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1.1 CONTEXT OF THE DISSERTATION

Across the Netherlands there are nine science networks 
(‘wetenschapsknooppunten’ in Dutch), which serve to inspire pupils to learn 
about science and technology and to encourage the exchange of knowledge 
between schools and universities.1 Thanks to these science networks, also 
referred to as Science Education Hubs (Van Uum, Verhoeff & Peeters, 2016), 
schools can take part in inspiring out-of-school programs in diverse fields of 
science i.e., social science (gamma), natural science and mathematics (beta), 
and science for humanities (alfa). These programs take place during school 
hours and in accordance with the school curriculum, but are usually held 
outside the physical school building (Salmi, 2012), e.g., visits to museums, 
planetariums or science centers. It is important to spark interest in science2 and 
stimulate potential science talent, as it can help to encourage pupils to opt 
for science studies later in their educational careers (James et al., 2006; Rocard 
et al., 2007). More interest in science and technology studies is necessary for 
maintaining a sustainable society. In order to find solutions for global issues 
such as healthcare, sustainable economic growth, climate change, safe drinking 
water and sanitation, education is needed (OECD, 2015; United Nations, 2015). 
Science education in out-of-school contexts is of particular importance, as 
it seems that formal education in reading, writing and mathematics, and a 
focus on memorizing facts is not sufficient for the development of creative, 
problem-solving skills (Fleener, 2016). Out-of-school education and its effect 
on pupils’ science learning is therefore an interesting object of research. This 
dissertation concerns a flanking research into out-of-school programs organized 
by the Northern Netherlands Science Network (“Wetenschapsknooppunt Noord 

1 Science networks in the Netherlands are funded by the government (Platform Bètatechniek) by means of the 
Dutch nationwide Orion Program, and complemented with a fund of The Royal Netherlands Academy of Arts 
and Sciences (KNAW).
2 In this dissertation, the word science as in science education and science talent refers to the broad spectrum of 
science and technology.

Introduction
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Nederland” in Dutch)3. By studying the dynamics of situated and intertwined 
teaching and learning processes as they occur from moment to moment, i.e., in 
real time (Lavelli, Pantoja, Hsu, Messinger, & Fogel, 2005), knowledge is gained 
about how these programs stimulate pupils’ potential talent regarding science. 
Consider the following example of a science activity, which was observed in 
Science Center “De Magneet” and which involved upper-grade primary school 
pupils:

Four pupils aged about 11 are grouped together for an activity designed to 

help them understand horsepower. The instructor (educator of the Science 

Center) explains what the pupils are supposed to do. After the explanation of 

the procedures, one of the pupils starts rowing as fast as she can on a rowing 

device (see Figure 1, left picture). As she rows, three vehicles − a truck, a car and 

a bicycle − move (see Figure 1, right picture), as they are activated by the power 

that is produced. One of the pupils is watching the process and expresses her 

confusion to the instructor. 

Pupil: Which of the vehicles is hers?

Instructor: All of them.

Pupil: All three?

Instructor: Yes.

Instructor: What is the difference between these vehicles?

Pupil: The bicycle goes faster?

Instructor: and pupil: Why?

3 This science network is a collaboration between the University of Groningen, Hanze University of Applied 
sciences, out-of-school facilities which are connected to both universities (e.g., The  Children’s University, 
University Museum, Science Center De Magneet, Mobile Science Classroom Zout-Express, and Kapteyn Mobile 
Planetarium), and schools (primary and secondary).

Introduction

Figure 1. Activity aiming at learning about horsepower in Science Center “De Magneet”. 
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Instructor: Think further, what is the difference between the bicycle and the car?

Pupil: But the car goes faster, normally…

Instructor: What is the difference?

Pupil: Ehhh...

Instructor: Are they equally big?

Pupil: No, that one is much smaller.

Instructor: Are they also equally heavy?

Pupil: No.

Instructor: Well, wouldn’t it then be logical that the bicycle goes faster?

Pupil: Yes, okay…

Some interesting remarks can be made about the teaching and learning process 
shown in this example. Firstly, the activity elicits curiosity about horsepower 
as well as (a lack of) understanding of it, which is shown by the fact that the 
pupil spontaneously asked questions. Secondly, the (mis)understanding of the 
concept of horsepower emerges in the interplay between instructor and pupil, 
revealing the importance of the instructor’s role. Saliently, in this example it 
seems that the misunderstanding was not resolved. This could be due to the fact 
that the instructor elicited factual knowledge, namely properties of the vehicles, 
rather than deeper understanding, e.g., about how the power that was created 
by the rower could move objects of different weights. A third remarkable point 
is that the teaching and learning process changed over the short timescale 
and developed in a particular direction, as a result of the mutually influencing 
interaction between pupil and instructor. This can be seen in the fact that the 
first question of the pupil led the instructor to change her teaching style from 
procedural explanations to asking questions. It is this type of situated and 
intertwined teaching and learning process in out-of-school science programs − 
and its effectiveness − that forms the topic of this dissertation. The main question 
of this thesis is Do out-of-school science programs contribute to the elicitation, 
emergence and development of science talent in pupils, and if so, how do situated 
teaching and learning processes in these programs contribute to the elicitation, 
emergence and development of science talent?

Introduction
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1.2 THEORETICAL FRAMEWORK

1.2.1 Schools and out-of-school facilities in a science network

 

It is widely accepted that for out-of-school activities to be successful, three 
components are necessary: preparation in the classroom before the visit to 
the out-of-school facility (such as introduction lessons and the planning of the 
visit), the visit itself, and a follow-up in the classroom (Behrendt & Franklin, 2014; 
Bitgood, 1989; DeWitt & Osborne, 2007; Griffin, 1998; Rennie & McClafferty, 
1995). Consequently, it is important that schools and out-of-school facilities 
work together to ascertain that all these components are carried out, and moreover, 
that they are linked to one another. When schools and out-of-school facilities are 
connected by means of a network, it is presumed that they can adapt to each other 
much more easily. In a sense, collaboration between schools and out-of-school 
facilities can be conceived of as a community of practice (Kisiel, 2010, 2014), as 
teachers and instructors 4 are connected in a particular professional activity. In order 
for cooperation in a science network to be fruitful, members of the community 
should be mutually engaged in a particular practice, share the same goals about 
the practice, and share resources with regard to the practice (Wenger, 1999). As 
Tal & Steiner (2006) state, the educational benefits of an out-of-school visit rely on 
how well the out-of-school facility and visiting schools communicate about the 
goals of the visit. Whenever the goals are communicated, schools and out-of-school 
facilities have the chance to adapt to one another. These goals may be related to 
different levels of the educational system: teaching and learning (classroom, out-of-
school practice), educational organization (school or facility) and the environment 
outside the organization (see also the PELP coherence framework of educational 
organization, Childress, Elmore, Grossman, & Johnson, 2009).

1.2.2 Curious Minds approach to talent

The Northern Netherlands Science Network uses the Curious Minds perspective 
(“TalentenKracht” in Dutch), developed by the University of Groningen, as a 
means to understand, approach, and investigate pupils’ science and technology 
talents with a complex dynamic systems theory. In the Curious Minds perspective, 
talent is defined as the developmental potential of an individual to excel in a 
particular domain of science and technology when given optimal educational 
conditions (Van Geert & Steenbeek, 2007). An optimal developmental trajectory, 
in which the potential of individuals is maximized (Steenbeek, Van Geert, & 
Van Dijk, 2011), is the result of a multidimensional, multiplicative, and dynamic 

Introduction

4 The term instructor is used whenever it concerns an out-of-school educator; the term teacher is used 
whenever it concerns an in-school classroom educator.
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process (Wetzels, 2015). This means that talent emerges and develops in the 
(social) dynamic interaction between child, adult and materials (Steenbeek, 
Jansen, & Van Geert, 2012; Steenbeek, Van Geert, & Van Dijk, 2011; Van der 
Steen, Steenbeek, & Van Geert, 2012). Emergent talent is reflected by a range of 
emergent properties in pupils, i.e., curiosity (Van Benthem, Dijkgraaf, & De Lange, 
2005), interest, motivation, explorative behavior (Van Schijndel & Raijmakers, 
2016), inquisitive approach (Raijmakers, 2014), problem solving, deep level of 
scientific reasoning (Guevara Guerrero, 2015; Meindertsma, Van Dijk, Steenbeek, 
& Van Geert, 2014; Van Vondel, Steenbeek, Van Dijk, & Van Geert, 2016a; Wetzels, 
2015), and persistence (Van Geert & Steenbeek, 2007). 

1.2.3 Conceptual understanding and support in eliciting conceptual 

understanding

From the Curious Minds perspective, the context needs to evoke curiosity, 
interest and motivation in order for pupils to develop their science talent. Out-
of-school facilities are highly stimulating physical environments that evoke 
curiosity in pupils almost automatically (see e.g., Bamberger & Tal, 2009; Griffin, 
2004, 2012; Tenenbaum, Rappolt-Schlichtmann, & Vogel Zanger, 2004). However, 
curiosity should not be understood here as simple engagement in the physical 
environment; moreover it is the way in which pupils question the science content 
through non-predetermined interaction with their instructor (cf. Engel, 2009). 
Science talent can therefore be recognized by the pupil’s level of scientific reasoning 
(or conceptual understanding) and the instructor’s support in eliciting science talent. 
In order to foster science talent, the instructor can use an open teaching style in which 
he or she asks thought-provoking questions (Chin, 2006; DeWitt & Osborne, 2007; 
Van Zee & Minstrell, 1997) and encourages pupils to deepen their understanding 
of science concepts, providing enough think-time (Stahl, 1994) for them to do so. 
Using an open style to encourage scientific inquiry and curiosity challenges pupils’ 
conceptual (science) understanding, as pupils are invited to predict, observe, and 
construct explanations (National Research Council, 1996). Unfortunately, mastery of 
superficial declarative knowledge (knowledge of definitions or factual knowledge, 
cf. Scardamalia & Bereiter, 2006) is the dominant teaching format (Engel, 2009, 2011; 
Krajcik & Blumenfeld, 2005). Traditional teaching, in which the emphasis lies more 
on control and less on pupils’ understanding, is also the common practice in out-
of-school programs (Griffin, 1998). Often only short factual answers are requested  
(Ash, Lombana, & Alcala, 2012; DeWitt & Hohenstein, 2010) or the instructor simply 
provides information (Tal, Bamberger, & Morag, 2005; Tran, 2006). However, in order 
to stimulate pupils’ potential talent for science, the instructor needs to enhance 
pupils’ conceptual understanding of scientific phenomena, as this is a deeper form 
of understanding than declarative knowledge (Ohlsson, Moher, & Johnson, 2000).

Introduction
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1.2.4 Looking at teaching and learning from a complex dynamic systems 

perspective

In order to find out how situated teaching and learning processes in out-of-
school programs contribute to the elicitation, emergence and development 
of science talent, the complex dynamic systems theory (CDS) is used to identify 
significant properties indicating this elicitation, emergence and development 
of science talent. The CDS perspective provides insights into the nature of the 
underlying developmental mechanisms that indicate developmental processes. 
Situated, intertwined teaching and learning processes in which talented 
behavior emerges can be understood as variable, non-linear and self-organizing 
processes of micro-interactions (cf. Smith & Thelen, 2003; Thelen & Smith, 1994; 
Van Geert, 1994, 2011a). Iterations of interactions between pupils and instructor 
on the micro timescale of seconds show reciprocal causality over time (Guanglu, 
2012). Consequently, the utterance of the instructor (e.g., asking a question) 
serves as an input for the utterance of the pupil (e.g., answering the question), 
which influences the next step, and so on, causing a variable pattern over time 
(Steenbeek & Van Geert, 2013) of intertwined teaching and learning. Moment-
to-moment interactions are connected to long-term timescales. Interactions in 
the here and now influence the long-term development, but are also the result 
of it; that is, the interaction is determined by previous development. Examining 
interactions of the multi-components in a system (e.g., instructor and pupils 
in a science center performing hands-on activities comprising horsepower) 
over time provides insights into how these interactions− patterns that show 
changes over time − self-organize into stable attractor states. An attractor state 
is “any state that remains relatively stable for any duration that is meaningful 
on the level of the time scale under consideration” (Van Geert, 2011a, pp. 274-
275). According to Hollenstein (2007), attractor states are highly “absorbing” 
states to which the system frequently returns (p. 385). For instance, instructor’s 
high-level questions that focus on insight into science concepts elicit pupils’ 
conceptual understanding, which in turn facilitates the instructor’s repeated 
asking of high-level questions, and this forms a self-sustaining cycle of a typical 
duration. Investigating the micro-interactions, we might find signs of emergent 
talent (Steenbeek, Van Geert, & Van Dijk, 2011), and these interactions might 
self-organize into attractor states. 

1.2.5 Pedagogical Content Knowledge expressed in situated teaching and 

learning processes

It is important to focus not just on conceptual understanding but on a larger 
scope of teaching and learning processes, as the emergence of science talent 
is most likely characterized by a network of various interconnecting variables 

Introduction
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(Kunnen & Van Geert, 2011). By identifying salient variables that co-occur in 
time with emergent talent, i.e., conceptual understanding, more insight can 
be gained about how talent emerges and develops during out-of-school 
programs. According to the National Research Council (2007), pupils’ science 
learning depends on the quality of teachers’ knowledge about science and how 
well opportunities to teach science are made use of. In comparison with less 
effective teachers, good teachers expose pupils to the content more and are 
simultaneously able to interact at a higher level with pupils (OECD, 2016). The 
quality of the teacher is thus of significant importance for the learning process of 
pupils (Barber & Mourshed, 2007; Schneider & Plasman, 2011) and the same may 
well apply for instructors who face the same challenge of stimulating science 
learning (Kisiel, 2010). Teacher quality is related to the concept Pedagogical 
Content Knowledge (PCK). PCK comprises knowledge of how to represent science 
subjects and content in such a way that pupils can understand it (Shulman, 
1986). PCK is a widely investigated topic (e.g., Abell, 2008; Baxter & Lederman, 
1999; Berry, Loughran, & Van Driel, 2008; Friedrichsen, Van Driel, & Abell, 2011; 
Henze & Van Driel, 2015; Magnusson, Krajcik, & Borko, 1999; Park & Oliver, 2007; 
Park & Suh, 2015; Rozenszajn & Yarden, 2014; Seymour & Lehrer, 2006; Van Driel, 
Beijaard, & Verloop, 2001) but until now the concept has not been applied to 
instructor-pupils interaction. In the traditional sense, PCK is seen as a detachable 
personal property than can be measured with a non-situated instrument. From 
the CDS perspective, however, PCK develops through interaction. This means it 
is necessary to study both the PCK enactment of the teacher/instructor as well 
as actions of the pupils, as they both co-construct science education in practice 
(Granott, 2002; Sorsana, 2008; Steenbeek et al., 2012). In that sense, PCK can be 
understood as a situated and intertwined teaching and learning process that 
is co-constructed by the interplay between pupils and instructor. In this study 
we call this definition of embodied and enacted PCK, Expressed Pedagogical 
Content Knowledge (EPCK). In the CDS approach it is expected that EPCK shows 
systematic patterns of variation and stability, and that these patterns might self-
organize into temporary stable attractor states (Steenbeek et al., 2012). Since this 
is a new conception of PCK, a new instrument for measuring EPCK is also needed. 
that EPCK shows systematic patterns of variation and stability, and that these 

patterns might self-organize into temporary stable attractor states (Steenbeek et 

al., 2012). Since this is a new conception of PCK, a new instrument for measuring 

EPCK is also needed. 

Introduction
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1.3 OVERVIEW OF THIS DISSERTATION

The aim of this dissertation is to find out whether out-of-school programs 
contribute to the elicitation, emergence and development of science talent, 
and to gain insight into how situated teaching and learning processes in 
these programs contribute to the elicitation, emergence and development of 
science talent, in order to find out how these programs can be improved. In the 
current research, there was only minimal interference with the natural situation; 
usually the visits were something the schools were already intending to do. 
This made the cases ecologically valid, in the sense that we could measure 
what occurs in real educational settings. Although it was suggested that the 
schools should prepare for the visit and/or organize a follow-up session, they 
were not obliged to do so. The largest interference, which was still only modest, 
was the implementation of a new educational perspective (the Curious Minds 
perspective), which was introduced to the out-of-school program instructors by 
means of a short training that took half a day. The instructors were encouraged 
to apply an open teaching style that is focused on conceptual understanding, 
but this was not mandatory. All these minimal interventions (visit, possible 
preparation/follow-up, training of instructor) were necessary for finding out 
in what way and in which conditions science talent is elicited, emerges and 
develops in different educational settings (in-school and various out-of-school 
practices).

Throughout this dissertation we used a mixed methods approach (i.e., a 
combination of qualitative and quantitative methods focused on coded 
transcriptions and time serial coded video observations) in order to fit with the 
aim of the research. Although the number of cases included in the studies was 
limited, the data set consists of very dense measurements over a short period of 
time, coded with various instruments comprising multivariate coding schemes 
(see Table 1). 

This dissertation opens with a study about the starting position of a network 
at the beginning of its collaboration. By analyzing the fit between the aims of 
the network as a whole and the individual goals of the schools involved, more 
insight could be gained into how optimal this starting position was. A baseline 
picture was used to map the starting position of schools at the moment they 
joined a science network. The central question was What are the schools’ goals 
when it comes to science education, science talent, and out-of-school programs, 
and to what extent are these goals aligned with the aims of the science network 
that these schools are part of? Key players (people in important positions) of ten 
schools were interviewed at the beginning of their school’s collaboration in the 
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Northern Netherlands Science Network about their goals, concerns and current 
practices at classroom level, school level and outside school level. An in-depth 
analysis of the goals revealed properties of what would be an optimal starting 
position for collaboration in a science network.

In Chapter 3, situated teaching and learning processes are studied in the context 
of a connected in-school and out-of-school program. This study focuses on the 
question: Do different degrees of implementation of connected in-school and out-
of-school science programs show different situated teaching and learning processes, 
and if so, does the most optimal implementation show the largest increase in 
conceptual understanding, relatively to the change in declarative knowledge, in 
follow-up measurements? This study encompassed a time span of five weeks, 
which made it possible to find some indications for long-term development with 
regard to conceptual understanding. A connected in-school and out-of-school 
science program in the Kapteyn Mobile Planetarium was carried out in different 
conditions. The conditions of the program ranged from a complete program, 
which included preparation for the out-of-school visit and teachers/instructors 
trained in applying the Curious Minds perspective, to an incomplete program, 
including cases where there was no preparation and the teachers/instructors 
were untrained in applying the Curious Minds approach. 

To measure the quality of situated, intertwined teaching and learning process 
in out-of-school science programs, we developed an instrument for measuring 
how this quality is expressed in real-time: the Expressed Pedagogical Content 
Knowledge Coding Scheme (EPCK-CS). Chapter 4 describes the development 
and validation of this instrument and aims to answer the question: Is it possible 
to develop an instrument for measuring situated PCK expressed in real-time 
interaction (EPCK), and if so, how feasible, reliable and valid is such an instrument? 
It was necessary to develop an instrument as only a few studies on PCK have 
used observations (Henze & Van Driel, 2015; Park & Suh, 2015) and none of 
them adopted the intertwined pupil-instructor/teacher perspective or made 
use of a microgenetic measurement method (Flynn, Pine, & Lewis, 2007). 
The multivariate code scheme was aimed at observing the broad network of 
interconnected pupil and instructor variables, measuring iterations on the micro 
level, and capturing variable patterns in the process. The instrument was tested 
in an empirical pilot study that comprised a visit of the Mobile Planetarium. 

As we were interested in self-organizing patterns that develop into attractor 
states of high-quality teaching and learning in which science talent might 
emerge and develop, we applied the EPCK-CS in a multiple case study, which 
is described in Chapter 5. This study aimed to answer the question: Does EPCK 
show a systematic pattern of variation, and if so, does the pattern occur in recurrent 

Introduction
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1

and temporary stable attractor states? The EPCK-CS was applied to nine cases, 
involving various schools and various out-of-school activities, in order to find out 
how EPCK stabilizes into attractor states and what the characteristics of these 
states are. This study focuses strongly on the fact that teaching and learning 
processes take place in the context of CDS and should therefore be studied 
accordingly. 

Chapter 6 provides a summary and discussion of the four studies. The discussion 
focuses on insights into how situated teaching and learning processes in out-of-
school programs contributed to the elicitation, emergence and development 
of science talent that came forward in these studies. Methodological issues and 
suggestions for future research are presented. Finally, practical implications to 
improve out-of-school science education are discussed, with an emphasis on 
simple and doable solutions. After al it’s not rocket science!

Introduction
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2.1 INTRODUCTION

According to Rocard et al. (2007), out-of-school science activities - activities 

during school hours using learning environments outside the school - can play a 

significant role in promoting science education. They appeal for strengthening 

the link between science out-of-school and inside schools. Moreover, in the 

more recently written report of Eurydice (Forsthuber, Motiejunaite, & De 

Almeida Coutinho, 2011), which aimed to improve and foster science teaching 

and learning in education systems in Europe, the importance of establishing and 

fostering collaborations between schools, universities and stakeholders outside 

the school was stressed. In addition, Bevan et al. (2010) reported that collaboration 

between schools and out-of-school organizations have potentials. Still there 

is much unknown about the constraints and successes of these collaborations 

(Kisiel, 2014). This study contributes to the research on collaborations between 

schools and out-of-school facilities by mapping the properties of an optimal 

starting position for collaboration in a science network and by illustrating how 

these properties can be investigated by means of a baseline picture.

2.1.1 Using Curious Minds approach in connected in-school and out-of-school 

programs

In 2006, the Dutch nationwide research project Curious Minds was initiated, 

bringing seven universities across the Netherlands together to investigate and 

promote children’s talent for science and technology. The project’s view is that 

potential unexplored talents for science should be evoked and stimulated in 

all pupils. This perspective derives from the assumption that talents emerge 

and develop in an optimal context in which pupils, adults (classroom teacher 

or instructor of the out-of-school activity) and materials interact (Steenbeek 

& Uittenbogaard, 2009; Steenbeek, Van Geert, & Van Dijk, 2011; Steenbeek, 

Jansen, & Van Geert, 2012; Van der Steen, Steenbeek, & Van Geert, 2012). 

Through interaction, science talent can enter into a positive spiral of change, in 

2

This chapter is based on: Geveke, C., Steenbeek, H., Doornenbal, J., & Van Geert, P. (2016). Baseline picture: Primary 

schools’ ideas about intended collaborations with out-of-school facilities in the context of science education. 

Manuscript submitted for publication.

Baseline picture
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which increasing levels of talent yield further increase in these levels of talent 

(Steenbeek, Van Geert, & Van Dijk; Wetzels, 2015). These potential talents 

can be recognized by a range of properties, including interest, curiosity (Van 

Benthem, Dijkgraaf, & De Lange, 2005), inquiry, problem solving, and scientific 

reasoning (Meindertsma, 2014; Van der Steen, 2014; Wetzels, 2015; Zimmerman, 

2000). These potential science talents develop through interaction with the 

environment (Wetzels, 2015). Adults (e.g., teachers) are part of this environment, 

and must learn to observe these talents in order to be able to stimulate their 

development (Steenbeek, Van Geert, & Van Dijk, 2011; Van Benthem et al. 2005). 

This can be done by being less focused on transferring declarative knowledge, 

which is the dominant form in traditional science education (Krajcik & Blumenfeld, 

2006; Scardamalia & Bereiter, 2006), and more focused on promoting conceptual 

understanding (Ohlsson et al., 2000), for instance by asking questions (Van 

Vondel, Steenbeek, Van Dijk & Van Geert, 2016b).

A stimulating learning environment for science is important to stimulate 

curiosity and motivation (Blumenfeld, Kempler, & Krajcik, 2006), which might 

consequently encourage pupils to opt for science studies later in their educational 

careers (James et al., 2006). Out-of-school facilities, such as museums, mobile 

planetariums and science centers, offer physical environments with authentic 

material about real-world issues, and this leads to excitement about and interest 

in science (Rickinson et al., 2004). Because of the importance of stimulating 

potential science talent using effective partnerships with outside schools 

organizations, the Dutch Orion Program was initiated in 2010 to establish 

science networks − intensive collaboration programs between schools and 

out-of-school facilities offering these stimulating environments. The aim of the 

program was to offer a context in which optimally connected in-school and out-

of-school programs could be developed and conducted to elicit and develop 

potential science talents of primary school pupils and their teachers. Out-of-

school activities are highly valued resources for pupils’ learning (Tal et al., 2005). 

There is considerable evidence showing that out-of-school science programs are 

effective (Griffin, 2004), especially if they are connected to the school curriculum 

(DeWitt & Osborne, 2007; Kisiel, 2014; Tal & Morag, 2007; Tenenbaum et al., 2004). 

2.1.2 Shared goals and the role of key players and out-of-school facilities: 

optimal fit

To define preconditions for successful collaboration between schools and out-

of-school science facilities, we used the theoretical framework of the community 

of practices (Kisiel, 2010, 2014; Wenger, 1999). According to this framework, 

members of a community should be mutually engaged in a particular practice, 

share the same goals about the practice, and share resources with regard to the 
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practice in order for collaboration to be successful (Wenger, 1999). In a sense, 

a science network can be conceived of as a community of practice. However, 

key players in schools, for example, a teacher who is responsible for science 

in the school and key players outside the school, for example, the educator 

responsible for organizing the visits of school classes, tend to work in their own 

limited contexts, and therefore have their own goals for a fruitful collaboration 

(DeWitt & Osborne, 2007; Kisiel, 2014). Overcoming or bridging the different 

perspectives on goals that might negatively interfere or conflict (Hofman, 

Vandenberghe, & Dijkstra, 2008; Kisiel, 2014) with the overall collaboration 

requires complex mediation between both parties (cf. Hofman et al., 2008). It 

is important to create a mutual understanding about the shared goals in order 

for the intervention to succeed (Timperley & Parr, 2005). As Tal & Steiner (2006) 

state, the educational benefits of an out-of-school visit rely on how well goals 

are communicated between the out-of-school facility and visiting schools. If the 

goals are communicated, this enables the schools and the out-of-school facility 

to potentially adapt to one another.

The role of key players in the school in this collaboration process is crucial. 

Key players in the school (e.g., teachers who are inspiring for other teachers 

[primus inter pares], coordinators, school managers) are crucial factors in school 

improvement and school innovations (Craig, Munro, & Hopkins, 2011), and they 

share responsibility for the quality of new implementations (cf. key stakeholders: 

Durlak, 2013). Key players have knowledge about all the layers in the school 

system. They have an important role in creating shared goals inside the school 

by inspiring the team of teachers (Craig et al., 2011), motivating teachers to 

participate in the collaboration, and stimulating science learning through out-

of-school activities. Admittedly, it is quite likely that managerial key players (e.g., 

principals, school managers) and educational key players (e.g., coordinators, 

inspiring teachers) may have partially overlapping and partially contrasting, or 

even conflicting roles. Managers, for instance, have more influence at a school 

level, and have strong connections with the outside school level, whereas 

teachers have influence on the classroom level while also participating at a 

school level. Nevertheless, irrespective of their role in the school, key players 

are important mediators for ensuring maximum success in the collaboration 

between the in-school and out-of-school programs. Not only are key players 

inside the school responsible for shared goals inside the school, but they also 

play a representative role in sharing these goals with the outside school facilities 

in order to create mutual understanding of these goals in the science network. 

One way to better facilitate mutual understanding between the key players 

in schools and the key players of out-of-school activities is to examine and 

compare the goals of both parties, and to consider possible areas for adjustment. 

2
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Educational goals are not always formulated intentionally or explicitly, but instead 

they emanate from articulated deficits or concerns in education (Emmelot, 

Ledoux, Veen, & Breetvelt, 2008). It is therefore important to investigate explicit, 

as well as implicit goals of key players.

2.1.3 Interventions in a multilevel educational system and school characteristics

Both schools and out-of-school science facilities are part of an educational 

system, and this system comprises several nested levels, namely classroom level 

(the teacher and the pupils), school level, and outside school level (Childress et 

al., 2009). Effective educational reform affects all levels of the educational system 

in a positive way (Craig et al., 2011; Goldspink & Kay, 2004). To initiate, maintain, 

and improve the collaboration between schools and a science network, the 

goals of the participants in the collaboration should be aligned at all levels 

(Hofman et al., 2008) . These differences in goals may occur between schools, 

but also within schools. Diversification of goals between, but also within, schools 

is becoming increasingly important, considering the diversity in school types 

(e.g., special schools) and different streams within schools (e.g., homogeneous 

grouping according to achievement or age). Consequently, schools with 

unique characteristics might differ largely in their goals for collaboration at all 

levels of the educational system, something which science networks should 

take into consideration. An example of a unique characteristic might be that 

in the Netherlands a relatively high percentage of pupils attend classes or 

schools separated from mainstream education. In addition, separation of gifted 

pupils in a “school-within-a-school” concept, and of high achieving pupils in 

part-time separation in pull-out classes are becoming more prevalent in the 

Netherlands (De Boer, Minnaert, & Kamphof, 2013). In these special schools, in 

which pupils are segregated from the mainstream, teachers trained in special 

needs education are assumed to be more capable in offering adapted education 

focused on the specific educational needs compared to regular school teachers. 

Another relevant characteristic is school size. This characteristic is interesting 

because educational research shows that smaller schools (less than 400 pupils) 

can be more effective in terms of support of pupils’ talent, effective leadership, 

responsiveness (Mertens, Flowers, & Mulhall, 2001) to pupils’ needs, and pupils’ 

achievement, than large schools (Lee & Loeb, 2000). Finally, a typically Dutch 

school characteristic is school’s pedagogical principle. The institutionalization of 

traditional reform pedagogy developed in the late 19th - early 20th century is still 

grounded in segregated reform education. To give an indication, in 2010, 2.78 % 

of all schools were based on the reform pedagogy of Peter Peterson − Jenaplan 

concept, and 4.92 % was based on the reform pedagogy of Helen Parkhurst 

− Dalton concept (Van der Veen, 2014). Reform schools are more focused on 

pupils’ active contribution to the learning process and pupils’ autonomous role 
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of the pupils in the learning process, than non-reform schools (Van der Ploeg, 

2013). To conclude, based on their characterization, schools might have different 

goals with regard to the different levels of the educational system when facing 

an intensive collaboration (cf. Craig et al., 2011; Fullan, 1994). 

2.1.4 Present study

When it comes to an optimal starting position for collaboration within a science 

network, it is suggested that communication about goals facilitates a successful 

implementation of out-of-school programs (Tal & Steiner, 2006). Moreover, if the 

communicated goals are shared for the purpose of collaboration between out-

of-school facilities and schools (Kisiel, 2010, 2014), this might help to foster the 

successful implementation of out-of-school programs. Therefore it is important 

to investigate to what extent the goals of out-of-school science programs in 

a science network are aligned with the goals of the schools. While doing so, it 

should be taken into account that schools will ultimately differ in their educational 

goals, dependent on school type, size and essential pedagogical concepts. A 

good way to investigate whether schools and science network share goals is 

by investigating the school’s key players’ goals related to the multiple levels of 

the educational system, and by comparing these goals with the purposes of a 

science network. To establish an optimal fit between the goals of the schools and 

the purposes of the science network, we need to know to what extent schools 

share similar or comparable goals, and to what extent they differ.

For this study, a baseline picture was developed to gather information about 

the goals of key players of the school with regard to the multilevel educational 

system, and about their focus on the collaboration, the Northern Netherlands 

Science Network (from here on: Science Network).5 The Science Network was 

established in 2010 in order to elicit and develop science talent of primary school 

pupils and their teachers, using the Curious Minds perspective (see introduction) 

in connected in-school and out-of-school programs. 

 The questions in this explorative study are as follows. Firstly, what are the 

properties of the starting position of all schools at the beginning of a collaboration, 

considering school’s key players’ goals about science education, science talent, and 

collaboration in a science network on different levels of the multilevel educational 

system? We expect key players to formulate goals on all levels, as educational 

changes, such as a new collaboration, affect all levels. We want to explore the 

goals related to these levels to find out which categories of goals are important 

for schools.

5 Partners of the Science Network: University of Groningen, Hanze University of Applied Sciences, twenty schools, and 

five institutes offering connected in-school and out-of-school programs.

2
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Secondly, how do the properties of starting positions differ between schools 

considering their characteristics – school type, size and pedagogical principles? 

Based on the introduction, we expect that schools with special pupils in 

segregated settings (separate school or separate class), small schools and reform 

schools will be more focused on the needs of the pupils (classroom level) than 

on other levels.

