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Introduction: The notion of autonomy in Self-Determination Theory is at 

the core of intrinsically motivated learning, and fulfilment of the need for 

autonomy is essential for thriving at school. Therefore teacher-provided 

autonomy support has grown into a key concern in educational research. In 

the present study into primary school music education, the notion of creative 

autonomy support is introduced. Research into autonomy support is typically 

focused on verbal interaction. However, from an enactive perspective, 

teachers’ gesturing, bodily movement, facial expression, and musical action 

form an integral part of the socially situated interaction in music lessons, 

inherently involving autonomy support. In the present study, a distinction is 

made between creative verbal autonomy support and creative musical and 

non-verbal autonomy support.

Methods: Applying a process-based time-serial methodology, rooted in 

a Complex Dynamic Systems and Enactive perspective, the effects of an 

intervention with Video Feedback Coaching for teachers were investigated. 

Video data of 105 music lessons of 18 teachers (intervention and control 

condition) from six primary schools was gathered, to examine teachers’ 

creative autonomy support at both the individual and group level. 

Results: The findings show that teachers in the intervention condition, 

compared to the control group, achieved a meaningful increase in their 

ability to offer creative autonomy support verbally. Teachers also showed 

development for the non-verbal and musical aspects of offering creative 

autonomy support. However, particularly for offering higher-level creative 

autonomy support in the non-verbal and musical mode, significant results 

were found for less than half of the intervention teachers. 

Discussion: These results underline the importance of embracing and studying 

the bodily dimension as an integral part of teacher autonomy support, aimed at 

emergence of students’ musical creativity, in primary school music education 

and in teacher training. We explain how these results might be  relevant for 

autonomy enhancing musical activities in vulnerable groups.
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1. Introduction

When it comes to musical creativity, in free settings such as 
the playground, children show self-determined activity by 
inventing and singing songs to accompany their play (Campbell, 
2010). Self-determination, as opposed to external regulation of 
behavior, is linked to intrinsic motivation and provides a powerful 
drive for learning (DeCharms, 1972; Deci and Ryan, 1985). 
Research underscores the need for promoting self-determination 
in all students (Shogren et al., 2015; Burke et al., 2018), both in 
regular and special needs education. In the latter, students tend to 
be  less self-determined than children in regular schools 
(Wehmeyer et al., 2010).

The notion of autonomy in self-determination theory (SDT) 
is key in intrinsically motivated learning and satisfaction of the 
need for autonomy is vital for thriving in education (Ryan and 
Deci, 2000). Autonomy support is a powerful way for teachers to 
stimulate students’ creativity in a domain (Koestner et al., 1984; 
Beghetto, 2019) and, considering the linkages between students’ 
creativity and their wellbeing and flourishing at school 
(Fredrickson and Losada, 2005; Seligman et  al., 2009), is a 
fundamental interaction strategy for teachers to apply. The 
importance of providing autonomy support in music teaching 
(e.g., Kupers, 2014; Evans, 2015; McPherson et  al., 2018; 
Bonneville-Roussy et  al., 2020) seems obvious, but can be  a 
challenge for primary school teachers who oftentimes experience 
a lack of confidence in music teaching (e.g., Viig, 2015). However, 
numerous interventional studies have successfully demonstrated 
that offering autonomy support can be  learnt (Reeve and 
Cheon, 2021).

Teachers’ gesturing, bodily movement, facial expression and 
musical action form an integral part of classroom interaction in 
music lessons, inherently involving autonomy support. The aim of 
the present study is to contribute to insights into the relation 
between autonomy support, including the role of the body in 
music learning and teaching, and students’ musical creativity. To 
this end the results of an intervention study in regular primary 
education for enhancing teachers’ competency to offer autonomy 
support in music lessons are presented. The notion of creative 
autonomy support is introduced, building on Stefanou et al. 
(2004). In the discussion we will address the relevance of our 
findings for teaching in special needs education. In the first 
section the need for autonomy and autonomy support in relation 
to stimulation of (musical) creativity will be discussed through the 
lens of SDT (Deci and Ryan, 1985, 2000; Ryan and Deci, 2000) and 
Enaction theory (Varela et  al., 1991; Di Paolo, 2019) also in 
relation to music (e.g., Van der Schyff et al., 2016; Schiavio et al., 
2017). In the subsequent section development of teacher 

competency in an intervention for supporting students’ autonomy 
will be discussed from a process-based complex dynamic systems 
(CDS) perspective (Thelen and Smith, 1994; Van Geert, 1994; Van 
Geert and De Ruiter, 2022) and related to music (e.g., Leman et al., 
2018; Schiavio and Van der Schyff, 2018; Bremmer and Nijs, 2020; 
Kupers and Van Dijk, 2020).

1.1. Autonomy and autonomy support

The opportunities teachers offer students to be  creative 
promote children’s agency and ownership (Creech et al., 2020), but 
how are autonomy and autonomy support linked to development 
of musical creativity? Building on what DeCharms (1972) termed 
personal causation, Self-Determination Theory (SDT) inherently 
links autonomy to intrinsic motivation. The need for autonomy is 
related to people’s “internal perceived locus of causality” 
(DeCharms, 1972) which forms the fundament for intentional 
behavior and goal setting. Intrinsic motivation emerges from the 
value someone attributes to an activity and is important for 
eliciting creativity (Koestner et al., 1984; Amabile and Hennessey, 
1992). SDT has been widely applied in educational research in 
many domains, including music (e.g., Kupers, 2014; McPherson 
et al., 2018; Reeve and Cheon, 2021).

In SDT three inter-related fundamental psychological needs are 
identified which must be fulfilled for people to become intrinsically 
motivated (Deci and Ryan, 1985; Ryan and Deci, 2000). The need 
for relatedness is defined as the need to feel connected to others. 
The need for competence is the need to feel capable of achieving 
one’s goals. Autonomy is defined as the need for self-regulation and 
is linked to people’s sense of receiving space to act, based on their 
own authentic interests and values (Deci and Ryan, 2000).

Deci and Ryan (2000, p.  229) define needs as “innate, 
organismic necessities rather than acquired motives” and state that 
“in SDT, needs specify innate psychological nutriments that are 
essential for ongoing psychological growth, integrity, and well-
being.” In contrast, Leontiev (1978, p. 119) stated in his Activity 
Theory that human needs and motives emerge in activity such as 
in play, schooling or work. He saw activity itself as the driving 
force behind the production of needs. The activity that dominates 
children’s motivation is play. Play leads to the acquisition of skill. 
In play new dominating motives for activity and the motivation to 
improve one’s skills emerge Leontiev as cited in Van Geert (1988). 
In Activity theory, consistent with Enaction theory, goals invite 
the learning body to engage in activity, and extend itself, using 
materials and tools. This also aligns with CDS-oriented views that 
goals self-organize in people’s environment and play a causal role 
in action and behavior (Gibbs and Van Orden, 2003).
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In line with Leontiev, we see needs as dynamic psychological 
states, which vary within the activity agents engage with, alone 
and with others. The co-regulation of a psychological need like 
autonomy in education takes place in a process which is embedded 
in interactions between the child, teacher and task (Steenbeek and 
Van Geert, 2013). Rather than an individual characteristic, 
autonomy is an enacted, dynamic property, emerging in the 
ongoing interactions students have with their social and material 
environment (Kupers and Hendriks, 2022). From the perspective 
of Enaction theory the need for autonomy and its satisfaction in 
music lessons inherently involves embodiment. How students 
engage with a task, depends on how a task is delivered (Ames, 
1992). For instance, continued instructing and modeling supports 
students’ autonomy less, compared to asking questions, gesturing 
and positive facial expression to invite students to act upon their 
musical ideas. The latter involves the creating body and invites 
extendedness, i.e., using instruments and producing sound to 
contribute to the enactive musical process.

Teacher provided autonomy support is the driver for students’ 
intrinsic motivation and, by extension, also for students’ 
performance of tasks (Vansteenkiste et al., 2005; Reeve and Cheon, 
2021). Research revealed that autonomy support not only resulted 
in more autonomous motivation but also satisfied students’ need 
for competency (Deci and Ryan, 2000).

Research into self-determination with students in regular and 
special needs education showed that the latter are more at risk 
when it comes to autonomy and agentic behavior, possibly due to 
lack of opportunities to develop these skills in their environment 
(Wehmeyer et al., 2010; Shogren et al., 2018). One reason may 
be that this is due to an imbalance in need support, i.e., stimulation 
of psychological need satisfaction, from educators. In special 
needs education teachers were found to provide need satisfaction 
for relatedness by showing involvement and providing structure, 
but did not offer much autonomy support (Haakma et al., 2017).

Just like autonomy, students’ performance of musical creativity 
is a property enacted in the music-pedagogical setting, rather than 
stored in the brain in the form of cognitive representations. It 
emerges during teacher-student interaction, through embodied 
action through engagement with instruments, the task, and with 
sound, and is extended beyond the individual (e.g., Van der Schyff 
et al., 2016; Schiavio and Van der Schyff, 2018; Silverman, 2020). 
In school music education, autonomy support was found to affect 
students’ performance (e.g., Green, 2006) and in instrumental 
music lessons students’ autonomous behavior was linked to 
positive performance (Kupers, 2014). But how to best support 
students’ autonomy for stimulating musical creativity?

1.2. How to support students’ autonomy?

Autonomy support contributes to students’ agency and self-
initiated progress, while experience of autonomy dissatisfaction 
has been linked to disengagement and lack of agency (Reeve et al., 
2020). However, teacher-student interaction often relies on fixed 

patterns (Initiate-Respond-Evaluate) and teachers may sometimes 
find autonomous expressions by students disruptive (Beghetto, 
2019) or offer limited opportunities for students to exert 
autonomy, particularly in special needs education (Shogren 
et al., 2018).

A student-centered perspective involving autonomy-
supportive instructional behaviors such as questioning, inviting 
students to pursue their interests, offering space for self-initiated 
action and choice, explaining constraints and positive feedback 
when appropriate are all part of an autonomy-supportive teaching 
style (Stefanou et al., 2004; Reeve and Cheon, 2021). Control and 
motivational strategies like rewards and threats are to be avoided 
(Skinner and Belmont, 1993; Stroet et al., 2015) as they incite an 
externally perceived locus of causality, undermining the need for 
autonomy with “corresponding effects on creativity” (Deci and 
Ryan, 2000, p. 234).

Stefanou et al. (2004) distinguish between “organizational,” 
“procedural” and “cognitive” autonomy support (Stefanou et al., 
2004, p.  101). Organizational autonomy support provides 
students with “ownership of environment,” e.g., by offering 
them choice in with whom or where to work. Procedural 
autonomy support ‘encourages ownership of form’ by tuning in 
on students’ needs and wants, and offering them choice in tasks, 
task approach, materials and so on. Cognitive autonomy 
support targets students’ “ownership of the learning” and fosters 
critical thinking and deep learning. It includes asking students 
to explain and underpin their ideas, and generate and evaluate 
their own solutions.

However, learning and skill development aren’t limited to 
merely thinking but are integrated in a simultaneous process of 
action and perception (Fischer, 1980; Noë, 2004). In musical 
creativity thinking and acting coalesce. In current perspectives 
musical creativity is described as a process (socially) situated in 
embodied activity (e.g., Elliot, 2009; Burnard, 2012a,b; Barbot and 
Webster, 2016, 2018; Leman et al., 2018; Kupers and Van Dijk, 
2020). To achieve agency and action in music learning, appropriate 
teacher-provided autonomy support is indispensable (e.g., Green, 
2006; Kupers, 2014). Therefore, autonomy support in creative 
musical activity requires encouragement of both thought 
and action.

