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Effects of biology teachers’ professional knowledge and
cognitive activation on students’ achievement
Christian Förtsch, Sonja Werner, Lena von Kotzebue and Birgit J. Neuhaus

Biology Education, Department I, Faculty of Biology, Ludwig-Maximilians-Universität München, Munich,
Germany

ABSTRACT
This study examined the effects of teachers’ biology-specific
dimensions of professional knowledge – pedagogical content
knowledge (PCK) and content knowledge (CK) – and cognitively
activating biology instruction, as a feature of instructional quality,
on students’ learning. The sample comprised 39 German
secondary school teachers whose lessons on the topic
neurobiology were videotaped twice. Teachers’ instruction was
coded with regard to cognitive activation using a rating manual.
Multilevel path analysis results showed a positive significant effect
of cognitive activation on students’ learning and an indirect effect
of teachers’ PCK on students’ learning mediated through cognitive
activation. These findings highlight the importance of PCK in
preservice biology teachers’ education. Items of the rating manual
may be used to provide exemplars of concrete teaching situations
during university seminars for preservice teacher education or
professional development initiatives for in-service teachers.
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Theoretical models of instructional quality (e.g. Helmke, 2014; Kunter et al., 2013a)
describe teachers’ professional knowledge as a common influence factor on instructional
quality, and consequently indirectly on students’ achievement. In empirical education
research, two research fields prevail, which are based on different paradigms: teacher pro-
fessionalism research and teaching effectiveness research. Teacher professionalism
research is based on the expert paradigm and focuses on identifying several aspects of
teacher quality (Bromme, 1997). Baumert and Kunter (2013b) developed a concept of pro-
fessional competence, which can be applied to teachers’ professionalism (Kunter et al.,
2013b). This concept includes cognitive as well as non-cognitive aspects. In recent
research, the focus was on describing the structure of cognitive aspects, capturing their
different dimensions, and relating these dimensions to each other (cf. Gess-Newsome,
1999; Jüttner, Boone, Park, & Neuhaus, 2013; Lee & Luft, 2008; Park & Oliver, 2008; Sczu-
dlek et al., 2016). Research on teaching effectiveness is based on the process–mediation–
product paradigm (Brophy, 2000; Shuell, 2001). In contrast to teacher professionalism
research, the focus is on effective teaching, which provides opportunities to learn. These
opportunities can be utilised by students and, therefore, may lead to students’ learning,
which again results in higher achievement (Praetorius, Lenske, & Helmke, 2012). Effective
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teaching can be described by several features of instructional quality, which influence stu-
dents’ achievement (Brunner et al., 2006; Gröschner, Seidel, & Shavelson, 2013; Hattie,
2009; Slavin, 1994). Several meta-studies summarise effective, mainly general, features
of instructional quality (Fraser, Walberg, Welch, & Hattie, 1987; Hattie, 2009; Seidel &
Shavelson, 2007). Especially in German-speaking countries, three basic dimensions of
instructional quality are often differentiated. Within each basic dimension, single
general features of instructional quality are organised into the basic dimensions cognitive
activation, classroom management, and supportive climate (e.g. Klieme, Lipowsky,
Rakoczy, & Ratzka, 2006). Therefore, the basic dimensions of instructional quality can
be described as a cluster of variables, which comprise several content-related features of
instructional quality (Klieme, Schümer, & Knoll, 2001). However, in this context, Seidel
and Shavelson (2007) and Neuhaus (2007) emphasised the importance of domain speci-
ficity for fostering students’ achievement. Until now, there are only a few studies which
combine both research fields by relating teachers’ professional knowledge to their instruc-
tion and students’ achievement (cf. Cognitive Activation in the Mathematics Classroom
and Professional Competence of Teachers [COACTIV], Kunter et al., 2013a; Quality of
Instruction in Physics [QuIP], Fischer, Labudde, Neumann, & Viiri, 2014; Professional
Knowledge of Teachers in Science [ProwiN, German acronym], Tepner et al., 2012). There-
fore, more of such studies are necessary (Gess-Newsome, 2013). The present study
addresses this issue by measuring teachers’ professional knowledge in biology and relating
it to cognitively activating instruction as well as students’ achievement.

After introducing the theoretical aspects of teachers’ professional knowledge and
present conceptualisations of cognitive activation, we address empirical findings concern-
ing the effects of professional knowledge on cognitive activation as well as indirect effects
on students’ achievement.

Teachers’ professional knowledge

Teachers’ professional competence includes cognitive aspects, such as professional knowl-
edge, as well as non-cognitive aspects, such as motivational orientations, self-regulation,
and beliefs (Baumert & Kunter, 2013b). In recent years, the focus of empirical research
has been on analysing teachers’ professional knowledge (cf. Fischer et al., 2014;
Großschedl, Mahler, Kleickmann, & Harms, 2014; Kunter et al., 2013a; Tepner et al.,
2012). Teachers’ professional knowledge is divided into several dimensions, whereas
three dimensions are established in research: Pedagogical knowledge (PK), content knowl-
edge (CK), and pedagogical content knowledge (PCK) (cf. Abell, 2007; Kunter et al.,
2013a). PK is described as interdisciplinary knowledge about several teaching methods,
learning strategies, and classroom management (Voss & Kunter, 2013). In contrast, CK
and PCK are domain-specific knowledge dimensions. CK is knowledge about the
subject matter and its conceptual understanding (cf. Shulman, 1986). Shulman (1987)
described PCK as the melding of CK and PK. Based on this description, researchers
often only focused on CK or PK. However, neither PK nor CK is sufficient for successful
teaching and therefore, PCK is necessary as an own unique knowledge dimension
(Baumert et al., 2010; Gess-Newsome, 2013). Especially for biology teachers’ professional
knowledge, Großschedl et al. (2014) and Großschedl, Harms, Kleickmann, and Glowinski
(2015) indicated that PCK and CK are two separable knowledge dimensions. These two
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dimensions, however, are highly correlated, from what Großschedl et al. (2015) concluded
that CK may be relevant for developing PCK. Additionally while focusing on teachers’ CK,
it was often measured using distal indicators such as the number of professional develop-
ment initiatives the teachers had participated in, rather than directly assessing the knowl-
edge through validated test items (Baumert et al., 2010; Hill, Ball, Blunk, Goffney, &
Rowan, 2007; Jüttner et al., 2013). In this study, PCK was defined as the knowledge
that teachers need to make content accessible to their students (Fischer, Borowski, &
Tepner, 2012; Shulman, 1986). Although PCK has been conceptualised in very different
ways, at least two components of PCK based on Shulman’s (1987) definition have been
used consistently: knowledge of instructional strategies and representations as well as
knowledge of students’ misconceptions (cf. van Driel, Verloop, & de Vos, 1998; Lee &
Luft, 2008; Park & Oliver, 2008; Schmelzing et al., 2013). These two components of
PCK were also used in different large-scale studies, dealing with measuring teachers’
PCK in mathematics and science (COACTIV: Kunter et al., 2013a; Measuring the pro-
fessional knowledge of preservice mathematics and science teachers [KiL, German
acronym]: Großschedl et al., 2015; ProwiN: Tepner et al., 2012). Within the mathematical
study COACTIV, PCK included the component knowledge of instructional strategies with
the two facets knowledge of explanations and knowledge of mathematics tasks, as well as
the component knowledge of typical mathematical student errors. Additionally, the com-
ponent knowledge of curriculum was added (Krauss et al., 2013). Using this conceptual-
isation of PCK in mathematics, researchers showed that teachers use multiple dimensions
of knowledge during instruction and that CK and PCK are separate dimensions of tea-
chers’ professional knowledge, which are correlated positively (Bednarz & Proulx, 2009;
Krauss et al., 2008). Additionally, results of studies in mathematics indicated that
mainly teachers’ PCK is a predictor for instructional quality and therefore for students’
learning. Teachers’ CK, for example, only effected the curricular alignment of tasks (cf.
Baumert et al., 2010). Within the KiL project, PCK of biology, chemistry, physics, and
mathematics teachers was described with four components. Besides the two components
initially described by Shulman (1987), curriculum knowledge and knowledge of assess-
ment were added as additional components of PCK (Großschedl et al., 2015). The
project ProwiN defined PCK for biology, chemistry, and physics teachers with the two
consistently used components: knowledge of students’ errors and knowledge of instruc-
tional strategies (Tepner et al., 2012). Within the component knowledge of instructional
strategies, they focused on two facets, which are major instructional strategies in all of
the three science subjects: model use and use of experiments (cf. Jüttner et al., 2013;
Tepner et al., 2012). Even though PCK is operationalised similarly in the different
science subjects, the component knowledge of student errors is specific for every
subject, as students’ errors are based on the specific content which is taught. Additionally,
instructional strategies have to be adapted to the specific content of a subject. Therefore,
we assume that a sophisticated PCK would result in a teacher having different knowledge
of students’ errors and instructional strategies in each area of science.

