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Abstract The COACTIV video study is part of the
COACTIV research program in which secondary math-
ematics teachers whose students participated in PISA 03/04
were examined, with respect to their professional knowl-
edge, motivational orientations, beliefs, and self-regulation.
In the video study, 284 German secondary mathematics
teachers were asked to specify how they would continue
lessons shown in three short video clips that all ended at
“educationally crucial” points. From the teachers’ written
responses, which were coded by two independent evalua-
tors according to five dimensions of high-quality teaching,
their “situated reaction competency” (SRC) was inferred.
Results relating to differences in school type (e.g., teach-
ers from the German academic track performing better)
and the relationship of SRC to other teacher characteristics
(e.g., SRC was positively related to constructivist beliefs),
as well as its impact on specific aspects of instructional
quality, indicated the validity of the instrument.

Keywords COACTIV - Expertise - Mathematics -
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1 Introduction

The adaptive and versatile requirements of teaching neces-
sitate that teachers possess complex and flexibly available
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competencies, specifically content knowledge, pedagogi-
cal content knowledge, diagnostic competencies, self-
regulation, and motivational orientations (Kunter et al.
2013a; Blomeke and Kaiser 2014). In order empirically to
investigate research questions regarding these competen-
cies (e.g., concerning their structure, school-type differ-
ences, or their impact on student learning), one needs valid
and reliable instruments with which to measure them. In
the COACTIV research program (Cognitive Activation
in the Classroom: Professional Competence of Teachers,
Cognitively Activating Instruction, and Development of
Students Mathematical Literacy), a variety of such instru-
ments were developed and implemented with a large
sample of German secondary mathematics teachers (who
taught the grade 9/10 students assessed by the PISA study
2003/2004; see Prenzel et al. 2004 for details of the PISA
supplement 2003/04 in Germany). In the present article we
report on findings regarding a COACTIV instrument, in
which video clips were used in order to prompt the teach-
ers to react appropriately to critical teaching situations (for
detailed information on the COACTIV research program,
see Section 4.1).

There are quite a few different approaches for measur-
ing teacher competencies (for an overview, see Lindmeier
2013; Kunter et al. 2013a; van der Vleuten 1996). Depaepe
et al. (2013), for instance, provide an overview of schol-
ars who measure pedagogical content knowledge (PCK) in
mathematics. They have analyzed about 60 empirical stud-
ies that obtained data by paper-and-pencil tests, classroom
observations, interviews, meeting observations, document
analyses, questionnaires, and concept maps, and conclude
that different perspectives can all have their specific advan-
tages and disadvantages.

There is still a lively debate on how to conceptualize
PCK appropriately (e.g., Buchholtz et al. 2014) and, in
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doing so, whether, in fact, “mathematical knowledge in
teaching is located ‘in the head’ of the individual teacher,
or is somehow a social asset, meaningful only in the con-
text of its application” (Rowland and Ruthven 2011, p. 3).
Depaepe et al. (2013) characterize these two points of view
as cognitive perspective and situated perspective. The video
approach presented in this article attempts to integrate both
perspectives.

2 Measuring teacher competency
2.1 The cognitive and the situated perspective

The most common approach for measuring teacher
competencies, especially with respect to professional
knowledge, is to use paper-and-pencil tests. According
to Depaepe et al. (2013), these tests are favored by pro-
ponents of the cognitive perspective, who assume that,
for instance, PCK can be measured independently of the
classroom context in which it is used. Such tests enable
researchers to measure competencies in a standardized
way, allowing them to analyze a large number of partic-
ipants with relatively little effort (e.g., Ball et al. 2008;
Blomeke and Kaiser 2014; Dohrmann et al. 2012; Krauss
et al. 2013). However, as Depaepe et al. (2013) note, tak-
ing a cognitive perspective when measuring PCK also
entails certain risks. An “authentic feeling” of the com-
plexities and the situated nature of classroom life might
be required to trigger PCK, which then interacts with
other content categories of a teacher’s knowledge in real-
life teaching situations (Mason 2008; Petrou and Gould-
ing 2011). This kind of critique questions the ecological
validity of paper-and-pencil tests in general (e.g., Kaiser
et al. 2015).

In contrast to this, still following Depaepe’s approach,
proponents of the situated perspective emphasize that PCK
is displayed most naturally within the context in which it is
enacted, that is within teaching itself. Clearly, investigating
PCK by using classroom observations is the best approach
for tracking the paradigm of the situated perspective. How-
ever, it is not clear how one might infer PCK by observa-
tional data and, consequently, how the competencies of the
observed teachers can be compared when they are consid-
ered within different teaching situations (Depaepe et al.
2013; Lindmeier 2013). One way to bring together the
authenticity of teaching on the one hand and standardiza-
tion on the other is by using short video clips. The video-
based stimulated recall approach, which is applied in the
present article, in a way merges the cognitive and the situ-
ated perspective on PCK by displaying holistic teaching
situations as prompts for teachers as a means of assessing
their professional competencies.
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2.2 Using video-clips for measuring teacher
competencies

There is a long tradition of applying video techniques in
teacher education, for instance, to allow teachers to reflect
on their own lessons or for demonstrating best practice
(Borko et al. 2011; Brophy 2004; Kuntze 2006). Their
application in measuring professional competence, how-
ever, has attracted growing interest only in the last decade
(e.g., Kersting et al. 2012; Knievel et al. 2015; Konig et al.
2014; Stiirmer and Seidel 2015). In the context of com-
petence assessment, there are various ways to implement
video techniques. For example, it is possible to let teach-
ers comment after having watched videos of their own or
colleagues’ lessons (van Es and Sherin 2010). With their
own lessons, the video stimuli obviously vary for differ-
ent teachers, meaning that the possible gain with respect
to emotional involvement is at the expense of standardi-
zation (Kleinknecht and Schneider 2013). In many stud-
ies, therefore, each teacher is shown the same prerecorded
scenes (real-life or reenacted), which typically focus on
relevant periods (up to a few minutes) of teaching, that in
most studies automatically stop at crucial moments (e.g.,
Lindmeier 2011). Usually, teachers either have to formulate
an “educationally appropriate” continuation of the lesson
(open-answer format; e.g., Lindmeier 2011), or they should
choose one of several suggested options (closed-answer
format). Alternatively, teachers can be asked to actively
stop the movie themselves whenever they feel the need of
an intervention or want to make a comment.

