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BACKGROUND

While creativity is acknowledged as a core skill in education, it is still unclear how such skill can be learnt and how it can benefit learning in return. This paper presents a new perspective to inspire teaching strategies that can both increase creative skills and support learning through the paths of creative processes.

DISCUSSION

Informed by the pragmatic experience of experts who engage regularly in teaching (through) creative activities, and through the lens of dynamical systems principles, we propose that disruption of established patterns, by conjuring uncertainty and providing opportunities of creative reorganization, plays a key role in creative processes. We demonstrate this proposal by re-visiting existing empirical research. Specifically, we propose that disruption can be indexed by de-synchronization of patterns, that can be followed by novel patterns of re-synchronization.

CONCLUSION

(De-)synchronization is a useful operationalization of disruption as it can be accessed phenomenologically as well as quantitatively and can be modeled using dynamical systems principles. The new proposed perspective spans both individual and group levels of organization, giving novel hints into how we can learn to create together, and how creating together can benefit learning.

BACKGROUND

Creativity is regarded as a core skill in education [START_REF] Anderson | A Taxonomy for Learning, Teaching, and Assessing: a Revision of Bloom's Taxonomy of Educational Objectives[END_REF], but it is still unclear how to apply knowledge from creativity research to pedagogical environments [START_REF] Malinin | How radical is embodied creativity? Implications of 4E approaches for creativity research and teaching[END_REF][START_REF] Barbot | Creative potential in educational settings: its nature, measure, and nurture[END_REF]. To understand how getting more creative could be taught, and how creativity could help learning, we need to better understand creative processes. However, research has studied the products of creativity (e.g., new ideas, artifacts, or body activities) more than the paths that led to them [START_REF] Kupers | Children's creativity: A theoretical framework and systematic review[END_REF][START_REF] Glăveanu | Creative experience: A non-standard definition of creativity[END_REF]. Plus, creativity is most often seen as an individual and mental quest for novelty [START_REF] Lebuda | Creativity and social interactions[END_REF][START_REF] Glăveanu | Distributed creativity: Thinking outside the box of the creative individual[END_REF]. Such a view on creativity has three important issues. First, it comes into tension with the actual practice of practitioners who often develop explicit strategies that aim more at disrupting established patterns, than at searching for novel ones [START_REF] Kaddouch | A Pedagogy of Creation: Teaching Students to Communicate Through Music[END_REF][START_REF] Ravn | Improvisation and thinking in movement: an enactivist analysis of agency in artistic practices[END_REF]. Second, bodily actions (and not solely "mental" operations) are instrumental in creative processes [START_REF] Malinin | How radical is embodied creativity? Implications of 4E approaches for creativity research and teaching[END_REF]. Third, in many cases, it is a group of individuals which creates [START_REF] Lebuda | Creativity and social interactions[END_REF][START_REF] Nijstad | Four principles of group creativity[END_REF][START_REF] Rosenberg | Social interaction dynamics modulates collective creativity[END_REF], for instance during brain-storming [START_REF] Paulus | Toward more creative and innovative group idea generation: A cognitive-social-motivational perspective of brainstorming[END_REF], joint problem-solving [START_REF] Bjørndahl | Thinking together with material representations: Joint epistemic actions in creative problem solving[END_REF], innovative team work [START_REF] Paulus | The Oxford handbook of group creativity and innovation[END_REF], or collective improvisation practices [START_REF] Himberg | Coordinated interpersonal behaviour in collective dance improvisation: the aesthetics of kinaesthetic togetherness[END_REF]. As such, creative processes might not be entirely identifiable at individual or subpersonal levels, but are distributed in the dynamics of interaction [START_REF] Kalaydjian | A distributed model of collective creativity in free play[END_REF]. Yet, embodied processes of collective creativity have been seldom studied [START_REF] Lebuda | Creativity and social interactions[END_REF]17].

In this paper, we offer a new perspective on creative processes that spans both individual and group levels of organization. By building on the pragmatic experience of practitioners 1 , and through the lens of dynamical systems principles, we propose that disruption of established patterns plays a key role in creative processes. In other words, creativity is not only about doing or thinking about something novel, but is also, if not primarily, about disrupting and stepping out from established patterns. Specifically, we identify a hallmark of disruptive moments that favors creativity: de-synchronization -the loss of the temporal locking whereby a number of elements form a pattern together. In effect, de-synchronized states, by conjuring uncertainty, provide opportunities of re-synchronization and reorganization into novel functional patterns.

Synchronization in general is a well-researched phenomenon both experimentally [18] and phenomenologically [START_REF] Seifert | Interpersonal coordination and individual organization combined with shared phenomenological experience in rowing performance: two case studies[END_REF], and many tools and methods have been developed to measure it.

