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Editorial on the Research Topic
 Combat sports and well-being: prevention, protection, and development across the lifespan, volume II





Scope and rationale

The prevention, protection, and human development potential of combat sports and martial arts is increasingly being recognized. Building on the success of Volume I, Combat Sports and Well-being: Advancing Health and Inclusion in Athletes and Practitioners, this Research Topic, Volume II, gathers nine contributions that collectively advance conceptual understanding, identify possible psychosocial and neurophysiological mechanisms, and address implementation challenges across settings and age groups. In doing so, the Topic promotes a lifespan approach to wellbeing that considers safety, ethics, and the circumstances in which participation in combat sports can be beneficial rather than harmful.



Conceptual and mechanistic foundations

A first cluster of papers strengthens the theoretical foundations needed to interpret the paradox of “controlled combat” as a practice that may prevent violence while involving techniques that could be extremely effective and therefore have the potential to cause harm outside a regulated context. In particular, the theoretical article of Barreira et al. proposed a phenomenological framework that deals with “corporal fighting” as a distinctive lived experience, differentiating it from brawling and from play-fighting. Furthermore, the study emphasizes how training may cultivate reflective and ethical engagement through affective and empathic modulations. This contribution is complemented by another theoretical paper, Gabriel, which advances an integrative, multiscale mechanistic account linking martial arts training demands (sensorimotor, cognitive, and socio-emotional) to brain health optimization. By proposing testable hypotheses and candidate markers, this paper provides a roadmap for research designs capable of moving beyond descriptive associations toward a mechanistic explanation.



Psychological resources and subjective wellbeing in emerging adults

A second cluster focuses on psychological functioning and wellbeing outcomes in adolescents and young adults, while also clarifying plausible pathways through which these outcomes may occur. In a cross-sectional study on Chinese undergraduates, Ying and Yang reported positive associations between participation in combat sports and subjective wellbeing. Moreover, the authors modeled a chain mediation in which emotional intelligence and self-esteem partially account for this relationship. Although causal inference is necessarily limited by design, the proposed pathway is practically relevant because it identifies candidate targets for program design and evaluation, especially when combat sports are implemented as health-promoting activities in educational settings.



Inclusive and therapeutic-oriented applications for neurodevelopment

Among other issues, the Topic provides evidence for inclusive and therapeutic-oriented applications. Using a randomized controlled trial, Fu and Shi evaluated a 24-week intervention involving structured martial arts games for children with autism spectrum disorder. The authors reported improvements in behavioral impairments and gross motor functions compared to a control group. This study simultaneously contributed to “protection” and “development” in combat sports by highlighting the importance of engaging structured, pedagogical approaches that can be integrated into special educational contexts. However, it also emphasized the need for careful program supervision and outcome monitoring in vulnerable populations.



Emotion regulation and resilience: the role of instructors

Two papers have examined the psychosocial resources that may buffer distress and support wellbeing in combat sport communities across adulthood. Through qualitative, empirical-phenomenological research involving masters in Brazil, Portugal, and Spain, Santos et al. described how disruptive situations are experienced and managed. The authors focused on emotional control, resilience, and the pedagogical/ethical role of instructors in maintaining the boundary between regulated combat and harmful escalation. Complementarily, de Lorenco-Lima et al. used quantitative modeling with Brazilian jiu-jitsu athletes to show that variables such as aggression, self-control, life satisfaction, and resilience are associated with mental health indicators, with some sex-specific patterns emerging. Together, these studies highlight the importance of instructor practices, community norms, and individual self-regulatory resources in preventing and protecting against mental health issues, particularly within the context of broader mental health promotion agendas in combat sports.



Promoting intergenerational participation and healthy aging

At later life stages, the Topic emphasizes the importance of social connection and inclusive participation in determining wellbeing. As part of the Erasmus+ Sport JOY Project, Perazzetti et al. surveyed judo coaches about intergenerational programs. The study identified safety-oriented priorities, perceived roles, barriers, and facilitators, and highlighted how coaching strategies can encourage empathy, a sense of belonging, and mutual respect between people of different ages. This article broadens the scope of wellbeing beyond individual outcomes to encompass relational and community-level processes, thus aligning with contemporary approaches to healthy and active aging.



