognitive activation). Pre and post measures of students’ conceptual understanding and
interest were taken before and after the units.

In summary, this research design included direct measures of teacher competence,
which we could link to data on student development in a well-defined content area with pre-
post measures and measures of teaching quality during these units from multiple sources.
Participants

The total sample consisted of N = 54 teachers and 1,070 students from Grade 3. Each
teacher taught one class (one class could not be rated by external observers, see below).
About 20 students were assessed per class (min. 10, max. 27). Participating teachers had a
mean age of 42.8 years (SD = 9.2) and teaching careers that spanned 16.4 years on average
(SD = 8.6 years). 89% of teachers were female, which reflects the proportion of female
teachers in German primary schools. The average student age was 8.8 years (SD = 0.50), and
49% of the students were female. The target populations were students and teachers from
public primary schools in a German state. Participating schools were located in both urban
(61% of classes) and rural areas. Participation in the study was voluntary for both teachers
and students. The average participation rate for each classroom was 96%.

Instruments

Teacher competence. We assessed the aspects of teacher competence with
questionnaires or standardized tests, respectively.

Pedagogical content knowledge (PCK). We measured teachers’ PCK with a
standardized test based on the instrument by Lange (2010). It was comprised of five open-
ended items from two areas: (1) Knowledge about instructional strategies and representations
(sample item: “Please name four different experiments that help to explain the topic ‘floating
and sinking’ to students™), (2) Knowledge about students’ subject-specific preconceptions and

misconceptions (sample item: “Please name typical misconceptions that students use to
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explain phenomena of floating and sinking”). According to a coding manual that provided
clear and distinct rules and was developed by experts in the field of science didactics, each of
the participants’ answers could be categorized as appropriate or not. Appropriate answers
were counted and added to a sum score. The internal consistency of the sum score was
Cronbach’s a = .67. About one third of participants’ responses were coded twice by two
independent raters. Raters reached an average interrater agreement of 83% and an average
interrater reliability of ICC = .80. This instrument was shown to be sensitive to the effects of a
professional development workshop for teachers, which provided evidence for the validity of
this instrument (Authors, 2015¢).

Constructivist beliefs. Teachers’ constructivist beliefs were measured with a four-item
scale that was based on scales by Warwas et al. (2011) and Staub and Stern (2002). The items
focused on the degree to which teachers believed in the advantages of independent and
discursive learning processes (e.g., “Children learn especially well when they are allowed to
develop their own ideas and go their own way while learning”; Cronbach’s o = .72). Items on
enthusiasm and beliefs were rated on a 4-point Likert scale ranging from 1 (strongly disagree)
to 4 (strongly agree).

Self-efficacy. Teacher self-efficacy was measured with nine items that were modified
from a scale by Schmitz and Schwarzer (2000) that is well-established and widely used in
German speaking countries (sample item: “How confident do you feel teaching all relevant
subject content to even the most difficult students?”; Cronbach’s a = .80). It captures
teachers’ confidence in managing a variety of situations in everyday school life with a focus
on classroom instruction. The metric for this scale ranged from 0 to 100% agreement with the
items. Previous studies provided evidence for the validity of this scale. It is negatively
correlated with burnout (Maslach Burnout Inventory), teachers self-reported work strain, and
the time teachers spend with their students in extracurricular activities (Schmitz & Schwarzer,

2000). The teacher self-efficacy scale outperformed a general self-efficacy scale regarding the
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prediction of these measures (Schmitz & Schwarzer, 2000). It has also been shown to predict
teachers’ actual behavior in the classroom (teaching quality) (Holzberger et al., 2013;
Praetorius et al., 2017).

Teaching enthusiasm. We measured teaching enthusiasm with a six-item scale by
Kunter (2008; e.g., “Teaching is a great pleasure for me.”; Cronbach’s a = .81). The studies
by Kunter et al. (2011) and Lazarides, Gaspard & Dicke (2018) provided evidence for the
factorial and predictive validity of the scale.

Teaching quality. Previous research has revealed that different sources of data are
necessary to properly assess the different dimensions of teaching quality in elementary
school: Results from multilevel factor analyses have shown that third graders provide
sufficiently differentiated ratings of teaching quality in survey-based assessments (Authors,
2014b). However, it has been shown that third graders have problems with rating the potential
for cognitive activation as such judgements might exceed their understanding of pedagogy
(Authors, 2014a). We thus decided to use external (video-)observer ratings to assess the
potential for cognitive activation and student ratings to assess supportive climate and
classroom management.