Cognitive activation as a feature of instructional quality

From the view of constructivism, learners construct new organised knowledge actively
(Loyens & Gijbels, 2008; Mayer, 2004, 2009). The ICAP (Interactive, Constructive,
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Active, Passive) framework of Chi and Wylie (2014) proposes different modes of active
learning based on students’ engagement behaviours. The passive mode is defined as lear-
ners who just receive information. Active students are behaviourally acting. For the con-
structive mode, learners have to generate additional outputs, which are ‘beyond what was
provided in the learning materials’ (Chi &Wylie, 2014, p. 222). In order to be interactive, a
discourse or a dialogue between the least constructive learners has to take place. Chi and
Wylie (2014) described these four modes hierarchically, with interactive being the highest
mode. Additionally, they assumed that higher modes lead to an increase in learning and a
deeper understanding of the content. Mayer (2004) already formulated a critique of being
only behaviourally active and demanded higher modes. This is in line with one aim of
National Education Standards (e.g. KMK, 2005; NRC, 2012), which is to focus on learning
core ideas and general principles, resulting in conceptual understanding. In order to reach
this goal, we assume that instruction should stimulate students to act at least on the con-
structive mode. As students have to do more cognitive analysis, a conceptual and deeper
understanding of the content will be reached (Chi & Wylie, 2014; Craik & Lockhart, 1972;
Klieme, Pauli, & Reusser, 2009; Mayer, 2004). Therefore, in our present study, we focus on
teaching practices which stimulate students to do more cognitive analysis in order to gain
conceptual understanding. This includes teaching practices which lead to behaviours of
students at least on the constructive level of the ICAP framework.

The instructional quality feature cognitive activation deals with this issue of promoting
conceptual understanding (cf. Lipowsky et al., 2009). Within the model of instructional
quality, Klieme et al. (2006) describe cognitive activation as one of the three basic dimen-
sions of instructional quality. The other two basic dimensions, namely classroom manage-
ment and supportive climate, are characterised as general features of instructional quality.
Cognitive activation, however, is considered as a more domain-specific one. Cognitive
activation can only be assessed by taking into account a specific content (Klieme et al.,
2009). Praetorius, Pauli, Reusser, Rakoczy, and Klieme (2014) showed in a study that
the observation of cognitive activation depends on the stage of the unit and the content
taught. However, in recent empirical educational research, cognitive activation has been
defined in various different ways, which may be due to its domain specificity. The
COACTIV project in mathematics (Kunter et al., 2013a) and the QuIP project in
physics (Fischer et al., 2014) only focused on tasks when defining cognitive activation.
Within COACTIV, cognitive activation was defined as all learning situations that cause
students to conceptually participate in the learning task (Kunter et al., 2007). Although
the QuIP project also focused on tasks, they defined cognitive activation differently.
They coded the level of complexity of teacher tasks and students’ answers and calculated
the fit between these two levels as a measure for cognitive activation (Ergönenc, Neumann,
& Fischer, 2014). Neumann, Kauertz, and Fischer (2012) extended the definition of cog-
nitive activation; however, their definition is very general. They included all features of
instructional quality, which led to students’ cognitive activation (e.g. cognitive level of
tasks) and to students’ engagement. Further definitions provide additional information
on what such features of instructional quality could be. Allen et al. (2013) described the
CLASS-S (Classroom Assessment Scoring System – Secondary), an observation protocol
aiming to describe effective instruction using three domains, which are similar to the
three basic dimensions of instructional quality (Klieme et al., 2006). Their domain instruc-
tional support is equivalent to cognitive activation and assumed to foster students’ deep
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understanding of the content. They described it as the reflection of ‘teachers’ content
understanding, focus on analysis and problem solving, and quality of feedback’ (Allen
et al., 2013, p. 78). Within the project Instructional Quality andMathematical Understand-
ing in Different Cultures, Klieme et al. (2006) and Lipowsky et al. (2009) described three
key features of cognitive activation for mathematics instruction, which foster conceptual
understanding: students’ cognitive level, conceptual instruction, and thoughtful discourse.