Up to now, several studies have been able to establish
video-based stimulated recall techniques for the reliable
and valid measuring of a teacher’s action-oriented pro-
fessional competency (e.g., Lindmeier 2011; Seidel and
Stiirmer 2014). In some of the studies, it could be shown
that experts perform better than novices, thus confirm-
ing the discriminant validity of such instruments (cf. Sei-
del and Prenzel 2007). Furthermore, Kersting et al. (2012)
could show the predictive validity of their video instru-
ment for the actual discerned quality of a teacher’s (real-
life) instruction and, mediated by that instruction quality,
for the learning gains of students. However, their results are
restricted to a single topic (fractions) and based on a small
sample size.

There are several suggestions for structuring the com-
petencies measured by video techniques and for embed-
ding such competencies in a broader theoretical frame-
work as well. In their seminal overview on modeling
competencies (not exclusively concerning the domain of
teaching), Blomeke et al. (2015a) propose that situation-
specific skills may mediate between “cognition” (e.g.,
professional knowledge as measured by paper-and-pencil
tests) and “performance” (observable behavior). They
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identify situation-specific skills as a holistic process that
includes perception, interpretation, and decision making
in domain-specific situations. In the video study TEDS-
FU (the follow-up of the international comparative study
TEDS-M; Blomeke and Kaiser 2014), Kaiser et al. (2015)
apply this general competence model to teacher competen-
cies (cf. Blomeke et al. 2015b). In their PID-model, “P”
means perceiving particular events in an instructional set-
ting, “I” stands for interpreting the perceived activities in
the classroom, and “D” means decision-making, “either as
anticipating a response to students’ activities, or as propos-
ing alternative instructional strategies” (Kaiser et al. 2015,
p. 374). By analyzing path models that also include peda-
gogical content knowledge and pure content knowledge
(CK) measured by paper-and pencil tests, the authors found
that both of these latter knowledge categories are important
for the perception and interpretation of classroom situations
and for the generation of action strategies as well (“PID-
competency”’; Blomeke et al. 2014).

A related theoretical approach is the concept of profes-
sional vision (e.g., Goodwin 1994; Sherin et al. 2011; Sei-
del and Stiirmer 2014), which also emphasizes the daily
necessity for teachers to be able to perceive and interpret
specific events in authentic classroom settings. For exam-
ple, Seidel and Stiirmer (2014) conceptualize professional
vision with the two sub-components noticing and reason-
ing. According to the authors, noticing denotes whether
teachers pay attention to important classroom events that
are relevant for learning (i.e., goal clarity, teacher support,
and learning climate), and reasoning refers to a teacher’s
competency to describe and explain these events and to
predict possible consequences. Seidel and Stiirmer found
that their video instrument “Observer” provides a valid
and reliable assessment of professional vision, revealing,
for instance, that the number of courses on teaching and
learning that a teacher has attended and his or her level of
content-specific interest are closely related to higher levels
of professional vision (Stiirmer and Seidel 2015). It has to
be noted that while PID explicitly includes the demand for
“acting appropriately” (namely, the component of decision
making), this requirement is missing in the operationaliza-
tion of professional vision.

2.3 The situated reaction competency (SRC) and its
sub-dimensions

In the present paper we analyze teachers’ reactions (“situ-
ated reaction competency”, or SRC) to three short video
clips that are stopped automatically at educationally deci-
sive points, with the subsequent instruction to specify how
they would continue the lesson. There are several ways of
analyzing and categorizing teachers’ specific open answers
(proposed dimensions, for instance, are “developing

concepts”, “connecting concepts and topics”, “appropri-
ate use of representations to explain algorithms”, Kersting
et al. 2012; or “elaboration”, “links to evidence”, “alter-
native strategies”, Santagata et al. 2007). Although the
teachers who participated in the COACTIV video-study
obviously had to perceive and interpret the video stimuli
(and therefore our study can theoretically be based on the
approaches of PID or professional vision, respectively),
only the resulting final continuation (“decision”) was
assessed. Thus, instead of theoretically splitting SRC into
different activities (such as “perceiving and interpreting” or
“explaining and predicting”), we prompted only one situa-
tion-based reaction, which was then rated according to five
aspects of high-quality teaching. With respect to answer
formats, Seidel and Stiirmer exclusively used closed Lik-
ert scales, whereas Blomeke et al. (2014) partially elicited
open answers, which, however, were guided into concrete
directions (e.g., “Please phrase a task you would give to the
class if you want to strengthen the students’ competencies
using mathematical representations”, Kaiser et al. 2015, p.
380). We also used open-answer formats, but—in contrast
to Kaiser et al.—we tried to grasp teachers’ intuitions by
allowing them to react as unrestrictedly as possible (e.g.,
“How would you continue this lesson?”’).

All teachers’ answers were coded along five dimensions
(student orientation, methodological accuracy, insight ori-
entation, content-specific accuracy, and didactical oppor-
tunity), which were derived from generic aspects of high-
quality teaching (both with respect to teaching mathematics
and to teaching in general). For example, drawing on con-
structivist theories of learning (Collins et al. 2004; cf.
Voss et al. 2013), teaching mathematics should be student-
oriented (rather than pure lecturing) and insight-oriented
(as contrasted with a mere teaching of techniques). From
this perspective, the primary task of classroom instruction
is to initiate and support an insightful learning process by
stimulating students to actively and independently con-
struct new knowledge that builds on their prior knowledge
(Collins et al. 2004). Thus, learning environments should
encourage learners to reflect deeply and engage actively
with lesson content. Furthermore, it is important that learn-
ing not merely consists of acquiring factual knowledge, but
also of the cumulative connection of diverse concepts and
schemata. This type of learning entails the differentiation,
modification, expansion, interlinking, restructuring, or
rebuilding of existing knowledge structures (Cobb 1994;
Greeno 1998). Moreover, the results of PISA 2000 renewed
the call for more student and insight orientation in mathe-
matics classrooms (Baumert et al. 2001). In sum, following
a constructivist view, we think that these two orientations
are quality dimensions, and they were coded by trained
raters in our study (namely, Dimension 1 and Dimension 3;
see Sect. 4.3 for details).

