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Chapter 1 

 

General introduction 
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General introduction 

 

 

The following example, originating from the dataset of this dissertation, is an 

illustration of how students co-construct scientific understanding together with the 

teacher during an inquiry-based learning situation.  

 

 

Egg in a bottle 

A raw egg is soft and a boiled egg is firm. The boiled egg cannot just go 

through the small opening of a bottle.  

 

 

The teacher asks: ‘what do you think? Can you get a boiled egg into a bottle [without 

destroying it]?’ Most 10-year-olds agree that the egg cannot get inside the bottle: ‘the 

bottleneck is just too small, right!?’ However, some students are in doubt. Although 

they do not come up with a valid explanation they reason ‘why perform this 

experiment if nothing is going to happen’. Then burning matches are put into the 

bottle and the egg is placed on the bottleneck. After several cries of astonishment, 

the students conclude that ‘the whole egg can get into the bottle!’ The teacher asks a 

crucial question: ‘how is it possible that, contrary to most of our predictions, the egg 

did get into the bottle?’ One student says: ‘The egg starts to sweat!’ Now, the teacher 

is surprised. To gain insight into the student’s complexity level of scientific 

understanding, he decides to follow this line of reasoning by asking ‘why do you think 

that?’ The student comes up with a reasonable explanation for his statement: ‘the fire 

of the matches makes the egg warm. Through this, the egg starts to sweat and 

therefore it slips easily into the bottle’. This explanation is the starting point for a 

spontaneous teachable science moment in which the question for all students is ‘can 

an egg sweat?’ Together they conclude that the egg cannot sweat. The alternative, 

correct explanation they come up with is that the difference in air pressure within and 

outside the bottle, due to temperature differences within the bottle, has caused the 

egg to end up in the bottle.  
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This example demonstrates some important characteristics of science and 

technology education. First, an inquiry-based hands-on activity is used to spark 

students’ curiosity (Gibson & Chase, 2002). Second, students’ enthusiasm and 

curiosity is used as a starting point to actively engage students in science and 

technology education (Bryson & Hand, 2007; Laevers, 2005). Third, questions of the 

teacher are used as a means to structure the activity (White & Fredriksen, 1998) as 

well as to elicit and deepen students’ scientific understanding (e.g. Oliveira, 2010; 

Van der Steen, Steenbeek, Van Dijk & Van Geert, 2014). Fourth, students’ naïve 

perceptions of scientific phenomena are used as an opportunity to engage students 

in the co-construction of scientific understanding (Hyun & Marshall, 2003).  

Cognitive aspects, i.e. scientific understanding, as well as non-cognitive aspects, i.e. 

curiosity and engagement, constitute students’ learning processes (Dai & Sternberg, 

2004). The importance of social interaction in such learning processes is stressed in 

sociocultural theories (Vygotsky, 1986). However, little is known about how such 

interrelated skills develop during actual teaching-learning situations (Howe & Abedin, 

2013) and how teachers can stimulate students’ scientific understanding in 

naturalistic classroom settings. We aim to contribute to our knowledge of, on the one 

hand, the development of students’ (9-12 years old) scientific understanding in 

interaction with the teacher, and, on the other hand, of how to successfully intervene 

in this development, by means of studying the effects of the Video Feedback 

Coaching for upper grade teachers (VFCt).  

This general introduction first discusses the motivation of the current research. 

Secondly, we present a short outline of the research program this study is part of, the 

Curious Minds program. Thirdly, the complex dynamic systems theory will be 

discussed as foundation for the design of the VFCt professionalization intervention, 

and as the theoretical framework for studying effects of the VFCt. Finally, the four 

empirical studies that were conducted in order to answer the main research question 

are briefly described, and how they are related to one other.  

Motivation of current research 

Scientific understanding is considered increasingly important for science performance 

and for future citizens to be able to fully participate in society (Esmeijer & Van der 

Plas, 2012; Silva, 2009). The need for better scientific understanding in the 

population is stressed both from an individual perspective — concerning the 

individual’s life span development — and a collective perspective, such as a 

country’s economy (Bybee & Fuchs, 2006; CITO, 2010; Jorde & Dillon, 2013; 

National Research Council, 2011). An important reason is that more technical and 

scientific scholars are needed to meet society’s current and future challenges and 

innovations. However, international concern is raised about the limited numbers of 

students that pursue science and technological careers (Jorde & Dillon, 2013, p. 7-8). 

This concern is nourished by the fact that students’ natural curiosity, an important 

characteristic for science and technology, decreases during elementary education 

(Engel, 2006). More specifically, especially around the transition from elementary to 
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secondary education a significant drop takes place in students’ interest in and 

enjoyment of science and technology (Murphy & Beggs, 2005). On a political level, 

this concern is reflected in the acknowledgment that science and technology should 

be a part of the curriculum from an early age on (Jorde & Dillon, 2013, p. 10). In the 

Netherlands, from 2020 onwards, science and technology should be structurally 

provided as a subject in primary education (Techniekpact2020, 2016). However, 

teachers view science and technology education often as highly challenging (Jarvis & 

Pell, 2004; Van Aalderen-Smeets, Walma van der Molen & Asma, 2012; Wetzels, 

Steenbeek & Van Geert, 2015). As a consequence science and technology 

education is currently hardly embedded in national curricula. Students are therefore 

not sufficiently familiarized with the basic principles of and skills related to science 

and technology. The lack of knowledge makes it hard for students to develop and 

articulate their potential interests in these fields1. The introduction of science and 

technology education in elementary education is important to evoke students’ natural 

curiosity, for the development of positive attitudes, and increased understanding 

(Eshach & Fried, 2005). At present, many teachers still lack the adequate 

pedagogical-didactical skills for introducing their students to the world of science. For 

this reason, professionalization of teachers in the field of science and technology 

education is needed. 

Curious Minds 

This need for professionalization, among others, prompted the initiation of the 

nationwide research program Curious Minds in the Netherlands (in Dutch: 

TalentenKracht, founded in 2006 by Van Benthem, Dijkgraaf, & De Lange, 2005). 

Researchers from seven universities (6 Dutch and 1 Belgian) cooperated to study 

young children’s talents for science and technology. The resulting scientific insights 

are translated into pedagogical-didactical strategies for teachers and parents to 

optimize educational settings in order to provide children with opportunities to excel in 

science and technology. The department of developmental psychology at the 

University of Groningen, which is one of the participants of the Curious Minds 

research program, has theoretically grounded its Curious Minds projects in complex 

dynamic systems theory (see 1.4 Complex dynamic systems theory; Steenbeek, van 

Geert, & Van Dijk, 2011). The projects range from more fundamental research 

(Guevara Guerrero, 2015; Meindertsma, Van Dijk, Steenbeek, & Van Geert, 2014; 

Van der Steen, Steenbeek, Van Dijk, & Van Geert, 2014) to research in applied 

settings (Geveke, Steenbeek, Doornenbal, & Van Geert, 2016; Menninga, Van Dijk, 

Cox, Steenbeek, & Van Geert, 2016; Wetzels, 2015). All projects have in common 

that students’ scientific understanding is understood as a non-linear process that 

develops in dynamic interaction with the material and social context.   

An important starting point of the Curious Minds program in general and the 

Video Feedback Coaching for teachers in particular, is that each child is naturally 

                                            
1
 Though, National Platform Science & Technology (Platform Beta Techniek) reports that at the end of 

2015 due to several initiatives in the past few years a positive change is visible; the number of influx of 
students into beta technical studies increases. See also OECD (2015). 
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curious (Steenbeek & Uittenbogaard, 2009). The assumption is that every child is 

talented and can develop his/her talents in interaction with his or her environment. 

Another important assumption is that the talent should be defined in an iterative way, 

i.e. talented, high quality performance of the individual child in comparison to that 

particular child’s unsupported or baseline performance. Talent is not primarily seen in 

the comparative way (some children are real talents others are not), and excellence 

is defined relative to the individual child’s own baseline or unsupported performance, 

and not relative to other children per se. Van Geert and Steenbeek (2007) defined 

talent as a child’s capacity to reach a high level of performance in a specific domain. 

Several characteristics of talent are mentioned: a high learning potential, in-depth 

processing of domain-specific information, the ability to elicit high-quality support 

from the (social) environment, creativity, belief in one’s own competence, 

enthusiasm, and strong intrinsic motivation to learn. What is important is that 

teachers need to observe, recognize and act according to these student 

characteristics. By doing so, teachers can enhance the quality of students’ scientific 

understanding by establishing a series of inspiring teachable science moments 

(Bentley, 1995; Hyun & Marshall, 2003). These are moments that are understood as 

opportunities to learn that arises when students are excited, engaged and primed to 

learn and the teacher seizes those moments to optimize scientific understanding. 

The results of several research projects have contributed to the development of the 

Video Feedback Coaching for lower grade teachers (VFCt; Wetzels, Steenbeek, & 

Fraiquin, 2011). Wetzels and colleagues (2011) bridged research and practice by 

designing the Video Feedback Coaching program for lower grade teachers. This 

pedagogical-didactical intervention was developed to evoke change in teacher’s 

practice during science and technology lessons in order to stimulate student’s 

scientific understanding (Wetzels, 2015; appendix C). The intervention was based on 

principles of talent development, inquiry-based learning and teaching, and behavioral 

change in the context of science and technology education (Wetzels, 2015; appendix 

C). Video feedback coaching (Fukkink, 2005) was used as a means to alert teachers 

on students’ talented behaviors and to focus on interactional sequences of high 

quality during their own lessons. These lessons were videotaped and immediately 

discussed with them, which is an effective means of supporting teachers to create 

more of those high-quality moments in order to stimulate students’ scientific 

understanding (e.g. Mortenson & Witt, 1998; Seidel, Stürmer, Blomberg, Kobarg, & 

Schwindt, 2011). The study showed that the Video Feedback Coaching for lower 

grade teachers is an effective and efficient way to change teacher’s practice. The 

results are promising in that teachers used more scientific understanding eliciting 

questions during the coaching-period and the pupils showed an increase in their level 

of understanding (Wetzels, Steenbeek, & Van Geert, 2015).   

Teachers were supported to implement inquiry-based learning as a means to 

evoke more teachable science moments. Inquiry-based teaching is a frequently used 

approach in science and technology education in which students’ active participation 

in both scientific experimentation skills and display of scientific understanding is 
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facilitated (Gibson & Chase, 2002). Predictions and explanations have been used as 

measures for students’ scientific understanding (Henrichs & Leseman, 2014; 

Treagust & Tsui, 2014). Students who are actively engaged in the learning process 

through scientific investigations show increased scientific understanding (Minner, 

Levy, & Century, 2010). Although big strides have been made in recent years in the 

field of understanding students’ behavior during science and technology tasks (e.g. 

Meindertsma, Van Dijk, Steenbeek, & Van Geert, 2012; Oliveira, 2010; Van der 

Steen, Steenbeek, Van Dijk, & Van Geert, 2014; Van Schijndel, Franse, & 

Raijmakers, 2010), it remains an open question as to how teachers can stimulate 

scientific understanding in whole class settings with upper grade students, and how 

upper grade students construct scientific understanding. 

The current study 

This dissertation aims to contribute to answering this open question, by reporting 

about an adaptation of the Video Feedback Coaching for teachers to the upper grade 

level. The Video Feedback Coaching for upper grade teachers (VFCt) was 

implemented to improve students’ scientific understanding in the upper grades of 

elementary education by supporting teachers with theory, practical pedagogical-

didactical strategies, and immediate video feedback2. More specifically, teachers 

were encouraged to change their practice towards the use of open and stimulating 

questions to elicit and deepen students’ scientific understanding. The question of this 

dissertation is: what are the effects of working with VFCt on teacher’s practice and 

how does this relate with cognitive and non-cognitive aspects of students’ learning of 

science and technology? 

That is, we examine whether an increase in students’ scientific understanding 

can be brought about by improving teacher’s practice. Teachers’ practice is 

operationalized as teachers’ use of pedagogical-didactical skills such as the use of 

the empirical cycle, scaffolding, and use of questions that elicit students’ scientific 

understanding. Cognitive aspects of students’ learning science and technology are 

operationalized as students’ scientific understanding and students’ non-cognitive 

aspects related to learning are operationalized as students’ engagement and attitude 

towards science and technology. The study was implemented in an authentic, 

ecologically valid context. Recent research has shown that positive adult-child 

interactions best predict student outcomes (in educational setting, Mashburn et al., 

2008; in parental practice, Zaslow et al., 2006), lending support for improving learning 

by improving the quality of teacher-student interactions (Barber & Mourshed, 2007) 

and the use of observational techniques to achieve (Fukkink, 2005) and assess 

(Boelhouwer, 2013) such changes. The potential of a realistic setting was a premise 

for this study as the authentic setting is critical to gain insight into whether and how 

teachers can be professionalized in such a way that it yields changes in teacher’s 

practice and students’ learning in daily practice. However, as changing practice often 

yields changes on other related aspects we also examined teachers’ and students’ 

                                            
2
 For an elaborate description the reader is referred to appendix C. 
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attitudes towards science and technology. Coburn (2003) stresses that the depth of 

change should be assessed by focusing on multiple outcomes by paying attention to 

beliefs, norms, and pedagogical principles. 

The VFCt consisted of an introductory session and four individual coaching 

sessions. These four coaching session took place immediately after a science and 

technology lesson. Video feedback coaching was used during the individual coaching 

sessions to support teachers to change or optimize their repertoire of pedagogical-

didactical strategies. Teachers formulated personal learning goals that were used to 

supply customized support. For research purposes, the coaching sessions were 

supplemented with premeasures and post-measures. The premeasures were used 

as baseline measures and the post-measures were regarded as representative for 

long-term changes. The post-measures allowed investigating whether or not and how 

teachers sustained the intervention when the coach was no longer present.   

Twenty nine upper grade classes of Dutch elementary education participated in this 

study. Six classes took part in the pilot-study (chapter 2). The effect-study consisted 

of eleven classes in the intervention condition, i.e. classes who participated in VFCt, 

and twelve classes in a control condition (chapters 3 to 6). Two types of data were 

collected; questionnaires and video recordings. Questionnaires were considered as 

static measures, whereas video recordings of the science and technology lessons 

were considered as process measures. All students filled out a test about scientific 

knowledge and teachers and students completed questionnaires regarding their 

attitude towards science and technology at premeasure and post-measure. In 

addition to the questionnaires, the classes of the intervention condition were 

videotaped during eight science and technology lessons, and the classes of the 

control condition were videotaped during four science and technology lessons 

(premeasures and post-measures). Data consists of teacher-student interactions 

recorded in whole class settings.  

Complex Dynamic Systems theory 

The complex dynamic system view on teaching-learning processes has served as the 

main overarching theoretical background for this dissertation (as will be discussed in 

chapter 2), as a theoretical framework for the design and implementation of the VFCt 

intervention (Wetzels, Steenbeek, & Van Geert, 2016), and as framework for the 

analysis conducted in the empirical studies (chapters 3 to 6). Next, these three 

applications will be shortly introduced. 

The complex dynamic systems approach views learning as a nonlinear 

process that emerges in person-in-context interactions over time (Fischer & Bidell, 

2006; Van Geert, 2003). In other words, the competence of a student is unfolding in 

the individual – e.g. based on previous experiences, interest, and enthusiasm - while 

simultaneously modifying and being modified by the changing behavior of the teacher 

(Fogel, 2009; Steenbeek & Van Geert, 2013). The theory of co-construction is an 

operationalization of how complex dynamic systems might emerge in practice 

(Sorsana, 2008). The major assumption of this theory is that, as students construct 
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scientific understanding about a specific problem, they do so together with an adult or 

another student. That is, co-construction refers to the process of reciprocal influence 

(Thelen & Smith, 1994; Van Geert, 1994), which in the case of classroom practices 

mainly concerns the behavior of a student that influences the reaction of a teacher 

and vice versa. The best way to study these teaching-learning processes of co-

construction is to study it in authentic situations, by observing and analyzing the 

dynamics of this co-construction process in for instance the classroom.   

An important characteristic of complex dynamic systems thinking is that 

change occurs over multiple (nested) time scales (Lewis, 2002; Thelen & Smith, 

1994). This means that learning takes place on a macro-level timescale (over weeks, 

months or years) and students’ performance typically occurs on a micro-level 

timescale (during an actual lesson). These timescales are nested in that the macro-

level learning constrains the behaviors at the micro-level, whereas at the same time 

the behaviors at the micro-level shape the learning at the macro-level. Teacher-

student interactions, i.e. micro-level, during actual lessons are considered to be 

building blocks by which learning, i.e. increased scientific understanding, emerges 

and stabilizes over several lessons (Steenbeek & Van Geert, 2013). This refers to the 

process of self-organization by which global patterns of behaviour arise from the 

interactions of simpler parts (Fischer & Bidell, 2006; Thelen & Smith, 1994). The 

processes of teaching and learning are not just the result of putting together a 

number of properties, such as the teacher’s practice and the student’s behavioural 

properties. Instead, teaching and learning are complex, intertwined and self-

organizing processes of interactions between many components in the teacher, the 

student and the school environment (Pennings, Van Tartwijk, Wubbels, Claessens, 

Van der Want, & Brekelmans, 2014; Steenbeek & Van Geert, 2013; Van Geert, 2009; 

Van Geert & Steenbeek, 2005; Van Geert & Fischer, 2009).  

This perspective has shaped the design of the current project. An intervention that 

aims to change teacher’s practice can be regarded as a ‘perturbation’ of the complex 

dynamic system in which the teacher-student system functions on a daily basis 

(Wetzels et al., 2016). As each teacher-student system is unique, this VFCt took the 

idiosyncratic processes of learning into account. In fact the implementation of the 

intervention can be seen as an emergent process in which many components — 

including the written intervention protocol, the coach’s capacities, the unique 

circumstances of the school and the time and effort invested by the teachers — are 

dynamically intertwined. Other researchers coin the term process-oriented 

interventions (Ritzema, 2015) in which the contextual fit of the program is stressed. In 

the present study, this fit between the VFCt with a specific coach and a teacher is 

taken into account by adapting the VFCt to the needs and possibilities of each 

teacher. A consequence of the goal to study the complexity of teaching-learning 

processes and the focus on the individual is that observational methods, i.e. video 

recordings, are considered essential to be able to capture the developments on real-

time (micro) timescales and to preserve the complexity of the process of learning and 

change under influence of an intervention.  
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The complexity of educational settings and the complexity of evaluating the 

effects of educational interventions in particular pose challenges for researchers. 

Several properties of learning that eventually result from an intervention such as the 

VFCt — for example change, nonlinearity, iteration and self-organization, and 

variability — must be taken into account in order to be able to assess the quality of 

change during the intervention. These characteristics are, however, hard to capture 

by using traditional methodology or traditional methods (such as surveys, large-scale 

studies, and pre-posttest designs). The complex dynamic systems approach, 

however, offers tools for understanding how interventions or specific teacher’s 

practice yield effects during teaching-learning processes, and for examining how 

classroom processes unfold in time it is important. To conclude, these considerations 

are in this dissertation reflected by focusing on individual change in classroom 

practices by means of time serial analysis. This is important as it provides 

opportunities to make educational research relevant for the real context of schools. 

Overview of the dissertation 

The main purpose of this dissertation is to examine, on the one hand, the 

development of students’ scientific understanding in interaction with the teacher, and, 

on the other hand, how to successfully intervene in this development, by means of 

studying the effects of the VFCt. Before the main research question about the effects 

of the VFCt can be answered we consider it essential to first answer the question: 

which methods can be used to examine the effects of VFCt? This question, which is 

of a methodological as well as a theoretical nature, will be answered in chapter 2. 

Chapters 3 to 6 focus on answering the main empirical research question from a 

multidimensional perspective. 

Theoretical and methodological considerations 

Chapter 2 is theoretical and methodological in nature. The time serial progress of 

individual students or the change in micro dynamics in combination with longitudinal 

data of teacher’s practice as a result of an intervention is hardly reflected in effect 

studies. Often the conclusions of large-scale effect studies are based on surface-

level changes such as changes in material or curriculum or an average student 

outcome measure. Note that this dissertation does not intend to criticize this 

approach. It does provide important information, for instance if a policy maker has the 

goal to know which curriculum works best in enhancing students’ performances. 

However, we argue that characteristics of complex dynamic systems methodology 

provide avenues to more comprehensively understand the properties of the change 

process due to educational interventions on students’ scientific understanding and 

teacher’s practice.  

To assess the effectiveness of interventions several guidelines are frequently 

used (Veerman & Van Yperen, 2007). In this chapter we build upon Boelhouwer’s 

taxonomy (2013) — which is grounded in the complex dynamic systems approach — 

which stresses the importance of using process measures to assess the effects (and 

depth) of an intervention. An important goal of this chapter is to find ways to gain 
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insight into the properties of teaching-learning processes in individual teacher-

student pairs that help understand the effects of the VFCt. Data from the pilot study 

are used to illustrate the surplus value of using characteristics of a complex dynamic 

system approach, i.e. a process-based approach, to assess the effectiveness of 

VFCt on student’s scientific understanding. This chapter aims to serve as a 

theoretical background of the dissertation, and the taxonomy, presented in this 

chapter, is used as a reference and methodological framework for the analyses in the 

next chapters.  

Empirical studies3 

Chapters 3 to 6 focus on answering the main research question: what are the effects 

of working with VFCt, focusing on improving teaching-learning processes, on 

teacher’s practice and how does this relates with cognitive and non-cognitive aspects 

of students’ learning science and technology? Table 1.1 provides an overview of the 

chapters in terms of variables and type of measurements. Chapters 3 to 6 are based 

on the data collected during the effect-study. We stated that both cognitive and non-

cognitive aspects related to learning are important aspects in teaching-learning 

processes, and that the depth of an intervention should be assessed by focusing on 

several aspects that might be influenced by the VFCt. Therefore, the remainder of the 

dissertation is organized as follows: chapter 3 and 4 focus on cognitive aspects of 

learning processes (i.e. scientific understanding), while chapter 5 and 6 focus on non-

cognitive aspects of learning, i.e. engagement and attitude. Regarding these two 

aspects of learning, subsequently the first chapters mainly focuses on the static 

measures (chapter 3 and 5, respectively) while the other chapters specifically focus 

on the process measures (chapter 4 and 6, respectively). In other words, the latter 

adds important insights by focusing the intervention assessment on the actual 

process of change in students’ scientific understanding during teaching-learning 

processes. Each study’s primary goal is to establish the effects of the intervention, 

i.e. answer the main research question. However, at the same time each chapter 

adds to our understanding about how the particular type of assessment of the 

intervention addressed in the chapter at issue, can provide insight into the complexity 

of the evaluation of intervention studies. 

Chapter 3 focuses on change in students’ scientific understanding during pre- and 

post-tests to provide information about the global effect of the intervention for the 

group average of the students. For this study, both static and process measures are 

used to measure, respectively gains in students’ scientific knowledge and students’ 

scientific understanding as constructed in teacher-student interaction. By focusing 

only on pre- and post-measure and only on student outcomes, a gap remained in our 

understanding about how change occurs — in interaction with the context during the 

VFCt — and how this relates to individual learning gains.    

                                            
3
 The studies presented in this dissertation examined the same intervention. Since we wanted the 

chapters to be readable in isolation, overlap in terms of background and content of the intervention 
was deliberately built in.  
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Therefore, in chapter 4 analyses are based on process measures, i.e. video-

observations are used to assess the process of co-constructing scientific 

understanding in student-teacher interactions. The decision to focus on the 

occurrence of co-constructive behavior rather than overall student outcome (as in 

chapter 3) helps to identify which teacher strategies co-determined increased 

complexity levels of scientific understanding, and vice versa, to see whether the 

students’ scientific understanding had an effect on the teacher strategies. Analyses 

are carried out using State Space Grid analyses (Hollenstein, 2013). This method of 

analysis enables to focus on joint states of students’ level of scientific understanding 

and teachers’ extent of stimulation in their reactions.  

Chapter 5 takes a static perspective on non-cognitive aspects of teaching-

learning processes, this time focusing on the change in students’ and teachers’ 

attitudes towards science and technology education. Teachers’ and students’ 

attitudes are assessed using a questionnaire in a pre- and post-intervention 

schedule. Again, by focusing only on a static premeasure and post-measure, a gap 

remained in our understanding about how change occurs and whether the reported 

attitudes are an accurate reflection of the processes on the behavioral level.  

Chapter 6 adds insight by focusing on micro level changes in non-cognitive 

aspect of learning processes, namely students’ engagement. We are interested in 

how students’ scientific understanding and engagement dynamically interact and how 

the person-context dynamics shape this learning process. A case study approach is 

used, based on one class that, according to the micro-level analysis in chapter 4, 

effectively profited from the intervention. The case study enables us to investigate 

intra-individual change in the teacher-student system, with the aim of finding 

evidence for the mutual influence between teacher and students, if such form of 

influence actually exists. The focus is on teacher’s openness, students’ scientific 

understanding and students’ engagement.  

Finally, in chapter 7 conclusions about the effectiveness of the intervention will 

be drawn by taking the results together. In addition, the implications of this project will 

be discussed, supplemented with recommendation for educational practice and 

future research. 
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Table 1.1 Overview of the chapters  
C

h
a

p
te

r Variable N classes Goal  Data 

 

   

 

 

2 

 

S. Scientific 

understanding 

T. extent of 

stimulation 

 

6 of pilot study 

 

 

This study aims to demonstrate how properties 

of a complex dynamic systems approach can 

help gain insight into change in teaching-

learning processes due to educational 

interventions. 
 

 

Process 

measures 

3 S. Scientific 

understanding 

 

23 of effect study 

11 intervention 

12 control 

This study aims to examine to what extent 

students’ performance changes under 

influence of the VFCt, and how this compares 

to changes in the control condition.  
 

Static measures  

Process 

measures 

4 S. Scientific 

understanding 

T. extent of 

stimulation* 

 This study examines the characteristics of the 

process of co-construction of scientific 

understanding during regular science and 

technology lessons. The focus is on change in 

teacher-students interactional patterns in the 

classes of the VFCt condition, and how this 

compares to changes in the control condition. 
 

Process 

measures 

5 T. attitude 

S. attitude 

 This study aims to examine to what extent the 

attitude changes under influence of the VFCt, 

and how this compares to changes in the 

control condition. 
 

Static measures 

6 S. Scientific 

understanding 

S. Engagement 

T. openness* 

1 of intervention This case study describes the time serial 

relation between engagement and scientific 

understanding, and teacher-students 

interactional patterns in terms of engagement 

and openness during the VFCt. 

Process 

measures 

S: Student; T: Teacher. * Teacher openness refers to all teacher utterances and teacher extent of stimulation 
refers to reactions only (see appendix B).  
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Chapter 2 

‘Looking at’ educational interventions  

Surplus value of a complex dynamic systems approach to study the 

effectiveness of a science and technology educational intervention 

Sabine van Vondel, Henderien Steenbeek, Marijn van Dijk and Paul van Geert  
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There is no doubt that a classroom can be conceived of as a complex dynamic 

system, in that it consists of many interacting components —the students and the 

teacher— that influence each other’s behavior and characteristics over a wide variety 

of nested time scales (Lewis, 2002; Smith & Thelen, 2003; Van Geert & Steenbeek, 

2005). If one takes, for instance, a science lesson in a classroom consisting of 11-

year-old students, then the teacher’s questions during a science activity influence the 

reactions of the students. The interactions during this activity influence the interaction 

during the next activity or next lesson.   

As this is an example of an educational system, the interactions at the 

behavioral level of the system are explicitly aimed at durably changing particular 

properties —such as the students’ knowledge, skills, or understanding about science. 

Note that at the same time other properties, such as the order in the class or the level 

of involvement of the students, should be maintained. Modern schools that promote 

the lifelong learning of the teacher make decisions about programs for teacher 

professionalization, which are either reluctantly or enthusiastically received by the 

teachers (Wetzels, Steenbeek, & Van Geert, 2015). Such professional interventions 

are often presented as fixed protocols, but in reality they unfold as highly 

idiosyncratic processes. In fact they are emergent processes in which many 

components —including the written intervention protocol, the coach’s capacities, the 

unique circumstances of the school and the time and effort invested by the 

teachers— are dynamically intertwined. Such interventions are in fact forms of 

perturbation in an existing, self-sustaining pattern of activities which takes place 

during real-time learning situations. Asking a particular type of questions, performing 

a particular type of activities or typical reactions of students are examples of such 

self-sustaining patterns. The aim of perturbations, i.e. the intervention, is to durably 

change these self-sustaining patterns and replace them by new, more adequate 

patterns that, once they are established, should also be self-sustaining (Van Geert, 

1994; 2003). From a dynamic systems point of view, changing these patterns of 

action and thinking of the teacher is quite similar to changing the patterns of action 

and thinking of the students, i.e. those can be indicated as teaching-learning 

processes.    

In order to fully understand the effect of educational interventions on students’ 

performance, insight is needed in the properties of these teaching-learning processes 

in individual teacher-student pairs. However, the progress of individual students as a 

result of an intervention is hardly reflected in effectiveness studies. This is because 

the effectiveness of interventions is usually studied using standard research 

practices. This methodological study aims to demonstrate how properties of a 

complex dynamic systems approach can help gain insight into change in teaching-

learning processes due to educational interventions. This will be illustrated by 

examining a science and technology education intervention, Video Feedback 

Coaching for teachers (VFCt), aimed at improving the quality of teachers’ questions, 

and by doing so increasing students’ level of scientific understanding. 
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Standard research on educational interventions 

Assuming that the description given above provides a reasonably realistic picture of 

education as a complex dynamic system, we may ask ourselves what kind of picture 

teachers, parents and policymakers get from the standard research on education. 

Although probably few teachers will read the scientific journals on education science, 

the standard approach trickles down via various sources, such as via policymakers 

who have been trained in the standard practice of educational research, or the news 

media who report about scientific findings on education.  

What the standard research practice implicitly or explicitly conveys to educators is, to 

begin with, the idea that influences of one variable onto another — such as 

motivation on school science performance — can be meaningfully separated from 

other influences and then in a sense stitched together again to provide a picture of 

individual educational processes. 

Another idea that educators can get from the research is that effectiveness of 

an intervention (a curriculum, a teacher training program and so forth) resides in the 

intervention itself, i.e. that effectiveness is like an intrinsic causal force present in the 

intervention. In addition, the effectiveness of an intervention is something that is seen 

as applicable to particular kind of persons, i.e. to particular populations, such as the 

population of primary school teachers.  

Another idea that the standard research practice in education conveys to 

educators is that knowledge and skills are internal properties of individuals, internal 

representations, internally represented schemes of action and so forth that are 

transmitted from a teacher or a curriculum to an individual student. These internal 

skills or levels of knowledge can best be measured by validated, normed and 

relatively objective measurement instruments that express the internal skill or 

knowledge by means of a single number, i.e. a test score on a science test (Borman, 

Gamoran, & Bowdon, 2008; Penuel, Gallagher, & Moorthy, 2011; Simsek & 

Kabapinar, 2010). Though, a more proximal measure, at the behavioral level, like the 

quality or complexity of the answers may be a better indicator of, for instance, a 

student’s scientific understanding level compared to a more distal measurement, like 

paper and pencil tests — as paper-and-pencil tests require other skills like reading as 

well (Van der Steen, Steenbeek, Van Dijk, & Van Geert, 2015). In addition, several 

studies report that interaction is essential to stimulate students’ performance 

(Vygotsky, 1986). More specific, both Chin (2006) and Oliveira (2010) state that 

asking thought-provoking, student-centered, questions is a key element to stimulate 

students to reason with longer sentences and on higher levels of understanding. 

Standard educational research also conveys the idea that what actually matters is the 

real or true skill, level of knowledge or ability, and that this real or true skill or ability 

can best be represented by averaging over individual fluctuations or individual 

variability (for more information see Rosmalen, Wenting, Roest, De Jonge, & Bos, 

2012). The message is that these fluctuations or variability are in fact purely random 

variations around the true skill, level of knowledge or ability, and that they reflect 
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purely accidental influences. For that reason, such fluctuations or variability within 

individuals are not intrinsically interesting, and should thus be averaged out. 

Preferably this is done by averaging over many individuals who, together, constitute a 

representative sample of the unit of analysis that really matters, namely the unit of 

populations characterized by a particular natural property, such as ‘typically 

developing students’ or ‘dyslexia’. 

In this standard approach, there is of course room for interaction, for context, for 

individual variation, for change over time and so forth. These aspects are, however, 

viewed from a perspective that is different from the perspective of complex dynamic 

systems. In the latter, they are like the primary givens, the starting point of theory 

formation and research (Fogel, 2011; Thelen, 1992; Van Geert, 2003), whereas in 

the more standard picture they are like secondary aspects, inferred from the primary 

aspects of research as discussed above.  

How should educational research be transformed in such a way that it can convey to 

educators a picture of education that comes closer to the reality of education as a 

complex dynamic system? In the remainder of this chapter, we shall first discuss how 

properties of a complex dynamic systems approach can be applied to study the effect 

of educational interventions, such as the Video Feedback Coaching program for 

teachers. This approach will then be further illustrated by discussing an example of 

educational research, which uses properties from complex dynamic systems thinking 

in order to examine the effect of an intervention. 

Intervention assessments 

In order to assess the effectiveness of such interventions several guidelines are 

frequently used. Veerman and Van Yperen (2007), for instance, describe an often 

used classification scheme for assessing the effectiveness of youth care 

interventions as evidence-based practice. This scheme consists of four stages from 

potential effective interventions to efficacious interventions. An intervention is 

considered effective when the causality between the intervention and the outcome 

can be determined. Large-scale experimental research, multiple case-studies and 

norm related research are considered as ways to accomplish these causal relations.  

Another way to establish the effectiveness of an intervention has been 

described by Boelhouwer (2013; as adapted from Lichtwarck-Aschoff, Van Geert, 

Bosma, & Kunnen, 2008). Boelhouwer proposes a taxonomy using four dimensions 

—which are grounded in the complex dynamic systems approach— to address the 

effectiveness of an intervention. Boelhouwer stresses the importance of using 

observational data and studying mutual causality. The four dimensions are:  

1. the static versus dynamic dimension pertains to the dimension of analysis. 

Respectively, data are aggregated over many individuals versus data are 

displayed as a process over many time points. The static dimension can be used 

to analyze the complexity level of scientific understanding as a combination of 

factors in a large sample. The effect of an intervention can, for instance, be 
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assessed by focusing on the difference-score between premeasure and post-

measure, in which half of the participants receive an intervention while the other 

half does not (control condition). A dynamic dimension, on the other hand, can be 

used to depict the process of change. Time series are used to depict how the 

changes emerge in and over time (Velicer, 2010). 

2. the micro versus macro time-scale refers to the time-dimension. Respectively, a 

student’s performance in real-time (i.e. the micro time-scale of seconds, minutes 

or hours (Lewis, 1995)) versus learning and development over several lessons or 

years (i.e. the macro time-scale of weeks, months or years (Lewis, 1995)). 

Analysis can be situated on different time scales at which the micro level is at the 

one end of the continuum and the macro level on the other end of that 

continuum. At the micro level, scientific understanding can be captured in one 

specific situation, in which action sequences are studied. An example is a 

conversation during a science and technology lesson, consisting of one or 

several action-reaction sequences. At the macro level scientific understanding 

can be captured over a longer period of time, for instance a series of science and 

technology lessons. The change in students’ scientific understanding due to the 

implementation of an intervention is in this study an example of a macro time-

scale. 

3. the distinction between direct and indirect assessment refers to the dimension of 

information sources, respectively the assessed person him or herself or a third-

party assessor. A researcher can use several sources of information when 

evaluating an intervention program. One way is using direct measures, which 

means information from those persons who actively participate in the 

intervention. In a professionalization trajectory for teachers, the teacher would be 

a direct source of information when (s)he is observing own behavior and reports 

about that, for instance by means of a questionnaire. Indirect assessment might 

refer to scientists who report about behavioral change.  

4. the distinction between short-term effects versus long-term effects refers to the 

dimension of behavioral change due to —the effects of— an intervention. The 

short-term effects of an intervention can be seen as a change in observable 

behavior right after or eventually during the intervention lessons. The long-term 

effects refer to maintaining effects that are still observable a long time after the 

intervention, which can be visualized at follow-up or post-measurements 

(Boelhouwer, 2013; Steenbeek & Van Geert, 2015). 

Using a complexity approach to map change: How to apply the properties 

The complex dynamic systems approach offers tools to focus on properties of 

development and learning as dynamic processes (Steenbeek & Van Geert, 2013; 

Van Geert, 1994), which lie beneath the aforementioned dimensions. Using this 

approach is a way to study how learning occurs in interaction with the material and 

social context by focusing on those processes during real-time and frequent 

observations, i.e. during actual lessons (Granott & Parziale, 2002; Van Geert, 1994; 

Van Geert & Fischer, 2009). In order to understand the dynamics of a complex 
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system, such as a teacher’s practice in the context of a group of developing students, 

the assessment should also focus on the dynamic character of learning, i.e. how a 

student’s performance emerges in interaction with the context (see Steenbeek & Van 

Geert, 2013; Wetzels, Steenbeek, & Van Geert, 2016). Observational methods, i.e. 

video recordings, are considered essential to be able to capture the developments on 

these real-time (micro) timescales and to preserve the complexity of the process of 

learning. Several properties of learning — such as change, nonlinearity, iteration and 

self-organization, variability, and the transactional nature of learning — as a result of 

an intervention must accordingly be taken into account. Mapping these properties is 

important to explain average group-based findings and provide insight into the 

underlying processes of learning and subsequent performance of individual students 

(Van Geert, 2004) and the quality of a science education intervention (Wetzels et al., 

2015). The relevance of a complex dynamic systems approach, for intervention 

studies, demonstrates itself in offering possibilities for answering different research 

questions. 

In the next section we will discuss three important properties of a complex dynamic 

system for the context of learning. This is a background for understanding the need 

for a process-based methodology. For this reason, we will describe how underlying 

properties of Boelhouwer’s (2013) dimensions can be integrated in educational 

intervention studies as an essential addition to group-based analyses. 

The role of time in change has a prominent role in Boelhouwer’s taxonomy: in 

the time-dimension (micro vs. macro) as well as the behavioral change-dimension 

(short-term vs. long-term intervention effects). Velicer (2010) states that a time series 

analysis can help to understand the underlying naturalistic process and patterns of 

change over time, or to evaluate the effects of an intervention. For instance, time 

provides valuable information about the dependency between all measurements. As 

Steenbeek and Van Geert (2005) state, behavior of the student —which can be as 

small as an utterance— at a certain point in time affects the subsequent activity of 

the teacher —also known as iteration. Since changes in the micro‐timescale —short-

term effects— are intertwined with long‐term effects, analyzing student’s actions 

during real‐time interactions might be helpful in understanding change (Steenbeek, 

Jansen, & Van Geert, 2012).  

As an illustration, let us return to a science class in an upper grade elementary 

classroom. The teacher’s questions influence the reactions of the students in the 

form of answers, signs of interest or of avoidance, which on their turn influence the 

subsequent questions and reactions of the teacher following the reactions of the 

students. Students hear other students giving an answer, or see them performing 

particular activities, and this influences their own potential answers to questions 

asked by the teacher. The effect of the interactions takes place on various, nested 

timescales (e.g. Van der Steen, Steenbeek, & Van Geert, 2012). There is, for 

instance the short-term time scale of a particular science class, which involves the 

dynamics on the level of activities, solving problems and formulating explanations. 

There is also the long-term timescale of changes in the nature of the answers or the 



   

 

   
 

2 

25 25 25 

probabilities of high-level reasoning that develops as a consequence of the short-

term interactions. As is typical of a complex dynamic system, events on these various 

timescales affect one another, that is to say there is mutual influence and reciprocal 

causality (Steenbeek et al., 2012). Another example is the short-term timescale of 

asking a particular kind of questions by the teacher and the long-term timescale of 

eventual changes in the nature of the questions asked by the teacher, for instance as 

a consequence of an intervention aimed at teacher professionalization (e.g. Wetzels 

et al., 2015). A class of students with their teacher tend to evolve towards particular, 

class-specific patterns of activity, that is to say towards a typical pattern of asking 

questions, giving assignments, giving answers, showing interest or boredom and 

many other properties. These patterns form some sort of complex attractor state (e.g. 

Steenbeek & Van Geert, 2005) that is typical of the teacher-class system in question. 

These attractor patterns are in a sense self-sustaining, for instance the nature of the 

questions habitually asked by the teacher influences the nature of the answers 

habitually given by the students, and these answers are likely to sustain the nature of 

the questions asked by the teacher. In addition, the attractor patterns, i.e. few 

variability is visible in the teacher-student interaction patterns, are relatively resistant 

to change.  

A focus on variability provides information about inter-individual variability and intra-

individual variability. Bassano and Van Geert (2007) state that ‘variability is 

informative on the nature of developmental change’. The dynamic dimension in 

Boelhouwer’s taxonomy (2013) allows further for possibilities to map inter-individual 

variability, variability among students, teachers or groups. This might be done to 

compare several individual teachers to find out whether one teacher’s intervention 

trajectory is more effective compared to a similar intervention trajectory of another 

teacher. Questions might focus on whether the pathways of all students are 

equivalent, i.e. did they develop in similar ways? A change in student’s complexity 

level of scientific understanding might be found in trajectories in which a teacher 

seems capable of adjusting his/her questions to a student’s level of functioning and 

thinking, while the less effective trajectories remain in a fixed pattern of non-

differentiating interactions (Ensing, Van der Aalsvoort, Van Geert, & Voet, 2014). 

Variability at the micro level (adjusting to the level of students) might, in this case, be 

an important element accounting for the variability between the teachers. Inter-

individual variability can provide important information about underlying dynamics of 

(less) effective intervention trajectories. Each trajectory —either an intervention or 

another developmental trajectory— takes the form of a dynamic pathway, 

constructed as real-time iterative processes, which emerges through interaction with 

the context (Fischer & Bidell, 2006). As each student starts an intervention at their 

own level and masters science and technology to the best of his/her capabilities, 

each trajectory is unique and should be analyzed as such to provide insight in the 

variability.   
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Intra-individual variability is defined as ‘differences in the behavior within the 

same individual, at different points in time’ (Van Geert & Van Dijk, 2002). By looking 

at multiple measures of individuals it is possible to see how the change and 

development proceeds (e.g. Van der Steen, Steenbeek, Van Dijk, & Van Geert, 

2014). Van der Steen and colleagues (2014), for instance, showed that a student’s 

performance changed over several science activities. By focusing on intra-individual 

variability, a change in interaction between a student and a researcher was found. At 

the start of the learning trajectory, the teacher took initiative by asking thought-

provoking questions during inquiry activities (state 1); the student followed the level of 

the teacher. At the third lesson, a change in interaction pattern was found, in that the 

student took initiative (state 2) and seemed to have initialized the process of inquiry. 

In between these two states, some form of “chaos”, in this case increased variability, 

was found in which the researcher and student did not seem to adapt to each other 

as well as before (state 1) and after (state 2). Transitions from one state to another 

are often accompanied by qualitative indicators, but also by increased variability or 

critical slowing down of variability (e.g. Bassano & Van Geert, 2007).  

The surplus value of focusing on variability is that it yields information about the 

differences in underlying characteristics leading to differences between lessons or 

participants. Specifically, this might show whether there are behavioral characteristics 

accounting for why a trajectory seems to yield more positive change for one 

subgroup than another or how one state changes into another (concerning 

development - Lichtwarck-Aschoff et al., 2008; education – Steenbeek et al., 2012; 

sports – Den Hartigh, Gernigon, Van Yperen, Marin, & Van Geert, 2014). 

The transactional nature provides insight into how the learning gains of students can 

be understood, i.e. how is performance (co-) constructed during actual lessons, why 

is the intervention for some classes or students more effective than others? Learning 

can be seen as a dynamic and distributed, transactional process (Steenbeek, Van 

Geert, & Van Dijk, 2011). Students do often not come to a conclusion spontaneously. 

Teacher support is essential to reach a higher level of performance (Van de Pol, 

Volman, & Beishuizen, 2011). Teaching and learning are dynamic processes that are 

constantly adapting to changing needs and opportunities. It is therefore important to 

focus on the dynamics of reaching a performance by studying interactions, i.e. what 

the teacher’s contribution is in students’ performance. The unit of analysis ought to 

be the dyad of a teacher and the students, and not the individual student on its own 

(Cook & Kenny, 2005). Knowing more about how teachers stimulate students toward 

higher levels of scientific understanding might provide valuable information about 

how to optimize inquiry-based learning situations (Van der Steen et al., 2014).  

Note that although the three properties describe distinct mechanisms, during 

teaching-learning processes, they all work simultaneously. Boelhouwer’s (2013) 

observational dimensions might be seen as different levels of analyses and can show 

increasingly detailed information about how well the averaged findings (static) 

represent the variability in individual trajectories (dynamic) in (micro) and over time 
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(macro). For the purpose of this article, the properties are presented (and analyzed) 

in such a way that the surplus value compared to the classical approach is stressed 

(table 2.1). However, we do not intend to give the impression that this classification is 

the ultimate way to study interventions. The principles of variability can, for instance, 

be very well applied at the micro level to find change points in the transactional 

nature of learning trajectories over several lessons (e.g. Steenbeek et al., 2012). 

Table 2.1 Combination of complexity properties and dimensions as formulated in Boelhouwer’s 
taxonomy (2013) 

 Goal (possible)  

Research question 

Dimensions 

 

Information 

source 

Analysis Time Behavioral 

change 

Premeasure 

vs. Post-

measure 

Generalization 

- Insight into whether 

there is an effect or 

not. 

What is the group-

based effect of the 

intervention? 

Indirect 

Group 

Static 

Aggregated 

Macro Long term 

effects 

Role of time in 

change 

Map development  

- help to understand 

the underlying 

naturalistic process 

and patterns of 

change over time, 

important to evaluate 

the effects of an 

intervention. 

How can we 

characterize short-

term and long-term 

change in students’ 

scientific 

understanding on 

group level during the 

intervention trajectory? 

Indirect 

Group 

Dynamic 

 

Macro Short - & 

long term 

effects 

(intra-

individual) 

Variability 

Map temporal change  

 

- information about the 

quality of 

interventions.  

How does this 

classroom level 

change over the time 

covered by the 

intervention? 

Indirect 

Classroom 

 

Dynamic 

 

Macro Short - & 

long term 

effects 

Transactional 

nature 

Map co-construction 

 

- insight into how the 

learning gains of 

students can be 

understood. 

How is scientific 

understanding co-

constructed and how 

does this co-

construction process 

change over time 

under influence of the 

intervention? 

Indirect 

Individual 

Dyad 

Process 

(Dynamic) 

Micro Short-term 

effects 

The current study 

In this study, we aim to demonstrate the contribution of a complex dynamic systems 

approach when assessing the effectiveness of a science and technology education 

intervention. We illustrate this by presenting data from the Curious Minds Video 

Feedback Coaching program for teachers (Appendix C). By doing so, we intent to 

provide a more thorough and multifaceted view of the process of studying the 

effectiveness of an intervention, compared to standard evaluations. By starting with 

the more classical group-based analysis, we aim to demonstrate that each remaining 

analysis — increasingly more process-based — can provide more understanding of 

the effectiveness. Hence, information about students’ performance (static and 

dynamic) and the development of students’ scientific understanding during one 

lesson (micro) and over several lessons (macro) will be presented. In addition, the 

role of the teacher in this process (micro-dynamic) can be shown during the 

intervention (short-term effects) and a few weeks after the intervention (long-term 

effects).  
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METHOD 

Rationale for the teaching intervention 

The Video Feedback Coaching program for upper grade teachers is a 

professionalization trajectory designed to support teachers in improving the quality of 

science and technology education lessons in their classroom. More specifically, this 

pedagogical-didactic intervention was developed to stimulate change in teacher-

student interactions, i.e. changing the discourse from mostly teacher-centered into a 

more stimulating student-centered discourse (Wetzels et al., 2016). By doing so, 

teachers enhance the quality of students’ scientific understanding by establishing a 

series of inspiring teachable science moments (Bentley, 1995; Hyun & Marshall, 

2003). The way teachers interact with students was regarded as a key to quality of 

the science lessons (Barber & Moursched, 2007). The intervention contained the 

following evidence-based key elements: (1) improving teachers’ knowledge about 

teaching science and scientific skills, (2) establishing behavioral change by improving 

teachers’ instructional skills by means of (a) VFCt and (b) articulating personal 

learning goals. 

The first element was reflected in an interactive educational session about 

knowledge of teaching science and scientific skills for participating teachers. Osborne 

(2014) defined these skills as knowledge about the process of science – including 

knowledge about the empirical cycle - and the skills needed for performing an actual 

scientific inquiry – such as higher order thinking skills. During this educational 

session information was provided and the features important for science learning 

were discussed: the use of the empirical cycle (De Groot, 1994), use of thought-

provoking questions (Chin, 2006; Oliveira, 2010), scaffolding (Van de Pol et al., 

2011), and science and technology-education in general (Gibson & Chase, 2002). 

According to Lehmann and Gruber (2006) expertise can best be acquired through 

case-based learning, including authentic cases which are embedded in naturalistic 

contexts. Therefore, several best-practice video fragments of teacher-student 

interactions during science lessons were shown to illustrate the transactional nature 

of performance; i.e. the importance and effect of high quality interactions during 

science and technology-activities.  

The second element referred to the aim to establish —durable— behavioral 

change. A promising method for implementing evidence-based instructional 

strategies, i.e. establishing behavioral change, is providing feedback on real-time 

behavior (Noell et al., 2005; Reinke, Sprick, & Knight, 2009). Teachers instructional 

quality can be greatly increased by offering video feedback on own classroom 

behaviors (see also Mortenson & Witt, 1998; Seidel, Stürmer, Blomberg, Kobarg, & 

Schwindt, 2011; Wetzels et al., 2015). As a rule, the effect of feedback is best when a 

3 to 1 ratio is used (Fredrickson, 2015), i.e. three positive fragments were discussed 

and one fragment that showed an example of teacher’s practice that could be 

improved. In order to stimulate teachers to fully understand the behavioral patterns 

and consequences of those interactions for students’ performance, the coaching 

focused on the transactional nature of learning by reflecting on teacher’s own specific 
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practice and interactions at the micro-timescale and was conducted immediately after 

each lesson, as immediate feedback is most beneficial for learning (Fukkink, 

Trienekens, & Kramer, 2011). Note that aside from this practical application, these 

videotapes were used as the primary source to evaluate the effectiveness of the 

intervention.  

In addition, goal setting at the beginning of a coaching trajectory is an effective 

way to achieve results (Hock, Schumaker, & Deschler, 1995), i.e. behavioral change, 

as they ensure feelings of autonomy (Pintrich, 2000). By formulating learning goals 

that reflect teacher’s personal professionalization goals, teacher’s feelings of 

autonomy were respected and teachers were provided with opportunities to monitor 

and control their motivation and behavior. Another way to ensure teacher’s feelings of 

autonomy and thus to create more responsibility for their own learning process, was 

by encouraging them to prepare science and technology-lessons to his or her own 

liking (table 2.2). Teachers were allowed to choose a topic and an instructional 

method (for instance: experiments or a design assignment) suiting their own and 

students’ interest. The table shows that the first lesson of class 6 mainly focused on 

experiments and the topic was air pressure. The main focus of the next lesson was 

on using laptops to search for information about satellites.  

Table 2.2 Type and topic of lessons as provided by each teacher  

 Premeasure Lesson 1 Lesson 2 Lesson 3 Lesson 4 Post-

measure 

Class 1 Experiments:  

air pressure 

Classical 

experiment: 

air pressure 

Classical 

experiment:  

air pressure 

Classical 

experiment:  

air pressure 

- Classical 

experiment:  

air pressure 

Class 2 Experiments:  

air pressure 

Experiments: 

surface tension 

Design: 

planetarium 

Drawing: 

rainbow 

Experiments: 

gravity 

Experiments:  

air pressure 

Class 3 Experiments:  

air pressure 

Experiments: 

air pressure 

Experiments: 

gravity 

Experiments: 

gravity 

Experiments: 

balance 

Experiments:  

air pressure 

Class 4 Experiments:  

air pressure 

Classical 

experiment:  

air pressure 

Classical 

experiment:  

air pressure 

Classical 

experiment:  

air pressure 

Classical follow-

up discussion:  

air pressure 

Classical 

experiment: 

air pressure 

Class 5 Design: 

Barometer 

Experiment:  

air pressure 

Classical 

experiment:  

air pressure 

Experiment: 

water 

- Classical 

experiment: 

air pressure 

Class 6 Experiment:  

air pressure 

Laptop:  

satellite 

Design: 

balloon rocket 

Experiment: 

blending  

Design: 

‘Techniektoren’
4
 

Experiments:  

air pressure 

 

Participants 

Six upper grade teachers (two men and four women) and their students (Mage: 11.2, 9 

to 12 year olds) from the North of the Netherlands participated in the study in school 

year 2013/2014. Their teaching-experience ranged from six to 18 years in regular 

elementary education. The average class consisted of 28 students (49% girls, 51% 

boys). 