De-synchronization per se has received less attention, but it too can be experienced in first-person, experimented on, and get measured with similar tools. Moreover, dynamical systems formalisms can account for (de-and re-)synchronization phenomena at individual and group scales in a unified manner [START_REF] Richardson | Comparing the attractor strength of intra-and interpersonal interlimb coordination using cross-recurrence analysis[END_REF]. As such, de-synchronization, through its interplay with re-synchronization, can serve as a useful probe for studying the role of disruption in creative processes, at multiple levels and from both first-and third-person perspectives.

To present this new perspective, we first offer a synthesis of literature that points at the role of disruption of established patterns in favoring creative dynamics. Next, we introduce dynamical systems principles that account for (de-and re-)synchronization. Then, we give examples of how de-synchronization processes and concomitant uncertainty can help an individual break away from established patterns to explore, discover and ultimately learn new, more surprising ones. Finally, we discuss how interpersonal de-synchronization can, by disrupting collective dynamics, expands opportunities of reorganization into novel functional patterns of interaction at the group level.

Disruption, a core process in creative dynamics

Developing new skills often requires inhibiting more salient paths that lead to familiar, yet less appropriate actions [START_REF] Houdé | développement et inhibition: un nouveau cadre d'analyse[END_REF]. Previous knowledge can thus prevent us from stepping out from our established frameworks: we often get fixated on a specific array of possibilities provided by our dominant behavioral and cognitive tendencies, which hinders the potential discovery of novelties [START_REF] Weisberg | Creativity and Knowledge: A Challenge to Theories[END_REF]. Creative exploration thus requires the inhibition of dominant and non-creative paths [START_REF] Camarda | Do we need inhibitory control to be creative? Evidence from a dual-task paradigm[END_REF]. This can be observed in real-time when tracking the search process in a creative foraging game where tiles are rearranged to assemble shapes: players alternate between phases of exploitation where they focus on clusters of shapes that belong to a similar category (e.g., planes or letters) and phases of exploration where they search for new categories [START_REF] Noy | A quantitative study of creative leaps[END_REF][START_REF] Hart | Creative foraging: An experimental paradigm for studying exploration and discovery[END_REF][START_REF] Hart | Creative exploration as a scale-invariant search on a meaning landscape[END_REF]. Interestingly, the quicker players quit a category they were focusing on, the quicker they find new ones: the ability to disrupt ongoing patterns and leave them seems related to the probability of finding novel ones.

One strategy for stepping out from established frameworks is the introduction of constraints [27,28]: instead of merely limiting the available range of behaviors, constraints reconfigure the field of opportunities [28]. More generally, destabilizing established patterns seems to be key to the emergence of so-called creative moments [START_REF] Torrents | The motor creativity paradox: Constraining to release degrees of freedom[END_REF] and subsequent states of uncertainty are increasingly recognized as necessary doorsteps towards novel paths [START_REF] Gabora | Honing theory: A complex systems framework for creativity[END_REF][START_REF] Beghetto | There is no creativity without uncertainty: Dubito Ergo Creo[END_REF][START_REF] Beghetto | Uncertainty: A Catalyst for Creativity, Learning and Development[END_REF]. In fact, dealing with and embracing uncertainty in practices such as improvisation, helps to break away from established patterns and increase creativity later on in divergent thinking tasks [START_REF] Lewis | Breaking away from set patterns of thinking: Improvisation and divergent thinking[END_REF]. To describe how de-synchronization can provoke the kind of uncertainty that leads to creative reorganization, we now take the perspective of dynamical systems.

Dynamical approaches to (de-and re-) synchronization

Synchronization, understood as the temporal locking of elements that form a pattern together, is a domain general phenomenon that operates at multiple levels [START_REF] Pikovsky | A universal concept in nonlinear sciences[END_REF]: physical [START_REF] Strogatz | Sync: How order emerges from chaos in the universe, nature, and daily life[END_REF], physiological [START_REF] Glass | Synchronization and rhythmic processes in physiology[END_REF], behavioral [START_REF] Kelso | Dynamic patterns: The self-organization of brain and behavior[END_REF] and social [18]. Research within these fields is mainly concerned with the emergence of organization [START_REF] Strogatz | Sync: How order emerges from chaos in the universe, nature, and daily life[END_REF]. Consequently, de-synchronization, understood as the disruption of synchronized patterns, has received less attention. Yet, synchronization and de-synchronization are complementary processes [START_REF] Kelso | The complementary nature[END_REF], and dynamical systems principles provide useful tools to model how patterns can not only form and sustain within complex systems, but also collapse and change at various scales of observation (e.g., neural, behavioral, interpersonal [START_REF] Kelso | The complementary nature[END_REF]).

A complex system can be described as a network of interdependent parts or "degrees of freedom" (henceforth DOF), which designate the subprocesses that parametrize the behavioral evolution of the whole system. Key to the explanation of pattern formation, dissolution and changes into new ones are the temporal contingencies amongst these DOF. Specifically, there is a tension between two coexisting tendencies: DOF tend to couple and synchronize their activities on the one hand, and to obey their own intrinsic dynamics, causing de-synchronization on the other hand [START_REF] Kelso | Dynamic patterns: The self-organization of brain and behavior[END_REF][START_REF] Tognoli | The metastable brain[END_REF]. This tension was first observed in the oscillations of fish fins: they obey alternatively to a « magnet effect » where the fins synchronize with each other and to a « maintenance effect » where each fin moves at its own pace [START_REF] Von Holst | Die relative Koordination als Phaenomen und als Methode zentralnervoeser Funktionsanalyse[END_REF].