We measured supportive climate with nine items that were related to positive teacher-
student interactions and covered teachers’ warmth and friendliness, encouragement, and
constructive feedback (sample item: “Our science teacher tells me how to do better when |
make a mistake”). [tems were evaluated regarding their internal consistency (Cronbach’s a =
.90), the proportion of variance attributable to the classroom level of analysis (ICC = .16), and
the reliability of the classroom aggregate regarding students’ agreement within classes (ICC2
= .78, according to formula by Liidtke et al., 2009, with values > .70 usually regarded as
indicating acceptable reliability, LeBreton & Senter, 2008). The classroom management scale

included five items (Cronbach’s a = .91, ICC = .25, ICC2 = .86) related to the absence of
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disciplinary problems and disruptions during classroom instruction (sample item: “In our
science class students are quiet when the teacher speaks”).

We measured the potential for cognitive activation with high-inference ratings of
external observers on a rating scale called “challenging tasks and questions.” This scale was
designed to measure how the teacher actually succeeded in creating a learning environment
that challenges students to engage in reasoning about the concepts taught through science
practice and how the teacher uses experiments and questions to initiate conceptual change in
students. More specifically, the scale’s indicators cover the activation of students’ prior
knowledge and concepts, and the extent to which the teacher posed open questions that
challenge students to more deeply cognitively engage with the learning content. Additionally,
observers had to rate whether students were given the chance to develop their own ideas to
explain the findings of experiments, whether students were encouraged to explain
contradictory observations, and whether single observations were linked to the respective
concept. Similar indicators have been shown to be crucial in secondary math instruction
(Lipowsky et al., 2009) and were adapted to capture the potential for cognitive activation in
the context of elementary science instruction (Authors, 2014a).

Raters received extensive training (approximately 40 hrs) and assigned their ratings on
one 4-point Likert scale ranging from 1 (strongly disagree) to 4 (strongly agree), integrating
the indicators described above in accordance with a coding manual. Interrater reliability was
sufficient (ICC = .77 for two independent raters; Shrout & Fleiss, 1979). Observations were
made either from video recordings (n = 37) or live in the classroom (n = 16) for teachers who
did not agree to be recorded (see Authors, 2014a).

Previous studies on the psychometric properties of the instruments have provided
evidence for the validity of the three teaching-quality scales regarding the discriminant
validity of student ratings, convergence between different data sources, and the prediction of

student outcomes (Authors, 2014a, 2014b).
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Student outcomes and covariates. Students’ interest and conceptual understanding of
the content covered in the teaching units were assessed with pre-post measures.

To measure students’ prior interest in science education, we used a four-item scale
(e.g., “I put effort into science class because it is fun”; Cronbach’s a = .89, ICC = .20) that
was based on a scale by Blumberg (2008). Student interest after the science classes was
measured using the same items with a different stem focusing on students’ interest in the
teaching unit (e.g., “I put effort into the topic of floating and sinking because it was fun”;
Cronbach’s a = .91, ICC = .16). Students’ conceptual understanding of floating and sinking
was assessed with standardized tests. Test items were adapted from existing instruments by
Hardy et al. (2006) and Kleickmann et al. (2010). The pretest comprised 16 items (EAP/PV
reliability = .52, ICC = .06), and the posttest comprised 13 items (EAP/PV reliability = .76,
ICC =.19). EAP/PV reliability was computed using a formula from Adams (2005) and can be
interpreted like Cronbach’s alpha, with values above .70 generally regarded as acceptable
(Kline, 2000). Because the pretest on conceptual understanding exhibited insufficient
reliability, we additionally tested students’ science competence and cognitive abilities and
used them as covariates to control for pre-existing differences between students (see below).
Regarding validity, these items have been shown to be sensitive to instruction (Naumann,
Hochweber, & Hartig, 2014). In addition, experts from educational practice and research in
science education have judged the items to be valid and highly relevant to the topic of floating
and sinking. Items were scored dichotomously or polytomously, and the two tests were scaled
separately by applying the partial credit model each time. Student parameters were estimated
with weighted likelihood estimates (Warm, 1989).