Thirdly, to what extent is the starting position for a collaboration in a science network 

optimal, considering the alignment of the school’s key payers’ goals and the purposes 

of the science network? The specific aims of the Science Network for different 

levels of the educational system are stimulating inquiry learning, curiosity and 

enthusiasm (at a classroom level), offering extended learning environments (at 

a school level), and connecting the activities to the school curriculum (outside 

school level). We expect that to some extent schools share the same goals as the 

Science Network, as the aims of the network were communicated prior to the 

study. We do not know exactly which goals are shared and to what extent they 

are related. 
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2.2 METHOD

2.2.1 Participants: schools and key players

The Science Network was introduced at a kick-off meeting in 2010 where all 

schools in the network of teacher training for primary education of the Hanze 

University of Applied Sciences and in the network of schools of the out-of-school 

facilities were invited. After this kick-off meeting ten schools decided to join in 

the Science Network and agreed to participate in the study. The ten schools 

differed in terms of school characteristics as described in 3.1.3 (see Table 1). 

These characteristics are as follows: school type (special versus regular), school 

size (large versus small), and pedagogical principle (reform versus non-reform). 

In this study, special schools are schools for special needs pupils, high achieving 

or gifted pupils. These special schools imply either full time separation from 

regular (Leonardo/school-within-a-school concept), or a part-time special class 

(enrichment pull-out class). Based on average class size in the Netherlands in 

2011 (Dekker, 2015), which was 22.6-23.3 (range 1-39), schools of 18 classes or 

less could be considered as small. However, in our study there was a gap between 

schools with up to seven classes and from 17 classes or more. Therefore, we 

considered schools with 17 or more classes as large. The third characteristic in 

which the schools differed was whether the school was a reform school or a non-

reform school. In this study two reform schools based on the philosophy of Helen 

Parkhurst (Dalton), one reform school based on the philosophy of Peter Petersen 

(Jenaplan), and six non-reform schools were included.

The key players of Case A were actually of two (special) schools, but they 

explicitly asked to be interviewed together as they strongly collaborate with 

each other, especially in the field of science. Discovering the educational goals 

of a particular school with regard to science and technology education, talent 

and collaboration implies that one should interview a representative variety 

of key players, i.e., managerial as well as educational key players. In this study 

the managerial key players were the school managers, and the educational key 

players were specialized teachers (Science/ICT/Culture or being a teacher with 

a high interest for science and talent development who is inspiring for other 

teachers). 

In three cases only the school manager was interviewed, due to the absence 

of the educational key player. One of the school managers also had teaching 

tasks. The interviewer was the coordinator of the Science Network at the time the 

interviews took place, and she served as an intermediary between the schools 

and the out-of-school organizations offering the programs. Her role was not only 

2
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to gather information concerning the schools’ key players’ goals about science, 

talent development, and the collaboration with the Science Network, but also 

to be explicit during the interview about the aims of the Science Network and 

the purpose of the programs. In this way, the interview served as a means to 

communicate the goals of the schools, of the network and its offered out-of-

school programs.

2.2.2 Procedure

To map the properties of an optimal starting position of schools with regard to 

their goals about science, talent development, and the collaboration with Science 

Network, we carried out in-depth interviews with the key players. The interviews 

took place in the school. With permission of the key players the interviews were 

audio-taped. The average duration of the interviews was two hours. We used 

a semi-structured interview design, which is a useful, and reliable method to 

gather spontaneous information or observations of respondents (Brinkmann, 

2014). We used this approach to investigate key players’ spontaneously and 

Case School type School sizec Pedagogical 
principle

Key players

A Special: special needs 
education

18 classes Non-reform Female coordinator
of culture education with teaching 
tasks; male teacher; female school 
manager

B Regular 17 classes Daltond Female coordinator of science with 
teaching task; male school manager

C Special: Leonardoa 3 classes Non-reform Female teacher; female school 
manager

D Special: pull-out classb 18 classes Daltond Male school manager with teaching 
tasks

E Special: Leonardoa 29 classes Non-reform Male school manager

F Regular 24 classes Jenapland Male coordinator of ICT with 
teaching tasks; male school 
manager

G Regular 4 classes Non-reform Female school manager

H Special: Leonardob 
and regular

7 classes Non-reform Male teacher; male school manager

I Regular 6 classes Non-reform Male teacher; male school manager

a Full-time separation of gifted pupils from regular education.
b Part-time separation of gifted and high achieving pupils from regular education.
c In this study: schools with 17 or more classes were considered as large.
d Reform schools.

Table 1

Overview of participating schools expounded to school characteristics and key players
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non-spontaneously uttered goals which could be explicitly formulated (e.g., we 

want to work on…) or implicitly mentioned (e.g., what could be improved is…). 

Also concerns in science education, talent development and collaboration with 

the Science Network (e.g., the problem we encounter is…) could be uncovered. 

To conduct the interview, a protocol was designed, based upon previously used 

protocols and products from the Curious Mind research program (Steenbeek, 

Van Geert, Hageman, et al., 2011). The interview protocol prescribed mandatory 

items to discuss. These mandatory items served as a guideline for conducting the 

interview and guaranteed the reliability of this study. In the protocol, suggestions 

for elaboration on answers and examples of questions were provided (see Table 2). 

Although goals related to these topics were explicitly asked in the interviews, 

the primary purpose of the interviews was not to formulate goals only. Current 

practices were also discussed in order to uncover intentions to change, wishes 

to work in another way (implicitly formulated goals), and concerns about the 

current practices. These expressions − implicitly and explicitly mentioned goals, 

as well as concerns − reveal directions that a collaboration with the Science 

Network should work towards. In this study, these goals and concerns are 

reported as one dimension: goals. 

2.2.3 Analyses

We firstly transcribed the audio recordings. In the case of two interviews, we 

wrote detailed reports directly after the interview, based on notes taken during 

the interview because of problems with the audio-recordings. These reports 

yielded detailed comparable information to the transcriptions. For transcribing 

the utterances of the respondents, the software Inqscribe (version 2.2) was used. 

Table 2 

Mandatory items discussed in the interview per phase

Category of the topic Mandatory items discussed in the interview

Introduction Goals of Science Network and expectations of the key players with regard to the 
collaboration, and explanation of procedure

Science education in 
school

Current position, goals and perspectives on science: school level and classroom 
level (teachers and pupils)

Development of 
science talent 
(Curious Minds) in 
school

Current position, goals and perspective on science talent (Curious Minds): school 
level, and classroom level

Science Network and 
offered out-of-school 
programs

Explanation of the content of the programs (interviewer)
Questions, goals, perspectives on the programs and the connection of the pro-
gram with the school curriculum
Procedural information and questions about participating in Science Network
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Secondly, we used the transcriptions and the detailed reports to find content 

based categories by means of the Grounded Theory approach (Charmaz, 2014), 

using ATLAS.ti software for qualitative data analysis. By means of the grounded 

theory approach, spontaneous contributions of the respondents could be coded 

instead of using prior formulated (theory-driven) codes only (Charmaz, 2014; 

Steenbeek, Van Geert, Hageman, et al., 2011). This inductive method aims to 

create a picture of the respondent’s ideas, explain and predict what the data 

reveals, but not test a theory (Rich, 2012). In order to create this picture, codes 

were coupled to utterances, and these utterances were grouped into levels of the 

multilevel educational system: classroom level, school level, outside school level. 

Within these levels, categories of codes, which were related to each other on a 

content basis, were found. Table 3 shows the descriptions of the levels, examples 

of codes, and examples of uttered goals. Although the information in Table 3 is 

based on the results of the interview, it is used in this section to illustrate how the 

grounded theory method was applied.

To examine the starting positions of all schools at the beginning of a collaboration, 

in which the schools’ key payers’ goals concerning science education, science 

talent, and collaboration in a science network on different levels of the multilevel 

educational system are considered (first question), we first calculated what 

percentages of the goals represented a certain level (classroom level, school level 

or outside school level) and divided them by the total amount of goals per school. 

Table 3

Level, description of level, examples of codes, and examples of goals

Level Description          Examples of codes Examples of uttered goals

Classroom 
level 

Knowledge, attitudes, 
skills of teachers and 
pupils

Science (and tech-
nology) knowledge

Teachers’ knowledge of science (and 
technology) is insufficient

Asking questions Asking (follow-up) questions is difficult 
and should be developed

Schools level Ways of working with 
science in the school

Curriculum The curriculum of science can be 
improved

Materials We do not have enough materials for 
inquiry learning

Teaching methods We want to work on integrating science 
with language

Preconditions We do not have enough time for science

Outside 
school level

Science outside 
the school, Science 
Network

Offered programs We intend to visit the Mobile 
Planetarium

Connection with 
school curriculum

Teachers need to prepare for the visit
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Then, the differences in average of percentages of the uttered goals within the 

levels were statistically tested by using the Monte Carlo permutation test. This 

statistical procedure which uses randomization (10000 permutations) is suitable 

because the data in this study were inductive and the sample of respondents 

was relatively small (Good, 2001). We used the Monte Carlo analysis to test the 

null hypothesis that the chance that a certain level was mentioned was equal for 

all levels. For the sampling procedure we used the multinomial method (Forbes, 

Evans, Hastings, & Peacock, 2011), in which case the sampling was based on the 

assumption that the chance that a code belongs to a certain level is equal for 

each level. A statistical significance was expressed in terms of p-values. Another 

way to determine the significance of the differences is by means of a Cohen’s d 

effect size (see e.g., Cohen, 1992; Nuzzo, 2014).The smaller the p-value and the 

larger the effect size, the more weight we assign to particular conclusions. As 

a rule of thumb, we do not consider results with p-value higher than .10, and 

effect sizes lower than .80 as relevant. The same procedure was repeated for all 

categories found within the levels. 

To examine in what way the starting positions of schools differ according to their 

characteristics − school type, school size and pedagogical principles (second 

question), we tested the differences in uttered goals between groups of schools 

of the same characteristics. We searched for significant results within, and 

between levels and between groups of schools. We used the null hypothesis that 

there were no differences between the schools. A significant result between the 

groups meant that the differences in the uttered goals of different groups were 

significantly larger than can be expected on the basis of chance. Additionally, 

we used only categories with more than 20 utterances to compare the average 

proportions between the groups. 

To examine how optimal a starting position for collaboration in a science 

network is, in terms of the alignment of schools’ key payers’ goals and the aims 

of the science network, we compared the differences between goals related to 

categories, and the differences between the schools and their goals with the 

aims of Science Network. 

In order to determine the interrater reliability, one third of each transcription/

report was coded by a second rater. The preselected text was representative for 

the whole text, i.e., the discussion about all levels (classroom, school and outside 

school) was included. The second rater did not know which utterances were 

coded by the first rater, nor how many codes were assigned to the selected text 

by the first rater. The percentage agreement between raters was established by 

first comparing whether or not both raters agreed on which codes were to be 

assigned to the text and which were not. Secondly, we calculated the overlap 
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in number of ratings by using the minimum number of ratings per code and 

dividing it by the maximum number of ratings. Thirdly, to test if the total 

agreement per level, or per category, was higher than chance, we calculated a 

p-value by using the Monte Carlo test with 10000 permutations. We found a total 

agreement of 0.83 (p < .001). The interrater agreement for the classroom level 

was 0.83 (p < .001), for the school level .77 (p < .001), and for the outside school 

level 0.87 (p = .02). To conclude, the interrater agreement was satisfying.
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2.3 RESULTS

2.3.1 Multilevel goals of schools and alignment with the aims of the Science Network

In order to answer the research question about the properties of the starting 

position of all schools at the beginning of a collaboration in which the schools’ 

key payers’ goals about science education, science talent, and collaboration in 

a science network on different levels of the multilevel educational system are 

considered (first question), we focused on the different levels of the educational 

system: classroom level, school level and outside school level. Most goals were 

related to classroom level (40%; p = .001; d = .84). The fewest amount of goals 

was related to the outside school level of the educational system (21%; p < .001; 

d = 2.14). 39% of the goals were related to school level (p = .009; d = .66).

Classrooms level. The goals the key players mentioned at this level were related 

to teachers’ and pupils’ knowledge, skills, and attitudes with regard to science 

(and technology) in the classroom. The average of percentages of mentioned 

goals about teacher’s attitudes, knowledge and skills (72%) was higher than the 

average of percentages of goals about pupils’ attitudes, knowledge and skills 

(28%), p < .001 (d = 1.57). With regard to the properties of the starting position 

of all schools at the classroom level, we found that goals uttered by key players 

could be categorized into five different categories. Table 4 gives an overview of 

these categories with descriptions and examples of utterances gathered from 

the transcriptions of the interview. What is salient is that we found two categories 

that could be linked to the Curious Minds concept (See 2.1.1), i.e., inquiry teaching 

and learning and enthusiasm/curiosity, one category that could not be linked to 

the Curious Minds perspective, i.e., science knowledge and skills, and one category 

that revealed an idiosyncratic character, i.e., other skills knowledge, and attitudes. 

Some categories were more prevalent than others. Figure 1 shows the average 

mentioned percentage of these categories of goals related to the teachers and 

the pupils. With regard to the uttered goals about pupils, we found that the 

average of percentages of utterances about inquiry learning was higher (37%) 

than the average of percentages of utterances about the other pupils categories 

(p = .005; d = 1.05). For stimulating inquiry  For stimulating inquiry learning, 

inquiry teaching skills are needed. However, the goals the schools mentioned 

most were about teacher’s science knowledge and skills, i.e., science content 

and how to develop science lessons. The average of percentages was 47%, 

significantly higher than the average of percentages of utterances about the 

other teachers’ categories (p < .001; d = 1.62). 
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School level. The goals on this level were related to what key players mentioned 

about science, which was not directly related to knowledge, skills and attitude 

(human behavior), but which still influenced science education within the school. 

We found that these goals can be categorized into six different categories. Table 

5 gives an overview of these categories with descriptions and examples of 

utterances gathered from the transcriptions of the interview.

Table 4

Goals on classroom level

Category Teachers 

or pupils

Description Examples of literally translated 

utterances

Inquiry 
teaching and 
learning

Pupils Skills and attitudes in asking 
questions, scientific reasoning, 
doing a research/experiment, 
using the empirical cycle, and 
problem solving

We agreed that we wanted to work on 
the scientific attitude [of pupils], espe-
cially because it fits with our particular 
way of educating. (Case A; coordinator)

Skills and attitudes in 
stimulating inquiry learning 
(a); guiding research and 
experiments

The inquiry attitude and how to 
preserve that as good as possible, how 
to deal with that, that is the line we 
want to take. (Case A; coordinator)

Science 
knowledge 
and skills 

Pupils Content knowledge; cognitive 
skills related to science and 
technology

We have pupils in grade 2 and 3 who 
can do more … but they need to 
exceed a barrier of how to approach 
something that is difficult. We want 
these pupils to stick to something [the 
difficult content]… (Case G; manager)

Teachers Knowledge and skills about 
the science content, and how 
to develop science lessons; 
knowledge about what the 
curriculum consist of

That is what I want to do [inquiry 
teaching], but I need to know things 
[content]. (Case A; teacher)

Enthusiasm/ 
curiosity

Pupils Enthusiasm, interest, 
excitement, arousal, curiosity, 
and positive attitude towards 
science

Some pupils are more interested 
in science than others are. (Case D; 
manager)

Teachers Teacher’s own enthusiasm, 
interest, excitement, arousal, 
curiosity, positive attitude 
towards science; his or her skills 
in stimulating or evoking this 
attitude in pupils

Science and technology education 
does not work with textbooks … it 
contains more, but it is demanding 
... The teachers need to have time, 
knowledge and interest [for science]. 
(Case B; coordinator)

Other skills, 
knowledge 
and attitudes

Pupils General (dis)behavior, 
knowledge and skills about 
other subjects

Some pupils have special educational 
needs… these pupils get truly 
distressed. (Case I; manager)

Teachers Classroom management, 
flexibility, self-efficacy, negative 
perception on science, courage 
to deviate from the curriculum

Holding on to the method and the 
textbooks gives security. I think that 
people [teachers of the school] do not 
dare to let go of the method; therefore 
courage is needed. (Case H; manager)
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Figure 1. Average of percentages of uttered goals regarding pupils and teachers at a classroom level.

Figure 2. Average of percentages of goals on school level.
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The uttered goals on school level were much more diverse than the goals on 

classroom level, and therefore more categories were needed to capture the 

picture on school level. Some of the categories were related to the way in which 

science is educated (i.e., curriculum, learning environment & materials, teaching 

methods), whereas others were more related to general features or conditions 

within the school (i.e., school system, preconditions, sharing knowledge).

The categories related to a school level differed in terms of how often they were 

mentioned by the respondents. Figure 2 shows the average of percentages of 

uttered goals of these categories. We found that the average of percentages 

of utterances about teaching methods was significantly higher (30%) than the 

average of percentages of the other categories (p < .001; d = 1.47). 

Table 5

Goals on school level

Category Description Examples of literally translated 
utterances

Curriculum Science curriculum (subjects 
planning), e.g., series of lessons, 
follow-up structure of lessons

We want a continuous line in the 
subject planning [of science]. (Case C; 
teacher)

Learning environment 
and materials

Physical environments, in and outside 
the school, and the materials for 
science e.g., specific classrooms, 
equipment, tools

It is an enormous mess in the atelier 
of technique. We changed the whole 
thing and are busy trying to get 
something out of it, but it is simply 
time and overview that is missing… 
We have to organize it differently. 
(Case A; teacher)

Teaching methods/ 
textbooks

Methods to carry out science lessons 
which determine how science lessons 
are given, e.g., working with ateliers

We want children to do more, explore 
more, ask questions... So, we want to 
work in another way with this teaching 
method. (Case C; teacher)

School system School system which affect science 
education, school vision or the 
school policy which affects science 
education

…sometimes it is a disadvantage 
[being a large school]… We now have 
this excursion… But doing it together 
[as a whole school] takes months 
until everyone has received the offer. 
It is always inch and pinch. (Case F; 
manager)

Sharing knowledge Exchange of knowledge about 
science and science talents within 
the school team or outside the school 
with other professionals/teachers

We will use the information in this 
interview as an input for our next 
meeting with teachers…(Case B; 
coordinator)

Preconditions Preconditions that affect science 
knowledge, e.g., time, pressure to 
achieve targets, priority of science, 
financing

That is problematic [working on inquiry 
teaching and learning], because we are 
now in an era of economic crisis. Jobs 
and functions. [in our school] are under 
pressure. (Case F; manager)
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Outside school level. The goals the key players mentioned on this level were 

related to topics outside the school, but directly influenced science education 

in the school. These goals can be categorized into three different categories (see 

Table 6). 

The goals on the outside school level were focused on external influences 

(constraints from outside the school), on the Science Network, and on the 

connection between the network and the school (i.e., implementing into the 

school curriculum). Within these categories, topics were mentioned that were 

too diverse to split up in subcategories. The average of percentages of goals 

about the outside school level differed per category. Key players mentioned 

many more goals about the Science Network (82%) than about the other two 

categories: external influences (12%) and goals about the implementation into 

the school curriculum (7%); with a p-value < .001 (d = 4.51). To conclude, with 

regard to the outside school level most goals were related to the offer of Science 

Network and to the adaptation of Science Network and its programs to specific 

needs or wishes of individual schools.

Table 6

Goals on outside school level

Category Description Examples of literally translated 
utterances

External influ-
ences

(Suppressing) influences from outside 
school affecting science education in 
the school, e.g., demands of the school 
inspection, preparing for national tests for 
language and mathematics, the necessity 
to merge with another school

The focus of the inspection 
lies strongly on language and 
mathematics. We have to explain to 
our team of teachers that the out-
of-school activities are a nice way 
of working on language and math. 
(Case B; manager)

Implementing into 
the curriculum

Implementation of out-of-school science 
activities into the curriculum in order to 
achieve a sustainable effect of the visit, 
e.g., finding ways of connecting the 
out-of-school visit to existing topics in 
the curriculum, preparing for the visit or 
carrying out follow-up lessons after the visit

The Mobile Planetarium has been in 
the school once, but then it was not 
connected to the initial program. It 
seems like a good idea to prepare 
the visit this time and do something 
[carry out lessons] afterwards. (Case 
B; coordinator)

Science Network The intention to follow a specific out-
of-school program of Science Network, 
adaptation of programs of Science Network 
to indiviual schools e.g., adapt to specific 
school population, adapt to the knowledge, 
skills and attitude of teachers, adapt to the 
specific curriculum planning of the school, 
and adapt to preconditions of the school 
(e.g., time, finances, transportation)

So then you have to make adjusted 
packages… you can think of 
a children’s university lecture 
especially for our children. (Case A; 
manager);
We have to know in advance what 
[out-of-school program] is planned 
when, so we can take that [planning] 
into account when planning the [the 
school’s] activities and themes for 
next school year. (Case F; teacher)
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2.3.2 Differences between schools

To answer the second question, on how the properties of starting positions differ 

between schools considering their characteristics, we discuss the differences 

between schools using their school characteristics as a classification: school 

type (special versus regular), school size (large versus small), and pedagogical 

principles (reform versus non-reform).

The first characteristic we discuss is school type: special (5) versus regular (4). 

Table 7 depicts how schools differ in the amount of uttered goals on the diverse 

levels of the educational system and the categories that are related to these 

levels. The headings of the table show that the groups of schools are compared 

on the basis of the mean average of utterances, the standard deviation within 

the group with regard to the category, the p-value and the Cohen’s d. The first 

row shows the categories in which the schools differ.

Because the amount of cases is nine, and the groups to compare contained 

between only 4-5 cases, the possibility of finding small p-values was small. 

However, relevant differences between regular and special schools were found. 

Table 7 shows that key players of special schools uttered goals on a classroom 

level significantly more often, compared with the key players of regular schools. 

Table 7

Differences between special and regular schools in amount of goals on different levels

Goals special 
schools

(n = 287)

Goals regular 
schools

(n = 222)

Category n % SD % SD P* Cohen’s da

Classroom level 198 47.09 0.11 31.15 0.15 .031 1.78

   Pupil 55 35.86 0.15 17.41 0.15 .061 1.21

        Pupils’ inquiry 25 50.82 0.20 23.33 0.29 .084 1.13

   Teacher 143 64.14 0.15 82.59 0.15 .062 1.21

        Teacher’s enthusiasm 23 19.82 0.09 11.84 0.04 .078 1.11

School level 204 33.94 0.10 44.66 0.07 .058 1.19

        Teaching methods 55 33.50 0.10 24.83 0.07 .095 .99

        Preconditions 32 10.78 0.09 21.65 0.05 .055 1.42

Outside school level 107 18.97 0.05 24.19 0.05 .070 1.07

        Science Network 85 93.81 0.09 66.46 0.24 .017 1.65

Note. % = average of percentage.
a Cohen’s d > .80.
* p < .10.



44

2

Other relevant differences on a classroom level were that there was a tendency 

in key players of special schools to utter more goals about pupils attitudes, 

knowledge and skills (in total), pupils’ inquiry, teacher’s enthusiasm, and less 

goals about teacher’s attitudes, knowledge and skills (in total) compared with 

key players of regular schools. On a school level, there was a tendency in regular 

schools to express more goals on this level than in special schools. Key players of 

regular schools tend to express fewer goals about teaching methods, and more 

goals about preconditions compared with special school’s key players. On an 

outside school level we found a tendency of regular school’s key players to be 

more focused on that level than special school’s key players; although within 

this level we found that special schools revealed significantly more goals about 

(collaboration with) the Science Network. In line with what we expected, special 

schools were more focused on the (special) needs of the pupils by expressing 

more goals on a classroom level, whereas regular schools expressed more goals 

on a school and outside school level, especially with regard to preconditions for 

science education. 

With regard to differences between schools considering the school size, large 

(5) versus small (4), we only found one relevant difference within the classroom 

level: key players of smalls schools tend to mention more goals related to pupils’ 

inquiry learning (M = 0.54; SD = 0.23) than large schools (M = 0.21; SD = 0.25), with 

a probability of chance of 0.08 (d =  -1.25). The expected stronger focus of small 

schools on the pupils and their needs was indeed confirmed in the interviews.

The third characteristic which we used to compare schools was pedagogical 

principle: non-reform schools (6) versus reform schools (3). Table 8, which has 

the same structure as Table 7, displays the differences between the schools.

Relevant differences were found within the classroom: key players of reform 

schools uttered fewer goals on inquiry learning than non-reform schools, which 

was unexpected given the school pedagogy. We found significant differences 

within school level: key players of reform schools uttered significantly fewer goals 

related with learning environment, and more goals related to preconditions. 

Another relevant difference on school level was that key players of reform 

schools tended to mention more goals related to the change or improvement of 

the science curriculum, compared with key players of non-reform schools. With 

regard to the outside school level, reform schools tended to reveal slightly more 

goals about this level than non-reform schools, although no differences between 

the categories within this level were found. We cannot explain these differences 

on the basis of the pedagogy of reform schools.
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2.3.3 Alignment goals of schools and aims of the Science Network

In order to find out to what extent a particular starting position for collaboration 

in a science network is optimal, we compared the goals of the schools with the 

goals of the Science Network. The goals of the Science Network on a classroom 

level were stimulating inquiry learning, curiosity and enthusiasm. To conclude, 

from the results mentioned above, it can be stated that whenever key players 

talked about pupils, most of the goals they mentioned were about inquiry 

learning. Special schools, small schools, and non-reform schools especially 

tended to focus more on pupils’ inquiry learning. Key players of special schools 

also showed more interest in improving teachers’ enthusiasm and skills to make 

pupils enthusiastic for science than key players of regular schools. This goal is 

indirectly related to fostering pupils’ enthusiasm; therefore, it can be considered 

that the aim of the Science Network is aligned with the goals schools have on a 

classroom level. 

The aim of Science Network on a school level was to offer extended learning 

environments. The focus of the Science Network seems to be different from the 

focus of schools. On a school level, the largest amount of goals mentioned by 

key players was related to the teaching methods rather than to the learning 

environment. In taking a closer look at differences between schools with regard 

to the learning environment, we found that non-reform schools were more 

Table 8

Differences between non-reform and reform schools in amount of goals on different levels

Goals non-reform 
school

(n = 359)

Goals reform 
school

(n = 150)

Category n % SD % SD P* Cohen’s da

Classroom level 
        Pupils’ inquiry 25 49.57 0.20 16.67 0.29 .056 1.45

School level

        curriculum 24 7.88 0.10 19.49 0.13 .055 1.06

        learning environment 32 20.85 0.14 5.60 0.06 .024 1.16

        Preconditions 32 11.90 0.09 23.03 0.02 .033 1.43

Outside school level 107 19.55 0.06 24.75 0.03 .089 1.05

Note. % = average of percentage.
a Cohen’s d > .80.
* p < .10.
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focused on improving the learning environment than reform schools. We might 

conclude that this goal is only aligned with the Science Network for non-reform 

schools.

The aim of Science Network on an outside school level was to connect the 

programs to the school curriculum. Saliently, on the outside school level key 

players mentioned more goals about the Science Network than about the 

implementation of the programs into schools’ curricula. Schools seemed to be 

more interested in the offered programs or the adaptation of the programs 

to the needs of the schools, than to adapt the curricula or the lesson plans of 

schools to the programs offered by the network. Schools do not differ in showing 

more interest in connecting the programs to the curriculum. To conclude, the 

goals are not aligned. 
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2.4 CONCLUSION AND DISCUSSION

2.4.1 Summary of results

This study aimed to map the properties of an optimal starting position for 

collaboration in a science network, and illustrated how these properties can be 

investigated by means of a baseline picture. 

As for the starting position of all ten schools (nine cases) in this study, it seems that 

most goals were related to the classroom level and the school level, and the least 

were related to the outside school level. Within a classroom level, the key players 

mentioned more goals for teachers – mostly categorized as science knowledge 

and skills − than for pupils. On a school level, the focus was on improving the 

teaching methods used in science education. On the outside school level, most 

goals were related to the collaboration with the Science Network; suggestions 

for adapting the programs to individual schools were mentioned primarily. 

Besides the optimal starting position of schools in general, we were also 

interested in how schools differed on the basis of their school characteristics. 

It seems that the difference between the schools on the basis of being special 

or regular is the most relevant factor to take into account when investigating 

the properties of an optimal starting position. We found that special schools 

were more focused on the classroom level, they revealed more goals for pupils 

(especially inquiry learning) compared with regular schools; they were also more 

focused on teachers’ enthusiasm. The focus of regular schools was more on the 

school level compared with special schools. They especially formulated more 

goals related to preconditions. Regular schools were also more focused on the 

outside school level than special schools. It seems that special schools are better 

able to break free from preconditions such as time-constraints and standard 

core objectives, and focus more on pupils’ inquiry, which sometimes demands 

deviation from the regular program and its target goals. In the last few decades, 

education has been changing from segregation towards inclusive education of 

pupils with special educational needs (Kalambouka, Farrell, Dyson, & Kaplan, 

2007). Schools are struggling with tensions between offering education for all 

pupils and the tight curriculum including inspection regimes (Frederickson & 

Cline, 2002), which was in line with what we found in the regular schools.

 

To determine if this starting position was optimal, we compared these goals 

with the aims of Science Network. It appeared that schools and Science Network 

show the best fit regarding the goal of improving pupils’ inquiry learning. Inquiry 

learning is an important aspect of good science education (e.g., Hmelo-Silver, 
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Duncan, & Chinn, 2007), and also of the Curious Minds approach, a crucial 

component of the Northern Netherlands Science Network. Therefore, this goal 

is indispensable for an optimal starting position. Especially special schools, 

small schools and non-reform schools tend to focus more on pupils’ inquiry 

learning. Key players of special schools also show more interest in improving 

teachers’ enthusiasm and skills to make pupils enthusiastic for science. This 

goal is indirectly related to fostering pupils’ enthusiasm. The starting position 

also shows friction between the goals of the schools and the aims of the 

Science Network in the sense that schools were more interested in improving 

teachers’ science (and technology) knowledge and skills than in improving 

inquiry teaching, something that is needed for inquiry learning. Additionally, 

schools were more focused on improving the teaching methods; whereas the 

activities in the Science Network were more focused on offering stimulating 

learning environments, of which – surprisingly given the school pedagogy – 

reform schools were the least interested in improving. This discrepancy might 

be explained by the fact that, because of the school pedagogy, the teachers of 

these schools are already capable of providing optimal learning conditions with 

regard to the learning environment (Van der Ploeg, 2013). Additionally, it seems 

that the schools were more interested in the programs that Science Network 

offers and adaptations of these programs to their needs than in finding ways 

to implement these programs into their own curriculum (e.g., preparing visits 

and incorporating the concepts learned in the out-of-school visit in a post-visit 

period). Special schools revealed the most goals related to Science Network and 

its programs, which might be explained by the fact that most special schools 

in this study were schools or classes for gifted or high achieving pupils, and for 

these pupils the need for learning through real-world experiences, which is the 

case in out-of-school activities, is deemed to be an appropriate approach for 

learning science (Melber, 2003). The minor interest in connecting the visits to the 

school curriculum was also found in other studies. For example, DeWitt & Osborne 

(2007) found that teachers often omit preparation in the classroom before visiting 

an out-of-school activity due to time-constraints, for example (Griffin & Symington, 

1997). However, if teachers actively participate in the connected in-school and out-

of-school program, the impact of the program will be much greater (Cox-Petersen & 

Pfaffinger, 1998; DeWitt & Osborne, 2007; Griffin & Symington, 1997; Kisiel, 2014). To 

conclude, the starting position was most optimal for special schools, small schools 

and non-reform schools, and was only optimal with regard to goals for pupils. 

2.4.2 Conclusion

This study shows that by using a baseline picture, based on a semi-structured 

interview with key players and an in-depth analysis, properties of an optimal 

starting position for collaboration with a science network can be identified. 

Baseline picture
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Although the sample group in the study was limited because of the labor-

intensive nature of the analysis (detailed qualitative analysis of a long interview), 

and therefore the results are not generalizable to large samples; nevertheless 

the effect sizes found in this study are considerably large, and thus meaningful. 

Moreover, the selected schools are representative, in a qualitative sense, 

of a much wider range of schools that participate in the Science Network. 

Additionally, the combination of the quantitative and qualitative approach of 

in-depth analyses of the interviews revealed valid information for replicating 

this research in a larger sample size. One of the advantages of using a baseline 

picture is that it reveals information that was spontaneously uttered. In this way, 

we gained insight into the goals that the respondents did not explicitly mention 

as goals, but could be considered as such, i.e., concerns and wishes to change or 

improve education. This information can be used to proactively find an adequate 

fit between in-school and out-of-school science activities. If the fit is not suitable, 

improvement to the implementation or adaptation of the implementation to the 

needs of different schools can be provided. 

2.4.3 Limitations and future research

This research had methodological limitations with regard to the coding 

scheme and the categorization of learning environments. We defined learning 

environments as the physical learning environment, but this seemed to be 

somewhat of a narrow definition. Blumenfeld et al. (2005), for instance, use 

a broader definition of a learning environment by stating that a learning 

environment is based on learning science principles, such as inquiry learning, 

and collaboration, and therefore, a learning environment can also be, for 

instance, a project. In this research, these learning principles – whenever they 

could be defined as “ways in which schools teach science” – were considered 

to be a teaching methods. If goals related to improving the teaching methods 

are related to the broader concept of learning environment, then the starting 

position on a school level is also optimal. In future research, it would be interesting 

to investigate to what extent the goals of the schools related to changing or 

improving the teaching methods and the learning environment actually meet 

the aim of Science Network, which is offered in out-of-school environments. 