The tendency of DOF to couple and synchronize their activities at the micro-level allows for the emergence of coherent patterns at the macro-level. Some of these patterns are more stable than others: they assemble more easily, persist for longer times, are more resilient to perturbations, and recur across a variety of situations. The differential stability of potential patterns gives rise to a landscape of attraction in the context of which tendencies arise [START_REF] Kelso | The complementary nature[END_REF]: the system is pulled toward the basins of attraction formed by stable patterns, and pushed away from regions of instability (see figure 1). Repetition and reinforcement can strengthen the shape of this landscape even further [START_REF] Egbert | Modeling habits as self-sustaining patterns of sensorimotor behavior[END_REF], accounting for the tendencies of complex living systems to recurrently converge and fixate on established, habitual patterns. The search for novel patterns thus appears in tension with the constraints exerted by this dynamical landscape: attracting tendencies hinder the exploration of functional patterns that reside further away from basins of attraction. To discover novel patterns, it is therefore necessary to escape the pull of established ones. When A and B have certain states, they tend to evolve toward the deep basins the system is close to. The black curved and dashed arrow represents the trajectory of the system given an initial state (IS1) and its tendency to follow habitual paths of attraction toward a stable pattern -the final state where it settles (FS1). The curvature illustrates fluctuations that can stem from intrinsic noise present in the system or from other DOF not represented here. In unstable situations, tiny changes in the values of the DOF can nudge the system toward one or the other basins. The violet curved arrow represents the trajectory of the system when it is first disrupted (blue arrow) and put in such an unstable situation, at the crossroad between several potential alternatives (disrupted state -DS), and then nudged toward a pattern that is stable but usually less attractive (final state FS2). The DOF B could be a parameter of the environment (including another person with whom one interacts with), expressing the fact that certain patterns become attractive and stable thanks to the process of interaction with our surroundings and in the context of our own ongoing activity.

The complementary tendency of DOF to behave independently, according to their own intrinsic dynamics, provides living systems with the essential ability of flexibly switching between behaviors. The de-synchronization that ensues weakens the coupling between the DOF and introduces disorder and uncertainty in the pattern they were forming [START_REF] Kelso | Dynamic patterns: The self-organization of brain and behavior[END_REF]. Disrupting the synchrony between DOF can thus dissolve a previously formed pattern and gives DOF the opportunity to interact and reorganize in different ways. Once a pattern is dismantled, complex systems operate at the edge between a plurality of potential patterns that exert a weak attraction over their dynamics [START_REF] Kelso | The complementary nature[END_REF][START_REF] Tognoli | The metastable brain[END_REF]. There, the system dynamics become sensitive to small fluctuations that can nudge it toward one of the alternative paths, in the form of a non-linear, abrupt pattern transition (see figure 1, violet curved arrow).

In this context, the predictability of the system and the deterministic constraints exerted by long-term established patterns decreases, giving the system a chance to first step out from its most habitual tendencies, and to then explore alternative paths. Getting away from established patterns thus increases the potentiality of finding out, and transitioning into novel patterns. Such transitions are sudden which might correlate with the subjective experience of surprise often associated with discoveries.

In sum, the de-synchronization of DOF is a key step that introduces, by raising uncertainty, opportunities for exploration of alternative possibilities: it allows the system to bifurcate toward novel patterns that established ones have previously masked. In other words, creative exploration is less about finding novel patterns than stepping out of previously established ones.

DISCUSSION

From de-synchronization to creative reorganization of agent-environment coordination patterns

Complex systems such as neurobiological agents are not closed systems: they operate and maintain their existence thanks to the coupling with their environment [START_REF] Maturana | The tree of knowledge: The biological roots of human understanding[END_REF]. DOF that participate in behavioral patterns are thus situated beyond the boundaries of the skull and flesh of an agent. To illustrate how de-synchronization processes and uncertainty in the coupling with the environment help dissolving patterns and opening up a field of novel ones, we now look at their dynamical signatures in empirical examples.