We assessed students’ prior science competence with an adapted version of the TIMSS
test (Martin, Mullis, & Foy, 2008) that fit the 1PL Rasch model (13 items; EAP/PV reliability
=.70; ICC = .14). Cognitive abilities were assessed with the CFT 20-R (56 items, Cronbach’s

a=.72; ICC =.10; Weil}, 2006), a German version of the culture fair intelligence tests.
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Data Analyses

Due to the clustered data structure, with individual students nested within classes at
Level 1 and teacher competence and teaching quality measures at Level 2, we used multilevel
analyses. We specified doubly manifest models according to the framework proposed by
Liidtke, Marsh, Robitzsch, and Trautwein (2011), as this was supposed to be the best solution,
considering the relatively small sample size at Level 2 and the almost full coverage of units
within classes at Level 1 (96% on average). Predictions of student outcomes were estimated
as random-intercept models, as we did not expect the slopes of Level 1 covariates to vary
across cluster units (Raudenbush & Bryk, 2010). All regression models were estimated in
Mplus 7 (Muthén & Muthén, 1998-2012) using robust maximum likelihood estimation
(MLR; Yuan & Bentler, 2000). Coefficients of determination were estimated as the ratio
between explained and total variance separately for each level of analysis.

To answer Research Question 1, we estimated two sets of multilevel regression
models: one for students’ conceptual understanding posttest scores as the dependent variable
and one with students’ subject-related interest in the two teaching units as the dependent
variable. Student level covariates were introduced as group-mean-centered Level-1 predictors
and additionally as classroom-aggregated predictors at Level 2. We also introduced dummy-
coded treatment conditions (see Design section) at Level 2 to control for potential differences
between groups.

To answer Research Questions 2 and 3, we further evaluated the models from
Research Question 1. In this model, we regressed the basic dimensions of teaching quality on
the teacher competence variables (Hypotheses 2 to 5) and we introduced the basic dimensions
as predictors of student outcomes (see Figure 1). Thus, we specified a 2-2-1 mediation design
according to Preacher et al.’s (2010) framework (Hypothesis 6). We tested the indirect effects

of teacher competence on student outcomes via teaching quality using the model indirect
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command implemented in Mplus (Muthén & Muthén, 1998-2012), which uses the delta
method (MacKinnon, 2008, p. 92).

The issue of missing values requires careful consideration (Enders, 2010). In our
study, a relatively small amount of missing data occurred at the level of individual students
(M =17.97%, Range = 6.8-9.7%, see Table 1). Missing data on teacher variables ranged
between two and three cases (see Table 1). Missing values were generated when students or
teachers did not attend school on the day the measurements were taken. Absence was mostly
due to illness or, for student measures, because students changed classes or schools. One
missing value in the external classroom observations occurred for organizational reasons.
There was no missing data for classroom-level aggregates of individual student data. There
was no indication of a systematic accumulation of missing data patterns across scales or
measurement points. We used a full information maximum likelihood algorithm (FIML;

Arbuckle, 1996) to deal with missing data in all regression models.

Results

Descriptive statistics are presented in Table 1 for all variables. A first look at the
bivariate correlations between the different aspects of teacher competence reveals rather small
to zero correlations between these variables (Table 2). There was only one significant
correlation between self-efficacy and teaching enthusiasm. The same applies to the
dimensions of teaching quality. Only the correlation between supportive climate and
classroom management (both measured via student ratings) was significant. Thus, teachers
differ with regard to the different aspects of professional competence. For example, a teacher
with a high PCK is not necessarily one who is also very enthusiastic about teaching. For the
bivariate relations in Table 2, there were also some small to medium correlations between the
four aspects of teacher competence and student outcomes.

Effects of Teacher Competence
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To evaluate the effects of teacher competence on student achievement (i.e., conceptual
understanding) and interest (Research Question 1), we first introduced each aspect of teacher
competence in the regression analyses in a stepwise fashion (Table 3; Models 1a-d and
Models 2a-d). Teachers’ self-efficacy was a significant predictor of student achievement and
student interest (Models 1c¢ and 2c¢). PCK and teacher enthusiasm were related to student
interest but not to achievement (Models 2a and 2c¢). Constructivist beliefs were not related to
either of the two outcomes (Models 1d and 2d). Thus, these results are only partly in line with
Hypothesis 1. In Models 3 and 4, we evaluated the unique contribution of each predictor over
and above all of the other predictors. The effects did not change substantially in comparison
with the single predictor models. Thus, the previously significant predictors also made a
unique contribution to explaining the student outcomes.