Implementation constraints and educational feasibility in schools

Implementation science and governance have emerged as additional pillar of protection. In a school setting, Xue et al. analyzed teachers' perspectives on a Chinese School Martial Arts Program. The authors identified how evaluations of difficulty, risk, effort-reward balance, and perceived educational value influenced participation modes ranging from effective engagement to resistance. The aforementioned modes are shaped by structural constraints. These findings reinforce the hypothesis that the effectiveness of martial arts curricula in education is not only determined by their content, but also by institutional support, teacher competence development, and stakeholder attitudes that influence feasibility and safety.



Integrity and procedural justice in elite sporting environments

The Research Topic also addresses fairness and integrity in high-performance contexts, which can be conceptualized as a protective measure for athletes as well as for the sporting system. In the context of Olympic taekwondo, Zhang et al. explored the feasibility of using artificial intelligence to assist with video reviews. They reported that their dataset shows strong agreement with expert decisions and substantial reductions in review time. The paper suggests that technological support could be complementary rather than a substitute, highlighting the ongoing need for human oversight in ambiguous cases. In this sense, safeguarding wellbeing encompasses procedural justice and transparent decision-making, which can mitigate the perception of arbitrariness and the associated stressors in elite sporting environments.



Synthesis and future directions

Taken together, the papers in Volume II show that the relationship between “combat sports” and “wellbeing” is not a singular issue, but rather a range of interconnected questions concerning mechanisms, pedagogy, implementation conditions, and governance (Figure 1). Three cross-cutting implications emerge across the papers. Firstly, achieving conceptual clarity on the nature of combat experiences is crucial for interpreting outcomes and preventing the misattribution of regulated practice to harmful aggression. Secondly, the positive effects on wellbeing appear to depend on structured training environments that explicitly cultivate self-regulation, relational ethics, and safety norms, particularly among young people and vulnerable groups. Thirdly, wider systems, including schools, sports clubs, federations, and officiating infrastructures, influence exposure to risks and access to benefits, thereby shaping prevention and protection on a larger scale.


[image: Infographic illustrating the relationships between training inputs, mediators, and outcomes in martial arts programs. Training inputs include physical, cognitive, socio-emotional training, and instructor practices; mediators are self-regulation, emotional intelligence, self-esteem, social connection, and fairness perceptions; outcomes are well-being, brain health, social inclusion, and safe participation. Setting factors such as school constraints, program supports, and officiating technology, and lifespan contexts including youth, adults, and older adults, are highlighted. Martial arts figures and silhouettes visually depict activity and age groups.]
FIGURE 1
 A combat sport-based lifespan framework. AI, artificial intelligence.
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Psychological research on martial arts and combat sports (MA&CS) often neglects the essential specificity of the lived experience of combat, resulting in a lack of a unified conceptual framework. This article proposes a phenomenological perspective to clarify the unique psychological dynamics and developmental potential inherent in corporal fighting. Applying classical phenomenology, and drawing upon empirical-phenomenological research based on interviews across nine MA&CS modalities, we analyze the constitutive structures of this lived experience. We identify corporal fighting as a reciprocal, embodied struggle and foundational, distinct from brawl or play-fighting. Five essential forms (corporal fighting, duel, self-defense, instrumental offensive combat, play-fighting) are distinguished by intentional structures. Traditional, modern, and military martial arts simulate duel, self-defense, and instrumental aggression; combat sports directly express corporal fighting. The lived experience of combat is oscillatory, dynamically shifting between forms based on affective, empathic, and motivational modulations. Training fosters development by mediating these transitions, cultivating reflection and resilience. Maintaining this structure requires empathic vigilance, affective modulation, and a sensible norm. Understanding this phenomenological specificity grounds the proposition of a Psychology of MA&CS, clarifying how combat promotes ethical development and intersubjective formation by sustaining experiential tension.