@ Springer



G. Bruckmaier et al.

In addition, teachers ought to choose and apply teach-
ing methods reflectively (e.g., Meyer 1989; Kunter et al.
2013a, p. 208 ff.). To make productive use of instructional
time, teachers need to have a repertoire of various teach-
ing methods and know how to implement and orchestrate
them effectively in the classroom (Doyle 2006). In order to
succeed in structuring learning processes effectively, teach-
ers need to know how to organize and manage the class-
room and keep groups of students on task. An important
aspect of this potential success, with respect to teaching
methods, is the reflective use of different forms of social
interaction (i.e., teacher-led discussion, group work, partner
work, seatwork, individual work plans, etc.; Doyle 2006).
Therefore, the reflective application of teaching methods,
such as choosing the appropriate social forms of learning,
was another quality dimension that was rated in this study
(Dimension 2).

Obviously, the mathematical content has to be explained
in detail, and teaching should be a demanding orchestration
of the mathematical subject matter (Baumert and Kunter
2013; Blum 2011). As early as 1986, Shulman drew atten-
tion to the importance of giving due consideration to the
subject matter in studies on teaching and learning:

In their necessary simplification of the complexi-
ties of classroom teaching, investigators ignored one
central aspect of classroom life: the subject matter.
The omission also characterized most other research
paradigms in the study of teaching. Occasionally
subject matter entered into the research as a context
variable—a control characteristic for subdividing data
sets by content categories [...] But no one focused on
the subject matter content itself [...] Why this sharp
distinction between content and pedagogical process?
(Shulman 1986, p. 6)

Not only do teachers need to be able to cope with mathe-
matically challenging instructional situations—and here we
draw on Shulman (1986) once again—but they need a solid
base of subject matter knowledge even more in order to be

able to present arguments, establish connections, and thus
develop students’ conceptual knowledge in a way that is
aligned with the typical processes of knowledge construc-
tion in mathematics. Therefore, the precise and rigorous
use of mathematical concepts and procedures in teachers’
answers was another quality dimension (Dimension 4).

Finally, in teaching mathematics, “didactical opportuni-
ties” may appear that are especially suited for fruitful learn-
ing processes (Biza et al. 2007; Wagenschein 1991). For
example, sometimes it is possible to induce a certain cogni-
tive conflict (Vosniadou and Verschaffel 2004), to illustrate
an overarching mathematical idea (OECD 2003), or to con-
front students with typical misunderstandings (Smith et al.
1994; Kunter and Voss 2013). Such didactical opportuni-
ties (Dimension 5) for fruitful learning can unexpectedly
appear in certain situations, or they can be provoked in a
specific teaching situation (cf. Biza et al. 2007).

In sum, the following generic competency dimensions are,
in our view, constitutive for teachers’ SRC: (1) student orienta-
tion, (2) methodological accuracy, (3) insight orientation, (4)
content-specific accuracy, and (5) didactical opportunity (the
particular coding procedures and the specification of the labels
will be explained in Sect. 4.3). While student orientation and
the reflected application of teaching methods refer to compe-
tency aspects that are independent of a specific subject, the
three other aspects are conceptually strongly subject-depend-
ent (and thus, conceptually, close to PCK and CK). Conse-
quently, we summarize the first two dimensions as “methodo-
logical sub-competency” (MC) and the latter three dimensions
as “subject-specific sub-competency” (SC). Therefore, the
overall construct of situated reaction competency (based on
all five dimensions) postulated in our study is theoretically
divided into two sub-competencies (see also Table 1).

2.4 Other competency aspects assessed by the
COACTIY study

While the video paradigm of COACTIV is being published
for the first time in this paper, results concerning other

Table 1 Postulated competencies and corresponding dimensions of SRC captured by the coding scheme

(Sub-) competencies Dimension

Meaning of the dimension (in short)

Situated reaction competency (SRC)
Methodological sub-com- Student orientation
petency (MC) Methodological accuracy

Subject-specific sub-com- Insight orientation
petency (SC)

Who is the focus of the teaching—the teacher himself/herself or the students?
How precisely is the methodological procedure (e.g., social forms) depicted?

Which competency is mainly addressed—calculation skills or profound mathematical
understanding?

Content-specific accuracy How precisely and correctly is the content-related procedure depicted?

Didactical opportunity

In Video 1: Let the
students realize the
mistake on their own

In Video 2: Take into
account several
solution strategies

In Video 3: Recognize
potential for mathematical
modeling
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competency aspects are documented in various publica-
tions (see, in particular, the comprehensive report on the
COACTIV research program by Kunter et al. 2013a). In the
following, we shed light on only those constructs that are
relevant for the research questions in the present article.

2.4.1 Pedagogical content knowledge (PCK) and content
knowledge (CK)

It goes without saying that especially the paper-and-pencil
tests for PCK and CK assess related constructs (Krauss
et al. 2013), and that they are therefore relevant in the con-
text of SRC. PCK was operationalized by 23 items on the
knowledge of:

— Explaining and representing mathematical contents (12
items)

— Mathematics-related student cognitions (typical errors
and difficulties, 7 items)

— The potential of mathematical tasks (for multiple solu-
tion paths, 4 items).

CK was operationalized by 13 items assessing deep
understanding of the content of the secondary school math-
ematics curriculum (for details, see Krauss et al. 2013).
Interestingly, there was no correlation of PCK or CK with
teaching experience, but there were large school-type dif-
ferences, both with respect to the level of PCK and CK
(which will be expanded on below) and with respect to the
(latent) correlation of both knowledge constructs (Krauss
et al. 2008b). Furthermore, PCK and CK were positively
related to constructivist beliefs and negatively related to
transmissive beliefs (see Sect. 2.4.2). Most importantly,
PCK, but not CK, turned out to be predictively valid for
instructional quality (see Sect. 2.4.3) and for students’
learning progress (Baumert et al. 2010).