The Role of Teaching Quality

To answer Research Question 2, we examined relations between teacher competence
and teaching quality. The results of the full multilevel mediation model (Table 4 and Figure 1)
revealed significant effects of teachers’ pedagogical content knowledge on supportive climate
but not on cognitive activation. Thus, the results are only partly in line with Hypothesis 2.
Contrary to our expectations in Hypothesis 3, we did not find significant relations between
constructivist beliefs and teaching quality. Teaching enthusiasm was significantly related to
the supportive climate dimension and—as expected in Hypotheses 4 and 5—teacher self-
efficacy predicted all three basic dimensions. In the full mediation model, all predictors were
introduced simultaneously. Thus, significant predictors made a unique contribution to
teaching quality over and above the others.

Figure 1 presents a review of the mediation analyses (Research Question 3). Detailed
results in Table 4 show that the effect of self-efficacy on student achievement decreased and
was no longer significant when teaching quality was controlled for. The same was true for the

effects of PCK, self-efficacy and teaching enthusiasm on student interest. The evaluation of
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indirect effects revealed that the main effect of self-efficacy on student achievement was
mediated by teaching quality (Bingirect = .25, p < .05), whereas the indirect effect of self-
efficacy on student interest was not significant (Singirect = .08, p > .05). The indirect effect of
PCK on student interest via teaching quality was significant (Sindirect = -12, p < .05). The effect
of teaching enthusiasm on student interest was mediated by teaching quality as well (Bindirect =

.14, p <.05). These results are in line with Hypothesis 6.

Discussion

In this study, we examined relations between teacher competence, teaching quality,
and student outcomes in elementary science education. The first aim of this article was to
identify specific, measurable aspects of teacher competence that help teachers succeed in
promoting student achievement and interest in complex settings related to science learning.
We further expected teaching quality to play an important role in this link: Competent
teachers are able to provide high-quality instruction, which in turn affects student progress.
Our study was based on several theoretical concepts and models from research on secondary
math and science instruction. We were able to successfully apply these concepts to
elementary science education, thus adding knowledge to a very important field of research. In
contrast to most secondary school teachers, elementary school teachers are often generalists
who do not necessarily have an academic background in science-related subjects, posing
particular challenges in the field of elementary science education (Appleton, 2008; Johnston
& Ahtee, 2006; Kramer et al., 2015; Rice, 2005). Complex mechanisms underlie younger
students’ understanding of science phenomena. Teachers have to not only understand these
phenomena themselves (which is challenging enough) but also have to be willing and able to
explain them to their students. The relations between different aspects of teacher competence
and classroom processes might therefore look different in elementary science classes.

Teacher’s motivation (enthusiasm and self-efficacy) might play a role that is just as important
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as the more cognitive aspects of teacher competence (like knowledge and beliefs) on which
much of the research from secondary schools has focused so far. However, our results show
that similar conceptualizations of teacher competence and teaching quality apply to different
domains and grade levels. Before we discuss the results in detail, we will highlight some
overarching findings.

First, we were indeed able to confirm that several aspects of teacher competence are
related to student outcomes. These effects were at least partly mediated by the “basic
dimensions” as generic aspects of teaching quality (Klieme et al., 2009). Thus, the positive
effects of teacher competence can to some extent be explained by what successful teachers
actually do in the classroom in terms of teacher-student interactions during various tasks and
instructional settings. Additionally, it seems that variables more proximal to student learning
(teaching quality) have greater explanatory power for student outcomes than the rather distal
aspects of teacher competence.

Second, we primarily found specific, unique effects. For example, each of the aspects
of PCK, self-efficacy, and teaching enthusiasm made a unique contribution to explaining
supportive climate in the classroom. Professional competence does not represent a single
global teacher characteristic (Kunter et al., 2013). Instead, several aspects of teacher
competence need to be considered when explaining teaching quality and student progress.
Teachers differ with regard to their individual strengths and weaknesses. To our knowledge,
this is the first study to examine the specific effects of a comprehensive set of teacher and
teaching characteristics in the field of elementary science education.

Pedagogical Content Knowledge: Not Related to Achievement or Cognitive Activation

PCK was identified as a relevant predictor of teachers’ cognitive activation and
supportive climate in the classroom (Baumert et al., 2010; Fortsch et al., 2017) in secondary
classes. Although science specific PCK might be limited among elementary school teachers, it

was also found to predict students’ conceptual understanding and subject-related interest in
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elementary science education (Lange et al., 2012). In our study, PCK was related only to
supportive climate and student interest. How can these different results be explained? We
discuss two potential explanations, both of which are related to the standardized design of the
present study.