Keywords
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1 Introduction

Martial arts and combat sports (MA&CS) occupy a paradoxical position in psychological research. Although frequently analyzed through established frameworks—such as stress regulation, motivation, or arousal—these approaches tend to prioritize measurable training outcomes, often neglecting the specificities of fighting as a lived, intentional experience. At the same time, MA&CS are celebrated in popular culture and public discourse for their transformative potential, yet they also evoke controversy, particularly concerning their association with aggression and violence.

Numerous psychological studies have focused on martial arts and combat sports, applying standardized constructs to assess their therapeutic, cognitive, or motivational effects. For example, Willing et al. (2019) examined the use of Brazilian Jiu-Jitsu as a complementary method in the treatment of post-traumatic stress disorder (PTSD) in U.S. veterans, suggesting significant improvements in symptoms related to PTSD, depression, anxiety, and alcohol use. Chen et al. (2019) investigated the mediating role of self-efficacy in the relationship between personality traits and self-control among boxers in China. These examples not only underscore the clinical relevance of combat sports, but also highlight their transcultural significance: an American study on a Brazilian martial art of Asian origin; a Chinese study of a British-origin combat sport. Together, they illustrate the growing recognition of these practices as fields of psychological inquiry across diverse contexts.

Although the field of psychological research on martial arts and combat sports (MA&CS) has grown significantly in recent decades, it still lacks a unified conceptual framework capable of accounting for the specific experiential structures of fighting. This theoretical gap will be addressed through a phenomenological approach in the following sections. Many studies rely on pre-established psychological assessment tools —such as the Self-Efficacy Scale, Resilience Scale, Aggression Scale, Personality Inventories, and Depression Scales—as seen in Xu et al. (2025), Stankovic et al. (2021), Moore et al. (2021, 2023, 2024). Others remain at the level of localized case inquiries, focusing on situated effects or personal beliefs expressed by practitioners, as in Healey et al. (2025) or Jennings and Delamont (2024). While such studies offer valuable insights into the sociocultural and developmental dimensions of these practices, they rarely address the combative experience itself in a rigorous or conceptually integrative manner.

This dispersion of approaches reflects not a failure of individual contributions, but the absence of a shared conceptual framework from which the specific psychological significance of fighting could be clarified. It's no wonder that there is a terminological and practical chaos in martial categories (Martínková and Parry, 2016), which justifies the assertion that, as such, the literature lacks a unified basis for advancing generalizable insights into the lived experience of combat. These conceptual and methodological limitations suggest the need for an approach that does not merely evaluate outcomes, but investigates the structure of the combative experience itself. To address this, the present work proposes an epistemological alternative—grounded in classical phenomenology—that seeks to access the constitutive structures of combative experience as lived and intended by the practitioner. In this line, rather than working from predefined categories or isolated narratives, this approach begins with the experiential field itself. Through phenomenological description, it aims to reconstruct the essential features of fighting practices, its inner tensions, and its developmental possibilities. In doing so, it contributes to a more coherent and experience-based Psychology of MA&CS.

Reviews by Vertonghen and Theeboom (2010) and van der Kooi (2020) illustrate how attempts to evaluate the benefits and harms of these practices tend to oscillate between moralizing judgments and pragmatic assessments of efficacy. While Theeboom found no conclusive evidence regarding psychosocial harm or benefit, van der Kooi identified a predominance of positive outcomes. Yet both studies confirm the persistence of a fundamental question—left largely unexamined: what is the experience of fighting, and how can its structure help us understand the tension between violence, personal development, and ethical formation?

These findings are echoed by a recent body of work by Lafuente et al. (2021, 2024, 2025), who conducted a systematic review and multiple empirical studies on anger in MA&CS practitioners. Their results largely support the trend toward positive psychosocial outcomes, particularly in youth populations and educational contexts. However, like previous reviews, they also emphasize methodological limitations—such as the predominance of cross-sectional designs, reliance on self-reported outcomes, and inconsistent conceptual frameworks—which hinder definitive conclusions. This further reinforces the need for a psychological framework capable of addressing the combative experience itself as a locus of meaning, tension, and potential development.