In the present investigation, the concept of PCK in par-
ticular will be broadened, both theoretically and empiri-
cally. Consequently, it is possible to examine the rela-
tionship between PCK and CK (as measured by the
paper-and-pencil tests) on the one hand, and SRC (and its
sub-dimensions) on the other hand.

2.4.2 Beliefs

Voss et al. (2013) theoretically distinguish constructiv-
ist and transmissive teacher beliefs (conceivably both about
the nature of mathematics and about teaching and learning
mathematics). An example of constructivist beliefs would be
thinking of mathematics as a process permanently leading
to new discoveries (the nature of mathematics), or support-
ing the idea of independent and insightful discursive learn-
ing (the teaching and learning of mathematics). In contrast,

an example of transmissive beliefs would be the view that
mathematics is just a toolbox (nature of mathematics), or a
receptive perspective on learning, for instance, that math-
ematics can best be learned by careful listening (teaching
and learning mathematics). Voss et al. (2013) were able to
show that constructivist beliefs also have predictive validity
for instructional quality and for students’ learning progress,
whereas transmissive beliefs have detrimental effects on both
outcomes.

2.4.3 Instructional quality

In order to assess teachers’ instructional quality in COAC-
TIV, a parsimonious model with three latent dimensions,
which are each represented by multiple indicators, was
developed (for details see Kunter and Voss 2013). Very
briefly, the potential for cognitive activation was assessed
in terms of the cognitive quality of the mathematical tasks
implemented by the teachers in class tests (e.g., the need
for mathematical argumentation; cf. Kunter et al. 2013a).
Class tests were chosen because they allow valid conclu-
sions to be drawn about the intended purposes of instruc-
tion (Kunter and Voss 2013). The dimension of classroom
management was assessed using scales from both the stu-
dent (PISA) and the teacher (COACTIV) questionnaires
asking, for instance, for disruption levels or time wasted.
Indicators of individual learning support were formed by
scales from the student questionnaire, tapping various
aspects of the interaction between students and teachers
(Kunter and Voss 2013). Analyses of structural equation
models revealed that PCK (as assessed by paper-and-pencil
tests) was predictively valid for cognitive activation and
learning support (Kunter et al. 2013a, 2013b). Further-
more, these analyses have shown that constructivist beliefs
and teacher enthusiasm can statistically predict the level
of classroom management, while teacher enthusiasm and
adaptive self-regulation can statistically predict the amount
of student support a teacher gives. Regarding the impact of
instructional quality dimensions, cognitive activation and
classroom management have been shown to explain both
mathematics achievement and enjoyment of mathematics.
Finally, it has to be noted that in the German school
system basically three secondary tracks can be separated,
which vary with respect to the amount of subject matter and
the number of pedagogical/psychological aspects covered
in prospective teachers’ respective university educations
(for details on the German school system see Cortina and
Thames 2013). While teachers from the Gymnasium (the
most academic of the tracks, one which enables students
to study at university) usually receive extensive training in
the subject matter and less training in pedagogy (or edu-
cational psychology) at university, for the teachers of the
Hauptschule (the least academic and more vocational track)
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the opposite is true. It has already been demonstrated that
teachers from the Gymnasium, for example, outperformed
teachers from the other tracks, not only in CK but also (yet
less dramatically) in PCK (Krauss et al. 2013). From this
viewpoint, of course, it would be interesting to discover
whether similar results may hold true concerning SRC and
its sub-dimensions.

3 Research questions

The main goal of the study was the validation of the
COACTIV video test. Specifically, the following research
questions are addressed:

1. Are the video clips that were used adequate for reliably
measuring SRC (or its dimensions)?

2. Which model fits the data structure best? For instance,
can the postulated subject-independent and subject-
dependent sub-competency be verified empirically?

3. Are there any school track differences?

We expect the highest level of SRC from the Gymna-
sium teachers, especially regarding the subject-specific
sub-competency (yet we were not sure about school
type differences in the methodological sub-compe-
tency).

4. What relationship of SRC with PCK and CK (both
measured by the paper-and-pencil tests) and teachers’
beliefs can be found?

We expect positive correlations of SRC (especially of
the subject-dependent sub-dimensions) with PCK and
CK, as well as with constructivist beliefs.

5. Is SRC (or its sub-competencies) predictively valid for

the instructional quality?
While it can be assumed that the methodological sub-
competency might primarily influence classroom man-
agement, the subject-dependent sub-competency might
have an effect on the level of cognitive activation.

4 Method
4.1 The COACTIYV framework

The main goal of the German COACTIV research program
was the examination and testing of mathematics teachers
whose classes participated in the German PISA extension
2003/04. The structural combination of both large scale
studies offered a unique opportunity to collect a broad
range of data about students and their teachers, including
the potential to connect teacher characteristics analytically
with the teachers’ lesson quality and with the students’
achievement (Kunter et al. 2013b).
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In the following, we present the operationalization of only
SRC and its dimensions. The operationalizations of the paper-
and-pencil tests of PCK and CK can be found in Krauss et al.
(2013); all items on beliefs are listed in Schmeisser et al.
(2013), and the related theoretical background can be found
in Voss et al. (2013). Finally, the measurement of instructional
quality is explained in Baumert and Kunter (2013).

4.2 The COACTIY video instrument for measuring
SRC (situated reaction competency)

The video study itself, which was part of a large, computer-
based instrument (Kunter et al. 2013a), started with an intro-
ductory video-example followed by four predefined answers
that illustrated the procedure. The first video for participants
to work on (see Fig. 1) displayed an introduction of the topic
“inequalities including fractions”, the second video dealt
with “proportionality (rule of three)”, and the third video
showed the beginning of a lesson on “mean values”. All vid-
eos were reenacted according to authentic video scenes from
German classrooms that were recorded in the framework of
the TIMSS video study (cf. Hiebert et al. 2003).