First, we assessed teachers’ PCK in a very distinct content area (knowledge on
teaching floating and sinking). The fact that all teachers had previously dealt with how to
implement this teaching unit in the classroom might have led to restricted variance among
teachers’ PCK on this topic. This would lead to smaller correlations with other constructs (in
addition to the rather low reliability of the PCK measure we used, which has the same effect).
However, this does not explain why effects were found for supportive climate and student
interest, which brings us to another explanation. The PCK construct we measured focused on
two main areas: (1) teachers’ knowledge of how the topic of floating and sinking can best be
explained to students and (2) teachers’ knowledge about students’ preconceptions and
misconceptions in this content area. The teaching units that teachers had to implement
included specific cognitively activating experiments, tasks, and worksheets for the students
(Hardy et al., 2006). While these curriculum materials do certainly not determine a teacher’s
instruction in the classroom, they might have led to a limited variation in how teachers dealt
with the topic in their classes. Thus, the first component of teachers’ PCK—the part that
enables them to choose appropriate tasks and experiments when preparing for upcoming
lessons—was probably less important as a source of variance between teachers in the present
study. On the other hand, teacher-student discourse and one-on-one scaffolding did occur
during the teaching units. Thus, the second part of PCK became relevant during teacher-
student interactions when students who held certain preconceptions and misconceptions asked
for help and the teacher had to provide individual support (van de Pol, Volman, & Beishuizen,
2010). This was reflected in the association between teachers’ PCK scores and students’

ratings of supportive climate. A higher degree of supportive climate was in turn positively
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associated with students’ interest. The path from PCK through supportive climate to student
interest has also been found in previous studies on mathematics classes (Kunter et al., 2013).

Unfortunately, we could not test these interpretations because we were not able to split
the short PCK measure into two scales reflecting the aforementioned components. Future
research will have to further explore the complex relations between the subfacets of PCK and
teaching quality.

Constructivist Beliefs: Unrelated to Student Outcomes and Teaching Quality

Teacher beliefs about teaching and learning play an important role in research on
mathematics and science teaching (Handal, 2003; Jones & Carter, 2007). However, results on
the relations between teachers’ beliefs and what teachers actually do in the classroom are
mixed. Differently from PCK, the non-significant effects we found for beliefs cannot be
attributed to our study design, as teacher beliefs should not depend on whether the teaching
units were predesigned or not. Additionally, the descriptive results show that constructivist
beliefs were not particularly low in our sample.

Theoretical considerations suggest that constructivist beliefs can be beneficial for
student learning if they are accompanied by an increased awareness of the importance of
students’ misconceptions (Vosniadou, 2013). This could in turn lead to teaching behavior that
explicitly addresses students’ misconceptions, which would be reflected in increased
individual support in classrooms of teachers with more constructivist beliefs. However, our
results show that holding certain beliefs does not necessarily have an impact on the actual
behavior in the classroom in terms of teaching quality.

Earlier studies have challenged the importance of constructivist teacher beliefs for
teaching quality and student learning too: Kunter et al. (2013) found no specific effect of
constructivist beliefs on student achievement and only a negative correlation with classroom
management when other facets of teacher competence were controlled for. In a study by

Kleickmann et al. (2016), the effects of professional development workshops on student
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achievement were not mediated by teachers’ beliefs but by teachers’ instructional quality in
the classroom. The authors suggested that having certain beliefs about the nature of science
teaching and learning might not be sufficient to achieve high instructional quality. Our results
are in line with this interpretation.

Teacher Self-Efficacy: The Most Important Predictor of Student Outcomes and
Teaching Quality

Self-efficacy was the most prominent predictor of student development in our study. It
was the only aspect of teacher competence that was connected to the development of students’
conceptual understanding. In addition, self-efficacy was the only competence measure that
was related to external observer ratings of cognitive activation.