Building on Stefanou’s classification, we propose the notion of 
creative autonomy support, and define it as an autonomy-
supportive strategy to provide students with “ownership of the 
creative process,” in which stimulation of the senses, of thought 
and imagination, as well as active exploration and creation are 
intertwined. In line with Burnard (2012a) notion of multiple 
creativities, creative autonomy support allows all teachers and 
their classes, regardless of type of education or vulnerability to 
enact their own musical creativity in idiosyncratic creative 
processes. Creative autonomy support involves open and inviting 
teacher expression such as student-centered questioning and 
encouragement in order to stimulate musical imagination and 
exploration, offering choice and providing contingent 
positive feedback.
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From an enactive perspective, communication is always also 
affected by non-verbal behavior, e.g., when verbal teacher expression 
is accompanied or substituted by gestures and movement (Goldin-
Meadow, 1999; Novack and Goldin-Meadow, 2015; Shapiro and 
Stolz, 2019; Simones, 2019). Moreover, students learn more when 
their teachers gesture effectively (Alibali et al., 2013). Gesturing is 
tightly intertwined with verbal expression in timing, meaning and 
function and within this interplay, contributes to learning because 
it lightens the cognitive load for users and listeners (Goldin-Meadow 
and Wagner, 2005). Simones (2019) proposed the “Teacher Behavior 
and Gesture (TBG) framework” and situates gestures and body 
movement as an integral part of enactive music educational processes.

Educational reformers like Montessori and Dewey have paved 
the way for pedagogies embracing embodied forms of learning. In 
music learning, each in their own way, the pedagogies of Kodály, 
Dalcroze, Suzuki, Orff, and to a lesser extent Gordon, involve the 
body. However, they do not particularly promote teacher 
autonomy support and lean more on classical instructional  
methods.

Creative autonomy support includes embodied ways of 
enacting musical creativity, triggered through the sensing body in 
interaction with its environment. Both co-verbal gesturing and 
co-musical gesturing give direction, but at the same time leave 
space for the learner’s own interpretation (Simones, 2019). 
Examples of co-musical gesturing are hand gestures to indicate the 
pace, or to invite students to continue and challenge themselves. 
Other non-verbal modes, which impact the degree of creative 
autonomy support, include modeling and facial expression. 
Modeling the intended performance elicits imitation and strongly 
affects the degree of teacher control (Van de Pol et  al., 2010). 
Teachers’ facial expression during conducting was found to 
significantly affect students’ ensemble playing and expressivity 
(Silvey, 2013). In music education, providing exploration time, 
active listening and observing students’ musical activity, in order 
to contingently coach students when needed, are part of an 
autonomy-supportive teaching style too (Green, 2006; Renwick 
and Reeve, 2012).

Hence, offering creative autonomy support, through open and 
student-centered verbal interaction and through non-verbal and 
musical modes such as gesturing, moving and sharing music 
together with students (see Figure 1), are expected to stimulate 
development of musical creativity. But to which degree are these 
modes of creative autonomy support in music lessons trainable? 
So far little or no research was dedicated to development of 
teacher autonomy support in the natural setting of primary school 
music lessons in interventions, targeting both verbal and 
embodied aspects of autonomy support.

1.3. Intervening to enhance autonomy 
support: A process-based approach

Although teachers keep on learning on the job throughout 
their career, research shows that learning by experience only, 

ultimately leads to stagnation (Korthagen, 2010). A complicating 
factor is that many generalist teachers perceive a lack of confidence 
in the domain of music education (e.g., De Vries, 2011; Viig, 2015;  
Van Essen et  al., 2019). Teachers’ self-efficacy, defined as “the 
belief that one can accomplish a given task” (Siegle et al., 2020, 
p. 1600), are a key factor in shaping their competence, and vice 
versa, as efficacy beliefs are influenced by actual teaching 
accomplishments (Bandura, 2006) in music (De Vries, 2013). 
Teachers identified professional development as key to the success 
of their music teaching (de Vries, 2015). The provision of 
psychologically safe practice and support structures at school 
enhances teachers’ motivation to teach music (de Vries, 2015; 
Garrett, 2019). On-the-job coaching provides such a safe haven. 
Professional development trajectories can impact teaching 
practice considerably (Korthagen, 2010) and enhance student 
learning too (e.g., Wetzels et al., 2016; Van Vondel et al., 2017).

There are many ways to evaluate the effectiveness of 
interventions. Developmental processes, such as in interventions, 
both with regular and vulnerable primary school students, are 
highly idiosyncratic (Steenbeek and Van Geert, 2015) as is 
teaching and learning in the domain of music (Bisschop Boele, 
2015). However, much research, including intervention-based 
studies, depart from the assumption that findings in large samples 
are representative for the entire population and therefore also for 
individual cases. This approach disregards the ergodicity problem 
which entails that differences and relationships on the group level 
cannot be generalized to particular processes for individual cases 
(Molenaar and Campbell, 2009; Hamaker, 2012; Van Geert and 
De Ruiter, 2022). Many human processes are non-ergodic, i.e., 
what holds for a group does not necessarily hold for individuals in 
it, over time. Such individual change processes of teachers and 
their classes in interventions may show large contrasts compared 
to the so-called ‘average’ trajectory (Steenbeek and Van Geert, 
2015). In fact, for a complete image of progress/change in an 
intervention, effect measures at group-level are meaningful only 
in relation to individual measures. Therefore, statements about a 
group requires collecting a large amount of processual data of 
individual cases over time.

FIGURE 1

Examples illustrating embodiment in non-verbal and musical 
autonomy support: modeling, offering space for students to 
conduct, turn giving and participation.
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Despite their claim for generalization, results based on group 
data do not offer insight in the dynamics/variability of actual 
change processes. From a process-based CDS perspective, 
variability (intra- and inter-individual) constitutes a central 
property of development (Van Geert and Van Dijk, 2002).

In sum, investigating how the verbal and bodily dimensions 
of teacher autonomy support contribute to students’ musical 
creativity and flourishing, requires examining exemplary 
individual cases of teachers and their classes. Intervention studies, 
also with (vulnerable) students, can benefit considerably from a 
process approach, mapping the individual variation, idiosyncrasy 
and non-ergodicity in development.

1.4. Growing from perturbation in 
interventions

Novel approaches and techniques to process-based research 
involving a CDS-perspective on development are increasingly also 
applied to (intervention) research in education (e.g., Pennings and 
Mainhard, 2016; Van Vondel et al., 2017; Geveke et al., 2020). In 
the last decade an increased interest for Enactive and 
CDS-approaches in the field of music (education) research has 
developed (e.g., Kupers, 2014; Leman et al., 2018; Schiavio and 
Van der Schyff, 2018; Van der Schyff et al., 2018; Bremmer and 
Nijs, 2020; Kupers and Van Dijk, 2020). A CDS can be defined as 
a network of associated components of a, for instance social or 
psychological nature, which shows change over time as a result of 
their interactions (e.g., Thelen and Smith, 1994; Van Geert, 1994; 
Steenbeek and Van Geert, 2015). An educational process, like 
teacher-student interaction in a music lesson, can be considered a 
CDS (Steenbeek and Van Geert, 2013; Koopmans and Stamovlasis, 
2016) and this applies to professional development interventions 
for teachers too (Steenbeek and Van Geert, 2015). Moreover, both 
processes interact over the course of an intervention and the tasks 
of the student (assignment in the domain of musical creativity) 
and teacher (teaching for musical creativity) are intertwined 
(Figure 2). Teachers uptake of coaching content offers input for 
interaction in subsequent lessons, and lesson experiences offer 
input for coaching. Students and teachers can keep themselves in 
an unproductive interaction chain, due to an imbalance in 
relatedness-autonomy concerns with students relying (too) much 
on teacher support. Put differently, this interaction chain becomes 
a self-maintaining attractor. This risk is particularly prevalent in 
special needs education and can ultimately lead to unsuccessful 
learning trajectories (Steenbeek and Van Geert, 2013). 
Interventions can disrupt such a chain and trigger interactional  
change.

Intervention-based research in itself is a complex process, 
partly because it is labor-intensive, depends heavily on an 
enduring and effective collaboration with the research participants 
and is liable to chance factors including unexpected drop-out. 
However, the value of process-based approaches to intervention 
studies outweighs dealing with this kind of complexity.

The effectiveness of an intervention does not depend 
exclusively on the design, content and implementation of the 
intervention itself (Wetzels et al., 2016). Both proximal and distal 
factors influence development (Bronfenbrenner and Morris, 
2006). Although an intervention often targets the proximal 
processes of interactions with the immediate environment in the 
here-and-now, more distal influences are also represented in the 
system’s behavior. Distal processes, such as school policies and 
existing beliefs about art education, take place elsewhere in the 
environment but do affect teaching. For instance, Burnard and 
White (2008) have warned for the tension between performativity 
and creativity in education. While teachers are expected to 
enhance student agency and creativity, they are also forced to 
comply to the existing standards of measured achievement. 
Reckoning with all such influences is difficult. Moreover, 
we cannot explain effectiveness of interventions by simply adding 
up the effects of all factors (Molenaar and Campbell, 2009; Wetzels 
et  al., 2016). In an educational intervention the teacher, the 
students and the task are considered the core components of the 
system (Steenbeek and Van Geert, 2013). From a CDS-perspective, 
their collective behavior on the micro-timescale integrates both 
proximal and distal influences, and reflects change resulting from 
the interventional press on the system.

The aim of an intervention is to provoke teachers to let go of 
more or less solidified ways of teaching, i.e., temporary stable and 
self-sustaining attractor states in CDS, to form new ones 
(Steenbeek and Van Geert, 2015). An attractor state is a stable 
pattern of activity (Kelso, 2012), such as a particular habit in 

FIGURE 2

Network model with recurring motif depicting the bi-directional 
interaction between the core elements in the learning and 
teaching process (focus on development student) and learning 
and coaching process (focus on development teacher) in an 
intervention. Stud, Student; Tea, Teacher; Tstu, task student; Coa, 
Coach; Ttea, task teacher.
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teaching. External disruption of old routines, termed perturbation 
in CDS, is needed to make way for new, in this case more 
autonomy-supportive strategies, forming new (metastable) 
attractors. Existing attractors can be quite resistant to challenge 
and liable to bounce back (Kelso, 2012). However, development 
is said to benefit from, and even needs challenge to facilitate 
growth (MacNamara et  al., 2016). Given the idiosyncrasy of 
intervention trajectories, determining an optimal load for an 
intervention seems hard. Space for adaptation to the teachers’ 
needs and load tolerance in interventions is needed to ensure 
their motivation.

For teachers an intervention literally constitutes a balancing 
act as the outcome depends on the attraction to their former 
routines, and the emergence of, and attraction to new ones. When 
teachers are clearly drawn to both former, and newly developed 
routines, this is called bifurcation, and means that development 
can take different pathways (Kunnen and Van Geert, 2012). 
Because teachers can be expected to alternate between different 
approaches, teacher trajectories in interventions are non-linear, 
and will always show (increased) within-person variability 
(Steenbeek and Van Geert, 2015), i.e., fluctuation in performance 
of a person at different points in time (Van Geert and Van Dijk, 
2002). Non-linearity can be found on all timescales of change, 
during lessons, between lessons, throughout an intervention etc. 
Increased variability, such as sudden jumps, zigzagging or slowing 
down, is considered an early sign of a transition (Van der Maas 
and Molenaar, 1992). Such intra-individual variability should not 
be explained away as measurement errors in favor of smoothly 
presented growth curves. Instead, it should be acknowledged as 
an inherent developmental property providing insight into the 
complex learning processes of individuals. Following a 
CDS-approach, measuring development in an intervention 
therefore requires considerably more measurement points, than 
usually delivered in traditional pre- and post-test interventions, 
covering the entire timespan of the intervention (Koopmans and 
Stamovlasis, 2016).