                                            
4
 The ‘Technique Towers’ are lockers shaped as towers with 80 lesson-boxes inside; 10 lessons for 

each year of Dutch elementary education. Each box is focused on a specific aspect within a domain of 
technology, for instance construction or making soap. Each box has a step-by-step manual which can 
be used by a small group of students, without a teacher. This manual guides them through the activity. 
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Procedure  

Six science- and technology-lessons and an educational session were conducted in 

a period of three months: one premeasure, four lessons immediately followed by a 

VFCt session led by a trained coach (first author) and one post-measure, on average 

4.5 weeks, after the end of the VFCt. Although the intervention was intended as 

adaptive support and was highly idiosyncratic, some standardization was 

implemented during data collection. That is, the same coach provided identical 

information during the introductory session, videotaped all lessons, and was 

responsible for the guided reflection after each lesson. In addition, teachers were 

asked to use the following guidelines: provide six lessons using a fixed format: 

introduction (plenary introduction), middle part (students work on their own or in 

groups), and end (plenary discussion). Furthermore, they were asked to teach 

lessons about the earth and space-system —such as weather, air pressure, gravity, 

or the positions of the moon. Lastly, the teachers were instructed to focus on air 

pressure and aim at learning students about high and low pressure during the 

premeasurement and post-measurement.  

Materials and variables 

Ten minutes of the middle part of the lessons were coded, because in this part a 

relatively larger amount of rich, interactive interaction was present. For further data 

analysis, the class of students as a whole was taken as the unit of analysis, which 

means that the individual case is always consisting of a group of individuals. 

However, in contrast with the classical group approach of looking at the performance 

of independent individuals, which most studies use to calculate averages, this group 

is conceived of as a collection of interdependent individuals interacting with each 

other. In line with that, the previous utterance of the teacher or a fellow student was 

taken into account when scoring students’ level of scientific understanding.  

Students’ scientific understanding was measured by quantifying verbal 

utterances (see Appendix B; codebook 2), using a scale based on skill theory 

(Meindertsma, Van Dijk, Steenbeek, & Van Geert, 2012; Parziale & Fischer, 1998; 

Van der Steen, Steenbeek, Wielinski, & Van Geert, 2012). The dynamic skill theory 

(Fischer, 1980) is a cognitive developmental theory focusing on how skills –which are 

considered complex and variable– are constructed in specific domains. These skills 

can be captured by focusing on those skills as they emerge in interaction with the 

context. This scale has proven useful for task-independent measures in the analysis 

of student’s scientific explanations. Students’ utterances were scored on complexity 

using a 10-point scale, divided in three tiers (sensory-motor, representations, and 

abstractions). The first tier (level 1 to 3) consists of sensorimotor observations and 

explanations, which mean simple observable connections, are given. Level 1 means 

the least complex utterance, a single sensorimotor aspect (e.g. an expression of what 

they see, e.g. the student says: “It [the balloon] is white”). At level 2, the sensorimotor 

mapping level, the student is able to combine to single sensorimotor aspect into one 

mapping (e.g. the student says: “It is white and that one is yellow”). The second tier 

(level 4 to 6) comprises representational predictions and explanations, which means 
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that students use higher order thinking skills that go beyond simple perception-action 

couplings. The student understands that an object has a specific characteristic, 

outside the present situation. (S)he can, for instance, make a prediction about what is 

going to happen when you put salt into a water/oil fluid –without directly seeing it. 

The third tier (level 7 to 9) constitutes abstract explanations; students are capable of 

generalizing ideas about the object outside specific situations. A student might for 

instance explain that “the molecules in the water are strongly drawn towards each 

other… probably leading to surface tensions… the water and oil cannot blend 

because of that” or “the density of the water is higher compared to the density of the 

oil, the fluid with lower density floats”. Level 10 could be scored when students 

expressed understanding about global laws and principles (e.g. the abstract 

principles of thermodynamics can be applied to the situation at hand). Ten to twelve-

year olds are expected to be capable of reaching the seventh level of understanding 

(Fischer & Bidell, 2006). They could express abstract thinking skills (e.g. relate 

abstract concepts to the situation at hand).  

Coding was done by means of the program Mediacoder (Bos & Steenbeek, 

2009). To establish the inter-observer reliability for the application of the coding 

scheme, the inter-observer agreement was determined in advance by the first author 

and an independent coder. With an agreement ranging from 79 – 83%, Cohen’s 

kappa of .76, the interobserver agreement was considered substantial. 

Data analysis 

Excel was used for descriptive analysis and to display patterns in the data. As the 

collected data consisted of a small group of participants, dependency between 

variables, and multiple measures, a nonparametric test (Monte Carlo analyses) was 

used to test differences in the complexity of students’ scientific understanding level 

over several lessons. This random permutation test was used to test the empirical 

results in relation to a statistically simulated baseline of random patterns, using 

Poptools (Hood, 2004). This means that the non-parametric test statistically 

simulated the null hypothesis that the probability of the relationship or property was 

based on chance alone. For instance, the scientific understanding levels data were 

randomly shuffled (values were randomly drawn from the data without replacement), 

and the same average and difference score was calculated for the statistical 

simulation of the null hypothesis. This random shuffling, i.e. data generated on the 

basis of the null hypothesis model that there was no effect of the intervention, was 

permutated 10000 times in order to calculate whether the empirically found difference 

between premeasure and post-measure could be expected to occur on the basis of 

chance. When the finding was smaller than .05, the test statistic was considered 

significant. This means that when we speak about significantly different, we mean a 

considerable difference that has applied meaning (for instance a difference that is big 

enough, 1 complexity level, for the teacher to be observed in the real world). A 

significance score between .05 and .1 is considered as a trend, i.e. non-randomness 

(see for a discussion about cut-off scores of p-values and the use of confidence 

intervals: Cumming, 2014; Kline, 2004; Lambkin, 2012).  
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Premeasure vs. post-measure        

All task-related student utterances were coded on complexity level. Subsequently, we 

calculated the average complexity level of all students over all classes at premeasure 

and post-measure, and computed the difference between the two. In addition, as 

significance scores are not directly linked to practical significance (Sullivan & Feinn, 

2012) the effect size was calculated using Cohen’s D. Following Sullivan and Feinn, 

an effect size of .2 is considered small, .5 medium, .8 large and 1.3 or higher very 

large.  

The role of time in change        

The long-term effects were operationalized as the effects that were still observable, 

4.5 weeks, after the intervention. These were assessed by comparing students’ 

scientific understanding level at the intervention-lessons with students’ scientific 

understanding at the post-measure. Therefore, we calculated the average complexity 

score of each lesson. The same was done for the statistical simulation of the null 

hypothesis. Short-term effects were assessed by focusing on scores during the 

intervention.  

Variability 

Again, all students in the class are taken as unit of analysis, and focusing on the 

class performance level. While doing so, the focus is on variability in the sense of 

differences between the various classes (inter-individual variability) and of differences 

over time within classes (intra-individual variability). The variability of each class was 

computed and compared with the variability between lessons of that class. The same 

analysis was done on the group level, in that the variability was computed of all 

classes and the variability of each class was compared with the overall —averaged— 

variability. This analysis can be the basis to find intra-individual variability which might 

show the properties of effective and less effective trajectories. In order to actually 

study the process, you must study the process on the individual case level. Second, 

in an attempt to generalize, or more precisely to find similarities between individual 

cases, clustering techniques may be used (e.g. clustering of students working on 

science activities; Van der Steen et al., 2015). As an illustration a simple example of 

looking for groups of cases, of which the averages are clearly different, will be 

presented. The quantitative findings were supplemented with qualitative findings, 

derived from video fragments, to show possible explanations for variability between 

and within classes (mixed method; Johnson, Onwuegbuzie, & Turner, 2007). 

Significant differences were used as a starting point for examining the data in a 

qualitative manner. 

Transactional nature of learning 

In order to be able to make a comparison with the first, group-based analysis, the 

focus of this representative case is again on the premeasures and post-measures. 

Variables which were assessed (over time) concerned task-related utterances: the 

number and types of questions asked by the teacher, the complexity of students’ 

utterances, and the occurrence of coherent ‘action-reaction chains’ in teacher-student 



   

 

   
 

2 

33 33 33 

interaction. Therefore, for the teacher variable the utterances were coded on an 

ordinal scale of ‘level of stimulation’ (based on the ‘openness-scale’ of Meindertsma, 

Van Dijk, Steenbeek, & Van Geert, 2014; see Appendix B, codebook 1); i.e. 

utterances intended to stimulate students’ (higher order) scientific understanding. The 

scale ranged from giving instructions, providing information, asking a knowledge-

based question, asking a thought-provoking question, posing encouragements, to 

posing a task-related follow-up. Giving an instruction is considered as least 

stimulating, i.e. the smallest possible chance of invoking a high level of scientific 

understanding as an answer. With a Cohen’s kappa of .72 the inter-observer 

agreement was considered substantial.   

First, the interactional space, i.e. the amount of utterances, covered by the 

teacher and students was computed to gain insight into the general distributions of 

turns during the lesson. Note that the non-task related utterances are removed from 

this graph. Next, a graph showing the temporal sequence of the interaction is 

displayed (with the program Excel), as an alternative to the state space grid method 

(Hollenstein & Lewis, 2006). Both the graph and a state space grid use two axes to 

display the interaction between variables. A state space grid is a useful way to depict 

attractor states. However, for the purpose of answering the research question about 

how scientific understanding is co-constructed an excel graph is, in this particular 

case, a more accessible application. Lastly, a transition diagram (e.g. Ensing et al., 

2014; Steenbeek et al., 2012) was used to study the micro dynamics of the 

transaction between students (as a class) and the teacher. Transition diagrams were 

made to reveal pattern characteristics, which provide insight into the number and 

types of questions and potentially how the difference between premeasure and post-

measure can be explained. These diagrams show the succession of variables. The 

observed differences between the premeasure and post-measure regarding the 

percentages were statistically tested based on the null hypothesis that the observed 

differences were accidental. For the transition diagrams the follow-ups were 

summarized in non-stimulating reactions —instructions, providing information— and 

stimulating reactions —thought provoking questions and comments and 

encouragements. 

RESULTS 

Premeasure vs. post-measure – static-macro dimension   

To answer the research question on whether there is an effect of the VFCt on 

students’ complexity of scientific understanding, the observational data of the 

premeasure and post-measure is aggregated over all classes. Note that premeasure 

and post-measure had the same teaching goal in all groups, i.e. teaching students 

about high and low (air) pressure. The scores during these lessons can therefore be 

compared validly.   

Students performed on average better during the post-measure, M = 4, 

compared to the premeasure, M = 3.25 (p < .05; Cohens d = 1.6, very large). Results 

show an expected intervention effect, i.e. students’ complexity level of scientific 
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understanding increased. This static macro dimension is the standard answer to 

questions about effectiveness of an intervention; most researchers are confining 

themselves to this single static macro evaluation. However, more insight can easily 

be gained by knowing how these average class complexity levels are constructed. In 

this particular case, the lower complexity levels of scientific understanding (1, 2, 3) 

are, for instance, more apparent during the premeasure (PreM = 52; PostM = 25), 

while the higher complexity levels (5, 6, and 7) of scientific understanding (PreM = 

17; PostM = 36) are manifested more during the post-measure (resp. p < .05 and p < 

.01). Looking at all measurements provides more information about the question what 

happens during the intervention-lessons. 

Time – short and long term effects 

To answer the question about development; how can we characterize students’ 

scientific understanding on the group level during the VFCt trajectory, the solid black-

diamonds line in figure 2.1 represents the average score of students’ scientific 

understanding level over all classes over time.  

The solid line in figure 2.1 depicts that students display higher levels of 

scientific understanding at the post-measure compared to the other measurements 

(PreM = VFC1 = VFC2 = VFC3 = VFC4 < PostM, p < .01). We thus see a long-term 

effect for this variable and the level of scientific understanding seems rather stable on 

group level from the premeasure to the lessons during the VFCt.  This is already 

one step forward in comparison to the static macro comparison of the premeasure 

and posttest. However, since the black line represents the average of the levels for 

all the classes, it is still the representation of a pseudo process (as a sequence of 

averages over independent cases it is not a real process). Based on this notion of a 

pseudo process, in order to actually see the process of change, analysis should 

focus at the process on the individual level, which in this case is the class level. Note 

that this is, in turn, a pseudo-process for the individual trajectories. 

Variability – dynamic-macro dimension 

Next, there is a need to know the performance level of each class and how this 

changes (dynamic) over time (macro) under influence of the VFCt. Figure 2.1 depicts 

considerable variation in the level of scientific understanding between classes 

(dashed lines), but also within a class over time. 

With regard to inter-individual variability: In Figure 2.1, all observations over 

the six classes in the post-measurement case are very close to one another, whereas 

almost all the preceding measurements show quite considerable variation between 

individual classes. This shows, for instance, that during post-measure the average 

complexity level of students’ level of scientific understanding of all classes is closer to 

each other compared to the premeasure (p = .1). Furthermore, quite considerable 

differences were found in the amount of task-related utterances among classes. For 

instance, class six’s first scientific understanding level is based on five task-related 

utterances ranging from complexity level one to four, while class one’s level is based 

upon 54 task-related utterances ranging from complexity level one to seven. In 
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Figure 2.1 Scientific understanding of students of all classrooms during all measurements  
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addition, as an illustration of the clustering of individual cases: two subgroups were 

found in the level of variability (VFC1variability = .4 and VFC2variability = 1.3, p < .01). 

Class 1, 3 and 4 showed a rather stable level of scientific understanding level over 

the lessons (Mvariability = .4), while class 2, 5 and 6 showed considerable variability 

(Mvariability = 1.3, p < .01).  

With regard to intra-individual variability: Intra-individual variability is visible in 

all classes (see Figure 2.1, dashed lines), but most clearly in classes 2, 5, and 6 

(note that this is one of the two subgroups mentioned above). When we zoom in at 

the development of class 6, the difference between the first and second lesson in 

students’ scientific understanding level is 1.91 complexity level. VFC1 (p < .01) and 

VFC4 (p < .01) are different from the other lessons in that the average scientific 

understanding level is lower. During both lessons only a handful task-related 

utterances could be scored, and 75-80% of those utterances were on the lowest 

complexity level. Looking back, these results may be explained by the content of 

lesson 1 and 4 (Table 2.2 – method section). In both cases, the students were not 

allowed to experiment and the material was less provoking (note that the same 

variation in lessons applies for class 2 and 5). This suggests that the type of lesson 

and material used influences the —amount of— emergent complexity levels of 

students’ utterances. 

Transactional nature of learning – micro-dynamic and long-term effects 

Due to the labor-intensive nature of the observations, the following illustrations focus 

on one representative case; one teacher and her students. Class 3 could be used as 

representative case in that preliminary analyses of teacher’s practice showed that the 

behavior of the teacher represented the general interactional patterns in the classes 

best —i.e. starting the intervention by predominantly using instruction towards a more 

thought provoking teaching style at the end of the intervention—, the teacher neatly 

followed the guidelines, students’ average age closely resembled the average age of 

all participating students, and all measures were available of this class.  
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Figure 2.2 Dynamic-micro scores during premeasure (top) and post-measure (bottom) for classroom 3 
Note: the teacher (left) axis depicts an ordinal scale from less stimulating to more stimulating utterances to provoke 
scientific understanding. The student (right) axis depicts the ordinal complexity scale based on skill theory. The 
boxes are illustrated in the text 
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Post measure 
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follow-up 
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knowl. question 

stim. question 
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follow-up 

information 

instruction 

knowl. question 

stim. question 

encouragement 

Figure 2.2 depicts the quantified interaction during ten minutes of the middle 

part of the premeasure and post-measure of class 3. The figure depicts different 

interaction patterns during premeasure and post-measure. During post-measure 

there is in general much more interaction, mainly at the higher (more stimulating and 

complex) side of the graph. This type of display is a way to represent the nature of 

the process of interaction between the teacher and the students. On the x-axis the 

temporal sequence of the interaction is displayed. Each number represents an 

utterance of either the teacher or the student. On the left y-axis the task-related 

teacher utterances (diamonds) are categorized according to the degree of 

stimulation, while on the right y-axis the complexity level of task-related student 

utterances (squares) are depicted. Blank spaces represent a non-task related 

utterance. For purposes of illustration and as a guide how to read the graph, part of a 

literal translated transcript of an experiment ‘blow a paper wad in a bottle’ will be 

described. Starting from utterance 57 (the grey square in Fig. 2.2, on the top): the 

teacher starts with a knowledge-based question: ‘I think… What’s in there?’ followed 

by self-iterated information giving ‘There is still moisture in it’. Next the student 



   

 

   
 

2 

37 37 37 

answers by formulating what he sees: ‘Yes, it is red’. The teacher continues with 

providing information ‘And then the paper sticks, that’s a shame’. She offers a 

possibility for why the moisture has an effect on the outcome ‘This bottle is dry…’ and 

offers a new bottle with the instruction to retry the experiment: ‘Try this [dry] one.’

 The level of stimulation: Figure 2.2, on the top, depicts that the teacher 

occupies most interactional space (75%) during the lesson, more specifically most of 

her utterances are on the lowest level of the stimulation scale, namely to instruct 

students (41% of her utterances). The transcript described above is an example of 

that type of interaction. During the premeasure most of the utterances were teacher-

centered (56%), i.e. focusing on what students need to do and on knowledge by 

instructing, providing information, and asking knowledge-based questions, while 44% 

were student centered utterances, i.e. stimulating utterances focusing on students’ 

thinking process – thought provoking questions, encouragement and follow-ups.  

In contrast, although the teacher still occupies most of the interactional space 

(67%) during post-measure, we can now see reciprocity between teacher utterances 

and student utterances which seem to emerge in higher levels of complexity (Fig. 2.2, 

bottom). Compare for this the upper side (on the teacher axis stimulating question, 

encouragement and follow-up) of the premeasure graph with the upper side of the 

post-measure graph. During post-measure there is much more interaction at the 

higher (more stimulating and complex) side of the graph. The teacher asks more 

questions, poses more encouragements and students reason on higher levels of 

complexity (4 to 7). In addition, compared to the pre measure a reversed pattern was 

found in teacher style, meaning that 29% was teacher-centered (least stimulating) 

and 71% consisted of stimulating utterances during post-measure. Fragment 2.1 

describes an interaction during the post-measure showing how this was seen during 

the activity. Here, the teacher starts the interaction with a thought-provoking question, 

followed by a student answer that shows understanding of the experiment. The 

teacher continues with encouragements and rephrases student answers.   

To conclude, by comparing the premeasure and post-measure, the quantitative data 

shows an emerging pattern in which the teacher uses higher levels of stimulation 

during post-measure. The teacher asks more stimulating questions or poses 

encouragements to reason further (compared to preM; p < .05), students answer 

more often (preM = 20; postM = 36) and on a higher level of complexity (p < .01).  

Action- reaction sequences: Figure 2.3 shows transition diagrams of both 

lessons. Both the type and number of teacher and student utterances change. During 

the premeasure, students answer a teacher initiation question in only 31% of the 

cases and the teacher answers her own question or continues herself in 15% of the 

utterances. A student’s answer is in 20% of the cases followed by a non-stimulating 

teacher response (like providing information or instruction) and in 44% of the cases 

by a stimulating follow-up (encouragement, question or a note to encourage 

reflection). A significantly different interaction pattern is found between premeasure 

and post-measure (p < .01) in that during the post-measure an initiation question of 
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Figure 2.3 Transition diagrams pre (left) and post-measure (right) of Teacher initiation (T), Student 
task-related utterance (S), Teacher’s stimulating response (T st) and teacher’s non-stimulating 
response (T N-st) 

Post-measure Premeasure 

the teacher is often (in 77% of the cases) directly followed by a task-related student 

utterance. Next, a student utterance is most often followed by a stimulating follow-up 

of the teacher. This seems to indicate better attuned interactions, i.e. stimulating 

interactions, possibly emerging into higher levels of student complexity.    

Teacher Student(s) Comment 

What do you think [will happen] 
[***]? 

 Thought provoking initiation 
question 

 When you put the glass over [the 
candle]… the water comes up 
and… because of the water the 
candle goes out.  

Student is capable of making a 
representation about what he 
expects to happen 

Ok… hmm...  Encouragements (without directing 
to the ‘right’ answer) 

Ok, you think the candle 
extinguishes because of the water. 

 Rephrasing student’s answer 

Who has another idea?  Invite other students to formulate a 
hypothesis 

 When you put the glass… the fire 
causes vapor... when that comes 
down the candle stops burning. 

Student is capable of formulating a 
representation in which insight into 
a natural phenomenon is 
represented.  

Hmm… Basically you make rain…  Rephrasing student’s answer – 
providing information about how it 
could compare to daily life 
situations. 

What do you think [***]?  Invite another student to formulate 
a hypotheses 

 I think there will be no more oxygen Student is capable of formulating a 
hypothesis using abstract 
language. 

No more oxygen... Where?  Teacher uses a follow-up question 
to make the student elaborate on 
her answer. 

  

Fragment 2.1 Literal translated transcript of the experiment: ‘candle and lemonade’, starting from 
utterances 38 (square in bottom figure 2.2) and further during the post-measure 
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CONCLUSION AND DISCUSSION 

From a content-based perspective, the surplus value of a complex dynamic systems 

approach was illustrated by analyzing the (effect of) the Video Feedback Coaching 

program for teachers intervention, in which complexity properties were intertwined in 

design, data collection, and analysis. 

When looking at the aggregated and static data, the results showed a positive 

intervention effect on the macro level of students’ scientific understanding. The 

question arose about the practical significance of this result. An average increase of 

1 complexity level seemed trivial. The effect size (d = 1.6) showed that this effect can 

be considered very large. However, this number does not provide practical tools for 

teachers. By using a process-based intervention study the surplus value of applying 

the properties became clear:         

  

1. By incorporating time serial aspects of change, the intervention effect could be 

further explained. The average trajectory of all classes over several lessons 

(dynamic) showed a rather stable level during the intervention. The effect of the 

intervention on students’ performance only became apparent at post-measure. 

2. By focusing on intra-individual variability, however, it became clear that the 

average findings underestimated the variability present in individual trajectories. 

Half of the classes showed a rather stable trajectory, while the other half 

represented variability. None of the classes showed a clear positive intervention 

effect on students’ scientific understanding level during the intervention 

sessions. However, previous research indicated that before a new state (i.e. 

higher level of performance) can be reached, a period of ‘increased variability’ 

appears (Bassano & Van Geert, 2007; Van der Steen et al., 2014; Van Geert & 

Van Dijk, 2002). These suggestions can be further analysed by focusing on 

micro-dynamic processes in all lessons, in order to find out whether there is 

more variability leading to a new state at the micro level during the lessons of 

the intervention period. Another explanation for the, in this case rather high 

variability might be found by focusing on lesson characteristics. When teachers 

provide lessons mainly focussing on following the steps on a worksheet, a 

different interactional quality might be expected compared to lessons in which 

students have more degrees of freedom to experiment. Note that the 

transactional nature might be used to further interpret qualitative findings.  

3. By examining the transactional nature, it became apparent that the higher 

performance seems to be achieved by a mutual investment of teacher and 

students and that a change in interaction patterns seems to underlie this 

phenomenon. The representative case showed that an increase in students’ 

understanding is accompanied by a change in interactional quality and that the 

students’ scientific understanding level fluctuates in interaction with the teacher. 

During the post-measurement, teacher and students seem more attuned to 

each other, in that a teacher’s question is twice as often followed by a student 

answer compared to the premeasure measurement. Students seem more 

capable of using complex terms to express their thinking processes, as is 
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expressed in the higher complexity scores. In addition, during post-

measurement, the student utterance is only followed by a stimulating response, 

while during premeasure, non-stimulating utterances were apparent. Based on 

the micro-dynamic data, we therefore suggest that the higher performance 

during the post-measurement can be explained by interactions of higher quality 

in which the teacher poses more stimulating questions and that the students 

reason on higher scientific understanding levels.     

The point of this type of analysis is not to pretend that these percentages 

apply to the population, as an average level. We aimed to depict a technique of 

representation that shows the time serial nature of the process. It goes without 

saying that the structure of these processes may be quite different for one case 

in comparison to another, but the nature of the representation, in terms of a 

transition diagram, in principle applies to all possible forms of interaction in 

classes. By choosing a different way of representing the interaction in the class, 

namely by means of these transition diagrams, the emphasis which is 

traditionally put on static measures, is now replaced by a dynamic 

representation, which in some cases may be of quite considerable complexity. 

Especially for teachers, the latter might be a more accurate reflection of the 

teacher’s real time experiences as teachers are “aware” –usually without being 

familiar with the technical terms- that they are working within a complex 

dynamic system.  

To summarize, the surplus value of the analysis is that it illustrates how a complex 

dynamic systems approach can be used to describe the processes underlying static 

group-based average educational intervention effects, and provide information about 

the quality of that intervention. By using a process-based methodology, we were able 

to show that average results can be deepened by focusing on several complexity 

properties. We suggested answers to the question of why the VFCt intervention 

worked and why it seemed to work better during some lessons compared to other 

lessons within one class (i.e. type of questions, attuned interactions, using active 

participation during experiments versus classical experiment lessons). In addition, 

insight was provided into the actual changes during lessons and how interaction 

proceeded. This information cannot be found in conventional longitudinal studies, but 

are essential for teachers as this might more accurately reflect what they experience 

during their lessons and gives insight into how teachers can optimize their lessons – 

compared to standard evaluations.  

From a methodological point of view, we would like to make a distinction between 

‘hard’ complex dynamic systems research and ‘soft’ complex dynamic systems 

research in education. The distinction might be somewhat exaggerated and is rather 

a matter of degree, but we think it is important to discuss it in order to put much of the 

complex dynamic systems research that is currently being done in education in the 

right perspective.  
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By ‘hard’ complex dynamic systems research, we mean the research that 

focuses on typical complex dynamic systems properties and which is based on very 

dense time series. Examples are studies of attractors and discontinuities, for instance 

by means of cusp catastrophe models (Van der Maas & Molenaar, 1992), or studies 

of the statistical structure of time series revealing properties such as pink noise in 

rower’s coordination of ergometer strokes (Den Hartigh, Cox, Gernigon, Van Yperen, 

& Van Geert, 2015) or studies using techniques such as recurrence quantification 

analysis that try to reconstruct the complexity of the state space that underlies the 

attractors of the system (Wijnants, Bosman, Hasselman, Cox, & Van Orden, 2009).  

By ‘soft’ complex dynamic systems research, in contrast, we mean educational 

research inspired by basic, qualitative features of a complex dynamic systems view 

on education and which is rooted in educational practice, as the VFCt. Some 

examples which would typically qualify as ‘soft’ complex dynamic systems research 

are presented by Steenbeek and colleagues (2012): research on learning that 

focuses on individual trajectories and on intra-individual variability, on the 

transactional and iterative nature of the teaching-learning process and on the 

relationship between the short-term time scale of learning activities and the long-term 

time scale of development. It is a kind of research that describes how such patterns 

are self-sustaining and hard to change, i.e. tends to show considerable resistance to 

change and thus have the qualitative properties of attractor states.  

Scientific implications for intervention studies  

Especially evaluation studies of — applied — educational interventions are fruitful 

areas for a ‘soft’ complex dynamic systems approach. As performance is usually 

constructed in interaction between a more knowledgeable partner and a student 

(Steenbeek & Van Geert, 2013; Van de Pol et al., 2011), observational classroom 

studies provide rich information. Analyses on the micro-level show whether the effect 

of an intervention can be found on the level where interventions focus at, in this case 

on interactions of higher quality. For a complete understanding of the process of 

teaching students a particular way of reasoning, an intensive study of a teacher’s – in 

combination with the students’- behavior over several lesson will reveal important 

insights. Focusing on the ‘how’ an intervention works is a way of describing why one 

state changes into another, and in fact implies a way of describing what can be done 

to make the state change into another one (Van Geert & Steenbeek, 2005). 

Furthermore, the case study findings can be supported by findings of a multiple case 

study. These findings can then be used to generalize findings and by that strengthen 

evidence-based practice. 

Practical implications 

The results of process analysis can be used in two different ways, as both scientific 

and practical purposes can be highlighted. First, the results add to fundamental 

knowledge about how scientific understanding is (co-)constructed in real-time 

(Meindertsma et al., 2014) and how the effect of a teaching intervention emerges 

during actual science and technology lessons. Second, the results can be used for 
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educational purposes. This approach provides accessible practice-based tools for 

best practice, or perhaps more importantly, familiar examples which can be used for 

(in-service) teacher professionalization (Wetzels et al., 2015). The micro-dynamic 

analysis might map the most interesting information for educational practitioners as it 

yields practice-based results.  

Further analyses 

An important next step for the study of interventions is to map the teacher-student 

interactions of individual teachers in order to study whether inter-individual variability 

can be further explained on the micro-level (chapter 4). The analyses of the empirical 

example as presented in this paper may be not more than only the first steps towards 

a complex dynamic systems approach. More information can be extracted by 

repeating similar analyses for teacher variables, by focusing on all lessons of 

individual teachers, by comparing micro and macro findings, or by comparing two 

extreme cases on the micro level (e.g. Steenbeek et al., 2012).  

To conclude, interventions should be studied as emerging processes on various, 

intertwined time scales taking place in individual cases, and not as isolated causal 

factors, with an intrinsic effectiveness, applying to a specific population category. We, 

therefore, stress the importance of using variables that capture the transactional 

character of interventions, specifically when they are aimed at improving interaction 

patterns in the naturalistic classroom situation. For future research we like to state 

that it is essential to look more closely at what the intervention is aiming at and what 

the role of the immediate context/proximal factors are in this process. When more 

understanding is gained about what happens during the intervention, for instance 

about stability or change in interaction patterns, intervention programs can be 

specifically attuned to supporting high quality interaction patterns in the class and 

students can thus be stimulated to perform optimally.  
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Chapter 3 

The effects of Video Feedback Coaching for teachers on primary 

students’ scientific knowledge  

   

Sabine van Vondel, Henderien Steenbeek, Marijn van Dijk and Paul van Geert  
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Scientific knowledge is considered increasingly important in order for future citizens 

to be able to fully participate in society (Esmeijer & Van der Plas, 2012; Silva, 2009). 

This consideration translates into the need for students to learn scientific subject 

matter and acquire understanding of scientific concepts in the earlier stages of their 

school careers (Bybee & Fuchs, 2006; Jorde & Dillon, 2013). However, a concerning 

decline has been observed when it comes to students’ interest in studying science 

and technology-related disciplines during primary education (Blickenstaff, 2005; 

Dekker Krooneman, & Van der Wel, 2008; Fouad, Hackett, Smith, Kantamneni, 

Fitzpatrick, Haag, & Spencer, 2010). Recently, inquiry-based learning has been a 

topic of interest in many studies concerning effective science education (e.g. Furtak, 

Seidel, Iverson, & Briggs, 2012). One goal of science-educational interventions in 

primary education is to influence the teachers’ practice in such a way that these lead 

to cognitive gains of students in scientific knowledge. Several teaching interventions 

involving inquiry-based learning principles have been designed to support teachers in 

the implementation of successful science education (e.g. Borman, Gamoran, & 

Bowdon, 2008; Cuevas, Lee, Hart, & Deaktor, 2005; Penuel, Gallagher, & Moorthy, 

2011; Simsek & Kabapinar, 2010; Wetzels, Steenbeek & Van Geert, 2015).  

The aim of this study is to investigate the effects of a professionalization 

intervention on students’ scientific knowledge, as expressed by the quantity and 

complexity of their utterances during science lessons. The intervention was a Video 

Feedback Coaching program for teachers (VFCt) that was conducted in the upper 

grades of primary education, and was aimed at improving teacher-student 

interactions to stimulate students’ scientific learning during inquiry-based activities. In 

this study, we primarily focused on the dynamics of students’ real-time expressions of 

scientific knowledge in the classroom. 

Learning science 

Inquiry-based teaching is a pedagogical method that is frequently used in science 

education (Minner, Levy, & Century, 2010). It is a way of facilitating students’ active 

participation in learning science. In other words it is a way to engage them in 

scientific processes and invite them to use critical thinking skills as they search for 

answers (Gibson & Chase, 2002). Note that inquiry-based learning and inquiry-based 

teaching are related, in that inquiry-based teaching provides opportunities for 

students to learn in an inquiry-based manner. Inquiry-based learning is a student-

centered, active learning approach comprising hands-on activities and higher-order 

thinking skills (Cuevas et al., 2005; Oliveira, 2009; Tang, Coffey, Elby, & Levin, 

2009). The role of the teacher is to facilitate the learning process by encouraging 

students to verbalize ideas and thoughts and by asking higher-order thinking 

questions (Lee & Kinzie, 2012; Oliveira, 2009; Van Zee, Minstrell, & Minstrell, 1997). 

The empirical cycle (De Groot, 1994) is often used as a means to structure the acting 

and thinking process of the students (White & Frederiksen, 1998). The empirical 

cycle, consisting of i.e., hypothesizing, designing experiments, observing and 

explaining, should be understood as a method that helps teachers to accompany 

students in their processes of exploration and inquiry.  
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Hands-on activities have been shown to trigger enthusiasm and surprise 

(Bilgin, 2006). Although students’ enthusiasm is an excellent starting point, learning 

can only take place when students are challenged to think and communicate (‘minds-

on’) about the hands-on activities (Van Keulen & Sol, 2012). The experience alone of 

doing a scientific experiment does not coincide with learning gains (Lutz, Guthrie, & 

Davis, 2006). An important goal of inquiry-based teaching is thus preparing students 

to engage in scientific reasoning, such as solving problems, formulating predictions, 

developing explanations, drawing conclusions, being creative, making decisions and 

extending knowledge to new situations (CITO, 2010; Klahr, 2000; Kuhn, 2010; Mullis, 

Martin, Ruddock, O’Sullivan, & Preuschoff, 2011). The combination of hands-on 

activities and stimulation of scientific reasoning skills is what makes inquiry learning 

an effective way of teaching science. All of these activities will contribute to the 

development of students’ scientific knowledge. 

Different forms of scientific knowledge 

Science is a term that is used to describe both a body of content knowledge and the 

activities that give rise to that knowledge, such as scientific reasoning (Zimmermann, 

2000). Miller and Hudson (2007) state that three types of knowledge are important for 

cognitive development. Declarative knowledge provides the foundation for procedural 

knowledge and procedural knowledge interactively develops with conceptual 

knowledge (Miller & Hudson, 2007). In this study, the focus is on declarative and 

conceptual knowledge. 

Declarative knowledge refers to recall of factual, often domain-specific, 

information (Scardamalia & Bereiter, 2006). Gains in declarative knowledge consist in 

adding new information to existing schemas (Miller & Hudson, 2007). This form of 

knowledge increases as students become older, and is the product of a significant 

amount of practice and attention.  

Conceptual knowledge refers to an understanding related to underlying 

principles, which in the context of science education is also known as scientific 

understanding (e.g. Meindertsma, Van Dijk, Steenbeek, & Van Geert, 2015). It 

requires general scientific abilities, one of which is scientific reasoning (Bao et al., 

2009; Zimmermann, 2000), to connect bits of knowledge into an integrated whole, i.e. 

to assimilate new information into existing schemas or to accommodate the existing 

schemas to new information. Scientific reasoning skills foster the acquisition of 

deeper and more complex understanding of scientific content matter. The 

development and application of such capacities in the classroom will prepare 

students to design their own investigations to solve scientific, engineering, and social 

problems in the real world (Bao et al., 2009; NGSS, 2013). Scientific understanding 

of students comes to the forefront in their actual activities while performing an 

experiment (nonverbal), and in their verbal utterances (such as predictions and 

explanations, which are the focus of this study) during science activities. These skills 

can be captured by focusing on how they emerge in interaction with the context 

(Guevara, 2015; Rappolt-Schlichtmann, Tenenbaum, Koepke, & Fischer, 2007; Van 

der Steen, Steenbeek, & Van Geert, 2012).  
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Assessment of scientific knowledge 

It is important to determine whether educational interventions offer cognitive learning 

gains for students, i.e. whether they offer a combination of new and/or improved 

declarative, conceptual and procedural knowledge. Several studies have shown that 

students’ display of predictions and explanations are associated with cognitive gains 

(Christie, Tolmie, Thurston, Howe, & Topping, 2009; Thurston et al., 2008; Webb, 

1989). Research into cognitive gains of students in science may be classified into two 

main streams: studies that use static measurements, i.e. one measurement from 

each student in the group and the results are based on aggregated scores, and 

studies oriented towards more intensive observational studies of students learning in 

situ (dynamic or process approach). Both approaches have improved our 

understanding of student’s learning gains in science, but how the two assessments 

relate to each other is relatively unknown.   

The static measurement can be used to analyze the global effect of the 

intervention, for instance by focusing on the difference-score on a science test 

between premeasure and post-measure, in which half of the participants receives an 

intervention while the other half does not (control condition). These are usually 

relatively large-scale studies in which students are grouped according to general 

characteristics, such as gender, level, condition. The cognitive gains are typically 

assessed by means of standardized science and mathematics tests, at the end of the 

academic year in case of academic progress and at premeasure and post-measure 

in case of an intervention (e.g. Borman et al., 2008; Penuel et al., 2011; Simsek & 

Kabapinar, 2010). Assessment in science education often emphasizes factual recall 

– declarative knowledge – by focusing on specific outcomes of the learning process 

(Bao et al., 2009). These studies give an idea of global developmental trends across 

cohorts and/or conditions. For instance, Trends of International assessment 

Mathematics and Science Study (TIMSS; Mullis et al., 2011) is an international 

instrument that focuses on both declarative knowledge and scientific understanding 

of mathematics and science. 

The more dynamic process approach, on the other hand, can be used to 

assess the process of learning over several time points (i.e. utterances, activities or 

lessons). This second form of assessment is often based on more intensive 

experimental or observational studies of students’ learning in the actual context of 

learning (e.g. Meindertsma et al., 2015; Van der Steen et al., 2012). One example of 

this is an assessment based on the actual production of explanations and predictions 

in the context of a real science activity. The goal of this assessment is to examine 

capabilities of students as they interact with the teacher during science activities. This 

means to assess how scientific knowledge emerges in interaction with the teacher 

(as the knowledge is expressed in interaction, this will be termed situated 

knowledge). Situated declarative knowledge can for instance be assessed by the 

teacher –in interaction– by asking knowledge-based questions (Oliveira, 2009). 

Situated scientific understanding can be assessed in the classroom by investigating 

students' scientific reasoning skills (Rappolt-Schlichtmann et al., 2007). The 

complexity level of situated scientific understanding of students can be mapped by 
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focusing on their predictions and explanations during scientific experiences (e.g. 

Meindertsma et al., 2015; Rappolt‐Schlichtmann et al., 2007; Van der Steen, 

Steenbeek, Van Dijk, & Van Geert, 2014). Predictions and explanations are 

considered to be distinct emergent processes, which means that predictions and 

explanations emerge in interaction with the context and are not necessarily 

intrinsically related or originating from one single mental representation (Meindertsma 

et al., 2015). 

A framework for determining complexity levels of students' scientific 

knowledge is given by dynamic skill theory. Dynamic skill theory (Fischer, 1980) is a 

cognitive developmental theory focusing on how skills are constructed in specific 

domains and in specific (transient) contexts. Hence, science learning is seen as a 

process of co-construction, which emerges in real time and develops over multiple 

interactions (Thelen & Smith, 1994). This means that learning processes, i.e. 

students' scientific knowledge, emerge out of the interaction between teacher and 

students. The level of the skills captures the complexity of children’s reasoning from 

moment to moment (Rappolt‐Schlichtmann et al., 2007; Meindertsma et al., 2015; 

Van der Steen et al., 2014). The development of students’ scientific understanding 

can be categorized into three different tiers. These tiers should not be visualized as a 

static ladder, but like a web (Fischer & Bidell, 2006), in which development of 

students is becoming increasingly differentiated. Each tier consists of three different 

levels, in which each consecutive level is more complex and includes each 

underlying level within that tier. Each tier, however, is qualitatively different from the 

other tiers (Fischer, 1980).   

The first tier consists of sensorimotor observations and explanations, which 

implies that simple observable connections are given. A student might for example 

explain that ‘the oil floats when you put it in there’. The second tier comprises 

representational predictions and explanations, which means that students use 

higher-order thinking skills to go beyond simple perception-action couplings. The 

student understands that an object has a specific characteristic, independent of the 

present situation. He can, for instance, make a prediction about what is going to 

happen when you put the salt into the water/oil fluid, without directly seeing it. The 

third tier constitutes abstract explanations; students are capable of generalizing ideas 

about the object outside specific situations. A student might for instance explain that 

“molecules in the water are strongly drawn towards each other… probably leading to 

surface tension… the water and oil cannot blend because of that”. 

To conclude, both static and process measurements aim to capture cognitive 

gains of students during and/or after science lessons. A difference is that static 

measurement focuses on the product as captured in a single score for a large sample 

of students, where students need to answer questions outside the regular learning 

situation. The focus is on what a student has learned. In contrast, dynamic 

measurement can be used to assess students’ progress, by focusing on the moment-

to-moment behaviours, e.g. their verbal utterances as elicited by the teacher within 

the regular learning situation, i.e. during a science class. The focus is on what a 

student learns in authentic situations, with support of the context. This provides 
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insight into what the student’s optimal level of performance is (Fischer, 1980), which 

is typically the level that predicts learning (Fischer & Van Geert, 2014). The present 

study will assess the effectiveness of a VFCt intervention using both measures in 

order to gain a more comprehensive evaluation of the learning gains of the students. 

Video feedback coaching  

Video feedback is a powerful form of training that can enhance or change teachers’ 

skills (see also Hintze & Matthews, 2004; Mortenson & Witt, 1998; Seidel, Stürmer, 

Blomberg, Kobarg, & Schwindt, 2011; Wetzels et al., 2015). An effective coaching 

program combines classroom observation, micro-teaching, video feedback, and 

practice in the classroom (Wade, 1984) with goal setting at the beginning of a 

coaching intervention. A promising method for implementing evidence-based 

instructional strategies, i.e. establishing behavioral change in teacher behavior, is 

that of providing feedback on real-time behavior (Noell et al., 2005; Reinke, Sprick, & 

Knight, 2009). Immediate video feedback is most beneficial for learning (Fukkink, 

Trienekens, & Kramer, 2011) and the effect of feedback is best when a 3:1 positivity 

ratio is used (Fredrickson, 2015). This means that reflection is based on three 

fragments that show positive (examples of) teacher behavior and one fragment that 

showed an example of teacher’s practice that might be improved in the future. 

Several scholars (Fukkink et al., 2011; Hargreaves, Moyles, Merry, Paterson, Pell, & 

Esarte-Sarries, 2003, Kennedy, Landor, & Todd, 2011) have demonstrated that 

employing video feedback methods has positive effects on teachers’ use of 

stimulating behavior, sensitive responsivity and verbal stimulation.  

The aim of the intervention is to improve the teacher’s practice in supporting 

students to develop more complex cognitive skills. As the aforementioned evidence 

shows, the best way of improving teachers' skills is by entering the context of their 

actual teaching practice and making use of their real-time activities as captured by 

means of video recordings. 

The current study 

The aim of this study is to investigate the effect of the VFCt professionalization 

intervention on students’ scientific knowledge. The intervention contained the 

following key goals: (1) improving teachers’ knowledge and skills in order to be better 

able to teach science, (2) encouraging behavioral change by means of video 

feedback coaching. Teachers were encouraged to use thought-provoking questions 

to spark students’ display of situated scientific knowledge and to use the steps of the 

empirical cycle (De Groot, 1994; White & Frederiksen, 1998) to guide the acting and 

thinking process of students. These instructional strategies were aimed at increasing 

students’ participation, and in doing so help them develop more and higher 

complexity levels of scientific understanding.  

The evaluation of the intervention will be approached from different angles in 

order to provide insight into its effect on students’ cognitive gains as measured by 

standardized learning achievement tests and more dynamic measures of cognitive 

gains. The following questions will be leading:  
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1. To what extent does the students’ knowledge –as measured with the 

standardized science assessment– change following the intervention, and how 

does this compare to changes in the control condition?  

2. To what extent does the students’ situated scientific knowledge –as measured 

by their scientific understanding during actual science lessons– change 

following the intervention and how does this compare to changes in the control 

condition? 

The assumption is that an observable increase in students’ scientific knowledge can 

be brought about by improving the skills of the teacher in stimulating the skills that 

are needed by the students in order to develop scientific knowledge. For the 

standardized measure (hypothesis 1) we expect no increase in either condition and 

for the situated measures (hypothesis 2) we expect an increase in the intervention 

condition in comparison to a constant level in the control condition. In the discussion 

section, the question of how the more static and more dynamic measurements relate 

to one another will be dealt with. 

METHOD 

Participants  

Twenty-three upper-grade teachers (grade 3-6, which in the Dutch school system is 

‘groep 5-8’) and their students (586 in total) participated during the school years 

2013/2014 or 2014/2015 (see Table 3.1). All participating teachers taught at primary 

schools in the North of the Netherlands. The average age of the teachers in the 

intervention condition was 38 (range 23-54), with an average teaching experience of 

13 years (range 1 – 32). The students had an average age of 10.7 (range 8.4 – 13.2; 

51% boys). The teachers in the control condition were comparable to the teachers in 

the intervention condition on the basis of age (M = 37 years; range 24 – 54), teaching 

experience (M = 13 years; range 1 – 30), and which grades they taught (see Table 

1). In the control condition, the students’ average age was 10.6 (range 7.3 – 13.2; 

53% boys). The teachers and parents of each participating student gave active 

consent before the start of the study. The study was approved by the Ethical 

Committee Psychology of the University of Groningen (the Netherlands). 

Procedure  

The teachers were recruited using flyers and personalized e-mails, which were first 

sent to school boards, followed by a telephone call to ask whether teachers could be 

contacted in person. All teachers were interested in teaching science as they 

voluntarily enrolled into the program to improve their inquiry-based teaching skills.

 A quasi-experimental pretest-posttest control condition design was used to 

assess the effects of the intervention. The teachers who participated in the 

intervention condition were offered the VFCt, while the control condition functioned as 

a waiting list condition. This means that the teachers who participated in the control 

condition were offered the opportunity to participate in a free VFCt after the control 

intervention. Alternatively, they could choose to receive a workshop for their team or 

a gift card for classroom materials.  
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Table 3.1 Participants’ details  

Teacher Condition Grade Gender Age Teaching 
experience 

Number of 
students 

1 Intervention  3 / 4 Male 49 7 21 
2 Intervention  4 Female 30 10 25 
3 Intervention  4 Male 54 32 31 
4 Intervention  5 Female 23 1 26 
5 Intervention  5 Female 34 12 28 
6 Intervention  5 / 6 Female 50 15 15 
7 Intervention  5 / 6 Female 29 7 24 
8 Intervention  5 / 6 Female 39 17 19 
9 Intervention  6 Male 46 15 22 
10 Intervention  6 Female 27 5 35 
11 Control 3 / 4 Female 42 20 25 
12 Control 3 / 4 Female 40 18 22 
13 Control 4 / 5 Male 29 4 27 
14 Control 4 / 5 / 6 Male 33 8 29 
15 Control 5 Male 35 12 19 
16 Control 5 Female 35 8 14 
17 Control 5 Female 30 1 14 
18 Control 5 / 6 Female 46 24 27 
19 Control 5 / 6 Female 26 4 29 
20 Control 6 Female 54 30 24 
21 Control 6 Male NA NA 16 

Note: two teachers were excluded for analysis (see section: Implementation Criteria)  

Video Feedback Coaching program for teachers 

Each teacher in the intervention condition was observed during eight science and 

technology lessons, within a period of approximately three to four months (Fig. 3.1). 

The first two lessons were pre-intervention lessons. In between the second and third 

lesson, the teacher received an introduction about the aims of the professionalization 

intervention. During this educational introduction, information about inquiry-based 

instruction strategies was provided and discussed. This included information about 

the use of the empirical cycle (De Groot, 1994), thought-provoking questioning styles 

(Chin, 2006; Oliveira, 2010), scaffolding (Van De Pol, Volman, & Beishuizen, 2010), 

and inquiry-based learning activities (Gibson & Chase, 2002). Several video 

fragments of teacher-student interactions were shown to illustrate the importance and 

effect of high-quality interactions during science and technology activities. During the 

intervention-stage (lesson three to six), video feedback coaching was given weekly 

after every lesson. The video feedback coaching took place immediately after each 

lesson. During the lesson, the coach (first author) selected several fragments to 

critically reflect upon, of which three positive fragments and one fragment that 

showed an example of teacher’s practice that could be improved. Teacher and coach 

discussed the video recordings of the lessons, making use of the teacher’s personal 

learning goal and focusing on the teacher’s interaction with the students. Attention 

was paid to inquiry-based instruction strategies, such as eliciting remarks, and 

teachers were encouraged to show more of these skills in their next lessons. The 

final two lessons were post intervention and were videotaped approximately two 

months (range 4 to 14 weeks) after the last video feedback coaching session. In 

order to assure teaching-as-usual conditions, teachers were free to choose whether 

or not they continued providing science and technology lessons between the 

intervention and post-measures.  
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2 weeks 4 to 6 weeks 2 to 3 weeks 

 Premeasures Introduction Intervention 
VFCt 1 to VFCt 4 

Post-measures 

Appr. 8 weeks 

Figure 3.1 Design of the study for the intervention condition. Note that for the control condition, there 

was a comparable amount of time between premeasures and post-measures  

The control condition teachers were observed during four science and 

technology lessons that were taught as usual, in other words without receiving the 

intervention. The teachers taught two lessons at the beginning of the intervention, 

termed as premeasures, and two lessons approximately 2.5 months later (range 7 to 

17 weeks), termed as post-measures. The teachers were not given any teaching 

instructions in the period between the measures. They were free to choose whether 

or not they could continue to provide science and technology lessons that took place 

between the premeasures and post-measures. At the post-measure stage, the 

teachers completed a questionnaire that included a question about how often they 

teach science and technology. Approximately 65% of them said to teach science and 

technology on a regular basis (between once a week and at least three times per 

month).   

Implementation criteria 

According to Durlak and DuPre (2008), the effect of an intervention program depends 

among other things on the quality of the program implementation (how well the 

program components have been carried out), the quantity of the program 

implementation (how much of the original program has been delivered), and 

participant responsiveness (the degree to which the program stimulates the interest 

or holds the attention of participants). As the following section will demonstrate, our 

intervention program successfully met these three requirements. 

To ensure the quality of the program, a trained coach was responsible for the 

implementation. That is, the same coach provided all participants with identical 

information during the introductory session, videotaped all lessons – using a 

camcorder with extended microphone – and was responsible for the guided reflection 

after each lesson. In addition, the coach made use of pre-specified guidelines for 

each coaching session. 

Another important element is the timeframe in which the intervention was 

conducted. In order to be able to compare classrooms, it was considered important to 

implement all the coaching during the same part of the school year. In addition, it was 

important that the period of implementation comprised a similar number of weeks for 

each classroom.  

Although the intervention was intended as adaptive support, some 

standardization was implemented during data collection. The teachers were asked to 

provide all lessons using a commonly used teaching format: the direct instruction 

model. According to this model, the teacher starts with a plenary introduction by 

taking an inventory of existing knowledge and introducing the topic of the day, 

followed by a middle part in which students work on their own or in groups and the 
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teacher facilitates the learning process by asking questions. The lesson ends by 

returning to a plenary conclusion or discussion. In addition to these requirements, the 

teachers were asked to spend each lesson on the ‘earth and space’- system, 

teaching topics such as weather, air pressure, gravity, and the positions of the moon.  

As the number (quantity) of components of the originally intended program is 

essential for the implementation, teachers were only included in the intervention 

condition if they met the essential elements of the coaching, i.e. participation in the 

educational session and in all video feedback coaching sessions (within a period of 6 

weeks). This meant exclusion of one teacher who was not able to attend the 

coaching session of the first lesson and who did not provide a fourth lesson. 

Teachers from the control condition were included if they met at least 75% of the 

requirements (i.e. if they participated in at least 3 out of 4 measurements). Again, one 

teacher was excluded because he only provided the premeasure lessons. This 

resulted in a total of 10 teachers who participated in the intervention, while the other 

11 teachers were part of the control condition. 

The participant responsiveness was considered substantial, as the teachers in 

the intervention condition all actively participated during the educational session and 

the coaching sessions. Their active participation was further observable in their 

enthusiasm to design new lessons, their willingness to make time for the coaching 

sessions, and their eagerness to work on and reformulate their learning goals – all of 

which was done with the intention to provide science lessons that are stimulating for 

their students.  

Materials and variables 

Students from both the intervention condition and control condition completed the 

same paper-and-pencil test just before the premeasure and just before the post-

measure. Students’ expressions of scientific knowledge when interacting with the 

teacher were captured by means of video-measures during the eight science 

lessons. The chosen unit of coding was the utterance. Utterance boundaries were 

determined on the basis of turn-taking and pauses. Four segments from the central 

section of each lesson were selected for coding: a three-minute segment from the 

beginning, a three-minute segment from the end, and two two-minute segments from 

the middle. The central section was defined as the part of the lesson where students 

were working and the teacher walked around to see whether they needed 

assistance. To ensure that the starting point of the central section would be the same 

for all lessons, the moment of the first substantive verbal expression was used. The 

two two-minute segments were moments in which a lot of teacher-student interaction 

took place, and the final three-minute segment took place before the teacher 

resumed lecturing at the front of the classroom. This procedure led to the generation 

of a time series of ten minutes per lesson consisting of teacher and student 

utterances and portions of time during which no utterances occurred. 

