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4.1 INTRODUCTION

The quality of teachers is of significant importance for the learning process of 
pupils (Barber & Mourshed, 2007). Shulman was the first to explicitly formulate 
this quality by introducing the concept Pedagogical Content Knowledge (PCK) 
as a distinct body of knowledge. He defined PCK as “Ways of representing 
and formulating the subject [content] that make it comprehensible to others” 
(Shulman, 1986, p. 9). This also includes knowledge of pupil’s learning of a 
particular content. By pinpointing a type of knowledge that is unique for 
teachers, teachers are distinguished from content specialists (Park, Jang, Chen, 
& Jung, 2011). To conceptualize PCK, scholars developed several models that 
specify its underlying components (Park & Oliver, 2007; Rohaan, Taconis, & 
Jochems, 2011; Van Driel, Verloop, & De Vos, 1998). Although these models 
and the underlying components differ from each other, scholars do agree that 
the underlying components include internal representations (thoughts, beliefs, 
knowledge) and external expressions (actions, behaviors, verbalizations) that 
are intertwined. The teacher’s internal representations affect his or her actions 
and practices (Julie Gess-Newsome, 1999; Van Driel et al., 1998). In our view, PCK 
guides teachers’ actions and these actions obviously influence the actions of 
pupils, and pupils also have an effect on the actions of teachers. Consequently, 
PCK does not develop inside the teacher alone, but instead is a result of a 
co-constructing process that takes place between teacher and pupils − a process 
that takes place in real-time interaction. To study PCK, scholars traditionally 
used tests that examined the internal representations of teachers’ knowledge 
and beliefs, e.g., self-reports (Baxter & Lederman, 1999), while in more recent 
studies these written tests were combined with observations of teachers’ 
enactment of PCK in the classroom (e.g., Henze & Van Driel, 2015; Park & Suh, 
2015). However, since these tests cannot capture the dynamic construction 
process that takes place between teacher and pupils and unfolds in real time − 
which we define as Expressed Pedagogical Content Knowledge (EPCK) − we are 
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in need of alternative instruments that are designed for observing the teaching 
and learning process as it occurs (cf. Schauble et al., 1997). To study the real-time 
EPCK, it is of great importance to register the interaction on a micro timescale 
and analyze the data accordingly. The microgenetic method (Flynn et al., 2007) 
contributes to the existing research into PCK by analyzing the moment-to-
moment interaction (Abell, 2008), and revealing exactly at what point in the 
interaction and in which way high-quality teaching and learning (EPCK) occurs. 

The aim of this study is to develop an instrument that can track the microgenetic 
moment-to-moment interaction that embodies EPCK, that enable us to find 
different features and levels of EPCK, and additionally to test the instrument’s 
feasibility, reliability and validity in an empirical study. 

4.1.1 Expressed Pedagogical Content Knowledge as a form of high-quality 

teaching and learning

To develop a valid instrument, the variables incorporated in it must be relevant 
and representative for EPCK (cf. Haynes, Richard, & Kubany, 1995). We were able 
to find an appropriate selection of items by using the existing literature on PCK 
as well as a variety of other studies on teaching and learning (e.g., Alfieri et al., 
2011; Chin, 2006; Engel, 2011; Haug, 2014; Oliveira, 2010; Rowe, 1974; Van Zee 
& Minstrell, 1997). 

Building on Shulman’s work that introduced PCK, several different models have 
been developed to further define PCK and its components (Coenders, 2010; 
Magnusson et al., 1999; Park & Oliver, 2007; Platteel, 2010; Van Driel et al., 1998). 
Many of these models are roughly based on Grossman’s model (see: Friedrichsen 
et al., 2011), which describes PCK as consisting of a) Orientation to teaching, as 
well as Knowledge of purposes and goals for teaching, b) Knowledge of pupils’ 
understanding, c) Curricular knowledge, and d) Knowledge of instructional 
strategies. In practice, PCK components are combined, intertwined and 
transformed in order to make the subject matter more comprehensible for pupils 
(Park et al., 2011; Park & Oliver, 2007; Park & Suh, 2015; Shulman, 1987). According 
to, e.g., Park & Suh (2015), the PCK’s key components are Knowledge of pupils’ 
understanding (b) and Knowledge of instructional strategies (d), as effective 
teaching is characterized by the alignment of teachers’ teaching practices and 
the way pupils learn. What the literature on PCK is not clear about, however, 
is how it is dynamically constructed and expressed in real-time interaction; in 
other words, how EPCK emerges and develops during the interaction process 
itself. The interaction between teacher and pupils in the here and now forms a 
dynamic pathway (Steenbeek & Van Geert, 2013; Van Geert, 1994; Van Geert & 
Steenbeek, 2005). From this point of view, knowledge is constructed during this 
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dynamic and intertwined teaching and learning process, as opposed to being 
transferred from one to the other, e.g., from the teacher to the pupils, or from 
the teacher trainer to the teacher (Azmitia & Crowley, 2001; Chin, 2006; Granott, 
2002; Park et al., 2011). The literature on PCK acknowledges that teachers’ 
PCK is also shaped by the pupils’ actions. According to Park & Oliver (2007), 
for instance, pupils influence teachers in three ways: by posing challenging 
questions that the teacher has to respond to, by expressing enjoyment which 
affects the teacher’s on-the-spot decision-making, and by sharing creative 
and critical ideas that influence the teacher’s choices (particularly) regarding 
future lessons. Although PCK − as a quality of the teacher − is not viewed as 
a dynamically formed, mutually influencing process that takes place between 
teacher and pupils (Menninga, Van Dijk, Steenbeek, & Van Geert,2016), some of 
the components mentioned in the PCK literature can in theory be observed in 
real-time. For instance, Knowledge of pupil’s understanding (b) can be registered 
by observing how well the teacher anticipates or reacts to pupils’ conceptions 
(see also: Park & Oliver, 2007). Knowledge of instructional strategies (d) can be 
examined, e.g., by observing which subject-specific or general approaches the 
teacher actually uses from moment to moment during a lesson. 

As the literature on PCK does not perceive the concept as a dynamic, intertwined 
teaching and learning process that occurs in real-time interaction, we looked for 
additional literature on science teaching and learning (e.g., Alfieri et al., 2011; Chin, 
2006; Engel, 2011; Haug, 2014; Oliveira, 2010; Rowe, 1974; Van Zee & Minstrell, 
1997) in order to define a relevant and valid concept of EPCK. Although in practice 
EPCK is an intertwined, co-constructed process, the EPCK components we defined 
are described separately as teacher components and pupil components for the 
sake of clarity. An exception is the first component, which is conditional both for 
effective teaching and learning. 