1.5. Present study and content of the 
intervention

The present study is based on the results of an intervention 
aimed at improving teachers’ competencies to stimulate students’ 
musical creativity. The study focused on change in primary 
teachers’ creative autonomy support. During the intervention 
Video Feedback Coaching (VFCt) for teachers (Van den Heijkant 
et al., 2006) was used. VFCt is an evidence-based method for 
improving teachers’ interactional strategies. Its aim is for teachers 
to reflect and receive feedback based on video recordings of their 
own lessons. This method significantly affected the interaction 
skills of professionals in different contact professions, including 
teachers (Fukkink et  al., 2011) and proved to be  effective in 
previous intervention research in primary education (e.g., Su and 
Reeve, 2011; Wetzels, 2015; Van Vondel et al., 2017).

An educational intervention study also needs to take teachers’ 
own need for autonomy into account to ensure their intrinsic 
motivation. Therefore, the principles underlying autonomy-
supportive teaching also apply to the coaching trajectory and the 
interaction between coach and teachers. In fact, an autonomy-
supportive coaching style, which invites teachers to reflect on their 
goals, choices and actions and which promotes ownership of the 
professionalization trajectory, may be expected to stimulate the 
teacher’s creativity in teaching. Creative teaching is connected to 
teachers’ sense of professional autonomy and can be  seen as 
teachers’ resourcefulness and flexibility in fostering children’s self-
direction, engagement and agency in task design as well as in the 
interaction process (Cremin, 2009).

The intervention departed from three inter-related 
assumptions or principles. The first principle is that children are 
curious by nature, which is visible in their exploration and 
enthusiasm (e.g., Steenbeek and Van Geert, 2013). The second 
principle is that music has meaning for practically everyone. Every 
person leads a musical life in his own way, teachers as well as 
children (Bisschop Boele, 2013). The third principle is that musical 
creativity is not a static personal characteristic but is developed in 
children in dynamic and socially situated processes through the 
interaction with their (learning) environment(s) (e.g., Hallam, 
2006; Burnard, 2012a,b; McPherson and Williamon, 2015; Kupers 
and Van Dijk, 2020).

The intervention focused on (1) enhancing knowledge about 
teaching for musical creativity in music lessons, (2) bringing about 
change in teachers’ interactional competency to stimulate musical 
creativity through VFC-t, and (3) formulating personal learning 
goals related to the aims of the intervention. During the 
intervention teachers were acquainted with a set of evidence-
based pedagogical strategies to stimulate a shift from a method- 
and/or teacher-centered to a more student-centered and 
autonomy-supportive approach, and enhance teacher-student 
interaction in music lessons. The first strategy involves offering 
space for students to think, explore and create such as in student-
centered questioning (e.g., Oliveira, 2010; Van Vondel et al., 2017). 
The second strategy consists of following a four-phase lesson 
model for art education, called the creative cycle (Stichting 
Leerplan Ontwikkeling, 2019), which was introduced relatively 
recently in Dutch primary education, and aids to structure the 
creative process. The four phases of this iterative model are (a) 
orientation, (b) exploration, (c) creation and performance, and (d) 
evaluation. The third strategy is scaffolding, an approach used to 
offer students contingent adaptive support, which is gradually 
phased out, in order to reach higher levels of functioning, 
eventually without support (Steenbeek et al., 2012; Van de Pol 
et  al., 2012, 2019). Based on review of single (autonomy-
supportive) and multi-component (needs-supportive) 
interventions, it has been suggested that needs-supportive 
interventions should first focus on autonomy support and include 
offering structure in an autonomy-supportive way in order to 
stimulate development of competence (Cheon et  al., 2020). 
Therefore, applied in a coherent and autonomy-supportive 
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manner, the three process-oriented strategies in the present 
intervention study were expected to contribute to students’ 
musical creativity. In the coaching sessions the focus was on the 
enacted creative process in teachers’ own lessons. Teachers and 
coach viewed recordings and reflected in depth on teachers’ 
utterances/actions and subsequent verbal/musical 
student expression.

1.6. Research questions and hypotheses

Research question 1: To what extent does primary school 
teachers’ Verbal Creative Autonomy Support (CASV) in music 
lessons change over the course of an intervention for enhancing 
musical creativity?

1.1. The first hypothesis is that teachers’ average level of CASV 
will increase at the (a) individual, and (b) group level, which is 
sustained during post-measurement, compared to baseline and to 
the control condition.

1.2. Secondly, we  hypothesize that teachers’ higher-level 
CASV will increase at the (a) individual, and (b) group level, 
which is sustained during post-measurement, compared to 
baseline and to the control condition. It is expected that teachers 
will encourage students more, and ask more student-centered, 
thought-provoking and creativity enhancing questions.

1.3. Furthermore the aim is to explore the nature of change in 
teachers’ CASV and higher-level CASV, generated during the 
coaching program, specifically with regard to signs of 
non-linearity. A crucial principle of the CDS approach is that 
fluctuations represent the underlying dynamics of the change 
process, and therefore exploring variability in trajectories 
is important.

Research question 2: To what extent do the Musical and 
Non-Verbal aspects of teachers’ Creative Autonomy Support 
(CASM) in music lessons change over the course of an 
intervention for enhancing musical creativity?

2.1. The first hypothesis is that teachers’ average level of CASM 
will increase at the (a) individual, and (b) group level, compared 
to baseline and to the control condition.

2.2. Secondly, we  hypothesize that teachers’ higher-level 
CASM will increase at the (a) individual, and (b) group level, 
compared to baseline and to the control condition. It is expected 
that teachers will encourage students more, and ask more student-
centered, thought-provoking and creativity enhancing questions.

2.3. Additionally the aim is to explore the nature of change, 
specifically with regard to signs of non-linearity in teachers’ 
CASM and higher-level CASM, generated during the 
coaching program.

Given that an intrinsic part of teaching involves lower-level 
autonomy support like providing information and instructions, 
teachers’ higher-level CASV and CASM were examined as 
separate variables (hypothesis 1.2 and 2.2), in order to develop 
more insight into teachers’ development in offering particularly 
higher-level autonomy support, like student-centered questioning 

to stimulate musical imagination, and encouragement in gesture, 
movement and/or facial expression to stimulate exploration and 
risk-taking.

2. Materials and methods

2.1. Participants

Twelve primary school teachers and their classes from six 
schools in the North of Netherlands participated in the 
intervention, which took place in the academic years 2018/2019 
and 2019/2020. To assure internal validity (Baldwin, 2018) a 
control group with 6 participants similar to the experimental 
VFCt-group and working in similar conditions, was used to 
compare growth and rule out maturation effects. The control 
group was smaller than intended due to COVID-19/lockdowns. 
In the intervention condition one participant was lost before post-
measurement. Teachers from both groups (Table 1) taught in the 
middle grades of primary education (Dutch grade 3–6, student 
age range 6–10). All teachers were female and expressed having 
affinity with music. Nine intervention teachers (control: five) used 
a music method in school, but in both conditions were not always 
satisfied with this method. With Monte Carlo analyses (Todman 
and Dugard, 2001) we  tested for differences in distribution 
between conditions across age, experience in (music) teaching, 
musical involvement and grade and for musical involvement 
outside school in students but no differences were found 
(p = 0.16–0.59).

Regarding external and ecological validity, in order to foster 
generalizability (Campbell and Stanley, 1963) data was collected 
in the natural setting of the classroom, and teachers were asked 
not to participate in other workshops and activities related to 
music teaching to prevent multiple-treatment interference. 
Teachers were recruited via e-mail, flyers and personal meetings. 
In teachers’ motivation to participate four, partly overlapping, 
reasons can be distinguished: the desire to improve the quality of 
their music lessons, teach music on a more structural basis, feel 
more confident teaching music and enjoy music lessons more. The 
teachers in the control condition participated in the waiting 
list condition.

The study was approved by the Ethical Committee of 
Psychology of the University of Groningen.

2.2. Procedure

The data collection consisted of video recordings of music 
lessons for both the classes in the intervention and control 
condition. A total number of 105 recordings of lessons were video-
taped, with one camera aimed at the teacher and a second camera 
aimed at the children. Figure  3 shows the procedure for the 
intervention and control condition. The intervention started with 
an introductory session, led by the coach(es), to acquaint teachers 
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with the pedagogical strategies. The session also contained 
practical activity, focusing on implementation of the strategies in 
creative musical tasks. Next, four lessons were observed and 
video-taped, both for coaching purposes and data collection. Each 
lesson was followed by a VFCt-session with the teacher. Coaching 
was carried out by two coaches: a conservatoire trained music 
teaching educator, who was also involved in developing the 
coaching trajectory, and the first author (see 
Supplementary material for additional information). The control 
condition consisted of recordings only.

Due to the outbreak of COVID-19 the data collection was 
interrupted in 2020 so that three teachers who were about to 
enter the study, could not continue their participation. Therefore, 
the control group was eventually restricted to 6 teachers, smaller 
than intended. For two classes in the intervention post-
measurement took place after nearly 5 months. For one class 

only one lesson was recorded for post-measurement. It was 
decided to include these late post-measurements in the study 
while taking the delay into account in the interpretation of 
the results.

2.3. Variables and coding procedure

All music lessons were coded for creative verbal autonomy 
support (CASV) using a coding scheme based on an existing 
system for coding Teacher Openness (Oliveira, 2010; 
Meindertsma et al., 2014; Van Vondel et al., 2017). The system was 
adapted for use in the context of creative tasks in music education. 
In addition, a separate version was developed for coding the 
Musical and non-verbal aspects of offering Creative Autonomy 
Support (CASM). The schemes were tested and adapted in the 

TABLE 1 Participants’ characteristics.

Schools 
(n)

Teachers 
(n)

Average 
age and 
range

Musical 
back-

grounda

Teaching 
experience 

in yearsb

Music 
teachingb

Studentsc 
(n)

Primary grade 
classes (n)

3 4 5 6

Intervention

6 12 38 (29–54) 6 (3) 12 2.2 (1) 278 (34) 3 5 3 1

Control

4 6 36(29–40) 3 (1) 8 1.8 (1) 136 (24) 1 3 1 1

aNumber of teachers who followed music education in the past. Between brackets: Number of teachers still actively involved in music making. bAverage experience in (music) teaching 
prior to the intervention. Music teaching rated on a scale from not (1) to very experienced (5). Between brackets: Mode. cBetween brackets: Number of students who follow instrumental/
vocal music education outside of school.

FIGURE 3

Study design for the intervention condition (upper panel) and control condition (lower panel). VFCt, video feedback coaching for teachers.
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pilot phase of the study prior to the empirical study, based on 
guidelines for systematic observation of (recorded) behavior (Van 
de Sande, 1984; Bakeman and Gottman, 1997) for the 
development of coding systems with mutually exclusive categories. 
This includes defining operational categories which are 
observable, accurate, concrete and clear in order to avoid personal 
interpretation and takes the unit of analysis (teacher turns in this 
study) into account.

For each lesson four fragments with a sufficient amount of 
content-related verbal and musical teacher-student interaction were 
selected, as follows. From the introduction and from the end of the 
lesson a 2-min fragment was selected. From the lesson core two 
3-min fragments were captured, in which teacher and students were 
actively engaged with the task. The resulting timeseries of 10 mi per 
lesson was coded, on a continuous basis, with Mediacoder (Bos et al., 
2017), an online application for coding video data. In the selection of 
fragments the (in)visibility of the teacher was taken into account as 
much as possible.