During Video 1, students convert an inequality contain-
ing fractions step by step. In the last step, one student mul-
tiplies both sides with the term “x — 17 without considering
the possibility that this term might become negative (entail-
ing the switch of the greater-than/less-than sign). The didac-
tical opportunity here was to induce a “cognitive conflict”
(e.g., Vosniadou and Verschaffel 2004) by consciously let-
ting the students identify the mistake on their own. In the
course of Video 2, several solutions (correct and incorrect)
for a real-world task concerning proportionality were sug-
gested by the students. In this case, it was possible to explic-
itly take into account and discuss all of their suggestions
(instead of ignoring them and only focusing on the correct
solution), since engaging with different opinions and view-
points and dealing with contradictions is seen as one way to
foster deep understanding of a matter (Cobb 1994; Palincsar
1998; Sfard 1998). In planning the lesson regarding Video
3, the didactical opportunity was to stress the modeling
character of mathematics (cf. Kaiser and Sriraman 2006;
Blum 2011) by explicitly contrasting and discussing differ-
ent models of the mathematical idea of “average” or “mean
value”. Because we could not find alternative didactical
opportunities in our theoretical analyses, nor in the piloting
of our instrument, nor during the coding of the main study’s
answers, it seems that the identified opportunities are the
only relevant ones in the three provided situations.

4.3 Coding scheme for the video instrument

Teachers were asked for continuations of the lessons pre-
sented in the three video clips (open-answer format), and
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Video 1: “inequalities including
fractions” (1 min 21 sec)

Video 2: “proportionality (rule of
three)” (1 min 59 sec)

Video 3: “mean values”
(2 min 2 sec)

Information concerning the video:

“The following scene is about an
introductory lesson concerning
inequalities including fractions. In
this class inequalities (without
fractions) and equations (with
fractions) have already been dealt
with...”

Information concerning the video:

“The following scene is about a
teaching unit on the topic ‘rule of
three’. The previous lesson of this
class dealt with proportionality...”

Information concerning the video:

“The presented lesson is about
elementary statistics. In the previ-
ous lesson the arithmetical mean,
the median, and the mode were
dealt with...”

Instruction for the teacher:

“How would you continue this
lesson?”

Instruction for the teacher:

“How would you handle the
students’ solutions, and how would
you then continue the lesson?”

Instruction for the teacher:

“Please sketch a rough teaching
design according to this task (and
please tell us which ideas guided

your procedure)?”’

Fig. 1 Overview of the implemented videos

each continuation was then rated along all five dimen-
sions. A comprehensive coding manual was developed
(see Sect. 2.3; Table 1). Each of the five dimensions was
coded trichotomously (codes 0, 1, 2; see below) for all vid-
eos. Items with no response were scored O (treating these
responses as missing did not substantially influence the
results). Since three videos were used, each teacher could
accomplish a maximum of 6 points per dimension, mean-
ing that a total maximum of 30 points was possible with
respect to the five dimensions involved. A high score was
interpreted, then, as an indicator for high SRC.

In detail, Dimension 1 (“student orientation”) meas-
ured who was the primary agent. If the students were
mostly in the center of the action (e.g., “the students
should discuss, explain, calculate...”), answers were
coded “2”, whereas answers were coded “0” if the teacher
put himself/herself in the center of the action (e.g., “I
explain, name, demonstrate...”). If the teacher made
no such statement, or the teacher and the students were
described as acting roughly equally, the answer was coded
“1”. Dimension 2 (“methodological accuracy”) assessed
to what extent the teachers’ answers contained precise

information about the specific teaching methods applied.
For instance, if the implementation of group or partner
work was clearly described, answers were coded “2”. If a
method was simply named (without a clear description of
implementation), the answer was coded “1”’; if no method
was applied, the answer was coded “0”. Dimension 3
(“insight orientation”) recorded whether the focus of the
teachers’ answers was rather on conceptual understanding
or rather on formal techniques (“calculus”). If teachers’
answers were clearly insight-oriented (i.e., they aimed
at conceptual or procedural understanding), they were
given code ‘“2,” whereas a purely formal and calculus-
driven continuation of the lesson shown was given code
“0”. Dimension 4 (“content-specific accuracy”) meas-
ured to what extent the teachers’ answers contained pre-
cise information about the content dealt with. If concepts,
procedures, and/or mathematical relations were precisely
named and correctly applied, the answers were coded “2”
(e.g., “further transform to 3 < x, write down the solu-
tion set, try different numbers, address case differentia-
tion, repeat rules in dealing with inequalities, approach
further examples which cover the multiplication with
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negative numbers”). Code “0”, however, was given if the
answer only contained commonplaces that would apply to
nearly every mathematics lesson (e.g., “write down stu-
dents’ solutions on the blackboard, make an assessment,
structure the panel, do exercises”). Finally, Dimension 5
consisted of the didactical opportunity, which varies in
each of the three videos. Code “2” was given if the didac-
tical opportunity was clearly captured (the corresponding
inherent didactical opportunity was already described in
the introduction of the videos in Sect. 4.2).

The coding scheme covered both overall coding criteria,
which applied for the respective dimensions concerning all
videos and detailed specific instructions for each dimen-
sion and video (entailing several examples of answers for
each code). Thus, both raters, who were trained extensively
for the rating procedure, could draw on a detailed coding
scheme. Answers to Video 1 were coded by the two raters
independently; in the event of rater disagreement, con-
sensus was reached through discussion. As the interrater
reliability (Cohen’s kappa; Landis and Koch 1977) was
excellent (k; = 0.94, x, = 0.90, k; = 0.95, x, = 0.95, and
K5 = 0.92 for Dimensions 1-5, respectively), Videos 2 and
3 were then coded by only one rater for economic reasons.