In this study, we were only able to include key players’ goals for comparison 

with the main aims of the Science Network. It was not possible to investigate 

the perspectives of the teachers that carry out a connected in-school and out-of-

school program because at the moment of the baseline picture, it was not known 

which teachers would be involved. Additionally, the schools had not yet chosen 

out-of-school activities or programs. Consequently, we did not know which 

out-of-school facilities were to be included, and therefore, we were not able 
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to investigate the perspectives of instructors of the out-of-school facilities yet. 

Although the approach we used by interviewing key players has the advantage 

that key players have a much better view of the various levels of a particular 

school than non-key players (e.g., specific teachers), it is important to consider 

that the teachers who actually carry out the visits to out-of-school environments 

with their classroom will search for meaning to adapt the program to their own 

or their pupils’ goals (Hofman et al., 2008). We know from other research that 

teachers and instructors have different perspectives (Kisiel, 2014; Tal & Steiner, 

2006), and possibly different goals. In future research, it would be interesting 

to investigate the goals of teachers and instructors. Furthermore, it would be 

interesting to explore in future research whether pupils and teachers of schools 

who revealed an optimal starting position in the baseline picture optimally profit 

from the collaboration in terms of showing more inquiry teaching and learning 

and enthusiasm/curiosity (Curious Minds concept, see introduction.) in the out-

of-school activities and in the classroom. 

2.4.4  Implications for practice

To successfully implement a collaboration with a science network in which 

schools use out-of-school facilities of the network, prepare and incorporate 

the visits into their curriculum, and use the same perspective (in this study 

the Curious Minds approach) as the network, it is crucial that schools and the 

network share goals. Therefore, before starting a collaboration between a science 

network and schools, it is highly recommended that the ideas of schools about 

these collaborations be investigated to find out firstly, whether there is friction 

in alignment between intentions of schools and the purpose of the out-of-school 

science programs, and secondly, if there is friction, how schools or the science 

network should act to overcome this friction. We strongly recommend that semi-

structured interviews be conducted to gather rich information about the ideas 

of schools, for instance, by using the protocol in this research. Furthermore, we 

advise to analyze the gathered information by using the same categories, or 

codes, as found in this study because they reveal to what extent the goals differ 

on a classroom level (e.g., focus on teachers’ science knowledge and skills rather 

than inquiry teaching), school level (e.g., focus on changing teaching methods 

rather than using the environment), and outside the school level (e.g., focus on 

adapting the activities to schools’ needs rather than connecting activities to 

the school curriculum). Also Harkins (2013), Kisiel (2010) and Tran ( 2006, 2008) 

stress the importance of communicating between schools and out-of-school 

facilities in the forging of effective collaboration. It is necessary to involve key 

players in this communication already in the pre-collaboration phase in order 

to make changes in the schools. By involving the key players in an early stage, 

not only will more awareness about their own goals or ideas be established, but 

2
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also any potential friction will be identified right from the starting position. The 

relationship between the ideas of schools and the school characteristics should 

be communicated with the instructors of out-of-school activities in order to allow 

for adaptation of the out-of-school activities to the needs of the schools. One 

relevant finding is that schools might show a larger interest in a specific goal. 

In this study, the schools’ goals on a classroom level that were most mentioned 

were related to teachers’ science knowledge and skills. To meet these schools’ 

goals, more background information should be provided when schools need 

to prepare for an out-of-school visit. Additionally, special schools in this study 

might have higher expectations about inquiry learning than regular schools 

because the focus of special schools lies more heavily on this goal. Kisiel (2014) 

stated that instructors of out-of-school activities are, in general, more focused 

on fostering pupils’ interest than on the science content. Therefore, shaping or 

improving skills in inquiry teaching of instructors of out-of-school facilities might 

be necessary, for instance, by means of a short training in applying ‘inquiry 

teaching and learning’ and shaping the attitude in stimulating pupils’ or their 

own ‘enthusiasm/curiosity’, ergo using the Curious Minds perceptive (Geveke, 

Steenbeek, Doornenbal, & Van Geert, 2016a; Wetzels, 2015). This research has 

pointed at certain aspects of the goals of schools that are important to focus on 

in future research or in future introductions of collaboration with out-of-school 

networks.
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3.1 INTRODUCTION

In order to gain insight into the development of pupils’ science knowledge 
and skills, it is important to study the various ways in which pupils develop 
understanding and the ways teachers and instructors in science programs 
can support this learning process optimally. There is already considerable 
evidence suggesting that out-of-school science programs contribute to the 
science learning process (Behrendt & Franklin, 2014; Braund & Reiss, 2006; 
Griffin, 2004; Knapp, 2007; Rickinson et al., 2004; Tenenbaum et al., 2004). In 
this study, out-of-school learning refers to “education taking place during 
school hours and according to the curriculum, but using learning sources and 
educational environment outside the physical school buildings” (Salmi, 2012, 
p. 48). Recommendations for practice derived from research often focus on the 
three important components of out-of-school programs: a) preparation for a visit 
out of school; b) the actual visit; c) incorporation of the subject matter in the school 
curriculum (Behrendt & Franklin, 2014; Bitgood, 1989; DeWitt & Osborne, 2007; 
Griffin, 1998; Leary, 1996; Rennie & McClafferty, 1995). These components stress 
the importance of connecting the out-of-school science activity with the school 
curriculum, creating a connected in-school and out-of-school science program. 
Despite the growing evidence that out-of-school science programs are beneficial, 
only scant attention is paid to the cognitive learning effect of these educational 
science programs when compared with the learning effect of science education in 
regular school settings. The current multiple case study aims to contribute to this 
deficiency by examining teaching and learning science in a connected in-school and 
out-of-school science program by using a microgenetic method (Flynn et al., 2007; 
Siegler & Svetina, 2002). 

3.1.1 Project implementations of connected in-school and out-of-school science 

programs

Several studies have pointed to the importance of connecting the out-of-school 
activities to the school curriculum (see e.g., Rickinson et al., 2004; Tal et al., 2005; 
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Tenenbaum et al., 2004). In two meta analyses, Rickinson et al. (2004) found 
evidence that out-of-school programs, if well planned and embedded into the 
school context, add value for learning. However, research also shows that out-
of-school programs are often not adopted properly (Cox-Petersen & Pfaffinger, 
1998; DeWitt & Osborne, 2007; Griffin, 1998). Consequently, it seems that the 
effect of connected in-school and out-of-school science programs is dependent 
on the implementation. According to Durlak and DuPre (2008), the effect of 
implementation is dependent on: a) the quality of the program implementation 
(i.e., how well the program components have been carried out); and b) quantity 
of program implementation (i.e., dosage of components of the originally 
intended program that was carried out). 

3.1.2 Different forms of knowledge and understanding

In order to determine whether out-of-school science programs offer significant 
learning effects for pupils, scholars have been investigating the cognitive 
learning gains of these programs (e.g., Gutwill & Allen, 2012; Tenenbaum et 
al., 2004). When focusing on the cognitive aspects, three types of knowledge 
can be taken into account: procedural knowledge, declarative knowledge, and 
conceptual knowledge or conceptual understanding. In this study, we focus only 
on the latter two. Declarative knowledge refers to the recall of factual information 
(e.g., definitions), traditionally defined as “knowing that”, or as “knowledge 
about”(Scardamalia & Bereiter, 2006). This type of knowledge does not imply 
deeper scientific reasoning. Declarative knowledge is a less complex form of 
knowledge (Krathwohl, 2002) which naturally accumulates as pupils grow older. 
Declarative knowledge acquisition occurs by assimilating new information to 
existing schemata. This may take place without making structural modifications 
to existing schemata or concepts (Chi & Ohlsson, 2005), unlike how conceptual 
understanding takes place. Conceptual understanding refers to deep, complex 
knowledge related to core understanding (Ohlsson et al., 2000). Consequently, 
an increase in conceptual understanding during a connected in-school and out-
of-school science program can be considered to be a positive cognitive learning 
effect of the implementation of the program.

3.1.3 Development of conceptual understanding and declarative knowledge

To learn more about the characteristics of the process of cognitive development 
as an effect of a science program implementation, it is necessary to observe 
the learning process while it occurs (Schauble, Leinhardt, & Martin, 1997), for 
instance, by using skill theory (Fischer & Bidell, 2006; Rappolt-Schlichtmann, 
Tenenbaum, Koepke, & Fischer, 2007; Schwartz & Fischer, 2004). According to 
skill theory, cognitive development (i.e., declarative knowledge and conceptual 
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understanding) proceeds through different stages in a non-linear way. 
Development is non-linear because it takes the form of a dynamic pathway 
constructed in real-time and through interaction with the environment. Skill 
theory does not focus on the level a pupil reaches at a certain stage, but at the 
level at which a pupil can perform in a particular situation or context with various 
degrees of support in the here-and-now situation. By means of a scale based on 
skill theory, development of cognitive skills can be measured by observing the 
pupil’s performances in concrete teaching-learning activities (Meindertsma 
et al., 2014; Van der Steen, Steenbeek, Wielinski, et al., 2012). As declarative 
knowledge is lower ordered, its complexity level has a limitation. In contrast, 
conceptual understanding can be developed at a high complexity level. When 
pupils try to solve a problem, they work through cycles of less sophisticated and 
less complex skills up to more complex forms of understanding. The construction 
of conceptual understanding, which is constructed in the here-and-now, is 
intertwined with the long-term development. In other words, the changes in the 
here-and-now directly influence the long-term development, and, vice versa, the 
long-term development determines the short-term actions (Meindertsma, 2014; 
Smith & Thelen, 2003). For instance, a teacher assists a pupil in learning about 
the phases of the Moon by shining a flashlight on a ball. This form of help not 
only influences the short term actions leading to understanding the phases of 
the Moon, but also influences understanding future similar phenomena, such as 
phases on other planets, shadows, and rotations. On the other hand, the pupil’s 
previous development in understanding phenomena in space in the long-term 
timescale affects the performance in the short-term actions: understanding 
is built upon previous encounters with the phenomenon. This suggests that 
observations in naturalistic contexts involving potentially rich forms of actual 
thinking and learning are necessary.

3.1.4 Teacher’s open teaching style focused on conceptual understanding

All successful science education is based on a mixture of active and inquiry 
teaching and learning, that is, self-regulated exploration guided by teachers. 
In their meta-analysis of 164 studies regarding several teaching methods, 
Alfieri, Brooks, Aldrich, & Tenenbaum (2011) showed that pupils benefit from 
enhanced discovery more than from direct instruction, such as direct teaching 
and explaining. The authors appeal for an approach, in which the teacher 
uses a strategy that focuses on constructing explanations in guided discovery, 
such as giving feedback, exposing pupils to worked-examples, scaffolding 
the learning process, and eliciting explanations from pupils. Unfortunately, 
in traditional science education, the dominant format is that of transferring 
declarative knowledge, and evoking declarative knowledge from pupils (Krajcik 
& Blumenfeld, 2006; Scardamalia & Bereiter, 2006). Teachers frequently ask 
pupils for answers about declarative knowledge that the pupils already have 
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(Roth, 1996). In doing so, they are essentially trying to hold on to their prepared 
lessons (Van Zee & Minstrell, 1997), and thereby neglect the complex process of 
adapting to the pupil’s changing conceptual understanding. 

In general, scholars agree that the best way of evoking conceptual understanding 
is by using an open teaching style focused on conceptual understanding: i.e., 
eliciting explanations and predictions from pupils by asking thought provoking 
questions (Chin, 2006; Roth, 1996). By asking questions and encouraging pupils 
to speak, the teacher can probe pupils’ reasoning, helping pupils to explain 
their thoughts, and consider different points of view. Another aspect of open 
teaching is providing enough think-time in order to increase pupils’ conceptual 
understanding (Rowe, 1974; Shulman, 1986; Stahl, 1994; Van Zee, 2009). An 
open teaching style, which focuses on conceptual understanding, using high 
quality questioning is not easy to apply, as it is a complex practice (Roth, 1996). 
However, Wetzels (2015) has shown that trained teachers can develop open 
teaching skills, resulting in more optimal support in understanding scientific 
concepts. Consequently, in science programs − both in and out-of-school − the 
quality of teaching is essential, and can be developed. 

3.1.5 Co-constructing conceptual understanding

In science lessons where conceptual understanding is promoted, the teacher 
and pupils both contribute to the reasoning process that is taking place in real-
time. Both teacher and pupils add new information to existing concepts. This 
socially embedded process of adaptation of the teacher, or a more experienced 
peer, to a particular pupil’s thinking is both challenging and transforming to 
the pupil’s old concepts (Dunbar & Fugelsang, 2005). Teachers− as being more 
expert learners − have an important role in supporting (or scaffolding) the 
learning process of the less advanced learners, not by transferring knowledge, 
but by co-constructing knowledge together with the pupils (Azmitia & Crowley, 
2001). Through support, the teacher brings conceptual understanding to a 
much higher level than is expected when no guidance is given (Schwartz & 
Fischer, 2004; Van der Steen, Steenbeek, Wielinski, et al., 2012). This mutually 
stimulating process is constructed in real-time (Candela, 2001), and should be 
measured accordingly; that is, it should be measured on the basis of real-time 
observations in naturalistic settings, in which conceptual understanding is 
constructed by pupils and teachers. 

3.1.6 The present study

The aim of this study is to observe the learning effect on pupils of a connected 
in-school and out-of-school science program in relation to the support the 
teacher or instructor gives during the program, using different forms of program 
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implementations. We wanted to know how different forms of implementation of 
a connected in-school and out-of-school science program affect pupils’ cognitive 
science skills (conceptual understanding and declarative knowledge) in relation 
to teachers’/instructors’ support. The cases comprise pupils from upper primary 
classes in a science program, which took place both in school with their teachers, 
as well as out of school with an instructor. The implementation of the program 
differs per case, that is, the implementation differs in quality of the teachers 
and instructors (trained/untrained in using an open teaching style focused on 
conceptual understanding), and in the amount of lessons with trained teachers/
instructors (complete or incomplete program). 

Firstly, we wanted to explore the co-construction of understanding scientific 
phenomena, that is, the relation between the support of the teacher/instructor 
and the performances of the pupils. We focused on conceptual understanding 
because of its potential to reach high level of complexity. Our first hypothesis 
states the following: Pupils’ conceptual understanding and teacher’s/instructor’s 
support in eliciting conceptual understanding are related, implying contingency, 
in real-time. Learning science is a form of co-construction by pupils and teacher. 
We expected that teacher and pupils would mutually stimulate each other in 
performance and support. We expected to see this coupling effect both within 
the lessons and over a longer period of time.

Secondly, we wanted to find out if training in open teaching facilitates teachers/
instructors in applying support focused on eliciting conceptual understanding. 
Hypothesis 2a is as follows: Trained teachers/instructors apply an open teaching 
style focused on the support more often than untrained teachers/instructors. We 
expected that even a single training would show differences (cf. Van der Sijde, 
1989) in the application of an open teaching style. Additionally, we were curious 
if the training indirectly affects pupils’ performances, presumed that teachers’/
instructors’ support and pupils’ performances are related (first hypothesis). 
Hypothesis 2b states the following: Pupils show a higher amount of conceptual 
understanding in the presence of a trained teacher or instructor. 

Thirdly, we wanted to know the significance of how the program was 
implemented. Our third hypothesis is the following: The learning effect in terms 
of pupils’ performances is related to the program implementation. The program 
implementation is determined by the extent of the program, that is, the amount 
of components (i.e., preparation, visit out of school, and incorporation in the 
school curriculum) and whether the components involved trained or untrained 
teachers/instructors. The learning effect of the implementation is defined by 
the change in frequency of instances of conceptual understanding over time 
relative to the change in declarative knowledge. 
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3.2 METHOD

In this case study, four upper grade classes of two primary schools participated 
in a connected in-school and out-of-school science program during the 
preparation period, the visit itself, and the post discussion period. The visit 
involved an interactive presentation in a Mobile Planetarium, one of the 
activities that the Northern Netherlands Science Network offers. See Figure 1 for 
an impression of the Mobile Planetarium. 

The pupils, all aged 9 to 12, participated in various activities with a teacher 
inside the classroom, and they participated in out-of-school activities with 
an instructor inside the Mobile Planetarium. This study was carried out in a 
naturalistic setting, which means that the cases were real and ecologically 
valid. This also means that we had limited freedom in selecting the cases, and 
that we had to accept the cases as they were. We did not interfere with the 
teachers’/instructors’ behavior or planning, meaning they had the freedom to 
deviate from the program to fit their personal preferences. To understand the 
micro-development of teaching and learning in this connected in-school and 
out-of-school science program, we used the microgenetic method (Flynn et al., 
2007; Siegler & Svetina, 2002). Because this study focuses on various forms of 
program implementations, naturalistic settings, and in-depth analysis of real-
time processes, a design with multiple cases was used. The cases differed in 
forms of program implementations: optimal implementation (OI), intermediary 
implementation (II) and marginal implementation (MI). The quality of the 
program implementation was determined by the pupils’ exposure to trained 
teachers/instructors, and the quantity of the program implementation was 
determined by the extent of the program (Table 1).
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Figure 1. Mobile Planetarium: an inflatable dome in which our solar system and galaxies can be projected.
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The training for the instructors consisted of a brief workshop in open teaching, 
focused on eliciting conceptual understanding (See 3.2.2). The completeness 
of the program refers to the three important components for implementation 
in connected in-school and out-of-school science program: preparation, visit 
out of school, and incorporation in the school curriculum (Behrendt & Franklin, 
2014; Bitgood, 1989; DeWitt & Osborne, 2007; Griffin, 1998; Leary, 1996; Rennie 
& McClafferty, 1995).

3.2.1 Participants

The participants involved in the case study were from two primary schools in 
the Northern Netherlands Science Network. From each selected school, two 
upper grade classes were involved. The pupils’ class teachers were included in 
this study, except for in the case of one class (Case 1). Because this one class 
needed to follow the optimal implementation variant, the class teacher needed 
to be trained. As the teacher did not participate in a training in open teaching, 
we needed to assign trained class teachers from the Science Network to this 
case. For organizational reasons we had to assign two teachers, one for the 
preparation lesson and the immediate follow-up lesson, and one other teacher 
for the summary follow-up lesson. These teachers were experts in open teaching 
focused on eliciting conceptual understanding, as they trained the instructors, 
analyzed the data of various instructors, and developed the lesson manuals. Not 
only the trained teachers, but also the instructors of the out-of-school activity 
connected to the Science Network were included in this study. An overview of 
other relevant case characteristics can be found in Table 2. 

The cases were comparable in most characteristics, except that Case 1 (OI) was 
the youngest age group, contained various levels of performances, and was 
from the lower performing school. This unique situation suggests that if these 
distal factors had influenced the learning outcomes of the program in terms of 
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Form of implementation of the 
cases

Quality of implementation Quantity of implementation

Optimal implementation (OI): 
Case 1

Trained teachers and trained 
instructor

Complete program

Intermediary implementation (II): 
Case 2 and Case 3

Untrained teachers and trained 
instructor

Complete program

Marginal implementation (MI):
Case 4

Untrained teachers and un-
trained instructor

Incomplete program

Table 1

 Implementation quality and quantity
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performances, and the performances were positive compared with the other 
cases, we would have a strong case for an optimal program implementation.

This study was approved by the Ethical Committee Psychology of the University 
of Groningen (the Netherlands). Before the start of the study, the teachers, the 
instructors, and the parents of the pupils signed an informed consent form, and 
pupils of whom the parents did not agree were excluded from the study.

3.2.2 Program

The quality of the program implementation was determined by the pupils’ 
exposure to trained teachers/instructors. Because the Mobile Planetarium is one 
of the out-of-school activities connected to the Northern Netherlands Science 
Network, it was compulsory for all instructors to participate in a workshop on 
open teaching and eliciting conceptual understanding (a short variant of the 
Curious Minds training (See Wetzels, 2015),6 as this is part of the network’s 
policy. The instructors participating in the workshop saw worked-examples, and 
were trained in applying an open teaching style, focused on eliciting conceptual 
understanding. The instructors of the Mobile Planetarium were confronted with 
results from a previous pilot (video observations). The instructors assigned to 
Case 1 (OI), Case 2 (II), and Case 3 (II) were trained before the data collection, 
and the instructor assigned to Case 4 (MI) was trained after the data collection.

The quantitative aspect of the program implementation was determined 
by the extent of the program. In line with the three important components: 
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Cases n Grade School performance a Class descriptionb

Case 1 (OI) 21 4-5 530.5 Curious and enthusiastic, large differences 
in level of performances, and class is 
cooperative.

Case 2 (II) 25 6 542.5 Curious and enthusiastic, large differences 
in level of performances, and class is often 
boisterous.

Case 3 (II) 17 5-6 530.5 Positive attitude and large differences in 
level of performances.

Case 4 (MI) 22 6 42.5 Very enthusiastic, thoughtful, asking 
questions, very high level of performances.

a Scores on the final standardized test (CITO) in 2013, including only pupils from grade 6 (M=535; SD=10).
b Gathered from a questionnaire for teachers.

6Dutch version of the presentation of the training can be requested from the author.

Table 2 

Case characteristics
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preparation, visit out of school, and incorporation in the school curriculum 
(Behrendt & Franklin, 2014; Bitgood, 1989; DeWitt & Osborne, 2007; Griffin, 1998; 
Leary, 1996; Rennie & McClafferty, 1995), the complete program comprised 
three stages: preparation period, the visit to the Mobile Planetarium itself, and 
the post discussion period. In the preparation period, a lesson about phases 
of the Moon was given by the classroom teacher, and on the day of the visit, a 
demonstration of a tellurium, which is a model to explain the orbit of the Earth 
and the Moon, was provided by the instructor. During the visit to the Mobile 
Planetarium, the pupils participated in an interactive presentation about the 
phases of the Moon, planets in our solar system, constellations, and galaxies. 
In the post discussion period, two follow-up lessons were given: an immediate 
follow-up lesson about constellations and galaxies and a summary follow-up 
lesson about the previously discussed topics. In contrast with Case 1, Case 2, 
and Case 3, Case 4 did not participate in the complete program. This case lacked 
the important component of preparation by starting directly with the visit to the 
Mobile Planetarium. 

The manuals of both the out-of-school activity and the lessons in the classroom 
were developed in cooperation with the Kapteyn Astronomical Institute of the 
University of Groningen and the Northern Netherlands Science Network. The 
teachers received the lesson plans with a manual several weeks before the visit. 
They were required to follow the manual, but they could somewhat deviate 
from it to adapt it to their own unique teaching style. Just as the classroom 
teachers, the instructors of the Mobile Planetarium were also required to follow 
the manual, but they could also adapt to the real-time conversation. 

3.2.3 Procedure

All lessons were videotaped. The teacher’s/instructor’s and pupils’ utterances 
of the first 800 seconds of each lesson were transcribed in order to code the 
utterances of pupils and teachers/instructors as precisely as possible. Because 
we wanted to compare absolute scores, it was necessary to cut the codings 
off at the minimum lesson time, which we determined to be 800 seconds. By 
comparing the codings of the 800 seconds of one lesson with the codings of the 
entire lesson with a duration of 1030 seconds, we found that the percentage of 
utterances per variable of the first 800 seconds hardly deviated from the entire 
lesson. This means that the first 800 were representative for the entire lesson. 
To observe the change in the teaching and learning process, a detailed coding 
scheme using video coding software, Mediacoder (Bos & Steenbeek, 2010), was 
applied. To determine eventual changes in the performances of the pupils, 
which we assumed were related to the support of the teachers/instructors 
(hypothesis 1) and the program implementation (hypothesis 3), we compared 
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performances during the visit to the Mobile Planetarium (t1) with those in the 
summary follow-up lesson (t2) five weeks later. Both the visit and the follow-up 
lesson consisted of a group conversation with no variation in activities, which 
made the material suitable for comparison. 

3.2.4 Instruments

To measure the performance of the pupils, a scale based on skill theory was used 
(Van der Steen, Steenbeek, Wielinski, et al., 2012). The original scale consists 
of ten levels, grouped into three tiers, and builds in complexity. The first tier 
consists of sensorimotor skills− observations based on sensorimotor experiences 
and action-perception coupling. The second tier consists of representations − 
concepts that are independent of specific actions, although based upon them, 
which relate to non-observable entities and observations of non-common 
objects. The third tier consists of abstractions − general rules or laws. Within 
each tier, various levels of complexity can be distinguished. The scale is 
hierarchically structured; within each tier, several steps are scaled from single 
elements, combined elements, and multi-relational elements. According to 
Schwartz & Fischer (2004), the transition from understanding at a sensorimotor 
level to understanding at a representational level is a powerful experience, as it 
serves as a foundation for more complex representations. Accordingly, the first 
form of complex understanding starts at the representational level. Therefore, 
we coded only utterances at either a representational level (level 4, 5 and 6) or 
at an abstraction level (7). Within the tier of representations, a distinction was 
made between declarative knowledge and conceptual understanding (Table 3).

To measure the support of the teacher/instructor, as expressed in the level of 
openness in the teaching style, we used the Openness Scale of Meindertsma 
et al. (2014). This scale has seven levels on which utterances of the teacher/
instructors can be scored, starting from a closed style, in which the teacher 
has a leading role (e.g., providing instruction) in the first three levels, moving 
to a more open form of teaching, in which the pupils have more opportunity 
to speak (e.g., providing think-time) in the last four levels. In this study we 
focused only on the part of the scale that measures openness (i.e., the last 
four levels), which comprises the following hierarchically scaled levels: asking 
closed questions, asking open questions, encouraging pupils to speak further, 
and providing think-time. Whenever openness was coded, we coded for either 
eliciting declarative knowledge or eliciting conceptual understanding. Table 
4 shows an overview of the variables related to teacher/instructor levels of 
openness with corresponding examples.
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The utterances of the pupils and the teachers/instructors were coded in real-
time fashion (exact time, with a deviation of -1 second or +1 second), using a 
code book with detailed descriptions and examples of codes, resulting in two 
time series: one for the pupils and one for the teacher. We used the utterances 
of all pupils in the class as one variable, as pupils co-construct knowledge, and 
respond to previous input in the lesson. The coding proceeded in multiple 
steps. The first step in the coding was to determine the precise moment when 
utterances of the pupil and the teacher started and ended. The second step 
was to determine which variable should be coded on the particular time stamp. 
The third step was to label the variable by the type of knowledge or the type of 
openness.
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Table 3

Variables related to pupils’ complex thinking skills

Level of complexity Type of 
knowledge

Description Examples

Single representation 
(4)

Declarative 
knowledge

Factual knowledge, 
observations of non-common 
objects, definitions (one 
element)

That is the North Star. (4)

Conceptual 
understanding

Observations, predictions 
and explanations with one 
element of the explaining 
mechanism

A galaxy looks like a spiral 
because it turns. (4)

Representational 
mapping (5)

Declarative 
knowledge

Mapping factual knowledge, 
observations of non-common 
objects, definitions (two or 
more connecting elements)

There are as many stars 
as grains of sand in the 
Sahara. (5)

Conceptual 
understanding

Observations, predictions 
and explanations with two 
or more elements of the 
explaining mechanism, but 
the complete picture is not 
yet given

It has to do with the 
position of the Moon; you 
only see half of the Moon, 
although it is entirely 
round. (5)

Representational 
system (6)

Conceptual 
understanding

Observations, predictions 
and explanations with all 
relevant representational 
mappings. Change in one 
representation affects the 
other representation.

You celebrate your 
birthday sooner on 
Mercury because it is 
closer to the Sun. Then 
the orbit takes less time; 
however it might depend 
on the speed the planet is 
travelling. (6)

Single abstractions (7) Conceptual 
understanding

Formulating ideas, concepts, 
laws

A galaxy is spiral-curved 
because of the gravity 
in the center. It sinks 
downwards. (7)

Note: An elaborated Dutch version of the coding system can be requested from the author.
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The interobserver agreement was assessed by comparing the codes of the first 
author with those given by an independent trained observer. The reliability of 
the coding of 50% of the data was satisfying. For the Openness of the teacher, 
a proportional agreement rate of 0.86; p < .001 was achieved, and for the Type 
of support, a rate of 0.79; p < .001 was achieved. For the Complexity of pupils’ 
utterances, a rate of 0.86; p < .001 was achieved, and for Type of knowledge, a 
rate of 0.81 p < .001 was achieved.

3.2.5 Analyses

To explore if the increase in eliciting conceptual understanding was related 
to pupils’ conceptual understanding, we first compared the amount of time 
the teachers used to elicit conceptual understanding in the out-of-school 
activity (t1) with the amount of time the instructors used in the summary 
follow-up lesson (t2). We followed the same procedure for the change in pupils’ 
conceptual understanding. We used the amount of time to compare the data 
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Table 4

Teacher/instructor variables related openness

Level of openness Type of support Description of openness Examples

Closed question (4) Eliciting declarative 
knowledge

Closed-ended questions 
eliciting declarative 
knowledge

Is the Sun a star? (4)

Eliciting conceptual 
understanding

Closed-ended questions 
eliciting conceptual 
understanding

What do you think. Will 
it become dark or light if 
I turn it this way? (4)

Open question (5) Eliciting declarative 
knowledge

Open-ended questions 
eliciting declarative 
knowledge

What is special about 
Jupiter? (5)

Eliciting conceptual 
understanding

Open-ended questions 
eliciting conceptual 
understanding

Why do you think the 
shape of the Moon 
changes? (5)

Encouragements (6) Eliciting declarative 
knowledge

Encouragements to 
reproduce more declarative 
knowledge

Yes. [↗] (6)

Eliciting conceptual 
understanding

Encouragements to 
formulate more conceptual 
understanding

Yes. [↗] (6)

Think-time (7) Eliciting declarative 
knowledge

Think-time after a question 
which elicits declarative 
knowledge

Eliciting conceptual 
understanding

Think-time after a question 
which elicits conceptual 
understanding

Note. An elaborated Dutch version of the coding system can be requested from the author.
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with the time serial data to explore the real-time co-construction. To estimate 
the probability that a difference between the two measurements was caused 
by chance alone, a Monte-Carlo analysis (Good, 2001) was used. This non-
parametric permutation test has good statistical validity in the case of small 
samples, and is used in combination with Excel and Poptools (Hood, 2010). The 
software also helps with the analysis of simulation of stochastic processes. After 
calculating the differences in conceptual understanding/eliciting conceptual 
understanding between the out-of-school activities and the summary follow-up 
lessons, the second step was to shuffle the empirical data randomly per variable 
over both lessons (out-of-school activity and summary follow-up lesson), 
and again calculate the differences in conceptual understanding/eliciting 
conceptual understanding. The shuffling resulted in randomly assigned data to 
the two lessons. This outcome corresponded with our null hypothesis, which 
stated that there would be no differences between the two measurements in time. 
The third step was to test, using the Monte Carlo simulations, whether the differences 
in conceptual understanding/eliciting conceptual understanding between the out-
of-school activity and the follow-up lesson were larger than the differences in the 
randomly permuted data (expressed in a p-value). We considered a change to be a 
trend if the predicted direction of the p-value was between .10 and .05, and a reliable 
change in use of (eliciting) conceptual understanding if the p-value was under .05. 
This procedure was also applied to determine if the amount of eliciting conceptual 
understanding differed between untrained teachers and trained teachers 
(hypothesis 2a), and if the amount of utterances of conceptual understanding of 
pupils in a class with an untrained teacher differed from the amount of uttered 
conceptual understanding in a class with a trained teacher (hypothesis 2b). 
However, in this application, we did not count for the amount of seconds, but 
instead we counted the frequencies of utterances of conceptual understanding/
eliciting conceptual understanding, as we did not need to compare the 
data with time-serial data to explore co-construction. Because this analysis 
contained two different categories (trained – untrained teachers/instructors) 
and not time-series, in which case a trend of development could be detected, 
a p-value of at least .05 was used to find a reliable difference. To determine the 
learning effect of the program (third hypothesis), we counted the frequencies 
of utterances of conceptual understanding, declarative knowledge, eliciting 
conceptual understanding, and eliciting declarative knowledge. We calculated 
the differences in absolute scores, and we were interested to find a trend 
towards a positive learning effect (.05 > p < .10) or a reliable change (p < .05).

Secondly, to explore the co-construction over time (first hypothesis), we plotted 
the raw time-serial data of the levels of conceptual understanding and the 
levels of openness in eliciting conceptual understanding. However, the graphs 
contained too many data points to find correspondences between the pupils’ 
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conceptual understanding and the level of the teacher’/instructor’ support, 
and therefore, we used a Loess smoothing of the time series (Simonoff, 1996). 
Smoothed data makes it easier to interpret the data when the data points are 
very dense, as was the case in the present study. The smoothing of the level of 
pupils’ conceptual understanding and the level of teacher/instructor support on 
eliciting conceptual understanding in the out-of-school visit and the summary 
lesson was plotted for each case.