4.1.2 Theoretical EPCK components

The first EPCK component that we extracted from the literature mentioned 
above distinguished Allocated learning time. It turns out that allocating time to 
learning activities is related to on-task behavior. Back in 1980, scholars 
already confirmed that pupils’ time on task − if used effectively − is 
directly related to their achievements (Stallings, 1980). In the literature 
on PCK, this type of classroom management − which has an influence on 
all other components − is assigned to the teacher’s general pedagogy 
(Morine-Dershimer & Kent, 1999). The opposite of on-task behavior is off-
task behavior, which can be defined as behaviors of the teacher or pupils that 
are not directly directed toward teaching and learning (Chafouleas, McDougal, 
Riley-Tillman, Panahon, & Hilt, 2005; Hofer, 2007). 
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The second EPCK component is Teaching style. This component is related to 
the key PCK component d) Knowledge of instructional strategies (Park & Suh, 
2015). Alfieri et al. (2011) appeal for an approach in which a strategy is used 
by teachers’ that incorporates evoking explanations through guided discovery 
(reform-based teaching). A more traditional, teacher-centered approach may 
prevent pupils from developing problem-solving skills, while such higher-order 
thinking skills are needed to enlarge pupils’ understanding. One of the tools 
that elicit these higher-order thinking skills is the degree of openness of the 
adult’s verbal behavior. Openness can be defined as “the degrees of freedom 
that the adult leaves for the child, with for example the adult’s encouragement 
giving a child more degrees of freedom in its possible consecutive actions than 
if the adult were to give an instruction” (Meindertsma et al., 2014, p. 220). In 
this open teaching style the teacher evokes pupils’ views and acknowledges 
their conceptions, even when they are not (seen as) correct given the current 
topic of teaching (Chin, 2006). Through asking questions and encouraging 
pupils to speak, the teacher can probe pupils’ conceptions, which helps pupils 
to explain their thoughts and consider different points of view. By encouraging 
pupils to predict, explain, and observe, teachers can help them reach a higher 
level of complex thinking (Meindertsma et al., 2014). Additionally, an important 
aspect of this type of (open) teaching is the time teachers provide pupils to think. 
This so-called think-time or wait-time has positive effects on the construction of 
pupils’ conceptual understanding (Rowe, 1974; Shulman, 1986; Stahl, 1994; Van 
Zee, 2009). An open teaching style is in sharp contrast with traditional teaching, 
which is characterized by teaching strictly by the book (Van Zee & Minstrell, 1997) 
and mainly transferring knowledge from the teacher to the pupils, e.g., by giving 
instructions or providing information. Although an open teaching style is promoted 
in which pupils are invited to participate actively in the learning process, the 
teacher should not only be focused on eliciting declarative knowledge and lower-
order procedures. Transferring or retrieving declarative knowledge, for instance 
definitions, is often of central importance in traditional science education (Roth, 
1996; Scardamalia & Bereiter, 2006). However, if the approach is solely focused 
on recalling declarative knowledge and transferring new factual knowledge, the 
teacher omits to attune to the pupils’ intellectual activity. It prevents pupils from 
developing a critical point of view and adding meaning to their learning activities 
(Mercer, 1995). Moreover, teachers frequently use closed-ended questions, which 
results in short, non-complex answers (Cazden, 2001; DeWitt & Hohenstein, 
2010). Several studies have shown that the best way to stimulate conceptual 
understanding is by evoking explanations and predictions from pupils through 
asking thought-provoking questions (Chin, 2006; Redfield & Rousseau, 1981; Roth, 
1996). Though it is necessary that teachers address all types of knowledge, they 
should not only focus on the lower-order types but also address higher-order 
thinking in order to foster pupils’ deeper understanding of the content. 
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The third EPCK component is Teacher’s reaction to pupil’s contribution. This 
component is related to the key PCK component b) Knowledge of pupils’ 
understanding (Park & Suh, 2015). By allowing pupils to actively participate in 
the conversation and giving adequate responses to their contributions, the 
teacher supports the cognitive autonomy of pupils (Stefanou, Perencevich, 
DiCintio, & Turner, 2004). It appears, however, that teachers often try to 
hold on to their prepared lessons without making proper adjustments when 
necessary that allow pupils to express their conceptual understanding (Van 
Zee & Minstrell, 1997). Moreover, teachers usually initiate the conversation 
(by introducing new topics) and use follow-up questions to establish the 
information-flow of the interaction (Oliveira, 2010). Hence, it is important for the 
teacher to provide room for the pupils’ (spontaneous) contributions. They can 
expand pupils’ thinking processes by encouraging them to contribute to the 
lesson, for instance by offering them think-time. Inviting pupils to participate 
in the conversations is not only important for the teacher’s grasp of pupils’ 
conceptual understanding, but also stimulates pupils’ motivation to learn 
science (Berlyne, 1960; Csikszentmihalyi & Csikszentmihalyi, 1988; Osborne, 
Simon, & Collins, 2003). Room for (spontaneous) contributions and exploration 
of the task provides pupils with opportunities to control the learning process 
and make choices within it. If pupils are always rewarded for doing exactly 
what they are supposed to do, it can obstruct their internal drive. Every good 
teacher knows that pupils will learn only very little, if anything, if curiosity is not 
encouraged (Day, 1982; Engel, 2011). In order for pupils to optimally learn from 
science activities, it is therefore necessary for teachers stimulate exploration and 
spontaneous input. 

The fourth EPCK component is Teacher’s reaction to pupil’s conception. 
This component is related to key PCK component b) Knowledge of pupils’ 
understanding (Park & Suh, 2015). A teacher who possesses a high level of PCK 
understands both the difficulties and the ease that pupils can experience when 
dealing with science content, depending in part on the pupils’ backgrounds 
and level of development. He/she not only understands pupils’ concepts, but 
also has the knowledge and skills to adapt his/her teaching strategies in order 
to elaborate or scaffold pupils’ understanding (cf. Park & Oliver, 2007; Shulman, 
1986; Van de Pol, Volman, & Beishuizen, 2010). By responding in a neutral way 
to contributions of pupils and by avoiding an overly judgmental attitude (Chin, 
2006; Van Zee & Minstrell, 1997), a learning environment can be created in 
which pupils feel free to expose their concepts. Interactions like these will help 
teachers learn about pupils’ understanding or ideas. It is typical of traditional 
teaching, however, for evaluation of answers to take place in a chain consisting 
of teacher (initiates) – pupil (responds) – teacher (evaluation). This triadic 
dialogue minimizes pupils’ co-constructing role in conceptual understanding 
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(Chin, 2006). Teachers’ evaluation of this kind can help create an environment 
in which teachers are constantly checking whether some external standards (of 
knowledge) are being met. Teachers could further explore pupils’ thoughts or 
conceptions by asking follow-up questions (Oliveira, 2010) instead of explaining 
what the answer should be.

