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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.   
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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 



   

 

 
125 

6 

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 
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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 
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‘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. 

 

 

 

 

 

 