Förtsch, Dorfner, Werner, von Kotzebue, and Neuhaus (2016) showed that it is possible
to transfer these three key elements of cognitive activation to biology instruction. The first
two key elements (students’ cognitive level and conceptual instruction) can be operationa-
lised for biology instruction using the competence model of the project Evaluation of the
National Educational Standards for Natural Sciences at the Lower Secondary Level [ESNaS,
German acronym] (e.g. Kremer et al., 2012; Neumann, Fischer, & Kauertz, 2010). The
competence model of ESNaS hierarchically describes levels of expected competences,
which were defined in the German National Education Standards inter alia with two
dimensions. The dimension cognitive processes describes four cognitive levels, which stu-
dents need for solving a given task: reproduction, selection, organisation, and integration.
The other dimension complexity deals with the number of knowledge elements and their
connections, which are needed to solve a task, and is described with mainly three levels:
fact(s), relation(s), and generic concepts (Kremer et al., 2012). Both dimensions have
already been analysed separately in biology lessons. Jatzwauk, Rumann, and Sandmann
(2008) analysed tasks in biology lessons and showed that mainly tasks on a low cognitive
level have been used. Wadouh, Liu, Sandmann, and Neuhaus (2014) coded utterances of
biology teachers according to their complexity. They found that utterances were mainly on
the fact level and, therefore, of low complexity. However, in classes where more relations
and concepts were stressed, students showed higher achievement. Förtsch, Dorfner,
Baumgartner, Werner, von Kotzebue, and Neuhaus (2016) showed that biology instruc-
tion, which includes generic concepts, positively effects students’ achievement. The
third key element of cognitive activation (thoughtful discourse) is characterised by ques-
tions, which stimulate students to ‘process and reflect on content, recognise relationships
among and implications of its key ideas, think critically about it, and use it in problem
solving, decision making or other higher-order applications’ (Brophy, 2000, p. 19). The
study of Jatzwauk et al. (2008), however, showed that in biology instruction, students
are especially asked to give short answers, which do not stimulate them for thoughtful dis-
course. In summary, it can be assumed that recent biology instruction is mainly on a low
level concerning cognitive activation (cf. Förtsch et al., 2016). Based on the definitions of
cognitive activation including its three key elements, cognitively activating instruction
should lead to students acting on a constructive or interactive level (cf. ICAP framework;
Chi & Wylie, 2014).

Students’ cognitive activation, however, is not directly observable. Therefore, teaching
practices, which are assumed to be cognitively activating (Lipowsky, 2009) or lead to stu-
dents’ acting at least on the constructive level (cf. ICAP framework; Chi & Wylie, 2014),
can be used for describing cognitive activation indirectly. Such teaching practices which
are assumed to foster students’ cognitive activation are, for example, setting challenging
tasks, provoking cognitive conflicts, confronting students with contrary ideas or interpret-
ations, linking with prior knowledge, and promoting discourse among students (Förtsch
et al., 2016; Klieme et al., 2001; Lipowsky et al., 2009). These practices provide
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opportunities to learn and encourage students to become activated, do more cognitive
analysis, and be constructive (Chi & Wylie, 2014; Helmke, 2014; Kleickmann, 2012;
Klieme et al., 2009; Kunter et al., 2013a; Slavin, 1994). However, before it leads to concep-
tual knowledge or deeper understanding of the content, students have to utilise these
opportunities (Klieme et al., 2009; Reusser, 2009). Therefore, in this study, we define cog-
nitive activation as teaching practices that lead to students’ behaviours at least on the con-
structive level (cf. ICAP framework; Chi &Wylie, 2014) and stimulate students to do more
cognitive analysis, aiming to foster conceptual understanding.

Effects of domain-specific professional knowledge on cognitive activation and
students’ achievement

In recent research on mathematics and science education, there are only few indications
about the effects of domain-specific professional knowledge on cognitive activation and
students’ achievement (cf. Cauet, Liepertz, Borowski, & Fischer, 2015; Ergönenc et al.,
2014; Kunter et al., 2013b).

In mathematics, the project COACTIV analysed the effect of teachers’ domain-specific
professional knowledge –mediated by several instructional quality features, among others
cognitive activation – on students’ achievement (Kunter et al., 2013b). Kunter et al.
(2013b), however, analysed instruction indirectly. They operationalised cognitive acti-
vation at the task level as the cognitive potential of learning opportunities and used a
classification schema to code the tasks (Jordan et al., 2008; Kunter et al., 2013b).
Baumert and Kunter (2013a) identified a high correlation between teachers’ PCK and
CK. They also showed that their PCK had an effect on instructional quality, namely on
cognitive activation. CK did not effect cognitive activation. Analysing their data with mul-
tilevel structural equation models, Kunter et al. (2013b) showed an indirect effect of tea-
chers’ PCK on students’ achievement mediated by cognitive activation.

In physics education research, the project QuIP videotaped physics instruction in three
countries – Germany, Finland, and Switzerland – and analysed cognitive activation again
at the task level (Ergönenc et al., 2014). They analysed teachers’ tasks as well as students’
answers in terms of the level of complexity and defined cognitive activation as a fit
between the two levels. Their results of two-level path models showed a significant
direct effect of teachers’ PCK on students’ achievement. When cognitive activation was
added to the model, it was found that teachers’ PCK no longer had a significant effect
on students’ achievement, but had a positive significant influence on cognitive activation
(Ergönenc et al., 2014). However, in this study, cognitive activation did not significantly
influence students’ achievement and teachers’ CK was not included in their analyses.

Within a substudy of the physics part of the project ProwiN, Cauet et al. (2015) ana-
lysed cognitive activation of videotaped physics instruction using a rating manual,
based on Vogelsang and Reinhold’s (2013) study, which focused on the whole lesson.
Their results from multilevel analyses showed no significant effect of teachers’ PCK,
nor that of their CK, but a positive significant effect of cognitive activation, on students’
achievement. Cauet et al. (2015) did not find a significant correlation between teachers’
domain-specific physics knowledge and cognitive activation, but, compared to
COACTIV and QuIP, they did not calculate a model where the effect of teachers’
domain-specific knowledge on students’ achievement is mediated by cognitive activation.
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Aims and hypotheses

Our main goal was to identify teacher and instructional variables that directly and
indirectly effect students’ achievement. From the perspective of teaching effectiveness
research, it can be assumed that cognitive activation – as a feature of instructional
quality – positively effects students’ achievement, at least in mathematics and physics
instruction (Cauet et al., 2015; Kunter et al., 2013b). However, transferability of cognitive
activation between different contents is limited and there are hardly any studies showing
the effectiveness of cognitive activation in biology instruction (cf. Förtsch et al., 2016;
Klieme et al., 2009; Praetorius et al., 2012). Additionally, earlier studies from the fields
of mathematics and physics education indicate that teachers’ PCK and not their CK
effects cognitive activation (Cauet et al., 2015; Ergönenc et al., 2014; Kunter et al.,
2013b). However, all of these studies show limitations: instruction was observed indirectly
(cf. Kunter et al., 2013b), instruction was observed directly but the focus was only on tasks
and not on the whole lesson (cf. Ergönenc et al., 2014), or no mediation model was ana-
lysed (cf. Cauet et al., 2015). Until now, there have been no such studies in biology edu-
cation which examine the effects of different dimensions of teachers’ professional
knowledge on students’ achievement, mediated by features of instructional quality. Con-
sidering especially the subject-specificity of PCK and its operationalisation by different
components and several subject-specific facets, the results from mathematics and
physics seem not automatically transferable to biology education.