Time-serial coding for both CASV and CASM consisted of a 
first round for coding the unit of analysis (teacher turn) and a 
second round for the levels of autonomy support. Time-serial 
coding refers to frequent repeated measurements within a chosen 
time frame and reckons with the idea that most human 
functioning varies even within short time spans. Both variables 
were coded on an ordinal scale, ranging from 1 to 8 (Table 2). For 

CASV level 1 indicates restriction of autonomy (“It’s not your turn 
yet”) and level 8 indicates encouragement (“Nice, please 
continue!”). For CASM level 1 indicates non-verbal interruption 
and level 8 highly stimulative encouragement in gesture, 
movement and/or facial expression.

Coding was done by trained coders and the first author. A 
manual with information about creative autonomy support and 
coding instructions was used. To foster alignment between coders, 
training was done with separate video footage from lessons 
(15–20% of the amount of data) until a substantial inter-rater 
reliability was reached. For teachers’ CASV the agreement 
percentage was 81% (Cohen’s Kappa 0.76). For teachers’ CASM it 
was 82% (Cohen’s Kappa 0.76).

2.4. Data analysis

2.4.1. Missing data
The percentage of missing values for CASV was 0.5% and for 

CASM 4.3%, which is below the percentage where missing values 
might become problematic (5–20%; Schlomer et al., 2010). To 
correct for missing values, we  followed a simple three-step 
procedure (for details see Supplementary material Data Analysis) 
to comply to recommendations for applying pattern-matching 
imputation (Schlomer et al., 2010).

TABLE 2 Coding scheme for teachers’ creative autonomy support in music lessons.

Creative verbal autonomy support (CASV) Level
Creative musical and non-verbal autonomy support 
(CASM)

Lower-level autonomy support

Stop

Stop please

1 Stop sign

Raising hand

Instruction

Repeat after me

2 Modeling

Playing/singing/clapping etc. based on prescribed/teacher ideas

Information

If you play the drum you need to hit it in the middle for a good sound

3 Participative support

Playing/singing/clapping etc. along based on student ideas

Teacher-centered question

Was this music fast or slow?

4 Representational gesturing

Raising/lowering hand to indicate high or low tone during explanation

Higher-level autonomy support

General autonomy-supportive question/remark

Can you come choose an instrument?

5 General autonomy-supportive movement or activity

Handing an instrument to a student

Cognitive autonomy-supportive student-centered question

What do you think is the difference between a melody and a rhythm?

6 Gesturing and turn-giving in order to elicit musical exploration

Indicating the beat, gesturing to indicate a student can join in

Creative autonomy-supportive student-centered question

How does a ray of sun sound? Could you let us hear?

7 Observing and offering space with minimal intervention

Closely listening to students’ musical play and nodding to the beat

Encouragement

Please continue, You can do it!

Could you try it again?

How could you do it differently?

8 Encouragement

Highly stimulating support in gesture and/or movement and/or facial expression 

to stimulate exploration and risk-taking

Other O Other
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2.4.2. Analysis procedure
For the hypotheses related to both research question 1 for 

CASV and 2 for CASM the same procedure was followed. All 
calculations were carried out in Excel using non-parametric 
techniques from the Paul’s functions library (Van Geert, 
2020), comparable to the widely used poptools functions 
(Hood, 2010), because of the non-normality of the data and 
the relatively small number of participants.

2.4.2.1. Effect measurement hypothesis 1.1 and 2.1

The focus was on examining the effects of the intervention 
on the timescale of development of the intervention 
trajectory. In line with this timescale, for the hypotheses for 
CASV (1.1) and CASM (2.1) of a positive effect of coaching 
on teacher autonomy support during music lessons, compared 
to pre-measurement and the control condition, regression 
analysis was performed. First the weighted lesson averages 
were calculated. The second step consisted of calculating and 
testing slopes, linear change (i.e., a straight regression line) 
and effect size. Because a value of p indicates only the 
likelihood of the existence of an effect, but not its size, and 
given the time-serial nature of our data, providing reasonable 
statistical power, effect sizes were calculated. We defined a 
simple and intuitively easy to interpret effect size to describe 
the trend for the regression of the data trajectories. It was 
calculated by dividing the linear change, predicted by the 
linear regression model, by the average of the timeseries, 
consisting of the average values for the 8 lessons:

Step 1: (intercept +8*slope) – (intercept
+1*slope) = (8–1)*slope = 7*slope.

Step 2: 7*slope/mean.

This effect size represents the proportion of the linear 
increase/decrease of the average over the eight lessons in 
the trajectory.

For testing the slopes, linear change and regression effect 
size for both the first six lessons (baseline and intervention) 
and for the entire eight-lesson trajectory (including post-
measurement) Monte Carlo analysis (Todman and Dugard, 
2001) was performed for all individual teachers and on the 
group level in the experimental and control condition (see 
Supplementary material).

2.4.2.2. Effect measurement hypothesis 1.2 and 2.2

Teachers’ higher-level CASV and CASM were examined 
separately from lower-level autonomy support and analyzed 
in two ways. For the hypothesis of an increase in expression 
of higher-level autonomy support for CASV (1.2) and CASM 
(2.2), throughout the intervention, compared to 
pre-measurement and the control condition, the first method 
consisted of the same calculations and tests (linear regression 
analysis) as used for hypothesis 1.1 and 2.1, applied on 
recoded data. For the second method, in order to refine our 

understanding of the idiosyncratic processes underlying the 
expected change, Moving Max (MM) graphs were plotted for 
two contrasting teacher trajectories for CASV and CASM as 
an indicator of the extent of difference in development of 
offering higher-level autonomy support over the eight lessons. 
The trajectories were chosen based on effect size (highly 
versus non-meaningful). A Moving Max shows the maximum 
value for a chosen timeframe (e.g., 60 s) from the beginning 
to the end of a trajectory, with this timeframe moving up 
every second. Moving Max graphs can be  used to display 
variability around a general trend and for detecting increase 
through jumps and plateaus in data trajectories (Van Geert 
and Van Dijk, 2002) which would not be  visible by solely 
looking at Moving Averages (MA). Secondly, the resulting 
timeseries were smoothed using a Loess (locally estimated 
scatterplot smoothing) technique (Simonoff, 1996) while 
retaining enough detail to detect notable peaks and/or 
decline. For further details see Supplementary material.

Changes in teachers’ Moving Average and Max were inspected 
to identify behavioral reorganization in the form of (a) a general 
trend (b) peaks and/or plateaus in the expression of higher-level 
autonomy support, with peaks indicating rapid change, and 
plateaus and a relatively constant MM-MA bandwidth, indicating 
de(stabilization) of behavior and the potential formation of new 
attractor states. The MM-MA bandwith refers to the space 
between the MM and MA in the graph as a source of information 
about variability and fluctuation over time (Van Geert and Van 
Dijk, 2002).

To assure a reliable visualization data had to be recoded. 
“No teacher utterances” (0) remained at the neutral level (0). 
Higher-level CASV and CASM (5–8) were recoded into 1 to 
4. Lower-level CASV and CASM (1–4) were recoded into −4 
to −1. This was done to prevent that the neutral level (0) in 
the original coding scheme would otherwise be visualized as 
the lowest autonomy level, whilst in reality this level does not 
imply intentional expression of autonomy support.

2.4.2.3. Explorative questions 1.3 and 2.3

Because the individual trajectories were expected to show 
variability, for the explorative questions 1.3 (CASV) and 2.3 
(CASM) the (non-linear) effects throughout the intervention were 
explored by calculating and plotting the 95% confidence intervals 
(CI’s) for the weighted lesson averages for individual teachers in 
both conditions. This was done using Bootstrapping  
(Monte Carlo technique) by randomly resampling the  
averages per lesson fragment with replacement (see 
Supplementary material Data Analysis). In the resulting graphs 
each CI represents a lesson. A rectangle marks the baseline CI 
(lesson 1 and 2), to facilitate comparing with the following 
lesson CI’s.

For identifying intervention effects, a relevant question is 
whether meaningful discontinuous non-linearity occurs. This 
term means that change does not occur gradually, depending 
on the progression of the VFCt-intervention itself. Such 
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non-linearity can be identified in the variability in performance 
during lessons (width of lesson CI’s), differences between 
lessons (distance/overlap between CI’s) and development 
throughout the intervention (growth/relapse toward baseline 
CI’s). When CI’s during and post-intervention are moving 
further away from the baseline CI’s, a clear effect exists. CI’s 
outside the baseline CI’s during the intervention, but relapsing 
or overlapping baseline CI’s during post-measurement, indicate 
a temporary effect. If all CI’s overlap the baseline CI, there is no 
effect. In addition, plotting CI’s for individual teachers facilitate 
detection of inter-individual differences and visual inspection 
of the order/pattern in the CI sequence throughout 
their trajectories.

The effects will be discussed considering the timescales of 
micro-, meso- and macro-level change. The general trend across 
all lessons in a trajectory can be defined as change on the macro-
level timescale. The micro-level timescale (width of CI’s) refers to 
variation within lessons. The meso-level concerns fluctuations 
between lessons (distance between CI’s) and between 
measurement-stages (distance between CI’s two consecutive 
stages, e.g., baseline-intervention).

2.4.3. Effect evaluation
Effect evaluation is based on both significance testing and 

effect size, interpreted within the scope, context and nature of the 
data. The effect is labeled negligible with effect size <0.10 and p not 
significant; Moderate with effect size ≥0.10 and p significant at 
p < 0.10; Substantial with effect size ≥0.30 and/or p significant at 
p < 0.05 and Highly meaningful with effect size ≥0.50 and/or p 
significant at p < 0.01.

The assessment of the efficacy of the intervention in relation 
to the research questions and the acceptance or (partial) rejection 
of the null hypothesis (H0) is done based on the following 
guidelines. For rejection of H0:

 a) A moderate effect for 75% of the teachers or a substantial or 
highly meaningful effect for the majority of the intervention 
group teachers must be  achieved over the course of the 
8-lesson trajectory.

 b) The percentage of intervention group teachers with an at least 
moderate effect should outweigh the percentage of control 
group teachers with a moderate effect.

 c) In combination with an at least moderate effect at group level, 
compared to the control condition.

For partial rejection of H0 (only) the first guideline is 
abandoned and replaced by:

 d) An at least moderate effect for the majority of the intervention 
group teachers must be  achieved over the course of the 
8-lesson trajectory.

In all other cases H0 is accepted.

3. Results

3.1. RQ 1: To what extent does primary 
school teachers’ verbal creative 
autonomy support in music lessons 
change?

3.1.1. Hypothesis 1.1
Table 3A summarizes the results of the regression for CASV 

(hypothesis 1.1) for individual teachers and at group level. 
Regarding change in CASV Table 3A shows that 10 intervention 
teachers (n = 12) achieved an increase (2 moderate, 4 substantial 
and 4 highly meaningful), with effect sizes ranging between 0.12 
and 0.49. Note that post-measurement is missing for 
intervention teacher 6. In the control condition 3 teachers 
(n = 6) showed an increase (2 substantial and 1 moderately 
meaningful, range effect size, 0.13–0.34). At group level 
(Table 3B) the increase was nearly two times larger (p = 0.04) for 
the intervention group (slope: 0.17; effect size: 0.29) compared 
to the control condition (slope: 0.09; effect size: 0.17).

In line with our views on non-ergodicity and idiosyncrasy 
of intervention processes, Figure 4 depicts teachers’ individual 
trajectories for CASV. An ascending trend can be discerned for 
11 intervention teachers (n = 12). Most of the trajectories exhibit 
an initiation effect in lesson three after introduction of the 
principles of the intervention. Throughout the lessons the 
trajectories start to diverge from each other. Teachers 4, 5, 7, 
and 12 showed degeneration during post-measurement, 
although compared to baseline, the increase was still significant 
for 3 of them. For the control group (teachers 13–18), except for 
teacher 17, no convincing progress between pre- and post-
measurement can be  discerned as a function of time alone. 
Differences between consecutive lessons and pre- and post-
measurement are small.