4.4 Sample

The teachers participating in COACTIV taught mathemat-
ics in the 9th-grade classes sampled within the framework
of PISA 03/04 in Germany. Our teacher sample can thus
be considered fairly representative of German 9th-grade
mathematics teachers. A total number of 284 mathematics
teachers from all secondary school tracks worked with the
computer-based video instrument. For several of the sub-
sequent analyses, these 284 teachers were split into three
groups. The rationale for this division lies in the structure
of the German secondary school system (see Cortina and
Thames 2013).

Among the 284 teachers, 95 teachers worked in the Gym-
nasium (academic track), 73 in the Realschule (intermediate
track), and 60 in the Hauptschule (vocational track), while
56 teachers were from various other less common second-
ary school types. Of the participating teachers, 176 (62.0 %)
were male and the average age was 48.3 years (SD = 8.9).

4.5 Administration

The computer-based questionnaire (the video paradigm
was part 3 out of 5) was conducted individually in a sepa-
rate room at the teacher’s school (in the afternoon of the
same day when his/her students had taken the PISA test in
the morning) by a trained test administrator. There were
no time constraints; the teachers were not allowed to use
calculators. Teachers were paid 60 euros for working with
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various test instruments (including the computer-based
questionnaire).

4.6 Data analysis

Common statistical analyses were conducted with SPSS
21 (e.g., Field 2013); structural equation modeling was
conducted with Mplus 5.2 (Muthén and Muthén 2008).
Regarding the structural equation model (Figs. 2, 3), miss-
ing values concerning aspects of instructional quality were
estimated with the Full-Information-Maximum-Likelihood
algorithm by Mplus.

5 Results
5.1 Descriptives and reliability

Table 2 illustrates descriptives and reliabilities of the situated
reaction competency (SRC), the two sub-competencies (MC
and SC), and each single dimension. As the theoretical maxi-
mum per dimension and video is 2, arithmetic means can be
considered relatively low. The reliabilities (Cronbach’s o) of
the five dimensions are about a = 0.50, whereas the reliabili-
ties of the two sub-competencies and the overall construct
are substantially higher (ranging from 0.59 to 0.70). With
respect to the low number of videos, the variety of topics
treated in the video clips (including differing instructions),
and the (entirely) open answer format, the reliabilities of
SRC, MC and SC can be considered satisfactory.

Furthermore, as expected, the correlations between dimen-
sions within the methodological sub-competency or within
the subject-specific sub-competency in general were higher
than between dimensions of different sub-competencies.

5.2 Dimensionality

In order to investigate the dimensionality of SRC, we
applied confirmatory factor analyses. The two postulated
sub-competencies were conceptualized as latent con-
structs based on manifest parcels (sum scores of the five
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from the student questionnaire, (T) = from the teacher questionnaire.
Model fit: x2(p) = 117.9 (.001), df = 74, y/df = 1.59, TLI = 0.965,
CFI = 0.975, RMSEA = 0.046

Table 2 Descriptives and reliabilities of the five dimensions as well as MC, SC, and SRC

Dimensions and (sub-)competencies Video 1 Video 2 Video 3 2 id1-3 Reliability
M (SD) M (SD) M (SD) M (SD) o
Student orientation 1.30 (0.80) 1.49 (0.73) 1.30 (0.89) 4.10 (1.80) 0.59
Methodological accuracy 0.64 (0.77) 0.80 (0.77) 0.89 (0.88) 2.33(1.72) 0.51
Insight orientation 0.65 (0.72) 1.07 (0.73) 0.84 (0.89) 2.56 (1.66) 0.51
Content-specific accuracy 0.70 (0.76) 0.71 (0.78) 0.50 (0.72) 1.91 (1.65) 0.57
Didactical opportunity 0.54 (0.77) 0.74 (0.74) 0.42 (0.64) 1.70 (1.49) 0.45
Methodological sub-competency (MC; dim. 1 + 2) 1.95 (1.39) 2.29 (1.27) 2.19 (1.66) 6.43 (3.21) 0.59
Subject-specific sub-competency (SC; dim. 3 + 4 + 5) 1.89 (1.87) 2.52(1.74) 1.76 (1.91) 6.17 (4.17) 0.62
Situated reaction competency (SRC; dim. 1 +2+3+4+5) 3.83(2.60) 4.82 (2.55) 3.95 (3.10) 12.59 (6.50) 0.70

The theoretical maximum per dimension and video is 2, thus the maximum for the sum score per dimension is 6. Accordingly, the achievable
maximum for methodological sub-competency, subject-specific sub-competency, and situated reaction competency is 12, 18, and 30, respec-

tively

dimensions, Fig. 2). The resulting 2-factor model, however,
showed non-satisfactory fit indices (Table 3).

In Table 3, various models that were based on the
same covariance matrix were compared. All models
based on the separation of SC from MC showed better fit
indices than the competing g-factor model (while in the
2nd order model an additional superordinate latent fac-
tor was specified, in the g-factor model the five manifest

sum scores were determined by one general compe-
tency). After allowing for the correlation of the residuals
of dimensions 4 and 5 (as indicated by Mplus), the mod-
ified 2-factor model showed a very good fit to the data
(see Table 3), which indicates an additional underlying
factor. A reason for the correlation of the residuals might
be that seizing the didactical opportunity generally
requires a precise description of the content involved.
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Table 3 Model fit of different model specifications of SRC

Model parameters 2-Factor model

Modified 2-factor model

2nd order model G-factor model

df 4 3

x2 33.54 3.66
p 0.00 0.30
RMSEA 0.16 0.03
SRMR 0.04 0.01
CFI 0.96 1.00
AIC 4807 4779
BIC 4865 4841
Gamma 0.961 0.998

3 5
33.54 124.27
0.00 0.00
0.19 0.29
0.04 0.08
0.96 0.83
4809 4896
4871 4950
0.933 -

Concerning 2 -test, p-values > 0.05 can be considered indicative of a good model fit. RMSEA values < 0.05, SRMR < 0.08, CFI values > 0.95,
and Gamma values > 0.95 indicate a good model fit. Gamma is an appropriate fit index for models with a small number of degrees of freedom,
e.g., for df = 3 or 4 (Fan and Sivo 2007). Concerning AIC and BIC, low values indicate a good model fit