The students’ scientific knowledge was assessed using an established and 

standardized subtest of the Final Test Primary Education: World orientation part 1: 

Nature Education (CITO, 2010). This test is usually administered in grade 6 at the 
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end of the academic year. The test consists of 30 multiple-choice questions, each 

question having four possible answers. 90% of the questions covered scientific 

domains such as biology, chemistry, physics and technology, while 10% focused on 

questions concerning scientific understanding. Scores were based on the number of 

correct answers. 

The students’ situated scientific knowledge was assessed on the basis of the 

video recordings. Coding was done in three phases. During phase 1, student 

utterances were classified in the following categories: ‘task-related complex 

utterances’, ‘task-related non-complex utterances’ or ‘non-task related utterances’. 

Non-task related utterances are utterances that are clearly unrelated to the task at 

hand, for instance: ‘Look, my mother is walking outside’. Task-related non-complex 

utterances consisted of procedural utterances; utterances about observations and 

answers to closed questions related to the task at hand, i.e. those utterances that are 

task-related but could not be scored on the complexity of understanding. In this study 

we focused on task-related complex utterances, representing the complexity of 

students’ utterances. This category consisted of expressions of situated knowledge, 

predictions and explanations (see Table 3.2 for examples). Note that both correct and 

incorrect explanations were coded. Incorrect explanations can be coded at the same 

level as correct ones since the complexity level is equal. In this study we reasoned, 

following Schwartz and Fischer (2004), that misconceptions can be seen as a 

different pathway that can lead to a higher level of scientific knowledge. 

Phase 2 consisted of quantifying the task-related complex utterances. 

Students’ utterances were quantified based on their complexity, using a scale that is 

based on skill theory. This scale has proven useful for task-independent measures in 

the analysis of students' task-related utterances (Van der Steen, Steenbeek, Van 

Dijk, & Van Geert, 2012). Students’ utterances were first scored for complexity, using 

a 10-point scale (Table 3.2). Here, a 1 means the least complex utterance on a 

sensory-motor level (e.g. expression of what they see – e.g. the utterance ‘It [the 

balloon] is white’), while 10 could be scored if a student expressed understanding 

about global laws and principles (e.g. the abstract principles of thermodynamics can 

be applied to the situation at hand). 

Phase 3 consisted of extracting predictions and explanations from the task-

related complex utterances, as predictions and explanations can be used as 

measures for scientific understanding. As predictions and explanations are 

considered to be distinct emergent processes, they are analyzed separately. The 

lowest possible level for explanations was level 3 (sensorimotor system), since an 

explanation contains a combination of a description of what happened and a reason 

why this happened. The lowest possible level for predictions was level 4, since a 

prediction requires a representation of the situation. Ten to twelve-year olds are 

expected to be capable of reaching the 7th level of understanding (Fischer & Bidell, 

2006). They could express abstract thinking skills (e.g. relate abstract concepts to the 

situation at hand, such as in the utterance: ‘the air pressure pushes the paper 

towards the table’).  
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Coding was done by means of the program ‘Mediacoder 2009’ (Bos & 

Steenbeek, 2009). In order to establish inter-observer reliability for the application of 

the coding scheme, the inter-observer agreement was determined in advance by the 

first author and several independent coders for each phase. Table 3 shows that the 

inter-observer agreement was considered substantial. 
 

Table 3.2 Description and examples of the complexity levels as expressed in students’ verbal 
utterances  
Complexity level Description Example 

 Sensorimotor A student expresses:  
1 Sensorimotor 

actions 
a single characteristic of the task It [the paper] is white 

2 Sensorimotor 
mappings  

a link between single task characteristics 
or simple comparisons 

It is white and that one is yellow 

3 Sensorimotor 
system 

an observable causal relation The paper collapses because I blow 

 Representational   
4 Single 

representations 
one part of the explaining mechanism; 
not directly observable relations or 
objects and simple predictions 

I think the paper will ascend. 
 

5 Representational 
mappings 

two or more parts of the explaining 
mechanism. predictions in terms of a 
relation between two single 
representations. A superlative in one 
representation (but not yet linked to the 
change in another representation) 

Because I blow, there is more space 
and then the paper can go down.  

6 Representational 
systems 

a combination of all relevant parts of the 
explaining mechanism; a coupling 
between two representational mappings, 
i.e. a change in one representation 
causes a change in another  

Because I blow harder, the paper can 
drop lower. 

 Abstraction   
7 Single abstractions a general (immaterial) concept that goes 

beyond (representations of) the material 
Because the balance is gone… the air 
beneath the paper is pushed away 
[when I blow]… so… the air pressure 
drops down, but the pressure above the 
paper remains the same and thus 
pushes the paper down 

Note: In this study, with young students, the highest complexity levels will not be reached. Therefore, 
only levels 1 to 7 are presented. 
 

Table 3.3 Percentage agreement with corresponding Cohen’s kappa for each phase of coding 

Data analysis  

Students’ scientific knowledge: pre- and post-measures 

Data obtained via the student tests were analyzed using SPSS 23.00. In order to 

investigate the effects of the intervention on students’ scientific knowledge, a 2 

(condition: control vs. intervention condition) x 3 (grade: 4 vs. grade 5 vs. grade 6) x 2 

(time: premeasure vs. post-measure) x 1 (scientific knowledge) repeated measures 

ANOVA was conducted, with condition and grade as between-subjects factors, time 

as a within-subjects factor, and scientific knowledge as dependent variable.   

 % Agreement (range) Kappa 

Complex or not 87 (76-97%) .82 

Tier 76 (64-82%) .78 

Skill level 74 (58-79%) .77 



   

 

   
 

3 

55 55 55 

Students’ situated scientific knowledge: premeasures, intervention-measures, 

post-measures 

For further data analysis, the classroom of students as a whole was taken as the unit 

of analysis. As the collected data consisted of a small group of classrooms, a 

permutation test (Todman & Dugard, 2001) was used. Due to the size of the group, 

the dependency between measures, and the fact that there were multiple measures, 

the assumptions of traditional statistics (such as a paired sample t-test) could not be 

met. Therefore, a non-parametric test (Monte Carlo analyses) was used to test 

whether differences in the complexity of students’ level of scientific knowledge over 

several lessons were equal to or smaller than what could be expected on the basis of 

change. The random permutation test was used to test the empirical results in 

relation to a statistically simulated baseline of random patterns, using Poptools 

(Hood, 2004). This means that the non-parametric test statistically simulates the null 

hypothesis that the observed probability of the relationship or property is based on 

chance alone. For instance, to examine whether the complexity level at premeasure 

significantly differs from the complexity level at post-measure for the intervention 

condition the difference score of the empirical data is calculated. Next, the complexity 

level of all intervention classrooms were randomly shuffled over premeasure and 

post-measure (values were randomly drawn from the data without replacement) and 

each time the difference score was calculated. This random shuffling, i.e. data 

generated on the basis of the null hypothesis model that there was no effect of the 

intervention, was permutated 10,000 times in order to calculate whether the 

empirically found difference between premeasure and post-measure could be 

expected to occur on the basis of chance. Note that in a similar vein complexity levels 

of each condition can be used to examine differences between conditions. 

The random permutation test provides an estimation of the exact p value, and 

the greater the number of permutations, the closer this estimation comes to the exact 

value (see Gigerenzer, 2004; Schneider, 2015). As significance scores are not 

directly linked to practical significance (Sullivan & Feinn, 2012), the effect size was 

calculated using Cohen’s D. Following Sullivan and Feinn, an effect size of .2 is 

considered small, .5 medium, .8 large and 1.3 or higher very large. Results with a p 

value smaller than .05 and an effect size greater than .8 are understood as 

convincing evidence strongly supporting our belief that the intervention was effective. 

Results with a p value between .05 and .1 and an effect size that is medium to large 

can be understood as less convincing evidence, providing weak support to our belief 

that the intervention was effective. Results with small to very small effect sizes - 

whatever the p value - can be understood as unconvincing evidence, providing no 

support to our belief that the intervention was effective. In addition, the 95% 

confidence interval, which is based on the standard deviations, was displayed for 

each analysis. Note that the data of the premeasures are taken together as one 

measure in the analysis, and the same applies for the post-measures. This was done 

to counteract random hits. Furthermore, for the intervention condition the graphs 

display the intervention lessons in order to highlight how the change from 

premeasure to post-measure occurs. 
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The analysis was done in three steps. The focus was on the proportion and 

number of complex utterances (quantity) and the average level of complex 

utterances, as they can all be considered indicators of learning gains. Each step in 

the analysis is accompanied by a descriptive analysis that gives information about 

individual pathways, such as the percentage of individuals who showed at least the 

average finding, i.e. individual pathways that at least doubled the number of complex 

utterances between premeasure and post-measure. Firstly, the proportion of complex 

utterances relative to the ‘total number of utterances’ (complex utterances + task-

related utterance but non-complex utterances + non-task-related utterances) was 

calculated for each classroom. The average proportion in the intervention and control 

conditions was used to determine whether and to what extent the frequency of 

complex utterances increased as a result of the intervention. Secondly, the number of 

predictions and explanations were calculated for each classroom, in order to study 

what the details of the change in the proportion of complex utterances were. In order 

to further refine the findings, the analysis zoomed in on the higher complexity levels 

(4, 5, 6, and 7) to determine what cognitive levels mainly accounted for the change in 

the students’ scientific understanding. Thirdly, the average complexity level of 

explanations and predictions was calculated in order to find out whether the 

complexity level of the students’ scientific understanding had increased over time. In 

each step, a Monte Carlo permutation test as described above was used to test both 

the difference between the premeasures and post-measures and the difference 

between the conditions.  

RESULTS 

Students’ scientific knowledge on the achievement test 

A difference was found between the grades over time on the achievement test (F(2, 

277) = 4.00, p = .02, partial η2 = .03), but no effect for condition over time (F(1, 277) = 

.27, p = .60, partial η2 = .001). As a small effect size was found, the difference is 

conceived of as unconvincing evidence, providing no support to our belief that the 

intervention was effective for students’ cognitive gains.   

Students’ situated scientific knowledge 

Proportion of complex utterances 

Descriptives 

The category task-related complex utterances, as measured in all groups and during 

all lessons, was composed of approximately 50% explanations, 35% predictions and 

around 15% declarative knowledge statements. For both conditions, the complex 

utterances were mostly in the representational tier (M = 86% of the utterances; range 

79%-89%), followed by the sensorimotor tier (M = 10 %; range 7% to 17%), while the 

least number of utterances were in the abstract tier (M = 4%; range 3% to 5%). 

Preliminary analysis showed that the utterances in the declarative knowledge 

category were, on average, displayed once per lesson per classroom. This category 

is therefore excluded from further analysis.  
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Figure 3.2 Proportion of complex utterances and 95% confidence intervals, relative to the total 
amount of student utterances, for intervention condition and control condition 
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Analysis 

Figure 3.2 gives no indication that there is a difference between the intervention and 

control condition when it comes to the average premeasure of the proportion of task-

related complex utterances (Intervention = 18%, Control = 16%, p = .29, d = .26, 

small effect size). In addition, the probability that the difference between the 

premeasure and post-measure of the proportion of complex utterances is based on 

chance alone is very low for the intervention condition, but considerable for the 

control condition (Intervention: Mpre = 18% vs. Mpost = 28%, p = .02, d = 1; Control: 

Mpre = 16 % vs. Mpost = 21 %, p = .15, d = .5). When looking at the average post-

measure, the intervention condition showed more complex utterances than the 

control condition (Intervention = 28%, Control = 21%, p = .12, d = .5). This means 

that the intervention condition and control condition started the intervention with a 

roughly similar number of complex utterances. A difference over time was found for 

the intervention condition, following a gradual pathway of change, as well as a 

difference between the conditions at post-measure. For the intervention condition the 

graph displays how the change from premeasure to post-measure occurs.  

Number of complex utterances 

Descriptives 

At post-measure, classrooms in the intervention condition had almost doubled their 

number of task-related complex utterances compared to premeasure (Nrpre = 266 vs. 

Nrpost = 509). Figure 3.3 shows that this doubling took place after the intervention. 

This group finding was visible in 60% of the individual classrooms (for whom the 

number of complex utterances at least doubled between premeasure and post-

measure), while 20% showed no change and 20% showed a decrease. The control 

condition did not show such an increase in complex utterances (Nrpre = 264 vs. Nrpost 

= 270). This group finding was visible in 63% of the individual classrooms (the 

number of complex utterances remained constant); while 27% showed a positive 

change and 9% seemed to show a decrease.   



 

 
58 

Analysis 

Figure 3.3 depicts the average number of explanations per condition per lesson. At 

premeasure, students of both the intervention and the control conditions uttered 

approximately seven explanations (Intervention = 6.4 vs. Control = 6.8, p = .47, d = .05). At 

post-measure, however, the classrooms in the intervention condition doubled the 

amount of explanations compared to the premeasure (Mpre = 6.4 vs. Mpost = 13.5, p = 

.05), while the control classrooms remained rather constant (Mpre = 6.8 vs. Mpost = 

5.5, p = .65). As shown by the Monte Carlo analysis, there is only a very small 

chance that this difference between the conditions at the post-measure was purely 

based on chance (Intervention = 13.5 vs. Control = 5.5, p = .02, d = .85).  

Figure 3.4 depicts the average number of predictions. At premeasure, both conditions 

uttered roughly the same number of predictions (Intervention = 4.1 vs. Control = 3, p = .2, d 

= .39). The intervention condition shows a peak at the start of the intervention. A 

difference was found at post-measure, however, namely that the classes in the 

intervention condition uttered more predictions compared to the control classrooms 

(Intervention = 8.1 vs. Control = 4, p = .06, d = .7).  

The representational tier was found to be the most common complexity level, 

and will be further explored. At premeasure, both conditions uttered approximately 

the same number of utterances at the ‘representational level’ (Intervention = 209 vs. 

Control = 224, p = .21). The intervention condition showed an increase in the number 

of ‘representational utterances’ (Nrpre = 209 vs. Nrpost = 457, p < .01), while for the 

control condition the number of ‘representational utterances’ remained rather 

constant (Nrpre = 224 vs. Nrpost = 242, p = 1). As shown by the Monte Carlo analysis, 

there is only a very low probability that this difference in the intervention condition 

was purely based on chance, while this probability is very high for the control 

condition.   

Figure 3.3 Average number of complex explanations per lesson for intervention and control condition 
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Figure 3.4 Average number of complex predictions per lesson for intervention and control condition  
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A more fine-grained analysis showed that the number of single 

representations (level 4) tremendously increased for the intervention condition 

between premeasure and post-measure (Ipre = 170 vs. Ipost = 388, p < .01; Cpre = 180 

vs. Cpost = 206; p > .99). In addition, the higher complexity levels of scientific 

understanding (5, 6, 7) were uttered approximately the same amount of times in both 

conditions at premeasure (Intervention = 55 vs. Control = 69; p = .12), while the 

intervention condition manifested more higher complexity levels at post-measure (Ipre 

= 55 vs. Ipost = 103, p < .01; Intervention = 103 vs. Control = 44; p = .04).  

Average complexity levels  

Descriptives 

The complexity levels of predictions ranged from 4 to 5 in both conditions. The 

average complexity level of predictions in the classrooms in both conditions seemed 

to be constant in all classrooms over all lessons (M = 4.08; range 4 to 4.3). The 

complexity levels of explanations ranged from 3 to 7, in both conditions. The average 

complexity of explanations in the classrooms ranged from 3.3 to 5 over all lessons in 

the intervention condition, and from 3 to 5.1 over all lessons in the control condition.  

Analysis 

The difference found between the premeasure and post-measures in the intervention 

condition’s average complexity level of predictions is considered unconvincing due to 

its small effect size (Mpre = 4.13 vs. Mpost = 4.03, p = .03, d = .2). No change was 

found between the premeasure and post-measure in the control condition’s average 

complexity level (Mpre = 4.09 vs. Mpost = 4.05, p = .25, d = .12). Similar results were 

found for the explanations, in that no change was found between premeasure and 

post-measure in the intervention condition’s average level of explanations (Mpre = 

4.21 vs. Mpost = 4.26, p = .33, d = .05) or in the control condition’s average 

explanation level (Mpre = 4.32 vs. Mpost = 4.2, p = .18, d = .12). As the analysis shows, 

there is a high probability that the differences are purely based on chance, which 

indicates no change in the intervention condition for the average level of complexity. 
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CONCLUSION AND DISCUSSION 

The results of the present study indicate that professional development focused on 

stimulating thought-provoking teacher-student interactions has a positive impact on 

students’ display of scientific knowledge. We outlined that there are different types of 

knowledge to be gained during science and technology lessons. With regard to the 

standardized measure, hypothesis 1 was therefore confirmed, in that a constant level 

of performance was found for the intervention and control condition.  

With regard to the situated measures, the expected difference was found 

between the conditions, in that the students in the intervention condition improved 

between pre- to post-measures in 2 out of 3 variables (proportion and number of 

predictions and explanations), while no change was found in the control condition. 

However, no difference between the conditions was found with regard to the average 

level. In terms of hypothesis 2, this means a partial confirmation for the proportion 

(increase in intervention condition), full confirmation for number (increase in 

intervention condition and a constant level in the control condition), and a partial 

confirmation for the average level of complexity (constant level in control condition). 

Overall, this indicates that the classes who participated in the VFCt profited from the 

intervention. During the intervention, the proportion of more complex explanations 

and predictions steadily increased, indicative of more active participation of the 

students. Active participation of students in meaningful learning processes is 

considered to be important for better retention of the course material and to become 

self-regulated learners. Educational psychologists therefore, stress the importance of 

transferring the responsibility to learn to students instead of transferring knowledge 

(e.g., Kagan 2004; Ryan and Deci 2000). 

In conclusion, the results show that this intervention, by focusing on the actual, 

situated thinking process in authentic situations, led to meaningful changes in 

students' situated knowledge. An increase in the number of classroom interactions is 

important, as it implies an increase in the active construction of knowledge (Topping 

& Trickey, 2014). Newton and Newton (2000) stress that students’ understanding can 

benefit from the types of questions teachers ask, but that it also depends on both the 

quality and quantity of their own speaking. An increase in the number of complex 

utterances might signify a change in the traditional balance of classroom interaction 

(mostly teacher-dominated); in that students participate more actively during the 

lessons. In addition, our finding that there was an increase in the number of students’ 

higher-order thinking skills (predicting and explaining) implies more active cognitive 

engagement, and that students are encouraged to take responsibility for their own 

learning and thinking processes and thereby to go beyond fact-reproduction. As no 

differences over time or between conditions were found in the standardized 

assessment and average level of complexity, this study suggests that only focusing 

on standardized measurements or average scores might lead to distorted 

conclusions about the effectiveness of the intervention, and that teachers who rely on 

the test score might be underestimating the potential of students.   
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Standardized assessment versus situated scientific knowledge assessment 

One of the main messages that we want to convey in this chapter is that in order to 

assess the effects of an intervention such as the VFCt, several methodologies should 

be used, in an attempt to find converging evidence on what the nature of the effects 

of the intervention could be. We argued that it is important that researchers explore 

the naturalistic situation in which the intervention takes place. Therefore, in this paper 

next to standardized assessment, situated assessment were used. Thereby, rich 

information was gathered by combining group level perspectives and longitudinal 

measurements over time.  

The following considerations should be taken into account with regard to the 

differences in findings between standardized assessment and situated assessment. 

Firstly, the main focus of the standardized assessment was on reproduction of 

declarative knowledge, which is domain-specific. Domain-specific knowledge might 

not neatly reflect the topics covered during science and technology lessons. In 

contrast, the skills gained during the science and technology lessons (scientific 

understanding) are considered to be domain-general. One might therefore conclude 

that the paper-and-pencil test relates to learning processes - domain-specific 

knowledge reproduction - other than the processes by which students learned the 

relevant knowledge and skills - domain-general, socially situated reasoning (Bao et 

al., 2009; similar results in the lower grades - Van der Steen et al., 2015).  

 Secondly, students' learning is typically of a situated nature, where 

performance emerges from the interaction between a student and teacher. During 

standardized assessment, students are not given any support and thus need to rely 

on their previously-stored knowledge. The focus is on what students can do without 

any help. However, this, knowledge in isolation, is not how skills and knowledge are 

usually taught or used in real life (Crouch, Watkins, Fagen, & Mazur, 2007; Van 

Geert, 1994). This implies the importance of taking into account how learning 

typically occurs, namely in the context of actual reasoning, instead of only taking into 

account the context of individual test performance. The interpretation of standardized 

assessments should therefore be done cautiously and preferably in combination with 

contextual information (Koretz, 2008). This study seems to indicate that only focusing 

on a single test score or average level might lead to underestimation of the 

dynamically situated and learning-oriented features of the cognitive skills.  

A third explanation is suggested by Dejonckheere, Van de Keere and 

Mestdagh (2009) in that the effect of improved scientific reasoning skills might not be 

directly visible in increased declarative knowledge levels, because the skills tend to 

have an indirect effect. The indirect effect refers to the assumption that scientific 

understanding provides students with opportunities to critically reflect upon 

experiences and to be inquisitive towards the world around them, which will 

eventually lead to expansion of their knowledge base. These skills are considered 

essential for full participation in society, but appear hard to capture in paper-and-

pencil test. 
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Average versus number of utterances of situated scientific knowledge  

Although an increase was found in the number of utterances representing higher 

complexity levels (4 to 7), this increase in frequency did not coincide with an increase 

in the average complexity level. This divergence in findings might be explained by a 

huge increase in the single representational level, which skews the findings 

(averages). Note that this average level is not a reflection of the optimal level 

students have reached during the lesson (see Fischer, 1980).   

However, the finding of no changes in the average complexity level of both 

explanations and predictions stands in contrast to the previous findings of pilot 

studies in the upper grades (see chapter 2) and the lower grades (Wetzels et al., 

2015) of primary education. This contradiction might be accounted for by some 

differences between this study and the previous studies. Firstly, compared to a pilot 

study (Chapter 2), the difference might be explained by how the data was collected. 

In the pilot study, the teachers were instructed to focus on air pressure and to aim at 

teaching students about high and low pressure both during the premeasures and the 

post-measures. The similar content of the lessons might have led to a more equal 

comparison, as the average level of thought is highly dependent on the nature of the 

scientific content being taught (Meindertsma et al., 2015). In some scientific domains 

there is a lot to be gained in terms of average level of complexity, whereas in others 

there is much more to be gained in terms of the number of questions asked, the 

number of hypotheses and explanations formulated, and so forth. In this study, each 

teacher was free to select both the topic, as long as it fell within the general theme of 

earth and space system, and the type of lesson of his or her choice. Although the 

coding scale used is considered to be task-independent (Meindertsma et al., 2015), a 

similar topic may well make a better comparison between lessons possible. 

Secondly, another explanation might be found in the way the average level was 

computed. For instance, while Wetzels and colleagues, based their results upon the 

highest complexity score during each minute of the lesson, the current study took all 

complex utterances of students into account, as each utterance is a reflection of the 

level of scientific understanding at that specific moment.    

Limitation 

The results of the present study are promising in that changes were found in 

students’ scientific knowledge in the intervention condition. However, they should be 

interpreted in light of some potential procedural and methodological limitations. 

Generalization of the results should be done cautiously as the study took place with 

the help of a small sample of teachers, whose recruitment and assignment to one of 

the conditions was not carried out randomly. The choice of sample size and the 

selection of teachers for the experimental condition can be underpinned as follows. 

Firstly, it is important to note that the use of real-time authentic measures of scientific 

knowledge as a progress criterion is very labor-intensive. This implies that a regular-

sized study is almost automatically limited to a relatively small sample of teachers. 

Secondly, it is important to start effectiveness research with a selection of motivated 

participants (Ryan & Decy, 2000). If the intervention turns out to be effective with 
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these participants, one can eventually scale it up in order to reach a larger population 

of teachers.  

Future studies 

This study provides suggestions for several possible directions of future 

investigations. Firstly, though we use the term ‘situated’ in this study, the analysis can 

be done much more dynamically, for example by focusing on the unfolding of 

individual teaching-learning pathways over time, using microgenetic measures. This 

study adds to previous findings by focusing on how changes in classes emerged out 

of the microdynamics of interaction between teacher and students, i.e. the dynamics 

of real-time interaction between teacher and students.  

Secondly, a follow-up might provide insight into whether or not the increased 

scientific understanding results in long-term change in the knowledge level of 

students, for instance at the end of the academic year, and whether or not the skills 

needed for scientific understanding become part of students’ standard way of gaining 

knowledge, i.e. whether the newly learned skills are internalized. Several studies 

stress that when students gain insight into their own thinking processes and become 

increasingly capable of reflecting on problems, this reinforces the process of 

knowledge development (Christie et al., 2009; Dejonckheere et al., 2009).   

Thirdly, a consideration for further study is to focus on students’ level of 

engagement during actual science and technology activities (Laevers, 2005). Several 

studies stress the importance of supporting students’ interest and motivation, as 

expressed in the level of engagement, to attain higher academic achievement (e.g. 

Pietarinen, Soini, & Pyhältö, 2014). These underlying dynamics might provide a more 

complete understanding of the process of teaching students a particular way of 

reasoning. These findings could then be used to strengthen evidence-based practice. 

Concluding remark  

From a policy and practice perspective, we believe that the present study provides 

important information about an effective form of educational intervention and 

suggestions for how to assess the effectiveness of science-educational interventions. 

The results provided evidence that the use of video feedback coaching is an effective 

way to change teachers’ practice and by doing so, it proved an effective way for 

changing the classroom system towards patterns of interaction that promote 

students’ display of situated scientific knowledge. It provides an argument for 

incorporating situated assessment of the evaluation of teachers’ professional 

development in science education. Hence, it is important not only to focus on gains in 

scientific knowledge, but also on gains in the types of support that can be given 

during classroom interaction. The importance of incorporating situated test situations 

in the assessment of students’ progress is thereby stressed. This study supports the 

notion that it is important to examine students’ development and the effects of an 

intervention that uses process measures (Van Geert 1994). These measures show 

insight into changes in situ and are important additions to questionnaire and test 

data.
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Chapter 4 

Ask, don’t tell 

A complex dynamic systems approach to improving science and technology 

education by focusing on the co-construction of scientific understanding 

Sabine van Vondel, Henderien Steenbeek, Marijn van Dijk and Paul van Geert  
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The importance of science and technology lessons in elementary education is widely 

acknowledged (Appleton, 2003; Jorde & Dillon, 2012; National Research Council, 

2011). The rapid changes in 21st century’s society make considerable demands on 

human skills and adaptability. In order to be able to meet these requirements, 

children should be prepared to become active agents of their own learning process 

from an early age on (Schraw, Crippen, & Hartley, 2006; Steenbeek, Van Geert, & 

Van Dijk, 2011). Inquiry-based learning provides opportunities to engage students in 

scientific processes and invite them to use critical thinking skills as they search for 

answers (Gibson & Chase, 2002). Several scholars emphasize that instructional 

quality of teachers, such as questions and instructions, is crucial for students’ 

cognitive gains (Oliveira, 2010). However, at present we still know relatively little 

about the underlying micro-level dynamics responsible for change in students’ 

scientific understanding (Zimmerman, 2007). Put differently, the micro-level 

processes are called for to enhance our understanding of learning during science 

and technology education.  

In this study, a complex dynamic systems approach is used as a framework for 

studying these micro-level processes. We focus on the effectiveness of an 

educational intervention based on video feedback coaching (Appendix C), which 

aims to improve science and technology education in the upper grades of elementary 

education, i.e. 10 to 12-year-olds. The complex dynamic systems approach views 

learning as a nonlinear process that emerges in person-in-context interactions over 

time (Fischer & Bidell, 2006; Van Geert, 2003). In other words, the competence of a 

student is unfolding in the individual while simultaneously modifying and being 

modified by the changing behavior of the teacher (Fogel, 2009; Steenbeek & Van 

Geert, 2013). Teacher-student interactions are considered to be behavioral 

mechanisms by which learning (i.e. increased scientific understanding) emerge and 

stabilize over several lessons (Steenbeek & Van Geert, 2013). The goal of the 

present study is first, to gain insight into how teacher and students co-construct 

scientific understanding, and second, how this process of co-construction develops 

during the Video Feedback Coaching program.  

Co-construction of scientific understanding  

Several studies show that students often do not spontaneously display scientific 

understanding (Chin & Brown, 2002; Engel, 2006; 2009). Scientific understanding 

can be defined as conceptual knowledge related to the underlying principles of 

scientific phenomena (Zimmerman, 2007). Gains in students’ scientific understanding 

can be measured by focusing on the explanations and predictions they use (Henrichs 

& Leseman, 2014; Treagust & Tsui, 2014). It emerges in actual activities and verbal 

utterances of students while performing an experiment5. Hence, it is important for 

teachers to stimulate students’ active participation, to spark students’ curiosity and to 

elicit students’ thinking processes (Treagust & Tsui, 2014). Inquiry-based learning 

                                            
5
 In this study the focus is on verbal utterances, as a representative of the interaction. We 

acknowledge that the interaction is much more complex than only the verbal aspect, but it is beyond 
the scope of this dissertation to focus on non-verbal aspects as well. 
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situations are ways to do so. The objective of inquiry-based learning is to move 

towards the construction of scientific understanding in context and thus to move away 

from the recollection of facts (Cuevas, Lee, Hart, & Deaktor, 2005; National Research 

Council, 2011). Teachers can use various instructional skills as means to make their 

classroom interaction more thought-provoking with the aim of achieving deeper 

scientific understanding in their students. Examples of such instructional skills, used 

while students are engaged in inquiry learning (Gibson & Chase, 2002), are thought-

provoking questioning (Oliveira, 2010) or encouragements (Meindertsma, Van Dijk, 

Steenbeek, & Van Geert, 2014b). This understanding of scientific concepts takes 

place as a co-construction process in a specific dynamic context (Sorsana, 2008). 

One of the major features of such a process is that teachers and students need to 

constantly adapt to each other’s contribution during real-time interaction. That is, co-

construction refers to the process of reciprocal influence (Thelen & Smith, 1994; Van 

Geert, 1994), which in the case of classroom practices mainly concerns the behavior 

of a student that influences the reaction of a teacher and vice versa (figure 4.1). Co-

construction is about constructing insights, understanding and explanations in real-

time, i.e. about constructing more complex and more adequate scientific descriptions 

and explanations in a collaborative process. This is reflected in active participation of 

both teacher and students. 

The complexity of such constructions can be described by means of a scale 

suggested by Dynamic Skill Theory (Fischer, 1980; Fischer & Bidell, 2006). This 

scale provides insight into a student’s cognitive level during a particular activity (e.g. 

Meindertsma, Van Dijk, Steenbeek, & Van Geert, 2014a; Rappolt-Schlichtmann, 

Tenenbaum, Koepke, & Fischer, 2007) and also into the long-term increase of 

scientific understanding over the course of many educational activities (Van der 

Steen, Steenbeek, Van Dijk, & Van Geert, 2014). The assumption underlying Skill 

Theory is that development is a dynamic, nonlinear process. The focus is on what a 

student can do in a particular situation, with support of the teacher. The higher the 

score on the ordinal scale of Skill Theory, i.e. verbalizing an utterance of higher 

complexity, the more complex understanding students show during a task. For 

instance, during an experiment about air pressure, one student might explain that 

“the paper (which is located upon two piles of books with a space in the middle) 

collapses because he blows” while another student says “[the paper collapses] 

because the balance is gone… the air beneath the paper is pushed away [when I 

blow]… so… the air pressure drops down, but the pressure above the paper remains 

the same and thus pushes the paper down.” The first explanation is rather simple, as 

the student uses an observable causal relation to explain the phenomenon, while the 

second explanation is of higher complexity as the student makes use of general 

scientific concepts that go beyond the material at hand.  
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Figure 4.1 Bidirectional interaction loop between teacher’s practice and student’s action, with an 
iterative causal loop for student’s and teacher’s own actions or self-iterations: dotted arrows  

Classroom interaction 

When it comes to instructional practice, there is no-one-size-fits-all-students 

approach (Granott, 2005; Van de Pol, Volman, & Beishuizen, 2010). However, 

certain patterns of interaction can hinder active construction of understanding, while 

others favor it (Ge & Land, 2003; Granott, 2005; Steenbeek, Jansen, & Van Geert, 

2012). The extent and quality of stimulation incorporated in teachers’ reactions to 

student utterances can be seen as a key characteristic of educational quality. 

Stimulation is defined as the extent to which teachers use verbal actions that support 

students in displaying (higher-order) scientific understanding. A typical format of 

classroom interaction is a three-part exchange structure consisting of initiation, 

student response, and teacher evaluation (IRE) (Dillon, 1988; Lemke, 1990). Often 

this interaction pattern takes the form of teacher directed interaction, in that the 

teacher initiates with a closed question, that requires a predetermined short answer, 

and that is usually focused at recall (Chin, 2006). The teacher then praises correct 

answers or corrects those that are wrong. The dialogue inherent to this style mainly 

consists of asking closed question, providing information and giving instruction. 

Hence, students are discouraged from being active agents in their own learning 

process (Ryan & Deci, 2000; Wehmeyer, Palmer, Agran, Mithaug, & Martin, 2000), 

as they are prevented from displaying reasoning skills (Topping & Trickey, 2007). In 

this study, this type of interaction is referred to as non-optimal interaction, as the 

teacher’s utterances do not evoke higher order thinking skills, i.e. are non-stimulating, 

and the student’s role in the co-construction of meaning is thus minimized.   

 The objective of inquiry-based science lessons is, however, to facilitate the 

active construction of students understanding (National Research Council, 2011). 

This implies that teacher’s reactions can be used as a means to guide and scaffold 

students thinking. When teachers employ a stimulating classroom interaction, 

students are invited to participate in co-constructing scientific understanding. 

Thought-provoking questions are questions that cause an increase in the frequency 

and length of students’ answers reflecting higher order thinking skills (Chin, 2006; 

Oliveira, 2010). In this process the teacher’s encouragements are considered to be 

beneficial for an increase in the complexity of student utterances (Meindertsma et al., 

2014b). An increase in the amount and length of thought-provoking classroom 

Teacher’s practice 

Student’s action 
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interactions is important as these involve an increase in active construction of 

understanding (Topping & Trickey, 2014). The above-mentioned interaction pattern of 

IRE sequences can be transformed in a more productive action sequence by 

replacing the third move by a follow-up (IRF; Chin, 2006; Lee & Kinzie, 2012; Wells, 

1993). This follow-up, for instance a thought-provoking question, can be used as the 

starting point to deepen student’s scientific understanding. This means that a new 

three-part exchange starts. In that case, the student’s answer is followed by a 

stimulating follow-up of the teacher and the student in turn answers with an 

elaboration (IRFRFR). This type of interaction will in the remainder of this article be 

referred to as an optimal interaction, as both the teacher’s and student’s role in the 

co-construction of meaning is optimized. The process of co-construction can be seen 

as a sequence of such interaction patterns.  

Recurrent interaction patterns  

Instructional practice of the teacher, i.e. the way teachers respond to student 

utterances, is an aspect of classroom processes that can be manipulated by 

teachers; i.e. it is under their control. As teacher-student interaction is at the center of 

student learning (Vygotsky, 1986), it holds promise as a way to better engage 

students in co-constructing scientific understanding. However, classroom interaction 

patterns appear hard to change (Steenbeek et al., 2012). The complex dynamic 

systems approach explains these rigid, stable patterns as self-sustaining patterns, so 

called attractors. Attractors are states that have a much higher probability of 

recurrence compared to other states (Thelen, 1992; Van Geert, 1994). Attractors are, 

in this study operationalized as, states that are not only visited for the longest 

duration (preferred states) but are also often visited, i.e. the student-teacher 

interaction often recurs towards that state. Often, external perturbations are 

necessary to change such states and replace them by new, more adequate patterns 

(Van Geert, 1994). The best way to study the underlying dynamics is through 

perturbation (Lavelli, Pantoja, Hsu, Messinger, & Fogel, 2005). An intervention can 

be seen as such a perturbation in an existing pattern of teacher-student interactions 

(Wetzels et al., 2016). As an illustration, during science and technology activities a 

teacher may routinely initiate interactions by asking closed or knowledge-based 

questions. These non-stimulating sequences become a self-sustaining comfortable 

(‘preferred’) state for both the teacher and students, because students respond with 

knowledge reproduction, which in turn, most likely, evoke more closed questions. 

This self-sustaining recurrent pattern can be perturbed by an intervention that directly 

stimulates teachers to change their timing and format of questions. If teachers begin 

to change their questioning strategies towards open-ended initiation and of follow-up 

questions, students may at first show resistance. Students are not used to this form 

of questioning and are thus not inclined to give the kind of answers that the teacher 

might need to continue a high-quality style of questioning during the lesson. In other 

words, the reaction of students discourages the teacher to continue with this high-

quality type of questioning. However, if the teacher persists in using these open-

ended questions and the students start to engage in critical thinking, the class system 
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(teacher-student interaction) might change permanently over time. Finally resulting in 

a new, more stimulating attractor state, which in itself becomes a self-sustaining 

pattern of interaction.   

In the period between old and new attractor states, there is typically a phase of 

destabilization (Bassano & Van Geert, 2007). Increased variability is a typical 

indicator of destabilization. In the classroom this might be seen as temporal instability 

of the system during which the system explores new ways of communication. As 

argued above, a change in interaction patterns demands new roles and 

responsibilities from students and teachers alike. Hence, the importance of focusing 

on dyadic measures is highlighted. 

Depicting change and destabilization  

Learning and change are inherently related. Change occurs from the real-time 

timescale to the long-term developmental (macro level) timescale (Lewis, 2002; 

Smith & Thelen, 2003; Van Geert & Steenbeek, 2005). The relation between these 

timescales is that the change at the real-time level influences the long-term 

development as well as that the long-term development affects the real-time 

processes, i.e. the timescales are nested (Lewis, 2002; Smith & Thelen, 2003; Van 

Geert & Steenbeek, 2005). The experiences and processes of teacher and students 

(micro level) result in certain stable but complex interaction patterns (macro level) 

leading to specific learning outcomes, such as a certain level of scientific 

understanding. In the case of co-constructed scientific understanding as an outcome, 

the real-time behaviors (the utterances of a teacher and student in interaction; micro 

level) are the building blocks of this longer term or global learning process 

(Hollenstein, 2013; Rappolt-Schlichtmann et al., 2007; Van der Steen et al., 2014). At 

the same time, these more global patterns constrain the real-time learning and 

teaching behavior (macro level; Hollenstein & Lewis, 2006; Steenbeek et al., 2012; 

Van der Steen et al., 2014). We define micro level as real-time behavior of the 

teacher and students during a single lesson and macro level as the relatively stable 

and predictable pattern of the way scientific understanding is co-constructed over the 

course of sequences of interaction patterns. For instance, following the example 

described before of a lesson consisting of recurrent interactions in which the teacher 

poses closed questions, students respond with non-complex utterances and the 

teacher reacts with providing correct information or instructions. These micro-level 

behaviors result in a macro-level non-optimal interaction pattern and vice versa. 

The students’ level of scientific understanding and the extent to which teacher 

utterances are stimulating can be analyzed as coordinated processes. State space 

grid (SSG) analysis is a method for analyzing synchronized event sequences based 

on complexity principles (Hollenstein, 2013). The focus is on the joint states of the 

teacher and students. SSG can be used to depict both micro level (e.g. Pennings, 

Van Tartwijk, Wubbels, Claessens, Van der Want, & Brekelmans, 2014) and macro 

level changes in these interactions patterns (e.g. Hollenstein, 2013; Turner, 

Chirstensen, Kackar-Cam, Trucano, & Fulmer, 2014). By focusing on a single lesson, 

insight can be gained into how a system functions in real-time. For instance, moment-
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to-moment dynamic variability of the system behavior that varies because of 

reciprocal influence of both teacher and students can be studied. By focusing on a 

sequence of lessons in a particular class, insight can be gained into variations in 

macro-level processes that come from external perturbations, such as an 

intervention.  

Video Feedback Coaching for teachers 

One method that can be used to aid teachers in changing interactional practices is 

offering video feedback of own classroom behaviors (e.g., Mortenson & Witt, 1998; 

Seidel, Stürmer, Blomberg, Koberg, & Schwindt, 2010). Video recordings of teacher’s 

practice are used to foster professional reflection and improve instructional skills 

(Seidel, Stürmer, Blomberg, Koberg, & Schwindt, 2010). The objective of the Video 

Feedback Coaching for teachers (VFCt) was to improve the teacher’s practice 

(Wetzels, 2015). During the intervention, teachers were encouraged and assisted to 

use thought-provoking questions and encouragements to guide the acting and 

thinking process of students (e.g. Chin, 2006; Oliveira, 2010) in order to scaffold 

students to higher levels of functioning (Steenbeek et al., 2012; Van de Pol, Volman, 

& Beishuizen, 2011). Such an instructional strategy was aimed to increase students’ 

participation, and in doing so help them develop more and higher complexity levels of 

scientific understanding. In other words, teachers were encouraged to move towards 

optimal interaction patterns to co-construct scientific understanding. The VFCt 

intervention contained the following evidence-based key elements: (1) improving 

teachers’ knowledge about teaching science and scientific skills, (2) establishing 

behavioral change by improving teachers’ instructional skills by means of (a) video 

feedback coaching and (b) articulating personal learning goals (see appendix C). 

The current study 

In the present study, change in the co-construction of scientific understanding is 

examined by analyzing student-teacher interactions during science and technology 

lessons. On the one hand this paper examines the effect of the VFCt intervention by 

focusing on the macro level changes of student-teacher interaction patterns. On the 

other hand, we aim to examine the underlying dynamics of such changes by 

illustrating an in-depth micro-level analysis of the student-teacher interaction. 

The first research question is about the initial state, i.e. the microstructure of 

interaction preceding the intervention. We will describe the characteristics of the 

process of co-construction of scientific understanding during regular science and 

technology lessons, that is before the intervention (RQ1). In addition to separate 

measures of teacher and students behavior, we also address dyadic measures, i.e. 

the sequence and recurrence of students’ level of scientific understanding 

corresponding with the simultaneous level of stimulation of the teacher. We expect 

that the co-construction of scientific understanding initially often takes the form of a 

non-optimal interaction pattern (state 1). This implies that before the intervention, 

teacher utterances mainly consist of non-stimulating utterances, i.e. closed 

questions, providing information and giving instruction. Students are rarely stimulated 
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to use higher order thinking skills and students’ utterances are thus expected to be 

often of a non-complex nature. We expect to find sequences of these interaction 

patterns in all participating classes, i.e. no difference between control and 

intervention conditions. 

Second, we examine if this process of co-construction changes in the course 

of the VFCt (RQ2). We expect that after the intervention teachers use a more 

stimulating teaching style, i.e. an increase in thought-provoking questions and 

encouragements. As a consequence students are frequently stimulated to use higher 

order thinking skills and students’ utterances are thus expected to be complex. More 

specifically, a change in states is expected in that at the start of the intervention 

teachers are expected to offer a large amount of instruction and information and 

students respond with short non-complex utterance (state 1 – non-optimal 

interaction), which will change into a pattern in which the reciprocal influence will take 

the form of optimal co-construction processes, i.e. more and longer student-teacher 

interactions on a more stimulating and complex level (state 2 – optimal interaction). 

As teachers in the control condition did not participate in the intervention, no change 

was expected in their classroom interaction.  

Third, if a difference is found between the classes in the intervention condition 

and control condition, we will examine the underlying pathways of change (RQ3). 

Hence, we will first focus on characteristics of destabilization of the system of all 

intervention classes. Second, we will present the pathways of two illustrative classes, 

one illustrating a typical optimal scenario, and the other illustrating a non-optimal 

scenario. The VFCt-intervention was meant as a perturbation to stimulate the system 

(student-teacher interactions) towards optimal co-construction, i.e. an active 

contribution of both partners. As teachers tried new instructional practices, we 

expected to see a period of temporal instability, i.e. destabilization, during the 

intervention period, as the system reorganizes. 

METHOD 

Participants  

Twenty-three upper grade primary classes (grade 3-6, which in the Dutch school 

system is ‘group 5-8’) from the North of the Netherlands participated for 3 to 4 

months in the school year 2013/2014 or 2014/2015. The teachers were recruited 

using flyers and personalized e-mails. The average age of the teachers in the 

intervention condition was 38 (range 23-54) with an average experience as a teacher 

of 13 years (range 1 – 32). The students’ average age was 10.7 (range 8.4 – 13.2). 

The teachers in the control condition were matched on the grades they taught (see 

table 4.1), on age (M = 37 years; range 24 – 54) and teaching experience (M = 13 

years; range 1 – 30). The students’ average age of the control condition was 10.6 

(range 7.3 – 13.2). Teacher and parents of the participating students gave active 

consent before the start of the study. The study was approved by the Ethical 

Committee Psychology of the University of Groningen, The Netherlands. 
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Procedure  

Teachers who participated in the intervention condition were offered the Video 

Feedback Coaching for teachers intervention (for more information see Appendix C), 

while the control condition functioned as a waiting-list condition. Teachers in both 

conditions are considered comparable in terms of motivation to participate because 

the control condition was a waiting list condition and all teachers voluntarily 

participated in the intervention and control conditions.  

The data of two intervention teachers were excluded from analyses, because 

they did not meet the requirements for inclusion, i.e. they did not participate in all 

video feedback coaching sessions (within a period of 6 weeks). Teachers from the 

control condition were included if they met at least 75% of the requirements (i.e. if 

they participated in at least 3 out of 4 measurements). One teacher was excluded 

because only two lessons were provided. This resulted in a total of 9 teachers who 

participated in the intervention, while the other 11 teachers were part of the control 

condition. The lessons were video recorded and these recordings were used as the 

primary source to evaluate the effectiveness of the intervention. Lesson content and 

instructional method was based on the teacher’s own initiative, within ‘earth and 

space’ system — such as weather, air pressure, gravity, or the positions of the moon. 

Each teacher in the intervention condition was observed during eight science and 

technology lessons, within a period of approximately three to four months. The first 

two lessons were pre-intervention lessons. Directly preceding the third lesson, the 

teacher received an introduction session about the aims of the professionalization 

trajectory. During this educational introduction, information about inquiry-based 

instruction strategies was provided and discussed (Appendix C). This included 

information about thought-provoking questioning styles, scaffolding, and inquiry-

based learning activities, and video fragments of high-quality teacher-student 

interactions during science and technology activities. During the intervention-stage 

(lesson three to six), video feedback coaching was given immediately after every 

lesson. During each lesson, the coach (first author) selected several fragments to 

critically reflect upon, three of which were positive fragments and one fragment that 

showed (an example of) teacher behavior that could be improved. Teacher and 

coach discussed the video recordings of the lessons, making use of the teacher’s 

personal learning goal. Attention was paid to the use of high-quality inquiry-based 

instruction strategies. Teachers were encouraged to show more of these skills in their 

next lessons. The final two lessons were post intervention and were videotaped 

approximately two months (range 4 to 14 weeks) after the last video feedback 

coaching session.  

Each teacher in the control condition was observed during four science and 

technology lessons that were taught as usual. The teachers taught two lessons at the 

beginning of the intervention and two lessons approximately 2.5 months later (range 

7 to 17 weeks). To assure teaching-as-usual conditions, teachers were free to 

choose whether or not they continued providing science and technology lessons 

between the premeasures and post-measures.  
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Measures and variables 

Ten minutes of teacher and students’ verbal interactions were captured by analysing 

the recorded science lessons. Four segments from the central section of each lesson 

were selected for coding: three minutes from the beginning, three minutes from the 

end, and two two-minute segments from the middle (see Appendix B). The central 

section was defined as the part of the lesson where students were working and the 

teacher walked around to provide support. Coding started from the first task-related 

utterance. The two two-minute segments were moments in which a lot of teacher-

student interaction took place, and the final three-minute segment took place before 

the teacher started classical lecturing. We coded all task-related student-teacher 

sequences. Non-task related sequences were excluded from further analysis. 

Teacher reactions were coded using an ordinal scale of ‘level of stimulation’ (based 

on the ‘openness-scale’ of Meindertsma et al., 2014b; Oliveira, 2010; see Appendix 

B, codebook 1). The scale ranged from ‘giving instructions’, to ‘posing a stimulating 

task-related follow-up or thought-provoking open question’ (table 4.1a). ‘Giving an 

instruction’ is considered as least stimulating because it is considered to be 

associated with the smallest possible chance of co-constructing a high level of 

scientific understanding. ‘Posing a task-related follow-up’ is considered to be most 

thought-provoking. 

Task-related utterances of the students were divided in complex or non-

complex utterances. Non-complex utterances were utterances related to the task at 

hand but did not display any understanding (see Appendix B, codebook 2). For 

instance, the student reads out loud what he needs to do. Complex utterances were 

observations, predictions and explanations related to the task. Next, students’ 

complex utterances were quantified based on a scale based on skill theory, using 

three tiers (table 4.1b). This scale has proven useful for task-independent measures 

in the analysis of student’s task-related utterances (Meindertsma, Van Dijk, 

Steenbeek, & Van Geert, 2012; Rappolt-Schlichtmann et al., 2007; Van der Steen et 

al., 2014). Here, 1 means the least complex utterances on a sensorimotor level (e.g. 

expression of what they see), 2 refers to complex utterances on a representational 

level (e.g. expressions that go beyond simple action-perception couplings, but are 

still based on them), and 3 was scored when students expressed understanding 

about global laws and principles (e.g. abstract principles of thermodynamics can be 

applied to the situation at hand). The lowest possible level for ‘explanations’ was level 

1, since an explanation contains at least a combination between what happened and 

a reason why this happened. The lowest possible level for ‘predictions’ was level 2, 

since a prediction requires at least a representation of the situation at hand.

 Coding was done with the aid of the software program ‘Mediacoder 2009’ (Bos 

& Steenbeek, 2009). To establish the inter-observer reliability for the application of 

the coding scheme, the inter-observer agreement was determined by the first author 

and several independent coders for each codebook. The inter-observer agreement 

for teacher coding ranged from 70 to 87% and for student coding from 65 to 98%. 

The inter-observer reliability was considered substantial, with a Cohen’s kappa of .71 

for the teacher coding and .63 for the student coding (Viera & Garrett, 2005).   
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Table 4.1 

4.1a Description and examples of the level of stimulation in teacher reactions  

Description Examples 

Instruction You should write that down 

Providing information Electricity has to do with pluses and minuses which attract and 

repel each other 

Closed or knowledge-based question Clear? or What is air pressure? 

Encouragement Yes… hmm… ok 

Stimulating follow-up Why do you think that? 
 

 

4.1b Description of the complexity levels as expressed in students’ verbal utterances  

Complexity level Description Examples 

1 Sensorimotor simple connections 

of perceptions to 

actions 

It [the paper] is white. 

It is white and that one is yellow. 

The paper collapses because I blow. 

2 Representational go beyond current 

perception-action 

couplings 

I think the paper will ascend. 

Because I blow, there is more space and then the paper can 

go down. 

Because I blow harder, the paper can drop lower. 

3 Abstraction nonconcrete rules 

that also apply to 

other situations 

Because the balance is gone… the air beneath the paper is 

pushed away [when I blow]… so… the air pressure drops 

down, but the pressure above the paper remains the same and 

thus pushes the paper down 

Data analysis  

Due to the size of the group and the fact that there were multiple dependent 

measures, the assumptions of traditional statistics (such as a paired sample t-test) 

could not be met. Therefore, a non-parametric test called Monte Carlo analysis 

(Todman & Dugard, 2001), was used that simulates the null hypothesis that the 

probability of finding a difference is based on chance alone. The random permutation 

was shuffled 10,000 times in order to calculate whether the empirically-found 

differences, e.g. the differences between intervention condition and control condition 

could be expected to occur on the basis of chance. In addition, the effect size was 

calculated using Cohens D. Following Sullivan and Feinn (2002), an effect size of .2 

is considered small, .5 medium, .8 large and 1.3 or higher very large. Results will be 

interpreted using the p value and effect size: p < .05 and d > .8 is convincing 

evidence; p < .1 and d = .5 to .8 is less convincing evidence; p > .1 and d < .5 is 

unconvincing.  

Question 1 and 2       

The data analysis of the first and second question was similar, in that the focus was 

on both conditions and on similar variables. First, for question 1 and 2, general 

characteristics of co-construction were examined by focusing on the type of student 

utterances (complex or non-complex) and type of teacher utterances (level of 

stimulation). Monte Carlo analyses were used to analyze difference between 

conditions (RQ 1) and over time (RQ 2). Second, again for question 1 and 2, State 

Space Grids were used to detect synchronized event sequences. Additionally, a 

micro-genetic time-serial analysis was used to gain insight into dyadic characteristics 

of co-construction of each class at premeasure (RQ 1) and whether changes over 

time could be found (RQ 2). 
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 The first step of analysis was to examine general characteristics of co-

construction, i.e. the proportion of stimulating teacher behavior was calculated for 

each class. Four categories were made based on teacher’s initiations and reactions: 

ignore, non-stimulating consisting of the variables ‘giving instruction’ and ‘providing 

information’, closed consisting of ‘closed initiation’ and ‘closed follow-up questions’, 

stimulating consisting of ‘encouragements’, ‘open initiation questions’ and ‘open 

follow-ups’. In addition, the proportion of student utterances that were complex over 

all utterances was calculated. All students in one class were taken as a whole as the 

unit of analysis. The proportion of each class was used for the Monte Carlo analysis, 

i.e. the proportions of all classes were shuffled. The average of these results of the 

intervention and control conditions was used to determine whether the conditions 

were similar in the proportion teacher and student utterances (between group 

analysis at premeasure, RQ 1) and whether and to what extent a change could be 

found over several lessons (within group analysis, RQ 2).  