Thirdly, in order to determine the learning effect related to the program 
implementation (third hypothesis), we defined a quadrant of effect of the 
program (Figure 2). All effects concerned the increase or decrease in frequency 
of both conceptual understanding and declarative knowledge, relative to each 
other. Optimal learning effects of the implementation were defined when 
an increase in conceptual understanding was found (quadrant I and III, left 
side), and a lack of effect of the implementation was defined when a decrease 
in conceptual understanding was found (quadrant II and IV, right side). A 
difference score between absolute change in conceptual understanding and 
absolute change in declarative knowledge in favor of the increasing conceptual 
understanding was defined as more optimal (cf. Ohlsson et al., 2000) than no 
difference or a larger difference score in favor of declarative knowledge. ∆cu 
refers to difference between amount of uttered conceptual understanding in 
the summary follow-up lesson (t2) and the visit in the Mobile Planetarium (t1). 
Similarly, ∆dk refers to difference between the amount of uttered declarative 
knowledge in t2 and t1. An increase is marked by ↑ and a decrease by ↓.

67

Increase conceptual 
understanding

↑∆cu

Unchanged/ decrease conceptual 
understanding

=/↓∆cu

Increase declarative 
knowledge
↑∆dk

I
Intermediary:
↑∆cu ≤ ↑∆dk

Semi-optimal:
↑∆cu > ↑∆dk

II
Intermediary:
=/↓∆cu < ↑∆dk

Marginal:
=/↓∆cu ≥ ↑∆dk 

Unchanged/ decrease 
declarative knowledge
=/↓∆dk

III
Semi-optimal:
↑∆cu < =/↓∆dk

Optimal:
↑∆cu > =/↓∆dk

IV
Marginal:
=/↓∆cu < =/↓∆dk

Lacking:
=/↓∆cu > =/↓∆dk

Figure 2. Possible effects of the program implementation.
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3.3 RESULTS

3.3.1 Co-constructing conceptual understanding

We hypothesized that pupils’ conceptual understanding and teacher’s/
instructors’ support in eliciting conceptual understanding were related. In order 
to determine how conceptual understanding was related to the support in 
eliciting conceptual understanding, considering the form of implementation, 
we compared the change in amount of time (seconds) teachers/instructors 
offered support in eliciting conceptual understanding with the change in 
amount of time pupils’ demonstrated conceptual understanding during the visit 
to the Mobile Planetarium (t1) and in the summary follow-up lesson (t2), five 
weeks later (see Figure 3). 

In all cases, a change in time pupils used to utter conceptual understanding 
corresponded with the change in time the teacher’s/instructor’s used to 
support pupils in eliciting conceptual understanding. In Case 1 (OI) the pupils’ 
conceptual understanding increased significantly (+67, p < .001), as did the 
support in eliciting conceptual understanding (+135, p < .001). Also, in Case 
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Figure 3. Change instructor’s/teachers’ support and pupil’s performances over time, per case.

3

Improving conceptual understanding



2 (II) and Case 3 (II), pupils’ performances and teacher’s/instructor’s support 
appears to be related. In Case 2, the probability that the expected and observed 
positive change in the volume of pupils’ conceptual understanding (+16) 
was due to chance is p = .103. The negative change in teacher’s/instructor’s 
support (-2) is very likely due to chance (p = .436). In Case 3 the amount of time 
pupils demonstrated conceptual understanding clearly declined (-36), (p = 
.003), as well as the time the teacher spent on support in eliciting conceptual 
understanding (-51; p < .001). As in Case 1 (OI), pupils’ conceptual understanding 
also increased in Case 4 (MI) (+74, p < .001), which aligned with the increase in 
support in eliciting conceptual understanding (+67, p < .001). To conclude, a 
relation between change in performances of pupils and a change in the support 
of teachers/instructors was found in all four cases. 

In Figure 3 we discussed total amounts of (eliciting) conceptual understanding. 
More information about the dynamic relationship between support and 
understanding can be obtained by taking a closer look at the way support 
and understanding change over the course of single lessons. By way of 
illustration, Figure 4 shows smoothed time-serial data of the level of conceptual 

69

Figure 4. Smoothed Loess curves of pupils’ level of conceptual understanding and teacher’s/instructor’s level 

of support in eliciting conceptual understanding.
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understanding of pupils (gray line) and the level of support in eliciting 
conceptual understanding of teachers (black line) within the lessons. The peaks 
in eliciting conceptual understanding and conceptual understanding are not 
only caused by the amount of time the utterances took, but also by the level of 
openness of eliciting conceptual understanding and the level of complexity of 
conceptual understanding. As in Figure 3, the process analyses (Figure 4) also 
demonstrated a positive change in Case 1 (OI) and Case 4 (MI) in both teacher’s 
support and pupil’s performances in conceptual understanding between the 
visit to the Mobile Planetarium and the summary follow-up lesson. In Case 2, 
the patterns of pupils and teacher during the visit to the Mobile Planetarium (t1) 
were rather similar to the patterns in the summary follow-up lesson (t2). Case 
3 (II) shows a relatively dense pattern of peaks in conceptual understanding 
during the visit, which decreased more or less in the summary follow-up lesson. 
Within all lessons, we see that when the teacher peaks in support (for instance 
in the follow-up lesson of Case 1, between 118 and 328 seconds), the pupils also 
tend to peak in amount and level of conceptual understanding (between 328 
and 391 seconds). On the other hand, pupils’ utterances at a higher level might 
also elicit more support from the teacher (e.g., in the follow-up lesson of Case 4, 
between 412 and 571 seconds). In other words, it is quite probable that teachers 
and pupils co-constructed conceptual understanding in real-time. However, 
this process was not optimal at every moment within a lesson. In the summary 
follow-up lesson of Case 1, we see that it required a lot of effort for the teacher 
to support the pupils to show conceptual understanding, which eventually 
resulted in higher conceptual understanding of the pupils (between 88 and 386 
seconds). In Case 2 (II) Case and 3 (II), the pupils seem to peak in conceptual 
understanding regardless of the support (e.g., in the follow-up lesson of Case 
3, pupils peak between 350 and 442 seconds). To conclude, on a macro level, 
it can be confirmed that conceptual understanding and eliciting conceptual 
understanding are related as we had hypothesized, but at the micro level, the 
co-constructing process differed per case and per moment in time.

3.3.2 Trained teachers and pupils’ performances

We hypothesized that trained teachers/instructors apply an open teaching 
style focused on the support more often than untrained teachers/instructors 
(hypothesis 2a), and that pupils show a higher amount of conceptual 
understanding in the presence of a trained teacher or instructor (hypothesis 
2b). Figure 5 shows the difference in amount of teachers’/instructors’ utterances 
eliciting conceptual understanding between untrained teachers and trained 
teachers (left) and the difference in amount of utterances of conceptual 
understanding between pupils in a class with an untrained teacher and in a class 
with a trained teacher (right). 
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The difference in the teacher’s support of conceptual understanding is 
significant; trained teachers/instructors supported conceptual understanding 
80 times more often than untrained teachers (p <.001). However, pupils did 
not demonstrate more conceptual understanding in trained settings than in 
untrained settings (+14), contrary to what we expected; the probability that the 
difference is due to chance is p = .127. The differences were only consistent with 
hypothesis 2a, and not with hypothesis 2b, although we know from the support 
of hypothesis 1 that over time pupils’ conceptual understanding and teachers’ 
support in eliciting conceptual understanding was related.

3.3.3 The quality and quantity of the program implementation and pupils’ 

performances 

To test the third hypothesis, The learning effect in terms of pupils’ performances is 
related to the program implementation, we applied the effect table (Figure 2 in 
the Method section) to the data measured in the out-of-school visit (t1) and the 
summary follow-up lesson (t2). Figure 6 displays the results of the effect on the 
learning outcomes. The positive effect of the program is most salient in Case 1 
(OI). Although the pupils in Case 4 (MI) received no preparation and no qualified 
teachers in terms of training in eliciting conceptual understanding, the learning 

Figure 5. Amount of teachers’/instructors’ utterances of eliciting conceptual understanding, and pupils’ 

utterances of conceptual understanding in trained and untrained settings

Evoking conceptual 
understanding

Conceptual understanding

Trained

Untrained
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outcomes of the pupils were also positive, especially compared with the Case 
2 (II) and Case 3 (II), which both showed intermediary results. The effect of the 
program was related to the program implementation, as we expected; however, 
the effect was not proportional, as the effect of Case 4 (MI) exceeded the effect 
of Case 2 (II) and Case 3 (II).

Increase conceptual 
understanding

↑∆cu

Unchanged/ decrease 
conceptual understanding

=/↓∆cu

Increase declarative 
knowledge

↑∆dk

I
Intermediary:
Case 2 (II):
7 ≈ 11; p = .655
Semi-optimal:
Case 4 (MI):
18 > 6; p = .077

II
Intermediary:
Case 3 (II): 
(-)14 < 59; p < .001
Marginal:

-

Unchanged/ decrease 
declarative knowledge

=/↓∆dk

III
Semi-optimal:
-
Optimal:
Case 1 (OI): 
29 > (-)5; p > .001

IV
Marginal:
-
Lacking:

-

Figure 6. Effect of the program implementation.
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3.4 CONCLUSION AND DISCUSSION

In this study we wanted to know how different forms of implementation of a 
connected in-school and out-of-school science program affect pupils’ cognitive 
science skills (conceptual understanding and declarative knowledge) in relation 
to teachers’/instructors’ support.

3.4.1 Overview of findings 

First, we found that a change in the pupils’ conceptual understanding was 
related to a change in the support given by the teachers/instructors, which 
supported our first hypothesis. This pattern was salient in all cases. When 
inspecting the data within the lessons, we observed a process of co-construction 
within the lessons. This process of mutual co-construction fluctuated over time, 
and was not always optimal during the course of the lesson, and it also differed 
per case. Second, we found that teachers and instructors, who were trained in 
applying an open teaching style focused on conceptual understanding, revealed 
more utterances of eliciting conceptual understanding within a lesson, which 
supported hypothesis 2a, although pupils assigned to those teachers did 
not show a significant increase in conceptual understanding (hypothesis 2b). 
Third, the case with the optimal form of implementation (Case 1) showed the 
highest increase in conceptual understanding. Participants of the intermediary 
implemented programs (Case 2 and Case 3) showed semi-optimal and marginal 
learning outcomes. The case with the marginally implemented program (Case 
4) exceeded the effects of the intermediary implemented program. Our third 
hypothesis that the effect of the program was related to its implementation is 
confirmed; however, the effect is not proportional to the implementation.

3.4.2 Effects of in-school and out-of-school programs

The results of this study confirm that the quality of the program and its 
implementation is relevant: the optimal program implementation is more 
favorable than the marginal program implementation; however, it is still a 
matter of discussion whether an intermediary program implementation is 
better than a marginal program implementation. It is possible that the lack of 
increase in conceptual understanding in intermediary implemented programs 
was because the trained instructors in the out-of-school activity were more 
capable of eliciting the conceptual understanding than the regular, untrained 
teachers in the summary follow-up lessons. The relatively good performances of 
the pupils in the case with the marginally implemented variant of the program 
might be explained by the fact that, according to the teacher, this class is in a 
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high performing school, and has high achieving pupils. Perhaps they might have 
performed even better if the quality of support had been higher. Considering 
that the case with optimal program implementation was characterized as the 
case with the youngest age group, with various levels of achievements of a lower 
performing school than Case 2 and Case 4, the learning effect in terms of increase 
in amount of conceptual understanding (relative to the amount of declarative 
knowledge) is considerable, compared with the other cases. Based on the results, 
we advocate that the quality of the professional development of the teacher 
plays an important role in conducting out-of-school activities (Harkins, 2013).

3.4.3 Limitations and future research

We used naturalistic, ecologically relevant conditions, which meant that we were 
obliged to accept the cases that signed up for a Mobile Planetarium visit. Also, 
we were obliged to accept the conditions of the cases. For example, in Case 4, 
a substitute showed up unexpectedly instead of the regular class teacher. In 
the observations we saw that the substitute used the questions in the manual 
frequently, in contrast with the other regular class teachers who did not consult 
the manual very much. This might have influenced the results. In addition, in 
Case 3, the teacher was not supposed to carry out the preparation lesson so as to 
provide a fourth variant of the program implementation, but in fact, she did carry 
out that specific lesson. Although the instructions for the teachers were clear, 
apparently not all teachers read the instructions carefully. Another example of an 
ecologically relevant condition appeared in Case 2 and Case 4, where the pupils 
participated in a school project on astronomy, which actually interfered with the 
research because the students in Case 4 were meant to be unprepared for the 
visit, but might have learned from the school project, and therefore exhibited 
this knowledge during the program. These unexpected situations resulted in not 
being able to optimally distinguish between cases. However, this study describes 
the authentic, real-time processes.

The naturalistic, ecologically relevant context of investigating connected in-
school and out-of-school programs makes it difficult to study effects with large 
samples (a large number of schools) using randomized control trials. For this 
reason, a better and more feasible way of understanding the relation between 
teacher support and pupils’ conceptual understanding is to focus on the micro 
development of support and understanding in single lessons, in characteristic 
cases. This study contributes to existing research on microgenetic measurements 
over time, corresponding with an in-depth analysis of the process of change in 
naturalistic, ecologically relevant conditions. Using time-serial data, we were 
able to demonstrate how processes of teaching and learning developed across 
the short-term timescale (constructing understanding), which provides a better 
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insight into how short-term processes may affect the long term development 
(Steenbeek et al., 2012). In this case, pupils’ performances and teacher’s support 
regarding conceptual understanding during the visit to the Mobile Planetarium 
influenced the performances and support in the summary follow-up lesson, and 
the real-time interaction in the follow-up lesson was most likely influenced by 
the long-term effect of the visit. How exactly this relationship unfolds over the 
short-term timescale of a real lesson and the long-term timescale of successive 
lessons is a matter of future research. 

3.4.4 Implications for practice

The practical implications of this study are threefold. First, training in applying 
an open teaching style focused on eliciting conceptual understanding is 
worthwhile, especially when the training is related to the implementation of 
the out-of-school visit into the curriculum. One of the premises of the training, 
mentioned in this study, was that the ability to adapt to pupils’ level of thinking 
and the support offered to pupils in developing the thinking process would lead 
to a higher, more complex, level of reasoning. For instance, although the teacher 
in the summary follow-up lesson of Case 1 was constantly probing the pupils 
to express conceptual understanding, still the pupils struggled to perform at a 
high level of complexity. It is possible that without the support of the teacher, 
the pupils would have shown high performance levels even less frequently, 
and generally performed at a lower level. Consequently, it is advisable to train 
all classroom teachers participating in a connected in-school and out-of-school 
program with a coaching program, such as Curious Minds (Wetzels, 2015). 
This video-feedback coaching program focuses on eliciting and developing 
unexplored potential talent of pupils in science by teaching teachers to see 
these talent, and to offer techniques to develop them. Second, in this study we 
used a short version of the Curious Minds program without the video feedback 
coaching. We know from other research that a brief training might only show 
short-term effects (see, e.g., Leach & Conto, 1999). As the instructors and 
external teachers had been trained nine months before this program started, the 
training effect in this study could have declined. However, a strong and perhaps 
lasting element of the training was that the instructors were confronted with 
results of the effectiveness of the performances of instructors of the Mobile 
Planetarium, which could explain the significantly higher amount of support in 
eliciting conceptual understanding compared with untrained teachers. Leach 
and Conto (1999) also illustrate that it is essential for professional development 
to receive performance feedback. This suggests that it would be advisable to 
include performance feedback in a short training focused on applying an open 
teaching style. Third, for teachers it is important that the training is aligned to 
the ongoing activities in the preparation, during and after the visit. We know 
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from other research that although preparation and implementation of out-of-
school activities into the curriculum is highly recommendable (e.g., DeWitt & 
Osborne, 2007), in practice teachers often fail to do so (Behrendt & Franklin, 
2014; Bitgood, 1989; DeWitt & Osborne, 2007; Griffin, 1998; Leary, 1996; Rennie 
& McClafferty, 1995). A training in open teaching connected to an in-school and 
out-of-school science program undoubtedly enhances teachers’ preparation and 
implementation into the school curriculum.
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HOW TO MEASURE 
Expressed 

Pedagogical Content 
Knowledge ?

How to Measure Expressed Pedagogical Content Knowledge in 
Real-Time Interaction? An Illustration Taken From the Field of 

Out-of-School Science Activities
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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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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).

4

How to measure Expressed Pedagogical Content Knowledge?



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 
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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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5.1 INTRODUCTION

5.1.1 A microgenetic view on Pedagogical Content Knowledge in out-of-school 

teaching and learning

Out-of-school environments, such as museums, parks, science centers, 
planetariums, zoos, are highly valued resources for learning about science 
(Griffin, 2004). Out-of-school science education (Salmi, 2012) occurs in such 
environments under the guidance of an instructor. It usually comprises activities 
that are authentic, realistic and meaningful and that incorporate a certain 
degree of freedom to choose. As formal learning in school and less formal 
learning in out-of-school facilities take place in different contexts, the objectives 
of teachers and instructors are also different. Tran (2006), for instance, showed 
that museum instructors are more focused on pupils’ interest and excitement 
than on the aspect of cognitive learning, in contrast with teachers, who are of 
course accountable for academic learning. Kisiel (2010) however, states that 
the informal out-of-school educational practices are comparable with formal 
educational practices, e.g., giving presentations and demonstrations and doing 
hands-on activities. Thus, though the contexts and the goals of teaching 
might be different, practices within these different contexts might also show 
similarities. However, the pedagogy of out-of-school science practices, e.g., ways 
of giving instruction and how they relate to pupils’ level of cognitive learning, 
has scantly been investigated. 

An indicator of the quality of science practices and pedagogy in school contexts 
is teachers’ Pedagogical Content Knowledge (PCK). Shulman (1986, p. 9) defined 
teacher’s PCK as “Ways of representing and formulating the subject [content] that 
make it comprehensible to others… this also includes an understanding of what 
makes the learning of specific topics easy or difficult”. High-quality practices (as 
defined by PCK) in out-of-school learning are likely to be comparable with those 
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in formal in-school teaching, considering the fact that instructors and teachers 
face the same challenge of teaching pupils about science. In formal learning 
situations, PCK is composed by teachers’ knowledge of and beliefs about: goals 
for teaching, the curriculum, instructional strategies, pupils’ understanding 
of specific topics, general pedagogy, and different contexts (Coenders, 2010; 
Platteel, 2010). Research on PCK has given us insight into how it is constructed 
and how it develops in teachers as they build up teaching experience in the 
long term. However, it is not enough for teachers to have this knowledge; it 
must also be expressed in their teaching activities and interactions with pupils 
(Henze & Van Driel, 2015; Park & Suh, 2015). How PCK is expressed in real-time 
interaction has not been sufficiently investigated yet. In this study we argue that 
PCK is not just a kind of background knowledge, but that it is first and foremost 
a dynamically emerging phenomenon that is co-constructed during real-time 
interaction between teacher and pupils. Although Park & Oliver (2007) argue 
that PCK components are intertwined and develop during (inter)action in the 
classroom, they are still considered and examined as a qualities of the teacher. In 
our view, however, the development and expression of PCK are also constituted 
by pupils’ actions and verbalizations, and therefore making it a quality of the 
teacher-pupil system. We define this mutually influencing process as Expressed 
PCK ( = EPCK). 

To investigate how EPCK emerges through co-construction, we have to observe 
the process as it occurs (Schauble et al., 1997). From the point of view that EPCK 
is constructed in real time by teachers and pupils and defined by intertwined 
components, it seems that research into the emergence of EPCK could profit 
greatly from a complex dynamic systems approach. However, studies on PCK 
have thus far not taken into account the complex dynamic systems (CDS) point 
of view and PCK has merely been investigated in formal learning contexts (in 
schools, as a “background quality” of the teacher). In this study we present an 
alternative way of exploring EPCK: adopting a microgenetic approach (Flynn et 
al., 2007) that is inspired by a CDS point of view and applying it to out-of-school 
science learning. 

5.1.2 Multiple components of high-level Expressed Pedagogical Content 

Knowledg

The teaching and learning process is a socially situated, complex system that 
is composed of specific, and dynamically evolving combinations of multiple 
elements or variables (Kunnen & Van Geert, 2011; Steenbeek & Van Geert, 
2013). These elements have different places in state space and are all connected 
differently in networks that often have very considerable complexity (Kunnen & 
Van Geert, 2011; Vallacher, Coleman, Nowak, & Bui-Wrzosinska, 2010). In order to 
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conceptualize the complex networks of many connected elements or variables, 
researchers focus on a small part of the network (Kunnen & Van Geert, 2011) 
such as a collection of connected elements or variables that are theoretically 
fundamental. Although this particular point does not set CDS research apart 
from traditional research, there is a difference in that CDS research views the 
theory-based components as representative of the entire system without 
pretending that the system can be reduced to these components.
 
In science education, PCK is traditionally defined by means of its components, 
namely: teachers’ orientation towards science (e.g., goals and objectives of 
teaching) and their knowledge of and beliefs regarding the science curriculum, 
pupils’ understanding of science, assessment in science, and instructional 
strategies for teaching science (Chapoo, Thathong, & Halim, 2014; Espinosa-
Bueno, Labastida-Pina, Padilla-Martínez, & Garritz, 2011; Friedrichsen et al., 2011; 
Henze & Van Driel, 2015; Magnusson et al., 1999; Park & Suh, 2015). In most studies, 
PCK is seen as solely consisting of internal components, i.e., representations of 
knowledge and beliefs (e.g., Baxter & Lederman, 1999). Although recently some 
scholars have acknowledged the importance of studying the enactment of PCK 
in the classroom (see studies of e.g., Henze & Van Driel, 2015; Park & Suh, 2015), 
more knowledge is needed of how PCK components are expressed during real-
time interaction. Additionally, PCK is defined as a quality of the teacher, whereas 
EPCK is considered to be a process of intertwined interactions that take place 
between teacher and pupils in a particular context.

Based on a variety of studies (e.g., Alfieri et al., 2011; Chin, 2006; Engel, 2011; 
Haug, 2014; Oliveira, 2010; Rowe, 1974; Van Zee & Minstrell, 1997), we defined 
seven High-EPCK components as those that reveal relevant, observable aspects 
of high-quality science teaching and learning processes (see also Geveke, 
Steenbeek, Doornenbal, & Van Geert, 2016b). The central component for 
High-EPCK is the Allocated learning time (Stallings, 1980) − the time that is 
actually spent on the content and which is conditional for the presence of the 
other six components. These other components can be divided into educator 
components (components that refer to teachers or instructors) and pupil 
components. The first educator component for high-level EPCK is Open teaching 
style focused on conceptual understanding. This component is related to the 
key PCK component Knowledge of instructional strategies (Park & Suh, 2015). 
Studies show the importance of asking questions that provoke pupils’ thinking 
(Oliveira, 2010; Wetzels, 2015), using minimal verbal and nonverbal responses to 
encourage pupils to speak (Cazden, 2001; Sawyer, 2006), and of providing think-
time (e.g., Rowe, 1974). Also essential for high-quality teaching and learning 
is an open teaching style that is focused on conceptual understanding, rather 
than on declarative knowledge. The second educator component for High-
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EPCK is Reaction to pupil’s contribution. This component is related to key PCK 
component Knowledge of pupils’ understanding (Park & Suh, 2015). Through 
giving adequate responses to pupils’ contributions, the educator accepts that 
they may actively participate in the conversation and thereby supports pupils’ 
cognitive autonomy (Stefanouet al., 2004). The third educator component is 
Reaction to pupil’s conception. This component is related to key PCK component 
Knowledge of pupils’ understanding (Park & Suh, 2015). In high-quality teaching 
and learning, the educator responds in a neutral way to the content of pupils’ 
contributions by avoiding an overly judgmental attitude (Van Zee & Minstrell, 
1997) and by asking follow-up questions to encourage pupils to further explore 
the subject. 

The pupil components are strongly related to the educator components. The 
first pupil component important for high-level EPCK is Conceptual understanding. 
Conceptual understanding is a deeper form of knowledge than declarative, 
factual knowledge. The second pupil component is “Pupil’s contribution” to 
the conversation. When pupils are invited to contribute to the interaction, 
it increases their intrinsic motivation to learn about science (Berlyne, 1960; 
Csikszentmihalyi & Csikszentmihalyi, 1988) and stimulates their cognitive 
autonomy and self-regulation (Stefanou, Stolk, Prince, Chen, & Lord, 2013). The 
third pupil component is “Pupil’s conception”, which can be correct, fragmented 
or incorrect according to accepted scientific ideas. If pupils express their concepts, 
it enables educators to adapt their education to the needs of those pupils.

5.1.3 High EPCK as a complex dynamic teaching and learning system

In this chapter we suggest that, in order to recognize indications of High-
EPCK, the micro-interaction dynamics between variables within and across 
EPCK components that indicate a high-level or low-level of EPCK should be 
studied, using the properties of CDS (Kupers, 2014; Smith & Thelen, 2003; Van 
Geert, 1994). The first of these CDS properties is iterations of variables. EPCK 
is composed of iterations of interconnected “teaching variables” of educators 
and “learning variables” of pupils. These iterations show reciprocal causality 
over time (Guanglu, 2012) − for example, educator’s questions that elicit 
conceptual understanding and pupils’ conceptual understanding show a 
recurrent pattern over time. EPCK is the product of the real-time self-assembly 
of these components, as opposed to being the sum of the contributions of 
variables derived from a statistical model based on associations between inter-
individual variables (cf. Den Hartigh, 2015). Consequently, the iterative process 
of interaction between teaching and learning variables within and across 
components needs to be studied in order to find out whether High EPCK occurs 
in real-time teaching and learning processes.
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The second CDS property is the interconnectedness of different timescales. The 
teaching and learning process changes over time (Steenbeek & Van Geert, 
2013), forming a variable pattern, and causing of a continuous process of 
iteration between actions of the pupils and actions of the educator. The real-
time interactions that take place during an out-of-school activity influences the 
long-term development, but is also a result of the long-term development. It is 
therefore necessary to observe sequences of real-time teaching and learning 
processes to see whether the dynamic patterns of teaching and learning change 
when lessons or activities are repeated over a longer period of time.
The CDS property is that developmental processes show non-linearity and 
variability over time. Because the elements of the system are interconnected and 
mutually influence each other, its path of development cannot be represented 
as a smooth gradually changing line but instead shows a variable pattern 
(Kupers, 2014). Temporarily increased variability could provide an indication 
that the teaching and learning process is about to change, for instance that it is 
moving towards higher or lower levels of EPCK. 

The fourth CDS property is the forming of attractor states. The variables define 
the state space of the system. Hence, states are particular conditions of (a set 
of) elements or variables of a system at a particular moment in time. Over time, 
the system shifts from one state to another. However, if the system shows a 
recurrent pattern of temporary stable constellations, the state is an attractor 
(Hollenstein, 2007; Kunnen & Van Geert, 2011). Only a small amount of energy is 
required to remain in that attractor state, relative to the amount of energy that 
it takes to change the constellations of elements (Kunnen & Van Geert, 2011; De 
Ruiter, 2015). Thus, an attractor state is in principle a temporarily self-sustaining 
state. For instance, educator’s questions that focus on insights elicit pupils’ 
conceptual understanding, which in turn makes it easier for the educator to 
ask high-level questions. This typically forms a self-sustaining cycle of a certain 
duration. 

According to Meindertsma (2014), attractor states can be observed on a short-
term timescale, based on the pattern of variability of the elements or variables. 
All possible states of the system can be represented by means of an EPCK 
attractor landscape. Figure 1 is a representation of such an attractor landscape. 
It aims to illustrate all possible conditions of the system at a certain moment 
in time. The ball (A) represents the current position of the system, namely a 
particular condition of EPCK. The shape of the attractor is determined by the 
recurrent pattern of the teaching and learning process (e.g., open questions that 
elicit complex answers, which in turn elicit open questions), its duration (Guevara 
Guerrero, 2015), and the amount of variation in the pattern (Meindertsma, 2014). 
If there is no EPCK attractor state, the system tends to move across an arbitrary 
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path in the state space, due to arbitrary or external influences. Instead of a self-
organizing pattern it shows a variable pattern without a stable structure, which 
implies a constantly changing teaching and learning process

De Ruiter (2015) has presented a model of how the self-esteem trait develops as 
an attractor state, namely by means of self-organizations of self-esteem states 
on the meso level of parent-child interaction (typical duration: a matter of 
minutes), composed of a constellation of coherent elements (variables, such 
as self-directed feelings and thoughts) on the micro level (typical duration: 
a matter of seconds). The waxing and waning of these meso level states 
determines the long-term development of self-esteem on the macro level. At 
the same time, the state of long-term development of self-esteem determines 
the self-assembly of micro and meso level patterns. Similarly, the development 
of EPCK attractor states on the macro level is likely to be determined by 
real-time teaching and learning states, which in turn are influenced by the 
specific combination of actions of pupils and educators. If on the micro level 
the interaction is a self-sustaining state composed by high-quality teaching 
and learning variables (such as conceptual understanding, asking questions, 
providing think-time) and self-organizing in a high-quality conversation on the 
meso level (minutes), the state can be characterized as a High-EPCK state. If the 
state’s duration is substantial and it shows both a recurrent pattern and low 
variability, the state develops into an attractor state (see Figure 2). Long-term 
attractor states are difficult to find in out-of-school activities, as they often 
amount to a single visit. In this study, macro level attractor states are based 
upon the recurrence and duration of these states across the total length of the 
observation during one out-of-school visit. 
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Figure 1. Attractor landscape of possible conditions of the teaching and learning and learning system at a 
certain moment in time. 
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5.1.4 Idiosyncrasy and commonality of EPCK in out-of-school activities

In general, learning is the result of constant feedback loops that take place 
during interaction on the micro level (Howe & Lewis, 2005). Such feedback 
loops amplify idiosyncratic behavior of a particular pupil. However, it is possible 
to detect similarities in learning patterns between different pupils (e.g., Kupers, 
2014). Particularly in out-of-school activities, learning is constructed in even 
more idiosyncratic ways due to the complex and less structured nature of these 
environments (Bamberger & Tal, 2008b; Crowley et al., 2000). When there have 
been preparations in the classroom prior to an out-of-school activity, it can 
be assumed that teaching and learning patterns will be less idiosyncratic, as 
prior knowledge pre-structures the out-of-school activity and the information 
it presents. However, even in the case of prepared activities, idiosyncrasy 
is plausible whenever pupils have been given a large amount of cognitive 
autonomy. 

 As far as the teacher is concerned, literature shows that there are considerable 
differences between a teacher’ development of PCK at the individual level 
(Coenders, 2010; Van Driel et al., 1998). Even when teaching concerns the same 
subject matter, large individual differences have been found (Park & Oliver, 
2007). This might also be the case for instructors in out-of-school activities. 
In spite of the many differences, researchers also found characteristics of PCK 
that were common between teachers (Loughran, Mulhall, & Berry, 2004; Park & 
Oliver, 2007). A common characteristic of High EPCK, for instance, is teachers’ 
questions to enhance pupils’ conceptual understanding. 
By means of training, it is possible to develop high-quality science teaching 
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that is focused on conceptual understanding (Geveke, Steenbeek, Doornenbal, 
& Van Geert, 2016a; Wetzels, 2015). However, even if teachers have undergone 
the same teacher training, they might perceive the training in different ways 
and therefore apply what they have learned differently (Van Driel et al., 1998; 
Wetzels, 2015). In conclusion, idiosyncrasy must be taken into account when 
investigating EPCK.

5.1.5 Questions and hypotheses of the present study

In this study we argue − on theoretical grounds − that indications of the 
emergence of high-quality practices consisting of High EPCK can be observed 
in the short-term micro-interaction dynamics within out-of-school science 
activities. The aim of this study is to empirically explore the real-time teaching 
and learning process in various out-of-school science activities, to examine 
whether and how the teaching and learning processes self-organize into 
attractor states, and to determine the characteristics of these states in relation 
to the different out-of-school activities. Although many researchers assert that 
the development of PCK is an active and dynamic process (e.g., Coenders, 2010; 
Henze et al., 2008; Park & Oliver, 2007; Van Driel et al., 1998), it is generally not 
approached as such. This study fills a void in the existing literature by using the 
dynamic systems approach to empirically investigate the emergence of the 
expressed form of PCK during out-of-school activities. As this study only includes 
“one-off” visits to out-of-school facilities (a visit is usually a one-time event), we 
were not able to study EPCK on the long-term timescale (second CDS property).

Our first question that concerns the empirical exploration of the emergence 
of EPCK on the micro level timescale is Can multiple teaching and learning 
variables be reduced to a limited number of underlying teaching and learning 
components, and if so, are these underlying components idiosyncratic or general 
across different instructors and out-of-school activities? As the intertwined 
teaching and learning process is composed of a large number of interacting 
teaching and learning variables, it is hard to conceptualize the interconnected 
network. We are interested in finding out how the underlying variables are 
interconnected in terms of their time-serials within and across components 
during particular teaching-learning processes. We expect that the teaching and 
learning components will be idiosyncratic (unique combinations of elements 
or variables) but will also show similarities in terms of general comparability 
(resemblances in terms of combinations of particular variables). 