Following the percentages defining our decision rules 
regarding meaningful intervention effects, an effect for CASV 
was found for almost all intervention teachers and at group level. 
Because 91% of the intervention teachers and 50% of the teachers 
in the control condition achieved an at least moderate effect, and 
because at group level also a significant difference between 
conditions existed (effect size: 0.13), H0 of no effect of the 
intervention for CASV is rejected.

3.1.2. Hypothesis 1.2
For the hypothesized increase in teachers’ higher-level CASV 

after recoding. Table 4A shows that 6 intervention teachers (n = 1) 
accomplished an increase in higher-level CASV (highly 
meaningful: 3, 5, 9, 10; substantial: 7, 4). In the control condition 
only 1 teacher showed an increase (highly meaningful: 14). At 
group level (Table 4B) no effect was achieved for the control group 
(slope: 0.00; effect size: – 0.01), whilst the effect for the intervention 
group (slope: 0.11; effect size: 0.46) was significantly larger and 
highly meaningful (p < 0.01).
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Summarizing, because 6 (55%) intervention teachers 
(n = 11) and 1 control teacher (n = 6) achieved an at least 
substantial effect, and given the highly meaningful difference 

at group level (effect size: 0.47), H0 of no increase for the 
intervention compared to the control condition for higher-
level CASV, is rejected.

FIGURE 4

Trajectories Creative Autonomy Support Verbal for teachers experimental group (1-12) and control group (13-18) for CASV over 8 lessons. The 
light shaded grey line depicts baseline measurement (lessons 1 and 2). The grey line depicts measurement during intervention for the experimental 
group. The black line depicts post-measurement (lessons 7 and 8). Note that for teacher 6 lesson 7 and 8, and for teacher 11 lesson 8 is missing.
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To provide more insight into the extent of change, two 
contrasting cases, covering the range of behavioral reorganization 
for higher-level CASV are discussed (see Figure 5).

In terms of increase, teacher trajectory 7 represents a 
suboptimal pathway. In addition to its Moving Average (MA), 
Figure 5 shows its Moving Maximum (MM) as an indicator for 
development of higher-level CASV. For this trajectory the MM and 
MA tend to oscillate together but show only marginal development. 
Initially the MM is already situated around level 2. The MM peaks 
after lesson 2, indicating a temporal initiation effect, and shows two 
increases, halfway and after the intervention, and then relapses. 
Despite fluctuations, potentially indicating active exploration of 
offering higher-level CASV, during the intervention, a sustained 
increase post-intervention is lacking.

Showing a steady upward trend, teacher trajectory 5 represents 
a more positive pathway. Both the MM and MA take an upward 
leap after lesson 2, indicating an initiation effect. The MM and MA 
reach a plateau, which is maintained at level 3 the entire 
intervention, and coincides with an increase in the MM-MA 
bandwidth, suggesting destabilization of existing habits for 
offering higher-level CASV. After a slight decrease, both MM and 
MA regenerate during post-measurement. Throughout the 
trajectory the MM remains at an elevated level, which might 
indicate stabilization, i.e., the reorganization into a new 
attractor state.

Regarding their MM, both the suboptimal and positive 
teacher trajectories show presence of offering higher-level CASV 
and display averages, which are higher than the averages for the 
control trajectories. Trajectory 7 initially showed a higher level 
compared to the positive trajectory, but despite increased 
variability during the intervention, achieved only negligible 
change for the MM. Trajectory 5 achieved considerable change in 
developing the competence to offer more higher-level autonomy 
support, a scenario observed for the majority of the 
intervention teachers.

3.1.3. Research question 1.3
For the explorative question about the nature of change for 

teacher CASV, Figure 6 depicts the confidence intervals (CI’s) 
per teacher. CI’s outside the baseline CI (rectangle) indicate a 
clear effect, and CI’s within or close to this rectangle indicate 
no or less effect. The observed effects are discussed 
considering the timescales of micro-, meso- and macro-
level change.

3.1.3.1. Experimental condition

Macro-timescale: For the intervention group (n = 12) it can 
be noticed that (a) for eight teachers (1, 2, 3, 4, 5, 8, 9, and 11) the 
post-measurement CI’s are situated entirely above the baseline CI 
rectangle; (b) for seven teachers the intervention CI’s (6) and 

FIGURE 5

Moving Maximum and Average CASV non-optimal trajectory 7 and optimal trajectory 5 Note. Example of a non-optimal (7) and an optimal 
trajectory (5): smoothed timeseries over 8 lessons (600 coded seconds per lesson. Total length of the timeseries: 4800 seconds). The intervention 
starts after lesson 2 (1200 seconds) and ends after lesson 6 (3600 seconds). MM = Moving Max. MA = Moving Average. Because of the decreasing 
length of the moving window towards the end of the timeseries inherent to this technique, the graphs do not display the last 10% of the last 
lesson.
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post-measurement CI’s exceed the baseline CI, entirely (1, 2, 3, and 
5) or nearly entirely (8, 10); (c) an almost consistent linear upward 
trend throughout the trajectory exists only for teacher 2.

Meso-timescale: Non-linear change, between lessons and 
measurement stages, is visible in the form of (d) initiation effects after 
introduction of the intervention for lesson 2 to 3 for seven teachers 
(1, 3, 5, 6, 7, 8, and 10); (e) trend reversal for eight teachers, throughout 
the trajectory (10, 12), during post-measurement through a final 
growth spurt (1, 2, 3, 8, 9, and 10) or degeneration (1, 3 and 12), 
although the post-measurement CI’s for teacher 1 and 3 remain above 
the rectangle. Within-stage fluctuation during the intervention was 

observed in (f) a delayed initiation effect for four teachers (4, 9, 11, 
and 12); (g) relapse and/or (small) fluctuations after a substantial 
initiation effect (1, 3, 5, 6, 7, 8 and 10) while, except for teacher 7, 
remaining above baseline CI; (h) one-lesson-relapses in an upward or 
stable trend for five teachers (3, 9, 10, 11 and 12). Between- and 
within-stage variation is observed in (i) rather chaotic fluctuation for 
three teachers (1, 5, and 7); (j) slowing down in an upward trend 
preceding relapse (2, 3).

Micro-timescale: Differences in within-lesson variation 
between stages are shown in k) larger CI’s for intervention lessons 
compared to baseline.

TABLE 3A Results regression analyses creative autonomy support verbal.

CASV

Teacher Mean Slope Increase
95% CI

p Effect size
LL HL

Experimental group

1 4.75 0.12 0.87 3.41 6.35 0.077 0.18

2 4.46 0.18 1.25 3.57 5.19 <0.001 0.28

3 4.30 0.14 0.96 2.94 5.42 0.045 0.22

4 4.34 0.31 2.14 3.29 5.96 <0.001 0.49

5 4.98 0.32 2.24 2.98 6.23 <0.001 0.45

6a 4.51 0.41 2.05 3.07 5.53 <0.001 0.45a

7 4.11 0.07 0.51 3.29 4.93 0.097 0.12

8 4.09 0.14 0.96 3.12 5.44 0.041 0.24

9 4.72 0.24 1.71 3.64 5.94 <0.001 0.36

10b 4.39 0.09 0.62 3.12 5.44 0.041 0.14

11b 4.94 0.16 1.10 4.04 6.69 0.037 0.22

12b 4.59 −0.02 −0.14 3.61 5.98 0.388 −0.03

Control group

13 3.48 0.07 0.48 2.90 4.14 0.041 0.14

14 3.22 0.01 0.08 3.01 3.44 0.349 0.03

15 3.82 0.08 0.53 3.26 4.64 0.137 0.14

16 3.40 0.09 0.65 2.92 3.82 0.103 0.19

17 3.87 0.19 1.33 3.03 4.83 0.010 0.34

18 4.00 0.08 0.54 3.50 4.50 0.090 0.13

Results individual teachers for comparing baseline and post-measurement. CI’s for lesson means. aTeacher 6: results for baseline and intervention only, because of missing post-
measurement. bDue to COVID-19 late post-measurement for teachers 10 and 12 and post-measurement missing 1 lesson for teacher 11.

TABLE 3B Group results regression analysis creative autonomy support verbal.

Slope 95% CI p Mean Increase p
Effect size

LL HL

CASV

Exp. gr. 0.17 0.12 0.19 0.06 4.52 1.22 0.02 0.29

Contr. gr. 0.09 0.04 0.13 1.00 3.63 0.60 0.97 0.17

Difference 0.08 0.89 0.62 0.04 0.13

Results comparing baseline and post-measurement.
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3.1.3.2. Control condition

Macro-timescale: For the control group (n = 6), Figure 6 shows 
that (a) all but one teacher’s post-measurement CI’s remain within 
the baseline rectangle, entirely (teacher 14), or partly (13, 15, 16, 
and 18); (b) for teachers 17 and 18 a linear upward trend can 
be noticed.

Meso-timescale: Because pre- and post-measurement 
involve only two lessons, identifying within-stage linear 
change is hardly meaningful. Non-linear change between 
pre- and post-measurement can be identified in the form of 

(c) a modest initial leap between the CI’s for lesson 2 and 7 
for four teachers (13, 15, 16, and 17); (d) trend reversal 
(up-down) for teacher 13. Non-linear change during post-
measurement is shown in (e) reversal of an upward leap (13, 
15, and 16).

Micro-timescale: During pre- and post-measurement control 
trajectories show g) small lesson CI’s, except for one teacher (16), 
revealing little within-lesson variation. CI’s remain (partly) within 
or close to baseline CI’s, suggesting natural variability 
in performance.

TABLE 4A Results regression analyses higher-level creative autonomy support verbal.

Higher-level CASV

Teacher
Mean Slope Increase

95% CI
p Effect size

LL HL

Experimental group

1 1.96 0.05 0.33 0.80 2.91 0.245 0.17

2 2.24 0.00 0.02 1.52 2.89 0.464 0.01

3 1.88 0.16 1.15 0.30 2.65 0.020 0.61

4 1.91 0.12 0.80 0.61 2.73 0.049 0.42

5 1.99 0.26 1.79 0.20 2.92 <0.001 0.90

6a 1.89 0.31 1.57 0.68 2.68 .010a 0.83a

7 1.91 0.01 0.06 1.29 2.64 0.445 0.03

8 1.68 0.10 0.68 0.30 2.78 0.097 0.41

9 1.85 0.16 1.10 0.48 2.83 0.015 0.59

10b 1.56 0.13 0.94 0.60 2.68 0.013 0.60

11b 2.03 0.04 0.26 1.37 2.53 0.296 0.13

12b 1.83 −0.05 −0.35 1.00 2.59 0.210 −0.19

Control group

13 1.72 0.00 0.03 0.74 2.67 0.474 0.02

14 0.83 0.07 0.46 0.20 1.24 0.077 0.56

15 1.72 −0.10 −0.71 0.40 2.36 0.774 −0.41

16 0.79 0.01 0.04 0.20 1.08 0.440 0.05

17 1.73 0.02 0.14 0.20 2.23 0.422 0.08

18 1.76 −0.01 −0.05 1.29 2.40 0.442 −0.03

Results individual teachers and group comparing baseline and post-measurement. CI’s for lesson means. Higher-level creative autonomy support verbal was recoded into values 1–4. 
aTeacher 6: results for baseline and intervention only, because of missing post-measurement. bDue to COVID-19 late post-measurement for teachers 10 and 12 and post-measurement 
missing 1 lesson for teacher 11.

TABLE 4B Group results regression analysis higher-level creative autonomy support verbal.