A systematic review by Ciaccioni et al. (2024) deepens this discussion by examining the relationship between martial arts, combat sports, and a broad range of mental health outcomes. Like previous studies, it highlights the challenges posed by methodological diversity and conceptual inconsistency across the field. Notably, the authors identify key moderators—such as length of training and the pedagogical or competitive context—as central to how practitioners regulate aggression and hostility. The review emphasizes that sustained training fosters self-control, which is essential to the psychological benefits of martial arts. This finding reinforces the need for in-depth experiential approaches such as the one proposed here.

This study builds on a phenomenological perspective grounded in Husserlian philosophy and its psychological developments, particularly in the work of Edith Stein. Rather than treating combat sports as sets of behaviors or therapeutic instruments, this approach aims to clarify how fighting is intended, structured, and experienced. Prior phenomenological studies (Barreira, 2013, 2017a, 2019) have identified a typology of combative experiences—including fighting, brawling, dueling, self-defense, instrumental aggression, and play-fighting—each characterized by distinct intentional meanings and ethical implications.

From this standpoint, the controversies surrounding violence in martial arts—ranging from idealistic rejection (Cynarski, 2022) to utilitarian acceptance (Wetzler, 2015)—miss the essential point: that violence is not allien neither identical to fighting, nor is fighting necessarily violent. Rather, it is the proximity to violence, the risk of its emergence, and the active effort to contain it that give fighting its unique ethical and psychological character. This ambiguity can be further clarified through a phenomenological account of violence, as previously developed (Barreira, 2017b). From this perspective, violence is not merely the infliction of harm, but the rupture of a sensible and embodied norm of encounter. It is a process of affective desubjectivation, whereby the opponent ceases to be perceived as a co-present expressive body and becomes a target of neutralization. Violence, then, is the lived excess that deforms the intercorporeal field of meaning sustained by corporeal fighting. Its emergence signals a breakdown in the bodily reciprocity that gives combat its ethical and dialogical tension. Accordingly, in phenomenology, violence is not defined by the degree of force or physical injury, but by the moment in which the encounter is lived as unacceptable—when the other is no longer perceived as a subject, but as a thing.

As recognized by UNESCO in its designation of traditional martial arts as Intangible Cultural Heritage (Park and Ryu, 2020), the richness of these practices lies not merely in their outward form or therapeutic applications, but in their capacity to engage the practitioner in a disciplined struggle—one that can transform not only bodies, but persons. Through classical phenomenology, this work seeks to illuminate the core structure of that experience, opening the way for a theoretical model that grounds a Psychology of MA&CS in the lived dynamics of fighting itself—a model that is rigorous in its conceptuals scope, yet responsive to cultural specificities, since it focuses on the internal structure of the experience rather than its external forms.

The remainder of this article unfolds in four main sections. First, it outlines the epistemological and methodological foundations of classical phenomenology, emphasizing its relevance for psychological inquiry. Second, it presents a phenomenological typology of combative modalities—such as fighting, brawling, dueling, and play-fighting—based on intentional structures rather than sociocultural classifications. Third, it analyzes the dynamic transitions between these modalities in lived experience, identifying psychological risks and developmental potentials. This phenomenological framework is not developed in abstraction, but in constant dialogue with empirical findings drawn from extensive interviews with practitioners across cultures. Finally, it articulates the implications of this phenomenological approach for building a coherent Psychology of MA&CS, grounded not in prescriptive norms or outcomes, but in the structural complexity of the fighting experience itself.



2 Phenomenology as methodology

This study adopts the methodological framework of classical phenomenology, as formulated by Husserl (1970) and developed in its psychological applications by Stein (1989, 2000). Phenomenology does not aim to produce behavioral generalizations or predictive theories, but to clarify the essential structures of experience as they are intentionally lived. At its core, this approach involves a suspension of the “natural attitude”—the uncritical acceptance of objects as pre-given—and the adoption of a reflective stance that allows experience to manifest as it is constituted in consciousness. This shift grants access to a pre-reflective, eidetic layer of meaning, prior to the subject-object dichotomy, where intentional acts and the sense they bestow become accessible to description.