Our second question focuses on how the intertwined teaching and learning 
process self-organizes into meso level states: How do successive moments in an 
actual out-of-school activity cluster into qualitatively distinct successive teaching 
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and learning states, and how comparable are the self-organizing processes of 
these states across different cases? Our expectation is that if we find teaching 
and learning components at the micro level, these components will self-
organize into (potential attractor) states at the meso level. We also expect that, 
though these states are by definition idiosyncratic, we will find content-related 
similarities − that is, that the same components are active in different cases. 

Our third question aims to compare the cases in their stabilizing patterns on the 
macro level: What are the characteristics of the attractor states, if any are found, 
and can the data be related to the properties of different out-of-school activities? 
On the short-term timescale of one out-of-school activity, we expect to find 
attractor states on the basis of three criteria, namely recurrent pattern, duration, 
and low variability of the self-assembly of components into states. We expect 
that out-of-school activities with similar properties (topic and organization), 
for which pupils have been prepared, and with instructors who are trained at 
high-quality teaching (using an open teaching style focused on conceptual 
understanding) might nevertheless show different EPCK attractors states, due 
to the idiosyncratic nature of the teaching and learning processes. However, 
we also expect to find similarities between attractor states due to their having 
common properties. 
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5.2 METHOD

5.2.1 Subjects of the study

This study contains nine cases of primary school classes taking part in different 
out-of-school activities. The participants consist of pupils of upper primary 
school classes of a variety of schools in the north of the Netherlands (grade 3-6). 
All of the schools were connected to a program of the Northern Netherlands 
Science Network and had agreed to participate in the networks’ research into 
out-of-school science activities. The program consisted of at least one visit to 
an out-of-school activity. The activities included in this study are a visit to: the 
Kapteyn Mobile Planetarium, the University Museum, Children’s University, the 
Science Center (De Magneet), and the Mobile Science Classroom (a truck called 
the Zout Express). See Figure 3.

The Science Network offered preparation programs for the activities, although 
not all schools prepared the pupils before taking part in visiting the out-of-
school activity (Table 1). The instructors included in this study were asked to 
follow a half day’s training session, which half of the instructors featured in 
this study had done. The training concerned information about open teaching, 
focused on eliciting conceptual understanding. The cases described in this 
study were chosen from a larger set of recorded out-of-school activities. This 
selection was based firstly on whether the interactions in the recorded activities 
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Figure 3. Activities included in this study. Upper row from left to right: Mobile Science Classroom, Mobile 
Planetarium, and Children’s University. Lower row from left to right: Science Center, University Museum.
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showed a level of variability that sufficed to discriminate between various kinds 
of patterns during a single recorded activity or during a single session, and 
secondly on whether it was likely that some of these patterns would comply with 
our definition of High EPCK. Table 1 lists the characteristics of the selected cases.

This study was approved by the Ethical Committee Psychology of the University 
of Groningen (the Netherlands). Instructors and the parents of the pupils filled in 
an informed consent form before this study.

5.2.2 Procedure

The video observations did not interfere with the natural educational context, 
meaning neither the instructor or the pupils were prescribed to behave in a 
certain way, follow a certain procedure, or apply a particular teaching style. The 
duration of the activities differed in each case and ranged from 20 minutes to 
1.5 hours. 

We tested the optimal coding length for capturing the dynamics of the main 
variables, and this resulted in 600 seconds of coding for each case. In order 
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Table 1

Overview of the properties of the cases

Cases Activity description Pupils
Grade and preparation

Instructor
Gender and 

training

Case 1 Mobile Planetarium, interactive 
presentation, 17 pupils

Grade 5-6, prepared Male, trained

Case 2 Science Center, inquiry learning, 2-3 
pupils

Grade 5-6, prepared Female, 
untrained

Case 3 Children’s University, lecture presentation, 
200 pupils

Grade 5-6, semi-
prepareda 

Female, 
untrained

Case 4 Science Center, inquiry learning, 4 pupils Grade 5, prepared Female, trained

Case 5 Mobile Science Classroom, interactive 
presentation, 17 pupils

Grade 4-6, unprepared Male, untrained

Case 6 Mobile Planetarium, interactive 
presentation, 24 pupils

Grade 6, unprepared Female, trained 

Case 7 University Museum, inquiry learning, 2-5 
pupils

Grade 4, unprepared Male, untrained

Case 8 Mobile Science Classroom, interactive 
presentation, 17 pupils

Grade 4-6, prepared Male, trained

Case 9 Children’s University, lecture presentation, 
150 pupils

Grade 5-6, unprepared Male, untrained 

Note. Dutch version of a presentation of the training can be requested from the author.
 a Pupils of different schools; not all participating classes were prepared for the lecture.
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Table 2

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.

  9.

10.

12.

13.
14.

15.

16.

17.

18.

19.
20.
21.

22.

23.

24.

25.
26.

  7.

  8.

11.

  4.

  5.
  6.

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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to code EPCK, a coding scheme with 26 variables was used (see Table 2). The 
coding system entailed variables referring to High-EPCK content, and variables 
referring to non-EPCK content. We coded each variable with 0 or 1 for each 
precise moment, using the video coding system Mediacoder (Bos & Steenbeek, 
2010) to capture the presence of each variable at any time.

The coding scheme was already found to be reliable in a previous study (Geveke, 
Steenbeek, Doornenbal & Van Geert, 2016b). To determine the reliability of 
the current study we used the underlying variables of each theoretical EPCK 
component (see Table 2), and we left out any missing data of the variables. The 
kappa’s of the theoretical EPCK components were: Allocated learning time 0.85; 
Teaching style 0.81; Instructor’s reaction to pupil’s contribution 0.68; Instructor’s 
reaction to pupil’s conception 1.00; Pupil’s contribution 0.79; Pupil’s complex 
thinking 0.71; Pupil’s conception 0.93. These kappa’s revealed that the coding 
was sufficiently reliable (Viera & Garrett, 2005). Finally, all data used in this study 
have been checked by the second rater for consistency.

5.2.3 Data-analyses

To answer the research questions, we used two consecutive analyses for each 
question. In the case of the first research question (Can multiple teaching and 
learning variables be reduced to a limited number of underlying teaching and 
learning components , and if so, are these underlying components idiosyncratic 
or general across instructors and out-of-school activities?), we examined the 
possibility of reducing the 26 observational variables measured at the micro 
level (cf. Figure 2) to a limited number of components by using a principal 
component analysis (PCA) on the time-serial data. Firstly, the data was smoothed 
with a Loess smoothing technique (Simonoff, 1996) with a window of 10%, 
which provided us continuous data. We imported the smoothed data from 
Excel into the software Tanagra8 to carry out a PCA for every individual case. 
We used a factor rotation to improve the interpretability (Beavers et al., 2013). 
To decide on the amount of factors (components), we stated that the explained 
variance should at least add up to 50%, and that each factor should have an 
eigenvalue > 1.00. We expected that underlying variables interact and that 
three uncorrelated rotated factors should be sufficient to divide the data into 
interpretable components. In this way, we would still retaining a satisfying 
amount of explained variance to find discriminating components describing the 
intertwined teaching and learning process on the micro level (cf. Beavers et al., 
2013; Spicer, 2005). Whenever the factors jointly accounted for less than 50% of 
the variance, a fourth factor with an eigenvalue of at least 1 was added.
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8 The PCA and the SOM analysis were done in the data mining program Tanagra 1.4.50 (Rakotomalala, 2005). For 

more information regarding this analysis technique, see the tutorial “Self-organizing map (SOM)” provided by 

Tanagra (http://data-mining-tutorials.blogspot.nl/2009/07/self-organizing-map-som.html).
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The second analysis for answering the first question is a Kohonen’s self-
organizing maps (SOM) technique (Kohonen, 1982). We used this analysis to find 
similarities between idiosyncratic components, so that we could find general 
descriptions of components that can be used across cases. For the clustering 
technique, we used the correlations of the 26 variables with the components of 
all cases (resulted from the first analysis) to find general conceptualizations of 
the case components. The cluster analysis groups the case components on the 
basis of the correlation value of each underlying variable. Again, the correlation 
of the variables with the case components is time-related. This means that 
the case components in one cluster are grouped because they show similar 
time-related correlations of variables. By means of Tanagra, the contribution 
of particular variables to a cluster of variables can be numerically specified 
in the form of an indicator called the test value (TV). The TV of the variables 
indicates the extent to which each particular variable contributes to the cluster. 
The cohen’s d effect size (ES) shows how much the TV of the variable in the 
cluster differs from the values of the variable in the other clusters. The ES is 
determined by the absolute difference score of the average correlation of the 
variable in the cluster and the average correlation of the variable in the other 
clusters, divided by the standard deviation of the variables in all clusters. The 
variables with the largest TV’s and highest ES’s (cohen’s d >.85) are considered 
to be indicators for the conceptualization of the components in the cluster. To 
facilitate interpretation, we used three clusters to find three general descriptions 
expressing a level of EPCK. 

To find out how successive moments in an actual out-of-school activity cluster 
into qualitatively distinct, successive teaching and learning states, which are 
potential attractor states, and to find out how comparable the self-organizing 
processes of these states across cases are (question 2), we first carried out the 
Kohonen’s self-organizing maps (SOM) technique to the data of the individual 
cases by using the time series of the components. The analysis revealed the 
emergence of structure in time-serial data (De Ruiter, 2015) − in this case the 
emergence of EPCK states on the meso level (cf. Figure 2). We used three 
clusters to find discriminating EPCK states of considerable size, as we considered 
this the best possible compromise between generality and detail given the 
duration of the observation. The analysis reveals what percentage of time the 
state was active during the observation. The TV indicates which components 
are dominant in the state. For each EPCK state, the component with the highest 
positive or negative TV is considered to be the component that is most likely to 
activate the self-organization of that specific state. The ES shows how the TV of 
the component in a particular state differs from the values of the component 
in the other states. Whenever the system changes from one state to another, 
i.e., during a transition period, the components show a significant increase or 
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decrease. These transitional values of the components were not included in the 
characterization of the states or in the calculation of the difference between 
those states in terms of ES − we left out 15% of the values at the starting point 
of the state occurrence and another 15% at the end of the state occurrence. We 
defined a component as dominant whenever the ES was very large (d > .85), and 
whenever the mean value of the component was larger in a particular state than 
in other states.

Next, we inspected the EPCK levels of the states: high, low or no EPCK. To 
determine the EPCK levels we defined the following rules: If a state is dominated 
by a component with a typical High-EPCK description, the state itself is 
characterized as a High-EPCK state, even if another component which cannot 
be described as typically High EPCK is also dominant in that state. Whenever a 
component with a High-EPCK description dominates the state on the basis of a 
negative value, the state was characterized as Non-EPCK. All other variants were 
considered to be Low EPCK. 

In order to answer the third question (What are characteristics of the attractor 
states, if any are found, and can the data be related to the properties of different 
out-of-school activities?), we first inspected the states for theoretical properties 
for attractor states: recurrent pattern of each state, state durations and the 
variability of the dominating components in the state. Based on theoretical 
argumentation we stated that for a state to be interpreted as an attractor state, 
it needs to reoccur three or four times within the 600 coded seconds to show 
both recurrence and substantial duration time per recurrence. Another criterion 
for treating a particular state as an attractor state was based on the variability of 
the components in a state, which was expressed in the form of the coefficient 
of variation (CV) of the components in a particular state. If the variability of the 
dominant component was smaller than the average CV of all components in that 
state, we considered the component to be sufficiently stable, thus indicating 
that the state is an attractor state. 
 
Lastly, to compare the states on the basis of additional case properties (see Table 
1), we inspected the conceptualization of the attractor states (High EPCK, Low 
EPCK or no EPCK). We then compared the cases in terms of the type of activity, 
whether the pupils were prepared or not, and whether the instructor had 
followed the short training in EPCK or not. 
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5.3 RESULTS

5.3.1 Teaching and learning components in out-of-school activities (micro) 

The first question was: Can multiple teaching and learning variables be reduced to a 
limited number of underlying teaching and learning components; and if so, are these 
underlying components idiosyncratic or general across instructors and out-of-school 
activities? The PCA of the individual cases reduced the data to three components 
(in six cases) or to four components (in three cases). The total variance explained 
by components in each case was between 55% and 68% (see Appendix B). The 
components were characterized on the basis of interacting variables on the 
micro level. Although the components were idiosyncratic, typical components 
also showed typical similarities. The Kohonen clustering technique revealed 
that the particular components could be described in a similar vein, resulting in 
three general descriptions. Table 3 shows the characterization of these general 
descriptions. The first row shows which components were included in each 
cluster. The first column of each cluster shows the variables that make a major 
contribution to the cluster. The second and third columns of each cluster show 
the TV’ s and ES’s of each variable in each cluster. The general description of the 
cluster is based on the cluster’s major variables, that is to say, the variables with 
high positive TV’s and with large ES’s (cohen’s d > .85).

Based on Table 3, the components in Cluster 1 as the combination of Open 
teaching focused on eliciting conceptual understanding and pupils’ conceptual (mis)
understanding (General Description 1). This general description encompasses 
the following properties: the instructor’s evoked conceptual understanding 
through asking questions and expressed encouragement of pupils to think 
out loud, the think-time provided by the instructor after a thought-provoking 
question, feedback given by the instructor in the form of follow-up questions; 
and pupils’ expressed conceptual understanding and misconceptions (e.g., a 
wrong explanation). See Table 2 for examples of utterances that are related 
to the variables. The components in Cluster 2 can be described as Declarative 
knowledge and reaction to non-spontaneity (General Description 2). This general 
description encompasses pupils’ declarative knowledge (e.g., a definition) and 
the instructor’s reaction to contributions of pupils that were not spontaneous 
but elicited by questions of the instructor. The components in Cluster 3 can 
be described as Spontaneity and non-complex thinking (General Description 3). 
This general description encompasses pupils’ spontaneous contributions to 
the conversation, which were typically non-complex (e.g., “yes”) and was either 
acknowledged or not (i.e., the instructor did or did not respond). It is salient 
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that Cluster 1 showed high TV’s on five High-EPCK variables, whereas the other 
clusters only contained one or two High-EPCK variables. Consequently, we 
interpret components with General Description 1 as representing High EPCK, 
and components with General Description 2 and 3 as representing Low EPCK.

In conclusion, the answer to question 1 is that multiple teaching and learning 
variables can be reduced to distinct teaching and learning dimensions, namely 
case dimensions. Although the components were idiosyncratic, they also showed 
commonalities across cases (as we expected). The clustering technique revealed 
that all components can be characterized by one of the three general descriptions, 
and that these general descriptions express either High or Low EPCK.

5.3.2 Forming of teaching and learning states in out-of-school activities (meso)

The Kohonen cluster analysis was also used to answer the second question How 
do successive moments in an actual out-of-school activity cluster into qualitatively 
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Table 3 

The empirical findings with regard to the clustering of the components

Cluster 1 Cluster 2 Cluster 3

Case1_C1, Case2_C1, Case3_C2, 
Case4_C1; Case5_C1, Case7_C3, 

Case8_C1

Case1_C3, Case1_C4, Case2_
C3, Case3_C1, Case4_C3, 

Case5_C3; Case6_C1, Case7_
C4, Case8_C3, Case9_C1, 

Case9_C3

Case1_C2, Case2_C2, Case3_
C3, Case4_C2, Case5_C2, 

Case6_C2, Case6_C3, Case7_
C1, Case7_C2, Case8_C4, 

Case9_C2

Characterizing 
variables 

TV d Characterizing 
variables

TV d Characterizing 
variables

TV d

Feedback by 
means of follow-
up questiona

3.67 1.61 Declarative
knowledge

2.33 .90 Spontaneous 
reactiona

4.03 1.53

Evoking 
conceptual 
understandinga

3.49 1.53 React to non-
spontaneous 
contributiona

2.21 .85 No reaction to 
spontaneity

3.36 1.27

Conceptual 
understandinga

3.00 1.32 No reaction to 
pupil’s (non)
concept

3.07 1.16

Think-timea 2.92 1.28 Non-complex 
thinking

2.78 1.05

Incorrect 
conceptiona

2.41 1.06 React to 
spontaneous 
contributiona

2.61 .99

Note. Only variables with a large effect size (d > .85) were included in the table. C1, C2, C3, and C4 refer 
to the first, second, third, or fourth component. 
a High-EPCK variable.
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distinct successive teaching and learning states, and how comparable are the 
self-organizing processes of these states across cases? It revealed that there were 
three EPCK states per case on the meso level, which can be interpreted as 
self-organizing patterns of components on the micro level. To illustrate how the 
components self-organize into states, we used Case 5 and Case 8 as examples. Both 
cases concerned an activity in the Mobile Science Classroom. The instructor is the 
same in both cases, but the pupils are different. Table 4 shows the results of Case 5.

It is clear that EPCK State 1 was primarily characterized by Component 2 with 
General Description 3 Spontaneity and non-complex thinking, which indicates 
Low EPCK. This particular interaction state occurred in 26.2% of the total 
interaction time. As for EPCK State 2, which had a total duration of 36.2% of 
the observation, no particular component was dominant. Consequently, this 
state could not be characterized by one of the general descriptions. EPCK 
State 3 was negatively dominated by Component 1 with General Description 
1 and Component 3 with General Description 2, indicating that this state 
was typically the opposite of “Open teaching focused on eliciting conceptual 
understanding and pupils’ conceptual (mis)understanding” and “Declarative 
knowledge and reaction to non-spontaneity”. This indicates that EPCK State 3 is 
a Non-EPCK state, because no “Open teaching focused on eliciting conceptual 
understanding and pupils’ conceptual (mis)understanding” was found. This 
state occupied a total of 37.7% of the observed time.

Figure 4 shows a temporal distribution of the components and the states of 
Case 5. The timescale is on the x-axis, while the values of the components are 
on the y-axis. The lines represent the distributed components over time. This 
figure shows the successive moments of the actual out-of-school activity and its 
distinct successive teaching and learning states. These states emerge as a result 
of the interaction on the micro level (patterns of the components). These self-
organizing patterns are different for each state. To illustrate this, EPCK State 1 

Table 4

Components and EPCK states of Case 5

EPCK State 1 EPCK State 2 EPCK State 3

(26.2%) (36.2%) (37.7%)

Component TV d TV d TV d

Case5_C1_GD1 5.08 .32 7.04 .75 -11.59 1.00

Case5_C2_GD3 18.92 1.82 -9.13 .80 -8.11 .70

Case5_C3_GD2 8.70 1.08 3.16 .21 -11.03 1.08

Note. C1, C2, and C3 refer to the first, second, or third component. GD1, GD2, and GD3 refer to the first, 
second, or third general description. Components with a large effect size (d > .85) are dominant.
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was characterized as “Spontaneity and non-complex thinking”, although this 
was merely due to the peak in Component 2 with General Description 3 in the 
last occurrence of the state. The emergence of EPCK State 3 on the other hand, 
which was characterized as a Non-EPCK state, was the result of the drops of 
Component 1 with General Description 1 during the second, fourth and last 
occurrence of the state. Finally, EPCK State 2 could not be described by means 
of a general description due to absence of dominant components, although 
Component 1 with General Description 1 (Open teaching focused on eliciting 
conceptual understanding and pupils’ conceptual (mis)understanding) peaked 
in the first and last occurrence of EPCK State 2. Apparently, this peak was not 
enough to cause self-organization. 

Table 5 shows the results of the cluster analysis of Case 8. The table shows 
that EPCK State 1 of Case 8 was positively dominated by Component 2 with 
General Description 3 and negatively dominated by Component 1 with General 
Description 1. This indicates that EPCK State 1 is a Non-EPCK state. This particular 
interaction state occurred in 26.0% of the total interaction time. In EPCK State 
2, Component 2 and Component 4 which with could be descripted by General 
Description 3, were negatively dominant, which indicated Low EPCK that could 
only by characterized as typically not being “Spontaneity and non-complex 
thinking”. This state occupied a total of 42.2% of the observed time. EPCK 
State 3 was positively dominated by Component 1 with General Description 1, 
indicating High EPCK 31.8% of the time this interaction was in this state. 
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Figure 4. Self-organizing patterns of the components in Case 5 distributed over time, revealing distinct 
successive EPCK states. Average factor loading of the components is 100. C1, C2, and C3 refer to the first, 
second, or third component. GD1, GD2, and GD3 refer to the first, second, or third general description.

Case5_C1_GD1

Case5_C2_GD3

Case5_C3_GD2
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Similar to Figure 4, Figure 5 shows the self-organizing patterns of the 
components, revealing its successive states. These patterns show that there is 
either a peak/drop of the components in several state occurrences but not in all 
(in EPCK State 2) or there is a peak/drop in each state occurrence (in EPCK State 
1 and EPCK State 3). 

Applying the Kohonen clustering technique to all cases, we found that five 
out of twenty-seven states were positively dominated by components with 
General Description 1, indicating High EPCK. In six states components with 

EPCK State 1 EPCK State 2 EPCK State 3

(26.0%) (42.2%) (31.8%)

Component TV d TV d TV d

Case8_C1_GD1 -14.54 1.34 -3.98 .41 17.91 1.54

Case8_C2_GD3 11.22 1.46 -12.44 1.08 2.26 .06

Case8_C3_GD2 -4.53 .22 -0.14 .21 4.42 .43

Case8_C4_GD3 5.33 .69 -11.96 .87 7.66 .44

Note. C1, C2, C3, and C4 refer to the first, second, third, or fourth component. GD1, GD2, and GD3 refer to 
the first, second, or third general description. Components with a large effect size (d > .85) are dominant.

Table 5 

Components and EPCK states of Case 8 

Figure 5. Self-organizing patterns of the components in Case 8 distributed over time, revealing distinct 
successive EPCK states. Average factor loading of the components is 100. C1, C2, C3, and C4 refer to the first, 
second, third, or fourth component. GD1, GD2, and GD3 refer to the first, second, or third general description.

Case8_C1_GD1

Case8_C2_GD3

Case8_C3_GD2

Case8_C4_GD3
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General Description 1 were negatively dominant, indicating Non-EPCK. In ten 
states components with General Description 2 or 3 were positively dominant, 
indicating Low EPCK. In four states components with General Description 2 or 3 
were negatively dominant, also indicating Low EPCK. In 2 states no dominating 
components were found, due to the variable pattern of these components. 

As we expected, components self-organize into successive states of High EPCK, 
Low EPCK or Non-EPCK, at least in most of the cases. These states either show 
a large peak/drop in the dominating components during each occurrence, or 
show a large peak/drop in several (but not all) occurrences. Thus, peaks/drops 
in components do not by definition causes self-organization. Idiosyncrasy was 
found in two states, due to the variable pattern of the components on the micro 
level. Additionally, although four Low-EPCK states show similarities in that they 
do not represent “Declarative knowledge and reaction to non-spontaneity” and/
or “Spontaneity and non-complex thinking”, such states are also characterized 
as typically idiosyncratic in what they do present.

5.3.3 EPCK attractor states (macro)

Our third question was What are the characteristics of the attractor states, if any 
are found, and can the data be related to the properties of different out-of-school 
activities? Table 6 shows (for each case) which states revealed a sufficiently 
recurrent pattern on the meso level of three or four recurrences, guaranteeing a 
substantial duration. It also shows which states contained at least one dominant 
component with low variability (coefficient of variation; CV) on the meso level. 
This low variability is a requirement for the assignment of an attractor quality to 
the states on the macro level. The levels of EPCK (High, Low or Non-EPCK) are 
listed in the bottom row of Table 6.

Based on Table 6, we can conclude that in 8 out of 9 cases at least one state 
develops into an attractor state during a single observation (13 attractor states 
in total). We found five examples of High-EPCK states, although there were only 
three cases in which this state is revisited often enough and shows sufficient 
duration and stability to deserve consideration as an attractor state. Of the six 
Non-EPCK states, five turned out to be attractor states, according to the criteria 
of frequency, duration, and variability. The five remaining attractor states could 
be characterized as Low EPCK.

We were interested in comparing the cases on the basis of the type of activity, 
whether the pupils had been prepared for the activity or not, and whether the 
instructor had been trained for the application of High EPCK or not. In Table 
1 (method section) we displayed an overview of the case properties. After 
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Table 6 

Characteristics of (potential) attractor states and case properties

Case 
1
e f

Case 
2
e 

Case 
3

Case 
4
e f

Case 
5

Case 
6
 f

Case 
7

Case 
8
e f

Case 
9

State 1

Occurrence
Duration

3
233

2a

71
2a

73
3

119
3

157
4

170
3

283
3

156
4

213

GD first dominant component 
GD second dominant component

1b 1
3

1 1b 3
2

2neg c

3neg
3neg c

2neg
1neg d

2
2 c

CV first dominant component
CV second dominant component

0.10 0.20a 
0.23a

0.05 0.06 0.14 
0.16 a

0.07
0.05

0.06 
0.09

0.09
0.09

0.07

State 2

Occurrence
Duration

4
182

3
61

2a

91
4

351
6a

217
4

265
2a

256
5a

253
5a

332

GD first dominant component 
GD second dominant component

1neg d

2

—a 2
1neg d

3neg

—a 3c 2 3neg 
3neg

2neg

3neg

CV first dominant component
CV second dominant component

0.07
0.06

— 0.12 0.06
0.09

— 0.12 0.14 0.13 
0.07

0.05
0.12

State 3

Occurrence
Duration

2a

185
3

468
3

436
3

130
5a

226
3

165
1a

61
3

191
1a

55

GD first dominant component 
GD second dominant component

3
2neg

1neg d

3neg
1neg d

2neg
3c 1neg

2neg
2

3neg
3 1b 2neg

3
2neg

CV first dominant component
CV second dominant component

0.18a

0.21a
0.03
0.05

0.01
0.02

0.11 0.11
0.09

0.10
0.21a

0.03 0.09 0.01
0.06
0.03

Total

CV 0.16 0.15 0.16 0.16 0.16 0.16 0.16 0.14 0.15

Number of attractor states
Level of EPCK attractor states

2
High; 
Non

1
Non

1
Non

3
High; 
Non; 
Low

0
-

2
Low; 
Low

1
Low

2
Non; 
High

1
Low

Note. GD = General Description. CV = Coefficient of variation. neg = negatively dominant.
a Indicator of no attractor state. 
b High-EPCK attractor state.
c Low-EPCK attractor state.
d Non-EPCK attractor state.
e Pupils were prepared.
f Instructors were trained.
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comparing the properties with the results in Table 6, we found that attractor 
states of High EPCK occurred only in those cases where pupils had been 
prepared and instructors were trained (Case 1, Case 4, and Case 8). When pupils 
had not been prepared and the educator was not trained, only attractor states 
of either Low or Non-EPCK occurred. On the other hand, no connection could be 
found between the occurrence of particular attractor states (e.g., High EPCK) and 
the type of out-of-school activity. 

As we expected, we were able to find attractor states on the macro level. These 
attractor states indicate episodes of relatively persistent and temporarily self-
sustaining teaching and learning processes of High EPCK, Low EPCK or Non-
EPCK. These EPCK attractors occurred during particular episodes of the activities 
rather than being present all the time. There are indications that preparing pupils 
and training instructors matters when it comes to high-quality science teaching 
and learning. There seems to be no correlation between the occurrence of 
EPCK attractors and the type of activity. These findings are consistent with our 
expectations about idiosyncrasy and commonality.
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5.4 CONCLUSION AND DISCUSSION

This study focused on the self-organization of teaching-learning processes in 
an attempt to find Expressed Pedagogical Content Knowledge (EPCK) attractor 
states and their possible connection to particular out-of-school activities. As 
attractor states are developed during interactions on the micro level, we wanted 
to know firstly whether multiple teaching and learning variables can be reduced 
to idiosyncratic teaching and learning components, components that express 
various levels of EPCK, and secondly whether such idiosyncratic components can 
be conceptualized in a more general way. By applying a principal component 
analysis to 26 observed variables, the interaction became interpretable on the 
micro level in terms of a small number of underlying components. By means of 
a variable-clustering technique we were able to conceptualize the idiosyncratic 
components in a general manner, resulting in three general descriptions: Open 
teaching focused on eliciting conceptual understanding and pupils’ conceptual 
misunderstanding (High EPCK), Declarative knowledge and reaction to non-
spontaneity (Low EPCK), and Spontaneity and non-complex thinking (Low 
EPCK). We measured the data of nine cases on the micro level and used them to 
find out how teaching and learning components self-organize into states within 
cases on the meso level, i.e., within particular out-of-school activities spanning 
a duration of 10 minutes. The Kohonen clustering technique was applied to 
individual cases in order to find clustering of components into EPCK states. Each 
case revealed unique combinations of components, as well as idiosyncrasy of 
successive EPCK states. We found that dominant components self-organize into 
states, either by peaking/dropping in several occurrences of a particular state 
or by peaking/dropping in each occurrence of the state. Similarities were found 
in the characterization of states, in that the dominant components revealed 
High ECPK (5), Low EPCK (14), or Non-EPCK (6) on the meso level. Only two 
states were entirely idiosyncratic. Finally, in order to find attractor states on 
the macro level, we wanted to know what the characteristics of the attractor 
states were in relation to the properties of different out-of-school activities. We 
found that states of substantial duration, with recurrent patterns, and with low 
variability of dominant components (which we defined as attractor states) could 
be conceptualized as High EPCK, Low EPCK or Non-EPCK. This attractor states 
alternated, indicating that High EPCK occurs only during particular episodes 
within an activity, rather than being present all the time. High EPCK attractor 
states were only found in three cases, namely those in which the pupils had been 
prepared for the visit and instructors were trained. There seems to be no relation 
with the type of out-of-school activity and the type or pattern of attractor. 
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The majority of the findings, especially those with regard to idiosyncrasy of 
cases and commonality between cases, were consistent with the expectations 
and in accordance with a number of previous studies on Pedagogical Content 
Knowledge (e.g., Bamberger & Tal, 2008b; Crowley et al., 2000; Park & Oliver, 
2007; Park & Suh, 2015). Although in these studies Pedagogical Content 
Knowledge (PCK) is perceived as a quality of the teacher, they do share our point 
of view that high-quality education always takes place in the context of pupils’ 
behavior. Regarding the development of EPCK from micro level to macro level, 
Seymour & Lehrer (2006) argued that high-quality teaching cannot emerge at 
once but must evolve over the course of several lessons. A salient finding from 
our study however is that High EPCK occurs in stable sequences, measured 
during a single visit. Seymour & Lehrer (2006) defined “orchestrate classroom” 
as an important aspect of PCK, in which teachers’ practices are attuned to pupils’ 
needs. In our study, this attunement is typically present in High-EPCK attractor 
states that are characterized by “Open teaching focused on eliciting conceptual 
understanding and pupils’ conceptual (mis)understanding”. These moments of 
uplifting High EPCK are comparable with “learnable moments” and “teachable 
moments” (DeWitt, 2012; Haug, 2014) in which pupils are helped towards 
conceptual understanding by the educator and motivated to learn particular 
science concepts. 

Virtually all previous studies that were focused on the idiosyncrasy and 
developmental nature of PCK did not explicitly use the concept EPCK. By making 
a distinction between PCK and EPCK and by focusing on the latter, our study 
explicitly states that PCK is something that must be conceptualized in terms of 
real-time events, situated in a particular context. Studying the dynamic pattern 
in which EPCK is constructed on the meso and macro levels demonstrated that 
each case shows its own pattern of states, i.e., case-specific dynamics of the 
interaction between instructor and pupils on the micro level. However, it is also 
important to stress that, in spite of the idiosyncratic nature of EPCK, similarities 
were found between cases in terms of correlations between EPCK variables and 
a small number of components. 

Various studies have acknowledged that PCK is constructed during (inter)action 
in the classroom (Park et al., 2011; Seymour & Lehrer, 2006). These studies make 
use of a qualitative approach to investigate the emergence of PCK. The added 
value of a quantitative method is that the relation between the micro, meso 
and macro levels can also be used to find evidence for patterns in long-term 
development (interconnected timescales). Long-term development of PCK has 
been investigated by using microgenetic approaches, although PCK studies 
use reflection methods (vignettes) to find changing patterns in knowledge and 
beliefs of teachers (e.g., Luft & Zhang, 2014). These methods do not reflect the 
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actual behavior in the classroom. In our view, PCK should primarily be measured 
in action, as that is what actually influences pupils. Moreover, pupils form the 
dynamically intertwined context in which PCK is dynamically constructed. 