The fifth EPCK component is Pupil’s complex thinking (pupil component), which 
is strongly related to the second EPCK component Teaching style. The increasing 
complexity of society and its new technologies mean there is a demand for 
high-level, complex cognitive skills, which need to be developed in education 
(English, 2010). Such cognitive skills encompass three types of knowledge: 
declarative knowledge, conceptual knowledge or conceptual understanding, 
and procedural knowledge. Declarative knowledge refers to the recall of 
factual information, traditionally defined as “knowing that” or sometimes as 
”knowledge about” (Scardamalia & Bereiter, 2006). It embodies reproduced 
factual knowledge, for instance in the form of definitions. The second type 
of knowledge is conceptual understanding and this refers to deep, complex 
knowledge (Ohlsson et al., 2000), also described as “knowledge of” (Scardamalia 
& Bereiter, 2006). This is a type of knowledge that changes core conceptions, as 
opposed to declarative knowledge which simply accumulates as pupils grow 
older. A third form of knowledge is procedural knowledge, which is defined as 
“knowing how” (Anderson, 1976; Scardamalia & Bereiter, 2006) and concerns 
the application of procedures, such as knowing how to open a parachute or 
knowing how to connect an electrical circuit. According to Kolodner (2005), 
declarative and procedural knowledge are only useful if pupils know how to 
apply and modify them in different, new, realistic situations. When applying 
and transferring these types of knowledge, pupils gain deeper conceptual 
understanding. Accordingly, declarative knowledge and procedural knowledge 
can be considered lower-order, whereas conceptual understanding can be seen 
as a higher-order type of knowledge.
 
The sixth EPCK component is Pupil’s contribution. This component is strongly 
related to the third EPCK component Teacher’s reaction to pupil’s contribution. 
Pupils have a natural curiosity to learn. This driving force stems from the desire 
for knowledge and the desire to experience the thrill (Berlyne, 1960; Engel, 2011) 
and exposes itself in actions involving exploration (Van Schijndel, Visser, Van 
Bers, & Raijmakers, 2015). Giving the floor to pupils at certain moments during a 
lesson is a way of transferring responsibility to them. By doing so pupils are  given 
cognitive autonomy to explore, experiment, and ask questions (Stefanou et al., 
2004). Pupils’ intrinsic motivation for learning activities can expose itself when 
they (for instance) spontaneously ask questions, show exploratory behavior at 
an exhibit, express excitement or eagerness to learn, or project their existing 
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representations of ideas. When a teacher asks (the right kind of) questions, it 
stimulates pupils to participate in the learning process, as opposed to a closed 
teaching style in which pupils are not expected to reveal their conceptions.

The seventh EPCK component is Pupil’s conception. Pupils’ conceptions are 
co-constructed through interaction with the environment, and through their 
experiences in different contexts (Candela, 2001). As pupils’ conceptions are 
context-dependent, their exposed conceptions must not be considered as 
static ideas of the pupils. Expressed conceptions are socially co-constructed 
in interaction with the learning environment (e.g., peers, teachers, materials). 
Through interaction, pupils adapt or develop their naïve or alternative 
conceptions, which can be conceptions that are partly correct compared to 
generally accepted scientific conceptions (Tal, 2004). However, a strong focus 
on the idea that scientific conceptions are superior to pupils’ conceptions might 
violate the neutral, open learning atmosphere, as this often leads to an exclusive 
approach of their conceptions as either right or wrong. 

4.1.3 How can EPCK be measured?

Traditionally, PCK is examined by means of self-report questionnaires, multiple-
choice tests, concept mapping, card sorts, or multi-method evaluation (Baxter & 
Lederman, 1999). Use of these methods gives scholars insight into the internal 
representations of teachers’ knowledge (Coenders, 2010; Henze, Van Driel, & 
Verloop, 2008; Platteel, 2010). The relation between these representations and 
the actual enactment of PCK in the classroom has only recently started to be 
considered an important object of research (Henze & Van Driel, 2015; Park et 
al., 2011; Park & Oliver, 2007; Park & Suh, 2015). As teachers’ behavior in the 
classroom reveals other representations of what they know, that are more 
accurate than measurements from self-report questionnaires (Park & Suh, 2015; 
Van Driel et al., 2001), it is important to observe the behavior of teachers in the 
classroom. Furthermore, in order to understand the elusive concept of PCK, 
further exploration and validation is needed (Park & Suh, 2015). Focusing on 
the expressed part of PCK (as it is revealed in actions) will contribute to a better 
understanding of PCK. For PCK research, observation instruments such as the 
PCK rubric (Park et al., 2011; Park & Suh, 2015) have been developed as part of a 
mixed-method approach. However, these observation instruments either do not 
measure PCK over time or, if they do, the time-serial data is qualitatively analyzed 
and not microgenetically. In a study by Henze and Van Driel (2015) for instance, 
interval measurements (related to the concept of PCK enactment) were used 
across eight lessons, whereas the mechanisms of change concerning the nature 
of transitions (e.g., from low-level to high-level PCK) were not investigated. The 
advantage of analyzing the microdevelopmental patterns (Flynn et al., 2007) of 
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PCK is that it shows the individual PCK enactment (behavior) over time, which 
highlights variability both within the same teacher and between different 
teachers. This could potentially reveal the different ways in which teachers can 
transition to a certain type of PCK behavior of a particular level (high or low).

As none of the existing instruments that are used in PCK studies measure how 
EPCK develops microgenetically over time, they are not usable for targeting 
EPCK as a phenomenon that emerges in real time. An observation instrument 
that uses time-serial measurements could make it possible to detect the 
emergence of EPCK or changes within it both in the short term of a pedagogical 
activity and in the long term of a series of such activities. Unfortunately 
however, such an instrument does not exist yet. In addition to the absence of 
microgenetic methods, PCK studies have so far not approached the concept 
of PCK as an intertwined teacher-pupil concept. In fact, although Park and 
Suh (2015) claim that the teaching and learning processes are related to each 
other in a non-direct, causal way, they plead for an approach in which the two 
processes are investigated as independent phenomena. Since we argue that− 
almost by definition − teacher behavior and pupil behavior are dependent on 
one another and mutually influence each other, we need an instrument that 
measures the process accordingly. To this end, we developed an instrument 
called the Expressed Pedagogical Content Knowledge Coding Scheme.