Therefore, in a first step of our study, we hypothesised that cognitive activation in
biology instruction with the specific topic neurobiology has a positive effect on students’
achievement (Hypothesis 1) (based on Cauet et al., 2015; Kunter et al., 2013b; Lipowsky
et al., 2009).

Bringing together teaching effectiveness research and research on teacher professional-
ism, we hypothesised that teachers’ PCK has an indirect positive effect on students’
achievement, mediated through cognitive activation (Hypothesis 2) (based on Ergönenc
et al., 2014; Kunter et al., 2013b).

In contrast, teachers’ CK should not have an effect on cognitive activation, and, there-
fore, no indirect effect on students’ achievement mediated by cognitive activation
(Hypothesis 3) (based on Cauet et al., 2015; Kunter et al., 2013b).

Methods

Design and sample

This present study was embedded in the cooperative project ProwiN jointly conducted
by researchers from several universities in Germany (Tepner et al., 2012). This project
is a cross-sectional study and analysed effects of teachers’ professional knowledge on
several features of instructional quality, and effects of the latter, in turn, on students’
outcome. Within the biological part of ProwiN, 43 biology teachers from German sec-
ondary schools in the state of Bavaria participated. All teachers have been videotaped
for two lessons (N = 85 videos). For one teacher, we only could videotape one lesson
owing to illness. Both lessons were on the topic neurobiology, which contains about
18 lessons according to the Bavarian biology curriculum (Bavarian State Ministry for
Education and Culture [StMUK, German acronym], 2004). All teachers were asked to
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teach the content reflex arc in the first videotaped lesson. For the second lesson, teachers
could choose another content within the topic neurobiology. For both lessons, teachers
had no guidelines and were not aware of the focus of the study. All of the participating
teachers completed their university studies to become a teacher in German secondary
schools for the subject biology and a second science subject, such as chemistry or
physics. As teacher education on the university level is dictated by the state of
Bavaria, all participating teachers had similar preparations concerning their content
and pedagogical education. Additionally after university education, all teachers com-
pleted practical training in secondary schools for two years (for teacher education in
Germany, cf. Bauer et al., 2011; Cortina & Thames, 2013). Before videotaping, the par-
ticipating teachers completed a test on their professional knowledge. Participating stu-
dents (N = 1138) completed an achievement test before and after videotaping, as well
as a questionnaire on motivational aspects (Werner, 2016; Werner, Förtsch, von Kotze-
bue, & Neuhaus, 2016). This paper presents data from the biological part of ProwiN and,
therefore, only focusses on biology teachers’ PCK and CK. Especially the effects of tea-
chers’ PCK and CK, and cognitive activation on students’ achievement were examined.

In the present analysis, we used data from a subsample of 39 teachers (53% female;
teaching experience after the traineeship in years: M = 6.1, SD = 5.7; age in years: M =
35.6, SD = 8.3) and 78 videos. The reason for this was that we could not collect students’
post-test achievement data of four teachers. These teachers, therefore, were not considered
in our analyses. The student subsample consisted of 827 students (M = 21.2 students per
class; 49.7% female; age in years: M = 14.3; SD = .6).

Teachers’ professional knowledge test

Teachers’ PCK and CKwere assessed by a shortened version of the professional knowledge
test developed by Jüttner et al. (2013). The PCK test included 8 open-ended items and 1
multiple-choice item on three PCK facets: model use, use of experiments, and student
errors. These three facets were chosen based on the model of Tepner et al. (2012) and
cover two important components of PCK: knowledge of instructional strategies and
knowledge of students’ errors (cf. van Driel et al., 1998; Park & Oliver, 2008; Shulman,
1986). A detailed description of the development of the test including sample item is pub-
lished in Jüttner and Neuhaus (2012). Items of the CK test (5 multiple-choice items; 7
open-ended items) were from the biology topics cytology and neurobiology (Werner,
2016). To ensure an objective analysis of the tests, two independent markers used a
coding manual to code ten percent of both the PCK and CK tests. A high agreement
between the two markers has been shown by the results of two-way random intra-class
correlations (ICCs) (ICC(absolute)) (PCK test: ICC(absolute) = .96, F(116,116) = 24.30, p < .001,
N = 117; CK test: ICC(absolute) = .94, F(119,119) = 16.63, p < .001, N = 120) (Werner, 2016;
Wirtz & Caspar, 2002). Both tests were analysed separately using the partial credit
Rasch model (PCM; Bond & Fox, 2007). The PCM is a model within the item response
theory. It is used for ordinal data and analyses test instruments or questionnaires that
aim to measure a single variable using several items (Bond & Fox, 2007; Boone & Scantle-
bury, 2006). With the PCM, two equal interval measures – item difficulties and person
abilities – are computed simultaneously based on the ordinal raw data. Person ability is
conceptualised as a latent variable (Boone & Scantlebury, 2006). For evaluating if the
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raw data fits the PCM, different fit values for items and persons are used. According to
Boone, Staver, and Yale (2014), item Outfit-MNSQ (mean-square) values smaller than
1.5 indicate a productive measurement. Additionally, reliabilities for items and persons
are calculated separately. High values of item reliability mean that the sample is big
enough to measure the latent variable precisely and that the item difficulties range wide
enough. The person reliability describes the internal consistency of the measure. A
value of .50, for example, discriminates the sample in 1 or 2 levels. Higher values discrimi-
nate in more levels (Boone et al., 2014).

The results for both the PCK and CK tests showed satisfactory fit values (all Outfit-
MNSQ < 1.5: for person and item reliabilities, see Table 1) (Bond & Fox, 2007; Boone
et al., 2014).

Additional information on the PCK and CK tests is reported in Jüttner and Neuhaus
(2013a; 2013b), Jüttner et al. (2013), Werner (2016), Werner, Förtsch, von Kotzebue,
and Neuhaus (2016).