This study has three limitations. The first limitation is that the total explained 
variance of the components in each case was between 55% and 68%, which 
means that there is still a large residue of unexplained variance. Still, at 
least more than half of the variance could be explained by just three or four 
components, of which one was in accordance with the theoretical construct 
of High EPCK. Although using more components in the data reduction would 
enlarge the total variance, it would also make it harder to interpret the data, 
resulting in a loss of theoretical focus. It is clear that the intertwined teaching 
and learning process is too complex to capture a large amount of variance in 
a limited number of components. The second limitation is that the long-term 
development of EPCK could not be investigated, as an out-of-school science 
activity is usually a one-time event (Popovich & Zint, 2012). The scant amount 
of existing studies on long-term development and out-of-school learning are 
usually about memory retrieval of the actual visit (e.g., Knapp, 2007) and do 
not investigate long-term teaching and learning processes. Using the dynamic 
systems approach, development of EPCK could be explored in out-of-school 
science activities by making repeated measurements of multiple visits. For 
instance, we could have compared Case 5 and 8 with regard to the development 
of EPCK, as these cases involved the same activity and the same instructor. It is 
clear for instance that in Case 5 − when the instructor was not yet trained − High 
EPCK was only found at the micro level, whereas a year later − after the instructor 
had received training − EPCK had developed into a High EPCK attractor state 
on the macro level. We have chosen not to include these findings in the results, 
however, as the pupils involved in these cases were from different schools. As we 
argue that the development of EPCK is a process constituted by the interaction 
between instructor and pupils, these cases were not suitable enough in our 
view to measure long-term development of EPCK. A better way to investigate 
long-term EPCK development would be to use observations of a particular 
instructor with a particular group of pupils who are following a long-term 
project consisting of multiple visits. As we did not have these kinds of projects 
at our disposal, we could not investigate long-term development in this study. 
However, it would be interesting to do so in future research. The third limitation 
is that in this study we used general as opposed to topic-specific variables to 
indicate EPCK. However, it is mentioned in existing literature that PCK is also 
considered to be topic- or subject-specific (e.g., Magnusson et al., 1999; Rohaan 
et al., 2011). Coding topic-specific variables to conceptualize topic-specific EPCK 
might reveal additional components, though in general the same methodology 
can be used to reduce the components at the micro level. In this study, we 

Attractor states in out-of-school education



used a general approach to compare cases of a different nature. It is likely that, 
because of this non-topic-specific approach, the general components found in 
this study would also be found in other out-of-school activities, showing just 
slightly deviating conceptualizations. 

The practical implication of this study is that the identification of attractor 
states can be used to improve the teaching and learning process. Different 
features and levels of EPCK can be detected in educational practices. As the 
attractor states correspond with the time-serial data on video, these results can 
be used in video feedback coaching (e.g., VFC-T of Wetzels, 2015) to confront 
educators with the data concerning their application of high-quality teaching 
and learning. According to Leach & Conto (1999), feedback on the quality of 
past teaching performances is effective for the improvement of teaching and 
learning. The results of our analysis identify at what moment a typical form 
of EPCK was expressed. When interactions of high-level EPCK attractors can 
be detected and extended, potential High-EPCK attractors on the meso level 
(states) can be intensified. Low-EPCK attractors that show elements of high-level 
EPCK on the micro level might even develop towards a higher level. Moreover, 
a repeated combination of undesired behaviors, i.e., Non-EPCK elements, is a 
sign of “falling” into an attractor. We found such an attractor in many cases in 
this study. Educators should be aware of such Non-EPCK attracting behaviors, 
e.g., providing too much information and initiating new topics too often, rather 
than asking questions and inviting pupils to contribute to the science lesson. 
Furthermore, this study shows that spontaneity of pupils is an indication of 
Low-EPCK, due to its occurrence in combination with Non-EPCK variables in real 
time (e.g., non-complex thinking). However, in teaching practice, contributions 
of pupils and the spontaneous asking of questions should be encouraged, 
in order to stimulate pupils’ cognitive autonomy (Stefanou et al., 2004) and 
motivate pupils to learn about science (Berlyne, 1960; Csikszentmihalyi & 
Csikszentmihalyi, 1988; Osborne et al. 2003). It is a challenge for teachers to 
elicit higher-order thinking when pupils show spontaneous contributions rather 
than staying on the lower-order thinking level or ignoring the spontaneous 
contribution, which was what we observed in several cases in this study. 

Although this study consisted of a limited amount of cases, we obtained insight 
into how EPCK is constructed during micro interaction in out-of-school activities 
and how it self-organizes into (potential) attractor states. Our study reveals how 
interaction between pupils and instructors changes over the course of one visit, 
and also how teaching and learning patterns differ across cases on the basis 
of case properties such as preparing the pupils in advance and training the 
instructor to give high-quality teaching in interaction with pupils. 
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6.1 INTRODUCTION

The applied context of this thesis is the implementation of the Northern 
Netherlands Science Network (“Wetenschapsknooppunt Noord-Nederland” in 
Dutch), which is a cooperation between schools, universities and out-of-school 
facilities. The main question is Do out-of-school science programs contribute to the 
elicitation, emergence and development of science talent in pupils, and if so, how 
do situated teaching and learning processes in these programs contribute to the 
elicitation, emergence and development of science talent? In this introduction we 
shall describe the context of the current research, the central concepts, and the 
structure of the dissertation.

6.1.1 Research context

Out-of-school environments are highly valued resources for learning as these 
contexts usually encompass authentic material and realistic, real-world issues, 
creating excitement and interest for science (Rickinson et al., 2004) that is less 
easily accomplished in formal, in-school settings (Bransford et al., 2006). Bridging 
the gap between different learning contexts (Kumpulainen & Lipponen, 2011) − 
in-school and out-of-school − is important for making scientific knowledge 
meaningful. Therefore, connecting in-school learning with learning that takes 
place during out-of-school visits might foster the elicitation, emergence and 
development of science talent.

In this thesis, we used the theory of complex dynamic systems (CDS) to identify 
significant properties that indicate this elicitation, emergence and development 
of science talent. Although the theory of CDS has rarely been used in research 
in educational settings (Koopmans & Stamovlasis, 2016b; Kupers, 2014), it 
does have added value because it provides insights in properties of complex 
dynamic processes, such as iterativeness and self-organization. These properties 
help us to understand change in teaching and learning processes (Van Vondel 
et al., 2016a). Changes within short-term micro-interactions might be signs 
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for emergent science talent (Steenbeek, Van Geert, & Van Dijk, 2011), which 
could develop into long-term change. By studying the dynamics of the micro-
interactions in the ongoing processes as they occur in reality (Lavelli, et al., 2005), 
information about the characteristics of these processes can be obtained. 

We used the Northern Netherlands Science Network as a context to study 
the elicitation, emergence, and development of science talent. This network 
uses the Curious Minds perspective (“TalentenKracht” in Dutch) as a means to 
understand, approach, and investigate pupils’ science and technology talents. 
This perspective derives from the assumption that talents emerge and develop 
in an optimal context in which pupils, adults (the classroom teacher or instructor 
of an out-of-school activity) and materials interact (Steenbeek & Uittenbogaard, 
2009; Steenbeek, Van Geert, Van Dijk, 2011; Steenbeek et al., 2012; Van der 
Steen, Steenbeek, & Van Geert, 2012). In interaction science talent can enter 
into a positive spiral of change, in which increasing levels of talent yields 
further increase in the levels of talent (Steenbeek, Van Geert, Van Dijk, 2011; 
Wetzels, 2015). Using this prospective point of view, pupils’ talents for science 
can thus be defined as potentials that can excel within a domain under optimal 
circumstances. Pupils’ potentials can be recognized by a range of properties, 
e.g., pupils’ curiosity (Van Benthem et al., 2005) and level of scientific reasoning 
(Meindertsma, 2014; Van der Steen, 2014; Wetzels, 2015; Zimmerman, 2000).

6.1.2 Central concepts

Three concepts play a central role in this dissertation, namely that of a 
science network, conceptual understanding, and Expressed Pedagogical Content 
Knowledge. 

A science network, also defined as Science Educational Hubs (Van Uum, Verhoeff 
& Peeters, 2016), serves as a community of practice in which schools, universities 
and out-of-school facilities collaborate. The advantage of such collaboration is 
that, in principle, it enables all parties to work from the same perspective and 
share the same goals. For successful collaboration that leads to the invocation 
and stimulation of science talent in pupils, it is necessary that all parties 
communicate about their goals (Kisiel, 2010, 2014; Wenger, 1999). Additionally, 
it is important to communicate about how to embed a visit to an out-of-school 
facility in the school curriculum, by preparing and following up on the visit 
(Behrendt & Franklin, 2014; Bitgood, 1989; DeWitt & Osborne, 2007; Griffin, 1998; 
Rennie & McClafferty,1995). 

The second concept is pupils’ conceptual understanding (Scardamalia & Bereiter, 
2006), which is a form of operationalization of science talent. According 
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to Zimmerman (2000), scientific reasoning can either focus on conceptual 
activities, e.g., the development of conceptual understanding, or procedural 
activities, e.g., hypothesizing or experimenting. In this dissertation we focused 
on conceptual activities. Moreover, we focused on conceptual understanding as 
an aspect of scientific reasoning rather than declarative knowledge (i.e., factual 
knowledge), because conceptual understanding is a deeper form of knowledge 
(Ohlsson et al., 2000) that includes the understanding of causal relationships 
between facts and concepts. “It becomes dark and light because the Earth is 
spinning” is an example of conceptual understanding, which is much more 
complex than “That is the Earth”, for example. Conceptual understanding can 
be elicited by using an open teaching style that is explicitly aimed at conceptual 
understanding, in the form of thought-provoking questions, encouragements, 
and think-time. Conceptual understanding is an iterative, socially-situated 
process of co-construction between instructor (or teacher) and pupil (cf. Azmitia 
& Crowley, 2001; Kumpulainen & Wray, 2002, Sorsana, 2008), which takes place 
in real time within a particular context. 

The third concept is Expressed Pedagogical Content Knowledge. We introduced 
this concept to gain more insight into how conceptual understanding is elicited, 
emerges and develops in a broad network of interconnected variables (Kunnen 
& Van Geert, 2011), and could achieve this by identifying salient variables that 
co-occur with conceptual understanding. This means that variables relating 
to the teacher or instructor were also defined. To that end we used variables 
associated with Pedagogical Content Knowledge, which is knowledge about 
ways of representing science content in such a way that pupils can understand 
it (Shulman, 1986; Van Driel et al., 1998). Although traditionally PCK is conceived 
of as an internal disposition of the teacher, in this research we picture PCK as 
concrete, situated and real-time intertwined teaching and learning processes, 
and for this reason we call it Expressed Pedagogical Content Knowledge (EPCK). 
Levels of EPCK indicate differences in the quality of the teaching and learning. 
A high level of EPCK implies a deep transactional process involving both the 
eliciting activity of the teacher/instructor and the conceptual activity of the 
pupils. As teaching and learning processes show variability over time and these 
processes self-organize into (temporary) stable attractor states (Schwartz, 2009; 
Smith & Thelen, 2003; Van Geert, 2011; Van Geert, 1994), it is likely that EPCK 
processes themselves can also develop into EPCK attractor states. 

6.1.3 Structure of dissertation

This research began by investigating the starting position of ten schools as they 
entered into collaboration in the, Northern Netherlands Science Network. To 
indicate potential optimal conditions that contribute to the elicitation, emergence 
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and development of science talent, an analysis was made of the fit between the 
aims of the network on the one hand and schools’ goals about science education 
and science talent on the other (Chapter 2). Then we investigated whether out-
of-school practices contribute to the elicitation, emergence and development 
of science talent, by investigating situated teaching and learning processes 
in different degrees of program implementation (Chapter 3). To find out how 
situated teaching and learning processes in these practices contribute to the 
elicitation, emergence and development of science talent, we investigated 
a broad network of interconnecting teaching and learning variables that are 
related to high-quality education. To be able to find significant properties of the 
CDS in which the teaching and learning processes take place, we investigated 
whether it would be possible to develop an instrument for measuring EPCK 
in real-time interaction. To that end, we developed an instrument called the 
Expressed Pedagogical Content Knowledge Coding Scheme (EPCK-CS) (Chapter 
4). To determine how the intertwined teaching and learning processes in out-
of-school contexts contribute to the elicitation, emergence and development of 
science talent, the EPCK-CS was applied to nine cases (Chapter 5).
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6.2 SUMMARY OF FINDINGS

In Chapter 2, we investigated the following question: What are the schools’ goals 
when it comes to science education, science talent, and out-of-school programs, 
and to what extent are these goals aligned with the aims of the science network that 
these schools are part of? Key players − namely school managers and teachers 
who are crucial for maintaining or improving the quality of science education in 
a particular school − were interviewed using a semi-structured interview design. 
The ten schools included in this study differed when it comes to a number of 
characteristics: regular versus special (schools, departments or classes for pupils 
with special needs due to low achievement or high achievement), reform versus 
non-reform (schools that have a particular philosophy, e.g., Dalton schools 
which are based on the philosophy of Helen Parkhurst), and large schools versus 
small schools. The interviews were transcribed and the data was coded with a 
multivariate coding system. By applying in-depth analyses of the data gathered, 
properties were identified of an optimal starting position for collaboration in 
a science network. Analysis of the data showed that the schools’ key players 
expressed significantly more goals on classroom level (40% of the utterances; 
p = .001; d = .84) than on school level or outside school level. The key players’ 
primary concern on classroom level was teachers’ knowledge of science and 
their skills for developing and carrying out proper science lessons. Based on their 
characterization schools differed in their uttered goals, which was most salient 
in specials schools. These schools were more focused on pupils’ inquiry learning 
(e.g., pupils’ skills in asking questions and scientific reasoning) compared 
to regular schools. Special schools were also found to be more focused on 
teachers’ enthusiasm on classroom level, whereas at regular schools there 
were more preconditions for science teaching, e.g., time constraints, on school 
level. With regard to the optimal starting position in terms of shared goals 
between schools and the Northern Netherlands Science Network, it seemed 
that the best fit concerned the improvement of pupils’ inquiry learning. Friction 
between goals was found in that the schools were more interested in improving 
teachers’ knowledge and skills, which is not the primary focus of the network. 
The Northern Netherlands Science Network was particularly focused on offering 
stimulating learning environments and on connecting the programs to school 
curricula, which was of minor interest to the schools. In conclusion, most of 
the goals of schools tended to be on classroom level, specifically related to 
teachers’ knowledge. Schools differed in their expressed goals on the basis of 
their characteristics. In terms of goal alignment, the starting position of schools 
was only optimal with regard to goals for pupils, and this was especially the case 
for special schools. 
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In Chapter 3 we answered the question: Do different degrees of implementation 
of connected in-school and out-of-school science programs show different situated 
teaching and learning processes, and if so, does the most optimal implementation 
show the largest increase in conceptual understanding, relatively to the change 
in declarative knowledge, in follow-up measurements? The chapter comprises 
a multiple case study of four upper-primary classes who were involved in a 
visit to the Kapteyn Mobile Planetarium. Three implementation conditions of 
a connected in-school and out-of-school program were used: in the optimal 
program, pupils were prepared for the visit and the instructor and teachers 
were trained (Case 1); in the marginal program, pupils were unprepared and 
the instructor and teachers were not trained (Case 4); in the intermediary 
program, pupils were prepared and only the instructors were trained, whereas 
the teachers were untrained (Case 2 and Case 3). In each case, the first 800 
seconds of the visit and the first 800 seconds of a follow-up lesson were coded 
with a coding scheme for pupils’ level of cognitive development9 (conceptual 
understanding and declarative knowledge) and a coding scheme for the adults’ 
level of openness10. Results showed that, regardless of the implementation 
conditions, pupils’ level of conceptual understanding was related to instructors’ 
or teachers’ level of support in eliciting pupils’ conceptual understanding over 
a span of five weeks. On the short-term timescale of a single observation, we 
found that the instructor/teacher and the pupils co-construct conceptual 
understanding, although this process was not optimal at every moment 
during a lesson. This means that at some points in the interaction the support 
by the instructor/teacher was followed or preceded by pupils’ conceptual 
understanding, whereas at other points in the interaction no such sequences 
were found. Trained instructors/teachers (in the optimal and intermediary 
conditions) showed better support in evoking conceptual understanding than 
untrained instructors/teachers. Finally, the case in which the optimal program 
was implemented showed the largest effect on pupils’ conceptual understanding. 
In this optimal case, the absolute increase in pupils’ conceptual understanding 
was larger than the absolute decrease in declarative knowledge (p value < .001). 
This effect was considered to be positive as conceptual understanding is a deeper 
form of knowledge than declarative knowledge, and therefore a positive change 
in conceptual understanding relative to the change in declarative knowledge 
was the preferred outcome. In conclusion, regardless of the implementation 
condition the adults’ support in eliciting conceptual understanding and pupils’ 
conceptual understanding was related. Furthermore, trained adults showed more 
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eliciting of conceptual understanding than untrained adults. Considering the 
implementation conditions, it seemed that the most optimal implementation 
resulted in the largest cognitive learning effect.

Chapter 4 describes the development of the Expressed Pedagogical Content 
Knowledge Coding Scheme (EPCK-CS) and answers the question: Is it possible to 
develop an instrument for measuring situated PCK in real-time interaction (EPCK), 
and if so, how feasible, reliable and valid is such an instrument? The instrument 
was developed using theoretical components based on PCK studies and 
studies about effective science education. Seven theoretical components 
were defined: Allocated learning time, Teaching style, Instructor’s reaction to 
pupil’s contribution, Instructor’s reaction to pupil’s conception, Pupil’s complex 
thinking, Pupil’s contribution, and Pupil’s conception. These components 
consist of several variables (total of 26), and these variables could be identified 
as either High-EPCK variables or Non-EPCK variables. Conceptual understanding, 
for example, was considered to be a High-EPCK variable. The instrument 
was applied to a 700-second video of a case that comprised pupils of grade 
3 (8- and 9-year-olds) visiting a mobile planetarium and an instructor of this 
out-of-school facility. Results showed that it was indeed possible to develop an 
instrument and that it was practically feasible to administrate the instrument 
if the observers were trained in applying the coding scheme. Double coding 
the data resulted in a satisfying agreement (Viera & Garrett, 2005) with kappa’s 
between .770 and 1.00 for separate theoretically defined EPKC components. 
The validity of the instrument was examined by using a principal factor analysis 
to find latent components that target (aspects) of the theoretical components. 
The factor analysis revealed that the components together explained 62% of the 
variance in the data. The first latent component we found was characterized as 
Controlled correct declarative knowledge. This component was related to pupils’ 
correct declarative knowledge that was reinforced by the instructor as correct. 
The second component was characterized as Open teaching, focused on complex 
thinking (conceptual understanding and declarative knowledge) and pupils’ 
conceptual understanding. Teachers’ open teaching consists of asking questions, 
encouraging pupils to speak, or providing think-time. The third component was 
characterized as Closed initiatives, which encompassed instructors’ initiatives 
and a closed teaching style (i.e., information, instruction, or confirmation). The 
fourth component was characterized as Spontaneous, fragmented conceptions, 
neutrally judged, extended by means of explanations, or not acknowledged. This 
component comprised pupils’ spontaneous contributions in the lessons, which 
revealed fragmented conceptions (e.g., pupils’ questions). The instructor either 
acknowledged pupils’ contributions or did not. If the instructor acknowledged 
the contribution, he or she gave a neutral judgment of the contribution 
(neither confirmed nor rejected it) and provided follow-up feedback in the 
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form of explanation (e.g., extended information). A salient result was that a 
high level of EPCK was distributed over the latent component, and mostly 
concentrated in the second component. The EPCK-CS was representative of the 
targeting concept, based on the content found in the transcriptions. It was also 
representative of the theoretical concept of EPCK. In conclusion, the instrument 
is feasible, reliable and valid for examining the construct of EPCK, and can thus 
be fruitfully applied to other cases. 

The central question of the study in Chapter 5 was: Does EPCK show a systematic 
pattern of variation, and if so, does the pattern occur in recurrent and temporary 
stable attractor states? The out-of-school practices comprised an interactive 
presentation in a mobile planetarium, inquiry-based activities in a science 
center, a presentation during a lecture for children at the university, inquiry-
based activities at a museum, and an interactive presentation in a mobile science 
classroom. The EPCK-CS was used to code the first 600 seconds of the video 
recordings of the visits. A principal component analysis was used to reduce the 
number of components in each case. Cluster analyses were used firstly to give 
general descriptions of the components, and secondly to find (attractor) states 
that use the time series of individual cases. Results showed that data on the micro 
level timescale of seconds could be reduced to a limited number of components 
by using a principal component analysis. This analysis revealed three or four 
idiosyncratic components in each case. Together these components explained 
55% and 68% of the variance in the data per case. By clustering all components, 
we found that across cases these components could be described in three ways. 
Components in the first cluster could be described as Open teaching focused 
on eliciting conceptual understanding and pupils’ conceptual (mis)understanding 
(General Description 1). The teaching style in these components was focused on 
eliciting conceptual understanding (rather than on declarative knowledge); and 
pupils’ conceptual understanding in these components were often related with 
misconceptions of the science content (e.g., “The Sun shines through the Moon. 
That is why the Moon shines”). Components with General Description 1 showed 
a high level of EPCK. The components in the second cluster could be described 
as Declarative knowledge and reaction to non-spontaneity (General Description 2). 
Components with General Description 2 revealed pupils’ declarative knowledge 
and the instructor’s reaction to pupils’ non-spontaneous utterances. Hence, 
these components encompassed a guided discussion about facts, and therefore 
components with General Description 2 showed a low level of EPCK. The 
components in the third cluster could be described as Spontaneity and non-
complex thinking (General Description 3). Component with General Description 
3 encompassed pupils’ spontaneous contributions to the interactions, which 
revealed non-complex thinking. Non-complex utterances are reactions to 
closed questions (“Yes” or “No”), observations of objects they can find in their 
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everyday lives, or observations of actions, e.g., “I see the stars!” (if the stars look 
similar to the stars pupils observe every evening), “You are shining the lamp on 
the ceiling”. Components with General Description 3 also revealed a low level 
of EPCK. Applying the clustering technique to individual cases, we found that 
components self-organize into states of temporary stability. Lastly, in eight of 
the nine cases at least one particular type of state developed into an attractor 
state of substantial duration, with recurrent patterns and low variability of 
dominating components. Based on the dominating components, these attractor 
states revealed either Non-EPCK, Low EPCK or High EPCK. This means that EPCK 
(also high-level EPCK) only occurs in episodes, rather than being present all the 
time. Only in three cases did we find attractor states with a high level of EPCK, 
and these were cases where the visit was prepared for and the instructor was 
trained. In conclusion, EPCK indeed shows a variable pattern over the micro-
level timescale, resulting in alternating states of different levels of EPCK over 
time. In most cases at least one type of state of a particular level developed 
into attractor states. It was only in cases in which pupils were prepared and 
instructors were trained that states with a high level of EPCK developed into 
High-EPCK attractor states. 
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6.3 CONCLUSION

Considering the results of all studies, the first condition for successful 
implementation of out-of-school programs is communication about goals and 
the alignment of the school’s goals with the aims of the network (or out-of-
school program) as this might help to facilitate a good starting position for out-
of-school science activities. The second condition for successful implementation 
is preparation (in the classroom) and training for teachers and instructors to 
apply an open teaching style that is focused on conceptual understanding. This 
style comprises the asking of thought-provoking questions, encouraging pupils 
to speak, and providing think-time, rather than using a closed style focused on 
giving instructions and providing information. In the current research, we found 
that conceptual understanding is co-constructed by an intertwined process 
of pupils’ actions and instructors’ actions, which cannot be explained by a 
simple cause-and-effect relation. Saliently, whenever the second condition for 
successful implementation was met, a high level of conceptual understanding 
developed into attractor states of High EPCK.
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6.4 THEORETICAL DISCUSSION POINTS

In this section, four issues will be discussed. The first issue concerns 
implementation conditions for successful out-of-school education. Secondly, we 
will discuss how science talent is elicited during situated teaching and learning 
processes within the context of out-of-school learning. The third point concerns 
how science talent emerges in micro-interaction. Finally, the fourth point of 
discussion is how science talent develops in situated teaching and learning 
processes that take place during one lesson or over the course of several weeks.

6.4.1 Conditions for successful implementation of out-of-school programs 

A necessary condition for successful collaboration in out-of-school programs 
is that participating partners communicate about and share goals (Kisiel, 2010, 
2014; Tal & Steiner, 2006). In this thesis, we found that schools’ goals differed 
from the aims of the network in all cases except for their goals concerning pupils. 
Another salient result was that school characteristics (special versus regular, 
reform versus non-reform, large versus small) are connected to what schools 
find important, and that therefore schools’ optimal starting positions differ on 
the basis of these characteristics. Schools and out-of-school facilities should 
be aware of the differences when it comes to goals and find ways to adapt to 
one another in order to build bridges between learning in different contexts 
(Kumpulainen & Lipponen, 2011). Furthermore, we found that for successful out-
of-school education in which conceptual understanding emerges, it is necessary 
that instructors and teachers are trained in eliciting conceptual understanding 
and that pupils are prepared for the visit. Other studies have also found that 
preparation is important (e.g., Behrendt & Franklin, 2014; Bitgood, 1989; DeWitt 
& Osborne, 2007; Griffin, 1998; Rennie & McClafferty, 1995). In accordance with 
Durlak & DuPre (2008), training those who carry out interventions is one of 
the success factors for implementation. Scholars in the field of out-of-school 
education also stress the importance of training both teachers (e.g., Behrendt & 
Franklin, 2014; Griffin, 2012) and instructors (e.g., Ash, Lombana, & Alcala, 2012).

In conclusion, schools differ − based on their characteristics − in the extent 
to which optimal fit exists between their goals and the goals of the network 
(or out-of-school programs), and this might determine the potential success 
of the out-of-school programs. The optimal conditions for the emergence of 
conceptual understanding are the presence of instructors or teachers who are 
trained in eliciting conceptual understanding, and the preparation of pupils 
before the visit. 
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6.4.2 How is talent elicited in situated teaching and learning processes?

We found that, in the context of out-of-school practice, conceptual 
understanding is elicited in real-time interaction by an instructor or teacher 
who uses an open teaching style, in which he or she asks questions that evoke 
conceptual understanding, encourages pupils to deepen their thoughts, and 
provides think-time. This finding indicates that the instructor or teacher has an 
important role in supporting or scaffolding pupils’ thinking (Hmelo-Silver et al., 
2007; Van de Pol et al., 2010; Van Geert & Steenbeek, 2005). The importance of 
instructors’ scaffolding has also been acknowledged and investigated by Ash 
et al. (2012). The instructor’s elicitation of conceptual understanding in pupils 
during episodes of high-level EPCK sometimes amounts to the elicitation of 
misconceptions, or it implies a reaction to pupils’ misconceptions. This is in 
accordance with the finding in studies about PCK that misconceptions of pupils 
shape teachers’ PCK (Park & Oliver, 2007; Shulman, 1987; Van Driel et al., 1998), 
as at that moment the teacher has to use strategies to change conceptions 
for the better. Consider the following example described in Chapter 4. The 
instructor: “…and if we wait a little bit, the Sun will go down even further − until 
it sets. Do you know what that means?” The pupil answers: “Then the Moon 
comes.” This example shows that the pupil made a connection between the 
setting of the Sun and the rising of the Moon. The fact that the pupil thought 
that the Moon would come up when the Sun sets, could possibly indicate that 
the pupil did not understand that the appearance of the Moon is related to the 
spinning of the Earth and to the Moon’s orbit around the Earth. A way to find 
out exactly what the pupil was thinking is to ask follow-up questions, e.g., “How 
do you think it happens exactly, that the Moon rises when the Sun sets?” Asking 
(follow-up) questions is a form of scaffolding (see also e.g., Engel, 2011; Van 
Schijndel, Franse, & Raijmakers, 2010; Van de Pol et al., 2010), which supports 
pupils in thinking toward their “zone of proximal development” (Chin & Chia, 
2004; Hmelo-Silver et al., 2007; Vygotsky, 1978). 

In conclusion, the instructor has an important role in scaffolding pupils’ 
conceptual understanding by using an open teaching style that is focused on 
conceptual understanding, and this is likely to evoke misunderstanding in real-
time interaction, which in turn shapes the instructor’s (expressed) PCK again. 
This is an example of an iterative process − the kind of process that is typically 
described in the context of theory of CDS.

6.4.3 How does science talent emerge in micro-interaction during situated 

teaching and learning processes?

Studying the micro-interactions of a broad network of interconnecting variables 
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revealed that the number of variables could be reduced to a maximum of four 
underlying components (components of intertwined teaching and learning 
processes). Factor analysis showed that pupils’ conceptual understanding is 
the result of a concerted effort of both pupils and teacher during processes 
of interaction that we can qualify as high-level EPCK, whereas spontaneous 
contributions of pupils typically occur in components of low-level EPCK. The 
components of intertwined teaching and learning processes in which the level 
of EPCK is expressed show a variable pattern with alternating peaks of different 
levels over time. This means that usually conceptual understanding (as a way 
of expressing science talent) and pupils’ spontaneous contributions to the 
interaction do not usually co-occur during lessons or, in this particular case, out-
of-school activities. Although, pupils’ spontaneous contributions might occur in 
the form of expressions of curiosity caused by an intrinsic desire for knowledge 
(Berlyne, 1960; Engel, 2011), i.e., pupils’ spontaneous questions, we found that 
pupils’ spontaneous utterances often take the form of non-complex utterances. 
These spontaneous utterances were not always acknowledged by the instructor, 
which means that the instructor did not scaffold the spontaneous interaction 
to a higher level. Complex thinking (e.g., conceptual understanding) requires 
structure and guidance from an adult (teacher or instructor) who is able to 
scaffold the performance of pupils to a higher level. This finding is in accordance 
with other scholars who found that pupils perform better in structured, guided 
conditions (e.g., Alfieri et al., 2011; Meindertsma, 2014). 

In conclusion, the broad network of interacting variables on the micro-level 
indicates that the emergence of science talent can be reduced to four or less 
components. Descriptions of the components revealed that spontaneity and 
eliciting conceptual understanding do not co-occur in the same component, 
indicating the need for more scaffolding of pupil’s spontaneous, non-complex 
utterances to a higher level of understanding. 

6.4.4 How does science talent develop in situated teaching and learning 

processes?

The fourth theoretical issue reveals the knowledge we gained about the 
development of science talent in situated, intertwined teaching and learning 
processes during a lesson and over the course of several weeks. We found 
that science talent emerges on the micro level because of the variable patterns 
of the teaching and learning processes, and develops over a longer-term 
timescale of five weeks. Moreover, over the course of one out-of-school activity, 
the intertwined teaching and learning process develops towards attractor 
states of which one could be a High-EPCK attractor state. High-EPCK attractor 
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states are comparable with learnable and teachable moments (DeWitt, 2012; 
Haug, 2014) and talent moments (Steenbeek et al., 2011), in which pupils are 
helped towards conceptual understanding by the instructor or teacher and 
are motivated to learn about particular science concepts. Pupils and instructor 
optimally co-construct understanding in these High-EPCK attractor states, and 
this phenomenon is comparable with what Seymour & Lehrer (2006) defined 
in a study about Pedagogical Content Knowledge as “orchestrated classroom 
conversation”. In these moments teachers’ or instructor’s practices are attuned 
to pupils’ needs.
 
High-EPCK attractor states always alternate with other states with a lower level 
of EPCK, indicating that (elicited) conceptual understanding is not constantly 
present. The teaching and learning process shows a pattern of peaks in emergent 
science talent, rather than showing a constant level of expressed science talent. 
Over all cases, a relatively low frequency of High-EPCK states was found, namely 
in three cases. Their scarcity might be a fundamental feature of such states. 
Given all the constraints on situated, real-time teaching and learning, the best 
that can be expected is a certain frequency of such high-level EPCK states. 
It is likely that other types of states (especially low-level EPCK or non-EPCK) 
are needed to prepare for the occurrence of high-level EPCK and afterwards 
to process such states. This alternating pattern of high-level performances is 
consistent with what is known in CDS studies as “scalloping” (Fischer & Bidell, 
2006; Fischer, Yan, & Stewart, 2003; Schwartz, 2009). The process can be likened 
to the shape of scallop shells, building up gradually and then dropping again. 
It is no big surprise, as such processes often take place when new skills are 
being learned that are difficult to apply (Fischer & Immordino-yang, 2002). 
Conceptual understanding is a complex skill as it encompasses the formulation 
of representations and abstractions of concepts. The scaffolding task of the 
adult is important for creating the peaks in the pattern of scalloping (Fischer et 
al., 2003). It is known that scaffolding in the form of asking thought-provoking 
questions, which is to elicit conceptual understanding, is a difficult skill for 
teachers (Chin & Chia, 2004; Roth, 1996). Chances are that this is also the case 
for instructors. It might explain why the scalloping pattern is present in all cases 
and the number of high-level EPCK episodes, comprising high-level conceptual 
understanding, is rather low.