4.1.4 The present study

The central question of this study is How feasible, reliable and valid is the Expressed 
Pedagogical Content Knowledge Coding Scheme (EPCK-CS). We used an out-of-school 
science activity, namely a visit to a mobile planetarium by a grade 3 primary school 
class, to test the instrument developed for this study. Out-of-school science activities 
provide an interesting testing ground for EPCK, as instructors of these activities are 
often subject-matter specialists who tend to have less expertise in the pedagogical 
part. Still, most instructors of these out-of-school science activities do develop skills for 
transforming their knowledge into a form that is accessible and comprehensible for 
pupils. In that way, instructors of out-of-school science activities and school teachers 
face the same challenge of improving science learning (Gilbert & Priest, 1997). In 
order to answer the central question of validation, there are three important steps: 
testing the feasibility, reliability, and content validity of the EPCK-CS. These steps were 
conducted in an empirical pilot study and related to the following questions: 
1.   Is the real-time observation instrument (EPCK-CS) usable in the intended
   context? In other words, is administration of the instrument in the pilot
   study practically feasible
2.   Should the instrument indeed be usable, is the coding procedure sufficiently
   transferable to others? In other words, if observers are trained to use the
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   instrument, is their coding of observed behavior/utterances reliable?
3.   If these aspects of usability and reliability are covered, we are interested to
   know how valid the instrument is. Which latent components can be found,
   and do they represent real-time expressed pedagogical content knowledge
   (as conceptualized in the theoretical framework discussed in section
   4.1.2, and do the components reveal a particular 
   level of EPCK? 
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4.2 METHOD

4.2.1 Participants

The case that was used to test the instrument was chosen from a larger database 
of video recordings of out-of-school science learning. It was important to select 
a case with a sufficiently wide distribution of quality of teaching and learning 
processes to be able to observe and identify latent components that refer to 
different levels of EPCK. Two scholars independently of one another made 
observations of the available cases and, based on their notes, found different 
levels of teaching and learning. We then chose a case that revealed elements of 
high-quality teaching and learning as well as elements of low-quality teaching 
and learning (Case 10, see Appendix A). The instructor was an astronomy student 
at the Kapteyn Astronomical Institute of the University of Groningen whose job 
it was to provide an interactive presentation for primary and secondary school 
classes in the Kapteyn Mobile Planetarium. The chosen instructor was relatively 
experienced, as she was instructor in the Mobile Planetarium for two years. In 
this study, the instructor was in charge of a primary school class from a village in 
the north of the Netherlands. The 25 pupils involved in this study were in grade 
3 (aged 8 and 9). This study was approved by the Ethical Committee Psychology 
of the University of Groningen (the Netherlands). Both the instructor and the 
parents of the pupils filled in an informed consent form.

4.2.2 Procedure

The school involved in this study chose the Mobile Planetarium as the closing 
session of an astronomy project. A mobile planetarium is an inflatable dome in 
which our solar system and galaxy can be projected. As the projection of the 
animated pictures is all around the pupils, it is like they are making a journey into 
space. As the visit to the Kapteyn Mobile Planetarium was part of the authentic 
educational context, which we did not interfere with in any way apart from 
recording the interaction, it offered a realistic and valid environment in which 
to test the instrument. 

The data consisted of a video recording of the interaction in the Mobile 
Planetarium. We only made use of the audio tracks of the video, as the darkness 
inside the Mobile Planetarium hampered vision. The videotaped activity 
consisted of an interactive presentation about our solar system. During the 
virtual journey in space, the instructor asked questions and gave information. 
The instructor needed to follow the presentation in a certain order, but she was 
able to pause the presentation to give explanations and ask or answer questions. 
The activity had a total duration of about half an hour.
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Table 1

EPCK Coding Scheme with theoretical EPCK components, categories, variables and examples

Theoretical EPCK 
component

Category Variable Level of EPCK Example

Allocated 
learning time

No content No content: Off-task / no 
speech/ unintelligible 

Non-EPCK Please be quiet. 

Teaching 
style

Level of 
Opennessa

Think-time

Evoking conceptual 
understanding

High EPCK [Silence after question or 
encouragement]
Why do you think it is dark?

Evoking declarative 
knowledge 
Evoking procedures
Information, instruction, or 
confirmation

Non-EPCK What planet is this?

Where did you attach the tube?
This is a salt crystal.

Instructor’s 
reaction 
to pupil’s 
contribution

Type of 
reaction

React to spontaneous 
contribution
React to non-spontaneous 
contribution 

High EPCK Indeed, this is a mineral.

That is indeed the answer.

No reaction to spontaneity

Instructor’s initiation

Non-EPCK [No reaction of the instructor 
after spontaneity]
[Instructor starts a new topic/
interaction]

Instructor’s 
reaction 
to pupil’s 
conception

Appearance 
of reaction

No reaction to pupil’s (non)
conception

Non-EPCK [No reaction of the instructor 
after pupil’s utterance]

Judgments Neutral judgment High EPCK Okay.

Positive judgment
Negative judgment

Non-EPCK Indeed.
No, that is not entirely true.

Type of 
feedback

Feedback by means of 
follow-up question

High EPCK And what will happen then?

Feedback by means of 
explaining
No feedback after judgment

Non-EPCK Well, what you see here… 
[after an utterance of a pupil]
[No follow-up reaction 
after the judgment of the 
instructor]

Pupil’s 
complex 
thinking

Level of 
complexityb

Conceptual understanding High EPCK It becomes dark, because the 
Sun does not shine on that 
part.

Declarative knowledge
Non-complex thinking
Procedures

Non-EPCK That is Saturn.
Yes.
You have to attach the tube there.

Pupil’s 
contribution

Appearance 
of contribution

Spontaneous reaction

React to question instructor

High EPCK I have seen these mills in the 
harbor!
Because it is cold.

Pupil’s 
conception

Type of 
conception

Incorrect conception

Fragmented conception

Correct conception

High EPCK The black spots on the Moon 
are water.
What are these spots on the 
Moon?
The spots on the Moon are 
craters with lava.

        

1.

2.

3.

4.

5.
6.

9.

10.

12.

13.
14.

15.

16.

17.

18.

19.
20.
21.

22.

23.

24.

25.

26.

7.

8.

11.