RMSEA root-mean-square error of approximation, SRMR standardized root mean residual, CFI comparative fit index, AIC Akaike’s information

criterion, BIC Bayesian information criterion

Table 4 Means M (standard deviations SD) of SRC and its dimensions by school type

Dimensions and (sub-)competencies Theoretical range

Gymnasium
M (SD) (N =95)

Realschule
M (SD) (N = 73)

Hauptschule
M (SD) (N = 60)

Student orientation 0-6
Methodological accuracy 0-6
Insight orientation 0-6
Content-specific accuracy 0-6
Didactical opportunity 0-6
Methodological sub-competency 0-12
Subject-specific sub-competency 0-18
Situated reaction competency 0-30

4.7 (1.6) 4.4(1.7) 3.1(1.8)
2.6(1.7) 2.5(1.8) 1.9 (1.6)
3.4(1.7) 2.4 (1.4) 1.7 (1.4)
2.7(1.7) 1.8 (1.5) 0.9 (1.2)
2.6 (1.6) 1.8 (1.3) 0.7 (0.8)
7.3 (3.0) 7.0 (3.1) 5.0(3.2)
8.6 (4.2) 6.0 (3.6) 3.3 (2.6)

15.9 (6.1) 12.9(5.7) 8.3(5.2)

Gymnasium: academic track; Realschule: intermediate track; Hauptschule: vocational track

5.3 School type differences

In Table 4, descriptives concerning the three most important
German school tracks are displayed. Given the small num-
bers of COACTIV teachers in each of the other secondary
school types (multi-track schools, comprehensive schools,
etc.), the corresponding teacher groups will not be analyzed
in detail (teachers in these other tracks showed performance
levels comparable to teachers from the intermediate track).
As is evident in Table 5, there were quite substantial
differences with respect to school type. These results cor-
respond to the differences that were found in PCK and
CK between Gymnasium and non-Gymnasium teach-
ers (Krauss et al. 2013). The very large difference in the
subject-specific dimensions in particular reflects the inten-
sive coverage of mathematical subject knowledge in the
Gymnasium teachers’ university training, thus indicating
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Table 5 Effect sizes of school type differences of SRC and its
dimensions

Dimensions and (sub-) competencies dg_r dr_y dg_n
Student orientation 0.16 0.78 0.95
Methodological accuracy 0.06 0.40 0.47
Insight orientation 0.63 0.50 1.06
Content-specific accuracy 0.54 0.65 1.13
Didactical opportunity 0.55 1.00 1.43
Methodological sub-competency 0.12 0.64 0.79
Subject-specific sub-competency 0.66 0.85 1.43
Situated reaction competency 0.51 0.86 1.34

The effect size d is calculated as the mean difference divided by the
pooled standard deviation. According to Cohen (1992), effect sizes of
d = 0.2 can be described as small, d = 0.5 as medium, and d = 0.8 as
large

G Gymnasium, R Realschule, H Hauptschule
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Table 6 Correlations of SRC
and its sub-competencies

with teachers’ professional
knowledge and beliefs

Correlations PCK CK Constructivist beliefs Transmissive beliefs
Methodological sub-competency 0.20* 0.10 0.26%* —0.25%%*
Subject-specific sub-competency 0.36%* 0.36%* 0.21%* —0.31%*
Situated reaction competency 0.33%%* 0.28** 0.26%* —0.32%*

#p <0.05, ** p<0.01

the validity of the instrument. However, the higher perfor-
mance of the Gymnasium teachers in the methodological
dimensions (Dimensions 1 and 2) is nonetheless remark-
able, given that these teachers usually receive less train-
ing in pedagogy (or educational psychology) at university.
Consulting the open answers revealed that teachers of the
Hauptschule—at least to some extent—refrained from stu-
dent-oriented answers because in their teaching, they often
experience students who are not capable of working inde-
pendently. Thus it cannot be excluded that teachers of the
Hauptschule suggested teacher-oriented continuations con-
trary to their theoretical knowledge of constructivist learn-
ing theories (also see Mayer 2004).

5.4 Relations of SRC to other aspects of competence

Table 6 presents the correlations of SRC and its sub-
competencies with teachers’ subject-specific professional
knowledge (PCK and CK) and with teachers’ constructiv-
ist and transmissive beliefs, all of which were measured by
paper-and-pencil questionnaires in COACTIV (Krauss et al.
2013; Voss et al. 2013). These data provide first insight into
the convergent and discriminant validity of the COACTIV
video test. However, it has to be noted that in the correla-
tional analyses regarding PCK and CK, teachers from the
Hauptschule are not included because these teachers did
not participate in COACTIV 2004 (when the PCK and CK
tests were administered; in 2004 only teachers of 10th-
grade classes participated, and the Hauptschule in Germany
regularly ends with grade 9). Therefore, the correlational
analyses regarding the PCK and CK tests are based only on
N = 144 teachers. The test instruments for assessing teach-
ers’ beliefs, however, were administered in 2003.

As expected, the analyses reveal significant positive cor-
relations of SRC both with PCK and CK (also see Blomeke
et al. 2014; Kersting et al. 2012). In line with theoretical
assumptions, the correlations of PCK and CK differ with
respect to the two sub-competencies of SRC. While both
knowledge domains correlate substantially with the sub-
ject-specific sub-competency (SC), correlations were lower
with the methodological sub-competency (MC). The cor-
relations of SC (and SRC) with pure content knowledge
reflect the high interdependency of PCK and CK. This
interdependency has been repeatedly verified in recent
empirical studies usually interpreting CK as a necessary

prerequisite for developing PCK (Krauss et al. 2008b;
Blomeke and Kaiser 2014). Accordingly, CK may also be
the foundation of SC.

An interesting issue is the relationship of situated reac-
tion competency and teachers’ beliefs. Teachers with high
SRC scores tended to endorse constructivist beliefs and
simultaneously rejected transmissive beliefs. Differential
correlations of SC and MC with the knowledge tests can-
not be seen to the same extent as they are with beliefs,
which can be explained by the involvement of construc-
tivist aspects in both conceptualizations (MC: student ori-
entation; SC: insight orientation). Together, these results
indicate the convergent and discriminant validity of the
COACTIV video test.