The next step was to specifically focus on dyadic characteristics of co-

construction, i.e. action-reaction patterns of each student utterance followed by a 

teacher reaction. For data analysis the student-teacher interaction was taken as the 

unit of analysis. Hence, the focus is on each student utterances and the 

corresponding teacher reaction. SSG analysis was used for analyzing synchronized 

event sequences (Hollenstein, 2013). In general, each grid consists of all possible 

states the system (student-teacher interaction) can go to. For each moment in time 

the place of the student-teacher interaction is registered on the grid with a node. The 

successions of such nodes correspond with the trajectory of that student-teacher 

interaction, which, depending on the analysis, can concern the real-time timescale of 

one lesson or the macro timescale of several lessons. Each node consists of a 

complexity level of the student (y‐axis) and the extent to which the reaction of the 

teacher is stimulating (x‐axis). The size of each node is an indication of the duration, 

relative to the total duration of that lesson, of that particular part of the interaction.  

We illustrate this methodology in figure 4.2. The grid is divided into four 

quadrants. The quadrant in the lower left (Q1) represents no co-construction, a non-

optimal interaction pattern (students’ utterances are non-complex; the teacher’s 

responses are non-stimulating). The quadrant in the upper right represents most 

desired co-construction (Q4), optimal interaction patterns (students’ utterances are 

complex; the teacher’s responses stimulating). The upper left and lower right 

quadrants (Q2 & Q3) represent suboptimal interaction patterns and co-construction 

processes in which a mismatch occurs between teacher and student input (in Q2 

students complex; teacher non-stimulating; in Q3 students non-complex; teacher 

stimulating). Figure 4.2 depicts the micro-level interactions of two classes during a 

single lesson. The left grid represents interaction which is mostly in the non-optimal 

quadrant. Occasionally, the interaction shifts towards another cell, usually for a really 

short time, represented by the fact that the nodes are small. The right grid shows 

mainly optimal teacher-student interaction. Figure 4.3 depicts the macro-level pattern 

of these interactions (for a description how this pattern was established, see below). 
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A SSG technique was used for an exploration of the preferred interaction 

states during regular science and technology lessons (RQ 1). First, SSG were made 

for each premeasure (micro level) per class. Next, the preferred state (a cell) was 

identified per lesson using the SSG measures ‘total duration’ and ‘duration per cell’. 

The preferred state is operationalized as the cell in which most interaction occurs 

during that lesson, i.e. the cell with the longest duration. In order to map the macro 

level changes, the next step was to create a new SSG using this information, 

resulting in one point (the most frequently visited cell / interaction pattern) per lesson 

(macro level). One point represents the interaction pattern of one lesson which was 

visited for the longest time (Fig. 4.3). In order to examine whether the co-construction 

processes took the form of non-optimal interaction patterns, we focused on which 

type of co-construction emerged for the longest period. We calculated the duration of 

time within each quadrant, corrected for the number of cells within each quadrant, in 

order to study the distribution of time for certain types of interaction patterns during 

the lessons.  

Next, SSG was used for an exploration of the change in preferred interaction 

patterns after the intervention (RQ 2). The procedure described above was repeated 

for the post-measures. The graphical display depicts the trajectory of preferred states 

of interaction of each class of the post-measures. Next to the graphical display, the 

time within each quadrant was extracted from SSG. Again, the distribution of time 

was calculated, this time to examine whether another quadrant was visited for a 

longer period at post-measure compared to premeasure. Next to the visual depiction 

of a node in a different quadrant, a longer duration within a different quadrant at post-

measure, compared to premeasure, functions as an indicator of change. 

Question 3   

For answering RQ3, we examined temporal instability, i.e. destabilization, of the 

system during the intervention lessons (lessons in between premeasure and post-

measure). Overall, as an indication of destabilization, the focus was on variability in 

states of student-teacher interactions between lessons, i.e. intra-individual 

differences. Three analyses were used to find indicators of destabilization: 1. 

Attractor states; 2. Dispersion; 3. Case studies.  

With regard to attractor states: One way to measure the (in)stability of the 

system is to document a destabilization in attractor states. A temporal absence of 

attractors implies increased variability in systems behavior. Several methods can be 

used to identify attractors (Hollenstein, 2013). We used the selection of the cell(s) 

with the highest mean duration of visits and the highest number of events per lesson 

(e.g. Pennings et al., 2014), as an indicator of an attractor state. We operationalized 

‘highest' as the duration and the number of events should exceed the chance at least 

two times of being in a cell. Grid measures, i.e. ‘duration per cell’, ‘overall duration 

per lesson’ and ‘number of events’, were used to determine whether the preferred 

states of interaction of each lesson could be labeled as attractors. Attractors indicate 

a stable pattern of interaction to which the system is drawn. 
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With regard to dispersion: The (in)stability of the system can be documented 

by a marked decrease or increase in variability of the system as the system shifts 

from one stable set of attractors to another (Van der Maas & Molenaar, 1992). We 

used the SSG measure of dispersion per lesson to examine the variability in the 

system across the intervention. Dispersion, a whole-grid measure, to indicate the 

number of visited cells, controlling for proportional duration in each visited cell 

(Hollenstein, 2013), is expressed by a value between 0 and 1. 0 indicates no 

variability (all behavior in one cell), while 1 indicates maximum variability (behavior 

equally divided across cells). In terms of interaction, high dispersion is related to 

flexible interaction, while less flexible interaction is shown as lower dispersion. For 

each class, the absolute difference in dispersion between lessons was shuffled. Next, 

it was calculated whether a difference between two consecutive lessons was larger 

than could be expected on the basis of chance. The statistical analysis of these 

differences was based on a random permutation technique, which is comparable to 

the analysis for question 1 and 2. A peak, a large absolute difference, would indicate 

a destabilization in the systems organization.   

With regard to individual cases: Two classes were chosen to illustrate the 

idiosyncratic process of change: one class of the intervention condition, with non-

optimal change in the co-construction of scientific understanding and one class of the 

intervention condition with an optimal pattern of change. Micro-genetic 

measurements were used in order to study learning processes as they unfold during 

a short time span and how they changed over several lessons. 

RESULTS 

Co-construction of scientific understanding during regular lessons (RQ 1) 

General characteristics of co-construction 

During premeasure, in both conditions, most teacher utterances were non-stimulating 

utterances, followed by open utterances and the lowest proportion of closed 

utterances. A difference between the conditions was found for the use of closed 

utterances (Intervention = 16%, Control = 21%, p = .04, d = .57, medium effect size). 

This means that the teachers in the control condition used on average more closed 

questions. No differences between conditions were observed for the other teacher 

behaviors. The proportion of non-stimulating utterances appears similar in both 

conditions (Intervention = 47%, Control = 48%, p = .38) as well as the proportion 

open utterances (Intervention = 37%, Control = 32%, p = .08, d = .45, small effect 

size). The teachers did not respond to student utterances in 25% of the classes 

(ignore: Intervention = 24%, Control = 25%, p = .44). If the teachers did respond to 

these, the utterances were approximately ¾ of the utterances non-stimulating 

(Intervention = 72%, Control = 74%, p = .42) and ¼ stimulating (Intervention = 29%, 

Control = 26%, p = .47). Approximately 17% of students’ utterances were of a 

complex nature (Intervention = 18%, Control = 16%, p = .29). 
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Dyadic characteristics of co-construction 

During the premeasures, for 18 out of 20 classes, most interactions occurred in the 

non-optimal interaction quadrant (Q1; see Fig. 4.4). 70% of these preferred states, 

i.e. the most common student-teacher interaction, appeared to be attractors 

(Appendix A). Appendix A lists the attractors with corresponding ‘total duration’ and 

‘number of events’. An attractor is displayed with numbers corresponding to the cells 

in the grid. Appendix A shows that during lessons one and two (of all classes) the 

attractors only appear in cell 1/1 (‘instruction’ / ‘non-complex’), 2/1 (‘information’ / 

‘non-complex’) and 3/1 (‘closed’ / ‘non-complex’), this means that most interactions at 

premeasure were strongly drawn toward non-optimal interaction, indicating no co-

construction.  

The distribution of time within each quadrant was distributed equally in both 

conditions; in that most time was spend in Q1, followed by Q3. The least time was 

spent in Q2 and Q4 (see Table 4.2). The control condition spent more time in Q1 

compared to the intervention condition than was expected on the basis of chance 

(Q1: Intervention = 55%, Control = 67%, p = .04; Q2: Intervention = 11%, Control = 

6%, p = .19; Q3: Intervention = 24%, Control = 21%, p = .34; Q4: Intervention = 11%, 

Control = 6%, p = .20).  

Change under influence of the intervention (RQ 2) 

Change in general characteristics of co-construction 

For the intervention condition, the Monte Carlo analysis revealed a difference in 

proportion of non-stimulating utterances from premeasure to post-measure (Pre = 

47%, Post = 37%, p = .02, d = .75) as well as for the proportion stimulating 

utterances (Pre = 37%, Post = 48%, p = .01, d = .72). No change was found for the 

proportion of closed utterances (Pre = 16%, Post = 15%, p = .27). As during 

premeasure, teachers did not react on student utterances in approximately 1/4 of the 

utterances (ignore: pre = 24%, post = 21%, p = .23). If the teachers did respond to 

Figure 4.4 SSG of premeasures. Student utterances are depicted on y-as and teacher utterances 
are depicted on the x-axis. Each node represent the most common interaction pattern of a single 
lesson. The two premeasures of each class are connected by a line, the hollow node represents the 
first premeasure, the filled node the second. States of control condition are depicted in white, states 
of intervention condition are depicted in black 
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student utterances the utterances were at post-measure less often non-stimulating 

(Pre = 72%, post = 60%, p < .01, d = .87) and more often stimulating (Pre = 29%, 

post = 41%, p < .01, d = .87) than could be expected on the basis of chance.   

In the control condition, no change over time was found for the proportion of 

non-stimulating utterances (Pre = 48%, Post = 49%, p = .38), stimulating utterances 

(Pre = 32%, Post = 32%, p = .46) or closed utterances (Pre = 21%, Post = 19%, p = 

.23). As during premeasure, teachers did not respond to student utterances in 

approximately 1/4 of the utterances (ignore: pre = 25%, post = 25%, p = .35). In 

addition, no difference was found between premeasure and post-measure for the 

proportion non-stimulating reactions (Pre = 74%, post = 74%, p = .51) or stimulating 

reactions (Pre = 26%, post = 26%, p = .49).   

Students in the intervention condition showed an increase in the amount of 

complex utterances. The probability that the difference between the premeasure and 

post-measure of the proportion of complex utterances, is based on chance alone is 

very low for the intervention condition, but large for the control condition (Intervention: 

Mpre = 18% vs. Mpost = 28%, p = .02, d = 1; Control: Mpre = 16 % vs. Mpost = 21 %, p = 

.15, d = .46).        

To conclude, in line with the hypothesis, the results indicate that teachers in the 

intervention condition changed their utterances from mainly non-stimulating to mainly 

stimulating utterances and the students in those classes increased in the frequency 

of complex utterances, while no such changes were found in the classes of the 

control condition.    

Change in dyadic characteristics of co-construction 

For the intervention condition, different patterns of co-constructing scientific 

understanding were found at post-measure compared to premeasure. As figure 4.5 

shows, some classroom interaction patterns now took place in the optimal interaction 

quadrant (Q4), indicating more optimal co-construction. 50% of the preferred states 

were now in the suboptimal or optimal quadrant. The preferred states in Q4 were 

attractors for 60% of the classes (Appendix A). The distribution of time within each 

quadrant changed from premeasure to post-measure (Table 4.2). The difference 

between premeasure and post-measure, concerning the proportion of time spend in 

Q1 (Pre = 55%, Post = 41%, p < .01) and Q4 (Pre = 11%, Post = 16%, p = .10) was 

larger than was expected on the basis of chance alone (Q2: Pre = 11%, Post = 13%, 

p = .28; Q3: Pre = 24%, Post = 30%, p = .18). This indicates that a substantial part of 

the interaction has shifted away of non-optimal interaction patterns towards optimal 

interaction patterns, indicating optimal co-construction. 

For the control condition, no differences were found in the preferred states of 

interaction. Non-optimal interaction patterns were the preferred state of all classes, 

except 2, and could be marked as attractor for 60% of the classes (Appendix A). The 

distribution of time within each quadrant did not change from premeasure to post-

measure (Table 4.2; Q1: Pre = 67%, Post = 64%, p = .33; Q2: Pre = 6%, Post = 9%, 

p = .32; Q3: Pre = 21%, Post = 20%, p = .48; Q4: Pre = 6%, Post = 7%, p = .42). 



 

 
82 

Table 4.2 Distribution of time student-teacher interaction emerged in each quadrant during 
premeasure and post-measure 

Intervention 
Non-optimal    

interaction Q1 
Sub-optimal    

interaction Q2 
Sub-optimal     

interaction Q3 
Optimal        

interaction Q4 

Premeasure 55% 11% 24% 11% 

Post-measure 41%* 13% 30% 16%** 

     

 
Control 

Non-optimal    
interaction Q1 

Sub-optimal    
interaction Q2 

Sub-optimal     
interaction Q3 

Optimal       
interaction Q4 

Premeasure 67% 6% 21% 6% 

Post-measure 64% 9% 20% 7% 

* p < .05; ** p < .1 

Variability in the interactions (RQ 3) 

Individual differences 

Figure 4.6 depicts the preferred states of the lessons during the intervention. Even 

during the intervention sessions, Q1 is represented in many interaction events. Eight 

out of nine classes changed their behavior from non-optimal interaction patterns 

towards ‘(sub-) optimal’ interaction patterns indicating co-construction (Appendix A; 

last column). This means that in these classes the preferred state of interaction of 

each class occurred at least once in another quadrant. There were also clear 

individual differences: some classes changed directly from non-optimal to optimal 

interaction patterns, while other changed via the ‘sub-optimal’ quadrants. Three 

classes (classes 1, 6, and 7) followed the expected pathway of change, i.e. from non-

optimal interaction patterns to optimal interaction patterns. In the other five classes, 

the student-teacher interaction pattern did emerge during one or more lessons in the 

‘optimal quadrant’, but this behavior did not stabilize at post-measure. Next, the 

analyses will focus on whether the underlying pathways follow an expected 

trajectory, i.e. shows indicators of destabilization.  

Figure 4.5 SSG of post-measures. Student utterances are depicted on y-as  and teacher utterances 
are depicted on the x-axis. Each node represent the most common interaction pattern of a single 
lesson. The two post-measures of each class are connected by a line, the hollow node represents the 
first post-measure, the filled node the second post-measure. States of control condition are depicted in 
white, states of intervention condition are depicted in black 
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Attractors 

Attractor states were detected in individual pathways of classes in the co-

construction of scientific understanding. However, again individual differences were 

pronounced (appendix A). Some classes stabilized into one attractor state per 

lesson, in other classes multiple attractors were found within a lesson, while in other 

classes no attractors could be found at all. Over time similar individual differences 

were found. Interactions of class 1 and 7 emerged in a non-optimal attractor during 

premeasures, followed by 1 or 2 lessons without attractors, followed by interactions 

emerging in optimal attractors (Appendix A). This indicates expected pathways in 

terms of temporal destabilization. For class 2 and 4, there appeared to be a temporal 

instability of the system, i.e. no attractor for three lessons, followed by stabilization 

into an attractor, in the consecutive lessons. However, this did not result into an 

attractor in the optimal quadrant. In class 2 the temporal destabilization did not result 

in a change towards another quadrant, the system returned to the previous attractor 

in the non-optimal quadrant. For class 4 the student-teacher interaction emerged into 

an attractor in Q3. This indicates partly expected pathway, as the destabilization did 

not result into optimal attractors. In class 5 and 8 attractors were found during all 

intervention lessons. Both classes changed frequently in attractor states over time. 

However, the data suggests that during post-measure the system became instable, 

in that student-teacher interactions did not emerge into an attractor. This indicates 

partly expected pathway, in that a destabilization was found late in the intervention. It 

is therefore not clear whether the system was capable of stabilizing into a more 

preferred state. Class 3 and 9 were also quite variable, in micro behavior, during the 

lessons, only stabilizing into an attractor in one or two lessons. This indicates 

unexpected pathway. Class 6’s attractor emerged and remained in the non-optimal 

quadrant until a sudden jump. After the jump, the student-teacher interaction 

changed into an attractor in the optimal quadrant. This indicates an unexpected 

pathway, as no sign of destabilization was found. However, in terms of change 

towards an optimal interaction pattern, this class seems to indicate a rather ideal 

pathway. 

Figure 4.6 SSG of intervention measures. Student utterances are depicted on y-as  and teacher 

utterances are depicted on the x-axis. The four measures of each class are connected by a line 
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Figure 4.7 Dispersion per class per lesson. Range 0 (no variability) to 1 (maximum variability) 
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Dispersion 

Figure 4.7 depicts the dispersion of each class over 8 lessons. Overall, rather high 

dispersion values were measured; this means that the student-teacher interactions in 

general showed a rather large amount of variability. In line with the expectation, class 

1 showed a gradual decrease during the first lessons, followed by a sudden sharp 

increase from VFC2 to VFC3 (.83, .95; p = .03). Such a sudden destabilization 

between VFC2 to VFC3 was found in class 9 as well (.76; .94, p = .06). Class 2 

showed a rather stable pattern of dispersion over 3 consecutive lessons. After that a 

marginal decrease in dispersion was found (.90, .81, p = .20). This pattern was 

repeated for the following 4 lessons (.93, .76, p = .08). Class 4 showed a temporal 

decrease at VFC1 (.88, .93; p = .03). The dispersion in class 5 seemed rather stable, 

but variability increased towards the end of the trajectory (.95; .89, p = .04). Class 6 

showed a sharp increase after the first lesson (.77, .93; p = .12) and a small dip at 

VFC2, followed by a gradual increase. Such sudden destabilizations are considered 

to be indicators of change. Class 3, 7, and 8 showed no sudden destabilization in 

dispersion. This indicates a rather stable level over time and this is expected to be 

related to no changes in the process of co-construction.   

Taken together, for all classes one or more indicator(s) of change was found. We will 

now describe the indicators of destabilization and the found change per class in 

terms of our hypothesis (see last column, Appendix A). For class 1, 4 and 5 a peak in 

dispersion was found in combination with a temporal absence of attractor states and 

a change towards suboptimal interaction patterns. This indicates expected 

destabilization and partly expected change, in that the underlying dynamics show 

temporal variability of the system but only class 1 moved towards optimal attractors. 

For class 1 and 4 the temporal destabilization was found at the beginning of the 

intervention, while the instability for class 5 appeared at post-measure. This might 

indicate that the process of change starts later in the latter class. In class 2 and 7 no 

peak in dispersion was found, but lessons without attractors seem to indicate overall 

temporal instability of the system on the micro level. Class 6 and 8 showed no 

destabilization in dispersion, neither a temporal absence of attractors was found 
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during the intervention. However, the preferred or attractor states of these classes 

did change towards optimal (class 6) and suboptimal (class 8) ways of co-

construction. So, although a change in states was found, we could not link this to 

underlying indicators of change. The interaction of class 3 appeared highly variable 

and instable most of the time. Although a change in preferred states was found, we 

were not able to find indicators of temporal destabilization. Class 9 showed similar 

variability (no attractors), however after a peak in dispersion the student-teacher 

interaction emerged in a stable non-optimal attractor. This indicates the least desired 

trajectory: highly variable behavior and no change towards more suboptimal states. 

Illustration of two classes 

Class 6 represents an optimal trajectory in terms of change towards optimal co-

construction processes, but an unexpected trajectory in terms of underlying pathway. 

Class 6 showed an expected sudden jump in attractors from non-optimal to optimal 

interaction patterns. However, no indicator of destabilization was found in terms of 

temporal absence of an attractor state. Class 9 on the other hand showed a non-

optimal change trajectory, in that the class was unable to transform the coaching into 

more successful teaching-learning processes. Class 9 showed no change in attractor 

states from non-optimal towards suboptimal or optimal co-construction. 

Destabilization was found in terms of a difference in dispersion. These classes were 

chosen based on the results from the previous sections and provide an illustration of 

the bandwidth of the intervention condition.  

With regard to the non-optimal case: Figure 4.8 shows that student-teacher 

interaction in class 9 usually occurs in non-optimal interaction patterns. During each 

lesson students rarely display scientific understanding, when they do the teacher 

typically reacts with instruction or information. This type of interaction does not seem 

to change over time. By graphically focusing on the number of nodes, we can see 

that there are only few action-reaction patterns during the lessons. In addition, 

mismatches appear to occur quite frequently. That is, complex student utterances are 

usually followed by non-stimulating teacher’s reactions, and non-complex student 

utterances usually by teacher’s stimulating utterances. Although no change in 

preferred states was found (macro level), a difference over time can be seen in that 

there is an increase in the number of nodes indicative of more interaction (micro 

level).  

With regard to the optimal case: At the first measure a similar pattern as the 

one of class 9 was found (Fig. 4.9). During the next lessons the non-optimal quadrant 

remains an attractor for class 6, followed by a period of rather chaotic interaction. 

During the PreM2, VFC1, and VFC2 the interaction seems to become more randomly 

divided over the state space, which was however not reflected in a peak in dispersion 

or a temporal absence of attractors. Both students and teacher seem to try new 

behaviors which are often not aligned and therefore appear in Q2 and Q3, indicating 

a temporal instability of the system. The data suggest that from VFC3 onwards, the 

interaction became increasingly drawn towards the optimal quadrant (Q4) and 

stabilizes there.  
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CONCLUSION AND DISCUSSION 

The present study was employed using a complexity perspective in order to examine 

the effect of the Video Feedback Coaching for teachers on the process of co-

constructing scientific understanding. The first question focused on the co-

construction of scientific understanding during naturalistic science and technology 

lessons, in examining the alignment between students’ complexity level of scientific 

understanding and the extent to which teacher utterances were stimulating. The 

results from the premeasures showed that teachers’ interactions were mainly non-

stimulating and students were rarely involved in the process of co-constructing 

scientific understanding, reflected by a small amount of complex utterances. This is 

in line with previous studies showing that classroom interactions often consist of 

teacher directed discourse. In all classes, the preferred state of interaction could be 

considered as non-optimal interaction patterns that recurs over time. This suggest 

that in a naturalistic science and technology lesson scientific understanding rarely 

takes the form of teacher utterances that evoke students scientific understanding. 

That is, our first hypothesis, that during regular science and technology lessons the 

process of co-constructing scientific understanding takes the form of non-optimal 

interaction, is accepted.  

The results also showed that the participants in the intervention condition 

changed their interaction style whereas the participants in the control condition did 

not (hypothesis 2 accepted). During the intervention, teachers changed their 

interaction towards more stimulating utterances and the amount of complex 

utterances of the students sharply increased. The preferred state of interaction of 

several classes changed to optimal co-construction. This means that the students’ 

expression of scientific understanding evoked high-quality teacher questions and 

utterances and these in turn evoked more scientific understanding. This suggests 

that the VFCt had an effect on the teacher, the student as well as on the alignment 

between the partners. 

The final question examined underlying characteristics of change in the co-

construction of scientific understanding. The use of SSG enabled us to analyze 

destabilization as indicator of change (attractors and dispersion). Overall dispersion 

was high. This indicates that in all classes the teacher-student interaction was highly 

flexible. High dispersion might be seen as a characteristic of adaptive classroom 

behavior. Temporal instability was found as a negative peak, i.e. less flexible 

interactions. This might indicate a temporal regression towards more rigid behavior 

(Bassano & Van Geert, 2007). The results showed that in all intervention classes 

temporal destabilization was found (hypothesis 3 accepted). However, the type of 

instability showed differences between classes. Three classes (1, 6, and 7) were able 

to transform the coaching into the expected change trajectory from non-optimal 

interaction patterns towards optimal co-construction processes. Interestingly, these 

three classes showed different underlying pathways that could explain these change 

over time. For class 1 the instability of the system was found in the temporal absence 

of attractors during one or more lessons and a destabilization in dispersion during the 

intervention period. For class 7 the instability was found in significant change in the 
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dispersion of the system during the intervention period. However, for class 6 no 

indications of destabilization were found during the intervention trajectory. These 

findings highlight the nonlinear nature of change and the importance of studying 

inter-individual differences, even in case the intervention was effective (Lichtwarck-

Aschoff, Hasselman, Cox, Pepler, & Granic, 2012; Polman, Bouman, Van Geert, De 

Jong, & Den Boer, 2011). 

The illustration of two classes highlighted the idiosyncratic nature of change 

processes. The micro-level data suggested that the interaction showed 

characteristics of destabilization, in terms of more variable and seemingly chaotic 

behavior. For class 6, which represented the optimal trajectory, the data suggested 

that both teacher and students reorganized their action patterns, finally stabilizing 

into the optimal co-construction quadrant. Interestingly, this reorganization was not 

reflected in the destabilization measure. This might indicate a more gradual change 

pattern. In contrast, the case (class 9) that represented a non-optimal trajectory 

showed that although the predicted change was not found for this class, changes in 

the classroom interaction occurred in the form of an increase in the amount of action-

reaction sequences. In addition, this case showed a stabilization of the interaction 

pattern from no attractor, i.e. chaotic interaction, to a non-optimal attractor. Although 

this type of interaction is not preferred for the co-construction of scientific 

understanding, it might be beneficial for the class as a system to have a more stable 

form of interaction. As we have shown, the changes at the micro level can influence 

learning over a longer period of time in such a way that the existing attractor 

landscape is altered. In line with the complexity view, change on the micro-level 

timescale is influenced by the macro-level pattern but also the other way around.  

Concluding remarks 

The data suggested that the implementation of the intervention did not result into 

optimal teaching-learning processes in all classes. We argue that the intervention is a 

perturbation in the sense that it is actively changing existing practices. Such 

perturbations result in the potential breakdown of various established patterns, such 

as the way in which the teacher keeps order in the class. Classroom order is most 

likely a necessary condition for learning to occur (Brekelmans, Wubbels, & Tartwijk, 

2005). It seems likely that keeping order may be more difficult by changing practices, 

resulting in fewer opportunities to focus on the co-construction of scientific 

understanding. Given that we disturbed existing routines in the intervention condition, 

it is possible that teachers and students in some classes had to cope with too many 

changes at the same time. However, this might be of particular importance for those 

classes in which the rules are not clear/set yet. In this study, this might be especially 

the case for two intervention classes (classroom 3 and 9). These classes did rarely 

stabilize into an attractor. The resemblance between these teachers was that they 

just started teaching in the particular classroom. One teacher was a freshman, while 

the other had just returned from a maternity leave of a few months. The 

‘inexperience’ of the teacher, in the sense of being ‘inexperienced’ for this particular 

classroom, might indicate that the system did not have had enough time to establish 
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stable teaching-learning interaction patterns. It might be that at first a lot of time goes 

to classroom order and familiarizing to each other’s learning and teaching needs. Put 

differently, optimal co-construction can only emerge when students and teachers 

both can display high quality utterances, which implies that there should be 

opportunities to do so. Further research should provide insight into whether teacher-

experience is an explaining factor for the effectiveness of the intervention. 

Several studies have shown that high quality instruction strategies of teachers 

can result in cognitive gains of students (e.g. Lee & Kinzie, 2012; Meindertsma et al., 

2013; Oliveira, 2010; Van der Steen et al., 2014). This study showed that students’ 

scientific understanding is triggered when teachers ask and don’t tell. Previous 

research often examines the effect of questioning strategies in a unidirectional way 

(from teacher to student), specifying the eventual effect as a difference between 

pretest and posttest performance, without focusing on underlying dynamics. Our 

study adds to and elaborates on these studies in several ways. First, the pretest and 

posttest performance used in this study are based on micro-genetic measures of the 

co-construction of meaning. This means that the bidirectional relation of the 

interactions is taken into account. Second, the intervention lessons are used as an 

important source of insight into the dynamics of change in teaching-learning 

processes. The results of this study underlines that learning takes the form of a 

nonlinear process. The notion that the system changes due to a temporal instability 

of the system can be used to strengthen intervention studies. For instance, this 

temporal instability of the system might be displayed as a temporal drawback in 

micro-level behavior (as is known from therapy; Lichtwarck-Aschoff et al., 2012). 

However, this study shows that the system is able to self-organize again towards 

more preferred states. For practitioners or coaches, this temporal instability should 

be interpreted as a step forward in order to change, instead of a step backwards. For 

teachers this finding might strengthen their belief that their attempt to change is in 

fact effective, even when they experience destabilization or initial resistance.  

Taken together, we showed that processes of co-constructing scientific 

understanding can entail long-term changes in existing, self-sustaining states 

between the teacher and students, as measured in real-time science and technology 

lessons. The use of the state space grid technique allowed studying differences in 

student-teacher interaction by means of quantitative indicators. In terms of 

effectiveness of the intervention, we conclude that from a micro-level dynamic 

perspective the implementation of the intervention is effective.  

Limitations and future research 

The intensive time serial data collection, as employed in this study, has its strength, 

in that it is basically the only way to gain insight into the actual processes of teaching 

and learning, but it also has limitations. The small sample implies that generalization 

of findings towards the population of teachers is difficult. However, the aim of this 

study was to gain insight in underlying processes of change. The fundamental 

dynamic characteristics of change, i.e. the formation and occurrence of attractors and 
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patterns of temporal instability during an intervention, provide a generalized 

framework for other intervention studies. 

The period until the post-measure varied considerably between classes. The 

period between the intervention period and post-measures was intended as a period 

for teachers to be able to work independently with the newly acquired skills, without 

external perturbation from a coach. On that basis we consider the periods 

comparable because we reasoned that a few weeks are probably sufficient all 

teachers had enough time to incorporate science and technology lessons in their 

teaching-as-usual practices. to enable students and teachers to incorporate the 

newly learned skills into their habitual practices. However, we do acknowledge that a 

more equal period until post-measure was more desirable in terms of making valid 

comparisons. 

The current study primarily focused on the characteristics of change during the 

intervention. However, this was not examined for the control condition, as there were 

no measures in between the premeasure and post-measure videotaped. The 

essence of the control condition was that there was no particular intended and 

obligatory between-measures activity, which reflects a teaching-as-usual situation. In 

the intervention condition, an explicit perturbation of the system was considered as a 

reason to study the between-measures microdynamics. Although the intra-individual 

differences provide insight into how the intervention works on the micro level, it would 

be interesting to examine whether these characteristics of change cannot be found in 

a control condition. The recommendation is therefore to replicate this study, this time 

with an extra control condition. Hence, a more ideal setup consists of an intervention 

condition where a perturbation is applied in the form of an intervention, a control 

condition which is teaching as usual, and a second control condition in which the 

number of between measurement science lessons is the same as the intervention 

condition. This would provide opportunities to study inter-individual differences in 

student-teacher interactions. 

In this study we termed student-teacher behaviors as non-optimal, suboptimal 

or optimal ways of co-construction. However, as studies focusing on scaffolding 

behavior show (Van de Pol et al., 2010), there exist no single predetermined way for 

stimulating the use of higher order thinking skills in all students. A limitation of this 

study might therefore be that the reaction of the teacher was not coded on 

contingency (Van de Pol et al., 2011). That is, it was not coded whether the teacher’s 

support was adapted to the current level of functioning of the students. Given the 

current level of functioning of the students, the teacher should determine which 

reaction is likely to support students to proceed to a higher level of functioning. This 

means that what is termed non-optimal on the basis of general attractor properties is 

in fact optimal in some specific classes. For instance, if a student is not capable of 

answering the question ‘How would you explain this?’ it might be the case that the 

question is out of the students ‘zone of proximal development’ (Vygotsky, 1986). This 

means that the teacher should adapt the next response towards the current level of 

the student (Steenbeek et al., 2012). After considering what the current level of the 

student is, a closed question or providing some information might cue the student 
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into the direction of formulating an explanation. A recommendation for future study is 

therefore to focus on the contingency of teacher behavior on students cognitive (Van 

de Pol, et al., 2011) and affective (Laevers, 2000; Porayska-Pomsta & Pain, 2004) 

behavior. 

Practical implications 

A recommendation for educational practitioners is to expand the intervention in two 

ways. First, the results showed that most classes showed destabilization during the 

intervention period and some during the post-measures. In addition, some classes 

stabilized at the end of the intervention and this was sustained during the post-

measures. The introduction of inter-colleague inter-vision or coaching (Bruining, 

Loeffen, Uytendaal, & De Koning, 2012), that help sustain the presence of high 

quality co-constructive teaching is therefore advised. The sustainability of particular 

attractors is considered to be linked to the entire structure of relationships between 

the components of a particular school.  

Second, some classes showed changes, but these changes did not emerge in 

stable attractors at post-measure. If a system has not yet stabilized into a new 

attractor, it seems likely that the system will be drawn back to the previously stable 

state. It might be that the intervention period was too short to yield sustained, stable 

changes. Several studies show that longer periods of intervention seem necessary to 

yield sustained behavioral change (e.g. Loucks-Horsley, 1996). Another 

consideration for future research is therefore to increase the idiosyncratic nature of 

the intervention and to prolong the intervention period if the system did not yet 

stabilize into a desired state. This can be done by closely monitoring the change 

processes of each system. 
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Children’s natural curiosity towards science and technology seems to strongly 

decline during the period of primary education (see Engel, 2009; Steenbeek & 

Uittenbogaard, 2009). Such a decline in interest is harmful as it may endanger the 

development of science and technology skills in children and reduce future career 

choices in science and technology. The introduction of science and technology 

education in elementary education is important to evoke students’ natural curiosity, 

for the development of positive attitudes, and increased understanding (Eshach & 

Fried, 2005). On a political level, this concern is reflected in the acknowledgment that 

science and technology should be a part of the curriculum from an early age on in 

order to be able to meet the demands of a rapidly, highly technological and science-

dominated society (Jorde & Dillon, 2013, p. 10). 

Several countries have invested in allocating science and technology as part 

of curriculum goals and have supported teachers by providing tools to teach science 

and technology education in an inspiring way. One such initiative is Curious Minds 

(Post, 2009; Van Benthem, Dijkgraaf, & De Lange, 2005). Curious Minds is a Dutch 

national research program focusing on children’s knowledge and skills in science, 

technology, engineering, and mathematics disciplines. The program aims at gaining 

insight into how children’s abilities in these fields can be optimally advanced making 

use of environmental factors such as teachers, parents and activities. The program 

aims at professionalizing science and technology education. The starting point is that 

each child is naturally curious in science and technology, and therefore potentially 

skilled in these fields, and that teachers play a crucial role in stimulating these skills. 

These skilled behaviors reveal themselves in questioning, exploring, critical thinking, 

reasoning and problem solving, which are common behaviors in young children as 

well as skills that are necessary to become a researcher. 

Within the Curious Minds program, the current study concentrated on gaining 

insight into the attitudes of teachers and upper grade students in regular elementary 

education. We aimed to study whether the Video Feedback Coaching program for 

upper grade teachers (VFCt) resulted in changes in attitudes towards teaching and 

learning science and technology. The VFCt was implemented in order to stimulate 

teachers to increase the quality level of students’ scientific understanding, 

spontaneity, exploration and initiative (Appendix C). One of the aims of the VFCt 

intervention was to diminish teachers’ negative concerns by helping them to see – by 

means of their own videotaped lessons – that they have, or can develop capabilities 

to teach science and technology in such a way that it improves students’ scientific 

understanding and students’ motivation to learn science. The question of the present 

study is: to what extent do teachers and students change in their attitudes towards 

science and technology under influence of the VFCt and how does this compare to 

eventual changes in the control condition?  

Teachers’ attitudes towards teaching science and technology 

Attitudes towards science and technology teaching influence teacher’s participation, 

thinking and achievement (Alexander & Winne, 2012; Hong & Lin, 2013). Several 

studies show the challenges teachers experience when they teach science, or when 
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they reflect on the possibility of starting to do so (Van Aalderen-Smeets, Walma van 

der Molen, & Asma, 2012; Wetzels, Steenbeek, & Van Geert, 2015). Most teachers 

find science and technology difficult, as they experience it as being far removed from 

their knowledge and skills. A common teaching strategy is using teacher- and 

textbook-dominated instruction, while students experience inquiry-based learning as 

more interesting (Furtak, Seidel, Iverson, & Brigg, 2012; Gibson, 1998; Guthrie, 

Wigfield, & VonSecker, 2000) and this approach yields improved attitudes towards 

science and increases in students’ achievement (Parker & Gerber, 2000). Hence, as 

inquiry-based learning is hardly taught in elementary education (De Vries, Van 

Keulen, Peters, & Walma van der Molen, 2011), negative attitudes about science and 

competencies for this field are rigid.  

Teachers’ attitude towards teaching science highly contributes to teachers’ 

intention to use inquiry-based teaching methods (Haney, Czerniak, & Lumpe, 1996; 

Van Aalderen-Smeets et al., 2013) and is considered to be predictive of their 

classroom practices (Haney, Lumpe, Czerniak, & Egan, 2002; Van Aalderen-Smeets 

& Walma van der Molen, 2015). Van Aalderen-Smeets and colleagues (2012) state 

that the behavioural intention, i.e. the extent to which a person is willing to try to 

perform certain behaviour, is the direct outcome of cognitive and affective attitude 

and the feelings of perceived control. Teachers who feel more capable seem more 

willing to provide science and technology education (Van Aalderen-Smeets & Walma 

van der Molen, 2013) and capable teachers are better equipped to stimulate scientific 

reasoning skills of students (Davies, 2000). Improvement in feelings of perceived 

control and affect are related to longer periods of science related teaching in the 

classroom (Van Aalderen-Smeets & Walma van der Molen, 2015). 

How does attitude, for instance teacher’s attitude towards science and 

technology develop? Attitude develops from daily activities and is constructed in 

interaction with the context. We follow the theoretical explanation of De Ruiter, Van 

Geert, and Kunnen (submitted) about three nested levels of self-esteem. In terms of 

its developmental mechanisms, attitude as described in the current chapter is similar 

to self-esteem. Self-esteem trait is the macro level, which is bi-directionally 

connected with the meso-level of state self-esteem, and this meso-level is 

bidirectional connected to the micro-level of self-experiences. For the present study, 

attitude (i.e. macro level) self-organizes out of iterations of the real-time experiences 

(i.e. micro level). We hypothesize that by actively perturbing the teacher-students 

interactions (at the micro level) towards more positive interactions during science and 

technology education, and in particular by increasing teaching quality, changes in 

teacher’s attitude can be established.  

An intervention that effectively increases the quality of teaching science and 

technology is expected to yield positive change in teachers’ attitudes (hypothesis 1). 

We expect no change in the control condition, as no intervention is taking place, and 

as a result no change in teacher behavior is expected. 
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Students’ attitudes towards learning science and technology 

In Dutch elementary education, students spent on average 3 % of their time on 

science and technology related subjects (Verkenningscommissie W&T PO, 2013). 

This percentage should at least be doubled to be able to prepare students to become 

capable 21st century citizens. Especially because the rapid changes in society 

demand a highly educated workforce consisting of people who are capable of critical 

thinking, creative problem solving and are curious about the world and possibilities to 

develop (Van Graft, Tank, & Beker, 2014). However, if students are not familiarized 

with skills necessary for science and technology, their ideas about what professionals 

in this workforce should have in terms of skills, attitudes and knowledge, will not be in 

line with what is expected from 21st-century professionals. Students’ attitude towards 

science and technology is important as a positive attitude might inspire students to 

progress in this field of work.  

 Several studies show that young students have positive attitudes toward 

science, but this positive attitude decreases and a negative attitude increases toward 

secondary education (Bae et al., 2000; Hong & Lin, 2013; Reid & Skryabina, 2003; 

Sorge, 2007). Young students state for instance, that they like science, find it an 

interesting course, and that it is useful in everyday life. Especially around the 

transition between elementary and secondary education, a shift concerning interest 

in science and technology appears (Murphy & Beggs, 2005). More specifically, 

although in general students have a positive attitude towards science, between the 

age 10 and 11 a significant drop takes place in their interest and enjoyment towards 

science and technology and between 11 and 12 in science attitude (Sorge, 2007).  

Repeated positive experience with science and technology might fuel a more 

positive attitude. Both Guthrie and colleagues (2000) and Parker and Gerber (2000) 

state that real-world interaction in the form of hands-on experiences makes an 

important contribution to the emergence of a positive attitude towards science and 

technology, and in addition supports the students’ competence and autonomy in 

these fields. Parker and Gerber (2000) for instance found that a 5 week academic 

enrichment program, i.e. using inquiry-based teaching in which students learn best 

by manipulation of materials and engagement in inquiries that are interesting and 

meaningful to them, was able to increase positive attitudes towards science. Post 

and Walma van der Molen (2014), however, did not find a positive change in 

attitudes after a single visit.  

As stated above, an intervention that effectively increases the quality of 

teaching science and technology is expected to yield positive change in teachers’ 

attitudes. As teachers’ attitude is reflected upon their own behavior (Van Aalderen-

Smeets & Walma van der Molen, 2013) we reason that teachers will model a more 

positive attitude toward their students. This means that it is expected that teachers’ 

attitude is also reflected on their students’ behavior (Jarvis & Pell, 2004). Therefore, 

we expect that through modeling (Bandura, 1971) and increased (positive) 

experiences a more positive student attitude will be found (hypothesis 2). Again, we 

expect no change in the control condition, as no intervention is taking place, and as a 

result no change in teacher and student behavior is expected. 
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METHOD 

Participants 

531 (NVFCt = 270; NControl = 261) students and 23 teachers (NVFCt = 11; NControl = 12) 

from grade 4 to 6 of elementary education participated in this study. Four teachers of 

the intervention condition and three of the control condition only filled out the 

questionnaire during either pre measure or post-measure and were therefore 

excluded for analysis. The average age of the remaining 7 teachers in the 

intervention condition was 39.6 (range 23-54), with an average teaching experience 

of 13 years (range 1 – 32). The 270 students had an average age of 10.7 (range 8.4 

– 13.2; 51% boys). The 9 teachers in the control condition were comparable to the 

teachers in the intervention condition on the basis of age (M = 37 years; range 24 – 

54), teaching experience (M = 13 years; range 1 – 30), and the grades they taught 

(see table 1). In the control condition, the 261 students’ average age was 10.6 (range 

7.3 – 13.2; 53% boys). All participants were volunteers, who had a personal goal with 

regard to improving their science and technology education.  

Each teacher in the intervention condition was observed during eight science 

and technology lessons, within a period of approximately three to four months. The 

first two lessons were pre-intervention lessons. Next, the intervention, as described in 

5.2.2.1, was implemented. The final two lessons were post intervention and were 

videotaped approximately two months after the last video feedback coaching 

session. 

The control condition teachers were observed during four science and 

technology lessons that were taught as usual. The teachers taught two lessons at the 

beginning of the trajectory, termed as premeasures, and two lessons approximately 

2.5 months later, termed as post-measures. The teachers were not given any 

teaching instructions in the period between the premeasures and post-measures. 

This means that they were free to choose whether or not they continued to provide 

science and technology lessons. Therefore, this condition was considered 

representative of teaching-as-usual practices.      

Procedure 

A quasi-experimental pretest–posttest control condition design was used for the 

study to investigate the effects of the intervention in their natural context.  

Teachers and students from both the intervention condition and control 

condition completed the same paper-and-pencil questionnaires just before the 

premeasure and post-measure in order to be able to grasp changes in teachers’ and 

students’ science and technology attitudes. We contacted the teachers and all 

teachers agreed to personally supervise the administration of the questionnaires by 

the students in their classes, this was decided to reduce the demands on the classes 

as much as possible. Teachers received the questionnaires via surface mail 

approximately 2 weeks before the researcher visited the school. The questionnaires 

were accompanied by a letter specifying how to fill out the questionnaires, for 

instance by stressing that each student had to fill it out individually and that there 
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were no right or wrong answers. If a student did not understand a particular item, the 

teacher was allowed to help the student individually.  

Rationale for the teaching intervention 

The Video Feedback Coaching program for upper grade teachers is a 

professionalization program designed to support teachers in improving the quality of 

science and technology education in their classroom. It was developed to stimulate 

change in teacher-students interactions, i.e. changing the discourse from mostly 

teacher-centered into inquiry-based teaching (Wetzels et al., 2016). By doing so, 

teachers enhance the quality of students’ scientific understanding by establishing a 

series of teachable science moments (Bentley, 1995; Hyun & Marshall, 2003). The 

way teachers interact with students was regarded as a key to quality of the lessons. 

The intervention contained the following evidence-based key elements (Appendix C): 

(1) improving teachers’ knowledge about teaching science and scientific skills, (2) 

establishing behavioral change by improving teachers’ instructional skills by means 

of (a) VFCt and (b) articulating personal learning goals.  

The intervention consisted of an educational session between the coach and 

the teacher of approximately 2 hours after which the teacher formulated a learning 

goal. This learning goal was explicitly aimed at the teacher’s skill with regard to 

providing effective and interesting science and technology lessons. Next 4 science 

and technology lessons were filmed and critically reflected upon by means of video 

feedback coaching. During these individual coaching sessions, immediately after 

each lesson, micro moments were selected from the recorded lesson and discussed. 

These fragments were used to prompt teachers to become aware of their own 

pedagogical-didactical strategies: i.e. asking the right questions, giving students time 

to think, respond and argument and experience what type of instruction suits the 

topic/students best. Each professionalization training was based on the same 

evidence-based pedagogical-didactical practices, while at the same time a highly 

idiosyncratic approach was adopted to be able to support teachers in their personal 

learning goals. For an elaborate description, see appendix C.  

Measures and variables 

At the first page of the questionnaire, teachers were asked to provide information 

about their age, gender, and teaching experience. Students were asked to provide 

information about age, gender, and grade.  

Teachers 

To assess teacher’s attitudes towards teaching science and technology, a validated 

attitude scale was used (Van Aalderen-Smeets & Walma van der Molen, 2013). This 

questionnaire consisted of 28 items using a 5-point-likert scale ranging from strongly 

disagree to strongly agree. The teacher questionnaire items were grouped into three 

dimensions: cognition, affect and perceived control. Cognition was composed of 

three sub dimensions: 1. Difficulty, representing teacher’s general beliefs about the 

difficulty of teaching science and technology (‘I think that most teachers believe that 

teaching science is more difficult than teaching other subjects’); 2. Relevance of 
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teaching science, referring to the extent to which the teacher finds it important and 

relevant to teach science for students’ development; and 3. Gender-stereotypical 

beliefs regarding teaching science, referring to gender-related beliefs such as 

perceived differences between boys and girls in science. The second dimension, 

affect, concerned items encompassing positive (Enjoyment in teaching science) and 

negative feelings and emotions (Anxiety in teaching science) related to teaching 

science and technology (‘I am nervous while teaching science’). The last dimension, 

perceived control dimension consisted of statements concerning: 1. Self-efficacy, 

referring to their own capabilities in teaching (‘I think I am capable of answering 

student’s questions appropriately’); and 2. Context dependency, referring to feelings 

of being dependent of contextual factors (‘For me, the availability of a science 

teaching method is decisive for whether or not I will teach science in class’). Each 

sub dimension was measured with a set of statements. Weighted sum-scores for 

each dimension were constructed.  

Students 

To determine students’ attitudes towards science and technology, a science attitude 

scale developed and validated by Walma van der Molen (2007) was used.6 The test 

included 46 items using a 4-point-likert scale, ranging from ‘strongly disagree’ to 

‘strongly agree’. Half of the items specifically concerned students’ attitudes towards 

technology, while the other half focused on attitudes towards science. The items of 

both the technology and the science attitude scale were grouped into three 

underlying dimensions of attitude: cognition, affect and behavior (Post & Walma van 

der Molen, 2014). Cognition was composed of three sub dimensions: 1. Difficulty, 

referring to the extent students find the subject of science and technology difficult; 2. 

Relevance, referring to the students’ view on the relevance for science and 

technology for society and the effects of it on economic welfare; and 3. Gender 

beliefs, measuring the stereotypical views that students hold regarding gender 

differences in the context of science and technology. The second dimension, affect, 

comprised items regarding the extent to which students enjoy to engage in science 

and technology related activities. The last dimension, behavior, was intended to 

measure the extent to which students aspire a technology-or science-oriented career 

in the future. As with the teacher questionnaire, each dimension consisted of several 

items. Weighted sum-scores for each dimension were constructed by averaging a 

student’s score on each set of items that defined the attitude dimension. 

 

 

 

                                            
6
 Note that although the teacher questionnaire and student questionnaire both focus on attitudes 

towards science and technology they do not measure similar constructs. The student questionnaire 
focuses on beliefs, thoughts and/or feelings towards science and technology in general, not specific to 
the lessons of the VFCt, while the teacher questionnaire takes into account specific behaviors about 
teaching science.  
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Data analysis 

Teachers: Premeasure and post-measure 

As the collected data of the teachers consisted of a small group of participants a non-

parametric test, i.e. Monte Carlo analysis, was used to test differences in teachers’ 

reports at premeasure and post-measure (Hood, 2004). To assess whether teachers 

in both conditions started with a similar attitude we first focused on the premeasure. 

First, the average score per condition per dimension was calculated. Next, the 

difference between conditions was calculated and tested against the difference of 

randomly shuffled scores. The null hypothesis was that no difference between the 

intervention and control condition could be found. After each shuffle the average of 

each condition was calculated. The random shuffling was permutated 10,000 times. 

The p value indicates the probability of finding the empirically found difference in the 

shuffled data. Second, a similar procedure was followed to assess the change within 

conditions, in that the null hypothesis was that no difference between premeasure 

and post-measure existed. The scores of the premeasure and post-measure per 

condition were randomly shuffled and the empirically found difference was tested 

against the shuffled data. The test-statistic is supplemented with a practical 

significance score (Sullivan & Feinn, 2012), namely the effect size Cohens d. 

Following Sullivan and Feinn, an effect size of .2 is considered small, .5 medium, .8 

large and 1.3 or higher very large. A p < .05 and d > .8 is convincing evidence of 

differences between the measurements; p < .1 and d = .5 to .8 is less convincing 

evidence; p > .1 and d < .5 is unconvincing evidence, providing no support for 

differences between the measurements.  

In addition, a profile pattern of teacher attitudes will be obtained by plotting 

data of sub dimensions from the same dimension. This will serve as an extension of 

the above described analysis of the seven attitude dimensions. In order to gain 

insight into individual differences, a visual representation will be used to provide a 

description of the attitude profiles pre and post intervention. Following Van Aalderen-

Smeets and Walma van der Molen (2013), a scatterplot was made of enjoyment and 

anxiety (affect dimension) and from self-efficacy and context dependency (perceived 

control dimension). Four quadrants represent how likely it is that teachers will teach 

science now and in the future, i.e. high potentials, promising, reluctant, and 

indifferent. High potentials referred to those teachers who report only positive 

feelings toward teaching science and those who do not experience anxiety when 

doing so. These teachers feel they are in control of their science teaching. The 

promising group referred to those teachers that enjoy teaching while at the same 

time feeling anxious about it. The third quadrant referred to teachers who do not 

report to enjoy science teaching and who feel anxious to teach science. The 

indifferent group referred to teachers whose answers show that they are indifferent 

and disinterested about teaching science.  
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Students: Premeasure and post-measure 

Data obtained via the student questionnaires were analyzed using SPSS 22.00. To 

investigate the effects of the intervention on students’ attitudes toward science and 

technology, a 2 (control vs. intervention condition) x 2 (pre measure vs. post-

measure) x 5 (relevance vs. difficulty vs. gender beliefs vs. affect vs. behavior) 

repeated measures MANOVA was conducted with condition as between-subjects 

factor, time as a within-subjects factor, and the five attitude dimensions as 

multivariate dependent variables. The paired-sample t-test was conducted to study 

whether there were any significant differences between premeasure and post-

measure score for each dimension. 

RESULTS 

Teachers’ attitude towards science and technology teaching 

Premeasure between conditions 

To assess whether the teachers’ attitude in both conditions could be compared we 

first examined whether teachers in the intervention condition were similar to those in 

the control condition. 

Cognition: The Monte Carlo analyses showed that the probability that the 

difference found between conditions on Relevance was purely based on chance is 

rather low (MVFCt = 4.18, SD = .54 vs. Mcontrol = 3.8, SD =.69, p < .05, d = .57). No 

differences were found between the conditions at premeasure on Difficulty and 

Gender (MVFCt = 3.5, SD = 1.02 vs. Mcontrol = 3.56, SD = .69, p = .47, d = .06; MVFCt = 

2.5, SD = 1.26 vs. Mcontrol = 2.24, SD = .98, p = .17, d = .22). 

Affect: No differences were found between the conditions at premeasure on 

the affect scale (Enjoyment: MVFCt = 4, SD = 1.06 vs. Mcontrol = 3.57, SD = .70, p = 

.07, d = .46; Anxiety: MVFCt = 2.38, SD = 1.18 vs. Mcontrol = 2.46, SD = .85, p =.41, d = 

.08).  