Previous research has underscored the role of teachers’ self-efficacy for teacher
competence (Holzberger et al., 2013, 2014). However, the effects of self-efficacy in previous
studies were not as pronounced as previously expected (Klassen et al., 2011; Klassen & Tze,
2014). The fact that we found substantial associations with student outcomes and teaching
quality might have to do with the subject matter and grade level that we focused on. Self-
efficacy always refers to people’s beliefs about whether they are able to deal with certain
situations. The more challenging a situation, the more relevant self-efficacy becomes.
Teaching science is a challenging task for many elementary school teachers (Davis et al.,
2006). It is plausible that the teachers who performed well were the ones who felt confident in
their ability to manage the challenge of implementing a demanding teaching unit in science
education. It was nonetheless remarkable that a rather general measure of self-efficacy
predicted student learning over and above the other measures of teacher competence.
However, our results are also in line with Zee and Koomen’s (2016) suggestion that
classroom processes might mediate the effects of teacher self-efficacy. For future research, it
would be desirable to apply more specific measures of self-efficacy (e.g., efficacy for specific

instructional strategies), which would also allow more specific predictions of the different
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dimensions of teaching quality (Tschannen-Moran & Hoy, 2001). Similarly, given the special
role of elementary science in relation to other subjects, it would be desirable to apply

measures with a more specific focus on efficacy for science education in future studies.

Teaching Enthusiasm: Teachers’ Motivation Fosters Students’ Motivation

Teaching enthusiasm refers to intrinsic aspects of teachers’ motivation, which has
previously been linked to the development of students’ interest (Keller et al., 2014). This
effect has also been referred to as “emotional transmission in the classroom” (Frenzel et al.,
2009). Teachers who experience enjoyment and pleasure during teaching are better able to
raise students’ subject-related interest. Our study lends further support to these findings. First,
we were able to confirm that this effect can be generalized to the field of elementary science
education. Second, the effect arose in the rather brief amount of time it took to teach two units
on one topic. Third, our study went beyond merely showing that this effect is mediated by
teachers’ expressed enthusiasm in the classroom (Keller et al., 2014; Frenzel et al., 2009) or
autonomy-supportive teaching (Roth et al., 2007). We were further able to show that the basic
dimension of supportive climate as a broader and more general aspect of teaching quality also
contributed to this effect (cf. Kunter et al., 2013). Like in the case of teacher self-efficacy, it
would be interesting to apply measures that are more specific to the case of elementary
science education in future studies. However, we also believe that the present findings offer a
very good starting point for more domain-specific analyses by showing that the more general
aspects of teacher enthusiasm and self-efficacy we considered in our study indeed matter for
teaching quality and student outcomes in elementary science.
Value of the Study for Research on Teaching Quality: Antecedents and Consequences

Our study illustrates that it is fruitful to consider different sources of data for different
aspects of teaching quality. We included different sources of data and were able to confirm

the expected specific and unique effects of the three basic dimensions of cognitive activation,
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supportive climate, and classroom management (Authors, 2015b; Authors, 2014b). These
results are in line with other studies involving various school subjects and grade levels
(Kunter et al., 2013; Pianta & Hamre, 2009). In addition, we added to knowledge about the
specific antecedents of high-quality teaching in elementary science education in terms of
teachers’ professional competence. Identifying such competencies is particularly important
for promoting teaching quality (see Implications section).

It is in line with our expectations that the teacher variables that were related to student
interest (PCK, self-efficacy, and teaching enthusiasm) were also related to supportive climate.
On the other hand, the teacher variable connected to student achievement (self-efficacy) was
also related to classroom management and cognitive activation. This pattern strengthens our
interpretation that there are systematic relations between teacher competence, teaching

quality, and student outcomes and provides further evidence for the validity of our results.

Further Strengths and Limitations of the Study

We were able to link direct measures of several facets of teacher competence to
different aspects of teaching quality and two important student outcomes in a longitudinal
design. Effects were estimated in a standardized research design, which increased the internal
validity of our study. Teacher competence develops over the course of the school year, and
the impact of teaching experience on teacher competence can be as pronounced as the impact
of teacher competence on teaching quality (Holzberger et al., 2013). Observing teacher effects
in a predesigned teaching unit controls for these bidirectional effects to a large degree purely
by design. Nevertheless, our study remains correlational in nature. We have good reason to
believe that the effects we detected move in the causal direction suggested above, but our
research design did not allow us to test this. We propose that teacher competence influences
teaching quality and, in turn, student outcomes, but this interpretation leaves out potential

bidirectional effects. Research has shown, for example, that teachers’ self-efficacy is affected
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by their previous experiences in the classroom (Holzberger et al., 2013; Zee & Koomen,
2016). The same might apply to student outcomes: We can imagine that teachers of students
who perform well (for any reason) will feel more effective. In this interpretation, self-efficacy
would not be the cause but rather the outcome of student achievement. Our research design
(specific standardized teaching unit, strong control variables) makes this interpretation less
likely, but it cannot be definitively ruled out. Future research is needed to further examine the
effects described in the present paper.