Slope
95% CI p Mean Increase p

Effect size
LL HL

Higher-level CASV

Exp. group 0.11 0.06 0.13 0.053 1.70 0.79 0.009 0.46

Contr. group 0.00 −0.07 0.05 1.00 1.43 −0.02 0.996 −0.01

Difference 0.11 0.27 0.81 0.007 0.47

Results comparing baseline and post-measurement.
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Summarizing, for the intervention teachers across all timescales 
mostly non-linear positive change for CASV was observed with 
widening CI’s during intervention, indicating increased variability. 

Except for one, the control teachers showed smaller CI’s, indicating 
less variability and more fixed patterns, that did not change much 
comparing baseline and post-measurement.

FIGURE 6

Confidence intervals teachers 1–12 (experimental group) and teachers 13–18 (control group) for CASV over 8 lessons. Lesson numbers are next to 
CI’s. The vertical rectangle depicts the baseline range (confidence intervals lessons 1 and 2). Note that for teacher 6 lesson 7 and 8, and for teacher 
11 lesson 8 is missing.
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3.2. RQ 2: To what extent do the musical 
and non-verbal aspects of teachers’ 
creative autonomy support in music 
lessons change?

3.2.1. Hypothesis 2.1
Tables 5A,B summarize the results of the regression for 

teachers’ CASM at the individual and group level. At first 
sight means and slopes for CASM seem to be  higher for 
intervention teachers, but for higher level CASM this 
difference between intervention and control group seems less 

clear. At group level differences in mean exist for both CASM 
and higher-level CASM, but for slope only for CASM.

Concerning teachers’ average level of CASM 8 teachers 
(n = 11) showed an increase (1 moderate, 3 substantial and 4 
highly meaningful) over the 8-lesson trajectory. For the 
control condition (n = 6) 2 teachers showed an increase (1 
moderate, 1 substantial) and 1 teacher a decrease (substantial). 
At group level the increase achieved by the intervention 
group (slope: 0.19; effect size: 0.31) was about three times 
larger (p = 0.01) compared to the control condition (slope: 
0.05, effect size: 0.09).

TABLE 5A Results regression analyses creative autonomy support musical and non-verbal.

CASM

Teacher Mean Slope Increase
95% CI

p Effect size
LL HL

Experimental group

1 4.20 0.27 1.88 2.93 5.90 0.011 0.45

2 4.76 0.25 1.75 3.41 5.86 0.001 0.37

3 4.34 0.21 1.48 3.07 5.74 0.010 0.34

4 4.37 0.37 2.60 2.35 6.53 <0.001 0.60

5 4.41 0.18 1.23 2.34 6.22 0.030 0.28

6a 4.70 0.46 2.28 2.91 5.89 0.006 0.49a

7 4.29 0.00 −0.02 3.59 5.03 0.520 0.00

8 4.33 0.23 1.61 2.82 5.12 0.008 0.37

9 4.67 0.11 0.80 3.33 5.61 0.077 0.17

10b 4.21 0.22 1.54 2.01 5.35 0.006 0.37

11b 4.41 0.06 0.39 3.36 5.32 0.223 0.09

12b 4.51 0.05 0.36 3.65 5.31 0.248 0.08

Control group

13 3.58 0.25 1.75 2.62 4.78 0.050 0.49

14 3.36 0.05 0.34 1.97 4.82 0.348 0.10

15 3.99 0.14 1.01 3.05 5.32 0.051 0.25

16 3.77 −0.21 −1.50 2.01 4.67 0.020 −0.40

17 4.03 0.02 0.14 3.24 5.05 0.407 0.04

18 3.91 0.04 0.30 3.62 4.42 0.317 0.08

Results individual teachers for comparing baseline and post-measurement. CI’s for lesson means. aTeacher 6: results for baseline and intervention only, because of missing post-
measurement. bDue to COVID-19 late post-measurement for teachers 10 and 12 and post-measurement missing 1 lesson for teacher 11.

TABLE 5B Group results regression analysis creative autonomy support musical and non-verbal.

Slope
95% CI p Mean Increase p

Effect size
LL HL

CASM

Exp. group 0.19 0.14 0.23 0.054 4.44 1.30 0.006 0.31

Contr. group 0.05 0.03 0.13 1.00 3.77 0.34 0.995 0.09

Difference 0.14 0.67 0.96 0.012 0.22

Results comparing baseline and post-measurement.
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Figure  7 depicts teachers’ developmental trajectories for 
CASM and illustrates for the intervention group that (a) some 
teachers show an initiation effect from the third lesson on, 

although less noticeable than for CASV, (b) there is variation in 
timing and extent of the fluctuations throughout the trajectories, 
and (c) 6 teachers (2, 3, 4, 10, 11, and 12) exhibit a degeneration 

FIGURE 7

Trajectories teachers 1-12 (experimental group) and 13-18 (control group) for CASM over 8 lessons. The light shaded grey line depicts baseline 
measurement (lessons 1 and 2). The grey line depicts measurement during intervention for the experimental group. The black line depicts post 
measurement (lessons 7 and 8). Note that for teacher 6 lesson 7 and 8, and for teacher 11 lesson 8 is missing.
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during post-measurement, although only the effects achieved by 
teachers 11 and 12 were negligible. Lastly (d) 9 intervention 
trajectories show an upward trend for CASM.

The graphs for the control group show that (a) comparing 
pre- and post-measurement, some trajectories show growth (13 
and 15), some remain at the same level (14, 17, and 18) and some 
show degeneration (16); (b) some teachers show large intra-
individual differences, both ascending and descending, in 
consecutive lessons during pre-measurement (14) or post-
measurement (15, 16, and 17); (c) sometimes the level is mostly 
constant in consecutive lessons for pre-measurement (15 and 16), 
post-measurement (teacher 13 and 14) or for both (13 and 18); 
In sum, (d) for the control group for CASM no clear common 
upward trend can be discerned.

Given our decision rules, from the intervention teachers, 
73% achieved an increase, whilst 64% with an at least 
substantial effect size, outweighing the percentage of  
teachers in the control condition (50%) with an at least 
moderate effect. Comparing both conditions, a difference in 
increase at group level (effect size: 0.22) existed. Therefore, 
H0 of no effect of the intervention for offering CASM 
is rejected.

3.2.2. Hypothesis 2.2
Regarding teachers’ higher-level CASM after recoding. 

Table 6A shows that 5 intervention teachers (n = 11) achieved an 
increase (1 substantial, 4 highly meaningful). In the control 
condition (n = 6) 2 teachers (1 substantial, 1 highly meaningful) 
showed an increase. At group level (Table 6B) the effect for both 
groups was substantial, but comparable (Experimental: 
slope = 0.08, effect size = 0.31; Control: slope = 0.09, effect 
size = 0.34). No significant difference was found (p = 0.83).

To summarize, 5 intervention teachers (n = 11) achieved an at 
least substantial increase. For the control condition this was 2 
teachers (n = 6). At group level no difference existed between both 
conditions. Therefore, H0 of no meaningful effect of the 
intervention for offering Higher-level CASM must be accepted for 
the majority (6) of the intervention group.

Figure 8 shows the extent of difference in development of 
higher-level CASM for a positive and a suboptimal trajectory.

Teacher trajectory 5 showed a negligible increase in 
higher-level CASM (slope: 0.02; effect size: 0.06) and, in this 
respect, represents a suboptimal pathway. This trajectory 
shows a slightly rising, but eventually attenuating trend for 
the MM with a peak in lesson 4, suggesting a modest delayed 

TABLE 6A Results regression analyses higher-level creative autonomy support musical and non-verbal.

Higher-level CASM

Teacher Mean Slope Increase
95% CI

p Effect size
LL HL

Experimental group

1 1.69 0.12 0.85 0.20 2.51 0.050 0.50

2 2.18 0.13 0.90 1.02 2.67 0.001 0.41

3 1.91 0.05 0.32 0.74 2.57 0.211 0.17

4 1.94 0.18 1.23 0.60 2.90 0.003 0.64

5 2.03 0.02 0.13 1.00 2.61 0.330 0.06

6a 1.84 0.20 0.98 0.55 2.43 0.012 0.53a

7 2.13 0.13 0.93 1.18 2.91 0.010 0.44

8 1.78 0.01 0.06 0.90 2.81 0.460 0.04

9 2.06 0.05 0.34 0.80 2.72 0.231 0.16

10b 1.95 0.11 0.80 0.50 2.44 0.002 0.41

11b 2.26 - 0.02 −0.12 1.31 2.57 0.656 −0.05

12b 2.14 0.02 0.14 1.31 2.57 0.230 0.06

Control group

13 1.28 0.04 0.25 0.81 2.01 0.135 0.18

14 1.53 0.01 0.10 0.43 2.00 0.421 0.06

15 1.30 0.17 1.19 0.30 2.10 0.017 0.92

16 1.35 0.04 0.25 0.50 2.82 0.303 0.18

17 1.97 0.10 0.67 0.77 2.86 0.027 0.34

18 1.82 0.04 0.26 1.04 2.22 0.261 0.14

Results individual teachers and group comparing baseline and post-measurement. CI’s for lesson means. Higher-level CASM was recoded into values 1–4. aTeacher 6: results for baseline 
and intervention only, because of missing post-measurement. bDue to COVID-19 late post-measurement for teachers 10 and 12 and post-measurement missing one lesson for teacher 11.
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initiation effect, and a smaller increase during post-
measurement, followed by a decrease. Apart from the peak in 
lesson 4, this trajectory does not show much widening and 
narrowing in the MA-MM bandwidth.

Teacher trajectory 4 (slope: 0.18; effect size: 0.64) represents 
a positive pathway, showing an initiation effect, multiple 
increases throughout the intervention and an upward trend for 
the MM. During post-measurement, the MM shows 
degeneration whilst remaining above pre-measurement levels. 
Differences in the MM-MA bandwidth appear during the 
intervention but because of the degeneration during post-
measurement, no stabilization of offering Higher-level CASM 
seems to occur.

The results for the MM show that the difference in linear 
increase for higher-level CASM, between the positive and 
suboptimal trajectory is partly due to a lower level at 
pre-measurement for trajectory 5. Trajectory 4 shows more 
variability, suggesting more exploration, whilst for trajectory 5 
there may be less space for further growth.

3.2.3. Research question 2.3
For answering question 2.3 about the nature of change for 

teacher CASM, the confidence intervals (CI’s) per lesson were 
calculated (see Figure  9). The observed effects will 
be  discussed in view of the micro-, meso-, and macro-
timescales of change.

3.2.3.1. Experimental condition

Macro-timescale: It can be  noticed that (a) for four 
intervention teachers the post-measurement CI’s entirely exceed 
the baseline CI (2, 3, 5, and 8); (b) for three teachers the 
intervention CI’s (teacher 6) and post-measurement CI’s exceed 
the baseline CI (2, 8) or except one lesson (12).

Non-linear development throughout the trajectory is manifested 
in (c) chaotic fluctuation showing gaps back-and-forth between CI’s 
(7); (d) slowing down in an upward trend (2, 8, 10 and 12).

Meso-timescale: Non-linear change between measurement-
stages occurs in the form of (e) an initiation effect (2, 3, 6); (f) 
trend reversal, across lessons or stages (4, 5, 10, 11, 12), a final 
growth spurt (5) or degeneration during post-measurement (2, 
4, 10, 11 and 12). Within-stage fluctuation was observed in g) a 
delayed initiation effect (10); (h) relapse after (delayed) 
initiation effects (3, 10); i) one-lesson relapse in upward trend 
(2, 8, 10, 11).

Micro-timescale: it stands out that (j) lesson CI’s for CASM 
are larger compared to the CI’s for CASV, which may indicate 
more within-lesson fluctuation for CASM. Also, the baseline CI’s 
(rectangles) are significantly wider, compared to CASV, suggesting 
more between-lesson fluctuation during baseline.