Perceived control: The analysis showed that the probability that the 

differences found between conditions on Context Dependency was purely based on 

chance is rather low (MVFCt = 3.04, SD = .86 vs. Mcontrol = 2.56, SD = 1.01, p = .05, d 

= .50). No difference was found between the conditions at premeasure on Self-

Efficacy (MVFCt = 2.78, SD = .95 vs. Mcontrol = 2.96, SD = 1.20, p =.25, d = .17). 

This indicates that teachers in the intervention condition felt on average, more 

than teachers in the control condition, dependent on contexts factors and report to 

value science and technology as more important for students’ development. Given 

the effect sizes these differences are considerable. 

Premeasure and post-measure within conditions 

Next, we examined whether the teachers in the intervention condition changed in 

their attitude from premeasure to post-measure (see Fig. 5.1).  

Cognition: The evidence for a differences from premeasure to post-measure is 

unconvincing (Difficulty: p = .09, d = .33; Relevance: p = .17, d = .25; Gender: p = 

.44, d = .03). 
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Affect: The evidence that teachers scored at post-measure different on 

Enjoyment and Anxiety in teaching science is considered relatively convincing (p < 

.05, d = .54; p < .05, d = .54). 

Perceived control: The evidence that teachers scored at post-measure 

different on Self-Efficacy and Context Dependency is considered convincing (p < .01, 

d = 1.00; p < .05, d = .60). 

This indicates that teachers experienced more positive feelings and less 

negative feelings while teaching science and technology after the intervention. 

Teachers further reported that they felt more capable of teaching science and 

technology and felt less dependent of contextual factors at post-measure. Given the 

effect sizes these differences are considered considerable to large. 

Furthermore, we examined whether the teachers in the control condition remained 

the same in their attitude from premeasure to post-measure.  

Cognition: No differences were found from premeasure to post-measure on 

the cognitive dimension (Difficulty: p = .09, d = .3; Relevance: p = .32, d = .13; 

Gender: p = .24, d = .18). 

Affect: No differences were found from premeasure to post-measure on 

Enjoyment and Anxiety in teaching science (p = .26, d = .25; p = .06, d = .37). 

Perceived control: No differences were found from premeasure to post-

measure on Self-Efficacy and Context Dependency (p = .51, d = .00; p = .17, d = 

.30). 
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Figure 5.1 Average per scale (5 point Likert scale) of teachers’ attitude questionnaires as measured 

at premeasure and post-measure. * The evidence of a meaningful difference between premeasure 
and post-measure is considerable with a p < .05 and d > .5 
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To summarize, for the intervention condition an expected change was found in four 

out of seven sub dimensions (see Fig. 5.1). These changes were in the perceived 

control and the affect dimension. Given the effect sizes this is a considerable effect. 

For the control condition no change was found in the dimensions. Therefore, 

hypothesis 1 is partly accepted. Hypothesis 1 is partly accepted, because no change 

was found in the cognition dimension.  

Profile patterns of individual teachers 

The scores on two related sub dimensions of each individual teacher are plotted in a 

grid (Fig. 5.2 and 5.3). The focus is on the dimensions were a change over time was 

found. For each dimension a short description will be provided over the group of 

teachers followed by a short description of teacher’s attitude per condition. 

Figure 5.2 depicts the affect dimension. In general, at premeasure most 

teachers in the control (circles) as well as in the intervention condition (diamonds) are 

in the promising quadrant which means that teachers view teaching science and 

technology as a challenge. At post-measure a shift towards the high potential 

quadrant appears. This means that most teachers view science and technology as 

enjoyable and hardly perceive teaching science and technology with feelings of 

anxiety.  

Next, the focus will be on teachers in the intervention condition. At premeasure 

the inter-individual variability seems high among teachers. Some view science and 

technology teaching as enjoyable (high potentials), some view it as challenging 

(promising), and some appear reluctant to teach science. At post-measure all 

teachers view science and technology teaching rather similarly, i.e. all being labeled 

as high potentials.  

Teachers in the control condition view science and technology teaching as 

challenging or feel reluctant to teach science and technology at premeasure. At post-

measure, most of the teachers are labelled as being high potentials and one third of 

the teachers are on the edge of being labeled as high potentials. 

 

 

 

 

 

 

 

1

2

3

4

5

1 2 3 4 5

M
e

a
n

 s
c
o

re
 o

n
 s

u
b

s
c
a

le
 A

n
x
ie

ty
 

Mean score on subscale Enjoyment 

Premeasure 

Reluctant 

Indifferent 

Promising 

High potentials 

1

2

3

4

5

1 2 3 4 5

M
e

a
n

 s
c
o

re
 o

n
 s

u
b

s
c
a

le
 A

n
x
ie

ty
 

Mean score on subscale Enjoyment 

Post-measure 

Reluctant 

Indifferent 

Promising 

High potentials 

Figure 5.2 Profile patterns of individual teachers on the affect dimension. The diamonds represent the 

intervention condition, circles represent the control condition 
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Figure 5.3 depicts the two related sub dimensions of each individual teacher for the 

perceived control dimension. In general, the views of the teachers at premeasure 

seem rather randomly scattered around the grid mainly occurring as high potentials, 

reluctant and indifferent. At post-measure these inter-individual differences remain, in 

that these quadrants are still prevalent.     

For the intervention condition three teachers of the intervention condition 

report feelings of reluctance to teach science and technology at premeasure, two 

appear as indifferent, one as promising and one teacher feels self-efficacious to 

teach science and technology (high potentials). At post-measure most intervention 

teachers could be labelled as high potentials. However, individual differences were 

found in that some teachers still showed feelings of reluctance to teach science and 

technology.  

Teachers in the control condition showed similar individual differences at 

premeasure. Some reported feeling dependent on context factors in combination with 

low feelings of self-efficacy (reluctant). Others reported a lack of perceived control 

(indifferent). A last group of teachers felt in control and did not feel dependent on 

context (high potentials). At post-measure, these individual differences remained in 

that teacher’s view again appeared in three quadrants.   

Students’ attitude towards science and technology  

Initial data checks, using repeated measure MANOVAs, showed that there were no 

differences between students from different grade levels on the attitude variables.  

Tests of within-subjects effects showed a main effect of time for technology (F(1, 

216) = 4.25, p = .04, ŋ = .2) and science (F(1, 211) = 12.9, p < .01). The analysis did 

not show, however, an interaction effect between time and condition (p = .74; p = 

.79). Thus, irrespective of condition, across all dimensions, students scored 

somewhat higher on the pretest than on the posttest. However, further analysis 
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Figure 5.3 Profile patterns of individual teachers on the perceived control dimension. The diamonds 

represent the intervention condition, circles represent the control condition 
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indicated that the effect of time only occurred in the case of some attitude 

dimensions.  

Cognition: With regard to Gender beliefs, a paired sample test showed that 

students scored higher on the pretest (M = 2.31, SD = .93) than on the posttest (M = 

2.09, SD = .84), p = .001 for technology and science (Mpre = 1.91, SD = .9 vs. Mpost = 

1.79, SD = .89, p < .01). Students scored higher on Difficulty at pretest than on 

posttest regarding the science items (Mpre = 2.05, SD = .66 vs. Mpost = 1.84, SD = .66, 

p < .01), but not for technology (Mpre = 1.75, SD = .51 vs. Mpost = 1.77, SD = .52; p = 

.64). No statistically significant effects of time were found for Relevance towards 

technology or science (resp.: Mpre = 2.71, SD = .54 vs. Mpost = 2.74, SD = .56, p = 

.42; Mpre = 2.87, SD = .57 vs. Mpost = 2.83, SD = .61, p = .25)  

Affect: In the case of the affective dimension, students displayed higher scores 

at the time of the pretest in comparison to the posttest on the technology and science 

dimensions (resp.: M = 3.07, SD = .46 vs. M = 3.00, SD = .46, p = .02; M = 3.04, SD 

= .62 vs. M = 2.97, SD = .62, p = .04).  

Behavior: For technology, students scored higher on the pretest (M = 2.23, SD 

= .9) than on the posttest (M = 2.11, SD = .8), p = .01, while no statistically significant 

effect of time was found for the attitude dimension of Behavior towards science (Mpre 

= 1.91, SD = .79 vs. Mpost = 1.94, SD = .76, p = .46). 

To summarize, hypothesis 2 is rejected as no difference was found between the 

intervention and control condition in neither the technology nor the science scale. 

However, there was an effect of time. For both conditions the findings indicate that 

students think that science is less difficult at post-measure, and they report less 

gender stereotypical beliefs at post-measure compared to premeasure for both 

technology and science. For the affective domain the significant findings indicate that 

the students experience science and technology related activities less positive at the 

time of the post-measure. The behavioral dimension shows that students report to be 

less willing to pursue a technology related activity at post-measure.   

CONCLUSION AND DISCUSSION 

The aim of the current study was to examine the effect of the VFCt on teachers’ and 

students’ attitudes towards science and technology. First, the results that confirmed 

our hypothesis will be discussed, followed by the results that were contrary to our 

expectations.   

Conclusions 

Teacher attitude: In line with our expectation, the results of the questionnaire 

indicated an intervention effect – with medium to large effect sizes – on teachers’ 

attitudes towards teaching science and technology. Teachers who participated in the 

intervention reported to feel more in control and experienced more positive feelings, 

while feeling less stressed and nervous during teaching science and technology at 

post-measure compared to premeasure reports. For the control condition no change 

was found. Feelings of control combined with feelings of competence are considered 

essential to maintain intrinsic motivation for optimal functioning and is as well 
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considered important for personal well-being (Ryan & Deci, 2000). The more positive 

feelings are towards teaching science and the higher the feelings of control, the more 

likely it will be that teachers continue teaching science and technology (Van 

Aalderen-Smeets & Walma van der Molen, 2013). In addition, the profile patterns of 

teachers’ scores on perceived control and affect made variability between teachers 

and within teachers visible. The plot of the affect dimension showed that all teachers 

seem to become more positive towards teaching science and technology, while the 

rather scattered pattern in the perceived control grid underlines the idiosyncratic 

nature of change. These dimensions of attitude seem to follow a different pathway of 

change. Individual variability can be seen as a phenomenon of interest when 

studying differences in behavior (Van Geert & Van Dijk, 2002) and can be used to 

improve professionalization interventions tailored to individual needs.  

Contrary to our expectation, no effect was found for the cognition dimension. 

The lack of effect for this dimension could reflect a ceiling effect. The mean pretest 

scores in the intervention condition, on ‘importance for future’ was M = 4.17 (on a 

scale from 1 to 5) and in the control condition M = 3.8 are already rather high, which 

might constrain improvement. Another explanation might be found in the 

characteristics of the study. The VFCt aimed at improving teachers’ behavior. 

Teachers’ feelings about teaching science and technology and their feelings 

regarding contextual factors (resp. affect and perceived control) might be more 

directly reflected in their actions, while teachers’ thoughts and perception are less 

directly linked to their behavior and therefore more rigid. We conclude that actively 

changing practices can result in attitudinal changes as captured by the questionnaire 

used in this study.       

Student attitude: Contrary to our expectations no intervention effect was found 

for students’ attitude towards science and technology. This finding is in line with 

Walma van der Molen (2007), who found a negative change in attitude after company 

visits and in line with Simsek and Kapabinar (2010) who implemented an inquiry-

based teaching intervention. We speculate that the negative effect of time on 

student’s attitudes is a reflection of the general tendency of decreasing positive 

attitudes, as described above. An explanation for no change might be that a short 

intervention study might not have a large enough impact to change students’ attitude, 

as attitudes are usually hard to change (Niederhauser, Salam, & Field, 1999). In 

addition, we speculate that especially in students who are not used to checking their 

own reflections about their own behavior, the connection between attitude reports on 

the one hand and reflection of attitudes in their commitment, enjoyment and so on 

with regard to particular activities, is still very weak. There might be a difference 

between decontextualized reported attitudes, i.e. attitudes that are the subject of 

explicit and decontextualized reflection, and attitudes that are expressed in the form 

of real behavior, real commitment, real effort and so forth during contextualized 

activities (see also Haney et al., 2002). There is more to attitudes than what people 

report about them, and maybe the most important indicator of attitudes is the actual 

behavior of people, in this particular case of students, whose enthusiasm, 

commitment to tasks and so forth changed during the intervention. So maybe an 
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intrinsic weakness of studying attitudes by means of questionnaire reports, especially 

studying young students, is that questionnaires reflect reported attitudes, which might 

be quite different from the actual drives and motivation towards particular subjects, 

such as science. Results of previous studies showed that students did show changes 

in their classroom behavior in terms of increased active cognitive participation 

(chapter 3 and 4). Future research should help us understand how reported attitudes 

reflect contextualized (indicators of) attitudes.  

However, Parker and Gerber (2000) showed an attitudinal change after 5 

weeks. The difference might be found in that these students followed a two hour 

lesson twice a week, i.e. an intensive course taught by an expert science teacher. In 

addition, the inquiry-based lessons were complemented with some unique features 

showing how the science concepts were important to local businesses. The 

relevance of the topics was thus made explicit to those students. In addition, the 

teacher in Parker and Gerber’s study seemed specialized in teaching science 

courses. It might therefore be that the teacher modelled a more positive attitude 

towards students from the start. Both elements might have contributed to the 

difference in findings. An explanation might therefore be that the students in the 

current study were not aware how the science and technology lessons were related 

to the more general questionnaire items. The findings show that an intervention 

specifically focused at changing interactions in the classroom does not yield changes 

in students’ domain general attitudes towards science and technology.  

Future research  

The results of this study demand further research to understand why results of 

teachers’ and students’ attitudes were not in line. The question is whether the 

findings of this study adequately reflect behavior in real-time settings, for instance did 

students’ behavior during the science and technology lessons remain the same 

during the intervention? If not, this might indicate that the effectiveness of the 

intervention on attitude was assessed on a too general level to address actual 

dynamic change or that the timescale to assess change in attitude was too short. In 

addition, future study is recommended to study whether teacher’s attitudinal change 

is visible in their behavior. The assumption that a change in teacher’s attitude would 

cohere with a change in students’ attitude was not confirmed. The results showed 

that the teacher’s attitudinal change is convincing. We therefore speculate that 

teachers did not show their attitudinal change in their behavior towards students. 

Future study might provide insight into whether teachers started modelling different 

attitudes during the actual science and technology lessons and how this coheres with 

behavioral changes of students.  

In general, for future research we propose that in order to gain a better 

understanding of the effect of interventions it is important to assess micro-level 

changes. In other words, we stress the importance of taking the starting point of 

development and change into account when assessing educational interventions: 

teacher-student interaction as the building blocks of learning. Iterations of real-time 

interactions between teacher and students are the engine of behavioral and 
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attitudinal change. In addition, interaction patterns are an accurate reflection of the 

quality of teaching in the classroom (Barber & Mourshed, 2007) and might therefore 

more closely reflect effects of interventions. The interplay of results using different 

perspectives (questionnaires and observational data) yield insight into how and why 

an intervention is effective for which individuals (Boelhouwer, 2013). The combination 

of results supports the optimization of professionalization interventions.  

Limitations 

One issue concerns the difference between teachers in the intervention and control 

condition at the start of the intervention. Pre intervention, teachers in the intervention 

condition indicated a higher value of the importance of science and technology for 

the future of students’ development compared to control teachers, while teachers in 

the control condition felt less dependent on context factors compared to intervention 

teachers. This might reflect a difference in intrinsic motivation to change practice; 

teachers in the intervention condition think that science and technology education is 

more important for students, but do not feel capable enough to teach science and 

technology and are therefore motivated to participate in the intervention. We 

speculate that teachers in the intervention condition were highly motivated as all of 

them volunteered to participate in an intervention in which they formulated their own 

goals for change, whereas we do not have information about how motivated those in 

the control condition eventually were if they would have been given the chance to 

participate in the intervention. Intrinsic motivation is considered essential for 

establishing behavioral change (Ryan & Deci, 2000). We took the difference at the 

start of the intervention into consideration by assessing within group differences only. 

If the analyses were focused on between group differences a gain-index might have 

been useful to counteract initial differences (Cox, Reimer, Verezen, Smitsman, 

Vervloed, & Boonstra, 2009).   

In this study, the DAS (Dimensions of Attitude toward Science) instrument was 

mainly used as a tool to assess the changing attitude of the group of teachers, i.e. for 

purposes of scientific research. However, the profile pattern plot provides 

opportunities to characterize the attitude of teachers in a manner that is 

understandable and usable for teachers themselves, and might therefore be used 

beyond scientific research (Van Aalderen-Smeets & Walma van der Molen, 2013). 

The DAS might have been used for practical purposes, for instance as part of the 

VFCt to tailor the professionalization intervention further to the specific needs of an 

individual teacher. This might be relevant as the profile plots showed individual 

variability. Teachers in the reluctant quadrant might benefit more from general 

pedagogical-didactical strategies to be able to implement science and technology in 

their curriculum, while teachers in the high potential quadrant might benefit more 

from specific tools that enable them to increase the quality of the lessons.  

Lastly, as the main question of the current article concerned the change in 

attitudes over the course of the intervention, no attempt has been made to include 

the gender of the participants as a source of information. The finding that students 

hold less stereotypical thoughts after the intervention might be an indication of 
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experienced gender differences regarding science and technology. As gender 

differences are a hotly debated topic, especially in the field of science and technology 

(OECD, 2015), future study might show whether there are gender differences in 

students’ attitude and whether this is a gender effect in the change over the course of 

the intervention or whether this is a gender effect in the pattern of the attitudes.  

Practical implications 

Our finding that by focusing on teacher’s practice in the classroom a change in 

attitude can be triggered in a relatively short period might have wide-ranging practical 

meaning. That is, if teachers feel more capable to teach science and show enjoyment 

when teaching science, teachers are expected to continue teaching science and 

technology (Van Aalderen-Smeets et al., 2013). This is important as science and 

technology should be a part of the curriculum from an early age on (Jorde & Dillon, 

2013, p. 10) to prepare students for the demands of the 21st century. In addition, a 

more positive attitude of teachers is expected to model students’ future behaviors (in 

the long run). A more positive attitude for students is considered important for the 

development of science and technology skills in students and increase future career 

choices in science and technology. 

In order to improve the potential attitudinal effects of intervention studies, we 

conclude that it is important to make students aware of what belongs to science and 

technology and how their interest fits in there. A more explicit focus on students’ 

thoughts about science and technology might be beneficial. Teachers can support 

students by explicitly relating the science topic to daily practice or businesses, i.e. 

show the relevance of the newly acquired information. Teachers can do this by 

actively evoking students’ reflection during science and technology activities by 

helping them to connect their real-time experiences to outside of school experiences 

and by modelling their positive attitude towards science and technology.  
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Chapter 6 

Engagement in the classroom  

A case study to investigate the complex dynamics of students’ science 

learning and teacher ’s practice within a microgenetic perspective 

Sabine van Vondel, Nindy Brouwers, Henderien Steenbeek, Marijn van Dijk and  

Paul van Geert  
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Engaged students show better academic achievement in elementary school (see 

review Fredricks, Blumenfeld, & Paris, 2004). Students’ engagement becomes visible 

in, for instance, their display of on-task behavior and an active interest in learning 

experiences. Students become engaged in an activity when the activity meets their 

urge to explore as well as when the activity is in line with their level of functioning 

(Csikszentmihalyi, 1996). In science education a decline in interest is observed over 

the course of primary education (Engel, 2006; 2009; Murphy & Beggs, 2005). Such a 

decline is not only harmful to children in general, in that it hampers their ability to 

understand daily life in which science has pervaded almost all aspects, but it may 

also endanger the supply of future scientists and engineers. In the classroom context 

teachers are the most influential creators of challenging learning environments in 

which students’ engagement can be fostered and stimulated.  

In a previous study we argued that the level of scientific understanding that 

students display in science and technology lessons should be studied as a process in 

which both students and teachers actively participate to co-construct higher levels of 

scientific understanding (chapter 4). To be more specific, we have demonstrated that 

action-reaction patterns of most classes who participated in a Video Feedback 

Coaching program for teachers (VFCt) changed during the intervention from non-

optimal to optimal interaction patterns. The non-optimal interaction pattern consisted 

of the teacher primarily providing information and instruction, and students who rarely 

verbally displayed scientific understanding. The optimal interaction pattern consisted 

of the teacher mainly using encouragements and thought-provoking questions, and 

an increased display and complexity of students’ scientific understanding. However, 

this previous study considered only cognitive learning processes. Therefore, an 

important question that remained concerns the emergence of students’ engagement 

during these teaching-learning processes.  

The current study builds on the data from chapter 4 by focusing on students’ 

engagement. We aim to investigate the complex relation between students’ non-

cognitive (engagement) and cognitive (scientific understanding) progress and the role 

of the teacher in this learning process. A case study of a teacher who demonstrably 

profited from the VFCt and increased the quality of her teaching as defined by the 

coaching program will be used. This class is characteristic of those classes that 

changed their interaction patterns from non-optimal interaction towards a pattern in 

which the reciprocal influence took the form of optimal co-construction processes, i.e. 

more and longer students-teacher interactions on a more stimulating and complex 

level.  

Student engagement in science and technology learning 

Student engagement refers to ‘a student’s active involvement and participation in 

school-based activities, more concretely it entails students’ reactions to and 

interactions with the learning material as it is embedded in the physical, instructional 

and social environment’ (Boekaerts, 2016). This definition highlights the fact that 

there are different components in engaged behavior. Three types of engagement are 

usually distinguished: (1) behavioral engagement, (2) emotional engagement, and (3) 
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cognitive engagement (Fredricks et al., 2004). Behavioral engagement refers to 

student participation and involvement in learning or academic tasks in a narrow 

sense, and school-related activities in a broader sense. Examples are on-task 

behavior, participating in classroom interaction, positive conduct, and participation in 

extracurricular activities (Hughes, Luo, Kwok, & Loyd, 2008). Emotional engagement 

represents the positive and negative responses of students to others and school 

(Fredricks et al., 2004). Emotional engagement links to concepts such as attitudes, 

motivation, interest, identity, emotions, and values. Cognitive engagement refers to 

the investment and willingness to try hard and work thoughtfully in order to grasp 

ideas (Fredricks et al., 2004). This also includes capacities like managing and 

controlling effort on task by persisting or by suppressing distractions; so called self-

regulated learning.          

 Students’ learning processes are driven by a multitude of related and mutually 

influencing components (Dai & Sternberg, 2004). For instance, students who are 

highly engaged perform better, and students who perform better generally show 

more engaged behavior (Fredricks et al., 2004). However, engagement per se is not 

enough to result in cognitive gains (Lutz, Guthrie, & Davis, 2006). Curiosity might 

also be key, as it is often mentioned as an important engine of learning science 

(Engel, 2006; Loewenstein, 1994). Loewenstein (1994) states that curiosity is 

primarily state dependent and emerges when a person perceives an information gap. 

This means that students’ curiosity is triggered when there is a gap between what a 

student knows, and what a student wants to know. Curiosity is then the urge to 

search for knowledge in that particular situation. Students, however, often do not 

become aware of a gap in their knowledge on their own. Consequently, their 

enthusiasm for a topic might fade if they are not sufficiently assisted in discovering 

gaps or inconsistencies. For this reason, teachers can use students’ enthusiasm as a 

starting point to trigger their curiosity, for instance by providing inquiry-based 

activities, asking about hypotheses, as the violation of expectations often triggers a 

search for knowledge, or by posing questions that evoke students’ higher order 

thinking skills. Enthusiasm can therefore be viewed as the gateway through which, 

when responded to correctly, students are able to experience their curiosity to the 

fullest and gain access to deep-level learning (Bentley, 2005; Bryson & Hand, 2007). 

However, the key lies in how a teacher evokes these characteristics during science 

and technology activities to facilitate high-quality student learning. 

The picture that begins to emerge is that students’ performance results from a 

complex process in which several components of learning, e.g. cognitive and non-

cognitive, interact with one another (Dai & Sternberg, 2004; in sports – Den Hartigh, 

Gernigon, Van Yperen, Marin, & Van Geert, 2014; in music – Küpers, Van Dijk, 

McPherson, & Van Geert, 2014; in education in general – Pennings, Van Tartwijk, 

Wubbels, Claessens, Van der Want, & Brekelmans, 2014; and in professional 

development – Wetzels, Steenbeek, & Van Geert, 2016). Taking a complex dynamic 

systems perspective, students’ learning is conceived of as a socially situated, 

transactional process (Fogel, 2009; Kumpulainen, Hmelo-Silver, & Cesar, 2009; 

Murphy, 2007; Sorsana, 2008) in which non-cognitive, cognitive, and contextual 
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factors are dynamically intertwined in real-time. Using the complex dynamic systems 

theory is a way to study how learning occurs in interaction with the material and 

social context by focusing on those processes during real-time and frequent 

observations, i.e. during actual lessons (Granott & Parziale, 2002; Van Geert, 1994; 

Van Geert & Fischer, 2009). In order to understand the dynamics of a complex 

system, such as the mutual causality between students’ engagement and 

performance, the assessment should focus on the dynamic character of learning; i.e. 

on the reciprocity of how a student’s learning emerges in interaction with the context 

(see Steenbeek & Van Geert, 2013; Wetzels, Steenbeek, & Van Geert, 2016). 

Nevertheless, engagement measures are rarely related to specific tasks and 

situations and different levels of engagement are rarely captured (Boekaerts, 2016). 

As a consequence, it is difficult to determine to what extent engagement is a direct 

function of varying contextual factors (Fredricks et al., 2004). Engagement fluctuates 

from moment to moment in interaction with the context (Fredricks et al., 2004). 

Hence, we need repeated measurements of situational, micro-level engagement to 

gain insight into the determinants of student engagement and how they relate to 

students’ cognitive gains. Engagement can be expressed in emotions and 

exploratory behavior during actual activities within an interactive context. By focusing 

on what happens in real-time insight can be gained into how learning processes build 

up over time (e.g. Steenbeek et al., 2012). During learning, patterns of interaction are 

an important means to get a grip on the adaptive cyclical phases of learning, and 

thus provide insight into how learning processes develop over time; i.e. gain insight 

into the interactions between events on various timescales.   

However, engagement is often studied as a global (macroscopic) property, 

using survey data. In these cases, engagement refers to school engagement in 

general; comprising attitudes towards several subjects of study, and interactive 

relationships within an educational setting (macro-level; Appleton, Christenson, Kim, 

& Reschly, 2006). This is often seen as a general tendency to respond in a particular 

way based on, for instance, goal orientations and evaluations regarding school-

related activities. In addition, engagement can refer to attitudes towards specific 

courses (within the school system); for example attitudes towards a science and 

technology course (meso-level; Post & Walma van der Molen, 2014). The three 

levels are interdependent and interact reciprocally (as is argued for in e.g. self-

esteem – De Ruiter, 2015; responsiveness during instruction – Steenbeek, Jansen, & 

Van Geert, 2012; science and technology education – Van der Steen, Steenbeek, 

Van Dijk, & Van Geert, 2014); students’ school engagement or motivation to learn 

science develops from daily interactions between teacher and students. In other 

words, science activities in the classroom (micro-level) contribute to students’ 

engagement with science and technology as a course (meso-level), which in turn 

contributes to students’ attitude towards school subjects with a relation to science 

(macro-level). At the same time, students’ general attitude towards and engagement 

with science and technology shapes their actions during these lessons. More broadly 

put, what happens during primary science and technology education influences how 

motivated students are to learn science now and in the future.   



   

 

 
115 

6 

Operationalization of cognitive and non-cognitive aspects of learning 

The present study operationalized non-cognitive aspects of learning as indirectly 

observable components of engagement during science and technology activities, 

conveyed through verbal exclamations (of enjoyment and frustration) as well as body 

language. Students’ engagement lies on a continuum from absence of engagement 

to highly engaged behavior. Our conceptualization encompasses behavioral and 

emotional reactions as indicators of varying states of engagement (in line with 

Fredricks et al., 2014; Skinner, Kindermann, & Furrer, 2009); on-task behavior, 

enthusiasm, interest, and enjoyment being indicators of engaged behavior. Feeling 

frustrated is seen as a sign of engaged behavior as well, as this expresses 

willingness to continue active involvement while simultaneously showing an apparent 

inability to master the material. Disengagement can be seen when students settle 

into states of resignation, boredom or active off-task behavior (Coan & Gottman, 

2007; Laevers, 2005). Cognition is operationalized as students’ scientific 

understanding as expressed in their verbalized predictions and explanations during 

science and technology activities (Henrichs & Leseman, 2014). Rather than 

examining these expressions of engagement and scientific understanding from an 

individual perspective at a single time point we focus on how conditions conducive to 

learning are created in whole class settings, and how it builds up over several 

lessons.   

Teacher openness 

How teacher behavior contributes to engagement on the micro-level, i.e. during 

actual lessons, has received only sparse research attention (Turner, Christensen, 

Kackar-Cam, Trucano, & Fulmer, 2014). One of the findings from research on 

classroom interaction is that teachers differ in the level of autonomy-support (Reeve, 

2012) and openness they display towards their students (e.g. chapter 4). When 

teachers employ process-focused dialogue inherent to an open student-centered 

questioning style students are invited to take their learning process into their own 

hands. Being asked why they believe something encourages students to reason 

(Topping & Trickey, 2007), and builds competence in their ability to do so (Young, 

2005). Whereas a teacher-centered questioning style has been related to a 

dominance of teacher initiative (Oliveira, 2010; Topping & Tricky, 2007), the student-

centered questioning style seems to be related to an increase in student initiative 

(Young, 2005), self-regulated learning (Reeve, 2012), and increased performance 

(Van der Steen et al., 2014). 

A low level of openness is especially present in the teacher-centered 

questioning style (e.g. Chin, 2006; Oliveira, 2010; Topping & Trickey, 2007). Being 

asked to reproduce knowledge does not invite students to think deeply about the 

topics they are studying, and as such they are prevented from initiating discourse 

(Young, 2005), from exploring their own curiosity, and displaying reasoning skills 

(Topping & Trickey, 2007). As such, students are discouraged from being active 

agents in their own learning process (Ryan & Deci, 2000; Wehmeyer, Palmer, Agran, 

Mithaug, & Martin, 2000). It can be said that in these cases the students’ ‘degrees of 
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freedom’ are being limited (Meindertsma, Van Dijk, Steenbeek, & Van Geert, 2014b). 

It is therefore not surprising that the teacher-centered style has been found to be 

related to diminished engagement (Oliveira, 2010; Young, 2005), while if teachers 

use a student-centered style this has been found to be related to more engaged 

students (Pietarinen et al., 2014). A teacher-centered interaction pattern has been 

found to be self-sustaining in regular science and technology lessons (chapter 4). 

Often, external perturbations are necessary to change such states, and replace them 

by more adequate patterns of interaction (Van Geert, 1994). 

Video Feedback Coaching intervention 

The Curious Minds VFCt program for upper grade teachers is a professionalization 

intervention designed to aid teachers in changing interactional practices during 

science and technology education (Appendix C). In this program teachers are 

encouraged to use characteristics of the student-centered teaching style to spark 

students’ curiosity and scientific understanding. A particularly effective element of the 

VFCt is offering video feedback on the teacher’s own classroom behaviors (e.g. 

Mortenson & Witt, 1998; Seidel, Stürmer, Blomberg, Kobarg, & Schwindt, 2011). 

Video feedback coaching (Fukkink, 2005) is used as a means to alert teachers on 

interactional sequences of high quality of their own lessons, and support them to 

create more of those moments in order to stimulate students’ learning.  

The goal of the VFCt intervention is to support teachers in providing science 

and technology education that encompasses more than just providing materials and 

demonstrations. Inquiry-based learning, an often-used method in primary science 

and technology education, is a way to facilitate students’ active participation in 

learning science and technology; i.e. to engage them in scientific activities and invite 

them to use critical thinking skills as they search for answers (Gibson & Chase 2002). 

Most activities in inquiry-based learning are hands-on problem solving tasks, which 

have been shown to trigger enthusiasm and curiosity (Bilgin, 2006). The challenge 

for teachers is to exploit students’ engagement in such a way that a powerful learning 

environment is created; i.e. moving from mainly ‘hands-on’ to a combination with 

‘minds-on’. However, teachers often report they feel incapable or lack the confidence 

to teach science and technology (Asma, Walma van der Molen, & Van Aalderen-

Smeets, 2011; Osborne, Simon, & Collins, 2003). This implies that a behavioral and 

attitudinal change is necessary. During the intervention, teachers were encouraged 

and assisted to use thought-provoking questions and encouragements to guide the 

acting and thinking process of students (e.g. Chin, 2006; Oliveira, 2010) in order to 

scaffold students to higher levels of functioning (Steenbeek et al., 2012; Van de Pol, 

Volman, & Beishuizen, 2011). More specifically, teachers were encouraged to 

increasingly adapt with open, student-centered behavior on students’ engaged 

behavior in order to establish teachable moments. It is assumed that VFCt increases 

teacher openness, and that this co-varies with changes in student engagement.  

Teacher and students are able to achieve open and engaged states only in 

dynamic interrelation by means of adaptive interaction (O’Connor, 2010); both parties 

can hinder the learning process by becoming set in their ways and accelerate it again 
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by adapting to the other party. Each partner’s disposition appears to be a decisive 

factor within this interaction. As these are non-independent observations, it is 

necessary to treat the dyad (or group) rather than the individual as the unit of 

analysis.  

The current study 

This study aims at gaining a better understanding of the complex relation between 

students’ engagement and scientific understanding and the role of the teacher in this 

process. Therefore, we focus on a case study to examine the (change in) dynamics 

of students’ real-time expressions of engagement during interactions with the teacher 

and relate this to progress in scientific understanding.  

A case study analysis is a tool to optimally study coupled behaviors on a 

micro-level timescale (e.g. Küpers, Van Dijk, & Van Geert, 2014; Van der Steen, 

Steenbeek, Van Dijk, & Van Geert, 2014). By focusing on several moments dense in 

time, patterns in these relations might provide insight into the dynamics underlying 

learning outcomes. By using repeated measures it becomes possible to observe 

task-specific engagement in cyclical and iterative social learning situations, which 

yields opportunities to get a grip on how these repeatedly occurring micro-level 

dynamics contribute to the development of meso and macro-level learning 

trajectories.  

The first question concerns the students’ variables: in how much does the 

level of students’ engagement and students’ scientific understanding change over the 

course of the intervention (RQ1a)? We hypothesize that in the course of the 

intervention students will express more engaged behavior, and more scientific 

understanding as the teacher becomes increasingly capable of implementing the 

newly acquired skills. The following two questions will be examined in an exploratory 

fashion to gain insight into how the relation between engagement and scientific 

understanding unfolds over several lessons. First, in how much does the relation 

between engagement and scientific understanding change over the course of the 

intervention (RQ1b)? Second, what are the characteristics of the time-serial coupling 

between these variables (RQ1c)?  

The second question concerns the teacher’s variable: In how much does the 

level of real-time teacher openness change over the course of the intervention 

(RQ2a)? As the teacher is coached to increasingly use a student-centered teaching 

style, we hypothesize that the teacher will use higher levels of openness (more 

thought-provoking questions and encouragements) to evoke students’ participation. 

The following questions will be treated in an exploratory fashion to be able to 

examine how the relation between qualitative different levels of openness and 

engagement unfolds over several lessons: in how much does the relation between 

engagement and openness change over the course of the intervention (RQ2b)? And 

what are the characteristics of the time-serial coupling between these variables 

(RQ2c)?  
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METHOD 

Participants  

This case study was chosen from a larger sample of 23 teachers, of which 11 

participated in the VFCt intervention and 12 were part of a control condition. We 

focused on a teacher of the intervention condition who followed an optimal change 

trajectory in terms of an increase in coupled behaviors during the intervention; i.e. an 

increase in students’ level of scientific understanding in coherence with an increase 

of stimulating teacher reactions (chapter 4). This case study is considered 

representative for the classes who benefited from the intervention; i.e. those classes 

who changed their interaction patterns from non-optimal interaction towards a pattern 

in which the reciprocal influence took the form of optimal co-construction processes 

consisting of more and longer student-teacher interactions on a more stimulating and 

complex level. In addition, students’ average age closely resembled the average age 

of all participating students, and the teacher’s age was close to the average age of 

participating teachers. 

Nineteen students (13 boys and 6 girls; M = 11.4 years old, SD = .7) and their 

female teacher (age 41; 17 years of teaching experience) together constitute this 

case study. All participants belonged to a mixed fifth- and sixth-grade classroom from 

a regular primary school in the Netherlands. The case-study comprised eight science 

and technology lessons of approximately 50 minutes each. The lessons were filmed 

between March and June 2014. The researcher did not intervene while filming the 

lessons.   

Teacher and parents of the participating students gave active informed 

consent before the study. The Ethical Committee Psychology of the University of 

Groningen, the Netherlands approved the study. 

Procedure  

The first two lessons in this sample were pre-intervention (PreM)7. In between the 

second and third lesson the teacher received an introduction to VFCt. In this 

introduction information was provided and discussed about pedagogical-didactical 

strategies to increase the interactional quality, and their consequences for students’ 

scientific understanding and engagement levels. The focus was, among others, on 

questioning styles (Chin, 2006; Oliveira, 2010), scaffolding (Van de Pol, Volman, & 

Beishuizen, 2010), and inquiry-based learning (Gibson & Chase, 2002). In addition, 

several video fragments of teacher-student interactions were shown to illustrate the 

importance and effect of high-quality interactions during science and technology-

activities. During the intervention-stage (VFC1 to VFC4), video feedback coaching 

was given immediately after every lesson. The final two lessons were post-

intervention (PostM), and took place four weeks after the last intervention lesson (all 

other lessons were given weekly).   

The data presented in this article were collected during the intervention using 

a camcorder with extended microphone. Lesson content and instructional method 

                                            
7
 More information about VFCt intervention and the design of the study can be found in Appendix C. 
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was based on the teacher’s own initiative, as long as it pertained to the ‘earth and 

space’ system; such as weather, air pressure, gravity, or the positions of the moon. 

To ensure feelings of autonomy, the teacher was encouraged to provide science and 

technology lessons to her own liking and didactical experience. The teacher in this 

case study chose one lesson in which students had to follow a worksheet and cut 

and paste spheres of the universe in the right order (PreM1), two lessons in which 

students had to design something (VFC2 and VFC3), and five lessons during which 

the main focus was on performing experiments in small groups (PreM2, VFC1, 

VFC4, and PostM1 and PostM2). Of every recorded lesson four segments 

representative of the interaction during the central section of that lesson were 

selected for coding. The central section was defined as the part of the lesson during 

which students were working, and the teacher walked around to see whether they 

needed assistance. To ensure that the starting point of the central section would be 

the same for all lessons the moment of the first substantive verbal expression was 

used. This procedure led to the generation of a time series of ten minutes per lesson, 

which were coded using coding software (Mediacoder; Bos & Steenbeek, 2007).  

Measures and Variables  

Students’ engagement 

The student engagement coding scheme (see table 6.1a) has been developed based 

on both Laevers’ (2005) and Coan and Gottman’s (2007) coding schemes about 

respectively involvement and affect, which infer engagement from amount of 

participation, intensity of concentration, enthusiasm and interest expressed 

(Fredricks et al., 2004). The Leuven Involvement Scale (Laevers, 2005) uses nine 

involvement markers to assess engagement: concentration, energy, complexity and 

creativity, facial expression and posture, precision, persistence, reaction time, verbal 

utterances, and satisfaction. A child’s behavior can proceed from ‘no activity’ to 

‘sustained intense activity’ within a span of five levels. However, we aimed to capture 

students’ engagement comprising behavioral and emotional features on a more 

microgenetic level, more specifically as engagement in interaction with the teacher. 

Coan and Gottman (2007) have developed the Specific Affect Coding System 

(SPAFF), which comprises such specific descriptions of affective states during 

interactional sequences. Although this scale was originally intended for married 

couples it has since been applied to contexts as diverse as parent-child interactions 

(Lichtwarck-Aschoff, Hasselman, Cox, Pepler, & Granic, 2012), and interactions 

among peers (Hollenstein, 2013).    

 The student coding book ranged from disengaged to engaged (Table 6.1a). 

‘Interest’ and ‘enthusiasm’ are intensity differences of engaged behavior (high 

student engagement). ‘Active away behavior’ and the passive equivalent ‘boredom’ 

refer to disengagement (low student engagement). All verbal expressions of the 

students received a code. However, student codes were based on a combination of 

their verbal statements and their correspondent intonation, posture, and facial 

expression.  
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Students’ scientific understanding 

To examine students’ display of scientific understanding task-related utterances of 

the students were coded and divided in complex or non-complex utterances (based 

on Fischer & Bidell, 2006; Meindertsma et al., 2014; Rappolt-Schlichtmann, 

Tenenbaum, Koepke, & Fischer, 2007; Van der Steen, Steenbeek, Wielinski, & Van 

Geert, 2012). Complex utterances, representing scientific understanding, were 

predictions and explanations related to the task (for more information see Appendix 

B). Non-complex utterances were all other utterances that related to the task at hand 

but did not display any understanding. For instance, the student reading out loud 

what needs to be done or describing what is happening. 

Teacher openness 

The coding scheme for teacher openness has been developed based on studies of 

Meindertsma and colleagues (2014) and Oliveira (2010). Each verbal teacher 

utterance was coded (Table 6.1b). High teacher openness comprised ‘student-

centered question’ and ‘encouragement’, while low teacher openness comprised 

‘stop’ and ‘instruction’.  

Reliability 

All coding schemes were applied by at least two independent coders. Training-files 

were used until each coding book had reached a Cohen’s kappa of approximately .8, 

and thus had achieved good interrater reliability (Viera & Garrett, 2005). Next the 

eight lessons were coded. The inter-observer agreement was established over 15% 

of the data (agreement: 88% for teacher openness; 91% for student engagement; 

87% for scientific understanding).  

Table 6.1 

6.1a Description of levels of student’s engagement; from disengaged to engaged 

Engagement level Examples  

Active Away A student expresses ‘clowning’ behavior and feels the need to make inappropriate 

jokes or comments that divert from the task. Frowning, concentrated on non-task 

related activities. 

Bored The student reads part of the instruction for an assignment out loud but proceeds to 

get distracted by what’s happening around him. 

Dreamy behavior (e.g. staring out of the window), task-postponing behavior (e.g. 

taking more time than necessary to collect the right supplies), sighing. 

Resignation 

 

The student is capable of reading instructions out loud and of not or hardly getting 

distracted while doing so, but it proceeds unnecessarily slowly. Yawning, pausing 

while speaking (i.e. thinking out loud or asking a question happens slowly, speech 

appears strenuous and is interspersed with unnecessary breaks, “um” is often used 

as a filler-word), slight negative affect.  

Frustration 

 

Frowning, tense posture, high physical activity, gaze direction is either completely 

towards the task or eyes go back and forth rapidly, verbal statements such as “It 

won’t work!” or “I just don’t get it!” that reach a higher pitch in intonation at the end of 

the sentence. 

Interest 

 

Lightly bending forward over the table, stable eye-contact with the teacher, asking 

questions, responsive to the teacher. 

Enthusiasm Smiling, open facial expression and posture, stumbling over words because the 

student wants to say too much too fast, high physical activity, initiating discourse. 
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6.1b Description of the level of openness in teacher utterances; from closed to open 

Openness level Example 

Stop “Don’t do that.” 
Instruction “You should write that down.” 
Giving information “Electricity has to do with pluses and minuses which attract and repel each other.” 
Teacher-centered 
question 

“Clear?” or “What is it called when this happens?” 

Student-centered 
question 

“Why do you think that?” 

Encouragement “Yes… hmm… okay.” 

Data analysis 

For answering RQ1a and RQ2a (about change in student engagement, students’ 

scientific understanding, and teacher openness over the course of intervention), 

correlations and a time serial analyses were used. For the correlational analyses, 

first, the proportion of occurrence per lesson for each level of student engagement, 

students’ scientific understanding, and teacher openness (relative to the total amount 

of student or teacher utterances) was calculated. Secondly, we tested whether the 

occurrence of these variables showed an increase or decrease over the course of the 

VFCt by calculating the slope. A non-parametric test, called Monte Carlo analysis 

(Hood, 2004), was used to simulate the null hypothesis that the order of the 

measures is irrelevant; i.e. the probability of finding a similar or steeper slope is 

based on chance alone. The proportions were randomly shuffled 10,000 times and 

each time the slope was calculated. The resulting p value indicates the probability 

that the slope of the empirical data would be found in the distribution of slopes of the 

shuffled data that represent instances of the null hypothesis. In addition, an effect 

size was calculated. Results were interpreted using the p value and effect size 

(following Sullivan & Fein, 2002): p < .05 and d > .8 is convincing evidence; p < .1 

and d = .5 to .8 is less convincing evidence; p > .1 and d < .5 is unconvincing 

evidence. 

For time serial analyses, Loess smoothing was used to capture and depict 

trends of display of student engagement, students’ scientific understanding, and 

teacher openness within and over lessons. Loess smoothing calculates weighted 

regression lines in windows of data (Shumway & Stoffer, 2013); for this analysis a 

25% window was used. Therefore, firstly time series were created representing a 

dichotomous variable. For example for engagement, a score of ‘one’ represented 

engaged behavior, and ‘zero’ represented absence of engaged behavior. Secondly, 

Loess smoothing was used to reduce variability while maintaining information about 

trends in the data. Thirdly, the slope of a linear regression was used to test, using the 

above described Monte Carlo analysis, whether an empirically found increase could 

be based on chance.  

For answering RQ1b (about the relation between student engagement and students’ 

scientific understanding), first, the correlation between two smoothed time series was 

calculated for each lesson. We aimed to gain insight into whether and how student 

engagement and students’ scientific understanding co-occurred within lessons and 

whether this co-occurrence changed over the course of the intervention. Second, we 
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tested whether the slope of the correlation increased or decreased over the eight 

lessons, following the above described procedure.  

For answering RQ2b (about the relation between student engagement and 

teacher openness) we aimed to gain insight into the direct action-reactions (micro-

level), using sequential analyses. First, we calculated the proportion of action-

reactions in which teacher and students matched each other’s behavior relative to 

the total action-reaction sequences. Second, the number of ‘mismatch’ action-

reaction patterns in between matched action-reactions were calculated to test 

whether matching recurred not only more often but also within shorter intervals. We 

operationalized ‘matching’ as high when the teacher reacted in an open manner 

(‘student-centered’ or ‘encouragement’) on engaged student behavior (‘interest’ or 

‘enthusiasm’); neutral when the teacher reacts with a ‘teacher-centered’ question on 

students’ ‘frustration’; low neutral when the teacher reacts with ‘information’ on 

students’ ‘resignation’ and low when the teacher reacts in a closed manner (‘stop’ or 

‘instruct’) on disengaged behavior of students (‘active away’ or ‘bored’). As 

interaction is considered to be bidirectional, we followed the same procedure for 

students’ reactions on teacher behavior. Third, the slope of the proportion of matched 

behavior over the eight lessons was calculated, and tested against the randomly 

shuffled slope.  

For answering RQ1c and RQ2c (about the characteristics of the coupling between 

variables), two types of analysis were conducted: a visual depiction and the 

calculation of Granger causality. As a visual depiction, a state space was created 

based on the smoothed time series over lessons. A state space depicts a 

developmental process of a system (Kunnen & Van Geert, 2012; Shumway & Stoffer, 

2013). The graph details the (nonlinear) path of coherence between two dimensions. 

For example, the development of students’ learning can be described as a path of 

student engagement and students’ scientific understanding that is followed over time 

in that space. The state space contains all values of the dimensions that could be 

occupied by the system. The direction of the line is reported using arrows: an upward 

arrow from left to right means that both variables increase simultaneously; a 

downward arrow from right to left means that both variables decrease 

simultaneously; a downward arrow from left to right means that the horizontal 

variable increases while the vertical variable decreases; an upward arrow from right 

to left means that the horizontal variable decreases while the vertical variable 

increases, and a succession of these four types of relationships is represented by 

means of a cycle. 

Next, we examined the (mutual) causality between time series of student 

engagement and students’ scientific understanding and student engagement and 

teacher openness. Granger causality (Granger, 1980) is often used in economics 

(Narayan & Smyth, 2006) as a test for determining whether one time series is useful 

in forecasting another time series (Y = f(X)). The idea of Granger causality is that a 

variable X (student engagement) Granger-causes Y (teacher openness) if Y (teacher 

openness) can be better predicted using the histories of both X (student 
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engagement) and Y (teacher openness) than by using the history of Y (teacher 

openness) alone. In the Granger causality model, the F-test checks whether the 

lagged values of X jointly significantly improve the forecast of Y or vice versa 

(Wessa, 2013). 

Concerning the characteristics of the coupling between student engagement 

and teacher openness (RQ2c) additional cluster analysis were performed in order to 

examine whether the sequence of eight lessons shows a pattern of recurrent, 

qualitatively similar episodes of teacher openness and student engagement, and 

whether the occurrence of such episodes changed over time. Therefore, the data 

were exported to Tanagra for cluster analyses (Rakotomalala, 2005)8. First, a 

variable cluster analysis allowed to capture the structure of the data independent of 

time; i.e. all data were taken together in order to examine which levels of openness 

and engagement cohere. Second, the change in the relation between variables over 

time was examined using a hierarchical cluster analysis (HCA). HCA can be used to 

determine which episodes of the teaching-learning process share similar 

characteristics.       

RESULTS 

Does students’ engagement and students’ scientific understanding change 

over the course of the intervention (RQ1a)?  

High student engagement scores were coded 62% of the time over the course of the 

intervention (SD = 10); increasing from 48% in PreM1 to 67% in PostM2 (slope = 2.8, 

p = .03, d = 1.8). ‘Frustration’ scores were coded 19% of the time (SD = 5; slope = 1; 

p = .07, d = 1.2), ‘resignation’ was coded 7 % of the time (SD = 9; slope = -3; p = 

.003, d = 1) and low student engagement scores were coded 12% of the time (SD = 

.05; decreasing from 13% in PreM1 to 10% in PostM2; slope = - 1; p = .05, d = .97). 

On average, students’ scientific understanding was displayed in 31% of their 

utterances (SD = 16); increasing from 4% at PreM1 to 55% at PostM2 (slope = 6; p < 

.01 d = 2.1). The hypotheses that students expressed more engaged behavior and 

scientific understanding over time is accepted, with large effect sizes.   

Figure 6.1 depicts the smoothed time series of changes in high student 

engagement and students’ scientific understanding over all lessons. In general, these 

results support the ones described above. It shows a significant increasing 

regression line for both variables (p < .001). The regression line accounts for a 

considerable amount of explained variance of the model (student engagement R2 = 

.64; students’ scientific understanding R2 = .74). The increasing regression lines are 

indicative of an increase in both behaviors over time. 

 

 

                                            
8
 For the VARCLUSTER procedure: http://data-mining-tutorials.blogspot.nl/2008/11/variable-

clustering-varclus.html and for HCA procedure: http://data‐mining‐tutorials.blogspot.it/2008/11/hac‐
and‐hybrid‐clustering.html   

http://data-mining-tutorials.blogspot.nl/2008/11/variable-clustering-varclus.html
http://data-mining-tutorials.blogspot.nl/2008/11/variable-clustering-varclus.html
http://data‐mining‐tutorials.blogspot.it/2008/11/hac‐and‐hybrid‐clustering.html
http://data‐mining‐tutorials.blogspot.it/2008/11/hac‐and‐hybrid‐clustering.html
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Does the relation between students’ engagement and students’ scientific 

understanding change over the course of the intervention (RQ1b)?  

The correlations between student engagement and students’ scientific understanding 

per lesson ranged from .35 to .89. With the exception of VFC2, the positive 

correlation per lesson is higher than can be expected on the basis of chance; 

indicating that student engagement and students’ scientific understanding co-occur 

often during all lessons (PreM1 = .44, p = .05; PreM2 = .73, p < .01; VFC1 = .88, p < 

.01; VFC2 = .35, p =.06; VFC3 = .68, p < .01; VFC4 = .73, p <.01; PostM1 = .89, p < 

.01; PostM2 = .82, p < .01). VFC2 is noticeably different; the correlation is 

considerably lower compared to the other measurements (p = .03). Given a slope of 

.04 and p value of .23, we conclude that the evidence for a meaningful increase in 

the correlation over the time of eight lessons is relatively weak. The smoothed 

time series of student engagement and students’ scientific understanding over all 

lessons in Figure 6.1 show that both curves show highly similar trends over the 

course of the intervention. In general, these results support the correlational results 

of a change in coupled behaviors within lessons. However, this evidence is 

considerably stronger than the evidence based on the sequence of correlations 

discussed above. The linear regression in Figure 6.2 shows that student engagement 

and students’ scientific understanding highly cohere (R2 = .74, p < .001). Figure 6.1 

further depicts that student engagement is almost always above students’ scientific 

understanding, which indicates that there seems to be more student engagement 

compared to students’ scientific understanding (p = .06). However, some differences 

between the curves can be found. At the beginning we see a similar rise and fall, 

whereby the curve of understanding falls slightly behind the curve of engagement. 

Furthermore, Figure 6.1 depicts the variable nature of both student engagement and 

students’ scientific understanding both within lessons and between lessons. For 

VFC2 it demonstrates that both student engagement and students’ scientific 

understanding show a temporal dip. So, during VFC2 the variables do not only 

cohere differently to each other (Fig. 6.1); both behaviors also seem to occur less 

during this lesson.   