In conclusion, teaching and learning processes on the micro-level timescale 
self-organize into attractor states. In this thesis, we showed that attractor states 
reveal different levels of EPCK. Attractor states with a high level of EPCK indicate 
the existence of science talent moments, which were only found in a few cases, 
and these attractors show an alternating pattern over time. 
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6.5 METHODOLOGICAL ISSUES

In this section, we discuss the merits and the limitations of the used methodology. 
Firstly, we discuss the importance of studying situated processes in case study 
designs. Secondly, we discuss the value of studying development by means of 
both short-term and relatively long-term studies. 

6.5.1 Multiple case study design and the measurement of talent

In this thesis, we used situated teaching and learning processes to gain insight 
into how out-of-school programs contribute to the elicitation, emergence and 
development of science talent. In order to do so, we needed to observe the 
ongoing processes as they occurred in real, naturalistic out-of-school activities. 
Due to the labor-intensive nature of analyzing the dense measurements 
the data provided us, this method of observation is practically confined to 
the use of small sample sizes (cases). This approach contrasts with typical 
educational research, which uses large sample sizes for reasons of statistical 
power (Stamovlasis, 2016). Designs with a large sample size (e.g., designs that 
compare a group of pupils who followed an out-of-school program with a group 
of pupils who did not, as to their increase in conceptual understanding) typically 
make the assumptions that random variation is distributed over pupil properties 
and other contextual variables in the sample, and that random variations are 
independent from one another. The question, however, is whether variance 
found in the sample accounts for intra-individual variation. It is unlikely that 
the same type of results will be obtained in individual case designs as in typical 
group designs (Koopmans & Stamovlasis, 2016a; Molenaar & Campbell, 2009). 
It is most likely that teaching and learning processes are non-ergodic and that 
detailed analysis of individual cases is required if our aim is to understand 
the structure and properties of real-time processes of teaching and learning 
(Koopmans & Stamovlasis, 2016a). It can also be expected that cases are 
idiosyncratic, as is found in our EPCK study (different cases showed variations 
in the content of the EPCK components) and in other studies about PCK (e.g., 
teachers develop their PCK in different ways, see, e.g., Coenders, 2010; Van Driel 
et al., 1998). Idiosyncrasy implies that individual cases may not fit the group 
description at all (Gu, Preacher, & Ferrer, 2014). 

Studying situated, intertwined teaching and learning processes in case study 
designs provided us with information about the relationship between pupils, 
instructors, teachers and other contextual variables that cause the elicitation, 
emergence and development of science talent (cf. Koopmans, 2016). By 
using carefully chosen cases (Flyvbjerg, 2006; Yin, 2009) that are relevant 
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and sufficiently different due to their properties, the current research made a 
valuable contribution to the existing knowledge about science talent and out-
of-school learning. Furthermore, by studying situated, intertwined teaching and 
learning processes in these case studies, we have added to the existing research 
of PCK, as it provided a theoretical, methodological and empirical focus on the 
way in which PCK emerges in real time. This resulted in an instrument (EPCK-
CS) that can be used to measure the new phenomenon EPCK across the different 
domains of science education (e.g., astronomy, physics), without losing the data of 
the context (and domain) in which the teaching and learning processes took place. 

In conclusion, we are not merely concerned with aggregated information about 
differences between groups when it comes to conceptual understanding. Instead, 
given our CDS point of view, we are interested in how conceptual understanding 
occurs and self-organizes, and how this process is affected by events that are 
external to it (e.g., type of out-of-school activity, school characteristics, preparation 
in the classroom, training). By using small sample sizes, we were able to gain more 
insight into the actual process of elicitation, emergence and development of 
science talent, which might also be representative of cases with similar properties. 
By studying situated, intertwined teaching and learning processes in cases, we 
were able to develop an instrument that is applicable to a wide range of domains 
within out-of-school education, and probably also within in-school education.

6.5.2 Can we indicate the long-term effects of out-of-school programs?

In order to find out if and how out-of-school programs contribute to science 
talent, the aspect of time needs to be taken into account. However, it is 
important to notice that time is not a uniform dimension, i.e., time occurs on a 
variety of timescales. In this thesis, we have focused mainly on the short-term 
scale. However, if we want to understand changes in the long run in terms of 
long-term transformation or of remaining in the same position (Koopmans, 
2016), e.g., a more or less constant, significantly larger level of conceptual 
understanding, or significantly longer EPCK attractor states, we need to observe 
the interaction over a larger time span. This larger time span was only taken into 
account in the study described in Chapter 3. The results suggest that the micro 
timescales are nested inside the longer-term scale. The open teaching style used 
in the out-of-school activity in the semi-optimal Case 3, for instance, resulted in 
pupils’ increased conceptual understanding during the activity itself, and this 
might also have had an effect on the observed increase in pupils’ conceptual 
understanding without the support of the teachers during the follow-up 
lesson five weeks later. Signs of emergent science talent, i.e., conceptual 
understanding, can therefore be found in short-term observations and these 
processes may develop into more complex or more prevalent understanding.
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With regard to development of high-level EPCK as an intertwined concept 
of science talent, the current research can only provide an indication of the 
long-term effect based on the short-term dynamics. For instance, it is likely 
that attractor states of high-level EPCK might recur in long-term development. 
Additionally, conceptual understanding elicited and developed in visits with 
High-EPCK attractor states might become more robust in the future. For 
instance, it will become easier to soft-assemble high-level EPCK attractor states 
during the teaching and learning process, and high-level EPCK attractor states 
will become more frequent. However, we have not investigated this long-
term relation, as we had no long-term out-of-school programs at our disposal 
in which the same pupils-instructor combination was repeated over several 
lessons. As we perceived EPCK as an intertwined instructor-pupil property, the 
same setting would be required for a study into long-term effects. Additionally, 
we were not able to investigate the relation between goals of schools with 
different characterizations and the teaching and learning processes that took 
place during their out-of-school visits. This would have been necessary in order 
to determine whether schools with optimal starting positions indeed show 
more effective teaching and learning patterns. In conclusion, to measure the 
development of science talent it is important to take into account time − in 
the form of a variety of timescales. Even measurements of (elicited) conceptual 
understanding in the short term are important, since these processes are nested 
inside long-term timescales. Conceptual understanding, which can emerge in 
the micro-interaction, is a sign of the long-term development of science talent. 
In order to investigate long-term development of attractor states, the same 
pupil-instructor coupling is required.
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6.6 FUTURE RESEARCH

6.6.1 Future research on emergent and elicited science talent in out-of-school 

science programs

As a means to contribute to the external validity, it would be interesting to 
observe emergent science talent in cases that potentially have the same 
properties. In the current research, we found these properties by observing 
natural processes. Additionally, in the first study (described in Chapter 2), we 
found that school characteristics play an important role. In future research, it 
would be interesting to observe the intertwined teaching and learning processes 
in out-of-school activities of special schools across other science networks using 
the EPCK-CS, and to compare the analysis with regular schools. This will prove 
whether school characteristics are indeed related to the emergence of science 
talent. Representative cases which show significant patterns can be chosen to 
explain differences within the group and between the groups (Van Vondel et 
al., 2016a). 

6.6.2 Future research on eliciting science talent 

In this dissertation, the construction of the feedback loop between teacher/
instructor and pupils is still underexposed. One way to find out exactly what and 
who is causing the feedback loop, is by investigating successions of utterances 
in the dyads and analyzing these dyads by means of a transition diagram 
(Guevara Guerrero, 2015; Steenbeek et al., 2012; Van Vondel et al., 2016a). A 
transition diagram visualizes the successions of variables, using transition matrix 
technique. A transition matrix consists of a cross table in which all the possible 
combinations of utterances and their relative proportion of occurrences are 
listed. To illustrate the benefits of studying the feedback loops between pupils 
and instructor, we applied this technique as an example to the follow-up lesson 
of the optimal case (Case 1) in study 2 (described in Chapter 3). By doing so, 
significant successive relations between utterances can be found (see Figure 1).

In this example, it turned out for instance that when the instructor evoked 
conceptual understanding, the utterance was followed by pupils’ conceptual 
understanding in 40% of the cases. This is an indication that conceptual 
understanding is indeed co-constructed by teacher and pupils, and that this 
co-construction starts with evoking. Another way of gaining more information 
about how instructors and pupils mutually influence each other as coupled 
systems, is by using the cross recurrence quantification analysis (De Jonge-
Hoekstra, Van der Steen, Van Geert, & Cox, 2016; Shockley, Butwill, Zbilut, & 
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Webber, 2002). This analysis might provide information about the temporal 
relation between pupils’ conceptual understanding and instructors’ elicitation, 
and the relative strength and direction of this relation. However, if techniques 
such as transition diagrams or cross recurrence quantification analysis are used, 
we suggest to accompany significant patterns with transcriptions of utterances 
by pupils and instructors in which these relations are indeed identified − 
comparable with what was illustrated in Chapter 4. By doing so, it is possible 
to check whether the quantitative relationship also entails a relationship on 
the level of content. For instance, the instructor’s support in elicitation of 
conceptual understanding might be caused by the previous pupil’s conceptual 
understanding, or this support might actually be an initiation to which the pupil 
responds by showing conceptual understanding, or the support in elicitation of 
understanding might not be based on the same topic (e.g., question and answer 
do not have any relation). By using transcriptions, a qualitative interpretation of 
the relation can be provided.

6.6.3 Future research on science talent development

To further investigate how emergent talent on the micro-level develops over 
the long-term timescale, it would be interesting to find out whether schools 
that fit all the conditions for successful out-of-school education indeed show 
more effective teaching and learning patterns, in terms of developing High-

Figure 1. Example of transition diagram of significant successive utterances in Case 1, retrieved from the data 

of study 2.
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EPCK attractor states. In the current thesis, the special schools typically showed 
the most optimal fit (see Chapter 2), and two of the three cases with High-EPCK 
attractor states were special schools that were indeed involved in the baseline 
picture analysis. It would be interesting to find out whether similar optimal 
teaching and learning patterns can be found in other schools with similar 
conditions for successful implementation, and to find out how special schools 
differ from regular schools in their teaching and learning processes. 

Secondly, it would be interesting to investigate long-term effects of out-of-
school programs with the same instructor-pupil settings. In that way attractor 
states on the long-term timescale could be detected, using the coding scheme 
provided in the studies described in Chapter 4 and 5, and the analyses used 
in the study of Chapter 5 (principal component analysis and cluster analysis). 
Conditional for such research is the existence of long-term out-of-school 
programs that are accessible to the researcher, which was not the case during 
the current research. For out-of-school science learning, such research would 
contribute to the limited existing studies on the long-term effect of out-of-
school education (Bamberger & Tal, 2008a; Popovich & Zint, 2012; Rennie, Feher, 
Dierking, & Falk, 2003).
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6.7 IMPLICATIONS FOR PRACTICE

In this section, the practical implications of effective out-of-school education 
are described. The first implication concerns the conditions for successful 
implementation of out-of-school programs. The second implication concerns the 
development of sustainable attractor states of high-level EPCK.

6.7.1 Creating conditions for successful implementation 

There are three success factors for out-of-school learning. The first is creating 
an optimal fit between schools’ goals and goals of the out-of-school program 
(or science network), the second is preparation for the visit, and the third is 
training for the instructors and teachers in applying an open teaching style that 
is focused on conceptual understanding. With regard to the optimal fit, this 
might be reached through communication between the schools and the science 
network/out-of-school facility about shared goals. This might have a positive 
spin-off in multiple ways. Firstly, when schools become aware of the aims of 
out-of-school programs, they can adapt their curriculum to the content of the 
visit in order to create a successful connection. Secondly, the articulation of goals 
concerning science education establishes awareness of a school’s practices and 
its current approach to talent, which might also result in adaptation of in-school 
education. Thirdly, when the goals of schools are communicated, out-of-school 
programs can be adapted according to the needs of schools. With regard to 
the latter, out-of-school instructors should be aware of the fact that for schools 
with different characteristics (e.g., special versus regular), the visit has different 
purposes. Using the baseline picture protocol, the goals can be identified that 
are related to certain school characteristics.

A second success factor is preparation for the visit, through embedding the 
visit into the school curriculum. This implies an important role for the teacher. 
A teacher’s insufficient background knowledge, inadequate skills at applying 
this knowledge in effective teaching (i.e., pedagogical content knowledge), and 
lack of time to prepare will greatly reduce the effect of out-of-school programs 
(see also e.g., Tal et al., 2005). Out-of-school organizations can overcome these 
constraints in two ways. Firstly, they can provide material with background 
information and practical recommendations for using the content (e.g., type of 
questions), such that teachers will feel more competent in preparing for the visit. 
Secondly, teachers’ development of PCK can be facilitated by inviting them 
for a pre-activity visit to the site. Inviting teachers to the site has been proven 
to be effective (Davidsson & Jakobsson, 2012). It enables teachers to identify 
problems that particular pupils might have with particular subjects, for 

Conclusion and discussion

6



159

instance, which is knowledge that the instructor does not have. On the other 
hand, the instructor has a lot of content knowledge, e.g., the background 
of specific exhibits (Griffin, 1998). Communication about these issues 
(Kisiel, 2014) would put the teacher in a more empowered (cf. ownership in 
Durlak & DuPre, 2008) and, in our view, potentially more engaged position 
with regard to the actual out-of-school activity. If we want to improve the 
connected in-school and out-of-school programs, to guarantee that the 
out-of-school programs will have a sustainable impact, the instructors must 
also address the active role of the teachers (Tal et al., 2005). It is clear that 
following these first two suggestions will be time-consuming. However, 
this investment of time is certainly worthwhile, given the positive results 
found in this research. Moreover, if a better connection is made between 
in-school and out-of-school learning, out-of-school programs can serve as a 
means to achieving higher academic standards. In that way, instead of being 
something that simply adds to mandatory work in school, the visit is a way 
to achieve goals. Indeed, pupils show more conceptual understanding in 
programs in which they are prepared for the visit and in which the instructor 
or teacher knows how to elicit this understanding.

The third success factor is training. Instructors can only provide the suggested 
support if they themselves know how to increase the level of EPCK in out-of-
school activities. The principles for applying a high level of EPCK− by means of an 
open teaching style that is focused on the support of conceptual understanding 
− can be learned in a short training, which in the current research has proven to 
be a successful ingredient for out-of-school learning. Similar short trainings can 
be provided for teachers.

In conclusion, in order for out-of-school science programs to be as successful 
as possible, coordinators of the science networks should communicate with 
schools about the goals of out-of-school learning, and instructors should 
stimulate teachers’ ownership and address their active role. Additionally, for 
learning to apply EPCK, a short training in open teaching skills that are focused 
on conceptual understanding is suggested.

6.7.2 Developing sustainable attractor states of High EPCK

For eliciting science talent and developing them during out-of-school activities, 
teachers and instructors need to create attractor states of high-level EPCK. 
Development of attractor states starts with the micro-interaction between 
the instructor or teacher and the pupils. For adults, this means that they need 
to ask questions that elicit conceptual understanding, encourage pupils to 
deepen their thoughts, provide them with think-time after questions, and ask 
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follow-up questions after a pupil has given an answer. Additionally, adults 
need to be aware of the first sign of science talent, which is a pupil’s expressed 
conceptual understanding, even if this entails a misunderstanding. Although we 
found that spontaneous utterances by pupils did not tend to occur in the same 
time sequence as conceptual understanding, they are still a sign of emergent 
talent. Moreover, whenever observing this sign, it is a challenge for teachers 
and instructors not to fall back into Non-EPCK attractor states unnecessarily. 
For instance, instead of giving an explanation themselves, instructors can 
ask follow-up questions. However, support from an instructor or teacher of 
pupils’ conceptual understanding is not just limited to an open teaching style 
that is focused on conceptual understanding. Sometimes it is too difficult for 
a pupil to respond to an open teaching style (e.g., an open question). The 
instructor or teacher might then want to switch to a closed style, in which 
the information or instruction is provided. Also, these styles can influence the 
effect on pupils’ conceptual understanding, shown for example by their use of 
analogies (Dunbar & Fugelsang, 2005; Dunbar, 2000; Lehrer & Schauble, 2006) 
and (causal) explanations (e.g., Fender & Crowley, 2007; Tenenbaum et al., 2004; 
Van Schijndel et al., 2015). As a means of scaffolding pupil understanding, the 
teacher/instructor should adapt the style (closed or open) to the needs of the 
pupil at that particular moment in time.
 
In order to create sustainable attractor states of high-level EPCK in out-of-
school education in the long run, a single training might not be enough. Video-
recorded moments in which attractor states of high-level EPCK are expressed 
can be used in coaching sessions, in order for these attractor states to become 
more common. Additionally, these recordings can be used as exemplary 
cases for other (new) instructors in training sessions. Long-term training that 
uses videos to reflect on practices has proven to be successful for (museum) 
instructors (Ash et al., 2012). For teachers, similar coaching programs are 
suggested. For effective out-of-school programs, coaching should take place 
during each step of the program: a preparation lesson in the classroom, the visit 
itself, and a one or more follow-up lessons in the classroom. Additionally, these 
skills in applying an open teaching style and scaffolding pupils’ understanding 
can already be learned during teacher education, in order for teachers to 
develop their high-level EPCK into sustainable attractor states, which will most 
likely influence the effectiveness of out-of-school programs. Only little attention 
is paid to out-of-school learning during teacher education, though out-of-school 
visits during their education are helpful for prospective teachers to become 
familiar with science concepts and teaching skills (Tal et al., 2005; Tal, 2004), and 
thus to develop PCK. 

In conclusion, for pupils’ science talent to emerge and to develop, instructors/
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teachers should be aware of the first signs of science talent in their pupils (i.e., 
conceptual understanding and spontaneity) and take up their role in further 
eliciting this talent. They can do so by using an open teaching style that is 
focused on conceptual understanding, or by using effective closed strategies 
whenever open ones are still too difficult and do not help pupils understand 
the science content. Skills for applying an open teaching style can be learned 
in a short training or in teacher education itself, and can be further developed 
by means of video-feedback coaching. It’s not rocket science if teachers and 
instructors become aware of their own talent in evoking pupils’ science talents! 
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APPENDIX A

Global observations made in the phase prior to study 3 (Chapter 4) by independent observers

 
Fragment 

descriptions
Notes observer 1 Notes observer 2

Case 1: University 
Museum; female 
educator; grade 4; 4 
pupils; 5 minutes

Questions evoking conceptual 
understanding; feedback by means of 
follow-up questions; feedback neutral; 
think time; pupils respond to each other; 
pupils’ misconceptions.

Open-ended questions, 
follow-up questions; questions 
evoking pupils’ understanding; 
Stimulates pupils’ thinking; pupils’ 
misconceptions

Case 2: Children’s 
University; female 
educator, grade 
5/6; 200 pupils; 31 
minutes

Questions about experiences; evoking 
declarative knowledge; analogies, 
transferring knowledge; judges pupils’ 
answers, provides feedback by explaining; 
low amount of pupils’ conceptual 
understanding, pupils respond to 
questions, pupils’ questions; pupils’ 
misconceptions

Visual supports; lot of information, 
with difficult concepts; questions 
and follow-up questions; feedback 
by explaining; analogies, pupils 
look involved.

Case 3: Science 
Center; male 
educator, grade 
6; 2-5 pupils; 37 
minutes

Explaining procedures; questions 
evoking prediction and explanations; 
judges answers; feedback by means of 
explaining; follow-up questions; pupils’ 
conception; low spontaneity

Stimulating thinking, redirections 
or instruction; questions evoking 
declarative knowledge; questions 
evoking explanations; follow-up 
questions

Case 4: Mobile 
Planetarium; female 
educator; grade 
6; 24 pupils; 21 
minutes

Off-task remarks; information of 
knowledge; closed approach; few (closed-
ended) questions to evoke explanations; 
judges answers; feedback by means 
of explaining; no follow-up questions; 
pupils’ spontaneous reactions; pupils’ 
fragmented conceptions

Information and explains about 
content knowledge; open 
questions; follow-up by means 
of questioning; no follow-up 
questions; opportunities for pupils 
to respond; pupils respond, pupils’ 
misconceptions, pupils’ questions

Case 5: University 
Museum; male 
educator; grade 
5/6; 2-5 pupils; 18 
minutes

Information of content knowledge; 
procedures; analogies; positive 
confirmations (judgements); feedback 
by explanations; low amount follow-up 
questions; low amount questions to 
evoke pupils’ explanations; questions 
to predict; pupils’ observations, pupils’ 
spontaneous reactions; pupils questions.

Open questions; low amount of 
follow-up questions and of short 
duration; explanations; directions 
and instructions; analogies; pupils’ 
response to questions; pupils work 
partly independent (reading the 
assignments/ formulate answers)

Case 6: University 
Museum; female 
educator; grade 4; 4 
pupils; 5 minutes

No explanations or information; questions 
evoking declarative knowledge; misses 
answers of pupils; positive confirmations; 
asks for advice; pupils’ misconceptions 

Questions; not clear if educator 
has knowledge about the content; 
confirmation of incorrect answer; 
exploration of both educator and 
pupils
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Case 7: Science 
Center; Grade 
5/6; 2-3 pupils; 20 
minutes

Procedural information; questions 
evoking procedures and observations; 
redirection to assignment; no questions 
evoking explanations, no follow-up 
questions

Procedural directions; questions 
focused on procedural information; 
no content-based discussion; no 
content-related questions. 

Case 8: University 
Museum; grade 4, 4 
pupils; 2 minutes

Procedural directions; questions evoking 
procedures; some content-based 
information

Procedural information; questions 
evoking procedures; no content 
based discussions; low amount of 
questions.

Case 9: Games; 
grade 6/7; 24 pupils; 
20 minutes

No content-based interaction; gives 
procedural directions; main principle 
is not made clear; educator is not in 
the lead; no clear instructions; neutral 
feedback; focus on procedures

Not content-based; procedural 
information; no questions; 
pupils work independently on 
the assignment content-related 
support

Case 10: Mobile 
Planetarium; grade 
3 ; 25 pupils; 17 
minutes

Questions evoking conceptual 
understanding and declarative 
knowledge; explaining information; 
neutral responses (not judging); positive 
responses (judging); low amount of 
follow-up questions; does not always 
respond to spontaneity 

Information about the content; 
feedback by means of closed-
ended questions; open-ended 
questions; examples; respond to 
spontaneity; does not respond to 
spontaneity; pupils’ spontaneous 
questions’ pupils’ misconceptions
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Addendum

aD

NEDERLANDSE SAMENVATTING

1 INLEIDING

In Nederland zijn sinds 2009 negen wetenschapsknooppunten opgericht met als 
doel kennis uit te wisselen tussen universiteiten en scholen en leerlingen uit het 
basis- en voortgezet onderwijs enthousiast te maken voor   wetenschap11. In een 
wetenschapsknooppunt worden daarom educatieve programma’s in externe 
leeromgevingen ontwikkeld en aangeboden, zoals hands-on activiteiten in een 
museum. Onderwijs in externe leeromgevingen wordt verondersteld een bijdrage 
te leveren aan de ontwikkeling van wetenschapstalent van leerlingen. Dit talent 
is nodig voor het oplossen van wetenschapsvraagstukken die maatschappelijk 
relevant zijn. Dit proefschrift heeft tot doel deze aanname aan een kritische 
reflectie te onderwerpen door te onderzoeken of de onderwijsprogramma’s in 
externe leeromgevingen bijdragen aan het uitlokken, ontluiken en ontwikkelen 
van wetenschapstalent en te onderzoeken hoe onderwijsleerprocessen binnen deze 
programma’s daartoe bijdragen. Het onderzoek is in het bijzonder gericht op de 
werking van het Wetenschapsknooppunt Noord-Nederland12 en op de activiteiten 
die ontworpen zijn voor basisschoolleerlingen. 

In dit proefschrift wordt wetenschapstalent beschouwd als een 
ontwikkelingspotentieel dat kan groeien mits de context optimaal faciliterend 
is. Wetenschapstalent (ook wel talentvolgedrag) van leerlingen uit zich in 
nieuwsgierigheid, interesse, ontdekkend, onderzoekend en ontwerpend leren, 
probleemoplossend vermogen en wetenschappelijk redeneren of conceptueel
kunnen denken (zie o.a. Wetzels, 2015). Talentvol gedrag kan uitgelokt worden

11 In dit proefschrift verwijst wetenschap, zoals aangeduid in het woord wetenschapsonderwijs of wetenschapstalent 

naar het brede spectrum van wetenschap en techniek. 
12 Het Wetenschapsknooppunt Noord-Nederland is een samenwerkingsverband tussen de Rijksuniversiteit Groningen, 

Hanzehogeschool Groningen, instellingen verbonden aan deze universiteiten (onder andere Kinderuniversiteit, 

Universiteitsmuseum, Science Center De Magneet en Zout Express) en scholen voor primair en voortgezet onderwijs. 

Het Wetenschapsknooppunt Noord-Nederland richt zich op het brede spectrum van wetenschap: alfa, bèta en 

gamma.
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door de volwassene en daarom is het belangrijk dat de volwassene het 
talentvolle gedrag ziet en verder laat ontwikkelen. Deze visie op talent is 
ontwikkeld in het kader van het project TalentenKracht en is gebaseerd op 
fundamenteel en toegepast onderzoek van de Rijksuniversiteit Groningen, 
afdeling ontwikkelingspsychologie. TalentenKracht is een nationaal project 
dat in 2006 is gestart en waarin zeven universiteiten samen werken aan een 
onderzoeksprogramma rondom wetenschapstalenten van jonge kinderen 
(Steenbeek, Van Geert, & Van Dijk, 2011; Van Benthem, Dijkgraaf, & De Lange, 
2005) . Dit proefschrift gaat over talentontwikkeling in externe leeromgevingen 
en maakt deel uit van het Groningse onderzoeksprogramma. 

Om te onderzoeken hoe en in welke mate externe leeromgevingen 
wetenschapstalent van leerlingen stimuleren is uit gegaan van de theorie van 
complexe dynamische systemen (CDS). Deze theorie wordt gebruikt om een 
aantal significante kenmerken (zie o.a., Van Geert, 2011) ten aanzien van het 
uitlokken, ontluiken en ontwikkelen van talent te kunnen identificeren. Hoewel 
de CDS relatief weinig wordt gebruikt in onderzoek naar onderwijs (Koopmans 
& Stamovlasis, 2016b; Kupers, 2014), heeft deze theorie toegevoegde waarde, 
omdat ze inzicht geeft in de complexe dynamische eigenschappen van 
onderwijsleerprocessen, zoals iterativiteit en zelf-organisatie. Het bestuderen van 
deze eigenschappen helpt ons om veranderingen in onderwijsleerprocessen te 
begrijpen (Van Vondel, Steenbeek, Van Dijk, & Van Geert, 2016a). Veranderingen 
in dergelijke processen in het hier-en-nu kunnen eerste aanwijzingen zijn voor 
het ontluiken van talent (Steenbeek, Van Geert, & Van Dijk, 2011). 

Onderwijsleerprocessen waarin wetenschapstalent uitgelokt kunnen worden, 
kunnen ontluiken en ontwikkelen, hebben we Expressed Pedagogical Content 
Knowledge (EPCK) genoemd. Dit begrip is een variant op Pedagogical Content 
Knowledge (PCK). PCK is pedagogische-didactische kennis van de vakinhoud die 
de leerkracht aanwendt in het lesgeven. Het gaat er om dat de leerkracht inzicht 
heeft in welke manier van lesgeven geschikt is voor welke leerling, gezien de 
inhoud van het vak (Shulman, 1986; Van Driel, Verloop, & De Vos, 1998). In 
tegenstelling tot PCK is EPCK een emergent fenomeen dat tot stand komt in 
interactie tussen de leerling en de leerkracht (zoals vanuit de CDS beschouwd) en 
niet een interne eigenschap van de leerkracht (zoals traditioneel vanuit de PCK 
literatuur beschouwd). EPCK is dan de pedagogisch-didactische inhoudskennis 
die tot uitdrukking komt in concrete onderwijsleerprocessen tussen leerling 
en leerkracht (in dit proefschrift gaat het om de educatief medewerker) en die 
is ingebed in een bepaalde, concrete context. Een hoge mate van EPCK geeft 
een diep transactioneel proces weer tussen de talentontlokkende activiteit 
van de educatief medewerker en het talentvolle gedrag van de leerling. Een 
belangrijke variabele binnen EPCK is Conceptueel denken. Conceptueel denken 
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is een vorm van complex denken en redeneren, waarbij representaties of 
abstracties geuit worden in het maken van voorspellingen of het geven van 
verklaringen. Declaratieve kennis (feiten en definities) is weliswaar ook een vorm 
van complex denken, omdat het gaat om het uiten van representaties, maar 
is in tegenstelling tot conceptueel denken oppervlakkiger (Ohlsson, Moher, & 
Johnson, 2000). Om conceptueel denken uit te lokken kan een leerkracht een 
open leerkrachtstijl gericht op conceptueel denken gebruiken. Deze stijl behelst 
het stellen van vragen, het aanmoedigen en het inlassen van denkpauzes van de 
leerkracht of educatief medewerker. 

Addendum
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13 Scholen die leerlingen met specifieke onderwijsbehoeften in een aparte onderwijssetting plaatsen: scholen voor 

speciaal (basis)onderwijs, Leonardoscholen, scholen met plusklassen. Deze scholen lieten over het algemeen 

dezelfde doelen zien.
14 Reformscholen zijn bijvoorbeeld Jenaplanscholen en Daltonscholen

2 SAMENVATTING VAN DE HOOFDSTUKKEN

In hoofdstuk 2 werd de startpositie van tien scholen die op het punt stonden om 
te gaan samenwerken binnen het Wetenschapsknooppunt Noord-Nederland 
onderzocht. De volgende onderzoeksvraag stond centraal: Wat zijn de doelen 
van scholen op het gebied van wetenschapsonderwijs, talent en het leren in externe 
leeromgevingen en in welke mate zitten de scholen en het Wetenschapsknooppunt 
Noord-Nederland op één lijn? De tien scholen verschilden wat betreft de 
volgende schoolkenmerken: regulier versus speciaal13, reformscholen14 versus 
geen reformscholen en grote scholen versus kleine scholen. Resultaten van de 
semigestructureerde interviews met directeuren, coördinatoren en leerkrachten 
met een voortrekkersrol op het gebied van wetenschapsonderwijs van de tien 
scholen lieten zien dat, ten eerste, de grootste zorg van de scholen lag in de 
kennis van leerkrachten omtrent wetenschapskennis en vaardigheden om die 
kennis in te zetten voor het geven van goede lessen. Ten tweede bleek dat 
speciale scholen verschilden van reguliere scholen. Speciale scholen waren 
meer gericht op het onderzoekend en ontwerpend leren (onder andere 
vragen stellen en wetenschappelijk redeneren), terwijl reguliere scholen vaker 
doelen noemden op schoolniveau, bijvoorbeeld wat betreft randvoorwaarden 
voor wetenschapsonderwijs, zoals tijd(gebrek). Tot slot werd duidelijk dat 
met betrekking tot de afstemming van de doelen tussen scholen en het 
Wetenschapsknooppunt Noord-Nederland de beste aansluiting gevonden werd 
in het gedeelde doel dat gericht was op het verbeteren van het onderzoekend 
en ontwerpend leren van leerlingen. Frictie tussen de doelen werd gevonden in 
het punt dat scholen meer dan het Wetenschapsknooppunt Noord-Nederland 
geïnteresseerd waren in het verbeteren van de kennis van de leerkrachten. 
Daarentegen was het Wetenschapsknooppunt Noord-Nederland specifiek 
gericht op het aanbieden van stimulerende (externe) leeromgevingen en het 
verbinden van activiteiten aan het curriculum van de scholen, terwijl de scholen 
daarin relatief minder geïnteresseerd waren. 