It is also interesting that no positive correlations were
found between SRC or its sub-competencies and the num-
ber of years of professional experience as a teacher. These
findings suggest that teachers’ situated reaction compe-
tency no longer seems to develop substantially once they
have completed their training. This finding seems surpris-
ing at first sight because it contradicts theories that attribute
teachers’ expertise development explicitly to their practical
experience (Hashweh 2005; Hiebert et al. 2002; see Sect. 6
for further discussion), but it is in line with the findings
mentioned in Sect. 2.4.1 concerning PCK and CK.

5.5 Predictive validity (effects on instructional quality)

Because COACTIV was linked with the PISA study (see
Sect. 4.1), it was possible to relate teachers” SRC to aspects
of the instructional quality as indicated by student and
teacher questionnaires concerning their real-life lessons
as well as by the tasks implemented by the teachers (see
Sect. 2.4.3).

Two latent structural equation models were specified in
order to predict the aspects of instructional quality. In one
model, the methodological sub-competency was the predic-
tor, and in the other one the subject-specific sub-compe-
tency. While analyses revealed no significant impact of the
methodological sub-competency (contrary to our expec-
tations), the subject-specific sub-competency did show a
moderate to substantial influence on the aspects of instruc-
tional quality (Fig. 3).

As can be seen in Fig. 3, teachers’ subject-specific sub-
competency was positively related to all three aspects of
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instructional quality (with only the impact on the level of
cognitive activation being significant). These results indi-
cate that insight orientation, content-specific accuracy, and
the ability to seize didactical opportunities substantially
influence the level of cognitive activation that teachers
implement in their lessons.

6 Discussion

This paper describes the construction, implementation, and
analysis of a video instrument for assessing a certain facet
of mathematics teachers’ professional competence. This
“situated reaction competency” (SRC) was conceptual-
ized and operationalized according to generic dimensions
of high-quality teaching (student orientation, methodologi-
cal accuracy, insight orientation, content-specific accuracy,
and awareness of didactical opportunities). By doing so,
the COACTIV video study broadens the concept of PCK
as it has been pursued by COACTIV thus far. While the
paper-and-pencil test of PCK can be classified into a cog-
nitive perspective (Depaepe et al. 2013), the situated reac-
tion competency measured in the video study is closer to a
situated perspective. As was expected, the subject-specific
sub-competency (SC) in particular shows substantial cor-
relations with PCK measured by the paper-and-pencil test.
Referring to the title of the present ZDM issue, this triangu-
lation reflects the relationship between “PCK-competency”
(assessed by the paper-and-pencil test) and “PCK-perfor-
mance” (approximated by the video instrument).

While SRC and its sub-competencies (SC and MC) were
measured reliably, the single dimensions show only restricted
reliability (due to the low number of videos, the variety of
topics treated in the video clips—including differing instruc-
tions—and the entirely open-answer format). Thus, only the
scales SRC, MC, and SC guarantee reliable interpretation.

Several factors argue for the validity of the video instru-
ment. First, the results regarding school track differences
correspond to the expected level of expertise of the teachers
examined. However, the low performance of Haupt-schule
teachers may also be partially attributed to pedagogical diffi-
culties (e.g., students’ low level of autonomy) that are preva-
lent in this school type. Second, the correlations of SRC, SC,
and MC with other characteristics of the teachers (PCK, CK,
beliefs) indicate the convergent and discriminant validity of
the video instrument. Regarding the paper-and-pencil PCK
test, it is not straightforward to interpret the fact that also
subject-matter specialists (German diploma students) show
respectable performance (for details, see Krauss et al. 2008a;
Krauss et al. 2013). Since the measuring of SRC is more sit-
uated, it can be hypothesized (and must be examined in fur-
ther construct-validation studies) that expert teachers outper-
form subject-matter specialists in such a video instrument.
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Interestingly, there is no positive correlation of SRC (or
its sub-competencies) with work experience. However, the
same result was found with respect to PCK and CK (Krauss
et al. 2008a). According to deliberate practice theory,
expertise does not increase simply from doing a job (Erics-
son et al. 1993). Rather, motivation and deliberate practice
are required to identify and overcome one’s weaknesses,
preferably with the support of ongoing expert feedback.
Because these conditions are normally absent in everyday
school life (in contrast to teacher training), our findings are
in line with deliberate practice theory, the predictions of
which have already been verified for various other domains
(e.g., music, sports, medicine, chess).

Finally, the subject-specific sub-competency showed
predictive validity regarding the level of cognitive activa-
tion. Therefore, in addition to PCK, constructivist beliefs,
teaching-related enthusiasm, and aspects of diagnostic
skills, another facet (SC) of teacher professionalism rel-
evant to aspects of instructional quality could be identified
in the framework of COACTIV. In contrast, facets that are
not correlated to instructional quality are CK, transmissive
beliefs (even negatively correlated), subject-specific enthu-
siasm or methodological sub-competency. As a result,
what emerges is the profile of an expert teacher by identi-
fying competence facets necessary for improving instruc-
tional quality and enhancing student learning (Kunter et al.
2013b; Sternberg and Horvath 1995; Hattie 2012). Fol-
lowing this path, of course, it has to be acknowledged that
deviating conceptualizations and/or measurements of the
involved concepts (for instance, aspects of instructional
quality) might modify the results achieved so far.

While the gain of ecological validity from video-based
stimulated recall approaches (as compared to paper-and-
pencil tests) is obvious, they are nevertheless not opti-
mal. It has to be noted that although video vignettes can
display the context-rich reality of teaching better than text
vignettes, they are still artificial for teachers (compare the
two “as if” arguments by Kaiser et al. 2015). A combina-
tion of competence tests and observations of real teaching
behavior might be the next step in order to diminish the gap
between competence and performance (according to the
title of the present issue; see also Blomeke et al. 2015a).
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