 

 

Figure 6.1 Smoothed time series of student engagement and scientific understanding with 

corresponding regression lines. The black lines mark the end/beginning of a new lesson 

 

VFC1 VFC2 VFC3 VFC4 PreM1 PreM2 PostM1 PostM2 
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How can we characterize the time-serial coupling (RQ1c)?  

Figure 6.2 depicts the state space of the relation between student engagement and 

students’ scientific understanding. The state space adds insight into the global trend 

of local increases and decreases of the variables. The global trend takes the form of 

an alternation of parallel and opposing changes; i.e. a nonlinear path. The increasing 

line –to both sides means that there is a positive relation between student 

engagement and students’ scientific understanding, while a decrease depicts a 

negative relation. First, student engagement and students’ scientific understanding 

are coupled in that they increase simultaneously (upward arrow), followed by a 

simultaneous decrease (downward arrow), and again a simultaneous increase (the 

cycle in Fig. 6.2). After that, a temporal change in coupling is shown; student 

engagement decreases and students’ scientific understanding keeps increasing. This 

is followed by a period of coupling in which both variables increase (upward arrow to 

the right) and decrease (downward arrow to the left) simultaneously.  

In Table 6.2, the F statistics suggest there is bi‐directional Granger causality 

between student engagement and students’ scientific understanding, which supports 

the idea that, over the course of the VFCt, engagement is causally dependent on 

reasoning, and reasoning is causally dependent on engagement. 

To conclude, student engagement is increasingly accompanied by students’ 

scientific understanding. However, a temporal dip occurs around VFC2 in both 

prevalence and coupling. The relation over lessons shows that the variables both 

increase over time, and strongly couple in terms of overall change trajectory. 

Superposed onto this linear path of overall change, a nonlinear path of temporary 

changes in the relationship between the two variables was found.  

 

Table 6.2 Results of Granger causality 

Variable student engagement 
student scientific 
understanding 

teacher openness 

student engagement -- 25.1* (<.0001) 28.6* (<.0001) 

student scientific 
understanding 

19.0* (<.0001) - 13.3* (.0003) 

teacher openness 17.9* (<.0001) 8.8* (.0030) - 

Note: Wald F tests. * indicates statistical significance at the 1% level 

Figure 6.2 State space of the relation between student engagement and students’ scientific  

understanding. Each grayscale represents a lesson. The arrows highlight the direction of the relation.  
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Does teacher openness change over the course of the intervention (RQ2a)?  

On average, high teacher openness was coded 40% of the time over the span of all 

eight lessons (SD = 15); increasing from 10% in PreM1 to 60% in PostM2 (slope = 6; 

p < .001, d = 2.4). ‘Teacher-centered’ was coded 12% of the time (SD = 4; slope = .8; 

p = .88) and ‘information’ 22% of the time (SD = 5; slope = - 2; p = .02, d = 1.6). Low 

teacher openness was coded 20% of the time (SD = 13); decreasing from 48% in 

PreM1 to 10% in PostM2 (slope = -5; p < .001, d = 2.4). Although the number of low 

teacher openness had been and remained the most common during both 

premeasures, the number of high teacher openness drastically increased in PreM2. 

Between PreM2 and VFC1, there was a trend towards an opposite pattern (p = .07); 

whereas previously the low scores had been the most common, the high scores 

became the most common from VFC1 onward. The hypothesis that the teacher used 

more open teaching behavior is accepted.  

Figure 6.3 depicts the smoothed time series of student engagement and 

teacher openness over all lessons. In general, these results support the hypothesis 

that teacher openness increases over time. The regression line accounts for a 

considerable amount of explained variance of the model (teacher openness R2 = .74).  

Does the relation between students’ engagement and teacher’s openness 

change over the course of the intervention (RQ2b)?  

Figure 6.4 shows that the coupling between teacher openness and student 

engagement changes over the course of the intervention. This was found in that both 

the proportion of matches of the teacher on her students’ behavior and of students on 

their teacher’s behavior show a positive slope (Fig. 6.3); i.e. they increasingly match 

(resp.: slope = .021; p =.03, d = 1.9; slope = .023; p = .01, d = 1.9). The time until a 

match recurs decreases during the intervention from on average 7 utterances until 

another action-reaction pattern of match at PreM1 to on average 2 utterances at 

PostM2 (slope -.5; p < .005, d = 2.3). 

As the goal of the intervention was to increase high teacher openness (and by 

that student engagement; see introduction), we examined the qualitative properties of 

matches in teacher openness and student engagement. During PreM, the teacher 

matched to her students on a low level (low student engagement followed by low 

teacher openness) 27% of the occurrences, and on a high level (high student 

Figure 6.3 Smoothed time series of student engagement and teacher openness behavior with 
corresponding regression lines. The black lines mark the end/beginning of a new lesson 

 

VFC1 VFC2 VFC3 VFC4 PreM1 PreM2 PostM1 PostM2 
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engagement followed by high teacher openness) 39% of the occurrences. During 

PostM only 3% of the teacher’s reactions to her students were on a low level, while 

91% was high. As shown by the Monte Carlo analysis, there is only a very small 

chance that the empirically found slope is purely based on chance (Low, slope = -4, p 

= .04, d = 1.7; High, slope = 9, p < .005, d = 2.1). The students’ reactions on teacher 

behavior showed a similar pattern; during PreM they matched their teacher’s 

behavior on a low level (low teacher openness followed by low student engagement) 

47% of the occurrences. By PostM, this had reduced to 6% of the occurrences. 

Students responded in high levels (high teacher openness followed by high student 

engagement) 54% of the occurrences during PreM, and 88% during PostM (resp.: 

slope = -7, p = .006, d = 2.2; slope = 5, p =.006, d = 2.4). This means that the levels 

of teacher openness and student engagement covary; i.e. they match on the micro-

level in direct action-reaction sequences.  

 
Figure 6.4 Percentage matches of teacher openness on student engagement of all student-teacher 

action-reaction patterns per lesson and vice versa 

How can we characterize the time-serial coupling (RQ2c)? 

The state space specifies the form of the changing relationship (Fig. 6.5). First, 

student engagement and teacher openness are coupled in that they increase 

simultaneously (upward arrow). After that, a change in coupling is shown in that 

teacher openness increases and student engagement decreases (downward arrow 

to the right), followed by a simultaneous decrease (downward arrow to the left). After 

that the cycle indicates that a simultaneous increase is alternated with a 

simultaneous decrease. Next, student engagement increases while teacher 

openness decreases (upward arrow to the left). Finally this coherence is reversed in 

that student engagement decreases and teacher openness increases (downward 

arrow to the right). Again, nonlinearity is visible.   

In Table 6.2, the F statistics suggest there is bi‐directional Granger causality 

between student engagement and teacher openness, which supports the idea that, 

over the course of the VFCt, engagement is causally dependent on openness and 

openness is causally dependent on engagement (and a similar reasoning applies to 

reasoning and openness).   
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Figure 6.5 State space of the relation between teacher openness and student engagement. Each 

grayscale represents a lesson. The arrows highlight the direction of the relation. Y = .8371x + .1663 

Coherence in the qualitative properties of openness and engagement 

In order to check whether the qualitative different levels of teacher openness and 

student engagement (see table 6.1). The variable cluster analysis yielded three 

clusters of variables (Table 6.3). The first variable cluster correlated highly with the 

observational variable ‘teacher-centered question’, and is labelled as such. This 

means that this cluster shows a high degree of teacher-centered behavior. The 

second variable cluster correlated positively with ‘instruction’ and ‘active away 

behavior’, and negatively with ‘interest’, and was therefore labelled ‘closed and 

disengaged’. This indicates that within this cluster ‘instruction’ and ‘active away 

behavior’ are most apparent, and ‘interest’ is rarely found in this cluster. The third 

variable cluster is labelled as ‘open and engaged’, because it correlated positively 

with ‘student-centered question’ and ‘enthusiasm’, and negatively with ‘information’ 

and ‘resignation’. Interestingly, overall low teacher openness often concurs with low 

student engagement, while high teacher openness behavior often coincides with high 

student engagement; i.e. the levels can be summarized in behaviors that seem to 

hinder or benefit the learning process. In terms of educational quality the third 

dimension seems most beneficial for learning because engaged student behavior 

and open teacher behavior co-occur. 

Coherence in time points  

The hierarchical cluster analysis yielded three clusters of measurement points, which 

are shown in figure 6.6 and table 6.4. Within each cluster at least one dimension 

appeared dominant. Figure 6.6 shows that at the beginning of the intervention 

(PreM1) the interaction is dominated positively by ‘teacher centered’, which means 

that this cluster of time points (cluster 1 – teacher centered) shows a high degree of 

teacher-centered behavior. In addition, this cluster is dominated negatively by ‘open 

and engaged’. This indicates that within this cluster the amount of open and engaged 

behavior is far less than average. In terms of the variables this means that cluster 1 

consists of few ‘student-centered question’, ‘interest’, and ‘enthusiasm’, while there is 

a lot ‘teacher-centered question’, ‘information’, and ‘resignation’. At PreM2 a different 

cluster (cluster 2 – non optimal) is found in which ‘closed and disengaged’ behavior 

dominates positively. An exploration of the variables shows that ‘instruction’ and 



   

 

 
129 

6 

‘active away behavior’ are most apparent, and ‘interest’ and ‘teacher-centered 

question’ are rarely found in this cluster. From VFC1 onward there is a change in 

clusters. Cluster 2 is alternated with cluster 3 (optimal), often halfway the lesson. At 

PostM only cluster 3 (dominated positively by ‘open and engaged’ and negatively by 

‘closed and disengaged’) is found. The clustering based on variables indicates that in 

cluster 3 the variables ‘student-centered question’, ‘encouragement’, ‘interest’ and 

‘enthusiasm’ highly correlate and are most dominant in the interaction, while closed 

and disengaged behaviors are far less likely to occur.      

Overall, this alternation of clusters indicates that there is a change from low teacher 

openness in combination with low student engagement towards high teacher 

openness which coheres with high student engagement. From VFC1 to VFC4 it 

appears that ‘open and engaged’ interaction is most apparent at the beginning of 

each lesson, while in the second part of the lesson the interaction seems to return to 

a state of ‘closed and disengaged’ interaction; which was a common interaction 

pattern for this class (based on the premeasures). Over the course of the VFCt, 

cluster 3 becomes increasingly dominant as a recurring state of interaction, and 

seems to have stabilized at post-measures.  

Table 6.3 Correlations of variable clustering 

Variables 
Var Cluster 1 
Teacher centered 

Var Cluster 2 
Closed and disengaged 

Var Cluster 3 
Open and engaged 

Teacher    

Instruction -.1515 .7044 -.1585 

Information  .2035 .286 -.7709 

Teacher centered 1 -.2318 -.1813 

Student centered .0147 -.231 .7797 

Encouragement .0181 -.0974 .4845 

Student    

Active away  -.2847 .7452 -.1618 

Boredom .0419 .241 -.6614 

Resignation  .3432 .1576 -.7753 

Frustration -.1231 .0049 .4671 

Interest .1087 -.8501 .2523 

Enthusiasm -.1362 -.1232 .7489 

Marked cells represent main contributing variables for each variable cluster 

 

Figure 6.6 HCA clusters at varying measurement points over time in which the results of the variable 
clustering are plotted. The black lines mark the end/beginning of a new lesson. Each grayscale 
represent the time points’ different clusters 
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Table 6.4 Descriptions of HCA clusters 

Cluster 1 (gray) 
Teacher centered 

 
Cluster 2 (white) 
Non optimal 

 
Cluster 3 (scattered) 
Optimal 

740 data points 
 

(13.2 %) 
 

1997 data points 
 

(35.7 %) 
 

2854 data points 
 

(51.0 %) 
 

Variable cluster Test value 
 

Variable cluster Test value 
 

Variable cluster Test value 

Teacher 
Centered 

32.79 
Closed & 
Disengaged 

54.65 
Open & 
Engaged 

48.3 

Closed & 
Disengaged 

6.4 
Open & 
Engaged 

-7.51 
Teacher 
Centered 

9.03 

Open & 
Engaged 

-60.63 
Teacher 
Centered 

-32.61 
Closed & 
Disengaged 

-56.72 

CONCLUSION AND DISCUSSION 

The goal of this case study was to gain insight into how students’ engagement and 

scientific understanding dynamically interact, and how the person-context dynamics 

shape this learning process. We therefore used several analyses ranging from 

correlations to time-serial analyses. In order to study these dynamics the focus was 

on teacher openness (teacher openness), defined as the ‘degrees of freedom’ the 

teacher provided to her students, as well as student engagement (student 

engagement), defined as affective and behavioral involvement with lessons, and on 

student scientific understanding (students’ scientific understanding), operationalized 

as students’ verbalizations of predictions and explanations 

Conclusion 

Concerning research question one; student engagement and students’ scientific 

understanding changed over the course of VFCt, as did the relation between them. 

Student engagement was prominent during all lessons and became increasingly 

correlated with students’ scientific understanding; VFC2 being the exception. We 

conclude that a change in coherence was found between student engagement and 

students’ scientific understanding. The Loess smoothing was able to depict sufficient 

detail of student engagement, students’ scientific understanding, and teacher 

openness per lesson, while simultaneously showing changes over time. The change 

can be characterized as a nonlinear path over lessons in which both behaviors are 

increasingly manifested but cohere differently to each other at different moments in 

time. In addition, the bi-directional Granger causality analysis supports a typical 

complex dynamic systems model, namely mutually causal relationships between two 

variables over time. These findings endorse the view of nonlinear development (Van 

Geert, 1994; Fischer & Bidell, 2006) and the notion of mutual causality in that 

emotion, engagement, behavior, and cognition cannot be easily disentangled (Dai & 

Sternberg, 2004; Laevers, 2005; Pietarinen et al., 2014).  

Concerning research question two; a change in teacher openness was 

observed. The teacher increasingly displayed open teaching behavior, and this 

change co-occurred with increases in engaged student behavior. In addition, the 

dyadic (match) measure in direct action-reaction patterns showed that teacher and 

students often responded to each other in similar levels of openness and 

engagement. This coupling between teacher openness and student engagement 

reflects the coupling Turner and colleagues (2014) found between teacher support 
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and student engagement. However, our study adds insight into the dynamic nature of 

this coupling by focusing on time serial micro-level changes. Turner et al. (2014) 

mentioned that teachers whose motivational support increased were able to scaffold 

student engagement, much as the teacher from this case study may have been able 

to scaffold student engagement when her openness increased (Lutz et al., 2006). 

This highlights the importance of studying learning gains as a transactional process 

(Fogel, 2009). In addition, the finding that VFCt coincided with increasing levels of 

student engagement and students’ scientific understanding replicates previous 

findings that related open and responsive methods of instruction to student interest 

(Mazer, 2013), engagement (Pietarinen et al., 2014), and cognitive growth 

(Meindertsma et al., 2014).  

Over lessons these findings were supported; high teacher openness and high 

student engagement had become dominant and occurred as stable interaction 

patterns over multiple lessons. Furthermore, teacher openness and student 

engagement had become highly correlated, while uncorrelated or not apparent at 

premeasure. These changes are characterized as nonlinear. More specifically, the 

cluster analysis demonstrated variability in coherence of variables within and 

between lessons. During premeasures certain behaviors dominated over an entire 

lesson, indicating rather stable patterns of interaction within lessons. These clusters 

were stable in nature as the occurrence of one particular type of action, such as 

teacher-centered questions, triggered another type of action, such as relative lack of 

interest in students, which then amplified the teacher’s tendency to focus on closed 

questions. However, from the start of the intervention period we found that the 

previously stable state of interaction seemed to lose its stability. Variability in 

interaction patterns appeared; different clusters of variables became dominant in 

adjacent clusters of time points, even within lessons. During the intervention these 

patterns were temporal and local; i.e. they occurred in the form of episodes with a 

limited duration. However, the fact that these were recurrent patterns, which is to say 

they re-appeared after some time, indicates that they are likely to be attractors 

(Thelen, 1992; Van Geert, 1994). This view is supported by the finding that after the 

period of practice during the intervention, the system seemed to appear in the most 

preferred state of interaction at post-measure and stayed there for a prolonged time. 

These findings highlight the interrelation between variability within lessons and over 

lessons as well as the self-organization of behaviors into stable states of interaction. 

Given the importance of enabling students to make the most of their potential 

by maintaining a long-term interest in science and technology topics it is essential to 

understand optimal science and technology learning, its emergence, and its ongoing 

development. This study adds insight by specifically focusing on the dynamics of 

learning as it occurs in naturalistic science and technology lessons. The data showed 

that an intervention focused on increasing cognitive gains during science and 

technology teaching-learning processes can entail long-term changes in existing, 

stable interaction patterns between teacher and students. Teachers can use 

openness as a didactical means to support engagement and curiosity, and by doing 

so advance students’ learning behaviors. Meaningful relations were found between 
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cognitive and non-cognitive learning processes of students in specific person-context 

dynamics. Teacher openness seems to be an important component to steer the 

teaching-learning process to higher levels of educational quality. Parallels can be 

drawn with studies focusing on autonomy support (Reeve, Jang, Carrell, Jeon, & 

Barch, 2004). In general, autonomy-supportive teachers are able to facilitate positive 

educational outcomes by involving students’ need for competence, autonomy, and 

relatedness during instruction (Ryan & Deci, 2000). More specifically, these teachers 

are able to identify and nurture students’ needs, interest, and preferences and create 

learning situations which take such internal motives into account to guide students’ 

learning and activity (Küpers et al., 2014). In this study, a comparable result was 

found; the teacher created open learning situations in which students were 

encouraged to use their enthusiasm and curiosity to actively co-construct meaningful 

learning situations.  

We consider it important to note that those behaviors that show low student 

engagement or low teacher openness should not be seen as a negative reflection of 

the students, teacher or school, as learning is a highly variable process that emerges 

in specific person-context dynamics. These behaviors are part of naturalistic 

occurring interactions and might have functionality in terms of expressing needs and 

expectation to secure safe and powerful learning environments. The occurrence of 

high quality teachable moments is based on a balanced mixture of episodes of direct 

instruction, procedural instruction, episodes of pure enthusiasm, or even episodes of 

temporal attention withdrawal. It is likely that it is the synergetic between all these 

different patterns of teaching-learning activity that explains why teachable moments 

can occur, and why such moments might have such important influences. 

Discussion 

Next we formulate possible explanations for the variability in general and more 

specifically the anomaly around VFC2. For both the coherence between student 

engagement and students’ scientific understanding and the matching behavior of 

student engagement and teacher openness the correlation seemed to be rather low 

at the onset of the study. We propose ‘novelty of the situation’ as an explanation for 

the rather low coupling of engagement and scientific understanding during these 

lessons. If new didactic strategies or curriculum is implemented this can be seen as a 

perturbation in an existing system, resulting in less coordinated behavior. The system 

needs to reorganize in the new person-context dynamics with different needs and 

expectations. This line of thinking might explain the temporal change in coupling of 

student engagement and scientific understanding during VFC2 in that a different 

format of learning was used; i.e. the students had to design an instrument to lift a jar 

without receiving any guidelines regarding how to do this; they received only 

materials. This challenge might have resulted in a peak in enthusiasm trying to 

design an optimal tool, while verbally expressing their thoughts was one step too far. 

These findings endorse the view that engagement alone is not enough to increase 

performance (Lutz et al., 2006). The presence of teacher openness notwithstanding, 

students’ ability to progress cognitively seems to be halted when faced with a novel 
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learning activity as they are likely to become highly engaged in exploring the material 

(similar results are found in out-of-school settings; see for a review DeWitt & 

Storksdieck, 2008).  

The intra-individual variability that was found can be seen as a characteristic 

of non-linearity and reorganization of a complex dynamic system (Van Geert & Van 

Dijk, 2002). The temporal change in coherence, i.e. increased variance is also known 

as ‘anomalous variance’ (Van der Maas & Molenaar, 1992). Anomalous variance is 

related to the loss of stability before and during a transition; i.e. an indicator of a 

transition towards another pattern of interaction or other level of functioning. 

Anomalous variance is for instance found in young children learning new skills; e.g. 

from reaching without grasping to reaching with grasping (Wimmers, Savelsbergh, 

Beek, & Hopkins, 1998), and as a local increase in the variance of time series 

(Bassano & Van Geert, 2007). The transition towards other interaction patterns, in 

this case in teacher-student interaction, can also be seen in the change in clusters of 

variables. As discussed, during the intervention the system (teacher-students) 

seemed to be drawn towards two states of interaction. Over time, one state, open 

and engaged, seemed to gain in strength and became the state to which the system 

increasingly (in terms of frequency and duration) tended to return. The rigidity of 

certain patterns of interaction stresses the importance of multiple intervention 

sessions to aid the reorganization in new, more optimal states of interaction. In 

addition, it highlights the importance of intervening at the micro-level; the interactions 

at the micro-level constitute stable interaction patterns in students’ learning, which in 

turn shape students’ attitudes towards science and technology. Similar results were 

found in other case studies that highlight the process of constant mutual adaptation 

in order to reach a particular goal (in music education – Küpers et al., 2014; in 1-to-1 

science education – Van der Steen et al., 2014). 

Limitations and future research 

Although we established a reliable coding scheme to capture important components 

of engaged behavior during real-time interaction, we do not pretend that this is the 

only way of assessing engagement. A recommendation for future study is to include 

self-contained non-verbal behavior (by which we mean those non-verbal behaviors 

that are not accompanied by verbal utterances, for instance off-task behavior). In 

addition, it might be interesting to examine whether behavioral changes similar to the 

ones found in this study are reflected in students’ and teachers’ self-reported attitude 

towards science and technology education. Attitude is known as a stable and often 

rigid trait consisting of values, beliefs, and feelings towards the topic of study (Asma 

et al., 2011). Attitude develops from daily interactions and experiences, while 

simultaneously affecting behavioral intentions. The advantage of our approach is that 

it allows for the coupling of concurrent student behaviors and enables us to examine 

the direct influence of teacher on student and student on teacher. Educational 

interventions often affect both cognitive and non-cognitive components of functioning. 

This means that a full-fledged study of intervention effects should focus on a 

multitude of levels of analysis (Boelhouwer, 2013; Chapter 2). Focusing on the micro-
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level seems to be an important starting point as it represents change in a naturalistic 

context, which transfers to the higher organizational levels (such as attitude) over 

time.  

 As this study focused on a single case of a teacher and her students it is 

important to examine whether qualitatively similar patterns, such as the oscillating 

nature of the time series, the occurrence of recurrent episodes, and nonlinear local 

relationships between the variables can be found in other classrooms. As mentioned 

in the introduction, the class of this study was an optimal case of a larger study. We 

can now use this case as a point of reference when we examine the effectiveness of 

other science and technology lessons. For instance, knowledge of maladaptive 

interaction patterns such as rigid teacher-centered dialogue can be applied to 

recognize when the learning process is being hindered. Characteristics of these 

patterns can then be operationalized, which would allow for the development of 

indicators of maladaptive interactions and subsequently provide a new focus for 

future interventions.  

A last possibility for future research would be to study whether the interrelation 

of teacher openness with student engagement is a key factor in the effectiveness of 

educational interventions focused on improving teaching-learning processes. In other 

words, can we use students’ emerging engagement to illuminate why some classes 

did not show changes under influence of the intervention and how can we use this to 

improve interventions? During observations of classes that were not affected by the 

intervention teachers did show open behavior and students did show signs of 

engagement, but these behaviors did not appear to take the form of direct action-

reaction patterns. More specifically, there seemed to be less matching behavior 

between the two parties. We speculate that this might have been related to the 

overall classroom climate, which appeared to be negative in nature; for instance, a 

constant focus on minor deviations from rules was observed (which might be seen as 

similar to low teacher openness), resulting in fewer opportunities to establish 

meaningful learning situations. Had our intervention targeted this negative classroom 

climate prior to commencing, it may have become possible for the students and 

teacher to develop an adaptive interaction pattern. It would be of interest to examine 

what elements in the interrelation between teacher openness and student 

engagement could be utilized to target maladaptive interactions and render teacher-

student systems receptive to positive change. 
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Chapter 7 

Conclusion and discussion 
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In this final chapter the main findings of the studies in this dissertation will be 

summarized, reviewed and integrated, and implications and limitations emerging 

from the research will be discussed. The aim was to increase our understanding of, 

on the one hand, the development of students’ (9-12 years old) scientific 

understanding in interaction with the teacher’s practice, and, on the other hand, of 

how to successfully intervene in this development, by means of studying the effects 

of the Video Feedback Coaching for upper grade teachers (VFCt). Predictions and 

explanations have been used as measures for grasping the complexity level of 

students’ scientific understanding. The VFCt targeted teacher’s practice, i.e. their 

pedagogical-didactical skills to improve students’ scientific understanding (see 

appendix C). Teacher’s practice can be understood as their use empirical cycle, 

scaffolding, and use of questions that elicit students’ scientific understanding. 

However, rather than studying the change in teacher’s practice in isolation or just 

focusing on student outcomes, this dissertation took the complex dynamic system 

view on teaching-learning processes, implying that individual and contextual factors 

continuously interact during students’ learning and change over time. Teaching-

learning processes are ‘emergent and dynamic phenomena resulting from the 

interactions in the entire educational context, in particular the interaction between 

students and teachers’ (Steenbeek & Van Geert, 2013). Although the complexity of 

educational interactions is increasingly recognized on a theoretical level, it is rarely 

the focus in the assessment of educational intervention. In this thesis, we focused on 

real-time teacher-students interaction as an important unit of analysis. Teacher-

student interactions during actual lessons are considered to be building blocks by 

which learning, i.e. increased scientific understanding, emerge and stabilize over 

several lessons (Steenbeek & Van Geert, 2013).  

This final chapter provides a summary of the chapters of this dissertation and 

finishes by discussing some key aspects regarding the development of students’ 

scientific understanding and the evaluation of educational interventions. Finally, 

recommendations for research and practice will be given.   

Summary of chapters 

Chapter 2 

In chapter 2 we argued that complex dynamic systems approach offers 

methodological and theoretical tools to analyze and interpret the effects of 

educational interventions as dynamic processes (Van Geert, 1994; Steenbeek & Van 

Geert, 2013). Boelhouwer (2013) proposes a taxonomy using four dimensions which 

stress the importance of using process measures and studying mutual causality to 

assess the effects of an intervention. The taxonomy consists of a range of possible 

ways to evaluate interventions, such as static versus dynamic analysis to assess 

respectively group-based outcomes or learning processes, micro versus macro9 time-

                                            
9
 Micro and macro levels can also refer to organizational levels. For instance, students behavioral 

engagement during lessons (micro) result in stable perceptions towards a science and technology 
course (meso), which in turn shapes the attitude towards school-engagement in general (macro).  
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scales to assess on which timescale the effects of the intervention occurs, the 

distinction between direct and indirect sources of information, and short-term effects 

versus long-term effects of behavioral change. Each dimension of analysis is likely to 

emphasize a different aspect of the intervention (Van Yperen, 2003). Process 

measures, e.g. by means of video recordings, are considered essential for capturing 

the developments on real-time (micro) timescales and to assess the dynamics of the 

teaching-learning processes.  

As an empirical illustration, the micro-dynamic dimensions of this taxonomy 

were applied on video recordings collected during the pilot-phase of the VFCt. The 

data consisted of 6 classes who participated in the VFCt. By using a process-

oriented methodology, we showed that average results can be deepened by focusing 

on several complexity properties of the teaching-learning process. The group-based 

result showed an increase in the average complexity level of students’ scientific 

understanding from premeasure to post-measure. Dynamic measures showed both 

inter- and intra-individual variability, as one of the main characteristics of teaching-

learning processes. By focusing on time-serial patterns in the interaction it became 

apparent that the higher level of scientific understanding was achieved by a mutual 

investment of teacher and students. We suggested that the VFCt intervention might 

be effective because the teacher changed the types of questions, the students’ 

scientific understanding increased, the amount of attuned interactions increased, and 

active participation was used instead of classical experiment lessons.    

On a more general level, this kind of process-oriented approach opens new avenues 

for understanding how complex teaching-learning processes either enhance or 

hinder certain aspects of learning. It helps unpacking learning as a process emerging 

in interaction with the teacher, and provides a more comprehensive view of the 

effects of the intervention. In this thesis we aimed to examine each dimension to 

assess the effectiveness of the intervention. This implies that several methodologies 

are used to examine effects of the VFCt, which will be presented in the summaries of 

chapters 3 to 6.   

Chapters 3 to 6 are based on data collected during the effect-study. Twenty 

three upper grade classes of Dutch elementary education participated in this study. 

The effect-study consisted of eleven classes in the intervention condition, and twelve 

classes in a control condition. Static and process measures were collected; 

respectively questionnaires and video recordings.  

Chapter 3 

In chapter 3 we assessed the macro-static effect of the VFCt, by focusing on the 

difference in students’ scientific knowledge during premeasure and post-measure. To 

this end, we focused on students’ scientific knowledge as assessed with the scores 

of a standardized paper-and-pencil test (CITO; Dutch national assessment program). 

In addition, we aimed to gain insight into changes during actual lessons. Hence, the 

dynamic-macro effect was measured by focusing on the level of scientific 

understanding students expressed during the two filmed premeasures and two post-
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measures. The research question was: to what extent do students’ scientific 

knowledge and students’ scientific understanding change under influence of the VFCt 

and how does this compare to changes in the control condition? For the static 

measure, repeated measures ANOVA showed no change between premeasure and 

post-measure for either condition in the number of correct answers on the test. 

For the process measure students’ predictions and explanations were coded 

using a scale based on Skill Theory (Fischer & Bidell, 2006). This cognitive 

developmental theory enabled to focus on the complexity and variability of student’s 

scientific understanding and the way scientific understanding is constructed in 

specific domains (Fischer, 1980; Fischer & Bidell, 2006). Given the relatively small 

group, a permutation method called Monte‐Carlo analysis was used (Hood, 2004). 

Although we found no difference between premeasure and post-measure with regard 

to the average complexity level of students’ scientific understanding, a difference 

between premeasure and post-measure and between the conditions was found by 

focusing on the number of complex utterances: a significant increase could be seen 

in the proportion of students’ utterances displaying scientific understanding on higher 

levels of complexity in the intervention condition only. The results showed that at first 

the number of predictions sharply increased, while the number of explanations 

increased after the intervention. As this study only focused on premeasure and post-

measure and only on student outcomes, a gap in our understanding remained about 

how change occurs — in interaction with the context — and how the time serial form 

of change relates to individual learning gains.    

Chapter 4 

In order to close this gap, in chapter 4 the focus was on the micro-dynamic changes 

in the co-construction of scientific understanding by analyzing students-teacher 

interactions. We aimed to capture the preferred patterns of interaction and studied 

whether these patterns changed under influence of the VFCt. We therefore coded the 

extent of complexity of students’ scientific understanding and the extent of stimulation 

in teacher’s reactions. The joint states resulted in four types of student-teacher 

interaction patterns: a non-optimal interaction pattern consisted of students’ 

utterances which were non-complex and non-stimulating teacher responses; a 

suboptimal interaction pattern consisted of a mismatch between teacher and student 

input in that students’ utterances were complex and teacher’s reaction non-

stimulating or in which students’ utterances were non-complex and teacher’s 

reactions were stimulating; an optimal interaction patterns consisted of complex 

student utterances and stimulating teacher responses. The question was: how is 

scientific understanding co-constructed and how does this process of co-construction 

change over time? State space grids were used to analyze synchronized student-

teacher interaction sequences over time (Hollenstein, 2013).  

Non-optimal interaction patterns emerged as preferred pattern of interaction 

during premeasures in both conditions. Most classes, who participated in the VFCt, 

changed during the intervention from non-optimal to optimal interaction patterns. The 

optimal interaction pattern consisted of the teacher mainly using encouragements 
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and thought-provoking questions in coherence with an increase in number and 

complexity of students’ scientific understanding. In addition, results pointed to 

underlying dynamics of how change in scientific understanding emerged over time, in 

that a destabilization of the habitual teacher-students’ behavior was found.  

Several studies show that non-cognitive aspects are as important as cognitive 

aspects in shaping the learning process (Dweck, Mangels, & Good, 2004). For 

instance, students’ curiosity is considered to be an engine for science and technology 

learning (Engel, 2006; 2009). In addition, students’ engagement is considered as a 

prerequisite of deep-level learning (Bryson & Hand, 2007; Laevers, 2005) and 

teacher’s attitude is considered to be predictive of their classroom practices (Haney, 

Lumpe, Czerniak, & Egan, 2002; Van Aalderen-Smeets, & Walma Van Der Molen, 

2015). Therefore, in chapters 5 and 6, the focus was on non-cognitive aspects 

related to learning, i.e. attitude and engagement.   

Chapter 5   

In chapter 5 we focused on the macro-static effect of the intervention by assessing 

students’ and teachers’ attitude towards, respectively, learning and teaching science 

and technology using a questionnaire. The question was: to what extent do teachers 

and students of the intervention condition change in their attitude towards science 

and technology under influence of VFCt, and how does this compare to changes in 

the control condition? A validated attitude scale, the DAS, was used to assess 

teacher’s attitudes (Van Aalderen-Smeets & Walma van der Molen, 2013). A Monte 

Carlo analysis indicated that teachers who participated in the intervention reported to 

feel more in control and experienced more positive feelings, while feeling less 

stressed and nervous during teaching science and technology at the post-measure 

compared to premeasure reports. For the control condition no change was found. 

Individual differences were found within and between conditions. To determine 

students’ attitudes towards science and technology, a science attitude scale 

developed and validated by Walma van der Molen (2007) was used. A repeated 

measure MANOVA showed that contrary to our expectations, no intervention effect 

was found for students’ attitude towards science and technology. We wondered 

whether this finding was an accurate reflection of students’ non-cognitive aspects of 

learning during actual lessons. Therefore, an important question that remained 

concerned the emergence of students’ engagement during real-time teaching-

learning processes in the classroom. 

Chapter 6 

In addition, studies suggest that engaged students show better academic 

achievement in elementary school (see review Fredricks, Blumenfeld, & Paris, 2004). 

For these reasons, chapter 6 focused on micro-dynamic measures of students’ 

engagement in relation to the display of scientific understanding. We aimed to assess 

the dynamics of such relations during real-time lessons in the context of a teacher 

who changed her behavior from mainly using instructions and information towards 

frequently using open questions. A case study approach was used to be able to 
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optimally study coupled behaviors on a micro-level timescale. The focus was on the 

teacher’s openness, defined as the ‘degrees of freedom’ the teacher provided to her 

students, as well as the students’ engagement, defined as affective and behavioral 

involvement with lessons, and on students’ scientific understanding, operationalized 

as their verbalizations of predictions and explanations. The first research question 

was: Does students’ engagement and students’ scientific understanding change over 

the course of the intervention, and does the relation between the two change over 

the course of the VFCt? The second research question was: Does real-time teacher 

openness change over the course of the intervention, and does the relation between 

teacher openness and students’ engagement change over the course of the VFCt? 

Time serial sequential analyses showed that the teacher became more open and her 

students became more engaged and cognitively active during the intervention. In 

addition, a change in coherence was found between engaged behavior and scientific 

understanding, and between students’ engagement and teacher’s openness. 

Although, overall, there was an increase in students’ engagement and display of 

scientific understanding, the direction of the relationship tended to change 

periodically during the VFCt. In addition, a coupled interaction pattern arose from 

cluster analysis: when the teacher was more open, the students were more engaged 

and vice versa. It was shown that a change in coupled interaction patterns occurred 

over the course of the intervention, and tentative evidence was provided for the 

effectivity of the intervention program on increasing students’ engagement in 

reciprocal interaction with teacher’s openness. 

Conclusion 

The question of this dissertation was: what are the effects of working with VFCt on 

teacher’s practice and how does this relate with cognitive and non-cognitive aspects 

of students’ learning science and technology? To answer this question, we used 

static and process measures, and we studied the differences between conditions as 

well as the processes within classes.  

Integration of results 

Overall, the results showed a positive effect of working with VFCt. Table 7.2 shows a 

brief overview of the main results per chapter. The table depicts that the effect of the 

VFCt was mainly captured by means of process measures using micro-dynamic 

analysis; i.e. by means of time-serial measures of patterns of interaction in authentic 

science and technology lessons. The analyses provided evidence that teachers were 

able to translate the VFCt into a change in their classroom practice. The findings 

demonstrated changes in the actual scientific understanding of the students, in terms 

of an increase in the number of times they think in more complex terms than they 

were used to. In addition, we found evidence that students’ scientific understanding 

and engagement are interrelated on the micro level and show mutual causality with 

teacher’s openness. In addition, the change in teachers’ attitude highlighted that by 

means of intervening aimed at accomplishing behavioral change, a change in attitude 

can be established. However, the changes in students’ behavior were not reflected in 
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gains on students’ static measures (CITO and attitude questionnaire). Nonetheless, 

this actual change in behavior is essential for teachers as this accurately reflects 

what they actually do and what they experience during their lessons. Information 

about actual changes in behavior provides deeper insights into how teachers can 

optimize their lessons – compared to standard evaluations. 
  

Table 7.2 Overview of the main findings per chapter accompanied by the dimensions belonging to 

Boelhouwer’s taxonomy (2013) 

C
h

a
p

te
r 

Variables Results (within-group analyses) Effect 
VFCt 

Dimensions 

 

3 CITO score 
 
Level of scientific 
understanding 
 
Frequency of 
display of 
scientific 
understanding 

VFCt (pre = post) = Control (pre = post) 
 
VFCt (pre = post) = Control (pre = post) 
 
 
VFCt (pre < post) > Control (pre = post) 

No 
 
No 
 
 
Yes  

Static, macro, direct, long-term  
 
Dynamic, macro, direct, long-
term effect 
 
Dynamic, macro, direct, long-
term effect 

4 Interaction 
patterns of 
teachers’ extent of 
stimulation & 
students’ scientific 
understanding 

VFCt (pre < post) > Control (pre = post) 
 
Change towards more stimulating and 
higher levels of scientific 
understanding, i.e. from non-optimal to 
optimal interaction patterns 

Yes Dynamic, micro, indirect, 
short- & long-term effect 

5 Students’ attitude 
 
Teachers’ attitude 

VFCt (pre > post) = Control (pre > post) 
 
VFCt (pre < post) > Control (pre = post) 

No 
 
Yes 

Static, macro, direct, long-term 
effect 
Static, macro, direct, long-term 
effect 

6 Relation between 
students’ scientific 
understanding 
and engagement 
 
Interaction 
patterns of 
teacher’s 
openness & 
students’ 
engagement 

Pre < Post  
Increasingly related following a 
nonlinear path of change 
 
 
Pre < Post  
Change towards more open and more 
engaged behavior following a nonlinear 
path of change 

Yes 
 
 
 
 
Yes 

Dynamic, micro, indirect, 
short- & long-term effect 
 
 
 
Dynamic, micro, indirect, 
short- & long-term effect 

 

The inclusion of a range of measures and the use of several lessons enabled the 

investigation of the extent to which co-construction took a common form across 

different activities of learning. In addition, evidence of the nonlinear nature of change 

and the importance of studying inter- and intra-individual variability was found. The 

state space grid analysis showed that even when classes are classified as having 

profited from the intervention, the process underlying this change is an example of 

typical idiosyncratic differences. The state space grid analysis further enabled to gain 

insight into how teachers and students co-construct scientific understanding and how 

this co-construction unfolds over time. These types of assessment aim to capture the 

complexity of the educational context, and by doing so, they do justice to that what 

the teacher is working on, namely everyday learning. An observational focus on the 

richness of students’ social interaction in the classrooms provided detailed insights 

into changes in the co-construction of their cognitive development. 
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To conclude, for a complete understanding of effects of the VFCt, an intensive 

study of intertwined teacher and student behavior over several lessons was needed. 

Analyses on the micro-level showed that the effect of VFCt was found on the level 

where the intervention focused at, i.e. on interactions of higher quality. By focusing 

on why the VFCt worked and for whom, this study provided a way of describing why 

one state of teacher-student interaction changed into another, and in fact implies a 

way of describing what can be done to make the state of interaction change into 

another one (Van Geert & Steenbeek, 2005). A micro-dynamic process approach 

provided evidence of the actual, concrete way in which the intervention attains its 

effectiveness. We argue that if the intervention needs to be improved, or if the 

intervention needs to be disseminated, knowledge of the actual, concrete way in 

which it works on the level of real-time daily practice is vital (because that is the kind 

of information that is available to the teachers). This dissertation is an illustration of 

the importance of assessing real-time changes in teacher-student interactions to 

accurately capture the effects of an educational intervention. By doing so we aimed 

to contribute to research into evaluation of effect-studies.   

How does students’ scientific understanding develop in the upper grades of 

elementary education? 

The findings of the studies reported in this dissertation leave us with various ideas 

about how cognitive processes, such as scientific understanding develop in upper 

grade students. A complex dynamic systems approach was used to study scientific 

understanding. We studied students’ developing scientific understanding as a 

process of co-construction within lessons as well as over the course of the 

intervention. In chapter 4, empirical evidence was presented that supports the idea 

that scientific understanding develops in dynamic interaction between the teacher 

and students. First, we will discuss how scientific understanding emerged in 

teaching-as-usual situations and how this development was successfully intervened 

by means of studying the effects of the Video Feedback Coaching for upper grade 

teachers. Second, the focus will be on how scientific understanding is elicited by the 

material and social context. Lastly, the idiosyncratic nature of this developmental 

process will be discussed.  

The studies in this dissertation showed that in teaching-as-usual conditions, 

i.e. pre measures, students rarely expressed scientific understanding (chapters 3 and 

4). Approximately 17% of all student utterances were coded as display of scientific 

understanding. Teachers were mainly providing information (i.e. knowledge), which 

might imply that students’ development followed the path of learning through transfer 

of knowledge. In chapter 3 we outlined that there are different types of knowledge to 

be gained during science and technology lessons. Educational psychologists stress 

the importance of transferring the responsibility to learn to students instead of 

transferring knowledge (e.g. Kagan, 2004; Ryan & Deci, 2000). Students’ active 

participation in meaningful learning processes is considered to be important for better 

retention of the course material. During the intervention, the proportion of complex 

explanations and predictions steadily increased, indicative of more active 
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participation of the students. Although not explicitly examined, we speculate that 

there has been a shift in responsibility of acquiring understanding. We base our 

speculation on the observation that in the beginning teachers acted as the typical 

knowledgeable person, while during the intervention their role clearly shifted towards 

that of being a coach. Students’ development of scientific understanding increasingly 

took the form of a co-constructive process in which teacher and students both 

provided input in their search to explain the phenomena at hand.  

Throughout VFCt students’ active participation was elicited by means of the 

material and social context. Teachers (the social context) were encouraged to use 

inquiry-based learning situations (the material context). In chapters 2 and 6 we 

shortly mentioned the role of inquiry-based activities to evoke students’ scientific 

understanding. Textbook based or worksheet based lessons in which students have 

to follow a step-by-step manual appear less provoking to display scientific 

understanding than lessons in which students’ active participation is requested 

(Donovan & Bransford, 2005; Foley & McPhee, 2008; Van Vondel & Wetzels, 2015). 

Inquiry-based learning activities evoke students’ enthusiasm and challenge students 

to learn about scientific concepts (Bilgin, 2006). As the case study of chapter 6 

showed, students’ engagement interacts reciprocally with students’ development of 

scientific understanding during actual lessons, and both seem to promote the 

teaching-learning process. Previous research noted that students’ curiosity and 

enthusiasm to scientific investigation and explanation vanishes during the period of 

elementary education (Engel, 2006; 2009). This study provided an indication that 

such student characteristics can be made manifest again by providing science and 

technology education. Inquiry-based learning situations provide a natural way to 

learn about science and technology. Inquiry-based learning entails domain-general 

skills such as formulating a research question, hypothesizing, observing and 

explaining results (Zimmerman, 2000) which are important skills for the future 

professionals. At the same time, such hands-on activities provide opportunities for 

students with different knowledge backgrounds to communicate about their 

experience. Scientific understanding is viewed as a process everyone can engage in, 

as the level of scientific understanding can range from being able to observe simple 

relations to a full understanding of scientific concepts, such as Bernoulli’s law that 

describes the flow behavior of liquids and gasses (Fischer & Bidell, 2006). However, 

participating in hands-on activities cannot be regarded as synonymous to increasing 

students’ scientific understanding (Osborne, 2013). This is for instance reflected in 

the finding that classes in the control condition also used inquiry-based learning 

situations but did not show changes in scientific understanding.     

This study showed that students’ scientific understanding covaried in dynamic 

interaction with the teacher’s practice. The studies further indicated that the social 

context can be optimized as the teachers in this study benefited from support to 

guide their students in the process of doing science. Unguided or poorly guided 

inquiries are not effective in helping students to construct scientific understanding 

(Alfieri, Brooks, Aldrich, & Tenenbaum, 2010; Kirschner, Sweller, & Clark, 2006; 

Mayer, 2004). Inquiry-based activities are therefore seen as a first step as they do 
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make students receptive for learning. Then the essential role of the teacher comes to 

play as students need adequate support to use their enthusiasm and curiosity as 

means to increase their level of understanding. Teachers were supported to use 

open questions related to the empirical cycle. The empirical cycle can be used to 

guide the hands-on and minds-on process of students. Follow-up questions are 

considered essential to deepen students’ scientific understanding. Often these follow 

ups are a quest for explanations of students’ thinking process. This quest for 

explanations was reflected in an increase in the number of explanations uttered at 

post-measure. Students’ development of scientific understanding increasingly took 

the form of a co-constructive process in which teacher and students both provided 

input in their search to explain the phenomena at hand. In addition, students’ 

scientific understanding concerns conceptual understanding (as the focus of this 

dissertation) as well as an understanding of the process of doing science.  

Lastly, the idiosyncratic nature of how classes co-construct scientific 

understanding emphasizes the nonlinearity of the development of cognitive 

processes, such as scientific understanding. Individual variability is seen as a typical 

example of the idiosyncrasy of the processes and is inherent to development and an 

important source of information (Van Geert & Van Dijk, 2002). Within the intervention 

condition, individual differences were found in terms of how well classes were able to 

transform the coaching into more successful teaching-learning processes. This led us 

to conclude that although particular elements of the intervention at issue have the 

power to yield change in the co-construction of scientific understanding, these 

particular elements were not equally or similarly powerful for all students (and 

teachers). Not all classes engaged in productive, task-focused interactions. The 

reasons for unproductive interaction are many, being related to, among other things, 

the nature of the task, the organization of the class, and teacher’s and students’ 

personal characteristics, including their cognitive and social habits and skills. These 

findings add support to the idea that the development of scientific understanding is a 

process in which non-linearity, variability, and multi-causality are important 

characteristics. These individual differences further highlight the importance of the 

idiosyncratic nature interventions should adopt. The process-oriented approach 

provided insight into how and for whom this intervention was effective to change the 

process of co-constructing scientific understanding.  

The results of chapters 4 and 6 further indicated that intra-individual variability 

is an important characteristic of development of scientific understanding. Within 

classes, students’ scientific understanding emerged in real-time as an intrinsically 

variable phenomenon. This finding is line with previous research indicating that 

students’ scientific understanding is not a fixed property, but fluctuates in relation to 

differences in material and social contexts (Meindertsma et al., 2014). Many factors 

are influencing the in- or decrease of scientific understanding, as it is expressed 

during teaching-learning processes. For teachers it is important to recognize that 

fluctuations in levels of understanding are a reflection of a learning process, rather 

than an inability of students to grasp the concepts at hand. As teachers who 

participated in this VFCt project were encouraged to expand their range of 
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instructional strategies, i.e. more open and thought-provoking questions, to assist 

students in their learning process, the teacher-student interaction became more 

flexible eventually resulting in interaction patterns that promoted the display of 

students’ scientific understanding.  

Discussion  

Static measures versus process measures 

One of the main messages that we want to convey in this thesis is that in order to 

assess the effects of an intervention such as the VFCt, several methodologies should 

be used, in an attempt to find converging evidence on what the nature of the effects 

of the intervention could be. We argued that it is important that researchers explore 

the naturalistic situation in which the intervention takes place. Therefore, in this 

dissertation next to static measures, process measures were used to capture the 

complexity of teaching-learning processes by examining teacher-students 

interactions in a micro genetic manner. Thereby, rich information was gathered by 

combining group level perspectives and intra-individual longitudinal measurements 

over time. The latter analyses were based on time series of coded behaviors that 

stem from video recordings of science and technology lessons. These time series 

were explored with different techniques, which have in common that they reveal 

patterns and variability in the observed behaviors of teachers and students.  

Based on the process measures we concluded that the intervention was 

effective in changing teacher’s practice and students’ behaviors at the micro-level, 

and by that the quality of science and technology education. However, based on the 

static measures alone we might have concluded that the VFCt was not effective in 

improving science and technology education. The fact that these two lines of 

evaluation offer alternative conclusions does not invalidate either of them, but rather 

shows that different methods of analysis expose different layers of learning gains. 

However, the point is that students are typically only educationally assessed using 

static measures and effects of interventions are assessed in such a way as well. 

Basically, if the dynamic micro-level changes are not reflected in measures at 

the static macro-level, this might imply that students are often assessed in ways that 

do not optimally reflect the change in their skills. On a more general level, this might 

be tangent to a general view on assessing educational quality. Educational quality is 

often assessed focusing on teacher characteristics and student learning outcomes 

(Gorard, 2013). This might be so because teachers (and policy makers) often want to 

know the effects of innovative programs on the kinds of group-administered 

standardized tests they are usually held accountable for. The fact that learning gains 

emerge in transaction, and that the quality of student-teacher interaction in schools is 

linked to improved learning is often overlooked (Barber & Moursched, 2007; Gorard, 

2013). However, in daily practice, the knowledge and insights constructed in 

transaction with the context is what students need and use.  

Recently, increasing attention is being paid to the question how students’ 

science and technology skills should be assessed (e.g. Osborne, 2013). An important 



 

 
146 

aspect that has fueled this discussion is that the assessment should be a reflection of 

the desired outcomes of science and technology education. An important aim of 

science and technology education is that students develop 21st century skills in such 

a way that they are prepared to engage in processes that yield scientific 

understanding. Examples of such processes are solving problems, formulating 

predictions, developing explanations, drawing conclusions, being creative, making 

evaluations and extending knowledge to new situations (CITO, 2010; Klahr, 2000; 

Kuhn, 2010; Mullis, Martin, Ruddock, O’Sullivan, & Preuschoff, 2011). These abilities 

are related to higher-order thinking skills (in contrast to lower-order cognitive 

demands such as factual recall; Bloom, 1956). These skills should be seen as wider 

outcomes of education that are not self-contained skills that can be taught in 

separate classes. They only become meaningful by connecting them with concrete 

learning contents such as science and technology. Acquiring such competencies can 

only be achieved through a set of learning experiences in which students are 

engaged in hands-on as well as in minds-on activities (Van Keulen & Sol, 2012; 

Young, 2002). During science and technology education there is much attention for 

the development of such cross-curricular skills: being curious, critical thinking, 

problem solving and collaboration. These skills are important because society and 

the labor market make ever greater demands on the mastery of such skills, which are 

not tied to a specific course or content (Platform Onderwijs2032, 2016). Students 

need those skills to function in society, as support for lifelong learning and for the 

formation of their personality.  

The above shows that students’ learning is typically of a situated nature. In 

other words, students’ potential emerges in interaction with the material and social 

context. Standardized assessment is in this regard faced with several drawbacks. 

First, during standardized assessment, students are refrained from material and 

social support. Second, the assessment is often not a reflection of the desired 

outcomes. The focus is on knowledge in isolation, i.e. the focus is often on lower-

order cognitive demands such as factual recall. This does not reflect how skills are 

usually taught or used in real life. Performance under educational support provides a 

better estimation of the intellectual and learning potential of an individual than 

performance without such support (Fischer & Bidell, 2006; Ensing, Van der 

Aalsvoort, Van Geert, & Voet, 2014). Skills are seen as dynamic in the sense that 

they function in particular contexts and that they are typically supported by those 

contexts. The challenge of assessing student’s scientific understanding is that it is 

situated in a specific context and even within this context it might be highly variable 

(Meindertsma, Van Dijk, Steenbeek, & Van Geert, 2014). The findings from this study 

give reason to think about different ways of assessment which focus on skills that 

students use in their natural context in the daily lessons.  

Limitations and future research 

Aside from the specific limitations that have been mentioned in the separate 

chapters, there are some general limitations that need to be mentioned for this 

dissertation as a whole. First, issues related to choices we made because of the 
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process-oriented approach and the authentic situation we wanted to use will be 

discussed. Second, issues regarding choices we made regarding the focus of our 

analysis will be discussed. These issues can be explored further in future research.  