In de tweede studie (hoofdstuk 3) is gekeken hoe onderwijsleerprocessen 
verlopen in een programma in een externe leeromgeving, om zodoende 
te onderzoeken hoe wetenschapstalent het beste ontlokt wordt, hoe het 
ontluikt en verder ontwikkelt over de langere termijn van vijf weken. Daarbij 
is gekeken naar verschillende implementatiecondities waarbij het bezoek aan 
de leeromgeving al dan niet was voorbereid en waarbij de leerkrachten en/of 
educatief medewerkers al dan niet getraind waren. In deze studie hebben we 
de volgende vraag beantwoord: Laten verschillende implementatiecondities van 
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een programma rondom een bezoek aan een externe leeromgeving verschillende 
onderwijsleerprocessen zien; zo ja, laat de meest optimale implementatieconditie, 
waarbij de leerlingen zijn voorbereid op een bezoek en de volwassenen zijn 
getraind in het toepassen van een open leerkrachtstijl gericht op het uitlokken 
van conceptueel denken, de grootste relatieve groei in conceptueel denken zien? 
De casussen betroffen leerlingen van vier bovenbouwgroepen (groep 6-8) 
van twee verschillende scholen, reguliere leerkrachten van drie van deze 
groepen, educatief medewerkers het Kapteyn Mobiel Planetarium en twee 
externe leerkrachten van het Wetenschapsknooppunt Noord-Nederland.15 

Drie implementatiecondities van het gecombineerde programma zijn 
onderzocht in een meervoudige casusstudie. Naast de optimale conditie, 
zijn een marginale conditie onderzocht (waarin de leerlingen niet waren 
voorbereid op het bezoek en de educatief medewerker en leerkrachten 
niet waren getraind) en een tussenliggende conditie (waarin de leerlingen 
voorbereid waren, de educatief medewerkers getraind waren en de reguliere 
leerkrachten niet waren getraind). De resultaten lieten zien dat in alle condities 
veranderingen in het conceptueel denken van leerlingen in vijf weken 
gelijke tred hielden met de mate waarin een open leerkrachtstijl gericht op 
conceptueel denken veranderde: wanneer open leerkrachtstijl bijvoorbeeld 
toenam, nam ook het conceptueel denken toe. Daarnaast vonden we in alle 
condities dat op korte termijn, binnen één observatie, volwassenen en de 
leerlingen samen conceptueel denken construeerden, hoewel de mate waarin 
co-constructie werd gerealiseerd binnen de les varieerde. Dit betekent dat op 
sommige momenten de open leerkrachtstijl vooraf gegaan of gevolgd werd 
door conceptueel denken van de leerlingen, terwijl op andere momenten in 
de interactie dergelijke sequenties niet gevonden werden. Getrainde educatief 
medewerkers en leerkrachten (in de optimale en tussenliggende conditie) lieten 
vaker een open leerkrachtstijl gericht op conceptueel denken zien dan niet 
getrainde volwassenen. Ten slotte liet de meest optimale conditie het grootste 
leereffect zien in termen van absolute groei in conceptueel denken over een 
tijdsbestek van vijf weken. Deze groei bleek groter te zijn dan de verandering in 
declaratieve kennis (p waarde < .001). 

In de derde studie (hoofdstuk 4) is het ontwerp en de validatie van een observatie-
instrument, genaamd Expressed Pedagogical Content Knowledge Coding 
Scheme (EPCK-CS) onderzocht. De vraag die beantwoord werd  is: Is het mogelijk 
om een instrument te ontwerpen dat EPCK meet in real-time interactie; zo ja, hoe 
praktisch hanteerbaar, betrouwbaar en valide is het instrument? Het instrument is 
gebaseerd op theoretische EPCK-componenten die met behulp van PCK-studies 
en studies over effectief wetenschapsonderwijs zijn gedefinieerd. Voorbeelden 
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15 Omdat de reguliere leerkrachten niet geschoold waren en er geen scholing beschikbaar was, zijn externe 

leerkrachten van het Wetenschapsknooppunt Noord-Nederland, Pedagogische Academie Hanzehogeschool, 

ingezet in de optimale conditie. 
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van een theoretische EPCK-componenten is de Onderwijsstijl van de leerkracht en 
Concepten van leerlingen. Het instrument is toegepast op een filmopname van 
een groep 5 die een interactieve activiteit in het Kapteyn Mobiel Planetarium 
uitvoerde. De resultaten lieten zien dat het inderdaad mogelijk was om een 
instrument te ontwerpen dat praktisch hanteerbaar voor het coderen door 
onderzoekers bleek, althans als de observanten getraind waren in het gebruik 
van het codeerschema en de codering in fasen geschiedde. De codering 
bleek voldoende betrouwbaar (kappa’s: 0.770-1.000). Voor validatie van 
het instrument is in de data gezocht naar latente componenten die 
correspondeerden met het theoretische concept EPCK. We vonden vier 
componenten die samen 62% van de variantie verklaarden. De eerste 
component was voornamelijk gericht op declaratieve kennis die door de 
leerkracht geleid werd. De tweede factor was gericht op een open leerkrachtstijl 
gericht op het ontlokken van conceptueel denken én declaratieve kennis en het 
conceptueel denken van leerlingen. De derde component liet de initiatieven en 
de gesloten aanpak (instructies geven, antwoorden bevestigen en informatie 
geven) van de educatief medewerker zien. De vierde component was meer 
gericht op spontane uitingen van de leerling waarop de educatief medewerker 
neutraal en met een uitleg reageerde of waarop de educatief medewerker 
niet reageerde. De metingen van het EPCK-CS bleken representatief voor het 
theoretisch concept van EPCK te zijn, omdat de latente componenten bij elkaar 
diverse verschijningsvormen van EPCK (zoals een open leerkrachtstijl waarbij 
conceptueel denken van leerlingen zichtbaar wordt) in kaart brachten. 

In het vierde onderzoek (hoofdstuk 5) werd het EPCK-CS ingezet voor het 
coderen en analyseren van negen casussen. De centrale vraag was: Laat EPCK 
in real time-interactie een systematisch patroon van variatie zien; zo ja, laat 
het patroon attractortoestanden, dat wil zeggen terugkerende, tijdelijk stabiele 
toestanden, zien? In dit onderzoek kwam naar voren dat de data die real-
time (van seconde tot seconde) gemeten zijn, gereduceerd konden worden 
tot een beperkt aantal principale componenten per casus. In totaal werden 
er 30 componenten (6 casussen met drie componenten en 3 casussen met 
vier componenten) gevonden die idiosyncratisch van karakter waren. Uit de 
clusteranalyse bleek dat componenten die conceptueel sterk op elkaar leken, op 
een generieke wijze beschreven konden worden, gezien de overeenkomsten in 
correlerende variabelen binnen deze componenten. Eén generieke beschrijving 
was gerelateerd aan een hoog niveau van EPCK (Open leerkrachtstijl gericht 
op het uitlokken van conceptueel denken, conceptueel denken van leerlingen 
en misconcepties), twee andere beschrijvingen waren gerelateerd aan een 
laag niveau van EPCK (Niet-spontane declaratieve kennis én Niet-complexe, 
spontane uitingen van leerlingen). Door een clusteranalyse toe te passen op de 
individuele tijdseries van de casussen werd duidelijk dat de EPCK-componenten 
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zelf-organiseren in toestanden van tijdelijke stabiliteit. In sommige gevallen 
ontwikkelden die toestanden zich tot attractortoestanden, wat inhield dat 
ze substantiële duur hadden en een terugkerend patroon lieten zien waarbij 
bovendien een hoge mate van stabiliteit van de EPCK-componenten werd 
gevonden. De resultaten lieten zien dat in drie casussen attractortoestanden 
met een hoge mate van EPCK in een alternerend patroon voorkwamen. Dit 
betekent dat een hoge mate van EPCK niet continue aanwezig was maar af 
en toe opvlamde. Opvallend was bovendien dat attractoren met een hoge 
mate van EPCK alleen voorkwamen bij die casussen waarbij het bezoek was 
voorbereid en de educatief medewerkers waren getraind in het hanteren van 
een open leerkrachtstijl gericht op conceptueel denken.
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3 CONCLUSIE

Naar aanleiding van alle onderzoeken kunnen twee belangrijke 
implementatievoorwaarden voor succesvolle educatie in externe 
leeromgevingen geformuleerd worden. Ten eerste lijkt het van belang te 
zijn om te communiceren over doelen (cf. Kisiel, 2010, 2014; Tal & Steiner, 
2006), om te bepalen in welke mate de startpositie van de scholen optimaal 
is. Een inventarisatie van doelen, waarbij rekening gehouden wordt met 
schoolkenmerken, is zinvol om te bepalen of de activiteiten en de scholen 
voldoende op elkaar afgestemd zijn. Ten tweede blijkt uit de tweede en 
vierde studie dat educatie in externe leeromgevingen meer succesvol is indien 
het bezoek aan de leeromgeving wordt voorbereid én indien de betrokken 
volwassenen getraind zijn in het uitlokken van conceptueel denken. We kunnen 
daarom concluderen dat onderwijsprogramma’s in externe leeromgevingen 
bijdragen aan het uitlokken, ontluiken en ontwikkelen van wetenschapstalent 
mits de implementatievoorwaarden optimaal zijn. 

Naast deze implementatievoorwaarden die het succes van het programma 
in externe leeromgevingen bepalen, leverde dit onderzoek zicht op hoe 
onderwijsleerprocessen binnen deze programma’s wetenschapstalent ontlokken, 
hoe het talentvolgedrag ontluikt en hoe het ontwikkelt binnen de context 
van externe leeromgevingen. Uit de studies naar de onderwijsleerprocessen 
werd onder meer duidelijk dat conceptueel denken (wetenschapstalent) 
ontstaat en ontwikkelt in complexe onderwijsleerprocessen die geconstrueerd 
worden door zowel de leerkracht/educatief medewerker als de leerlingen. 
Daarmee kan het ontstaan van conceptueel denken niet verklaard worden 
door een simpel oorzaak-gevolg relatie. Daarnaast kwam naar voren dat het 
onderwijsleerproces waarin wetenschapstalent zichtbaar wordt gedurende de 
activiteit kan ontwikkelen tot een attractortoestand met een hoge mate van 
EPCK. Een dergelijk toestand kan vergeleken worden met een leermoment of 
onderwijsmoment (DeWitt, 2012; Haug, 2014) waarin de leerlingen door de 
leerkracht of educatief medewerker worden ondersteund in het conceptueel 
denken en waarin leerlingen uitgedaagd worden om die concepten verder 
te ontwikkelen. Dergelijke toestanden worden ook wel  talentmomenten 
genoemd. In deze momenten vindt hoogwaardige, diepe vorm van interactie 
plaats en laten leerkracht en leerling een hoge mate van betrokkenheid en 
enthousiasme zien (Steenbeek, Van Geert, Van Dijk, 2011). In talentmomenten 
en attractortoestanden met een hoge mate van EPCK is, in tegenstelling 
tot leermomenten en onderwijsmomenten, sprake van een wederzijds 
beïnvloedend proces, waarbij leerlingen en volwassenen elkaar steeds verder 
optrekken in een opwaartse spiraal van redeneren en enthousiasme. 
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4 DISCUSSIE EN IMPLICATIES VOOR DE PRAKTIJK

In hoofdstuk 6 van het proefschrift worden de resultaten uit de studies 
bediscussieerd, suggesties voor vervolgonderzoek geformuleerd en 
aanbevelingen voor de verbetering van de praktijk beschreven. In deze paragraaf 
worden een aantal van deze discussiepunten en suggesties weer gegeven. 

Om iets te kunnen zeggen over hoe wetenschapstalent ontlokt kan worden, 
hoe ze ontluiken en ontwikkelen is het van belang om onderwijsleerprocessen 
van moment tot moment, in real-time, te bekijken om te zien wanneer dat 
moment van ontluiken, ontlokken en ontwikkelen zich voordoet en in welke 
context. Omdat dergelijke real-time observaties en analyses zeer bewerkelijk en 
tijdrovend zijn, is in deze dissertatie gebruik gemaakt van casusstudies. Veelal 
wordt in onderzoek naar onderwijs gebruik gemaakt van grote steekproeven. 
Echter, omdat individuen hun eigen individu-specifieke patronen laten zien 
en omdat die patronen van individuen tot stand komen door een ingewikkeld 
patroon van interacterende variabelen (Koopmans & Stamovlasis, 2016a; 
Molenaar & Campbell, 2009), is een design waarbij grote steekproeven worden 
gebruikt en groepen worden vergeleken op basis van gemiddelden niet 
geschikt om onderwijsleerprocessen, die ingebed zijn in een specifieke context, 
en de veranderingen van variabelen in die processen over de tijd kwantitatief en 
kwalitatief in kaart te brengen. Door in dit proefschrift casussen te gebruiken zijn niet 
alleen condities voor implementatiesuccessen vastgesteld, maar is ook aangetoond 
hoe wetenschapstalent ontstaat in de micro-interactie (interactie die van moment 
tot moment plaatsvindt), hoe het ontlokt wordt door de volwassene en hoe het zelf-
organiseert in attractortoestanden. Door dergelijke processen te observeren hebben 
we bovendien kennis over PCK kunnen uitbreiden op conceptueel, methodologisch 
en empirisch gebied. Dit heeft geresulteerd in een nieuw meetinstrument dat 
toepasbaar is in meerdere onderwijscontexten en op diverse vakgebieden. In 
onderzoek naar onderwijsleerprocessen is de dimensie “tijd” belangrijk. Resultaten 
uit dit proefschrift laten bijvoorbeeld zien dat de kortetermijntijdschaal van een les of 
een activiteit ingebed is in de langetermijntijdschaal van meerdere weken. Het blijkt 
dat zelfs in de micro-interactie van seconde tot seconde zich tekenen van talentvol 
gedrag voordoen, die mogelijk een effect hebben op langere termijn. 

Een van de suggesties voor vervolgonderzoek in dit proefschrift heeft betrekking op 
onderzoek naar deze langetermijneffecten. Zo zou het interessant kunnen zijn om te 
onderzoeken of scholen die in de meest optimale implementatievoorwaarden zitten 
(bijvoorbeeld voorbereide scholen en getrainde volwassenen), meer of duurzamere 
attractortoestanden met een hoge mate van EPCK laten zien dan scholen in 
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minder optimale condities. Om de ontwikkeling van attractortoestanden op langere 
termijn te bestuderen is het nodig dat de koppeling tussen de volwassene en de 
groep leerlingen gelijk blijft, gezien het feit dat EPCK een verstrengeld educatief 
medewerker-leerlingen concept is. 

De resultaten uit de studies in dit proefschrift hebben een aantal praktische 
implicaties voor leerkrachten, educatief medewerkers en de lerarenopleiding. Om 
talent voor wetenschap te laten ontluiken en te stimuleren is een bezoek met de 
schoolklas aan een externe leeromgeving niet voldoende. Ten eerste is het van 
belang dat scholen en de organisaties die externe leeromgevingen aanbieden hun 
doelen communiceren, om zodoende de doelen op elkaar af te stemmen. De tweede 
conditie voor implementatiesucces is voorbereiding op school en training van 
leerkrachten/educatief medewerkers in het uitlokken van conceptueel denken bij de 
leerlingen. Met betrekking tot de voorbereiding is het van belang dat leerkrachten 
inhoudelijke achtergrondkennis over het onderwerp van het bezoek hebben, 
gezien de behoefte van scholen om de kennis van leerkrachten op het gebied van 
wetenschapskennis uit te breiden (zie eerste studie). 

Om te zorgen dat programma’s in externe leeromgevingen op een duurzame manier 
talenten van leerlingen stimuleren, is het belangrijk dat leerkrachten en educatief 
medewerkers talentmomenten, dus attractortoestanden met een hoge mate van 
EPCK, weten te creëren en vast te houden. Leerkrachten en educatief medewerkers 
moeten zich bewust zijn van de eerste tekenen van talentvol gedrag in de vorm van 
verbale of non-verbale uitingen van conceptueel denken, zelfs als de redenering in 
de ogen van de volwassene niet helemaal klopt. Daarbij is het van belang dat de 
leerkracht of de educatief medewerker niet automatisch terugvalt op een gesloten 
aanpak waarbij uitgelegd wordt, maar dat hij of zij de leerling juist blijft uitdagen 
zelf over het antwoord na te denken. Dit betekent overigens niet dat de educatief 
medewerker of de leerkracht alleen maar vragen moet stellen of denkpauzes moet 
inlassen. Soms is een onderwerp te moeilijk en heeft de leerling gewoon uitleg nodig. 
Het punt is dat de volwassene een goede afstemming moet vinden tussen wat de 
leerling zelf kan beredeneren en wat hij of zij zou moeten aandragen. 

Deze afstemming kunnen maken, het zien van de eerste tekenen van talentvol gedrag 
en het kunnen creëren van talentmomenten (attractortoestanden met een hoge mate 
van EPCK), kan geleerd worden door videofeedback-coaching (zie Wetzels, 2015) 
waarbij video-opnames van de lessen worden gemaakt en talentmomenten worden 
opgespoord en besproken met de betreffende leerkracht of educatief medewerker. 
Mogelijk kan een open leerkrachtstijl al in de lerarenopleiding worden aangeboden, 
waardoor de kans dat de leerkracht samen met de leerlingen attractortoestanden 
met een hoge mate van EPCK op de langere termijn ontwikkelt, wordt vergroot. 
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5 CONCLUDERENDE OPMERKINGEN OVER HET 
WETENSCHAPSKNOOPPUNT NOORD-NEDERLAND

De stimulerende leeromgevingen die het Wetenschapsknooppunt Noord-
Nederland aanbiedt, kunnen bijdragen aan het ontlokken, ontluiken en 
ontwikkelen van wetenschapstalenten van (basisschool)leerlingen, mits de 
activiteiten zijn voorbereid in de klas en zowel de leerkrachten als de educatief 
medewerkers geschoold zijn in het hanteren van een open leerkrachtstijl gericht 
op conceptueel denken. Het leren in contexten buiten het klaslokaal is nodig om 
het probleemoplossend vermogen van leerlingen te stimuleren en de leerlingen 
in aanraking te laten komen met bijzondere en levensechte materialen. Om 
te zorgen dat de leerkrachten het bezoek inderdaad gaan voorbereiden en 
dat ze voldoende toegerust zijn om de lessen rondom het bezoek te geven 
is het zinvol om met hen te praten over de doelen van het bezoek, ze uit 
te nodigen op locatie om over de inhoud en de mogelijke leerobstakels te 
praten en achtergrondinformatie over het onderwerp aan te bieden. Tot slot 
zou een coaching van de leerkracht en de educatief medewerker over een 
langere termijn zinvol kunnen zijn om te zorgen dat ze vaker en langdurigere 
talentmomenten kunnen creëren binnen hun wetenschapsactiviteiten en om te 
zorgen dat een bezoek meer wordt dan  een leuk uitje. “It’s not rocket science” 
indien leerkrachten en educatief medewerkers hun talent in zetten om het 
wetenschapstalent van leerlingen uit te lokken! 
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Misschien zal ik ooit promoveren, dacht ik toen ik in een ver verleden 
Onderwijskunde aan Rijksuniversiteit Groningen studeerde. Zestien jaar later 
is deze gedachte verwezenlijkt! Het begon allemaal in de zomer van 2010. 
Ik werkte inmiddels negen jaar aan de Pedagogische Academie en was net 
bij het lectoraat Integraal Jeugdbeleid aangenomen, toen lector Jeannette 
Doornenbal mij de kans om te promoveren in de schoot wierp. Volgens 
Jeannette was dit een kans die ik eigenlijk niet kon laten schieten, want ik 
zou worden opgenomen in een fantastische onderzoeksgroep. Er lag al een 
onderzoekvoorstel en de subsidie was al binnen: een gespreid bedje. Ik weet 
nog goed dat ik met een hoge dosis scepsis aan tafel ging met twee mensen van 
de vakgroep Ontwikkelingspsychologie van de Rijksuniversiteit Groningen. Dat 
bleken Paul van Geert en Henderien Steenbeek te zijn die later mijn promotor en 
co-promotor werden. Ik wist niet zeker of het promotieonderzoek op een goed 
moment in mijn leven kwam. Thuis liepen namelijk destijds nog twee kleine 
koters rond van drie en vier jaar. Ik vroeg me bovendien af of het onderwerp 
Wetenschap en Techniek mij als onderwijskundige en taaldocent voldoende 
kon uitdagen over de loop van de tijd. Ik koos voor het voordeel van de twijfel 
en dat bleek een uitstekende keuze te zijn geweest. Het promotieonderzoek 
bleek een ware verrijking van mijn persoonlijke en professionele ontwikkeling. 
Ik heb het feit dat ik mocht promoveren ‘in de tijd van de baas’ ervaren als 
een cadeautje! Ik mocht me eindelijk voor een langere tijd vastbijten in lastige 
materie, terwijl ik enorm veel autonomie kreeg om richting aan de inhoud van 
mijn werk te geven. De zeer sympathieke visie van TalentenKracht op onderwijs 
en opvoeding was mij op het lijf geschreven en geeft mij nog steeds inspiratie 
als docent-onderzoeker. 

Op mijn weg naar dit eindproduct heb ik wel wat zijpaadjes bewandeld. Paul en 
ik belandden in onze interessante theoretische discussies of in onze gesprekken 
over de analyses nog wel eens op een plek ver weg van het hoofdpad. Anderzijds 
hebben deze zijpaden ook richting gegeven aan het onderzoek. Juist door 
meerdere zijpaden te verkennen en niet recht op het doel af te stevenen, heb ik 
samen met Paul mogelijkheden gevonden om onderwijsleerprocessen op een 
innovatieve manieren te onderzoeken. Daarmee hebben we constructen die 
gebaseerd waren op de theorie van complexe dynamische systemen vertaald 
naar de onderwijspraktijk. Soms gingen onze discussies helemaal niet over mijn 
onderzoek, maar over onderwijs, opvoeding en ontwikkeling in brede zin, waarbij 
ook de ontwikkelingspaden van mijn eigen kinderen af en toe onderwerp van 
gesprek waren. Hierdoor zijn onze gesprekken doorgedrongen tot in ons gezin. 
Paul, ik wil jou als promotor en dagelijks begeleider, enorm bedanken voor jouw 
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bevlogenheid, diepgang, inspirerende ideeën, feedback, persoonlijke aandacht en 
immer positieve insteek.

Henderien was aanvankelijk mijn dagelijks begeleider, waarbij ze me geholpen 
heeft de eerste stappen in het onderzoek te doen. Later, toen Henderien al 
lang het stokje van het dagelijks begeleiden aan Paul had overgedragen, heeft 
Henderien mij helpen koersen naar een eindpunt toe. Met een sterke focus 
op doelgerichtheid, structuur, eenvoud en de planning; met basale to-the-
point vragen kon Henderien mij weer met beide benen op de grond zetten 
en laten focussen op de kern. Henderien hielp me tegen het eind ook om 
taken te verlichten, zodat ik me kon richten op het eindproduct. Henderien 
was niet alleen begeleider in werk, maar ook ondersteunend bij de zoektocht 
naar optimale begeleiding voor onze jongste zoon, Teun. Henderien, ik ben 
je ontzettend dankbaar voor de gestructureerde, consciëntieuze aanpak en 
professionele ondersteuning, maar ook voor jouw luisterend oor, verlichting van 
taken en ondersteuning van Teun. Henderien, je bent een fijn gezelschap en ik 
denk met ontzettend veel plezier terug aan onze tijd op Cyprus.

Het is allemaal begonnen bij Jeannette. Zij heeft mij overgehaald om dit 
onderzoek te doen. Zij was degene die gelijk aan mij heeft gedacht toen 
deze kans er lag. Zonder haar had dit proefschrift er niet gelegen. Jeannette 
was altijd zorgzaam, checkte met grote regelmaat of de emotionele balans 
nog in orde was. “Carla, wat heb jij nodig?”, vroeg ze me regelmatig. 
Daarnaast hielp Jeannette mij heel praktisch met het ‘wieden’. “Kill your 
darlings!”, kreeg ik vaak te horen. Ik heb de kunst van het ‘weglaten’ 
nog niet helemaal onder de knie, maar de eerste stappen zijn gezet. 
Daarnaast kon Jeannette vanuit haar rol als lector vraagtekens zetten bij de 
relevantie van mijn onderzoeksresultaten voor de beroepspraktijk. Zelfs als 
lerarenopleider kon ik dat nog wel eens uit het oog verliezen. Jeannette, 
ik wil je danken voor jouw praktische en pragmatische aanpak, maar ook 
voor jouw invoelend vermogen en gevoel voor het verbinden van mensen. 
Elk jaar in de kerstvakantie lag daar op de deurmat een kaartje van jou 
met een uitgebreid persoonlijke ‘hart onder de riem’. Dat heeft mij echt 
ondersteund!

Verder wil ik de leescommissie bedanken: Peter Barthel, Kristiina Kumpulainen 
en Martin Goedhart.

Zonder de leerlingen, de leerkrachten en directeuren van de scholen die 
meededen aan het onderzoek en zonder de educatief medewerkers van 
de activiteiten van het Wetenschapsknooppunt Noord-Nederland was dit 
onderzoek niet mogelijk geweest. Ik wil in het bijzonder Marianne Fraiquin en 
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Douwe van der Tuin bedanken. Zij hebben de coördinatie van mij overgenomen 
en gezorgd dat TalentenKracht verduurzaamd is in de activiteiten. 
Jeannette had gelijk gekregen, de vakgroep Ontwikkelingspsychologie is een 
fantastische onderzoeksgroep. Wat was het fijn om een tijd lang in een andere 
organisatie te mogen werken met zoveel jonge, energieke mensen met een 
hoge arbeidsethos! Ik heb op vele werkkamers gezeten, steeds weer met andere 
aio’s. Hierdoor leerde ik de mensen van de afdeling persoonlijk ook beter 
kennen. Iedereen bedankt voor de fijne tijd, voor het uitwisselen van ideeën, 
het delen van praktische tips en ook gewoon voor de gezelligheid. Annemie 
Wetzels, in het begin van mijn onderzoek zijn we samen regelmatig naar 
conferenties en symposia gegaan: Leiden, Enschede, Brussel en Leuven! De tijd 
vloog als we samen in de auto zaten; file of geen file! Sabine van Vondel, met 
jou heb ik de laatste jaren veel opgetrokken, met name tijdens onze eindspurt. 
Ik wil jou ook hartelijk danken voor de tips die we hebben uitgewisseld en 
de ontzettend leuke tijd die we op de conferenties van Earli hebben gehad, 
samen met Henderien en Heidi. Maar ook gaat mijn dank uit naar de mensen 
van de Groningse en landelijke onderzoeksgroep van TalentenKracht voor het 
uitwisselen van ideeën en kennis. 

Herman Veenker was, net als Jeannette een verbindende factor tussen de 
Hanzehogeschool Groningen en de Rijksuniversiteit Groningen. Herman, 
je hebt veel voor het Wetenschapsknooppunt Noord-Nederland en mijn 
onderzoek betekend. Ik wil jou bedanken voor de inspirerende gesprekken 
over talentontwikkeling, afwijkende ontwikkelingspatronen, muziek- en 
kunsteducatie en gendervraagstukken. We vergaten de tijd soms helemaal, 
maar onze gesprekken hebben mij tot op de dag van vandaag geïnspireerd.

Ik moet natuurlijk ook Sarah van Steenderen, Laura Koch en Linda Tijsma 
bedanken. Zij hebben in de ondersteuning veel werk verzet in het leggen 
van contacten met scholen en instellingen, coderen en het bedenken van 
codeersystemen. Lucia Boer-Bethlehem, ook jij bedankt voor het regelen van 
allerlei afspraken.

Met Steffie van der Steen en Henderien hebben we tijdens mijn 
promotieonderzoek het interactieonderzoek naar talenten van kinderen met 
autisme opgezet. Door de inzet van Steffie en Henderien is het onderzoek in 
het ambulatorium rondom Teun van de grond gekomen! Jullie hebben mij 
daarmee ook op het persoonlijk vlak veel gesteund! Geweldig dat ik nog steeds 
met jullie kan samenwerken en dat we onze ideeën over talentstimulering 
kunnen continueren in het onderzoek naar het creëren van een talentspiraal 
bij leerlingen met autisme in het basisonderwijs. Ik hoop dat we nog lang met 
elkaar kunnen samenwerken.
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De Pedagogische Academie en in het bijzonder Peta de Vries en Brenda Blaauw 
hebben het mogelijk gemaakt dat ik dit promotieonderzoek kon aanvangen en 
uiteindelijk heb kunnen voltooien. Zij hebben mij op allerlei mogelijke manieren 
gefaciliteerd: tijd, geld en andere middelen. Brenda dacht altijd met mij mee in 
oplossingen voor het slim combineren van taken en het verlichten van de druk 
op het onderzoek en de taken ernaast. Ik vind het geweldig dat de Pedagogische 
Academie de TalentenKracht benadering zo heeft omarmd en dat ik de kans heb 
gekregen om samen met collega’s de master Talentontwikkeling en Diversiteit 
te ontwerpen. In het bijzonder wil ik Henmar, Mariëlle, Ingrid en Aletta bedanken 
voor het verlichten van het werk als mijn onderzoek weer eens voorrang moest 
hebben. Hetzelfde geldt voor mijn collega’s van de KennisWerkPlaats Talent 
en Diversiteit, Mechteld, Martine, Marjolijn en Ingrid. Ook mijn collega’s van 
het Autisme Project, Doety en Henderien, hebben regelmatig taken van 
mij overgenomen! Collega’s Menno en Frank wil ik bedanken voor de fijne 
TalentenKracht-gesprekken die we in informele en formele settingen hebben 
gevoerd. Frank, bedankt voor het doorlezen van de samenvatting. Ik ben blij dat 
jij mijn paranimf bent, dan kan ik misschien nog een vraag aan jou doorspelen.

Naast de onderzoeksgroep bij Ontwikkelingspsychologie is ook de kenniskring 
van het lectoraat Integraal Jeugdbeleid en het lectoraat Leren en Gedrag 
belangrijk geweest voor mij en mijn onderzoek. Bedankt kenniskringleden voor 
alle feedback en voor de interessante discussies over praktijkonderzoek. 

Een onderzoek organiseren, data verzamelen, methodes ontwikkelen en 
gegevens analyseren is één ding; het schrijven van artikelen is een heel ander 
ding! Ik heb hierin echt een groot leerproces doorlopen. Naast mijn promotors 
wil ik ook Joyce Witten, Joe Wilcox en Dory Hofstede bedanken voor het editen 
van het werk. Ook Fienke Strijbos ben ik mijn dankbaarheid verschuldigd. Wat 
fijn Fienke, dat jij nog even met een vergrootglas naar de referenties hebt 
gekeken! Wat betreft de vormgeving, Erik Woltermann en Maaike Disco, wat 
hebben jullie het boekje fraai ontworpen!

Aan mijn vrienden en vriendinnen moet ik mijn verontschuldiging aanbieden. 
Regelmatig moest ik me excuseren omdat het onderzoek voorrang kreeg. Af en 
toe kreeg ik de vraag: “Onder welke steen heb jij gelegen?”, omdat ik totaal niet 
op de hoogte was van het lief en lee van de mensen om mij heen. Toch hebben 
mijn vrienden en vriendinnen mij altijd gesteund en een luisterend oor gehad. 
Dank daarvoor. 

Mijn familie heeft mij onvoorwaardelijk gesteund in dit proces. Papa, Mama, 
Moesje en Harry ik ben jullie zo dankbaar voor alles wat jullie hebben gedaan 
om mij en ons gezin te helpen. Papa, ik ben zo blij dat jij nog onder ons bent, 

Addendum



201

bij het schrijven van dit dankwoord. Ik hoop van ganser harte dat je bij mijn 
verdediging aanwezig kan zijn. Jij en mama hebben mij geleerd om door 
te zetten en zaken waaraan je begonnen bent af te maken, niet zo maar te 
voltooien, maar met goed gevolg. Broers, jullie hebben me leren knokken. Henk, 
ik herken de honger naar kennis van mijzelf in jou. Bert Jan, fijn om zo’n nuchtere 
broer zo dichtbij in Groningen te hebben. Johan, jouw humor en gezellige 
nabijheid heb ik gemist. Nu heb ik eindelijk tijd om je weer vaker op te zoeken! 
Ik ben blij dat jij mijn paranimf bent!

Ik had niet hoeven twijfelen of het promotie onderzoek op een goed moment 
in mijn leven kwam. Bas en Teun waren nog klein toen ik begon. De eigen 
regelruimte die ik kreeg om het onderzoek te organiseren en uit te voeren, 
zorgde ervoor dat ik er ook voor hen kon zijn op momenten dat ze me nodig 
hadden. ’s Avonds kon ik de tijd wel weer inhalen met lezen, analyseren 
of schrijven. Promoveren ‘in de tijd van de baas’ werd op den duur vooral 
promoveren ‘in de tijd van mijn gezin’. Hoewel Arjans moeder en mijn ouders 
bijsprongen waar het kon, kwam toch steeds de vraag: “Mama, ben je nou 
eindelijk eens klaar met promoveren?” Nu ja, dat is nu dan inderdaad gebeurd. 
Mijn lieve Arjan, Bas en Teun kunnen de vlag uithangen! Ik ben echter wel bang 
het onderzoeken van ontwikkelingsprocessen in mijn bloed is gaan zitten… Ik 
kan niet meer zeggen dan dat ik het proefschrift echt niet had kunnen schrijven 
zonder jullie onvoorwaardelijke steun! Bas en Teun, ik ben zo trots op jullie. 
Ik zie hoe jullie op jullie eigen bijzondere manier ontwikkelen en jullie eigen 
richting daarin kiezen, wat jullie tot unieke personen maakt die straks mogelijk 
het verschil kunnen gaan maken in deze wereld. Arjan, wat heb ik altijd op 
jou kunnen bouwen. Op dagen dat ik eigenlijk vrij was, ving jij de kinderen 
op, omdat ik verder aan het onderzoek moest werken Ook ’s avonds had je 
regelmatig niet veel aan mij, omdat ik weer achter mijn laptop kroop. Jouw 
optimistische blik en jouw pragmatische manier van handelen was soms echt 
wat ik nodig had. De woorden “Er tegenop zien kost je al meer energie dan het 
gewoon doen” trokken mij er regelmatig door heen. Arjan, bedankt voor jouw 
oneindig groot vertrouwen in mij.
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