Rating manual of cognitive activation

We used the rating manual of Förtsch et al. (2016) to analyse videotaped instruction in
terms of cognitive activation. The rating manual comprised 37 items, which were
grouped into seven content-related sections: (A) Supporting Knowledge Linking (5
items), (B) Exploration of Students’ Pre-Knowledge and Conceptions (5 items), (C) Explora-
tion of Students’ Way of Thinking (6 items), (D) Dealing with Students’ Conceptions (6
items), (E) Teacher as a Mediator (7 items), (F) Teachers’ Receptive Understanding of
Teaching (3 items; inversely recoded), and (G) Challenging Learning Opportunities (5
items) (Förtsch et al., 2016). Every section represents another facet of cognitive activation,
and all of the three key elements of cognitive activation as described by Klieme et al. (2006)
and Lipowsky et al. (2009) were covered. Sections C, F, and G are related to students’ cog-
nitive level; sections A, B, and D are related to conceptual instruction; and sections C and E
are related to thoughtful discourse. Additionally, the items of the rating manual were
adapted to the subject biology (Förtsch et al., 2016). The items were rated on a three-
point Likert scale with the rating options ‘not observed’ (score = 1), ‘partly observed’
(score = 2), and ‘observed’ (score = 3). Each item represented a specific teaching practice
that covers a brief moment in instruction, in which students could be cognitively activated.
For each rating option, examples were given of how this practice could look like in instruc-
tion. The raters watched the whole lesson and were able to take notes. Additionally, they
were able to stop the video and rate single items when they observed a specific teaching
practice. At the end of a lesson, they made sure that they chose one rating option for
each item.

Table 1. Person and item reliabilities of the PCK and CK tests (cf. Werner, 2016; Werner, Förtsch, von
Kotzebue, & Neuhaus, 2016)

Person reliability Item reliability

PCK .53 .96
CK .73 .99
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To ensure the quality of the coding, two raters were trained with another sample of
videos until an objective measurement was reached (cf. Förtsch et al., 2016). Afterwards
these two independent raters coded 10% of the videos. Cohen’s kappa value for this
instrument was found to be .88, which indicated a substantial inter-rater agreement
(Landis & Koch, 1977). In order to obtain equal interval measures and to investigate
if the items defined a single construct, the single ratings were analysed with a unidimen-
sional PCM (Bond & Fox, 2007). All items’ fit values were in the required ranges: all
Outfit-MNSQ < 1.5. The person reliability of .95 and the item reliability of .97 also
showed good values (Bond & Fox, 2007; Boone et al., 2014). Afterwards the person abil-
ities for cognitive activation for the two videos of each teacher were averaged to obtain
one mean value for the construct cognitive activation for every teacher. We calculated the
mean of teachers’ ability in order to assess teachers’ ability for cognitively activating
teaching of the topic neurobiology, as the students’ achievement test was also on the
whole topic neurobiology, and therefore a better fit between instruction and students’
outcome can be reached. Additional information on the rating manual is reported in
Förtsch et al. (2016).

Students’ data

Students’ achievement was measured before and after videotaping using a paper-and-
pencil knowledge test on the topic neurobiology with a focus on the content reflex arc.
Both tests included multiple-choice and open partial credit items (18 pretest items; 22
post-test items). The achievement test included items where students had to do more cog-
nitive analysis (be constructive; cf. ICAP framework) and need conceptual understanding
in order to solve the item. An example item would be Explain how the human nervous
system is adapted to humans’ way of living. Give two examples. Students completed the
pretest in the lesson before the teachers started to teach the topic neurobiology, which con-
tains about 18 lessons according to the Bavarian biology curriculum (StMUK, 2004).
When the teacher finished the topic neurobiology, in the next lesson, students completed
the post-test. For verifying the objectivity of the coding, two independent test markers
coded 10% of each of the pre- and post-test items. Results from two-way random ICCs
(ICC(absolute)) showed a high agreement between the two markers (pretest: ICC(absolute)

= .99, F(1277,1277) = 77.92, p < .001, N = 1278; post-test: ICC(absolute) = .98, F(2477,2477) =
56.50, p < .001, N = 2478) (Werner, Förtsch, von Kotzebue, & Neuhaus, 2016; Werner,
2016; Wirtz & Caspar, 2002). Both the knowledge pretest and post-test were analysed
using the PCM and item thresholds of the post-test were anchored to the item thresholds
of the pretest (Bond & Fox, 2007). All items showed good fit values: all Outfit-MNSQ <
1.3. The person reliabilities of 0.63 (pretest) and 0.78 (post-test) and item reliabilities of 1.0
(pretest and post-test) were also satisfactory (Bond & Fox, 2007; Boone et al., 2014;
Werner, 2016; Werner, Förtsch, von Kotzebue, & Neuhaus, 2016). Additionally, students
completed a questionnaire on motivational aspects (cf. Wild, Gerber, Exeler, & Remy,
2001), including willingness to make an effort (3 items; Cronbach’s alpha = .72). The ques-
tionnaire had a four-point Likert scale with response options ranging from ‘strongly dis-
agree’ (score = 1) to ‘strongly agree’ (score = 4). These variables were used as control
variables, as it is assumed that motivational variables, among others, willingness to
make an effort effect students’ achievement (e.g. Schmidt-Atzert, 2006). Further
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information on students’ data is reported inWerner (2016) andWerner, Förtsch, von Kot-
zebue, and Neuhaus (2016).

Analyses

The data had a hierarchical structure. Teachers’ professional knowledge, PCK and CK,
and cognitive activation in their teaching were measured on the class level. Students’ will-
ingness to make an effort and achievement in pre- and post-test were measured on the
individual student level. Students’ achievement in post-test was conceptualised as an
outcome variable at the student and class levels. For the variables teachers’ PCK and
CK, cognitive activation, and students’ achievement in pre- and post-test, we conducted
Rasch analyses (PCM; Bond & Fox, 2007) using the software Winsteps 3.81 (Linacre,
2015). The equal interval person abilities were used for all following multilevel analyses.
The multilevel analyses were conducted with the program Mplus 7.3 (Muthén &
Muthén, 2012). As not all variables were normal distributed, we used the weighted
least squares means and variance-adjusted estimator, which leads to similar results as
the maximum likelihood estimator (Beauducel & Herzberg, 2006). Concerning the
model fit, we used the comparative fit index (CFI), the root-mean-square error of
approximation (RMSEA), and the standardised root-mean-square residual (SRMR) –
separately for the between- and within-class covariance matrices (SRMRbetween,
SRMSwithin). According to Hu and Bentler (1998), a good model fit is indicated by
CFI values above .90, RMSEA values below .05, and SRMS values below .08. The
results of the multilevel analyses were shown as standardised values, so that one unit
change represents a standard deviation change in the original (z-standardised). In all
multilevel analyses, the variables PCK, CK, and cognitive activation were grand-mean
centred.

Concerning our research aims, we were interested in the effects on the class level.
Therefore, we calculated different multilevel path models. For all analyses, we modelled
data on the class and student levels simultaneously. Additionally, we included students’
achievement in pretest and students’ willingness to make an effort as control variables
on the student level, to interpret differences in students’ achievement in post-test as
effects of class-level variables. Apart from achievement in pretest, we used willingness to
make an effort as a control variable as effort and previous knowledge are known to
effect achievement (e.g. Schmidt-Atzert, 2006).

We started with calculating the ICC, where students’ achievement in the post-test was
modelled on both levels without any predictors, to assess the amount of between-class var-
iance of students’ achievement in the post-test (null model).