3.2.3.2. Control condition

Macro-timescale: For the control teachers (n = 6), Figure 9 
shows that (a) the post-measurement CI’s of five teachers 
remain within or below (14, 16) or partly remain (15, 17, 18) 
within baseline CI; (b) the post-measurement CI’s of teacher 
13 exceeds the baseline CI; c) no distinct linear trends 
throughout the trajectory are shown.

Meso-timescale: (d) During baseline, lesson CI’s fall within the 
same range (13, 15, 18), indicating absence of change, or differ (14, 
16, 17). However, with only two lessons, this cannot be meaningfully 
labeled as linear or non-linear. During post-measurement 
non-linear change is manifested in e) reversal of leaps up (13, 17) 
or down (14) between pre- and post-measurement.

Micro-timescale: Although less than for intervention 
teachers, f) for control teachers (except 13, 18) lesson and 
baseline CI’s for CASM are larger compared to CASV, suggesting 
more variability.

With post-measurement CI’s remaining within or close to the, 
rather large, baseline CI’s for five teachers, the observed fluctuations 
for control teachers indicate natural variability, and support rejection 
of H0 for hypothesis 2.1 of no effect of the intervention for CASM.

To conclude, 8 intervention teachers showed an effect for both 
CASV and CASM, and 2 teachers did so for CASV but not for CASM 
(n = 11). At group-level for both variables an effect was observed 
compared to the control group. For the control condition 3 teachers 
showed an effect only for CASV and 1 for CASM. Following our 
decision rules, H0 was rejected for hypothesis 1.1 and 2.1.

For higher-level CASV 6 intervention teachers showed an 
effect, as well as at group-level compared to the control 
condition. Two control teachers showed an effect. For higher-
level CASM 5 teachers showed an effect, but the majority did 
not, which was confirmed at group-level, compared to the 
control group. Two control teachers showed an effect for higher-
level CASM. Following our decision rules, H0 was rejected for 
hypothesis 2.1 but accepted for the majority of the intervention 
teachers for hypothesis 2.2.

For research question 3 about the nature of change throughout 
the intervention for CASV and CASM, it was found that change 

TABLE 6B Group results regression analysis higher-level creative autonomy support musical and non-verbal.

Slope
95% CI p Mean Increase

p Effect size
LL HL

Higher-level CASM

Exp. gr. 0.08 0.05 0.11 0.41 1.92 0.59 0.53 0.31

Contr. gr. 0.07 0.02 0.13 0.65 1.54 0.52 0.38 0.34

Difference 0.01 0.38 0.07 0.83 0.03

Results comparing baseline and post-measurement.
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was predominantly non-linear. An inventory of the observed 
non-linear transformation for individual teachers was made by 
distinguishing between change on the micro-, meso-, and macro-
timescale of development.

4. Discussion

This study aimed to examine the effects of an intervention with 
Video Feedback Coaching for teachers on teachers’ autonomy 
support in primary school music lessons, from a CDS-Enactive 
process-based perspective, at both the individual and group-level. In 
addition to investigating the magnitude of the effect, the aim was to 
gain insight into the nature of individual teachers’ developmental 
trajectories throughout the eight lessons of the intervention study.

Hypothesis 1.1 of an increase in teachers’ Verbal 
Autonomy Support in music lessons was confirmed. For 
nearly all individual trajectories in the intervention condition 
an increase was achieved, ranging from moderate to highly 
meaningful whilst in the control condition only half of the 
teachers achieved a moderate or substantial increase. At 
group-level a significant positive difference for the 
intervention group was found too. In line with previous 
research (Wetzels, 2015; Van Vondel et al., 2017; Cheon et al., 
2018, 2020; Reeve and Cheon, 2021), it can be concluded that 

teachers are able to offer more autonomy support, adopting a 
more open interaction strategy.

The findings for teachers’ Higher-level CASV matched hypothesis 
1.2 of an increase for intervention teachers. More than half of the 
participants, and only one teacher in the control condition, achieved 
an at least substantial effect. At group-level a highly meaningful 
difference existed, suggesting that the effects for CASV, overall, are 
particularly due to offering higher-level CASV. By comparing a more 
optimal and a suboptimal intervention trajectory with Moving Max 
graphs to explore how higher-level CASV develops in individual 
cases, we found that both trajectories showed peaks and widening of 
the MM-MA bandwidth. Such variability may be an indicator of 
imminent growth and transition (Van Geert and Van Dijk, 2002). 
However only the optimal trajectory achieved a plateau, indicating a 
sustained gain. For the suboptimal trajectory the absence of growth 
appeared to be partly due to its initial level for higher-level CASV.

For the explorative research question 1.3 about the nature of 
change in teachers’ CASV during the intervention and for the 
control condition, on the macro-timescale, the general trend for 
the majority of the intervention teachers confirmed hypothesis 
1.1, in that the CI’s for the intervention and post-measurement 
exceeded the baseline CI. Except for one teacher, the CI’s for the 
control group (partly) overlapped the baseline CI.

Regarding the nature of change, a linear trend was observed 
for only one intervention teacher. Non-linear change included 

FIGURE 8

Moving Maximum and Average CASM non-optimal trajectory 5 and optimal trajectory 4
Note. Smoothed timeseries over 8 lessons (600 coded seconds per lesson. Total length of the timeseries: 4800 seconds). The intervention starts 
after lesson 2 (1200 seconds) and ends after lesson 6 ((3600 seconds). MM = Moving Max. MA = Moving Average. Because of the decreasing 
length of the moving window towards the end of the timeseries inherent to this technique, the graphs do not display the last 10% of the last 
lesson.
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non-overlap of CI’s as an indication for discontinuity, variation in 
width of CI’s and return to baseline CI’s. Discontinuous fluctuation 
could be observed on the macro-timescale throughout trajectories, 
and on the micro- and meso-timescales. On the micro-level, the 
intervention teachers showed larger CI’s in the intervention 

compared to baseline measurement. Such variation can be due to 
measurement uncertainty, but, from the perspective of CDS, it can 
also encompass important information about the change process 
(Van Geert and Van Dijk, 2002). It can be part of the intrinsically 
natural dynamics in educational processes (Koopmans, 2015) 

FIGURE 9

Confidence intervals teachers 1–12 (experimental group) and 13–18 (control group) for CASV and CASM over 8 lessons. Lesson numbers are next 
to CI’s. The rectangle depicts the baseline range (confidence intervals lessons 1 and 2). Note that for teacher 6 lesson 7 and 8, and for teacher 11 
lesson 8 is missing.
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and/or indicate sensitivity to the environment (Van Dijk and Van 
Geert, 2007), in the current study also through interventional 
press. In contrast, the control teachers showed mainly rather tight 
CI’s, which, except for one teacher, remained largely within the 
baseline interval. Such low variability on multiple timescales can 
be an indication for an attractor (Van Geert, 1994, p. 32), i.e., fixed 
routines. Meso-level non-linear change was observed in the form 
of gaps between baseline and intervention CI’s, such as initiation 
effects, and across lessons, like delayed initiation effects, trend 
reversal, relapses (within a trend) and slowing down of upward 
trends. Between the intervention and post-measurement 
(increases in) distance between CI’s indicated final growth spurts 
or degeneration. The large variety in indicators of non-linear 
change observed in individual change processes underpin the 
observation, mentioned in the introduction, that intervention 
trajectories are highly idiosyncratic (Steenbeek and Van Geert, 
2015) as is development in the musical domain (Bisschop 
Boele, 2015).

For teachers’ CASM, hypothesis 2.1 of an expected increase 
was accepted. The proportion of intervention teachers achieving 
an at least substantial effect outweighed the percentage of teachers 
in the control condition. This finding was confirmed at 
group-level.

Hypothesis 2.2 wasn’t confirmed, in that an increase in higher-
level CASM wasn’t achieved in the intervention, for the majority, 
but not all, of the teachers, as well as at group-level. These inter-
individual differences in effectiveness for higher-level CASM 
emphasize the principle that ergodicity hardly ever applies to 
complex processes such as teacher-student interaction. Ergodicity 
implies that aggregated group-level properties concur with the 
statistical properties for individual processes. However, nearly all 
concrete processes are non-ergodic and aggregated findings 
provide an invalid representation of the mechanism(s) of 
effectiveness in individual change processes. Therefore, they aren’t 
the designated markers of effectiveness for interventions. 
Ergodicity cannot be taken for granted in educational data and 
underlines the importance of time-serial approaches with 
considerable measurement occasions for individual cases 
(Koopmans, 2015) as followed in this study.

The results for the Moving Max suggested that the degree of 
meaningfulness of the achieved (absence of) effect in individual 
cases can be partly due to the initial level, which left less potential 
for growth for the suboptimal trajectory. The more optimal 
trajectory also revealed more fluctuation of the MM, suggesting 
perturbation of routines in offering higher-level CASM during 
the intervention.

For the explorative question 2.3 regarding the nature of 
development for CASM, the hypothesis 2.1 was confirmed, in that 
the CI’s for the intervention and post-measurement exceeded the 
baseline CI. Except for 2 teachers, the CI’s for the control group 
did not exceed the baseline CI much.

Non-linear change for CASM was observed on the micro-
timescale in considerably larger CI’s compared to CASV, 
suggesting more within-lesson fluctuation, for both the 

intervention and control group. A possible explanation is that 
their starting point for CASM was similar, with little 
experience in music teaching, triggering considerably greater 
fluctuations for the musical and non-verbal aspects of 
offering AS, given that quite some teachers did not regularly 
teach music. Throughout the intervention, the lesson CI’s for 
CASM became wider for the intervention teachers, suggesting 
exploration-based variability. In terms of non-linear change, 
heightened variability can be  considered an indicator of 
transition and self-organization into new patterns (Van Geert 
and Van Dijk, 2002). However, despite the positive trends for 
most teachers, in terms of the fluctuation between CI’s, no 
clear signs of stabilized patterns for CASM were observed for 
the majority of them. On the meso- and macro-timescale for 
CASM, compared to CASV, overall the same factors were 
found in terms of (non-)overlap and/or sudden shifts in 
lesson CI’s, ranging from growth peaks to trend-reversal and 
degeneration. However, these factors were differently 
distributed across the teachers, suggesting that individual 
teachers benefited differently from this intervention, and in 
varying degrees for the variables CASV and CASM.

The findings for both research question 1.3 and 2.3, and 
the effects found for CASV and CASM (hypothesis 1.1. and 
2.1) provide converging evidence that the perturbation of 
existing behavior, instigated by the intervention, was effective 
for both CASV and CASM. For CASV over 90% of the 
teachers achieved significant growth and this trend was 
observed at group-level too, suggesting near-ergodicity of the 
interventional process for CASV. However, for CASM, and 
especially higher-level CASM more inter-individual 
differences existed, underscoring the non-ergodicity of these 
developmental processes. For hypothesis 1.2 about higher-
level CASV a substantial effect was achieved. Although not to 
the same extent as in the intervention, in the control 
condition several teachers showed a significant increase for 
CASV and CASM too. This implies that this ability, up to a 
certain level, can also grow naturally, i.e., self-organize just by 
teaching music. However, the effects found for the teachers in 
the intervention condition illustrate that development often 
benefits from, and even needs challenge to come about 
(MacNamarra et al., 2016, p. 339). Interventions, such as in 
the present study with VFCt, provide the ‘artificial’ generation 
of challenge in balanced proportions, and combined with 
‘confidence- and skill-building feedback, facilitate optimizing 
development’ (MacNamarra et al., 2016, p. 350).

4.1. Integration into current 
understanding

Although music teaching practices traditionally tend not to 
be very autonomy-supportive (Evans, 2015), the present study 
shows that autonomy support can be learned. In this intervention 
study teachers learned to support students’ autonomy in addition 
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to offering structure. Although structure and autonomy support 
may seem incompatible, combining them in a synergetic way 
acknowledges the principles of scaffolding and confirms recent 
empirical research (Cheon et al., 2020) that structure can very well 
be offered in an autonomy-supportive way.