The advantages of our research design also go along with some drawbacks. We put a
lot of effort into ruling out the possibility that the different treatment conditions within the
larger research design had an effect on our results. However, a completely untreated sample
would be desirable for future studies in this area. Additionally, as in many other studies,
participation in our study was voluntary for teachers. We cannot rule out that teachers in our
sample were more competent than those who did not participate, which would also limit the
generalizability of our findings.

Implications for Practice and Future Research

Motivational constructs, namely teacher motivation (in the form of self-efficacy and
enthusiasm) and student motivation (in the form of subject-related interest), played an
important role in the present investigation. Researchers have underscored the important role
of motivation in schools for a long time (Richardson, Watt, & Karabenick, 2014).
Policymakers have called for more highly educated students to fill STEM-related jobs, which
are considered crucial for the development of modern societies. Thus, several countries are
struggling with the question of how to increase students’ interest in science-related topics.
Research shows that strong results in science competence on the country level do not
necessarily go along with high interest in science among students (Martin, Mullis, Foy, &
Hooper, 2016; OECD, 2016). In addition, in the field of science education, a steady decline in

student interest has been observed with increasing grade levels. On a policy level, focusing
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more on teacher competence seems to be a promising way to deal with these issues.
Competent, highly motivated teachers might be able to help prevent this decline, and teacher
education and professional development seem to be good levers for promoting students’
science-related interest.

An important feature of our research design is that it allowed us to identify important
practical implications because we considered the development of conceptual understanding
and interest in a distinct content area rather than in a fairly abstract competence area. This is
something that teachers have to deal with in their everyday teaching practice. Our approach of
directly measuring teacher competence and teaching quality offers important advantages over
other methods of estimating teacher quality, such as value added measures (Polikoff, 2015).
Most importantly, teachers differ in their individual strengths and weaknesses, which was
reflected by the low correlations between the different aspects of teacher competence. The
specific assessment of these aspects offers valuable starting points for professional
development. Thus, at the level of everyday school practice, the promotion of these specific
aspects of teacher competence seems promising with a view to improving the quality of
classroom instruction. The aspects of teacher competence that were effective in this study are
not static, unchangeable teacher characteristics. Rather, previous research has provided rich
evidence that each of the aspects described above can be developed and fostered in
professional development programs (e.g., Borko, 2004; Kleickmann et al., 2016; Timperley,
2008).

More specifically, the approaches we used to measure teaching quality (observations
and student surveys) offer rich information that can be used to provide teachers with detailed
feedback (Borko, Jacobs, Eiteljorg, & Pittman, 2006). This is particularly important, as
feedback is known to be one of the most powerful tools for professional development and
improving teacher competence. For example, teacher training that uses such measures of

teaching quality will be very well able to identify teachers’ own strengths and weaknesses in
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everyday classroom instruction. This is a major advantage of the present approach in
comparison to other indicators of teacher quality such as value-added measures. However,
this assumption—that improving teacher competence can increase teaching quality and
student outcomes—will have to be examined in greater detail in further, preferably
experimental, studies.
Conclusion

In the present study, we examined the effects of teacher competence on teaching
quality and student outcomes. The most prominent aspect of teacher competence was
teachers’ general self-efficacy, which predicted students’ conceptual understanding of taught
content as well as their subject-related interest. Teachers’ pedagogical content knowledge and
enthusiasm for teaching were also related to student interest, but not to achievement.
Moreover, these effects were mediated by the three basic dimensions of teaching quality:
cognitive activation, supportive climate, and classroom management. These results help us
better understand the mechanisms behind the effects of teachers’ personal characteristics.