For testing Hypothesis 1, we calculated a multilevel path model (M1), where cognitive
activation effects students’ achievement in the post-test.

For testing Hypotheses 2 and 3, we calculated several multilevel path models to
analyse an upper level mediation (2 → 2 → 1 mediation; cf. Bauer, Preacher, & Gil,
2006). According to the guidelines described by Baron and Kenny (1986) for single
mediation and Preacher and Hayes (2008) and MacKinnon (2008) for upper level
mediations, we started with testing the total effects of the independent variables on
the dependent variable (path c). These total effects, however, do not have to become
significant for mediation to occur (Preacher & Hayes, 2008). In the next step, we
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tested for effects of the independent variables on the mediator (path a), effects of the
mediator on the dependent variable (path b), and direct effects of the independent vari-
ables on the dependent variable (path c’).

Models M2a, M2b, and M2c analyse the total effects of teachers’ PCK and CK on
students’ achievement in the post-test (path c). In the next step, we calculated model
M3, where teachers’ PCK and CK effected cognitive activation (path a) and cognitive
activation effected students’ achievement in the post-test (path b). Additionally, we
added direct effects of teachers’ PCK and CK on students’ achievement in the post-
test (path c’).

Results

An overview of all variables on the class and student levels, including means and standard
deviations, and intercorrelations are shown in Table 2. For the variables PCK, CK, cognitive
activation, and students’ achievement in pre- and post-test, person abilities from the PCM
analyses are used. For interpreting person abilities, the corresponding item difficulties
have to be considered (Boone et al., 2014). Therefore, negative mean values for PCK, and
students’ achievement in pre- and post-test indicate that the used test was rather too difficult
for the persons in our sample. The negative mean value of cognitive activation results from
the fact that many items of the rating manual were coded as not or only partly observed.

The results from the nullmodel showed an ICCof .192,meaning that 19.2%of the variance
in students’ achievement in the post-test can be explained by between-class differences.

Effects of cognitive activation on students’ achievement in the post-test

To test our first hypothesis, we calculated a two-level path model, where cognitive acti-
vation predicted students’ achievement in post-test on the class level. We included the
control variables students’ achievement in pretest and willingness to make an effort as pre-
dictors for students’ achievement in post-test on the student level. The model showed a sig-
nificant effect of cognitive activation (β = .39, SE = .15, p = .012) on students’ achievement

Table 2. Mean scores and standard deviations and intercorrelations of all class-level and student-level
variables

N M SD 1 2 3 4 5

Class level
Teacher variables
1. PCKa 39 −0.37 0.52 –
2. CKa 39 0.92 0.45 .15 –
Instructional variable
3. Cognitive activationa 39 −1.61 1.46 .23 −.13 –
Student level
4. Achievement in post-testa 827 0.05 0.46 .08* −.09** .22*** –
5. Achievement in pretesta 827 −0.43 0.61 −.09** −.06 .08* .32*** –
6. Willingness to make an effortb 827 3.45 0.52 .01 −.02 .07* .22*** .10**
aPerson abilities of variables scaled according to the PCM in Logits
bLikert scale ranking from (1) ‘strongly disagree’ to (4) ‘strongly agree’.
*p < .05.
**p < .01.
***p < .001.
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in post-test. Cognitive activation explained 15% of the variance in students’ achievement in
post-test on the class level (R2 = .15) and the model showed good fit values, χ2(3) = 156.19,
p < .001; CFI = 1.000, RMSEA = .000, SRMRwithin = .000, SRMRbetween = .000. These results
indicate that a higher amount of cognitive activation in biology instruction leads to an
increase in students’ achievement.

Effects of teachers’ domain-specific professional knowledge on students’
achievement mediated by cognitive activation

Addressing our Hypotheses 2 and 3, we first analysed the total effects of teachers’ domain-
specific knowledge dimensions on students’ achievement in post-test. Therefore, we calcu-
lated two models (see Table 3, M2a–2b), where PCK and CK were tested separately. For
each model, we included the control variables students’ achievement in pretest and willing-
ness to make an effort as predictors for students’ achievement in post-test on the student
level. We could not show a total significant effect of teachers’ PCK (M2a, β = .23, SE
= .16, p = .158, R2 = .05) and CK (M2b, β =−.18, SE = .28, p = .528; R2 = .03) on students’
achievement. In model 2c (see Table 3), we calculated a multiple regression model, where
PCK and CK simultaneously predicted students’ achievement in post-test. Again, none of
the knowledge dimensions showed a positive significant effect on students’ achievement.
The fit values for model M2c showed good values, χ2(4) = 153.75, p < .001; CFI = 1.000,
RMSEA = .000, SRMRwithin = .000, SRMRbetween = .000.

Next, we calculated model M3, where instructional quality mediated the effect of tea-
chers’ domain-specific knowledge on students’ achievement. In this mediation model,
PCK and CK predicted cognitive activation, which in turn predicted students’ achievement
in post-test. Additionally, direct effects of PCK and CK were added to the model. We again
controlled for students’ achievement in pretest and willingness to make an effort at the
student level. The mediation model showed good fit values, χ2(8) = 165.50, p < .000;
CFI = 1.000, RMSEA = .000, SRMRwithin = .000, SRMRbetween = .000. The results of the
upper level mediation model are shown in Figure 1. Cognitive activation had a positive
significant effect on students’ achievement (path b in the mediation model) and was,
itself, positively and significantly effected by teachers’ PCK, but not by their CK (path a
in the mediation model). Teachers’ domain-specific knowledge explained 8% of the var-
iance in cognitive activation. Additionally, PCK and CK did not significantly correlate
with each other (r = .15, SE = .10, p = .161). Consequently, teachers’ domain-specific

Table 3. Predicting class-level total effects of teachers’ professional knowledge on students’
achievement in post-test

Model Achievement in post-testa

Β SE R2

2a .05
PCK .23 .16

2b .03
CK −.18 .28

2c .10
PCK .27 .16
CK −.22 .25

aThe regression models included achievement in the pretest and willingness to make an effort at the student level as
control variables.
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knowledge – but only their PCK and not their CK – had an indirect effect, mediated by
cognitive activation, on students’ achievement. Both CK and PCK did not show a direct
effect on students’ achievement in post-test (path c’). Altogether, all variables on the
class level explained 20% of variance in students’ achievement in post-test.

In other words, in those classes where teachers’ PCK was high, instruction was high-
cognitively activating, which led to students performing better in the achievement post-
test. Teachers’ CK, however, did not affect the amount of cognitive activation in
biology instruction.

On the student level, the two control variables explained 19% of the variance in stu-
dents’ achievement in the post-test, and both had a positive significant effect on students’
achievement in the post-test.