Note. An elaborated Dutch version of the coding system can be requested from the author.
a Based on Openness Scale (Meindertsma, Van Dijk, Steenbeek, & Van Geert, 2012). 
b Based on Skill Theory Scale (Meindertsma, Van Dijk, Steenbeek, & Van Geert, 2012; Van der Steen, Steenbeek, & Van 
Geert, 2012)
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4.2.3 Instrument

All utterances that were made by the instructor or the pupils during the first 
700 seconds of the science activity were transcribed, in order to code the 
utterances as precisely as possible. We were confident that the first 700 seconds 
would be enough to capture evidence of EPCK, as the same instruction form 
was maintained during the entire activity, namely an interactive classroom 
discussion. Based on global observations, we expected to find enough variety 
in expressions of EPCK. By using Mediacoder (Bos & Steenbeek, 2010), it was 
possible to register all the pupils’ and instructor’s utterances in real-time 
fashion. Based on the theoretical EPCK components, we developed a coding 
scheme, the Expressed Pedagogical Content Knowledge Coding Scheme (EPCK-
CS) − and refined it during a pilot phase of this study on the basis of global 
observations. Every theoretical EPCK component mentioned in the section 4.1.2  
was operationalized in the form of several observational variables, and some of 
which are related with High-EPCK and others of which related with Non-EPKC. 
The total amount of variables was 26 (see Table 1).

4.2.4 Data analyses

To enlarge the feasibility of the EPCK-CS (first question), we asked the trained 
observer to perform the coding in a series of successive steps or phases. In 
the first phase, the exact moment when an utterance started and ended was 
determined and noted in the observation software. In the second phase, the 
observer decided which variable could be coded on the particular time stamp. 
Because a large amount of codes were involved, the coding of the variable 
proceeded in four waves. In the first wave the observer needed to code the 
Allocated learning time whenever the interaction was not about the content 
(variable 1). If the interaction was about the content, the observer coded the 
“Teaching style” that was used (variables 2-6) and the level of Pupil’s complex 
thinking (variables 17-21). This was the second wave of coding. In the third wave, 
the Teaching style was further provided with a code for Instructor’s reaction to 
pupil’s contribution (variables 7-10) and Pupil’s complex thinking was coded 
for Pupil’s contribution (variables 22-23). In the fourth wave, the Instructor’s 
reaction to pupil’s contribution (if there was one) was then coded for Instructor’s 
reaction to pupil’s conception, which revealed a “Judgment” (variables 12-14) 
followed by a Type of feedback (variables 15-17) or No reaction to pupil’s (non)
conception at all (variable 11). Finally, in the fourth wave Pupil’s contribution 
was coded for a type of Pupil’s conception (variables 24-26). 

In connection with the question regarding reliability (second question), the 
observers saw ten videos of divers out-of-school activities before blind coding 
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of the data of the Mobile Planetarium took place. Independently of each other, 
they made notes as to what kinds of EPCK element were observable in each video. 
This did not only help train the observers in registering EPCK, it also improved the face 
validity (Haynes et al., 1995). The observers scored with the EPCK-CS in a test 
file and, if necessary, changed codes after solving disagreements. Finally, to 
establish the reliability of the instrument, the first observer (first author) and a 
second observer independently coded the activity discussed in this chapter. The 
interobserver reliability was determined by means of Cohen’s Kappa. 

The third question to answer in this study encompasses the content validity. 
According to Haynes et al. (1995, p. 238), content validity is “the degree to 
which elements of an assessment instrument are relevant to and representative 
of the targeted construct for a particular assessment purpose.” In this study, 
the elements refer to codes (EPCK variables). The constructs refer to the 
concept of EPCK, theoretically defined by EPCK components. The relevance was 
determined by using a factor analysis, which is often used in the development 
and validation of instruments (Beavers et al., 2013; Spicer, 2005). By applying 
this analysis, latent components are found that reflect the observed variables 
(Spicer, 2005; Suhr, 2005). In order to be able to carry out a factor analysis, we 
first needed to smooth the time series of 700 data points of all 26 variables with 
the Loess smoothing technique (Simonoff, 1996)7 to slightly reduce the local 
variability. The smoothed time series was imported from Excel into the software 
Tanagra (Rakotomalala, 2005) to carry out a principal factor analysis. A varimax 
factor rotation was used to optimize interpretability (Beavers et al., 2013; Spicer, 
2005). Underlying variables that correlated highly and exclusively with one 
factor provided a description of the latent component of the time-related EPCK. 
To determine the relevance of the codes, we examined whether the variables 
cohere appropriately in the latent constructs (Spicer, 2005), in which case the 
variables that were correlated > .50 and < -.50 were seen as providing a major 
contribution to the component. To decide on the amount of factors to retain in 
the analysis, we used the following rules of Suhr (2005, p. 4): Make sure there are 
at least three observed variables per factor, that the factors all have a common 
conceptual meaning, that different constructs are measured, and that the 
rotated factor patterns have no cross-loadings. 

Finally, to determine the representativeness of the EPCK-CS, we examined 
whether EPCK is indeed found in latent components. We therefore plotted 
the factors in the form of a time series. We then transcribed the data verbatim, 
wherever a peak was detected in a factor. In order to determine the representativeness 
of the latent component (factor), we compared the transcription with the variables that 
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7 The Loess transforms the local variability into gradually changing probabilities of occurrence of a particular ob-

served variable at a particular moment of time. 
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correlated > .50 with the factors. In the discussion section, we will reflect on the 
representativeness of the found latent EPCK components with regard to the 
concept of EPCK as a whole.
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4.3 RESULTS

4.3.1 Usability of the EPCK-CS 

Coding EPCK with the EPCK-CS is practically feasible with the use of audiotaped 
utterances of sufficient quality. In other words, making use of video coding would 
improve feasibility, as vision acts in support of the audio-based information. The 
observers were able to register the codes by going through the four waves. It 
took the observers about four hours to code the episode chosen for the analysis. 
One variable could not be coded, as the targeted element (Evoking procedures) 
was not present in the observed activity. In conclusion, it was shown that when an 
observer has been trained, he or she can apply the coding scheme to audio and 
video data within a reasonable amount of time.