Problem-solving tasks can provide interesting cases where the discovery of a novel pattern follows the dissolution of a previously established one. For instance, when participants observe a chain of interlocked gears and have to guess in which direction the last one will rotate (see figure 2), they first solve the task by mimicking the motion of each gear with their hands [START_REF] Stephen | The dynamics of insight: Mathematical discovery as a phase transition[END_REF][START_REF] Stephen | The self-organization of insight: Entropy and power laws in problem solving[END_REF]. After a while, they might suddenly discover an alternative strategy that leads to a much quicker solution:

as each gear moves the next one in the opposite direction, for every second gear in the chain, the rotation is identical. Two statistical signatures present in the hand motion can be observed just before this discovery. First, entropy (the measure of uncertainty) increases: this reflects critical instability within the current pattern, giving a chance for change to occur. Second, power-law behavior, a statistical index that quantifies the strength of the relationship between the activities that occur at multiple levels of organization within a system, increases. This constitutes a sign that the system is more and more driven by the interactions between its DOF, making it prone to A schematic example of the gear system task [START_REF] Stephen | The dynamics of insight: Mathematical discovery as a phase transition[END_REF][START_REF] Stephen | The self-organization of insight: Entropy and power laws in problem solving[END_REF]. Participants had to guess the direction of rotation of the last gear in the chain (e.g., the gear on the top right) knowing the direction of rotation of the first one (e.g., the gear on the top left). Since each gear moves the gear it is locked with in the opposite direction (see arrows), for every second gear in the chain, the direction of rotation is identical (see arrows of similar colors).

A second example illustrating how uncertainty in the coupling with the environment opens up a field of novel opportunities is provided by behaviors of boxers who train by hitting a heavy bag [START_REF] Hristovski | Affordance-controlled bifurcations of action patterns in martial arts[END_REF]. At certain distances from the bag, only a limited range of hits can be performed, increasing the predictability of the boxer's moves. However, at a critical distance, the coupling dynamics between boxer and bag become less determined and a wider set of less predictable opportunities becomes available. Nonetheless, when the bag was moved stochastically by an assistant, novel action possibilities were discovered at other distances too [START_REF] Hristovski | Constraints-induced emergence of functional novelty in complex neurobiological systems: a basis for creativity in sport[END_REF]. Just like in the gear system experiment, introducing uncertainty in the coupling between agent and environment by the means of noisy fluctuations was sufficient to expand the range of action opportunities. Tiny details in the coupling can thus pull the sensorimotor coupling of the boxer in various directions, making original combinations of actions available for discovery and learning. These combinations are particularly functional as they can hardly be predicted by the opponent, thus reflecting the presence of creative processes.

Generalizing from these examples, we propose that getting more creative requires learning to exploit our behavioral dynamics and strive toward more uncertainty, in order to dissolve established patterns and to allow for novel ones to emerge. Entropy within one's current organization could be felt and, above a certain threshold, provokes an arousal that calls for attention, motivating exploratory behaviors and pattern reorganization [START_REF] Gabora | Honing theory: A complex systems framework for creativity[END_REF]. However, pattern reorganization is not solely an effect of the interactions between the DOF that compose individual behaviors: it is also encouraged by our interactions with others [START_REF] Gabora | Honing theory: A complex systems framework for creativity[END_REF]. In fact, even when performing in solo, improvisers tend to enhance their creativity by emulating an otherness so as to destabilize and step out from their own established patterns [START_REF] Høffding | Interactive expertise in solo and joint musical performance[END_REF] -as if they were de-synchronizing with the self. Next, we thus discuss how the uncertainty that stems from de-synchronization processes between persons can trigger the discovery of new patterns -at both individual and collective scales.

De-synchronization, re-synchronization and collective creativity

Dynamical principles of interaction between DOF scale across levels of organization such as groups of neurons, limbs, or persons [START_REF] Dumas | Tackling the social cognition paradox through multi-scale approaches[END_REF]. Our interactions with others give rise to patterns of collective dynamics [START_REF] Auvray | Perceptual interactions in a minimalist virtual environment[END_REF][START_REF] Jaegher | Participatory sense-making: An enactive approach to social cognition[END_REF], and these patterns participate in the emergence and the shaping of our own patterns of behaviors [START_REF] Jaegher | Can social interaction constitute social cognition?[END_REF][START_REF] Laroche | Embodiment of intersubjective time: relational dynamics as attractors in the temporal coordination of interpersonal behaviors and experiences[END_REF][START_REF] Laroche | Interpersonal sensorimotor communication shapes intrapersonal coordination in a musical ensemble[END_REF]. Therefore, disrupting interaction dynamics between persons through the de-synchronization of their activities should trigger processes of reorganization that are potentially creative. We expect this to happen at two different scales, which we discuss successively below: 1) at the person level, where individual dynamics are influenced by interaction dynamics with others 2) at the group level, where individuals can co-regulate and push collective dynamics toward novel patterns of interaction.