Discussion

In our study, we tried to analyse the effects of teachers’ domain-specific knowledge and
cognitive activation – a feature of instructional quality – on students’ achievement. For
this purpose, PCK and CK of German biology teachers of secondary schools in the
state of Bavaria were measured and their instruction on the topic neurobiology was video-
taped. To measure teachers’ PCK and CK on the topic neurobiology, we used objective,
reliable, and valid paper-and-pencil tests (Jüttner & Neuhaus, 2013a; 2013b; Werner,
2016), which enabled us to measure teachers’ knowledge directly. The cognitive activation
rating manual also showed a good objectivity and reliability. As we analysed cognitive acti-
vation not only by focusing on single aspects – such as tasks (cf. Ergönenc et al., 2014;
Kunter et al., 2013b) – but also by rating the whole videotaped biology lesson, we
assumed that we could validly measure the construct of cognitive activation (cf. Waldis,
Grob, Pauli, & Reusser, 2010).

Figure 1. Upper level mediation model (M3). Cognitive activation mediates the effect of teachers’ PCK
on students’ achievement in the post-test. *p < .05. **p < .01. ***p < .001.
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In the first step, we analysed the effect of the instructional quality feature cognitive acti-
vation on students’ achievement. Our results showed that cognitive activation had a posi-
tive significant effect on students’ achievement. This result can be interpreted in a way that
cognitively activating biology instruction is advisable for fostering students’ achievement.
To achieve this positive effect, teachers should focus on supporting knowledge linking by
linking current content to already taught content or to future content. Furthermore, tea-
chers should focus on students’ conceptions and the active dealing with them. In a con-
crete teaching situation, this would mean that teachers ask their students about their
prior knowledge without targeting a specific answer. This could be made at the beginning
of a lesson by asking students to formulate hypotheses to an open question. Additionally,
students’ conceptions should also be used actively in further instruction. Therefore, in the
course of the instruction, teachers can refer back to students’ conceptions and discuss with
them if they are right or not. A third point on which teachers should focus is the learning
opportunities they provide in their instruction. For example, challenging instructional
tasks, where content is not only reproduced, should be implemented. Especially, open-
ended instructional tasks should be implemented more often and students should be
asked to give reasons for their answers (cf. Förtsch et al., 2016).

However, the mean person ability of all participating teachers to teach cognitively acti-
vating is negative. It can, therefore, be concluded that many of the items of the rating
manual were rated as not or only partly observed. Accordingly, German biology instruc-
tion may be described on a rather low level of cognitive activation. Nonetheless, higher
cognitively activating instruction seems to be effective in terms of fostering students’
achievement. The effectiveness of cognitive activation found in this study is in line with
that in empirical studies from the field of mathematics and physics (e.g. Cauet et al.,
2015; Kunter et al., 2013b; Lipowsky et al., 2009) and strengthens the assumption that cog-
nitive activation is transferable to biology teaching (cf. Förtsch et al., 2016). With our
results in this study, we could confirm our Hypothesis 1, the effectiveness of cognitive acti-
vation in biology lessons. Consequently, higher cognitively activating biology instruction
leads to higher students’ learning and achievement. Our definition of cognitive activation,
however, was limited to teaching practices that lead to higher level thinking in terms of the
constructive level of the ICAP framework (Chi & Wylie, 2014). This definition is appro-
priate if the aim of these teaching practices is a conceptual understanding. In contrast,
when the aim of instruction is to learn facts, teaching practices that lead to lower cognitive
processes may be sufficient. According to the ICAP framework of Chi and Wylie (2014),
these processes are called passive or active. Since studies from biology indicate that
tasks are mainly on a low cognitive level (Förtsch, Werner, von Kotzebue, & Neuhaus,
2016; Jatzwauk et al., 2008), actual classroom teaching may more address learning facts.
Therefore, the role of cognitive activation might be less when learning lower level
objectives as facts. However, several National Education Standards demand conceptual
understanding. For example in Germany and in the USA, core ideas were introduced to
structure biological content and to promote conceptual understanding (KMK], 2005;
NRC, 2012). Accordingly, cognitive activation as examined in our study could help to
prevent pure learning facts and, therefore, meet these demands of National Education
Standards. However, cognitive activating teaching practices do not necessarily result in
cognitive processes for the desired learning outcomes. In accordance with the process–
mediation–product paradigm, teaching practices only provide learning opportunities for
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students. Students, however, are self-responsible for utilising these opportunities (e.g.
Klieme et al., 2009; Reusser, 2009). Therefore, cognitively activating teaching practices,
which foster higher level thinking, do not guarantee that students learn concepts or
general principles. In this context, another question remains. Our conceptualisation of
cognitive activation includes several dimensions, for example knowledge linking,
dealing with students’ conceptions, or challenging learning opportunities. The importance
of these single dimensions for students’ learning remains unclear. Studies which focused
on single dimensions showed partially no effects on students’ achievement (e.g. Ewer-
hardy, Kleickmann, & Möller, 2012; Houtveen, van de Grift, & Creemers, 2004;
Widodo &Duit, 2004). This is why further studies, which focus on analysing single dimen-
sions of cognitive activation, are needed to understand the effects on students’ learning in a
more detailed manner. With this, it could be also possible to clarify if single dimensions or
rather an interplay between several dimensions is crucial for learning (cf. Ewerhardy et al.,
2012).