We believe that it is a strength of this thesis that it explored the naturalistic 

educational settings and this enabled us to capture the complexity of teaching-

learning processes. However, at the same time we were limited by the complexity of 

educational settings. For instance, we aimed to assess the long-term effect of the 

intervention. Preferably, a much longer time interval between intervention and post-

measures than the interval we could permit ourselves, given the confinements of 

real-life school practice, is required to capture long-term effects. If we would have 

been able to measure more often, with bigger time intervals this would have provided 

insight into whether teachers were capable of sustaining their behavioral change 

when external support was no longer available. However, we considered it important 

to focus on the teacher with the same group of students, i.e. starting from the same 

teacher-student dynamics, which implied that all measurements had to take place 

within the same academic year. Taking into account holidays, school trips, teacher 

trainings, testing, etc. we were able to assess the ‘long-term’ effect after 

approximately four weeks. In addition, although we aimed to use a similar period of 

time for all classrooms, there was quite some variation due to previously mentioned 

reasons. We reasoned that a few weeks are probably sufficient to enable students 

and teachers to incorporate the newly learned skills into their habitual practices.  

Another downside of observing naturally occurring interactions might be that 

we were not able to measure individual student’s scientific understanding during the 

lessons. We chose the group of interacting students and teacher as the unit of 

analysis because we aimed to capture the authentic situation of education. This 

means that teachers aim at teaching all students to their best of their capabilities. If 

we would have been able to measure processes of co-construction of individual 

students this might have provided insight into ways in which teachers can 

differentiate between students and whether and how this process changes over time. 

Is this study representative for teaching-learning situations in general? 

Another limitation concerns the representativeness of the teaching-learning situations 

covered by this study. In general, by focusing on verbal teacher-students interactions 

during the central part of each lesson, we acknowledge that we confined the studies 

in several ways. First, by focusing on verbal co-construction of scientific 

understanding, we failed to capture other ways that might contribute to the co-

construction of scientific understanding. Students’ real-time expressions of scientific 

understanding might partly consist of nonverbal expressions (Pine, Lufkin, Kirk, & 

Messer, 2007). For instance, students’ manual exploration is considered an important 

aspect of students’ development of scientific understanding (De Jonge-Hoekstra, Van 

der Steen, Van Geert, & Cox, 2016). Second, by focusing on teacher-students 

interactions we excluded other forms of learning in which students might develop 

scientific understanding. For instance student-student interactions are considered 

fruitful ways of learning as well (Kumpulainen & Mutanen, 1999). Third, as a 
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consequence of the labor-intensive nature of coding and analyzing the data, only ten 

minutes of the central part of each lesson were coded. Coding of complete lessons 

would have provided more insight into the nature and functioning during whole 

lessons, but this would have come at a considerable cost of coding time and effort. 

Further research is necessary to gain insight into how scientific understanding 

develops in peer interaction and what the role of nonverbal exploration in the 

development of scientific understanding is.  

Students’ scientific understanding correct or not? 

One could argue that a limitation is that we did not differentiate between correct and 

incorrect explanations and predictions. We argue that both correct and incorrect 

utterances are important to take into account for two reasons. First, incorrect 

explanations can be coded at the same level as correct ones since the complexity 

level is equal. In this study we reasoned, following Schwartz and Fischer (2004), that 

misconceptions can be seen as a different pathway that can lead to a higher level of 

scientific understanding. Further research is indicated to gain insight into how 

mistakes or misconceptions influence the way in which scientific understanding is 

constructed.  

Second, a students’ correct answer might be a reflection of ‘claiming 

understanding’ (Koole, 2010). It is likely that students repeat a solution or explanation 

(s)he has heard before, use vocabulary that seems to reflect understanding of the 

problem at hand or just confirm that (s)he understood the explanation of another 

student or the teacher. Students might for instance state that ‘a paper collapses 

when you blow underneath it because of the air pressure’. If the teacher just used the 

word air pressure during the introduction of the lesson, students might recall this as 

the topic of the day. To more accurately examine students’ understanding, it is 

important to elicit a ‘demonstration of their understanding’ (Koole, 2010). Teachers 

were encouraged to use questions like ‘what do you mean if you say because of air 

pressure’ to elicit a demonstration of understanding. However in naturalistic 

situations this is not always feasible. We were however able to gain insight into how 

insights were constructed but, due to the authentic situation of this study, we were 

not able to examine whether students actually grasped the concept. 

What is the role of gender in co-constructing scientific understanding? 

Another limitation is that no teacher or student characteristics were included as a 

source of information, such as gender. When the time comes for choosing a 

profession, men tend to choose science and technology studies more often than 

women do (e.g. Blickenstaff, 2005; Booy, Jansen, Joukes, & Van Schaik, 2011; 

Dekker, Krooneman, & van der Wel, 2008; Xu, 2008). The lack of women in such 

fields is disturbing because women do not seem to make use of their full potential 

(Blickenstaff, 2005; Booy et al., 2011; Eccles, 2007). The processes of downplaying 

one’s own talent as a researcher if you’re a girl are often unconscious or culturally 

engrained (e.g. Greenfield, 1996; Reilly, 2012). Gender roles and environmental 

influences, such as social expectations, with regard to gender specific behavior exist 



   

 

 
149 

7 

from early childhood on. By the time children reach the upper grades of elementary 

education they are so aware of these gender roles that gender specific behavior will 

be increasingly visible in their behaviors (Siegler, DeLoache, & Eisenberg, 2011). In 

addition, several studies indicate that teachers provide differential educational 

treatment to boys and girls and that teachers’ perceptions influence their behavior 

towards boys and girls (e.g. Blakemore, Berenbaum, & Liben, 2008; Jones & 

Wheatly, 1988; 1990; Zohar, Degani, & Vaaknin, 2001; Zohar & Dori, 2003). These 

two trends seem to reinforce and maintain each other. Several attempts have 

recently been made to support the influx of girls into science and technology fields 

(VHTO; Woman in higher technical education). VHTO stress that a change has to be 

made in young girls’ minds to recognize their own talents as female researchers.  

During the current project, a beginning has been made by exploring the 

literature and examining the data for reciprocal influences of teacher and students in 

the expression of gender differences during real-time science and technology 

lessons (Meindertsma, Geveke, & Van Vondel, 2015). Preliminary analysis showed 

that teachers gave more opportunities to boys in terms of more initiation questions, 

more follow-ups and more encouragements to continue. In addition, boys participated 

in the interaction approximately twice as much as girls, and girls seem to begin to 

take part in discussion only later in the lesson. This reciprocal influence between 

teacher’s practice and student behavior might be self-sustaining and self-reinforcing, 

eventually resulting in stable interaction patterns. If girls are reluctant to express 

scientific understanding and teachers do not explicitly stimulate girls’ active 

participation, it will be harder to include these girls in future science and technology 

activities. A recommendation for future study is to determine the robustness of these 

findings about gender differences and to study how gender differences relate to the 

levels of scientific understanding by focusing on micro level processes. This might be 

done by reanalyzing the data of chapter 4. For instance, by specifically focusing on 

boys’ and girls’ input insight could be gained into whether boys and girls show 

different patterns of interactions towards their teacher and whether the resulting level 

of scientific understanding is different. If the results can be replicated and expanded, 

a recommendation that arises for teachers is that they should pay explicit attention to 

evoking girls’ participation and be aware of the gender-specific patterns of interaction 

in the class and the sustaining effects it might have. Information about these patterns 

might be helpful in supporting teachers in equally encouraging all students to explore 

their talents. Video feedback coaching might be a helpful tool for this as well, as it is 

an eye-opener with regard to the teacher’s own behaviors and the way it influences 

student behavior. 

Examining possibilities of transfer 

We do not know whether the interactions we observed are representative of what 

students experience during other lessons and in the course of the year. Another 

avenue for future research is therefore to explore whether the relations between 

teacher-student interactions are similar across and can be transferred to diverse 

classroom contexts. The pedagogical-didactical skills the teachers optimized during 
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the intervention are easily practiced during science and technology education as an 

inquiry-based activity naturally evokes interaction (see appendix C). These teacher 

practices are however not limited to science and technology education. Approaching 

each student as talented has benefits in all contexts as it builds on students’ feelings 

of competence, autonomy and relatedness (Niemiec & Ryan, 2009; Seligman & 

Csikszentmihalyi, 2000). For future study the design could be expanded by 

assessing whether the change in interaction patterns is stable in different settings 

and is eventually transferred to other educational contexts, for instance mathematics 

or language education. If the skills of the teacher as well as of the students are 

transferred to other educational contexts, the implementation of science and 

technology in the curriculum of elementary education might be accelerated. In fact, 

the occurrence of such eventual transfer would mean that teachers are capable of 

using interdisciplinary strategies to integrate science and technology activities in 

other lessons. Integration in other courses is preferred as science and technology is 

not necessarily a course in itself, but a way of looking at and thinking about the world. 

Recommendations  

Next we present some general implications and recommendations, in addition to the 

more specific ones that directly followed from the discussion of the limitations above. 

These will be discussed in terms of improvement of the design and evaluation of 

educational interventions in general, of some general recommendations for 

assessment-makers, and in terms of improvements specific for the VFCt 

methodology, and for teachers of the upper grades of elementary education. 

Design of educational interventions 

We argue that characteristics of complex dynamic systems, i.e. a process-oriented 

approach, should be incorporated in effectiveness studies. A process-oriented 

approach opens avenues to support teachers in their individual professional 

development, and provides ways for gaining a more comprehensive understanding of 

the effect of educational interventions on teaching-learning processes. Often, 

improving educational quality focuses at implementing a new curriculum. Roughly 

two types of intervention implementation might be distinguished: a one-size-fits-all 

design or a process-oriented approach.  

The first is preferable in light of replicability and clarity (Borman, Slavin, 

Cheung, Chamberlain, Madden, & Chambers, 2005). As an illustration, Roots and 

Wings is a whole-school reform model designed to improve the basic skills 

achievement of all students in science while building problem-solving skills, creativity, 

and critical thinking. It builds on the extensively evaluated Success for All program 

(Slavin & Madden, 2002), which provides research-based curricula for pre-K through 

six on reading, writing, and language; one-to-one tutoring for primary grade students 

struggling in reading; and extensive family support services. These programs are 

characterized, among other things, by a fairly rigid method in which teachers are 

instructed minute by minute what to do and how to do it. Testing and examinations 

strongly dominate the content of education. In addition, the course material and test 
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pressure experienced by schools are limiting the room for maneuver teachers have 

(Platform Onderwijs2032, 2016). In line with all this, importing a set of procedures 

may occur in a way that risks undermining teacher’s autonomy and efficacy, and in 

the long term sustainability (Coburn, 2003). Although the uniformity and the 

specificity of the program appear to be advantageous because they allow for a 

uniform application in all sorts of educational contexts, the net effect of all this 

uniformity and specificity might be that the actual quality of the teacher’s practice is 

undermined. It might also be that such uniformity in fact creates differences between 

practitioners, because each one reacts in his or her own way to the unnatural 

exigencies of the highly uniform and prescribed method.  

The second approach uses teachers’ feelings of autonomy and efficacy as an 

inherent part of professional development. The context is seen as an inevitable part 

of development. Wetzels and colleagues (2015) provided an illustration of such an 

approach (and this dissertation builds upon this design). Wetzels’ intervention used 

the collection and analysis of data (video recordings of actual lessons) to design the 

content of the intervention, thereby adapting the content of intervention to teacher’s 

specific context. The process-oriented approach was supplemented with evidence-

based instructional strategies to assure intervention quality. The combination of 

providing theory, case-based learning and practice in authentic situations is 

considered important to establish behavioral change (e.g. Fabiano et al., 2013). This 

dissertation followed the process-oriented approach Wetzels and colleagues used. 

Characteristic of our approach was that each step in changing practice started from 

the point of each individual teacher’s existing abilities. In addition, all teachers 

received similar theoretical background and were supported by means of video 

feedback coaching, and, almost by definition, video feedback coaching is highly 

idiosyncratic since it uses the teacher's own practice as its starting point and basic 

materials.   

In daily practice there seem to be a contradiction however, which is that 

teachers need to focus on the student’s individual needs and interest while at the 

same time interventions are implemented that should assist all teachers and all 

students. In the Netherlands there is growing attention for education that focuses on 

student’s talent and interest and on student-centered learning in which teacher 

adaptation plays a major role (for instance the implementation of ‘passend onderwijs’ 

in 2014, www.passendonderwijs.nl and www.evaluatiepassendonderwijs.nl). This 

calls for teachers who are able to respond to students’ abilities, interests and needs 

using rich learning environments. To achieve this, teachers should be given space to 

respond to individual educational needs, which implies that rigid methods cannot 

satisfy these requirements. Teachers need support in developing pedagogical-

didactical strategies that help them to assist each student in such a way that it 

establishes positive learning experiences (Van Zee, Minstrell, & Minstrell, 1997). A 

tool for doing so consists of providing students with insight in the empirical cycle 

(White & Frederiksen, 1998). The empirical cycle can be used to structure how to 

conduct hands-on experiments and functions at the same time as a guide for the 

thinking process. The studies in this dissertation provide an argument to strengthen 

http://www.passendonderwijs.nl/
http://www.evaluatiepassendonderwijs.nl/
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teacher’s practice instead of only designing and providing new methods, such as 

‘onderzoekend en ontwerpend leren’ (loosely translated as inquiry-based learning 

and learning by design).  

To conclude, there is thus a call for process-oriented professional 

development programs, such as the VFCt, that support teachers with practical 

strategies to implement science and technology in their curriculum and that focuses 

on teachers’ own contribution to the teaching-learning process, instead of providing 

them with a new curriculum only. Several initiatives have responded to this call by 

designing programs to elicit students’ talents (for instance, Haus der kleinen Forscher 

in Germany; Little Scientists in Australia; Head Start in America). In the Netherlands, 

in cooperation with the university of applied sciences an online-module10 and an 

online-module including an online coaching-platform has been developed, and 

masters focused on talent development have started (Talent Development & 

Creativity at the university of Groningen and Talentontwikkeling & Diversiteit at the 

Hanzehogeschool Groningen university of applied sciences).  

Evaluation of educational interventions 

In addition, such a process-oriented approach has implications or rather opens 

avenues for the evaluation of effectiveness of educational interventions. Intervention 

studies are commonly evaluated by means of pre- and post-measurement 

comparisons, for instance by means of randomized control trials, to conclude if a 

training works. This approach does provide important information, however these 

evaluations do not provide information about how change occurred over the course 

of an intervention, and whether and how individuals benefited from the intervention. 

As outlined in chapter 2, Boelhouwer (2013) proposes a taxonomy using several 

analyses to address the effectiveness of an intervention in which each source of data 

is likely to emphasize a different aspect of the intervention. The overall picture, i.e. 

the integration of all results, provides the most comprehensive overview of the results 

of the intervention. However, when gaining information about why and how the 

intervention works is the goal, we argue that process studies are essential. This 

dissertation might be seen as an illustration of how such an evaluation can be 

designed.   

One of the main messages that we want to convey in this thesis is that by 

taking teacher-students interactions from moment to moment as unit of analysis, the 

complexity of teaching-learning processes can be captured. The longitudinal design 

made it possible to examine how stable teacher and students patterns emerged out 

of repeated interactions and how these characteristics in turn influenced the next 

episodes of interaction and eventually resulted in increased display of scientific 

understanding. Although process research is complex, time-consuming and 

expensive, it should nevertheless be treated as the standard of evaluations of 

educational interventions as it is key to be able to unravel the changing relationship 

between teacher and students. For researchers this dissertation adds insight into the 

                                            
10

 E learning module: talent creërt talent  

https://www.hanze.nl/nld/onderzoek/kenniscentra/hanzehogeschool-centre-of-expertise-healthy-ageing/lectoraten/lectoraten/integraal-jeugdbeleid/organisatie/overzichten/nieuws/201409121336-e-learning-module-talent-creert-talent--school-aan-zet
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importance of taking the social context into account when assessing educational 

interventions.  

Recommendations for assessors 

The question is what kind of assessment should be used to demonstrate that 

students have successfully attained the goals of science and technology education? 

We argue that the desired outcome is not factual science and technology knowledge, 

but understanding of the process of doing science. Scientific knowledge, in general, 

is increasing at an incredible rate and the knowledge is constantly being updated 

through new technological highlights and increased insights. The current theory is 

that today, on average human knowledge is doubling every 13 months 

(internetworldstats.com). Transferring such knowledge to students would be an 

impossible task. A much more appropriate endeavor is therefore to teach students 

how to approach the world of science. Basically students should be encouraged to 

become self-regulated learners. Students are stimulated to critically approach natural 

phenomena and to search for answers (instead of simply accepting ‘evidence’). An 

important learning outcome is then that students use reasoning skills to connect the 

situation at hand with previously acquired knowledge, i.e. express scientific 

understanding. 

The challenge is to develop assessments that require higher order cognitive 

abilities in such a way that test scores are a more accurate reflection of what 

students actually learned. Teachers can assess students’ progress during the 

activities by explicitly evoking their current level of understanding, during a specific 

task and support the students to extend the range of their level of complexity of 

understanding. In addition, change might be found in students’ participation during 

lessons. This might not immediately yield results on cognitive aspects, but might be 

an important building block for future performance and for students’ search for their 

talent. Platform Onderwijs2032 (2016) stress the need for future-oriented education, 

emphasizes that some skills of students are measurable while others are noticeable 

(meetbaar vs. merkbaar). These noticeable skills concerns for example students’ 

self-regulatory skills, higher-order thinking skills, the engagement they have shown, 

the confidence that they have developed and experience they have gained. Those 

noticeable skills are nevertheless considered at least as important for students’ 

development because these skills prepare students to fully participate in society. In 

this dissertation we aimed to provide avenues to measure skills that are noticeable 

(teaching-learning processes, scientific understanding and engagement) during 

actual lessons by means of process-oriented methodologies, i.e. by using the 

appropriate observational and time serial instruments.  

Recommendations for improving VFCt 

In this dissertation the VFCt was supplemented with premeasures for research 

purposes. However, for optimization of the VFCt intervention we encourage coaches 

to precede the intervention by a baseline measure, i.e. pre measure. In this study 

premeasures were added to the intervention to be able to assess the effect of the 
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intervention. However, the premeasure might be considered essential as part of the 

intervention for several reasons. First, teacher and students get used to someone in 

their classroom who is filming the lesson. Second, studies suggest that teachers will 

need to experience dissatisfaction with didactic instructional methods before they will 

be likely to consider alternative perspectives about effective ways to promote student 

learning (Niederhause, Salam, & Field, 1999). Especially in the case of teachers who 

never taught science and technology before, it seems essential to first support 

teachers to think of ways in which they think science and technology might fit into 

their curriculum before changing their practice.  

By using micro-dynamic measure, the results of chapters 4 and 5 showed 

individual differences. The intervention worked out highly idiosyncratically for each 

class in terms of how and when a change in interaction patterns was found. We 

therefore recommend expanding the intervention, i.e. to increase the idiosyncratic 

nature of the intervention even further. This can be done by closely monitoring the 

change processes of each system. This implies that some interventions need to be 

prolonged if the system did not yet stabilize into a desired state or if a system started 

to change relatively late in the intervention. Being able to prolong the intervention is 

important to ensure sustainable change; i.e. if a system has not yet stabilized into a 

new attractor; it is likely that the system will be drawn back to the previously stable 

state (Bassano & Van Geert, 2007). It might be that for some classes the intervention 

period was too short to yield sustained, stable changes. Several studies show that 

longer periods of intervention seem necessary to yield sustained behavioral change 

(e.g. Loucks-Horsley, 1996). Note that it should not be a matter of uniform 

prolongation but rather of adaptive prolongation dependent on the nature of the effect 

and the way the recommendations are assimilated by every individual teacher.  

Recommendations for teachers 

Overall, for teachers there is no one correct way to teach science and technology. 

The studies showed that several ways lead to an increase in the quality of science 

and technology education. However, some elements that proved important for 

virtually all teachers are using the following pedagogical-didactical strategies: using 

the steps of the empirical cycle as a guide to structure the experiments and thinking 

of students, using questions to evoke students’ display of scientific understanding 

and curiosity, and taking the role of a coach to assist and scaffold students in 

structuring their own learning processes. This means that both the teacher’s and the 

students’ potential are optimally used. The most important aspect of effective science 

and technology teaching is to actively evoke students’ display of scientific 

understanding by means of open questions. The pitfall of inquiry-based learning 

might be to think something like “the students are working so nicely, they enjoy doing 

this activity, so let’s leave them in peace and let’s not interfere”. However, the point of 

science and technology education goes beyond simply performing an experiment or 

crafting something. It is a way of looking at and thinking about the world which takes 

place under the almost constant challenge of justifying one’s conclusions, and 

assumes new ways of looking and thinking if the old ways lead to unsatisfactory 
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justifications. During these activities a teacher can make the difference. Teachers 

adjust their questioning to accommodate students’ contributions and respond to 

students’ thinking in a thought provoking way.  

Students’ statements offer potential for productive discourse (Chin & Brown, 

2002; Chin & Osborne, 2008). Especially in the upper grade of elementary education 

students’ input can be seen as a reflection of their interest, engagement and level of 

understanding. The most crucial tool seems to be teacher’s sensitivity to individual 

needs, and the availability of pedagogical-didactical resources that allow adapting 

learning opportunities to fit those needs. This study showed, indirectly, that teachers 

do not need sophisticated scientific content knowledge, i.e. be an expert to teach 

science and technology in the upper grades of elementary education. The 

pedagogical-didactical strategies, i.e. the pedagogical content knowledge about how 

to bring science in practice (Geveke, Steenbeek, Doornenbal, & Van Geert, 2016), in 

combination with basic content knowledge offered teachers enough grips to provide 

stimulating science and technology education in such a way that an increase in 

students’ scientific understanding was found.  

A practical recommendation for teachers is to occasionally review video 

observations of their own or of their colleagues’ lessons as a means to increase their 

quality of instructional practice. Teachers’ awareness of their own role is an important 

indicator for the quality of their support, which is considered a crucial factor in 

improving students’ learning (Barber & Moursched, 2007). Reviewing lessons 

provides insight into whether teachers provide activities that trigger students’ interest 

while at the same time creating opportunities to evoke scientific understanding. 

Teachers should focus on instructional strategies that at least maintain students’ 

interest, but preferably evoke students’ curiosity in order to stimulate cognitive 

progress. This focus is important to establish teachable (science) moments (Bentley, 

1995; Hyun & Marshall, 2003). These are moments that are understood as 

opportunities that may arise when students are excited, engaged and primed to 

learn, and teachers act accordingly to increase understanding. Teachers can engage 

students by explicitly activating them in their search for answers, i.e. make them 

owners of their own learning processes. What is most important is that teachable 

moments only occur when teachers observe, recognize and act according to the 

(spontaneously) occurring interest of learners. By reviewing their own lessons 

teachers’ skills to do so can be strengthened. 

To conclude, the results of this dissertation have furthered our understanding about 

students’ development of scientific understanding in interaction with the teacher. The 

results provided evidence that the use of video feedback coaching is an effective way 

to change teachers’ practice and by doing so, it also proved that putting students’ 

scientific understanding in the picture is an effective way for changing the classroom 

system towards patterns of interaction that promote students’ display of scientific 

understanding and enthusiasm. Although upper grade students’ characteristics of 

talented science and technology behavior are hardly evident during teaching-as-

usual situations, teachers can support students in retrieving their natural curiosity 
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about the world of science. This curiosity can then be seized to spark students’ 

display of scientific understanding by using follow-up questions that elicit students’ 

active participation. To achieve this, teachers need support, for instance in the form 

of highly personalized video feedback coaching sessions, or in the form of accessible 

theoretical frameworks that emphasize the complex and dynamic nature of teaching-

learning processes, to better develop their skills for adjusting the classroom learning 

opportunities to make students flourish in science and technology education.  
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0,943 

0,955 

11  

42; 11  

31  

11; 41  

41  

51  

NAS 

107 

97; 93 

95 

71; 63 

76 

71 

20 

10; 15 

22 

11; 13 

15 

13 

Partly, change from non-optimal to 

‘sub-optimal’ attractor. Change seem 

to start late 

 

Temporal instability: Partly 

Dispersion: Constant variability 

between lessons  

NAS: 8  

9 2 

3 

4 

5 

6 

7 

8 

1 0,881 

0.898 

0.757* 

0.935 

0.841 

0,887 

0,9 

NAS 

NAS 

NAS 

NAS 

11  

11  

11  

 

 

 

 

80 

78 

64 

 

 

 

 

13 

9 

12 

No, no change from non-optimal to 

optimal attractor  

 

Temporal instability: Yes 

Dispersion: lesson 4 

NAS: 2, 3, 4, & 5 

 

11 1 

2 

3 

2 0,961 

0,907 

0,941 

NAS 

21; 51  

21  

 

68; 62 

57 

 

11; 5 

9 

Yes, 

No change in attractors 

12 1 

3 

4 

2 0,857 

0,876 

0,867 

21  

NAS 

NAS 

63 12 Yes, 

No change in attractors 

13 1 

2 

3 

4 

2 0,772 

0,675 

0,688 

0,795  

11; 21  

11; 21  

11; 21  

11; 21  

97; 131 

85; 150 

187; 139 

79; 84 

16; 24 

17; 28 

27; 22 

16; 13 

Yes, 

No change in attractors 

14 1 

2 

3 

4 

2 0,926 

0,891 

0,903 

0,955 

31  

11; 21; 31; 

41  

11  

11; 43  

72 

104;83;93;63 

71 

84;66 

17 

16;15;16; 14 

14 

17;10 

Partly, 

change from non-optimal to ‘sub-

optimal’ attractor 

15 1 

2 

3 

4 

2 0,812 

0,867 

0,801 

0,913 

11; 21  

21; 31  

11; 21  

11; 31  

117; 86 

123; 62 

73; 81 

65; 57 

14;14 

19;17 

11;17 

12;13 

Yes, 

No change in attractors 

16 1 

2 

3 

2 0,857 

0,84 

0,91 

11  

11  

NAS 

75 

99 

7 

18 

Yes, 

No change in attractors 

17 1 

2 

3 

4 

2 0,89 

0,773 

0,884 

0,945 

NAS  

NAS 

NAS 

NAS 

  Yes, 

No attractors 

18 1 

2 

3 

4 

2 0,883 

0,751 

0,793 

0,707 

NAS 

11; 21  

NAS 

11; 21  

 

90; 95 

 

105; 69 

 

15;25 

 

18;18 

Yes, 

No change in attractors 

19 1 

2 

3 

4 

2 0,922 

0,819 

0,897 

0,912 

31  

11; 21  

31  

21  

68 

90; 115 

66 

67 

15 

15;15 

16 

13 

Yes, 

No change in attractors 

20 1 

2 

3 

4 

2 0,915 

0,907 

0,915 

0,953 

11  

11; 21  

11; 21; 31  

51  

73 

72; 92 

101; 73; 75 

74 

12 

15;20 

19;13;17 

7 

Partly, 

change from non-optimal to ‘sub-

optimal’ attractor  

21 1 

2 

3 

4 

2 0,872 

0,821 

0,944 

0,673 

11  

11;21  

21  

NAS 

72 

91; 116 

67 

10 

15;18 

14 

Yes, 

No change in attractors 

Condition: 1 = intervention; 2 = control. Dispersion: range 0 to 1. Per lesson dispersion and attractors 

are shown. Attractors are accompanied by the total duration of that state and the number of events 

(recurrence to the state). The notation of the attractor cell is teacher/student; 51 = fifth cell on x-

axis/first on y-axis = follow up/non-complex. NAS = No Attractor Specified. Expected change (last 

column) for intervention condition was: from non-optimal (11/21/31) to optimal (43/53/42/52); for 

control condition remain in non-optimal. * p < 0.05; ** p < 0.1.  
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Appendix B   

 

Coding of verbal utterances 

 

This appendix shows shortened versions of the coding schemes.  

General coding guidelines 

The verbal expressions of teachers and students were coded in three steps using coding 

software (Mediacoder; Bos & Steenbeek, 2007). The coding procedure consisted of the 

following steps: 

1. Fragments of lessons were selected. 

2. The exact time points of the utterances of the teacher and students were determined. 

Silence, classical time, and walking towards another group of students (implying a 

new interaction) were coded as well.  

3. The utterances were classified using different coding schemes. The coding schemes 

differed depending on the research questions.  

Selection of fragments 

Ten minutes of the central part of the lessons were coded, because in this part a relatively 

larger amount of rich, interactive interaction was present. The central section was defined as 

the part of the lesson where students were working in small groups and the teacher walked 

around to see whether they needed assistance. During the central part of the lesson students 

and teacher went through several steps of the empirical cycle. To ensure that all steps could, 

in principle, be accounted for during the ten minutes, four segments were selected. A three-

minute segment from the beginning, a three-minute segment from the end, and two two-

minute segments from the middle. To ensure that the starting point of the central section 

would be the same for all lessons, the moment of the first substantive verbal expression was 

used. The two two-minute segments were chosen based on the fragments which captured as 

much interaction as possible – often these fragments could be selected based on the 

fragments listed during the recording of the lessons. These ten minutes were considered to 

represent the interaction during the central part of the lesson well.    

     ` 
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Coding scheme 1: Teachers’ degree of stimulation
11

 

Based on Meindertsma and colleagues (2014) and Oliveira (2010) 

 

All substantive verbal teacher reactions are coded. Non-substantive utterances are ‘Mind 

your language’, ‘Please sit down on your seat’, and ‘Five more minutes’, etc. (code 9).  

 

Code within the stimulation scale; only teacher reactions were coded. Stimulation is defined 

here as the extent to which teachers use verbal actions to elicit display of higher levels of 

students’ scientific understanding. The scale ranged from ‘giving instructions’, ‘providing 

information’, ‘asking a knowledge-based or closed question’, ‘posing encouragements’, to 

‘posing a stimulating task-related follow-up or thought-provoking open question’. ‘Giving an 

instruction’ is considered as least stimulating because it is considered to be associated with 

the smallest possible chance of evoking a high level of reasoning. ‘Posing a task-related 

follow-up’ is considered to be most thought-provoking. 

 

Teacher Stimulation, from non-stimulating to more stimulating.  

 

0 – Instruction  

The teacher assigns a task; either the imperative is used or the teacher embeds her 

instruction in an explanation. What defines an instruction, however, is that the only option 

given to the student is doing what the teacher has said.  

 

Examples:  ‘Start working on task one’  

‘Decide on your framework first’ 

 

1 – Giving information  

The teacher tells the student what something is, explains how something works, paraphrases 

what the student is doing/saying (not literally), or suggests how the student might be able to 

go about a set task (the student has a choice in whether or not to follow the teacher’s 

suggestion).  

 

Examples:  ‘The universe is expanding’  

‘It’s because of air pressure’  

 

2 – Closed question  

The teacher asks a question that is focused on the end-result. There is a limited amount of 

answer-possibilities, sometimes only ‘yes’ or ‘no’, but also knowledge questions. If the 

teacher asks a student to confirm something, for example by literally repeating the question 

posed by a student, a ‘2’ is also coded.  

 

Examples:  ‘What is it called when this happens?’  

‘What is this going to look like?’ 

                                            
11

 Note that the ‘openness’ codebook and ‘stimulation’ codebook comprise highly similar codes. 
However, the ‘stimulation’ codebook specifically focuses on substantive utterances and on reactions. 
In addition, the ordinal scale aims to capture the extent to which the teacher aims to explicitly deepen 
students understanding.  
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Questions that are used as ‘check-questions’ also belong to this category.  

 

Example:  ‘So, you say your boat will float because of its size?’  

 

3 – Encouragement  

The teacher gives a so-called ‘listening response’ that stimulates or invites the student to 

refine their reasoning. It’s not about the cognitive level of the student’s reasoning, but about 

the teacher giving the student enough space and encouragement to allow the student to 

reveal their thought process. It can be a simple utterance such as ‘Yes?’, ‘Okay’ or ‘Hmmm’ 

or a literal repetition of a student’s utterance, as long as it is attentive, stimulates the 

interaction, and the interaction does not suddenly come to a halt. It can also be a compliment 

or affirmation that invites the student to continue their story.  

 

4 – Follow-up  

The teacher aims to deepen students understanding. This can be done by asking a question 

that is focused on the process. There are multiple answer-possibilities and often not one 

correct answer.  

 

Examples:  ‘How could you approach this?’  

‘Why do you think that is?’  

 

Another possibility is that the teacher poses his or her own surprise or confusion or uses a 

comparison. The student is actively stimulated to deepen their understanding. 

 

Example:  ‘That is weird, I thought the paper would decent’  

‘When I let air out of a balloon, the balloon becomes smaller. Now you tell me, 

that if I put air in a marshmallow it will grow. I don’t get it.’  

Note: the questions belonging to the empirical cycle are usually student centred as well as 

questions that elicit higher order thinking skills (i.e. explaining the thinking process): 

 

Hypothesize   

‘What do you think will happen when oil and water are poured together?’ 

Explain thinking process ‘Why?’ 

 

Research design  

‘How can you study this?’ 

Explain thinking process ‘Why would that be effective?’  

‘What do you need to explore this?’ 

Explain thinking process ‘Why?’ 

 

Observation    

‘What do you see?’  

‘What happened with …?’ 

 

Drawing conclusions   

‘What can be the reason?’ 

‘You expected something else, how would you explain that?’ 
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Coding scheme 2: Students’ scientific understanding  

Based on Skill Theory (Fischer & Bidell, 2006; Meindertsma, Van Dijk, Steenbeek & Van 

Geert, 2012; Rappolt-Schlichtmann, Tenenbaum, Koepke, & Fischer, 2007; Van der Steen, 

Steenbeek, Van Dijk, & Van Geert, 2014) 

 

All verbal student expressions are coded. First all utterances are coded as complex or non-

complex utterances. Non-complex utterances are utterances that could not be scored using 

Skill Theory. 

 

0 – Other / non-substantive utterances   
 

Examples: ‘Juf (Dutch for teacher), when can we play outside?’ 

  ‘Look, my mom is walking outside’ 

 

1 – Task-related utterances (not scalable on complexity)  
 

Examples: Reading the task out loud.  

‘We need to put the paper on top of the books’ 

 

Complex utterances are those utterances that could be scored using Skill Theory. However, 

as we were solely interested in the reasoning processes of students, we focused on 

student’s explanations and predictions. Observations were not scaled on complexity, but 

were coded as observations. The complexity levels of student answers ranged from 

sensorimotor system (Level 3) to single abstractions (Level 7).  

 

2 – Observations (sensorimotor actions or sensorimotor systems) 

A student states single characteristics of a task that he or she observes. 
 

Example:  ‘It [the paper] is white’ 

 

3 – Sensorimotor system 

Simple, i.e. observable causal relations, causal mechanisms were stated. 
 

Example:  ‘The paper collapses because I blow’ 

 

4 – Single representations 

One part of the explaining mechanism was mentioned, or a not directly observable relation or 

object was mentioned as a mechanism. Simple predictions. 
 

Example:  ‘I think the paper will ascend’ 

 

5 – Representational mappings 

Two or more parts of the explaining mechanism were coupled. Predictions in terms of a 

relation between two single representations. A superlative in one representation is used (but 

not yet linked to the change in another representation) 
 

Example:  ‘Because I blow, there is more space and then the paper can go down.’ 
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6 – Representational systems 

A combination of all relevant parts of the explaining mechanism is mentioned or two 

representational mappings are coupled, i.e. a change in one representation causes a change 

in another.  
 

Example:  ‘Because I blow harder, the paper can drop lower.’ 

 

7 – Single abstraction 

A general (immaterial) concept that goes beyond (representations of) the material is 

mentioned as an explaining mechanism. 
 

Example:  ‘Because the balance is gone… the air beneath the paper is pushed away 

[when I blow]… so… the air pressure drops down, but the pressure above the 

paper remains the same and thus pushes the paper down’ 
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Coding scheme 3: Teachers’ openness
12

 

Based on Meindertsma and colleagues (2014) and Oliveira (2010) 

 

All verbal teacher expressions are coded. Only if a teacher expression does not fit anywhere 

an ‘O’ for ‘other’ may be coded. After having coded a teacher expression, categorise the 

statement by putting either an ‘s’ (substantive) or ‘n’ (non-substantive) in the comment 

section. A substantive expression is considered to be a remark or question that relates to the 

content of the set task; a non-substantive expression is either procedural or unrelated to the 

set task. Both types can provide an indication of the level of teacher openness. What is being 

looked at is the degree of freedom that is given to the student; more teacher openness 

means an increase in the amount of potential responses a student can give.  

 

Teacher Openness, from closed to more open:  

 

0 – Stop  

The teacher gives no opening wherein a student can respond by continuing to talk, talking 

over students, walking away or turning her back to students with whom she was involved in 

interaction (the interaction stops). Complimentary expressions such as ‘Okay’, ‘Good’ or 

‘Well done’ are given stop-codes when the teacher uses these expressions to end the 

interaction. 

When the stop-code is given because the teacher walks away or turns her back to student(s) 

with whom she was interacting, a ‘W’ (Walking away) is added to the comment section.  

 

1 – Instruction  

The teacher assigns a task; either the imperative is used or the teacher embeds her 

instruction in an explanation. What defines an instruction, however, is that the only option 

given to the student is doing what the teacher has said.  

 

Examples: ‘Start working on task one’  

‘Decide on your framework first’ are substantive examples 

‘Mind your language’  

‘Don’t talk out of turn’ are non-substantive examples.  

‘Gosh, that sounds very interesting, do tell…’ would be coded with a ‘5’ (Encouragement) 

despite the use of the imperative, as ‘do tell’ stimulates the student to elaborate, and 

transfers the initiative to the student. The initiative remains with the teacher when an 

instruction is given.  

 

2 – Giving information 

The teacher tells the student what something is, explains how something works, paraphrases 

what the student is doing/saying, or suggests how the student might be able to go about a 

set task (the student has a choice in whether or not to follow the teacher’s suggestion). 

Teacher affirmations are sometimes coded as ‘2’; the prerequisite for this to happen is that 

                                            
12

 Note that the ‘openness’ codebook and ‘stimulation’ codebook comprise highly similar codes. 
However, the ‘openness’ codebook focuses on all utterances, i.e. non-substantive and substantive 
utterances, and initiations and reactions. In addition, the ordinal scale aims to capture the extent to 
which the teacher provides degrees of freedom for students to continue to reason scientifically.  
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the affirmation is not stimulating or inviting, but at the same time does not stop the 

interaction. For example; a student may ask whether they have done the task correctly, and 

the teacher may say ‘yes’ or ‘yes, well done’ to affirm that they have. The teacher is providing 

the student with the information that they have understood the task.  

 

Examples:  ‘The universe is expanding’  

‘It’s because of air pressure’ are substantive examples 

‘You can get the materials from my desk’  

‘Five more minutes’ are non-substantive examples.  

 

3 – Teacher-centred question  

The teacher asks a question that is focused on the end-result. There is a limited amount of 

answer-possibilities, sometimes only ‘yes’ or ‘no’. If the teacher asks a student to confirm 

something, for example by literally repeating the question posed by a student, a ‘3’ is also 

coded.  

 

Examples:  ‘What is it called when this happens?’  

‘What is this going to look like?’ are substantive examples.  

‘If you don’t try you’ll never find out, won’t you?’  

‘What did you say?’ are non-substantive examples.  

 

4 – Student-centred question  

The teacher asks a question that is focused on the process. There are multiple answer-

possibilities. If a student comes up to the teacher to ask a question and the teacher responds 

by saying ‘Yes?’ or ‘Yes, … (name of student)?’ in a questioning manner, a ‘4’ is also coded. 

This because it is considered to be equivalent to ‘What is it?’ or ‘What do you want to tell 

me/ask me?’ The degrees of freedom that are being given to the student are high, but the 

student is not yet being encouraged to elaborate on something they’ve started to ask or tell.  

 

Examples:  ‘How could you approach this?’  

‘Why do you think that is?’ are substantive examples.  

‘Why don’t you ask your classmates for help?’  

‘What do you think you’ll achieve by behaving this way?’ are non-substantive.  

 

 

5 – Encouragement  

The teacher gives a so-called ‘listening response’ that stimulates or invites the student to 

elaborate on their story or refine their reasoning. It’s not about the cognitive level of the 

student’s reasoning, but about the teacher giving the student enough space and 

encouragement to allow the student to reveal their thought process. It can be a simple 

utterance such as ‘Yes?’, ‘Okay’ or ‘And after that?’, as long as it is attentive, stimulates the 

interaction, and the interaction does not suddenly come to a halt. It can also be a compliment 

or affirmation that invites the student to continue their story.  

 

O – Other  

The teacher expression fits none of the categories.  
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Coding scheme 4: Students’ engagement
13

 

Based on the Leuven Involvement Scale (Laevers, 2005) and the Specific Affect (SPAFF) 

Coding System (Coan & Gottman, 2007) 

 

All verbal student expressions are coded. While coding verbal student expressions, 

nonverbal aspects are taken into account: the codes are based on the student’s intonation, 

facial expression, posture, muscle tension, physical activity, and gaze direction as well as 

on the verbal statement itself.  

It may occur that a student expression is from a different student than the student(s) with 

whom the teacher was previously involved in interaction (e.g. a student from a different table 

asks a question, or a student from the same table who only occasionally contributes 

suddenly says something). When this happens, a ‘D’ (different) is added as a comment.  

A nonverbal engagement score is coded immediately after a nonverbal stop-code has been 

given to the teacher (i.e. a ‘W’ has been added to the comment section of the stop-code to 

indicate that the teacher walked away). This nonverbal engagement score is given to the 

student or students the teacher was interacting with, and is based mainly on facial 

expression and posture. Add ‘nv’ to the comment section to indicate that the engagement 

score is nonverbal, and make it ‘nv G’ if the teacher was interacting with a group.  
 

Student Engagement, from disengaged to engaged 
 

0 – Active away behaviour  

The student purposely occupies himself with something other than the set task in order to 

avoid contact with the teacher, the task or both. Active away behaviour usually occurs in a 

context wherein something has just happened with the teacher (e.g. a conflict), or wherein 

the task has just failed and the student has gotten angry. The student can also be asking the 

teacher for social-emotional support, and use this to distract from the set task. Either way; 

the student is unwilling to do what is required of them. 
 

Signs:  affectively charged context, frowning, concentrated on non-task related 

behaviour, muscle tension.  

Examples:  a student starts a conversation with his teacher about how he cannot draw 

(and is henceforth “incapable” of starting or completing the task).  

 a student argues that a task is stupid and is purposefully careless with the 

material. A student shows ‘clowning’-behaviour and feels the need to make 

inappropriate jokes or comments that divert from the task. 
 

1 – Boredom 

The student is not at all or hardly focused on the task, but this does not occur in an 

affectively charged context as it does with active away behaviour.  

It can also be referred to as ‘passive away behaviour’. A certain amount of disinterest is 

involved. Although it is important that the student shows (almost) no task-focus, it is just as 

important that the student is not actively resisting the task, either. When the student does 

occupy themselves with the task, this is exceptionally short (e.g. the student reads part of the 

instruction for an assignment out loud but proceeds to get distracted by what’s happening 

around him). 

                                            
13

 This codebook is developed as part of Nindy Brouwers’ masterthesis. 
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Signs:  dreamy behaviour (e.g. staring out of the window), task-postponing behaviour 

(e.g. taking more time than necessary to collect the right supplies), sighing, 

sitting sprawled in their chair, and high distractibility.  

 

2 – Resignation 

The student shows more task-focus than when in a state of boredom, but mostly seems to 

have resigned to the task. Fulfilling the task proceeds slowly and appears onerous.  

The student is capable of reading instructions out-loud and of not or hardly getting distracted 

while doing so, but it proceeds unnecessarily slowly and is done with a closed facial 

expression and posture. The student seems reluctant to work and reluctant to respond to the 

teacher’s questions. 

 

Signs:   low energy-level, yawning, pausing while speaking (i.e. thinking out loud or 

asking a question happens slowly, speech appears strenuous and is 

interspersed  with unnecessary breaks, “ehm” is often used as a filler-word), 

slight negative affect made apparent by downcast eyes and sagging 

shoulders.  

 

3 – Frustration 

The student is reasonably focused on the set task, but visibly struggles with it and gets into a 

state of frustration. The student is occupying himself with the set task, but it isn’t progressing 

as the student wants it to or as it should. There is motivation and the student is interested in 

the task, but there is a blockage -> something is limiting the student. This limitation can be 

external (e.g. a student is unable to remove the cap from a bottle) or internal (e.g. “I just don’t 

get it!”). 

 

Signs:  frowning, tense posture, high physical activity (i.e. excessive restlessness, e.g. 

wobbling on a chair or continuously tapping the table), gaze direction is either 

completely towards the task or eyes go back and forth rapidly, verbal 

statements such as “It won’t work!” or “How is this done?!” that reach a higher 

pitch in intonation at the end of the sentence, fluctuating distractibility (i.e. 

hyper-focus on the task interspersed with the tendency to focus on something 

else).  

 

4 – Interest 

The student is actively involved with the set task, is concentrated and interested in the 

assignment.  

Note: questions can be asked in other states of engagement as well. In ‘active away 

behaviour’ questions will not relate to the task; in ‘boredom’ a student may ask tiredly 

whether the task must really be completed; in ‘resignation’ a student may sigh and ask 

whether he needs more material to work with; in ‘frustration’ a student can ask why 

something isn’t working in an irritated fashion. But not until ‘interest’ does a student ask calm 

and genuinely interested questions that are not affectively charged. The student seems open 

and relaxed. Reading an instruction out loud can be categorised as a ‘4’ when this occurs at 

an expected pace, is not accompanied by sighs, is clearly enunciated (no mumbling), and 

when the student is difficult to distract while doing so.  
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Signs:   lightly bending forward over the table, stable eye-contact with the teacher, 

responsive to the teacher (gaze direction follows the teacher’s when the 

teacher points to a certain aspect of the assignment), limited distractibility. The 

student often asks questions in order to clarify the task or to get a more 

elaborate explanation about something from the teacher.  

 

5 – Enthusiasm 

The student is intensively involved with the set task and seems to be absorbed in it.  

The student tells about his findings to the teacher or fellow students, often using a higher 

intonation, fast pace of speech, a lot of hand-gestures, and with a slight blush of excitement. 

The student may gaze intensively at the task-material when an experiment is being done, so 

as to not miss anything. Questions, however, are not usually asked when a student is in a 

state of enthusiasm -> the student is occupied with telling about or explaining the task or his 

findings. The excess physical activity present when in a state of enthusiasm is different from 

the restlessness present during states of frustration. It stems from wanting to do or say too 

much at once, and can therefore be differentiated by closely watching the accompanying 

affect. When coding a ‘5’, the facial expression and posture that accompany the physical 

activity need to be open, and joy will often be clearly visible (i.e. a student is smiling and a 

gleam is visible in his eyes). When coding a ‘3’, however, a frown and tense muscles 

generally accompany the physical activity.  

 

Signs:  lots of smiling, open facial expression and posture, stumbling over words 

because the student wants to say too much too fast, high physical activity, 

initiating discourse, not distractible.  

 

A – Additional   

The student expression fits none of the categories.  
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Appendix C 

Video Feedback Coaching for teachers 

For whom 

The intervention aims at supporting teachers from elementary education in professionalizing 

science and technology education.  

Goal 

The Video Feedback Coaching program for teachers is a professionalization trajectory, i.e. 

educational intervention, designed to support teachers in improving the quality of science 

and technology lessons in their classroom.  

We operationalized an improvement as an increase in complexity of students’ 

scientific understanding. This is achieved by developing teacher’s ability to recognize 

teachable science moments. These moments are opportunities to learn that arise when 

students are excited, engaged and primed to learn and the teacher seizes those moments to 

optimize scientific understanding.  

An important goal of science and technology education is preparing students to 

engage in scientific reasoning in order to solve problems, develop explanations, draw 

conclusions, make decisions and extend knowledge to new situations. It is a way of teaching 

students a particular way of reasoning in order to increase their level of scientific 

understanding. During science and technology education, several scientific reasoning skills 

are practiced, which are likewise essential to become self-regulated learners and by that for 

full participation in modern society. The way teachers interact with students is regarded as a 

key to quality of the science and technology lessons. This pedagogical-didactic intervention 

is developed to stimulate change in teaching-learning processes. To achieve this goal the 

intervention focuses on achieving the sub goals described below. Each sub goal is 

theoretically embedded.  

Improve knowledge about effective science and technology education 

Science and technology education can take several forms. In the Netherlands an often used 

approach is ‘onderzoekend en ontwerpend leren’ (loosely translated as inquiry-based 

learning and learning by design) (SLO, 2015). Inquiry-based learning is a method in which 

students are actively engaged using both science processes and critical thinking skills as 

they search for answers (Gibson & Chase, 2002). A recent meta-analysis, indicated that 

students who actively engage in the learning process through scientific investigations were 

more likely to increase conceptual understanding than were students who experienced 

passive techniques (Minner, Levy, & Century, 2010). Inquiry-based learning asks for active 

learning opportunities for the students, hands-on activities that trigger students urge to 

explore and to manipulate. When provided, those activities can easily be used as a starting 

point to engage students ‘minds-on’ activities. Several pedagogical-didactical tools are 

known to support teachers: 

  Teachers can use the steps of the empirical cycle (figure 1) as a guideline to provide 

structure for hands-on activities (White & Frederiksen, 1998), like conducting experiments or 

design studies. At the same time, however, the steps of the empirical cycle can be 

considered as important clues for the thinking process, the minds-on activities. The empirical 

cycle should be understood as a method that helps teachers to accompany students in their 
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processes of exploration and inquiry. The empirical cycle is not always realized in its entirety, 

nor do the phases always occur in a fixed order. Just like in “grown-up” science, the process 

of questioning, hypothesizing, experimenting, finding results, and further questioning is a 

continuously recurring cycle. Teachers can explicate each step of the empirical cycle by 

asking questions (Chin, 2006; Oliveira, 2010; Van der Zee & Minstrell, 1997; Wetzels, 2015). 

Asking about students hypothesis about what is going to happen is, for instance, known to 

stimulate students’ curiosity (Loewenstein, 1994). When predictions are actually tested, 

some outcomes are as predicted and other outcomes are not as predicted. Especially, when 

the outcome violates student’s hypotheses, students’ curiosity, i.e. the experience of a gap in 

their understanding, is triggered. Curiosity is an important element of, or engine for, scientific 

understanding to occur (Engel, 2006).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Questioning skills are the second important teacher characteristic. Several studies state 

that teachers use questioning often as a means of keeping attention focused, a so called 

organizational tool (Chin, 2006). However, questions can be used as an important aid to 

spark and maintain curiosity and interest and to stimulate the thinking processes and by that 

their understanding of scientific concepts (e.g. Barber & Moursched, 2007; Chin, 2006; 

Oliveira, 2010). Posing thought-provoking questions requires insight in students thinking 

processes. Posing a question which is outside the student’s zone of proximal development 

(Vygotsky, 1986), will not be beneficial for learning.      

Scaffolding students thinking processes and understanding (Wood, Bruner, & Ros, 

1976; Van de Pol, Volman, & Beishuizen, 2010) is therefore considered as the third essential 

skill. Scaffolding usually starts with a student-centered question (Van de Pol et al., 2010); 

after all, a teacher needs to know what a student already knows and about what part of the 

assignment (s)he needs help. However, scaffolding is not only a way to help students who 

explicitly ask for help. It is a way to help student towards taking increasingly more 

responsibility for their own learning processes (i.e. become self-regulated learners). The 

teacher can for instance, throw the responsibility of thinking back at a student by asking, 

what do you think? This implies less teacher support in the form of explicit instruction and 

information (fading, Van de Pol et al., 2010). The role of the teacher becomes more like a 
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Figure 1 Empirical cycle 
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coach. Note that although these three teacher practices are described as separate skills, 

they all work at the same moment to stimulate students’ scientific understanding. The goal is 

then that students are stimulated to develop critical thinking skills in such a way that they 

become self-regulated learners, i.e. they become increasingly responsible for their own 

learning progress. 

Strengthen skills  

Strengthening skills of teachers is a specific form of behavioral change. The assumption we 

consider is that an observable increase in students’ scientific understanding can be brought 

about by improving the skills of the teacher. We view science and technology learning as a 

process. Learning in the classroom occurs in interaction and should be conceived of as a 

socially embedded process in which teacher, students and material mutually influence each 

other (Steenbeek & Van Geert, 2013; Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

An idiosyncratic approach is needed to strengthen teacher’s practice for several 

reasons. First, each teacher functions in a different system (each classroom is unique, each 

school is unique). Second, each teacher has its own baseline level. For some teachers this 

means that strengthening skills consists of acquiring a new set of skills, while it for other 

teachers implies using their existing skills in a different way, for instance by specifically 

adapting it to students’ needs. The focus is thus on concrete actions in the actual teaching-

learning situation. Several studies show that a combination of theory, practice and critical 

reflection best supports behavioral change (e.g. Fabiano et al., 2013). The VFCt consists of 

such a combination:     

Theory will be provided about which strategies are considered to be effective (i.e. the 

pedagogical didactical tools described above) in providing science and technology education. 

However, knowing something from theory does not mean that it can be applied in practice. 

Therefore the above mentioned teacher practices are applied to classroom settings.   

First, according to Lehman and Gruber (2006) expertise can best be acquired through 

case-based learning, including authentic cases which are embedded in naturalistic 

contexts. Therefore, several best-practice video fragments of student-teacher interactions 

during science lessons were shown to illustrate the transactional nature of performance; i.e. 

the importance and effect of high quality interactions during science and technology-

activities. So, best practice examples are used to show what strategies can be used and 

what the effect is on students functioning.  