Whether we hit a heavy boxing bag or tap to the beat of a metronome, the landscape of attraction of our behavior is shaped by the properties of our environment (e.g., the distance of the boxing bag or the tempo of the metronome [START_REF] Kelso | The complementary nature[END_REF][START_REF] Hristovski | Affordance-controlled bifurcations of action patterns in martial arts[END_REF]). In the case of joint action, each person is playing the role of the environment for the other. As a result, reciprocal interaction alters the landscape of attraction that underlies each of the interacting persons [START_REF] Kyselo | An enactive and dynamical systems theory account of dyadic relationships[END_REF]. By modulating the attractiveness of potential behavioral patterns, interaction should thus help us visit and explore regions of the landscape that lie further away from our habitual paths. For instance, interactions increase the diversity of behavioral regions visited even by minimalistic artificial agents [START_REF] Froese | The extended body: a case study in the neurophenomenology of social interaction[END_REF]. Along these lines, when interactions in clinical practices are modeled as dynamical systems, we can understand the role of the therapist as helping the client to escape the attraction of some habitual patterns of behavior and to shift to new, healthier ones [START_REF] Tschacher | Alliance: a common factor of psychotherapy modeled by structural theory[END_REF]. Similarly, the "non-linear pedagogy" approach proposes to exploit non-linear dynamical properties to foster the learning of novel patterns [START_REF] Chow | Nonlinear pedagogy: Learning design for self-organizing neurobiological systems[END_REF].

For instance, a weak nonlinear coupling between a human and a virtual partner suffices to help the human partner to perform rhythmic patterns that did not belong to their initial repertoire [58]. In creative contexts such as music improvisation, some pedagogues purposely disrupt interpersonal coupling dynamics by jeopardizing synchronization, which incites behavioral reorganization and facilitates the discovery and the learning of novel patterns [59]. This method can accelerate learning, compared to the verbal explanation and the motor training of the same patterns [START_REF] Laroche | Enacting teaching and learning in the interaction process:"Keys" for developing skills in piano lessons through four-hand improvisations[END_REF]. In sum, the disruption of interpersonal coupling dynamics through de-synchronization can thus motivate self-reorganization and enrich individuals' behavioral repertoire with the discovery of novel patterns

In groups, persons and their intrinsic processes constitute the DOF whose interactions give rise to dynamical landscapes at the collective level. At the collective level, certain patterns of interaction are more stable and more attractive than others [START_REF] Kyselo | An enactive and dynamical systems theory account of dyadic relationships[END_REF]. Here too, the spontaneous tendency to couple with others (the 'magnet' effect) is complemented by the tendency to obey one's own dynamics (the 'maintenance' effect). We should thus expect creative group reorganization when interpersonal coupling is loosened by the heterogeneity of diverse individual dynamics [START_REF] Rocca | Cognitive diversity promotes collective creativity: an agent-based simulation[END_REF][START_REF] Olsen | On the social nature of abstraction: cognitive implications of interaction and diversity[END_REF]. In effect, diversity, for instance in terms of gender [63] or task experience [64], benefits collective creativity tasks, and so does minority dissent in groups where members are well engaged in their interactions [START_REF] Dreu | Minority dissent and team innovation: The importance of participation in decision making[END_REF][START_REF] Curşeu | Minority dissent, openness to change and group creativity[END_REF]. While some have focused on the tracking of interpersonal synchronization during problem-solving [START_REF] Wiltshire | Multiscale movement coordination dynamics in collaborative team problem solving[END_REF] and creative tasks [START_REF] Coco | Multilevel behavioral synchronization in a joint tower-building task[END_REF], communication breakdowns and the subsequent attempts to repair them might foster meaningful collective creativity even more [START_REF] Paolo | Linguistic bodies: The continuity between life and language[END_REF]. In particular, the heterogeneity of individual dynamics caused by interpersonal de-synchronization should disrupt established collective patterns and favor reorganization into novel ones. Along these lines, dyads can perform better at creative tasks when body movements are more loosely coupled [START_REF] Abney | Movement dynamics reflect a functional role for weak coupling and role structure in dyadic problem solving[END_REF]. On the contrary, synchronization of motor activity can reduce creativity and dissent in subsequent tasks [START_REF] Gelfand | The cultural evolutionary trade-off of ritualistic synchrony[END_REF].

Group improvisation practices provide a particularly relevant example of the effect of disruptive de-synchronization on collective creative dynamics. When members of a large ensemble of music improvisers de-synchronized their intentions (i.e., when their will to support the stability of an ongoing pattern diverge the most), the group tended to shift toward new patterns [START_REF] Goupil | Musical coordination in a large group without plans nor leaders[END_REF]. In effect, music improvisers can have quite divergent perspectives on their common performance [START_REF] Schober | Jazz improvisers' shared understanding: a case study[END_REF][START_REF] Pras | What about their performance do free jazz improvisers agree upon? A case study[END_REF] and some degree of "interactional dissensus" [START_REF] Golvet | With, against, or without? Familiarity and copresence increase interactional dissensus and relational plasticity in freely improvising duos[END_REF] might be key in introducing the kind of uncertainty whose shared experience motivates creative group reorganization [START_REF] Van Der Schyff | Musical creativity and the embodied mind: Exploring the possibilities of 4E cognition and dynamical systems theory[END_REF][START_REF] Wolf | Beyond togetherness: Interactional dissensus fosters creativity and tension in freely improvised musical duos[END_REF].