In the second step, we calculated a multilevel mediation model, where cognitive acti-
vation mediates the effect of teachers’ PCK and CK on students’ achievement. Addition-
ally, we controlled for students’ prior knowledge on the student level – achievement in the
pretest – and their willingness to make an effort. In contrast to earlier studies in math-
ematics or physics (e.g. Kunter et al., 2013b), the results of our study showed that PCK
and CK did not correlate significantly. Therefore, we assume that PCK and CK, as gath-
ered in our study, are not related. Thus, we were able to analyse the effect of each subject-
specific dimension of teachers’ professional knowledge on cognitive activation indepen-
dently. Our results showed that PCK had a positive significant effect on cognitive acti-
vation, which, in turn, still had a significant effect on students’ achievement. Teachers’
CK, however, did not significantly influence cognitive activation, meaning that for cogni-
tively activating teaching mainly PCK is needed. Based on these results, we could also
confirm our Hypotheses 2 and 3. A higher PCK of teachers, therefore, may lead to
more cognitively activating instruction, which in turn may lead to higher students’
achievement. This indirect effect of PCK on students’ achievement, mediated by cognitive
activation, is consistent with findings from the COACTIV project in mathematics (Kunter
et al., 2013b). Inconsistent findings from physics education studies may be the results of a
different conceptualisation of cognitive activation (cf. Ergönenc et al., 2014) or methodo-
logical restrictions (cf. Cauet et al., 2015). Ergönenc et al. (2014) defined cognitive acti-
vation as the fit between teachers’ tasks and their student answers and did not find
significant effects on students’ achievement. We conceptualised cognitive activation,
similar to the COACTIV project (e.g. Kunter et al., 2013b), as learning opportunities
offered by the teacher during the whole lesson. Cauet et al. (2015) measured cognitive acti-
vation in physics lessons using a rating manual similar to the one we used. They also found
positive significant effects of cognitive activation on students’ achievement. However,
Cauet et al. (2015) could not show correlations between teachers’ domain-specific knowl-
edge and cognitive activation. This may be the result of a small sample size (N = 23 tea-
chers) or the fact that they did not calculate a multilevel mediation model including
teachers’ PCK and CK, cognitive activation, and students’ variables. Additionally, the con-
ceptualisation of PCK in physics may focus on other facets than we did in biology. Tea-
chers’ PCK in a specific subject depends on the content of the subject, as PCK is
defined as knowledge which teachers need to make the content accessible to students
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(Shulman, 1987). Therefore, physics teachers need to have knowledge about different stu-
dents’ errors than biology teachers. Despite the similarity of the facet knowledge of
instructional strategies in science subjects, these strategies have to be adapted to specific
contents. These different conceptualisations of PCK could lead to different results.
However, the positive effect of teachers’ PCK on cognitive activation seems understand-
able, as the main facets of PCK are knowledge about teaching strategies and represen-
tations as well as knowledge about students’ misconceptions (cf. van Driel et al., 1998;
Park & Oliver, 2008; Shulman, 1986; Tepner et al., 2012). Our conceptualisation of cog-
nitive activation includes mainly different teaching strategies – for example, offering chal-
lenging learning opportunities – and dealing with students’ conceptions. The result that
teachers’ CK did not show effects on cognitive activation in their teaching should not
be interpreted to mean that their CK is unimportant for cognitively activating instruction
on the topic neurobiology or more general biology. We consider PCK and CK as two con-
structs that are needed for professional actions in effective classroom teaching (cf.
Großschedl et al., 2014; Krauss et al., 2008; Riese & Reinhold, 2010). Baumert and
Kunter (2013b) argue that CK may be important for developing PCK and thereby offering
cognitively activating instruction. Kahan, Cooper, and Bethea (2003) stated that teachers
need CK to discern teachable moments and catch them, but it is not a sufficient condition
for effective teaching – contrary to PCK (Ball, Lubienski, & Mewborn, 2001). Sczudlek
et al. (2016) showed for biology teachers that their CK is a prerequisite for PCK. The pro-
fessional knowledge test of our study, however, was specifically designed for measuring
PCK and CK empirically independent of each other in order to analyse the effects of
the dimensions of teachers’ professional knowledge independently (cf. Werner, 2016;
Werner, Förtsch, von Kotzebue, and Neuhaus, 2016).

In summary, we could show the effectiveness of cognitive activation and that higher
PCK of a teacher fostered instructional quality. Therefore, we identified two main
aspects that directly or indirectly lead to higher students’ achievement. However, our
study showed some limitations concerning the generalisability. On the one hand, teachers
were not selected randomly, but participated voluntarily in the study. On the other hand,
our results only apply to secondary schools in the German state of Bavaria. Further
research in different states and school types is needed to draw final conclusions. In
addition, it should be noted that this study referred to one specific topic in biology instruc-
tion: neurobiology, with a focus on one content, reflex arc. We concentrated on only one
topic because this allowed us to closely coordinate all our instruments. Replicating our
results in other biological topics would be preferable.

Another question which arises is, what also determines cognitive activation? The
domain-specific knowledge dimension PCK explains 8% of the variance in cognitive acti-
vation. In our study, we included only two of the three dimensions of teachers’ pro-
fessional knowledge. Therefore, PK – also measured in the framework of ProwiN
(Lenske, Thillmann, Wirth, Dicke, & Leutner, 2015) – should be considered in further
analyses to investigate the effect of an interdisciplinary knowledge dimension on features
of instructional quality. A study of Vogelsang and Reinhold (2013) already indicated that
PK may be a predictor of cognitive activation. Additionally, further variables of teachers’
professional competence should be taken into account. Besides cognitive aspects of tea-
chers’ professional competence, non-cognitive aspects such as beliefs (cf. Baumert &
Kunter, 2013b) may be included in future research to capture the influence of teachers’
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professional competence on biology-specific instructional quality as completely as poss-
ible. Additionally, the effects of teacher variables on various other biology-specific features
of instructional quality (e.g. Tepner et al., 2012) have to be analysed. One such feature is,
for example, teaching based on core ideas (Förtsch, Dorfner, Baumgartner, Werner, von
Kotzebue, & Neuhaus, 2016; Nachreiner, Spangler, & Neuhaus, 2015), which aims at fos-
tering students’ conceptual knowledge as defined in the German National Education Stan-
dards in biology (cf. KMK, 2005). Teaching based on core ideas considers biology-specific
features of instructional quality – including cognitive activation – and general psychologi-
cal theories (Förtsch, Dorfner, Baumgartner, Werner, von Kotzebue, & Neuhaus, 2016).

The used rating manual for cognitive activation can contribute not only to further
research, but also for teacher education. Our results in this study imply that, besides
CK, fostering PCK is an important part of preservice biology teachers’ education at the
university level. Großschedl et al. (2015) showed that the PCK of preservice teachers is
positively correlated with their learning opportunities in terms of the period of university
studies. Therefore, it seems important that preservice teachers first learn constructs such
as cognitive activation theoretically and then apply this feature of instructional quality in
practice in order to teach effectively. As this study showed, biology instruction is on a
rather low cognitively activating level. But we also showed that higher levels of cognitive
activation foster students’ achievement. Therefore, the items of our rating manual can
provide exemplars of concrete teaching situations which cognitively activate students in
their learning. As we described concrete teaching situations for each rating option and
therefore also for cognitively activating teaching practices, the items of the rating
manual may be helpful for teacher education. Using the ratings from this study can
help to identify suitable videos of lessons, which can contribute to a change in teachers’
instructional practice, when integrating these videos into teacher education. Additionally,
the rating manual can serve as an observation instrument for describing and evaluating
biology instruction. Within the project UNI-Klassen, classrooms are equipped with
video cameras in order to broadcast instruction into an observation room. Preservice tea-
chers, as participants of UNI-Klassen seminars at the university thus have the opportunity
to use the rating manual to evaluate teaching approaches of fellow students concerning the
instructional quality feature cognitive activation. Results from different projects have
already indicated that professional development initiatives foster cognitively activating
lessons of in-service teachers (e.g. Shayer, 1999; Shayer & Adhami, 2007; Stein & Lane,
1996). Consequently, our rating manual may be also used during professional develop-
ment initiatives for explaining to in-service biology teachers how to use cognitive acti-
vation in their teaching and thus foster their students’ learning.
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