Second, it is important that teachers practice their skills in their own learning 

environment. Practice is highly effective when combined with immediate feedback on the 

behaviors (Fukkink, 2005). A promising method for implementing evidence-based 
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influences influences 
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Figure 2 Triangle which shows the reciprocal relations between adult, student and task 
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instructional strategies, i.e. establishing behavioral change, is providing feedback on real-

time behavior (Reinke, Sprick, & Knight, 2009; Noell et al., 2005). Teachers instructional 

quality can be greatly increased by offering video feedback of own classroom behaviors (see 

also Mortenson & Witt, 1998; Seidel, Stürmer, Blomberg, Kobarg, & Schwindt, 2011; Wetzels 

et al., 2016). In this way powerful, i.e. effective, instructional strategies can be identified and 

applied to situations which are in need of improvement. 

Third, by reviewing interactional sequences, teachers become aware of the influence 

their behavior has on students (participation). Teachers’ awareness of their own role is an 

important indicator for the quality of their support, which is a crucial factor in improving 

students’ learning (Barber & Moursched, 2007; Mercer & Dawes, 2014). 

Support long-lasting behavioral change 

In order to support long-lasting behavioral change, i.e. new behavioral patterns of teacher’s 

practice and students’ behavior, it is important that teachers are intrinsically motivated to 

change. Intrinsic motivation is important as it energizes and directs behavior (Reeve, 2002). 

In order to flourish, teacher motivation needs supportive conditions. This means, for instance, 

establishing supportive teacher-coach relationships but also feeling acknowledged by 

colleagues. The coach’s role is to support teacher motivation that is already there. According 

to the self-determination theory, three needs are important as a source of teachers’ tendency 

to extend their capabilities, explore, and learn (Ryan & Deci, 2002).  

The first is feelings of autonomy. Teacher experience feelings of autonomy if 

opportunities are afforded to them in which they have a sense of psychological freedom, and 

perceived choice in their actions. Goal setting at the beginning of a coaching trajectory is an 

effective way to achieve results (Hock, Schumaker, & Deschler, 1995), as they ensure 

feelings of autonomy (Pintrich, 2000). By formulating learning goals, that reflect teacher’s 

personal desire to professionalize, teacher’s feelings of autonomy were respected and 

teachers were provided with opportunities to monitor and control their motivation and 

behavior. Another way to ensure teacher’s feelings of autonomy and thus to create more 

responsibility for their own learning process, was by encouraging them to prepare science 

and technology lessons to his or her own liking.  Highly specified curriculum materials 

might limit teachers’ autonomy about what and how to teach (Coburn, 2003; Ede, 2006).

 Second, feelings of competence refer to the need to be effective in, for instance, 

one’s interaction with the environment. By means of critical reflection of own behavior, 

teachers are made aware of their strengths. As a rule, the effect of feedback is best when a 3 

to 1 ratio is used (Fredrickson, 2015), i.e. three positive fragments were discussed and one 

fragment which could be improved. The coaching was conducted immediately after each 

lesson, as immediate feedback is most beneficial for learning (Fukkink, Trienekens, & 

Kramer, 2011). In addition, by offering teachers specific content-related tools about teaching 

science and technology teacher’s competence can be strengthened.  

Third, feelings of relatedness reflect the desire to be emotionally connected and 

interpersonally involved in responsive relationships. Relatedness is important on three levels. 

First, it is expressed in teacher-student interaction by purposely investing in more open and 

responsive interactions. Second, it can be expressed in teacher-coach interaction and third in 

teacher-colleagues interaction.  
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Relevance  

Scientific understanding becomes increasingly important in society, which highlights the 

importance of starting at a young age to acquire these skills. Today’s society makes 

increasing demands on citizens. Technical highlights follow each other rapidly. In order to be 

able to keep up this pace it is important that all people learn how to approach the world of 

science and that more people flourish in science and technology related fields. This means 

that all children should be educated at primary education. However, nowadays, this is hardly 

ever the case. On average, science and technology related activities are emphasized in only 

3% of the total educational time in the Netherlands (Verkenningscommissie wetenschap en 

technologie primair onderwijs, 2013). The committee states that this percentage should at 

least be doubled. The objective is that all primary schools structurally implement science and 

technology in their curriculum by 2020. However, teachers often feel incapable of teaching 

science and technology (Van Aalderen-Smeets, Walma van der Molen, & Asma, 2012). The 

committee therefore stresses the need to train teachers in the methodology of inquiry-based 

learning and learning by design (SLO 2015; Techniekpact, 2013). This committee assumes 

that science and technology activities meet children’s curiosity. A more prominent share of 

science and technology in the curriculum is considered to enrich educational practice. In 

addition, it is thought to better meet the demands of current society. In the long run, this 

approach is considered to increase the number of students starting technological training and 

professions.  

One initiative is Curious Minds (in Dutch: TalentenKracht, founded in 2006 by Van 

Benthem, Dijkgraaf, & De Lange, 2005). Curious Minds is a research program including 7 

universities, six being Dutch universities and the other Belgian, focusing on children’s 

knowledge and skills in science, technology, engineering, and mathematics (STEM) 

disciplines and studying how the abilities in STEM fields of these children can be advanced 

optimally making use of environmental factors such as teacher, parents and objects or 

activities. The program aims at professionalizing science and technology education by 

bridging research and practice. The starting point of this program is that each child is 

naturally curious and therefore talented in the STEM field. Talent is seen as a developmental 

and dynamic property which is visible in a child’s behavior. An important characteristic is the 

child’s heightened ability to learn, in which he makes use of his environment (people and 

equipment) and the processing includes deep level learning. Talented behavior also means 

that a child is capable of thinking of an original strategy to solve problems and is convinced 

of his own learning potential. Besides a powerful drive to learn, enjoyment and positive 

appreciation are important. This talented behavior reveals itself in skills such as questioning, 

exploring, critical thinking, reasoning and problem solving which is common behavior in 

young children and all skills necessary for a good researcher. Unfortunately, these skills 

seem to vanish when children grow older, which leads to few students choosing beta-studies 

and consequently, a shortage of professionals on the labor market. As talent is, in our view 

(Van Geert & Steenbeek, 2007), an ongoing transactional process between the child and the 

environment, we argue that teachers can make a difference and slow down (or reverse) the 

decreasing interest in science and technology, and elicit talented behavior. Talented 

behavior might become visible during interactions in which the child is enabled to reach 

excellence in the science and technology domain, to learn from rich educational contexts and 

to elicit rich educational interactions from their teachers. However, this is only possible when 

their teacher is capable of recognizing and subsequently stimulating the curiosity and interest 

of the child in the science and technology domain. The talent process is the one that 

maximizes the potential of the individual. 
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The department of developmental psychology at the University of Groningen, which is 

one of the participants of the Curious Minds research program, has theoretically grounded its 

Curious Minds projects in the theory of co-construction (in line with a complex dynamic 

systems theory; Fischer & Bidell, 2006; Thelen & Smith, 1994; Van Geert, 2003). That is, as 

children construct scientific understanding about a specific problem, they do so together with 

an adult or another child (Sorsana, 2008). We, as coach and teacher, observe and analyze 

the dynamics of this co-construction process in naturalistic situations, such as the classroom. 

This creates more insight into how young children’s scientific curiosity, creativity and 

reasoning develop and how teachers can optimally encourage these skills.  

Transfer of skills  

The pedagogical-didactical strategies and scientific reasoning skills acquired during this 

intervention are not restricted to science and technology education. The focus is on 

developing 21st century skills, which are relevant for life-long learning, but which are naturally 

evoked and displayed during science and technology activities. In addition, scaffolding 

principles are important skills to differentiate the learning process for learners (Van de Pol et 

al., 2010), regardless of a specific topic. The approach of stimulating self-regulated learning 

can be applied in all teaching-learning processes, but can be practiced best during science 

and technology education. Science and technology-education provides a naturalistic inquiry 

based situation and ample opportunities for teachers to stimulate students’ active 

participation in co-constructing effective learning situation and by that increase higher order 

thinking in students.  

Design 

The intervention is implemented on the classroom level. The focus is on teacher’s practice. 

The intervention was implemented as a relatively short and cost-effective approach. Figure 3 

shows the design of the intervention. The methodology consists of theoretical background in 

combination with practice of evidence based pedagogical-didactical tools to improve 

educational quality. Teachers gain insight into students’ scientific reasoning capabilities (i.e. 

their level of scientific understanding and their motivation in science and technology related 

activities). In addition, they gain insight in their own role in the teaching-learning processes 

during science and technology education. In particular, teachers gain insight into those 

interactions that improve or hamper students’ development of scientific understanding.   

Initially this intervention has been designed for lower grade teachers (Wetzels, 2015). 

However, whereas in grade 1-4 the teacher needs to ask relatively easy questions to stay 

within the zone of proximal development of the child, it becomes more complex for the grade 

5-8 teacher to ask questions that heighten students’ reasoning skills. The complexity of 

students’ cognitive reasoning and understanding becomes higher and more diverse, making 

the co-construction of meaningful learning situations considerably more demanding. 

Although the intervention is highly similar to the lower grade intervention in terms of 

evidence-based effective elements, coaches should tailor the implementation of the 

intervention to upper grade teachers. Based on the pilot study it was considered important to 

provide explicit guidelines for the design lessons. In addition, a discussion about what the 

role of content knowledge is helps teachers to see the value of pedagogical-content 

knowledge and the importance of modeling inquiry attitudes themselves. Lastly, the role of 

thought-provoking follow-ups should be one of the main strategies. Initiation question 

seemed to evoke students’ participation. Follow-up questions stimulated higher order 

thinking skills as the responsibility for the thinking process is at the student.  
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Figure 3 Schematic presentation of intervention design. The content of each video feedback coaching 

sessions is dependent of each teacher’s learning goal 

Interactive educational (team) session 

The intervention is carried out by a trained coach (see train de trainer; Wetzels, Steenbeek, 

& Fraiquin, 2011). Before the coach enters the classroom, the teacher will be trained. During 

an interactive educational session about knowledge of inquiry-based teaching and scientific 

skills, participating teachers were informed about effective instructional strategies. Osborne 

(2014) defined these skills as knowledge about the process of science – including knowledge 

about the empirical cycle - and the skills needed for performing an actual scientific inquiry – 

such as higher order thinking skills. During this educational session information was provided 

and the features important for science learning were discussed: the use of the empirical 

cycle (De Groot, 1994), use of thought-provoking questions (Chin, 2006; Oliveira, 2010), 

scaffolding (Van de Pol et al., 2011), and science and technology-education in general 

(Gibson & Chase, 2002). Next, several best-practice video fragments of student-teacher 

interactions during science lessons were shown to illustrate the transactional nature of 

performance; i.e. the importance and effect of high quality interactions during science and 

technology-activities. We therefore used fragments of teachers own lessons (as recorded 

during a premeasure). One reason was to familiarize teachers with the process of critical 

reflection. Another reason was to provide them with specific information about their own 

practices. This means that the theoretically framework provided was displayed using 

fragments of their own practice, i.e. show how they already use (some) elements in their 

current teaching practices.  

Coaching 

The aim of the intervention is to support teachers to recognize, stimulate and evoke talents of 

students. The coach offers tools, in terms of theoretical knowledge as well as practical skills, 

to shape science and technology education in such way that the talents of each student are 

stimulated. The coaching specifically focuses on teacher’s practice. Teacher can evoke 

students thinking by employing an inquiry attitude themselves and by using the steps of the 

empirical cycle. Video feedback coaching is used as coaching methodology. This means that 

the teacher will be coached using video fragments of their own science and technology 

lessons. The scope of the coaching concerns those pedagogical-didactical skills important 

Interactive educational 

(team)session (2 hours) 

Lesson 1 (45 minutes) Video Feedback Coaching 1 (30 minutes) 

Lesson 2 (45 minutes) Video Feedback Coaching 2 (30 minutes) 

Lesson 3 (45 minutes) Video Feedback Coaching 3 (30 minutes) 

Lesson 4 (45 minutes) Video Feedback Coaching 4 (30 minutes) 

Within  

4 to 6 

weeks 

Appr. 1 week later Immediately followed by 
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for stimulating scientific understanding; as a consequence the coach refrains from feedback 

on other didactics. 

The coach records each lesson. One camera is installed in the back of the classroom 

to provide an overall impression of each lesson (back-up camera). The coach holds the other 

camera. The recording of this camera is used for video feedback coaching. This camera is 

connected with a remote Bluetooth microphone attached to the teacher. The microphone is 

used to remove background noise and optimize the recording of teacher-student interaction. 

A consequence of a whole class setting is that the coach cannot always hear the interaction 

between specific teacher-student pairs while sitting at the back of the classroom, as other 

students are working and talking in small groups themselves. In order to be able to provide 

video feedback immediately following each lesson it is essential to hear what teachers and 

students say. As a consequence, the coach follows the teacher around the classroom, at an 

appropriate distance. The camera is always focused at the teacher.  

The coaching sessions 

Individual coaching sessions are designed to (further) develop the ability of a teacher to 

recognize student’s talented scientific acting and thinking. During the debriefing, the focus is 

on the learning process, with accompanying learning goals, of the teacher. The coach helps 

to achieve these goals by providing targeted feedback. The main focus is on concrete 

actions during teachable science moments. What is most important is that teachable 

moments only occur when teachers observe, recognize and act according to the 

(spontaneously) occurring interest of learners. Such (missed) moments will be selected by 

the coach during the lesson and discussed using video fragments. The main focus is on 

approximately three moments in which the teacher properly, i.e. stimulating, responds to 

talented behavior of the children. In addition, to stimulate the learning, one moment will be 

discussed in which more talented behavior could be elicited. The video fragments are used 

to illustrate the effectiveness of teacher-student interactions to improve educational quality.  

The coaching sessions starts with the coach asking the teacher to shortly summarize 

how (s)he experienced the lessons and how well the learning goal was implemented. Next, 

several moments will be discussed in which the coach shortly introduces which moment of 

the lesson will be discussed and how it is related to the teacher’s learning goal. After viewing 

the fragment the teacher is asked to reflect on the fragment and discusses with the coach 

their perspective of the effectiveness of the interaction. After reviewing several fragments the 

coach asks the teacher whether (s)he needs to reformulate the learning goal to be more 

specific or whether the learning goal has been accomplished. If the teacher is satisfied with 

the progress, the coach encourages the teacher to formulate a new learning goal.  

Curious Minds principles 

This intervention is based on five Curious Minds principles (Steenbeek & Van Geert, 2009):  

1. Everyone is talented and can develop her talents in interaction with her 

environment. 

2. Young children show curiosity for their environment, the challenge for adults is to 

make it flourish. 

3. Teachers have the ability to see, recognize and stimulate talented science and 

technology behavior, position this behavior within a developmental perspective, 

and act accordingly. 

4. Teachers can develop themselves as ‘teaching experts’ and as ‘talent-experts’. 

5. You learn by case based learning. 
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More practical, it is possible to see talented behavior by carefully observing students, but 

also by means of viewing best-practice examples of other teachers. It is important to be able 

to place the behavior within the student’s zone of development and thus be able to scaffold a 

student to higher levels of functioning. It is further important to consider each student as 

talented. This means that high expectations are expressed for every student. Teachers can 

stimulate students to express talented behavior by providing challenging activities and by 

improving interaction with others. In order to achieve this, it is important to practice these 

skills and attitudes.  

For coaches the same principles apply, but now instead of student, teacher should be 

read. This means that the coach addresses the teacher like the teacher is supposed to 

approach students. Specifically, this means that the focus in on talented behavior of the 

teacher in the class situation.  

Material 

Materials shown below are developed for the purpose of the Video Feedback Coaching for 

teachers and can be found on www.talentenkrachtgroningen.nl.  

1. Teacher workbook (for lower grade and upper grade teachers) 

2. Train de trainer module (for coaches) 

3. Flashcards (several versions of how to use the empirical circle using questions in 

such a way that evoke higher levels of scientific understanding) 

4. Best practice examples (in text or video fragments) 

5. Tips for science and technology lessons (formulated as hip pocket solutions that 

help teachers recognize cognitive levels of complexity of students, and ask 

questions in such a way that actually higher cognitive functioning is promoted) 

Research 

Several studies started to implement the Video Feedback Coaching trajectory in different 

settings. One study focused on the effects of the Video Feedback Coaching in lower grades 

of elementary education (Wetzels, 2015), another study specifically focuses on effects of 

language development (Menninga, Van Dijk, Cox, Steenbeek, & Van Geert, 2016), one study 

has started in schools with children with special educational needs (Honingh, 2013), and one 

study focused on the effects of the upper grades of elementary education (this dissertation). 

So far, one study established the effects of the Video Feedback Coaching for lower grade 

teachers and evidence for the effectivity of this intervention for the upper grades of 

elementary education can be found in the chapters of this dissertation. 

Lower grades of elementary education (Wetzels et al., 2015) 

Six kindergarten teachers participated in the VFCt and five teachers functioned as control 

condition. Each teacher used a subgroup of students – to be better able to practice skills in 

small group (and for practical reasons to be better able to record data). The effect was 

measured in the classroom in combination with interviews with teachers. The information of 

the interviews showed that teachers reported that their well-being and motivation increased. 

They mentioned four reasons for this: 1. Better preparation of the science and technology 

lessons, 2. Increase of knowledge of science and technology, 3. Better interaction with their 

pupils during the lessons, and 4. Better science and technology teaching as a result of the 

coaching. The measures in the classroom showed gains in scientific understanding of the 

pupils. Although teachers did show changes during intervention, this did not last at post-

http://www.talentenkrachtgroningen.nl/
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measure. During the intervention, the amount of scientific reasoning eliciting questions 

increased significantly. No such changes were found for the control condition.  

Upper grades of elementary education (Van Vondel et al., 2016) 

In a nutshell, attitudinal change as measured with the validated DAS questionnaire for 

teachers in the intervention condition were found, while no changes were found for the 

control condition (chapter 5). By focusing on observational measures a change in students’ 

behavior was found, in that more and more complex scientific understanding was displayed 

(chapter 3; 4). In addition, chapter 4 showed that the interactional pattern after the 

intervention consisted of more thought-provoking teacher’s practice and more complex level 

of scientific understanding in students when they co-construct scientific understanding. 

Preliminary evidence for effects of the intervention on students’ enthusiasm was found (case 

study; chapter 6). No change in students test scores concerning scientific knowledge as 

measured with and established CITO test (chapter 3) or change in students’ attitude towards 

science and technology was found that could indicate an intervention effect (chapter 5). 

Conditions 

Above, the importance of intrinsic motivation is discussed. In addition, it is important that 

there is support for implementing science and technology in the curriculum. Ideally, all 

teachers from one school start implementing science and technology. Experience shows that 

interventions work best when several teachers from the same school participate; this is to 

establish a school wide supported vision. It is important that the policy concerning 

implementation of science and technology is supported school wide as it will benefit the 

maintenance of the newly learned skills.  In this way a learning process can be 

established that transcends all academic years of primary education. In addition, colleagues 

can stimulate and support each other in implementing a new approach in their classroom and 

provide assistance if needed.  

Implementation 

The intervention demands a lot of the teacher. They are confronted with their own behavior. 

They often need to use ‘other glasses’ to look at students. They are encouraged to use 

another pedagogical-didactical approach in which they become more of a coach instead of 

an expert. They are stimulated to provide inquiry-based lessons, which often imply less 

structured lessons. This intervention intends to boost teachers to get started with science 

and technology. After the intervention the teachers are expected to further improve their skills 

by proceeding to provide science and technology lessons.  

Output 

Results about the effectiveness of the intervention are published in both academic and 

practice-based journals. Further details of the intervention, publications and information 

about the Curious Minds project can be found on www.talentenkrachtgroningen.nl. The 

founders of this intervention offer the VFCt via www.coachinginhetonderwijs.nl. Furthermore, 

in cooperation with the university of applied sciences an online-module including an online 

coaching-platform has been developed (more information via l.schrage@pl.hanze.nl). 
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Nederlandse samenvatting 
Algemeen kader 

Vaardigheden behorend bij wetenschap en technologie worden steeds belangrijker in de 

huidige maatschappij. Om die reden zal wetenschap en technologie in toenemende mate 

onderdeel worden van het basisschoolcurriculum (Techniekpact, 2013). Het is belangrijk dat 

kinderen op jonge leeftijd in aanraking komen met wetenschap en technologie om ervoor te 

zorgen dat voldoende kinderen op latere leeftijd een bètaopleiding gaan volgen (Scientific 

American, 2010). Dit idee lag ten grondslag aan het oprichten van TalentenKracht in 2006. 

TalentenKracht is een onderzoeksprogramma, van een groep van zes Nederlandse 

universiteiten en één Belgische universiteit, dat onderzoek doet naar de ontwikkeling van 

wetenschappelijk en technisch talent bij kinderen (Van Benthem, Dijkgraaf & De Lange, 

2005). De basiseenheid ontwikkelingspsychologie van de Rijksuniversiteit Groningen is één 

van de partners in dit onderzoeksprogramma. De Groningse projecten zijn gebaseerd op de 

theorie van complexe dynamische systemen. Eén van de uitgangspunten van deze projecten 

is dat als kinderen een wetenschappelijk inzicht construeren rond een concreet probleem, ze 

dat samen doen met een volwassene of een ander kind. Om inzicht te krijgen in het proces 

van co-constructie wordt de dynamiek van dit proces in natuurlijke situaties, in de klas 

geobserveerd en geanalyseerd. Zo ontstaat meer inzicht in de manier waarop de 

nieuwsgierigheid, de creativiteit en het redeneren van kinderen zich ontwikkelen en hoe 

leerkrachten dit zo optimaal mogelijk kunnen stimuleren. Inmiddels zijn een aantal 

fundamentele onderzoeken en toegepaste onderzoeken uitgevoerd, die hebben bijgedragen 

aan de totstandkoming van Video Feedback Coaching voor onderbouw leerkrachten 

(Wetzels, Steenbeek & Fraiquin, 2011). Het huidige proefschrift bouwt hierop voort doordat 

we de Video Feedback Coaching uitbreiden naar en aanpassen voor 

bovenbouwleerkrachten (VFCt). 

Het doel van het onderzoek is drieledig. Enerzijds willen we het belang van een 

complexe dynamische systeembenadering (aangeduid als complexiteitsbenadering) bij de 

evaluatie van effectstudies in het onderwijs benadrukken. Anderzijds willen we de 

ontwikkeling van het wetenschappelijk inzicht van bovenbouwleerlingen in interactie met de 

leerkracht in kaart brengen en daarnaast willen we de effecten van het Video Feedback 

Coaching programma op deze ontwikkeling bestuderen. Daarbij richten we ons op 

verschillende onderdelen die belangrijk zijn voor het leerproces: cognitieve ontwikkeling van 

de leerlingen, attitude van leerkrachten en leerlingen, betrokkenheid van leerlingen, 

openheid en mate van stimulans van leerkrachten en de rol van wederzijdse beïnvloeding in 

de totstandkoming van optimale leersituaties.  

In de onderstaande paragrafen komen de volgende onderwerpen aan bod: Eerst 

worden de doelen en de karakteristieken van de VFCt beschreven. Dit wordt gevolgd door 

het theoretisch kader van dit proefschrift, de complexiteitsbenadering. Vervolgens worden de 

effecten van VFCt beschreven op achtereenvolgens: de cognitieve leerwinst van leerlingen, 

de leerkracht-leerling interacties in de klas, de attitude van leerkrachten en leerlingen en 

tussen enerzijds de openheid van de leerkracht uitingen en anderzijds de betrokkenheid van 

de leerlingen. Samen geven deze hoofdstukken een beeld van de effecten van de VFCt en 

de manieren waarop interventies in het onderwijs geëvalueerd kunnen worden vanuit een 

dergelijke complexiteit. Een belangrijke focus ligt op het gebruik van microgenetische 

coderingen waarbij de interactie tussen de leerkracht en leerlingen als hoofddoel van de 

studie geldt. Door in te zoomen op de processen tijdens verschillende lessen willen we 
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bijdragen aan het in kaart brengen van de complexiteit van de dagelijkse lespraktijk en 

tegelijkertijd bijdragen aan fundamentele kennis over ontwikkelingsprocessen op het gebied 

van wetenschappelijk inzicht van bovenbouwleerlingen. Deze samenvatting wordt afgesloten 

met een algemene conclusie en aanbevelingen voor leerkrachten die wetenschap en 

technologie in hun onderwijspraktijk willen implementeren of optimaliseren.  

Video Feedback Coaching voor bovenbouwleerkrachten14 

Op basisscholen in Noord Nederland is de video feedback coaching in de praktijk ingezet om 

leerkrachten te ondersteunen in het professionaliseren van wetenschap- en 

technologieonderwijs. 

Een belangrijk uitgangspunt van TalentenKracht en daarmee van het Video Feedback 

Coaching programma is dat ieder kind van nature talentvol is (Steenbeek & Uittenbogaard, 

2009). Binnen TalentenKracht zien we talent als iets dat kan ontstaan en groeien. Dit kan 

echter alleen als de juiste omstandigheden aanwezig zijn. ‘Talent’ staat niet voor ‘excellent’, 

maar voor ‘competent’, voor het potentieel dat een kind heeft. Talent staat dus voor iets dat 

ieder kind (en iedere leerkracht) in meer of mindere mate heeft: de nieuwsgierigheid, de wil 

om een oplossing te vinden, de zoektocht naar een optimale strategie en het sprankelende 

enthousiasme dat kinderen laten zien. Het onderzoek van TalentenKracht richt zich dan ook 

niet op ‘weetjes’, maar op het stimuleren van redeneerwijzen. 

De omgeving speelt een belangrijke rol in de ontwikkeling van talentvol gedrag welke 

tijdens het co-constructieproces tot stand komt. Materiaal dat enthousiasme en verwondering 

uitlokt is een belangrijke component, maar juist ook de volwassenen spelen een rol. Zonder 

stimulering vanuit de omgeving, het creëren van de juiste omstandigheden, zal talentvol 

gedrag niet ten volle tot ontwikkeling komen. In dit proefschrift  heeft het stimuleren een 

specifieke vorm namelijk het co-constructieproces dat de vorm van een micro genetisch 

proces aanneemt (het zijn de korte termijn gebeurtenissen, het spel van actie en reactie 

tussen leerling en leerkracht, dat de kern van dit proces vormt). Het doel van de VFCt was 

om bovenbouwleerkrachten te enthousiasmeren voor het geven van wetenschap- en 

technologielessen en bij hen het vermogen (verder) te ontwikkelen om talenten van 

leerlingen op het gebied van wetenschap en technologie te herkennen, stimuleren en 

ontplooien. 

Leerkrachten worden ondersteund in dit proces door het reflectief terugkijken van 

eigen beelden van de les. Een geschikte methode is video feedback coaching (Fukkink, 

2005). De leerkracht wordt gecoacht, met het doel het werk van de leerkrachten 

transformeren in de richting van coaching van leerlingen. Het doel is dat de leerkracht steeds 

meer de rol van coach of begeleider aanneemt zodat leerlingen leren om zelf 

verantwoordelijkheid te nemen voor het (co-)construeren van kennis, om zaken te 

onderzoeken en te beredeneren hoe iets kan. Door als leerkracht een onderzoekende 

houding aan te nemen, te werken aan interactievaardigheden en door gebruik te maken van 

de wetenschappelijke cyclus kunnen leerkrachten leerlingen aanzetten tot nadenken, zodat 

leerlingen uiteindelijk op een hoger niveau van wetenschappelijk inzicht komen. 

De VFCt bestaat uit een introductiebijeenkomst en vier individuele video-feedback-

coachingssessies. Tijdens de introductiebijeenkomst wordt theorie besproken met betrekking 

tot wetenschap- en technologieonderwijs en worden best-practice voorbeelden van eigen15 

en andere lessen getoond. Daarbij komen een aantal pedagogisch-didactische hulpmiddelen 

                                            
14

 Voor meer informatie verwijs ik de lezer naar www.talentenkrachtgroningen.nl. In het werkboek voor 
bovenbouwleerkrachten staan de doelen en de pedagogisch-didactische strategieën uitgewerkt. 
15

 De beelden van de eigen lessen zijn opgenomen tijdens twee voormetingen. 

http://www.talentenkrachtgroningen.nl/
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aan bod die leerkrachten in kunnen zetten om het wetenschappelijk inzicht van leerlingen te 

stimuleren: aanbieden van onderzoekende en ontwerpende leersituaties, gebruiken van de 

wetenschappelijke cyclus, stellen van vragen die leerlingen stimuleren om op een complexer 

niveau te gaan redeneren, doorvragen en scaffolding16. Aan het einde van de van de 

introductiebijeenkomst stellen leerkrachten een persoonlijk leerdoel op voor de komende vier 

coachingssessies. Vervolgens geeft de leerkracht vier wetenschap- en technologielessen 

aan zijn/haar klas welke worden gefilmd door de coach.  

Direct na de les bespreekt de coach de les met de leerkracht aan de hand van de 

leerdoelen. Tijdens de nabespreking staat het persoonlijke leerproces en daarbij behorende 

leerdoel(en) centraal. De coach helpt de doelen te bereiken door middel van gerichte 

feedback. Een belangrijk uitgangspunt is dat de coach de leerkracht als talentvol benadert. 

Hierbij wordt de situatie gemodelleerd zoals verwacht wordt dat de leerkracht het ook in de 

klas toepast. De focus ligt tijdens de gesprekken op concreet handelen tijdens 

leermomenten, de zogenaamde talentmomenten, in de les. Talentmomenten zijn spontane 

leermomenten waarin de interactie tussen leerling(en), volwassene en materiaal optimaal 

talent ontlokt en stimuleert. Deze momenten (met inbegrip van de eventueel gemiste 

momenten) worden besproken aan de hand van videobeelden tijdens het coachingsgesprek. 

De focus ligt voornamelijk op de momenten waarop de leerkracht adequaat inspeelt op het 

gedrag van de leerlingen. Daarnaast worden enkele gemiste momenten besproken die 

aanleiding kunnen zijn om nóg meer wetenschappelijk inzicht van leerlingen te ontlokken. 

Door het gezamenlijk kritisch terugkijken en reflecteren op deze fragmenten wordt de 

leerkracht ondersteund om talent-ontlokkende en talent-bevorderende leersituaties te 

creëren, zodanig dat de kwaliteiten van de leerling(en) zo optimaal mogelijk benut worden.  

Complexiteitsbenadering 

In hoofdstuk 2 wordt het belang van een complexiteitsbenadering voor de evaluatie van 

effectstudies, met behulp van data uit de pilotstudie, geïllustreerd. Bij het ontwerpen, het 

uitvoeren en het analyseren van de VFCt is een complexiteitsbenadering als uitgangspunt 

genomen. Een belangrijk kenmerk is dat ontwikkeling in dynamische interactie tussen een 

leerling en zijn/haar omgeving tot stand komt. De klas is daarbij opgevat als een complex 

dynamisch systeem bestaande uit vele op elkaar inwerkende componenten –de leerlingen 

en de leerkracht– welke elkaars gedrag en eigenschappen continu beïnvloeden (Lewis, 

2002; Smith & Thelen, 2003; Van Geert & Steenbeek, 2005). 

Professionaliseringsprogramma’s worden vaak gepresenteerd als vaste protocollen. 

In werkelijkheid blijken professionaliseringstrajecten echter idiosyncratische processen te 

zijn. Denk bijvoorbeeld aan een wetenschap- en technologieles voor bovenbouwleerlingen. 

Het stellen van een bepaald type vragen, het uitvoeren van bepaalde activiteiten of typische 

reacties van studenten zijn voorbeelden van patronen die specifiek zijn voor een bepaalde 

klas. Het doel van een interventie is om deze patronen duurzaam te veranderen en te 

vervangen door nieuwe, meer adequate patronen (Van Geert, 1994; 2003). Een interventie 

wordt gezien als een vorm van verstoring in bestaande patronen van activiteiten die 

plaatsvinden tijdens specifieke onderwijsleersituaties. Vanuit een complexiteitsbenadering, 

staat het veranderen van de patronen van handelen en denken van de leerkracht gelijk aan 

het veranderen van de patronen van handelen en denken van de leerlingen. Om inzicht te 

krijgen in de effecten van educatieve interventies op de prestaties van leerlingen, is inzicht 
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 Letterlijk vertaald betekent scaffolding ‘steiger’. Het staat voor hulp die aangepast wordt aan het 
begrip en de voorkennis van een leerling, zodat een leerling gestimuleerd wordt om meer inzicht te 
verwerven. Net als een steiger, wordt deze hulp weer weggenomen als de hulp niet meer nodig is. 
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nodig in de eigenschappen van deze specifieke onderwijsleerprocessen in individuele 

leerkracht-leerling systemen. Echter de verandering van individuele systemen17 als gevolg 

van een interventie worden nauwelijks als uitgangspunt van onderzoek genomen. Vaak 

wordt de effectiviteit van interventies bestudeerd middels grootschalig onderzoek, waarbij het 

effect van de interventie gelijk wordt gesteld aan het gemiddelde van de effecten die het 

heeft op individuele systemen. Bij de complexiteitsbenadering wordt gekeken naar het 

idiosyncratische effect van de interventie, wat in principe verschillend is per individueel 

systeem.  

Dit hoofdstuk heeft als doel aan te tonen hoe een complexiteitsbenadering kan 

helpen inzicht te krijgen in veranderingen in onderwijsleerprocessen die toe te schrijven zijn 

aan educatieve interventies. Dit is geïllustreerd door het in kaart brengen van de effecten van 

VFCt met behulp van de taxonomie van Boelhouwer (2013). Boelhouwer beargumenteert het 

belang van observationeel onderzoek op verschillende tijdschalen, waarbij de bouwstenen 

van ontwikkeling, in dit geval leerkracht-leerling interacties, meegenomen worden. Een 

interventie zoals de VFCt kan vanuit verschillende perspectieven worden geëvalueerd. Het 

verschil in perspectief komt voornamelijk voort uit de verschillende doelstellingen die 

belanghebbenden voor ogen hebben. Zo zal de overheid voornamelijk geïnteresseerd zijn in 

de gemiddelde leerwinst van leerlingen over verschillende scholen (een macro-statisch 

perspectief), terwijl het voor een leerkracht van belang is om feitelijke veranderingen in de 

klas te kunnen constateren (een micro-dynamisch perspectief). Vanuit 

ontwikkelingspsychologisch oogpunt is het interessant om de ontwikkeling van 

onderwijsleerprocessen in kaart te brengen teneinde inzicht te krijgen in hoe leerlingen tot 

optimale prestaties komen.  

De resultaten van de empirische illustratie, gebaseerd op zes leerkrachten die deel 

hebben genomen aan de pilotstudie, laten zien dat het gemiddelde complexiteitsniveau van 

het redeneren van de leerlingen na de interventie significant hoger is dan tijdens de 

voormeting. Vervolgens is ingezoomd op inter- en intra-individuele verschillen om de 

idiosyncratische insteek van professionaliseringstrajecten te onderbouwen. Door te focussen 

op tijdseriële patronen in de interactie blijkt dat complexere niveaus van wetenschappelijk 

inzicht worden bereikt door een gezamenlijke investering van leerkracht en leerlingen. We 

suggereren dat in alle (of de meeste) van deze individuele leerkracht leerling-systemen de 

video feedback coaching effectief is omdat de leerkracht meer open vragen gaat stellen, het 

wetenschappelijk inzicht van de leerlingen toeneemt, het aantal afgestemde interacties 

toeneemt en actief onderzoekend leren wordt gebruikt in plaats van klassikale lessen. 

Resultaten van Video Feedback Coaching voor bovenbouwleerkrachten 

De hoofdstukken die hieronder beschreven worden zijn gebaseerd op data van de 

effectstudie. Om het effect van de VFCt in kaart te brengen is de interventie uitgebreid met 

twee voormetingen en twee nametingen. De voormetingen geven een indicatie van de 

dagelijkse lespraktijk, deze gelden als een ‘baseline’. De nametingen, die ongeveer 8 weken 

na de coaching plaatsvinden, geven inzicht in de langetermijneffecten van de VFCt. Met 

andere woorden, hoe worden wetenschap- en technologielessen vormgegeven zonder 

directe aanwezigheid van de coach en in hoeverre worden de nieuwe vaardigheden nog 

toegepast tijdens de nametingen. Daarnaast willen we de vergelijking maken met 
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 Een individueel systeem is niet per se een individu, maar is eerder een specifiek systeem. Een 
individu wordt in een generieke betekenis gebruikt; een schoolklas is dan bijvoorbeeld in generieke zin 
een individuele casus.  
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leerkrachten die wetenschap- en technologielessen geven zoals ze dat altijd doen of zouden 

willen doen. Een controleconditie van twaalf leerkrachten heeft daarom vier lessen gegeven 

op de voor deze leerkrachten gebruikelijke wijze. De interventieconditie bestond uit elf 

leerkrachten. In de onderstaande studies wordt in kaart gebracht of de klassen in de 

interventieconditie verandering laten zien die we in de klassen van de controle conditie niet 

zien. De onderzoeksvraag is: wat zijn de effecten van het werken met VFCt, gericht op het 

verbeteren van onderwijsleerprocessen, op de pedagogisch-didactische vaardigheden van 

de leerkracht en hoe verhoudt dit zich tot cognitieve en niet-cognitieve aspecten gerelateerd 

aan leren van leerlingen tijdens wetenschap- en technologielessen? De cognitieve aspecten 

zijn geoperationaliseerd als de complexiteit van het wetenschappelijk inzicht van leerlingen 

en de niet-cognitieve aspecten zijn geoperationaliseerd als betrokkenheid tijdens de lessen 

en de houding ten opzichte van wetenschap en technologie. De effecten van de VFCt 

worden geëvalueerd vanuit verschillende perspectieven zoals hierboven beschreven. Een 

overzicht van de resultaten staat in tabel 1.  

Het onderzoek in hoofdstuk 3 geeft de resultaten van het effect van de VFCt op 

cognitieve aspecten van leren weer. Leerlingen hebben tijdens de voor- en nameting een 

citotoets natuur en techniek gemaakt. De resultaten laten zien dat er zowel in de interventie- 

als de controleconditie geen verschil is tussen de voor- en nameting op het gebied van 

aantal juiste antwoorden. Daarnaast is onderzocht of leerlingen een verandering in 

wetenschappelijk inzicht in de klas lieten zien. De resultaten laten zien dat leerlingen in de 

interventie- en de controleconditie gemiddeld op hetzelfde complexiteitsniveau blijven 

redeneren. Echter, als we inzoomen, vinden we dat leerlingen in de interventieconditie, in 

vergelijking met leerlingen in de controleconditie, tijdens de nametingen gemiddeld vaker 

redeneren (uitingen van voorspellingen en verklaringen doen) en dat dit vaker op een 

complexer niveau gebeurt. Aangezien dit onderzoek een pre-posttest design heeft en alleen 

leerlingresultaten in kaart zijn gebracht, hebben we geen inzicht verkregen in hoe 

verandering optreedt - in interactie met de context.   

In hoofdstuk 4 hebben we daarom ingezoomd op de actie-reactiepatronen van 

leerlingen en leerkrachten. De focus ligt op het proces van de co-constructie van 

wetenschappelijk inzicht. We onderzoeken welke actie-reactiepatronen het vaakst en langst 

voorkomen tijdens elke les. Op basis daarvan kunnen we concluderen dat de interventie- en 

de controleklassen voornamelijk een interactiepatroon van niet-complexe uitingen door 

leerlingen gevolgd door weinig-stimulerende leerkrachtuitingen laten zien tijdens de 

voormeting. Met weinig-stimulerend doelen we op uitingen van leerkrachten die niet 

aanzetten tot het actief gebruiken van hogere orde-denken, voorbeelden zijn instructies en 

informatie geven. Tijdens de nametingen laat de interventieconditie veelal patronen zien 

waarin de leerlingen complexe uitingen doen en leerkrachten hier stimulerend, met een 

aanmoediging of doorvraag, op reageren. De klassen in de controleconditie laten deze 

verandering niet zien. De processen die ten grondslag liggen aan deze veranderingen blijken 

idiosyncratisch van aard te zijn. Echter in de klassen die een verandering in interactiepatroon 

hebben bereikt is een periode van destabilisatie gevonden. Een voorbeeld van een dergelijke 

destabilisatie is dat de leerkracht-leerling interactie tijdelijk minder flexibel wordt.  

Naast cognitieve ontwikkeling is ook de non-cognitieve ontwikkeling van leerlingen 

van belang om goed voorbereid te zijn op de eisen van 21e eeuw (Dweck, Mangels & Good, 

2004). De betrokkenheid van leerlingen tijdens lessen wordt als een belangrijke indicator 

voor de uiteindelijke prestatie van leerlingen gezien (Bryson & Hand, 2007; Laevers, 2005). 

De attitude van leerkrachten is bovendien van belang omdat ze een bijdrage levert aan het al 

dan niet implementeren van wetenschap- en technologieonderwijs en vervolgens aan de 
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volharding om de lessen structureel in het curriculum in te bedden (Haney, Lumpe, Czerniak 

& Egan, 2002; Van Aalderen-Smeets & Walma Van Der Molen, 2015).   

In hoofdstuk 5 is de attitude van leerkrachten en leerlingen in kaart gebracht. 

Gemiddeld zien we dat leerkrachten in de interventieconditie tijdens de nameting, in 

vergelijking met de voormeting, meer geloven in eigen kunnen (self-efficacy) en dat ze zich 

minder afhankelijk voelen van contextfactoren zoals een methode (Natuniek bijvoorbeeld). 

Bovendien blijkt dat leerkrachten meer plezier ervaren in het geven van wetenschap- en 

technologieonderwijs en dat ze minder spanning voelen tijdens deze lessen. Uit de 

vragenlijsten van de leerkrachten van de controleconditie blijken deze veranderingen niet. Bij 

de leerlingen is geen verandering op het gebied van attitude gevonden die toe te schrijven is 

aan de interventie. Wij vragen ons af of deze bevindingen een adequate afspiegeling zijn van 

de processen in de klas.  

Verschillende studies vinden bovendien dat betrokken leerlingen betere academische 

prestaties laten zien (Fredricks, Blumenfeld & Paris, 2004). Wij onderzoeken in hoofdstuk 6 

of deze relatie ook op microniveau, in de klas, terug te vinden is. In hoofdstuk 6 is daarom 

ingezoomd op het verloop van de samenhang over de tijd van de betrokkenheid van 

leerlingen en de complexiteit van het wetenschappelijk inzicht en de openheid van leerkracht 

van één klas. Uit de resultaten van hoofdstuk 4 blijkt dat deze klas een verandering heeft 

doorgemaakt van interactiepatronen die voornamelijk niet-complex en niet stimulerend zijn 

tijdens de voormetingen naar patronen die bestaan uit complexe leerlinguitingen gevolgd 

door stimulerende leerkrachtuitingen tijdens de nameting. De resultaten laten zien dat tijdens 

de voormetingen weinig wetenschappelijk inzicht tot uiting komt, maar dat er wel veel 

betrokken gedrag van de leerlingen was. Verder is gevonden dat de betrokkenheid van 

leerlingen en het wetenschappelijk inzicht, over het verloop van de interventie, beide vaker 

voorkomen en in steeds hogere mate met elkaar gaan samenhangen. De ontwikkeling van 

deze samenhang volgt een niet-lineair traject, dit betekent dat de samenhang tussen deze 

variabelen over tijd wisselt (van sterkte en richting). Vervolgens is in kaart gebracht hoe de 

openheid van de leerkracht interacteert met de betrokkenheid van leerlingen. Ook hier is een 

positieve verandering te zien; meer open leerkrachtgedrag hangt in steeds sterkere mate 

samen met betrokken leerlinggedrag. Daarnaast blijkt dat tijdens de voormetingen, instructie 

van de leerkracht en niet-betrokken gedrag van de leerlingen sterk samenhangen en veel 

voorkomen, terwijl bij de nametingen leerlinggerichte vragen en interesse van leerlingen 

sterk samenhangen en veel voorkomen. Ook hierbij dient opgemerkt te worden dat de 

samenhang een niet-lineair verband laat zien.  

Conclusie 

We concluderen dat de effectiviteit van de VFCt over het algemeen positief is en met name 

terug te zien is in veranderingen in de klas, namelijk een toename in het aantal complexe 

leerlinguitingen in het algemeen, een toename in het aantal complexe leerlinguitingen op een 

hoger niveau, een toename in stimulerend leerkrachtgedrag en een verandering in 

interactiepatronen (zie tabel 1). Video feedback coaching blijkt een effectieve manier om 

leerkrachten te ondersteunen in het proces van gedragsverandering, wat in deze studie 

geresulteerd heeft in optimalisatie van pedagogisch-didactische vaardigheden tijdens 

wetenschap- en technologielessen. Er is echter geen verandering gevonden op het gebied 

van de citoscore en de attitude van leerlingen.  

We concluderen dat voor een volledig begrip van de effecten van de VFCt, een 

intensieve studie van de processen van een klas tijdens meerdere lessen nodig was. Leren 

wordt beschouwd als een voortdurend proces tussen leerlingen en de directe omgeving, 
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waarbij de complexiteit van het begrip van leerlingen groeit binnen deze specifieke context in 

leerkracht-leerling interacties. Uit dit proefschrift blijkt dat leerkrachten, met behulp van de 

VFCt, in staat zijn dergelijke interactiepatronen in de klas op een zodanige manier te 

veranderen dat het bijdraagt aan de co-constructie van wetenschappelijk inzicht. De 

complexiteitsbenadering heeft inzicht gegeven in de werkelijke, concrete manier waarop de 

VFCt werkt. We stellen dat als een interventie moet worden verbeterd, of wanneer een 

interventie moet worden geïmplementeerd op grotere schaal, kennis van de feitelijke, 

concrete manier waarop deze werkt op het niveau van real-time praktijk essentieel is (omdat 

dit het soort informatie is waar leerkrachten over beschikken). Dit proefschrift is een illustratie 

van het belang voor het evalueren van real-time veranderingen in leerkracht-leerling 

interacties om de effecten van een educatieve interventie vast te leggen.  

Een van de hoofdpunten die we met dit proefschrift over willen brengen is dat 

verschillende methoden gebruikt dienen te worden om de effecten van een interventie, zoals 

de VFCt, zodanig in kaart te brengen dat het de daadwerkelijke verandering kan vangen. In 

hoofdstuk 2 pleitten we ervoor dat onderzoekers de natuurlijke situatie waarin de interventie 

plaatsvindt, meenemen in de evaluatie van de effecten. Daarom hebben we voor de 

evaluatie van de VFCt naast statische (vragenlijst)data, observationele data gebruikt om de 

complexiteit van onderwijsleersituaties op een microdynamische manier te kunnen 

analyseren. Rijke informatie is verzameld door het combineren van 

groepsniveauperspectieven met intraindividuele longitudinale metingen. De laatste analyses 

zijn gebaseerd op tijdsreeksen van gecodeerde gedragingen. De tijdseries zijn geanalyseerd 

aan de hand van verschillende technieken die inzichtelijk maken hoe patronen en variabiliteit 

van het gedrag van leerkrachten en leerlingen zich manifesteren over de tijd.  

Discussie en praktische implicaties  

In hoofdstuk 7 worden de resultaten van de bovenstaande hoofdstukken bediscussieerd en 

in een breder perspectief geplaatst. Hieronder worden een aantal daarvan toegelicht, 

namelijk hoe het verschil in uitkomsten op basis van de observationele data en de vragenlijst 

data geïnterpreteerd kan worden; een aantal die aanbevelingen voor vervolgonderzoek tot 

gevolg hebben; en tot slot aanbevelingen voor leerkrachten.  

Uit dit proefschrift blijkt dat de resultaten die in de klas gevonden zijn niet terug te 

zien zijn in de scores op de vragenlijsten en toetsen van leerlingen. Het gebruik van 

vragenlijsten en toetsen is echter een veelgebruikte methode om het effect van interventies - 

en de voortgang van leerlingen - in kaart te brengen. De vraag is hoe we in kaart kunnen 

brengen of leerlingen de doelen van wetenschap- en technologieonderwijs bereikt hebben? 

Wij stellen dat het daarbij niet gaat om feitenkennis, maar om begrip van en over 

wetenschappelijke concepten en processen. Het gaat om toekomstgericht onderwijs. Het 

gaat dan ook om vaardigheden zoals creativiteit, nieuwsgierigheid, verantwoordelijkheid 

nemen voor en reflecteren op leren, kritische vragen stellen, verdiepen en verbreden, 

vakoverstijgend leren et cetera. Het lesmateriaal en de toetsingsdruk die scholen ervaren, 

beperken nu de speelruimte die ze hebben. De bestaande kerndoelen geven onvoldoende 

richting en houvast, terwijl de vorm van de toetsing de inhoud van het onderwijs sterk 

domineert (OnsOnderwijs2032, 2016). Uit de resultaten van dit proefschrift blijkt dat daardoor 

voorbijgegaan wordt aan de complexe realiteit van het onderwijsleerproces en dat de 

verandering in de klas daarmee niet op waarde geschat wordt. Vanuit de 

complexiteitsbenadering benadrukken wij het belang om bij de bouwstenen van leren en 

ontwikkeling te beginnen om zo zicht te krijgen op veranderingsprocessen. De bouwstenen 

zijn in dit geval de leerkracht-leerlinginteracties. Deze interacties worden beïnvloed en 
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beïnvloeden tegelijkertijd de patronen van interacties die resulteren in prestaties van 

leerlingen en attitudes van leerkrachten en leerlingen. In dit proefschrift hebben we 

mogelijkheden weergegeven om deze processen meetbaar te maken.  

Er zijn een aantal aspecten die aanleiding geven voor vervolgonderzoek. Ten eerste 

hebben we in dit onderzoek alleen gekeken naar leerkracht-leerling interacties. Deze keuze 

is gemaakt omdat de VFCt zich richt op de gedragsverandering van de leerkracht. Echter, 

hiermee hebben we andere processen die bijdragen aan de ontwikkeling van 

wetenschappelijk inzicht uitgesloten. Hierbij kan gedacht worden aan leerling-

leerlinginteracties (Kumpulainen & Mutanen, 1999), maar ook non-verbale aspecten zoals 

exploratie (Pine, Lufkin, Kirk & Messer, 2007). Vervolgonderzoek kan inzicht geven in hoe 

leerling-leerlinginteracties bijdragen aan de ontwikkeling van wetenschappelijk inzicht en wat 

de rol van non-verbale handelingen zijn in dit proces. Ten tweede hebben we in dit 

onderzoek het geslacht van leerlingen niet meegenomen om te differentiëren in de effecten 

van de VFCt. Bij wetenschap en technologie is het geslacht echter een veelvoorkomend 

discussiepunt, met name omdat meisjes minder tot hun recht lijken te komen op deze 

gebieden (Greenfield, 1996; Reilly, 2012). Vervolgonderzoek zou inzicht kunnen geven in of 

en hoe genderverschillen in de klas emergeren en wat de rol van de leerkracht is. Tot slot is 

een aanbeveling voor vervolgonderzoek dat er gekeken wordt of de nieuw aangeleerde 

pedagogisch-didactische vaardigheden van de leerkracht, en de daarbij veranderde 

leerkracht-leerlinginteracties, ook toegepast worden tijdens andere lessen.  

De resultaten in dit proefschrift leiden tot een aantal aanbevelingen voor leerkrachten. 

Uit dit proefschrift blijkt dat bovenbouwleerlingen nog steeds nieuwsgierig zijn naar 

wetenschappelijke fenomenen. Echter, de kunst voor leerkrachten is om deze 

nieuwsgierigheid weer boven tafel te krijgen. De rol van de leerkracht tijdens wetenschap- en 

technologieonderwijs kan vele vormen aannemen. Het recept voor de wetenschap- en 

technologieles bestaat niet. Echter, voor alle lessen geldt dat uitgaan van nieuwsgierigheid 

en enthousiasme van leerlingen, dit stimuleren door open, denk-stimulerende vragen te 

stellen en zo het wetenschappelijk inzicht van leerlingen tot uiting laten komen een goede 

combinatie blijkt te zijn. Met andere woorden, de focus kan liggen op het uitbreiden van het 

aantal talentmomenten waarin de interactie tussen leerlingen, leerkracht en materiaal 

optimaal wetenschap- en technologietalent ontlokt en stimuleert. De leerkracht neemt hierbij 

zelf een onderzoekende houding aan en ondersteunt leerlingen om zelf inzichten te 

verwerven door denk-stimulerende vragen te stellen en het begrip van leerlingen te 

scaffolden. Het kritisch terugkijken op eigen handelen is hiervoor de sleutel. Leerkrachten 

kunnen dit zelf (of met een collega) doen. Hierdoor wordt inzicht verkregen in eigen gedrag 

en het effect daarvan op het systeem van interactie.  

Concluderend kan gesteld worden dat de resultaten in dit proefschrift hebben 

aangetoond dat een verandering in pedagogisch-didactische strategieën tot stand gebracht 

kan worden om rigide patronen in de klas om te vormen naar interactiepatronen die 

bijdragen aan de co-constructie van wetenschappelijk inzicht. Echter, om dit te bereiken 

hebben leerkrachten baat bij ondersteuning die aangepast wordt aan hun eigen 

vaardigheden en capaciteiten. Video feedback blijkt een effectieve manier om leerkrachten te 

ondersteunen in het proces om leerlingen op te laten bloeien tijdens wetenschap- en 

technologieonderwijs.  
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