De-synchronization is a good example of such dissensus: in pedagogical settings of dyadic music improvisation, destabilizing synchronous phases of interaction also favored the discovery of patterns that were novel at the group level itself [59,[START_REF] Laroche | Enacting teaching and learning in the interaction process:"Keys" for developing skills in piano lessons through four-hand improvisations[END_REF]. Here, the dynamics of interaction and their disruption through de-synchronization provides a scaffold for learning novel sensorimotor patterns as a group. Similarly, in the mirror game where two participants have to imitate each other while improvising movement, participants prefer to partially sacrifice the synchrony they need to maintain in order to explore more complex and novel movements, and thus make the interaction more interesting [START_REF] Noy | The mirror game as a paradigm for studying the dynamics of two people improvising motion together[END_REF][START_REF] Ravreby | Liking as a balance between synchronization, complexity and novelty[END_REF]. When modeling this task, it appears that exiting from previously synchronous patterns is a necessary step toward pattern changes, and that noisy fluctuations help achieve it by increasing the complexity of the set of possible behaviors, thereby fostering the potential discovery of novel patterns [START_REF] Dahan | Exit from synchrony in joint improvised motion[END_REF]. Similarly, in contact improvisation, dancers tend to destabilize ongoing patterns of collective dynamics so as to solicit surprising ones and renew their interaction patterns constantly [START_REF] Kimmel | Sources of embodied creativity: interactivity and ideation in contact improvisation[END_REF]. In sum, members of a group can co-regulate the dynamics of their interaction so as to push them toward dynamical regimes where uncertainty widens the field of opportunities where novel patterns can be discovered and learnt.

CONCLUSION

In this paper, we present a new perspective on creative processes. Through the lens of dynamical systems, and by linking observed behavior to the pragmatic experience of practitioners, we propose that disruption of established patterns plays a key role in creative processes and that de-synchronization is a hallmark of such disruptive moments. We further suggest that de-synchronization, by raising uncertainty, provides opportunities of re-synchronization and reorganization into novel functional patterns to discover, explore, and ultimately, learn. For example, novel behavioral patterns were discovered when uncertainty was raised by introducing random fluctuations in the coupling between participants and their task environment, whether in the case of the gear system task [START_REF] Stephen | The dynamics of insight: Mathematical discovery as a phase transition[END_REF][START_REF] Stephen | The self-organization of insight: Entropy and power laws in problem solving[END_REF] or in the case of boxers hitting a bag [START_REF] Hristovski | Affordance-controlled bifurcations of action patterns in martial arts[END_REF][START_REF] Hristovski | Constraints-induced emergence of functional novelty in complex neurobiological systems: a basis for creativity in sport[END_REF]. The interplay between de-synchronization and (re-)synchronization, which naturally results from the non-linear coupling between DOF, can thus account for the emergence of novelty (or the creation of information - [START_REF] Kelso | The complementary nature[END_REF]) without postulating processes or modules that are dedicated to creativity per se. Instead, this interplay potentially accounts for creative dynamics through the interaction between sub-elements, which constitutes a big ambition for creativity research [START_REF] Kozbelt | Theories of creativity. transformational learning with adults, how a disorienting dilemma can present pattern-reconstructing and re-shifting, with a result in more open-mindedness and creativity[END_REF].

Importantly, this proposition spans individual and group levels of organization, and allows us to understand how not only individuals, but also groups can improve their creative dynamics thanks to the processes of interaction between their members. For example, when the intentions of music improvisers diverge [START_REF] Goupil | Musical coordination in a large group without plans nor leaders[END_REF] or when they purposefully destabilize their interaction [59,60], novel patterns can emerge at both individual and collective levels. The proposed perspective thus offers a pragmatic proposition for a strategy of teaching methods that can be enacted to help people create together, and to help them learn through the paths of creative processes. Such an issue is not only important for educational contexts, but also for scientific research itself, a creative activity that is more and more collaborative [83], but whose outputs tend to get less disruptive over time [84]. 

REVIEW 1:

Recommendation: Published with major revisions The article is well-written and deals with the subject matter in an engaging way. The abstract promises a new perspective to inspire teaching strategies through the lens of dynamical systems principles. However, the lens of dynamical systems is a hardly a new one, and unfortunately, I find the conclusion to fall short of what the introduction promises. The authors should acknowledge and reference previous contributions. Moreover, I would like to have seen the discussion include concrete suggestions for novel teaching strategies rather than merely stating that their proposed perspective may inspire them. Much of the discussion focuses on examples from music improvisation. Hence, the authors should be aware of some notable contributions to the literature that provide conceptual frameworks for music composition and music improvisation based on dynamical systems theory: "Chaos and Creativity" (Beyls, 1991), "Sync or Swarm" (Borgo, 2005), "A Model for Collective Free Improvisation" (Canonne & Garnier, 2011), and "Cognition and segmentation in collective free improvisation: An exploratory study" (Canonne & Garnier, 2012), to name a few. The notion of de-synchronization is present in all these works, albeit using different terminology. Beyls likens the process of creating new music as "navigation in attractor fields" where the idea is to "push the system out of equilibrium, using tactile motor control to explore the various degrees of freedom of a given system". Borgo describes the environment of musical improvisation in terms of a dynamical system, calling the musical phase space "the geometry of possibilities" in which musicians can either engage in "positive feedback" (staying with the attractor) or "negative feedback" (diversifying output to weaken the attractor). He discusses at length the notion of "surfing the edge of chaos", where seasoned improvising musicians enjoy discovering new attractors by diversifying their output just enough to cause the existing regime to start breaking down. Canonne and Garnier propose a model for collective free improvisation where collective behaviour is shown to alternate between "collective sequences", a stable behaviour corresponding to a fixed point attractor in the phase space of the system, and "phases of discoordination", an oscillating behaviour corresponding to the absence of a fixed attractor in the system. Canonne and Garnier provide several strategies to navigate between these states, ranging from "stabilization" (attempts to converge to a collective sequence) to "densification" (deliberately creating complexity to provoke a transition). These examples are provided to demonstrate that even though the terms synchronization, de-synchronization, and re-synchronization are not used, they are essentially the same concepts as the alternative terms used above. Hence, I disagree with the claim the perspective provided by the authors is an entirely new one. On the plus side, I find the background section of the article to be very well-written and easy to follow. It provides an excellent overview of existing research in the domains of psychology and cognition. If this treatment could be extended to existing literature on the implementation of dynamical systems theory in the creativity and artistic domains, it would benefit the following discussion tremendously. Furthermore, this would probably help the authors cover more ground and reach a more convincing conclusion with concrete pointers to how to implement the framework in pedagogical contexts.

Another concern is that the benefits of de-synchronization is presented in a way that may be misleading. My claim: In order for de-synchronization to work well in collective creative contexts, there needs to be a foundation of interpersonal trust. In other words, synchronization must be strong before de-synchronization could be useful. De-synchronization can make the actors feel vulnerable. I would have liked to see a discussion of how the authors propose to use synchronization to build trust, and how de-synchronization may be introduced at opportune moments and to adequate degrees

REVIEWER 2:

In "De-sync: Disruption of Synchronization as a Key Factor in Individual and Collective Creative Processes" authors draw on Dynamical Systems Theory to argue that creativity, defined as the ability to behave in novel ways, can be understood as a result of the destabilization of established patterns of behavior that occurs in the phase transition of a dynamical system. It is suggested that this understanding may find application and utility in educational contexts.

The strength of the argument is the authors' selective and synthesizing reference to a wide ranger of interdisciplinary sources. I consider the argument publishable as a theory article with revisions that I would categorize somewhere between minor and major in kind.

I do believe the authors can establish this argument convincingly, but they are not quite there yet. If the argument was to stand as it is currently constructed, it follows logically that all dynamical systems should lead to novelty, as they all encounter destabilization and phase transition. However, we know that novelty is rare, whereas phase transition is common. After destabilization, systems generally shift to different, but equally habituated and familiar, patterns of behavior. If the competing control parameter in human interaction that led to destabilizing de-synchronization, for example, is fatigue, then a lowering of attentional control and increased reliance on implicit memory may produce an even less novel pattern of behavior than the one transitioned from.

What is missing from the argument are the kinds of destabilizing factors or conditions (competing control parameters of system boundary variables) that are more likely to lead to novelty.

To draw on one of the author's examples, why would a contact dancer arrive at novel responses when their partner changes their movements, instead of merely shifting to a response from their repertoire that matches that movement? It is after all a practice that is highly reliant on implicit, procedural memory and fast automated responses? I recommend taking another look at your many examples of individual and interpersonal de-synchronization in search of the potentially significant type of variable involved. As indicated when discussing the example of problem-solving gear rotation, there seems to be a shift in point of attention and mode of perception involved. What might bring that about, beyond the phase transition, as we know the phase transition most often does not do it in and off itself? A secondary, but also important revision needed is to clarify what kinds of knowledge you are drawing on for what. The authors language use and citations do not differ between research findings from (1) evidence-based, empirical studies, (2) cognitive philosophy, and (3) various forms of phenomenological or critical praxis analysis with selective reference to empirical evidence. This makes it difficult for the reader to assess the foundation of the argument and thus validate it. As a minimum, I recommend implementing language use that differentiates with clarity. It would be an even stronger choice to consider some restructuring of the background section to discuss findings from different communities of knowledge and their complementary with full transparency.

A third, and more minor, limitation is the peripheral mention of application to education in the abstract and the very last paragraph. Here, I consider it necessary to moderate the language. Specific application recommendations have not been developed, analytically or empirically, so it would be premature to suggest such a step. I recommend changing the language to speak of potential for future application pending further development and research. 233-235: Again, dissolving an established pattern does not necessarily lead to a novel one, it can lead to another habituated pattern. Here the clarification previously suggested is needed to qualify the argument.