4.3.2 Reliability of the EPCK-CS

To ensure that different researchers would assign the same codes to the 
utterances, independently observed data of the observation was used to 
calculate the, interobserver reliability. To determine the reliability, we left out 
any missing data of the variables. Matching agreements, calculated by means 
of the proportion reliability method (cf. Steenbeek et al., 2011), were between 
0.85-1.00, while the corresponding kappa’s were between .770 and 1.000 (see 
Table 2). This confirms that the instrument is reliable (Viera & Garrett, 2005) and 
therefore sufficiently transferable to other observers.
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Theoretical EPCK component Category % Kappa Valid of cases 
(n)

Allocated learning time No content 92% .927 137

Teaching style Level of opennessa 100% 1.000 67

Instructors reaction to contribution Type 91% .852 64

Instructors reaction to conception Appearance 98% .889 89

Judgment 92% .827 88

Type 95% .898 88

Pupil’s complex thinking Level op complexitya 85% .770 27

Pupil’s contribution Appearance 96% .926 27

Pupil’s conception Type 96% .920 25

Note. a In other research the Openness Scale and the Complexity Scale based on skill theory were used, 
showing similar interobserver reliabilities: 80% agreement on average for the Openness Scale (see: 
Meindertsma et al., 2014); 86%-92% for the Complexity Scale (see: Van der Steen, Steenbeek, Wielinski, 
et al., 2012; Wetzels, 2015 PLS scale pp. 96). 

Table 2

Interobserver reliability of the theoretical EPCK components and categories
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4.3.3 Validity of the EPCK-CS

Using the criteria for retained factors of Suhr (2005), the principal factor analysis 
revealed four latent EPCK components, which had a total variance of 62% (see Table 3). 
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Note. Evoking Procedures was excluded, as it was not scored at any point in the time series. 
a High-EPCK variables, based on the theoretical framework (see section 4.1.2).

React to non-spontaneous contribution

Table 3

Principal factor analysis on all variables
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What is salient is that 22 of the 26 variables show a significant correlation 
with one particular axis. This means that most variables in the coding scheme 
were relevant when it comes to finding EPCK components. The variables 
that correlate highly in the first factor (see Axis 1) point towards a first latent 
component, namely Controlled correct declarative knowledge. Based on the 
highly correlating variables of the second factor (see Axis 2), the second latent 
component can be characterized as Open teaching, focused on complex thinking 
and conceptual understanding. The two variables of the third component that 
have a highly positive correlation (see Axis 3) characterize it as Closed initiative. 
The highly correlating variables of the fourth factor (Axis 4) characterize this 
component as Spontaneous, fragmented conceptions, neutrally judged, extended 
by means of explanations, or not acknowledged. What is noteworthy is that most 
theoretical components were distributed over several empirically-found, latent 
EPCK components. This means that, though the theoretical components were 
found in real-time interaction, they did not correspond in a one-to-one fashion. 
Thus, the form in which EPCK emerges empirically is different from what was 
presumed theoretically. Additionally, High-EPCK variables of these components 
(see in Table 3) were mostly found in Component 2. To be precise, five High-
EPCK variables were found in Component 2, compared to none in Component 
3, two in Component 1, and three in Component 4.

The practical meaning of the interpreted components partly depends on the way 
they functioned in the context of the actual teaching activity. To find out how 
these latent constructs are distributed over the duration of the teaching activity, 
we examined the fluctuation of EPCK components over time. Figure 1 shows the 
plotted data of the EPCK components, with the time on the x-axis and the factor 
loadings of the components on the y-axis. In order to improve visualization and 
interpretation, the factor loadings − which are z-scores of the loess smoothing − 
were recalculated by enlarging the window 15 times and adding 100 points. This 
means that whenever the line of a particular EPCK component peaks above the 
mean of 100, the component can be seen to represent the real-time interaction.

What Figure 1 makes clear is that Component 1, 2 and 4 occur in the form 
of peaks. This shows that there are certain moments when the interaction is 
strongly dominated by one EPCK component, which is thereby representative 
of the interaction at that moment.
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Figure 1. Distribution of the latent EPCK components over time (M = 100; SD = 15).
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Near the beginning of the interaction, there was a peak in Component 2 Open 
teaching, focused on complex thinking and conceptual understanding (see 
Figure 1). In order to examine how representative Component 2 is of the real-
time interaction, and therefore of the concept of EPCK, a verbatim transcription 
was made of the interaction (between 83 and 153 seconds).

Pupil: The Moon as well!

Instructor: The Moon as well - you can see it there. And if we wait a

little bit, the sun will go down even further - until it sets. Do
you know what that means? [03. Evoking conceptual 
understanding]

Pupil: Then the Moon comes. [18. Conceptual understanding]

Instructor: Well, the Moon is already here now, right? So sometimes the Moon is

in the sky during the daytime. [08. React to non-spontaneous contribution]

Pupil: Then it is night. [18. Conceptual understanding]

Instructor: Indeed, that’s when it becomes night. It will become dark. [08.React 

to non-spontaneous contribution]

Instructor: So, in a little while the Sun will drop behind the building, and then it

will become dark. And does anyone perhaps know why that happens? [03. 

Evoking conceptual understanding]

Instructor: Why does it become dark every evening, and then light again in the 

morning when the Sun comes back up? [03. Evoking conceptual understanding]

Instructor: Yes? [gives a turn]

Pupil: Because the Earth is turning. [18. Conceptual understanding]

Instructor: Do you also know in what way the Earth turns? [04. Evoking 

declarative knowledge]

Pupil: [unintelligible]

Instructor: No? Does it turn uhm... Well, there are two possibilities really: doe

the Earth circle around the Sun, or is it that the Earth spins around itself? [08. 

React to non-spontaneous contribution; 15. Feedback by means of a follow-up

 question; 04. Evoking declarative knowledge]

… [02. Think-time]

Pupil: Spins around itself? 

Instructor: That’s right, the Earth is spinning. It does both, actually − it circles 

around the Sun and it spins around itself − but it’s thanks to the spinning that we

have day and night. [08. React to non-spontaneous contribution]

The transcription shows all the variables that have a high positive correlation 
with the second EPCK component. It also displays EPCK of a high level, 
considering the high amount of questions the instructor asked, and the pupil’s 
contribution to the teaching and learning process through revealing conceptual 
understanding. 
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After the peak in Component 2 came a peak in Component 3 with the 
characterization of Closed initiative (see Figure 1), although it was not a strong 
one. The following transcription of the interaction between 153 and 194 
seconds was made to examine whether this component was representative of 
this part of the interaction.

Instructor: Suppose for a moment that I am the Earth and that light over there 

is the Sun [pointing at the projector]. Right now my face is lit up by the Sun, so 

it is daytime there. The light cannot reach the back of my head, so over there it 

is nighttime. But then the Earth starts turning a little [teacher turns], until the 

back of my head is lit up, meaning it is daytime there now. At the same time the 

front of my face has become pitch-dark, so now it is night over there. And as the 

Earth just keeps on spinning, if you look carefully, you can see that everywhere 

on Earth it goes from daytime to nighttime. [06. information, instruction, or 

confirmation; 10. Instructor’s initiation] 

Instructor: Do you know how long it takes for the Earth to spin all the way 

around? [10. Instructor’s initiation] 

Instructor: Yes? [gives a turn]

Pupil: Twelve hours? 