In the present study teachers’ autonomy support was 
investigated in the context of stimulation of musical creativity. 
Building on Stefanou et al. (2004), who distinguished between 
organizational, procedural and cognitive autonomy support, a 
new dimension to offering autonomy support was added, aimed 
at eliciting creative student thought and action in the musical 
domain, introducing the notions of creative verbal autonomy 
support (CASV) and creative musical and non-verbal autonomy 
support (CASM).

Simones (2019) attributes a crucial role to teachers’ 
non-verbal and musical behavior and proposed the “Teacher 
Behavior and Gesture (TBG) framework” which emerged from 
studying interactions during piano lessons via video recordings, 
and integrates theoretical frameworks from various disciplines. 
Within a corresponding framework, in the present study an 
empirical effort was done to capture the bodily dimension in the 
gesturing, movement, facial expression and musical action of 12 
primary school teachers’ autonomy support (CASM). The study 
yielded new insights by addressing both aspects of AS, applying 
a process-based time-serial methodology. It was demonstrated 
that most teachers developed their competency in both CASV 
and CASM, suggesting that offering autonomy support in 
speech, gesturing, movement, facial expression and musical 
action during music teaching co-exist as a coupled system. 
Correspondingly, in earlier educational research, gesture-speech 
synchronization was found in (dyads of) children, especially 
during complex tasks (De Jonge-Hoekstra et al., 2021). From an 
enactive perspective such (interpersonal) synchronization of 
speech and embodiment operating in autonomy support in 
music lessons can be  expected to influence flourishing in 
students with and without special needs. Because of the large 
differences between vulnerable students (autism spectrum 
disorder, visual impairment, learning or mobility disabilities 
etc), environmental responsiveness is key to autonomy 
development (Shogren et  al., 2018), also implicating the 
importance of sensitivity to context. A common denominator is 
that this group tends to experience interaction problems 
corresponding to their particular condition. They often have to 
accommodate to speech as the dominant mode of interaction. 
However, teachers should adapt to the diversities in needs and 
embrace the embodied modalities in interaction more (Macrine 
and Fugate, 2022). Based on the present findings, providing 
autonomy support including its embodied dimension is 
trainable. Extending this competency with teacher 
responsiveness and scaffolding according to students’ particular 
(special) needs, seems key when it comes to flourishing of all 
students in music learning, in particular for students with special 
needs for whom too much reliance on verbal communication 
poses problems.

For higher-level CASM, most intervention teachers did not 
show development. A possible explanation is that teachers are 
more used to verbal interaction and that, given the low self-
efficacy for music teaching in primary schools (e.g., Viig, 2015; 
Burak, 2019), it takes more time to successfully integrate the 
competency of offering higher-level CASM in teachers’ music-
pedagogical repertoire, i.e., to build Mastery experience (Bandura, 
1997). Also, this intervention targeted the synchronized 
performance of higher-level CASV and CASM as separate 
variables from CASV and CASM. Smoothing applications such as 
a Moving Maximum and LOESS techniques, and plotting CI’s 
enabled following teachers’ optimal levels of autonomy support 
throughout their trajectories and identifying variability on 
multiple timescales. High synchrony in optimal performance of 
related skills typically emerges in optimal environmental 
conditions and tends to disintegrate in humans’ usual functioning 
(Fischer, 1980). Consequently, because stimulating multiple skills 
simultaneously is complicated, development of skills tends to 
be uneven. This may partly explain the non-linear phenomena 
observed in individual trajectories such as relapse, degeneration 
during post-measurement and lagging performance, particularly 
for higher-level CASM.

This intervention study followed a process approach 
focusing on individual cases. A concern speaking in favor of a 
process-based approach is the replication problem, which most 
often pertains to non-corresponding results in repeated studies 
(e.g., Earp and Trafimow, 2015). Because of intra- and 
interindividual variability and context-dependance, replication 
is often problematic. Generalization in replication studies often 
relies on aggregated measures to make (questionable) claims 
about individuals qua members of specific populations, e.g., 
vulnerable students. Instead, replicating process-based studies 
should focus on (1) replicating the study design; (2) finding 
characteristics and patterns in multiple cases, and (3) 
accumulation of findings over time (Van Geert and De Ruiter, 
2022). Thus, as they state “generalization is not a fact, but a 
process” and “can be  expected to emerge from a long-term 
process of accumulating, reflecting upon, and theorizing about 
concrete and situated findings.”

Another concern is the (blind) reliance on and/or 
misinterpretation of p-values in significance testing to identify 
intervention effects (Ioannidis, 2005). For the present study the 
overall converging findings for the regression analyses, the 
Moving Max technique focusing on higher-level autonomy 
support, the confidence intervals, as well as the agreement, at least 
for CASV, with previous intervention studies into autonomy 
support, contribute to the plausibility of causal effects for 
this intervention.

4.2. Limitations

The scope of this intervention study was limited to teachers in 
regular primary education and based on an emergent and dynamic 
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view on development of musical creativity in all children. This 
emergent view is also expressed in research with children in 
special needs education, which showed that these students can 
perform on the same level as regular students when guided by an 
adult using appropriate need-supportive scaffolding techniques 
(Van der Steen et al., 2012).

All participating teachers in the study were female, partly due 
to interruption of the data-collection during COVID-19. However, 
there is hardly any evidence of a gender effect for female teachers 
on children’s achievement in empirical studies (Sabbe and 
Aelterman, 2007). Moreover, in Netherlands where this study was 
carried out, 86% of the primary school teachers is female (De 
Zeeuw et al., 2014).

Autonomy and autonomy support are believed to 
be particularly valued in Western environments, as opposed to 
more communal societies, but support for the beneficial role of 
autonomy support across cultures is emerging (Lynch et al., 2009). 
Although culture may influence a teacher’s baseline motivating 
style, intervention studies targeting autonomy-supportive teaching 
show time and again that culture impacts intervention effects only 
weakly (Reeve and Cheon, 2021).

During baseline, teachers were asked to teach music as usual. 
In the intervention, teachers were introduced to the principles of 
development of musical creativity and offering autonomy 
support, and were asked to focus on creative musical tasks. 
Perhaps such tasks afford teachers more space to offer AS, 
compared to more regular music tasks such as singing. This 
difference could pose a threat to internal validity. However, 
during baseline lessons some teachers taught creative tasks too, 
and in a related earlier baseline study (Hendriks et al., 2022), 
control for this factor took place.

4.3. Future research

This research could be extended to intervention studies with 
students in special needs education. The use of Video Feedback 
Coaching could shed more light on autonomy-supportive teaching 
and the role of the teacher’s body in the moment-to-moment 
interaction in music lessons with this diverse group of students.

Teachers usually do not maintain high levels of 
performance throughout their lessons (e.g., Geveke et  al., 
2020). When students encounter problems with complex 
tasks, teachers often decrease autonomy support. A responsive 
way to bridge student performance to higher levels in (music) 
teaching is scaffolding, both in terms of motivation and 
content (Granott, 2005;  Van Geert and Steenbeek, 2005;  
Steenbeek et al., 2012; Kupers, 2014, Van de Pol et al., 2010, 
2019). Need support and scaffolding are key factors for 
overcoming inhibitors of musical creativity and flourishing in 
vulnerable children and communities (Hill, 2018). Given that 
vulnerable students often lack opportunities to develop 
autonomy (Shogren et  al., 2018) and the large variety in 
vulnerabilities, more research is required. Future research 

should target studying how teachers adapt their autonomy 
support to (scaffold) students’ performance, and vice-versa, 
in moment-to-moment interactions in music lessons, in both 
regular and special needs education. One way to do this is by 
applying principal component analysis of the time series of 
teacher-student interaction (Geveke et al., 2020). By capturing 
the bi-directional aspects in teacher-student interaction in 
individual cases and by comparing more optimal and 
suboptimal trajectories, interventional research can help 
teachers to change existing self-sustaining transactional 
patterns of scaffolding (Steenbeek et al., 2012).

This study focused on examining the effects of the 
intervention on teachers’ CASV and CASM separately. 
However, this inherently implicates the question of their 
relation, particularly the temporal relation between the two. 
Do these variables have a positive relation and to what extent 
do they complement each other? In addition to calculation of 
classical correlations, analysis of this relation on the micro-
timescale can contribute to the pedagogical and didactical 
insights into offering Creative Autonomy Support in the 
musical domain, for instance by performing State Space Grid 
analysis (Hollenstein, 2013). State space grids consist of two 
dimensions and allow visualizing and examining teacher-
student interaction as a coupled variable This technique is 
especially suitable for analyzing patterns. It could also 
visualize the interplay between autonomy support and 
musical creativity or portray CASV and CASM as coupled 
variables. In recent research into primary physical education 
autonomy-supportive teaching enhanced 
students‘engagement, eventually triggering elicitation of 
teacher-provided autonomy support by students themselves 
(Reeve et al., 2020). State space grids affords visualization of 
such iterative effects.

In line with Thelen and Smith (1994) premise to treat 
variability as data, future research into teachers’ autonomy support 
could focus on the fluctuations identified throughout interventions 
as a variable in itself. Investigating the variability in students’ 
musical creativity can provide more insight into how change is 
generated as a result of a distributed/situated process (Van Dijk 
and Van Geert, 2007).

Future research could include studying primary school 
teachers’ self-efficacy and attitudes toward music teaching and/or 
evaluation of the intervention, through periodical self-report of 
feelings of self-efficacy throughout the intervention, and/or by 
conducting interviews with a random selection of teachers.

4.4. Implications

Considering the relation between autonomy support and 
(musical) creativity (Koestner et  al., 1984; Amabile and 
Hennessey, 1992; Granott, 2005; Hennessey, 2019; Hendriks et al., 
2022; Kupers and Hendriks, 2022), and given the findings of the 
present study that autonomy support can be learnt, an important 
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practical implication is the recommendation to offer students 
creative verbal and non-verbal autonomy support in music 
lessons for (pre-service) primary teachers, and to pay attention to 
this in teacher training. Training the competence to flexibly apply 
autonomy-supportive strategies, including higher-level autonomy 
support when appropriate, is highly recommended as many 
teachers in this study initially felt insecure about how to provide 
such support in music lessons. Alongside verbal autonomy 
support, embracing the (unused) potential of the bodily 
dimension as an integral part of autonomy support is essential for 
(special needs) students’ musical creativity to emerge, in primary 
music education and in teacher training. Instead of going into 
control mode, by using verbal instructions and modeling, 
teachers can engage students in creative musical processes in 
which thought and action provoking questions, turn-giving and 
ample space for exploration, curious observation, gesturing and 
body movement, and scaffolding according to students’ needs, 
are coupled.

Consistent with other studies (Wetzels, 2015; Van Vondel 
et al., 2017), given the idiosyncratic nature of professionalization 
trajectories, this study highlights the necessity to tailor coaching 
to teachers’ developmental processes. Considering the mixed 
results during post-measurement, with signs of stabilization for 
some teacher trajectories and degeneration for others, especially 
for CASM, the present study raises the issue of how to consolidate 
growth achieved in interventions. To facilitate stabilization of 
novel autonomy-supportive patterns, the VFCt-program could 
be  extended or include a follow-up after several months with 
refresher sessions. Another recommendation could be to integrate 
peer intervision (Thurlings et al., 2009), or a tandem approach 
with pairs of teachers observing lessons/recordings and discussing 
their interaction, to consolidate improved autonomy-
supportive behaviors.

It is recommended that the implementation of VFCt, as well 
as the specified related arrangements, are supported at school 
level, in order to facilitate sustainable development of autonomy-
supportive teaching for creativity and flourishing of all students in 
primary music education.
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