292:

The studies you cite here to argue for the production of something novel through disruption of patterns, do they use DST? If they do, then these can serve as examples of studies focusing on de-synchronization in your background section. Also, do they account for the factors or competing control parameters that produce novelty rather than just something different? If yes, then that may help you qualify the argument that destabilization brings about novelty. 324-326: Sorry, you have not convincingly established this just yet, but you may still do so by revisiting your examples and literature. GENERAL COMMENTS: The overall impression is that this is not a study, but rather a theoretical construct that could be tested in a study. The authors have described the work well and have provided references, but the work needs to be tested to take the next step. For those of us who have studied systems thinking, this is not novel, but to actually run a test to see if the principles of creativity hold true, and how they hold true, would be exciting. I have to say that this does not meet best practice and is not appropriate for this journal, even though the argument and writing were well laid out and logical.

REQUESTED REVISIONS:

Unfortunately, this paper is not appropriate for this journal and, until the theoretical principles are tested, from my perspective, this work has already been done and discussed for many years (Bertalanffy, Capra, Schroedinger, Wheatley to name a few). The authors have applied the principles of systems thinking to creativity, but adult education and learning has explored this in

Figure 1 .

 1 Figure 1. Visual representation of a landscape of attraction given two arbitrary DOF (A and B). Dips in cold colors indicate basins of attraction towards which the system is drawn and materialize stable patterns of interaction between the respective states of A and B. Hills in hot color indicate unstable patterns which the system is pulled away from.

  explore and reorganize into different patterns. Once behavior has transited toward the new strategy, both statistical indices quickly drop: the reorganization into a new functional pattern has dissipated the exceeding uncertainty. Critically, enhancing uncertainty by making the gear system jitter accelerates the discovery of the new solution. In other words, pushing the system formed by the agent and the gears toward de-synchronization helps to shift away from a previously established pattern, promoting a creative discovery and the learning of a new strategy.

Figure 2 .

 2 Figure 2. A schematic example of the gear system task [43,44]. Participants had to guess the direction of rotation of the

  83) Hall KL, Vogel AL, Huang GC, Serrano K. J, Rice EL, Tsakraklides SP, Fiore SM. The science of team science: A review of the empirical evidence and research gaps on collaboration in science. Am psy. 2018;73(4):532. 84) Park M, Leahey E, Funk RJ. Papers and patents are becoming less disruptive over time. Nature. 2023;613(7942),138-144.

  These general comments relate to specific line-items as follows: 124-125: There are many examples of DST-based studies of the arts. Though you are right that the majority focuses on self-organization (e.g., Ivor Hagendoorn on dance composition, Kate Stevens on dancer's memory) or joint action (Waterhouse, Blaesing, and colleagues on dancers' interpersonal coordination) there are also examples that focus on change and the breaking of habits -particularly intervention studies (e.g., Pil Hansen's work on performance generating systems in Dance uses DST to analyze agency, change, and the ability to bring something new into the world as products of phase transitions in improvisational systems with particular kinds of boundary constraints. Hansen 2022 Intellect, or --for empirical evidence of effects on executive functions and learning capacity of such transitions --Hansen, Climie, and Oxoby 2021 Frontiers). I would like to suggest that you expand your lit. review to identify and consider a few examples from more art forms than the one my examples discuss. This becomes further important because you claim that your proposal is novel. Such a claim does require engagement with existing research (empirical and theoretical -as your citations include both) that makes similar claims and more clarity about how your proposal differs and is novel in comparison. Alternatively, you can engage more selectively with examples and modify your claim of novelty. 182: You have not yet established that they are novel. After a transitional phase of destabilizing a self-organized pattern, systems commonly shift to self-organize in another familiar pattern that reflects the condition of change (competing control parameters) that caused the initial pattern to become destabilized. The examples you provide later indicate that for a novel pattern to emerge, the attractor needs to be a new realization or competing mode of attention. I recommend modifying here to state that it establishes the conditions needed for a novel or just different pattern to occur. Then you can clarify the characteristics needed to trigger novelty in the next section.

REVIEWER 3 :

 3 PEER REVIEWER ASSESSMENTS: OBJECTIVE -Full research articles: is there a clear objective that addresses a testable research question(s) (brief or other article types: is there a clear objective)? No -there are major issues DESIGN -Is the current approach (including controls and analysis protocols) appropriate for the objective? N/A -no methodology EXECUTION -Are the experiments and analyses performed with technical rigor to allow confidence in the results? N/A -no experiments or analyses STATISTICS -Is the use of statistics in the manuscript appropriate? N/A -there are no statistics in this study INTERPRETATION -Is the current interpretation/discussion of the results reasonable and not overstated? N/A -no results to interpret OVERALL MANUSCRIPT POTENTIAL -Is the current version of this work technically sound? If not, can revisions be made to make the work technically sound? No -manuscript has some fundamental flaw(s) PEER REVIEWER COMMENTS:

including our own as improvisers in, respectively, music, dance and theater
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