Instructor: Well... almost, almost… [06. Iinformation, instruction, or 

confirmation]

Pupil: Twenty-four hours.

Instructor: Twenty-four hours, that’s right. [06. Information, instruction, or 

confirmation]

Instructor: It takes twelve hours times two, because it takes one day and one 

whole night. [06. information, instruction, or confirmation]

Except for its one question and two answers, this conversation was dominated 

by the instructor’s initiation, the provided information and confirmation of the 

answers. This clearly represents the absence of high-level EPCK. 

Halfway through the observed interaction, a peak appeared in the Component 

1 Controlled correct declarative knowledge (see Figure 1). The following 

transcription shows the interaction between 310 and 359 seconds.

Instructor:  Do you know any constellations, perhaps? 

Pupil:  Bear, Orion, Great Bear [19. Declarative knowledge; 23. React to 

question instructor; 26. Correct conception]

Instructor: The Great Bear [13. Positive judgment], 

that is exactly the one that... [interruption]

Pupil:  Virgo, Cancer. [19. Declarative knowledge; 23. React to question 

instructor; 26. Correct conception]

Instructor: Virgo and Cancer, indeed... [13. Positive judgment]
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Pupil: Bear, Orion! [23. React to question instructor; 26. Correct Knowledge]

Instructor: Very good. [13. Positive judgment]

Pupil:  Bull! And what about Ram? [19. Declarative knowledge; 26. Correct 

conception]

Instructor: Well actually, I’d like to show you some of them...

Pupil: The Lion! [19. Declarative knowledge; 26. Correct conception]

This transcription shows that the component was representative of the actual 
conversation. It does show a relatively low level of EPCK, due to the high amount 
of declarative knowledge and the absence of conceptual understanding. 

The final peak found in this observation was in Component 4 Spontaneous, 
fragmented conceptions, neutrally judged, extended by means of explanations, 
or not acknowledged (see Figure 1). The transcription of this peak (between 560 
and 540 seconds) is as follows.

Instructor: One of the stars we can see here is very special, and that is this one…

Pupil: The Polestar! [interruption]

Instructor: …right at the tip of the Little Bear; I already heard someone 

whisper: the Polestar [07. React to spontaneous contribution; 12. Neutral 

judgment]. 

Instructor: If you look for the Polestar in the sky, and then draw a line to 

the nearest point on Earth, that way is always north. And that is really quite 

special… [16. Feedback by means of explaining]

Pupil: But how do you know… [interruption] [25. Fragmented conception]

Instructor: … It was very handy in the old days, as people didn’t have 

compasses back then and definitely didn’t have SatNavs, for example. With the 

help of the stars they could find the north, though, and then the other way is 

south, that’s east, and west is that way − so they knew exactly which way to sail. 

[09. No reaction to spontaneity; 11. No reaction to pupil’s (non)conception]

Instructor: Here is a question.

Pupil: Uhm, but how do you know that that is the North Star? [25. Fragmented 

conception]

Instructor: Well, actually it’s very easy to find. If you look at the sky it is 

quite easy to find part of the Great Bear, this part here, which is known as the 

Big Dipper. It is quite recognizable, so most people can spot it without too 

much difficulty. Then what you do is extend this part of the Big Dipper about 

five times, and that points you to the Polestar. [07. React to spontaneous 

contribution; 12. Neutral judgment; 16. Feedback by means of explaining]

Again the transcription shows that the component is representative for the real-
time interaction. It also shows that, though pupils are eager to learn by asking 
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questions spontaneously, the instructor is doing a lot of explaining instead 
of asking follow-up questions that are focused on conceptual understanding. 
Therefore this conversation shows a relatively low level of EPCK. For instance, 
the instructor accepted a pupil’s spontaneous contribution “The Polestar”, 
which is an expression of high-level  EPCK, but did not ask him how he knew that 
it was the Polestar and explained it instead.

To conclude, the answer to question 3 is that we found four components 
that represent the real-time interaction shown in the transcriptions. We also 
determined that they represent the targeted (theoretical) concept of EPCK, 
though not in a one-to-one way. Different levels of EPCK are revealed by the 
latent components, one of which is of high-level EPCK. What is clear is that these 
components occurred at successive moments in the form of peaks, except for 
Component 3 Closed teaching which seems to have been more or less present 
all the time (at least for a large part of the interaction).
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4.4 CONCLUSION AND DISCUSSION