They can also be informative for future efforts to improve educational quality.
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Figure I: Significant paths of the full mediation model. Dashed lines indicate hypothesized

(36*

Student
Achievement

Student
Interest

but empirically insignificant relations. Classroom level effects. *p < .05, one-tailed test
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Table 1

Descriptive Statistics

N M SD

Teacher/classroom-level variables

PCK' 52 8.75  3.57
Self-efficacy 52 72.10 9.72
Teaching enthusiasm 51 348 0.38
Constructivist beliefs 52 3.51 0.39
Cognitive activation (observer) 53 3.20 0.82
Supportive climate (students)* 54 3.30 0.31
Classroom management (students)® 54 2.56 0.47
Individual-level variables

Pre-interest 992 3.11 0.90
Post-interest 966 2.85 0.99
Pretest conceptual understanding 987 0.02 0.90
Posttest conceptual understanding 976 0.01 0.95
Science competence 997 -0.32 1.07
Cognitive abilities 991 104.03  14.77

Note. 'min = 0, max = 16; “Classroom aggregates.
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Table 2

Correlations at the Classroom Level

M @ G @ & © O © (9 10) (1) (12)
(1) PCK
(2) Self-efficacy -25
(3) Teaching enthusiasm -11 .30%*
(4) Constructivist beliefs -22 .21 .20
(5) Cognitive activation -11 .29*% -05 .11
(6) Supportive climate’ 27 .30% 43* 18 -.04
(7) Classroom management® -.10 .42* .07 .13 .14 .37*%
(8) Post-achievement” -20 36% .01 .08 .38*% .04 .43%
(9) Post-interest’ 24 25 30% 23 -01 .57* 36% .20
(10) Pre-achievement 03 -16 -26 21 .02 -14 -03 .11 -19
(11) Pre-interest’ -17 .32% .00 .35 20 .23 .33* .11 .30* -.04
(12) Cognitive abilities” -00 29* -24 12 .15 .05 42% 45% 12 .33* .07
(13) Science competence’ -21 .19 -10 -03 .17 -17 -08 .32* -23 24 .04 .54%*

Note. *p < .05. *Classroom aggregates.
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Table 3
Multilevel regression analyses: Teacher competence as a predictor of students’ achievement

and interest after the teaching units

Main effect of each single ~ Unique contribution of each

predictor predictor
Models la-d  Models 2a-d Model 3 Model 4

Dependent Variable Achievement Interest Achievement Interest
Teacher Competence

Pedagogical Content Knowl. (PCK) - 18 (.13) 25 (11)* -10 (.14) .36 (.10)*

Constructivist beliefs (CB) .05 (.14) 14 (.15) -10(.14) .08 (.13)

Self-efficacy (SE) 33 (L15)* 33 (L14)* 34 (L18)* 25 (L13)*

Teaching enthusiasm (TE) A3 (L15) 40 (L14)* -.00 (.17) 33 (L15)*
R? (between) of PCK/CB/SE/TE .28/.26/.31/.27 .22/.15/.16/.23 32 43

Note. Standardized regression weights; standard errors are in parentheses. *p < .05, 'p < .10, one-tailed
test. PCK = Pedagogical content knowledge, CB = Constructivist beliefs, SE = Self-efficacy, TE =
Teaching enthusiasm; Model 1a: PCK, Model 1b: CB, Model 1c: SE, Model 1d: TE, Model 2a: PCK,
Model 2b: CB, Model 2¢: SE, Model 2d: TE.

We included the following covariates at the individual and at the classroom level of analysis in all
models: prior science competence, cognitive abilities, and pretest scores of conceptual understanding
or interest, respectively. We also controlled for dummy-coded treatment conditions at the classroom

level.
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Table 4
Multilevel regression analyses predicting student achievement and interest: multilevel path
model
Classroom level predictors Mediator variables Dependent variables
Cognitive Supportive Classroom Interest Achievement
activation climate management
Teacher Competence
PCK -05 (.15) 35 (11)* .02 (.14) 22 (.12) -11(.14)
CB 10 (.13) .08 (.13) .00 (.12) .08 (.13) - 12 (.13)
SE 27 (16)* 28 ((13)* S1(13)* A7 (13) A7 (.15)
TE -.14 (.15) 38 (L11)* -07 (.13) A7 (.15) .10 (.18)
Teaching Quality
Cognitive activation - - - -.06 (.09) 32 ((13)*
Supportive climate - - - 34 (17)* -.09 (.17)
Classroom management - - - .00 (.16) 36 (\14)*
R? 14 47 31 .68 .50

Note. Standardized regression weights; standard errors are in parentheses. *p < .05, one-tailed test.

PCK = Pedagogical content knowledge, CB = Constructivist beliefs, SE = Self-efficacy, TE =

Teaching enthusiasm.

We included the following covariates at the individual and at the classroom level of analysis in this

model: prior science competence, cognitive abilities, and pretest scores of conceptual understanding or

interest, respectively. We also controlled for dummy-coded treatment conditions at the classroom

level.
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