In this chapter we introduced the Expressed Pedagogical Content Knowledge 
Coding Scheme (EPCK-CS), to use for measuring Expressed Pedagogical Content 
Knowledge quantitatively over time. We were interested to find out how 
feasible, reliable and valid the EPCK-CS was. The results show firstly that the 
instrument is practically feasible. As long as observers have received training 
and separate phases and waves are used, the instrument helps reduce the 
amount of codes needed when registering audio conversations. It should be 
even easier to apply the EPCK-CS to video recordings. Secondly, we found 
that the instrument is sufficiently transferable to others. The coding of the 
observed behavior/utterances was reliable, at least for this pilot case in which 
the observers not only needed to agree upon the codes during the training, but 
also needed to agree upon all data in blind-coding sessions. Before applying 
the instrument to other out-of-school activities with other subjects, additional 
examples should be incorporated in the codebook to explain all the codes. In 
any new observations, the reliability should be established once again. This is 
not because the instrument is unreliable, but because content validity − which 
is related to the observation procedure that influences reliability − degrades 
over time as new data is used and new insights about the targeted constructs 
are gained (Haynes et al., 1995). Thirdly, the variables in the coding scheme 
were found to be relevant for the latent EPCK components, thereby establishing 
the validity of the instrument. The latent EPCK components found in this study 
were Controlled correct declarative knowledge (Component 1), Open teaching, 
focused on complex thinking and conceptual understanding (Component 2), 
Closed initiative (Component 3), and Spontaneous fragmented conceptions, 
neutrally judged, extended by means of explanations, or not acknowledged 
(Component 4). The instrument was shown to be representative of EPCK in real-
time interaction. The transcriptions showed the significant variables and revealed 
levels of EPCK that are in accordance with the latent components. Furthermore, 
the transcriptions and the components were embodied in different features of 
the targeted concept of EPCK, as described in the theoretical framework. The 
latent EPCK components that represent the real-time interaction are different 
from the theoretically formulated (targeted) EPCK components, in the sense 
that the latent components contain elements of the various theoretical EPCK 
components rather than being a precise exemplification of those theoretical 
EPCK components. This does not indicate a failure of the construct validity, 
however. On the contrary, it shows that in real-time interaction EPCK is indeed 
constructed by means of an intertwined process of teacher and pupil elements 
that underlie the theoretical components. It became clear during this study 
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that the observed real-time interactions of high level of EPCK were mainly 
focused on (eliciting) conceptual understanding, rather than being examples 
of spontaneous contribution by pupils − another important aspect of high level 
EPCK. This shows that in real-time interaction, the way in which a high level of 
EPCK reveals itself is narrower than the introduction of this chapter implied. It 
also indicates that the guiding role of an instructor in out-of-school science or a 
teacher in school (see scaffolding: Van de Pol et al., 2010) is important for reaching 
a high level of EPCK, which could not be accomplished by means of pupils’ 
unguided, spontaneous contributions alone (Alfieri et al., 2011). Furthermore, 
besides conceptual understanding, the high-level EPCK latent component 
Open teaching, focused on complex thinking and conceptual understanding 
(Component 2) is also focused on eliciting declarative knowledge – which is 
not a feature of high-level EPCK. In contrast, some elements (or variables) that 
do indicate a high level of EPCK were not included in the latent component of 
high-level EPCK, e.g., neutral judgment. The only latent component that did 
not show an indication of high-level EPCK was Closed teaching (Component 3). 
Though its peak in real time dropped whenever another component was active 
(see Figure 1), it is clear that this teaching style was dominant in this pilot study 
as the component was constantly present during a large part of the interaction. 
This means that high-level EPCK does not expose itself in its ultimate form, 
but is always a combination of high- and low-quality teaching and learning 
at the same time. Indeed, in practice a teacher can never apply an open 
teaching style during an entire lesson. In fact, it would not be recommendable 
for teachers to never initiate new topics or to avoid providing information or 
giving instructions. It is the responsibility of teachers to ensure that curriculum 
knowledge is ascertained in education. In order to scaffold pupils’ conceptual 
understanding, it might be necessary for a teacher to use explanations (e.g., 
metaphors, analogies) or examples (similar/dissimilar situations), tell stories, 
demonstrate, and confirm/disconfirm the answers of pupils (e.g., Park & Oliver, 
2007). However, within the dynamic, co-constructing process of meaning, the 
teacher has to decide whether feedback in the form of providing information 
or giving an explanation is necessary or even supportive, or whether posing a 
thought-provoking follow-up question would be more appropriate to guide the 
development of conceptual understanding (Chin, 2006).

In contrast to many instruments used for the observation of human behavior, the 
EPCK-CS underwent systematic validation. Often developers of observational 
instruments confine the validation to face validity of the selected codes (Haynes 
et al., 1995). This face validity, in which the observers judged the codes as 
appropriate for the targeted construct EPCK, was accomplished in the phase 
before the training. Both the first and the second observer independently gave 
scores to various excerpts from videos of out-of-school activities for their level of 
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EPCK, without predefining EPCK (see method). The EPCK-CS instrument, which 
was based on theoretical EPCK components, was refined by adding variables 
that were noticed in the videos in the phase prior to the training and then 
further adapted during the training (see method).

This instrument has been developed for out-of-school activities, but its 
application is not limited to such environments. It can also be used in science 
activities within primary schools to measure real-time, expressed teaching 
and learning processes related to PCK. This instrument was not intended for 
measuring the entire construct of PCK. To unravel the purposes, beliefs and 
inner knowledge of teachers involved during such interactions, other research 
methods are needed. The instrument is supplementary but not exhaustive. It 
was not intended to be representative for the concept of PCK as this concept 
also contains beliefs and internal representations of knowledge. Additionally, 
the subject knowledge is only expressed by means of the instructor’s or 
teacher’s reaction to pupil’s conception. Whether the content presented by the 
teacher is appropriate, relevant or correct, is not assessed. The decision whether 
the content is suitable is very domain-specific. As the intention of this study was 
to develop and test an instrument that measures expression of high-quality 
science teaching and learning in a broad context (not domain-specific), we did 
not focus on subject knowledge. In conclusion, this instrument could be useful 
whenever studying the concept of PCK.

As this instrument was tested in a limited context, in further research it would 
be interesting to find out whether the EPCK components found in this study are 
generalizable to various other cases. Now that we found that most variables are 
relevant to measuring the targeting components of EPCK, a principal component 
analysis can be applied to find out whether similar dimensions of intertwined 
teaching and learning processes will indeed be found. A principal component 
analysis uses the variables to find components, whereas the principal factor 
analysis uses latent components that targeted significant variables (Beavers 
et al., 2013; Suhr, 2005). Furthermore, the factor analyses can never explain 
all the variance in the data. To explain what happens in between the peaks 
of the latent components and how the latent components are related to one 
another, a Kohonen’s clustering technique (Kohonen, 1982) might be helpful. 
This technique can find similar or dissimilar patterns in different teaching and 
learning activities in order to learn more about real-time EPCK. Additionally, 
in future research it might be valuable to gain more insight into the intentions 
teachers have when they apply certain teaching strategies. This might provide 
more information as to why instructors (or teachers) use non-EPCK strategies in 
addition to high-level EPCK strategies. It might also explain why instructors do 
not expand on the moments of potential high-level of EPCK. One way to reveal 

103

How to measure Expressed Pedagogical Content Knowledge?



the instructor’s or teacher’s intentions is by using vignettes (e.g., Luft & Zhang, 2014).

The major practical advantage of the EPCK-CS will be that instructors or teachers 
can obtain a more explicit representation of the observable properties of High 
EPCK moments, that they learn to recognize these moments as they occur 
during teaching, and that they learn to influence the interaction at moments 
when the EPCK-level is less than optimal. This instrument provides usable means 
for detecting high-quality teaching and learning moments, particularly during a 
video-feedback coaching program (e.g., VFC-T of Wetzels, 2015). 

The added value of the EPCK-CS is that it reveals the levels of EPCK over the 
course of one lesson or activity. It does not assess the quality of a particular 
teacher/instructor or a particular lesson by means of one outcome. Moreover, 
it shows that moments of high quality teaching and learning can be found 
within a lesson, which are the result of a complex dynamic interaction between 
instructor/teacher and pupil. Using averages would overlook these valuable 
moments. Consequently, this means that classrooms with teachers or instructors 
and their pupils can be compared with regard to these EPCK moments: do some 
cases show high level of EPCK all the time, at certain points, or not at all? 
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