Contrary to approaches that treat intentionality as a matter of subjective perspective, phenomenology reveals intentional structures as intersubjective, eidetic configurations of experience—structures without which the phenomena themselves would not appear as they do. Fighting, in this light, is not a culturally coded action or a psychological behavior to be interpreted, but a form of experience that can be clarified in its constitutive tensions, motivations, and meanings.

To operationalize this approach, the present study draws on empirical-phenomenological research based on interviews with MA&CS practitioners. These interviews are conducted from within a specific interview perspective, grounded in what has been termed suspensive listening. As developed in recent literature (Barreira, 2018; Barreira and Coelho Júnior, 2023), suspensive listening is not merely neutral or open listening, but a deliberate phenomenological posture that suspends interpretive, theoretical, or therapeutic expectations in order to receive what emerges from the first-person experience of the participant.

In practical terms, the epoché and the suspension of the natural attitude are ensured both processually and conclusively. During the empirical phase, the natural attitude is suspended through a systematic identification of habitual concepts, explanations, and generalizations that participants employ to make sense of their experience—these represent the objectifying discourse that overlays the phenomenon itself. In this phase, researchers seek to foster a mode of listening in which the phenomenon is allowed to emerge in its experiential immediacy, that is, as lived and described in first-person perspective, rather than as explained through pre-existing conceptual schemas. At the conclusive moment, the phenomenologist identifies invariant experiential patterns across diverse manifestations through intentional crossing or eidetic variation, thereby evidencing an essential structure. This step is not merely final but reiterative, as the researcher returns to each experiential account to verify whether the proposed structure consistently applies to all of them.

Suspensive listening prolongs and deepens, within a dialogical exchange, the results of the phenomenological analysis of empathy as developed by Edith Stein. It cultivates an attentional stance in which the alterity of the other is not reduced to what can be immediately understood or categorized, but allowed to emerge as a lived and expressive presence. What distinguishes this perspective is its prioritization of first-order speech—the primary articulation of lived experience—over second-order narratives that explain, interpret, or justify it. In other words, the interview becomes a space where the phenomenon speaks for itself, rather than being merely reported or interpreted from the outside. This allows access to the eidetic structure of experience, made possible through the bracketing of the listener's own assumptions and the dialogical openness to the speaker's horizon of meaning.

In this empirical-phenomenological approach, the suspension of the natural attitude is not conceived as a purely mental or theoretical operation, but as a process that unfolds both during the experiential encounter and in the subsequent eidetic analysis. Practically, the epoché is exercised first by identifying and bracketing generic notions and explanatory frameworks that obscure the phenomenon's emergence in the lived world. These notions often appear in participants' initial speech and are the correlate of the natural attitude. The interviewer, grounded in an attentive and suspensive listening, progressively redirects the dialogue toward the lived experience itself, encouraging the participant to describe how the phenomenon was experienced, rather than explaining why or what it means. This transition from generic discourse to first-person experiential speech marks the shift from “second-order” to “first-order” expression.

The essential structure, in turn, is not an interpretation of reality but an eidetic result that arises when, through intentional crossing or imaginative variation, one identifies the experiential features that are necessary across multiple manifestations. While any personal experience may include incidental or excessive elements, the essential structure reflects the minimal and constitutive configuration without which the phenomenon would not be what it is. In this sense, phenomenological analysis enables an authentic grasp of direct experience in its prereflective and structural core.

The suspensive listening process of accessing first-order speech—a pivotal step in this approach—relies on a trained attitude of attention in which the researcher actively brackets interpretative reflexes and theories, while remaining empathetically attuned to the speaker's expressive flow. In early segments of interviews, participants often rely on what may be termed “second-order discourse,” where they explain their experience through generalized, conceptual, or impersonal frames. Through suspensive listening, the interviewer recognizes such discourse and gently redirects the inquiry toward concrete, lived episodes—without asking “why” or “for what purpose,” but rather “how” the experience unfolded. When participants shift toward descriptions grounded in their own lived reality, a phenomenological opening occurs: the phenomenon begins to show itself through their embodied language and affective tone, rather than through interpretive rationalizations.

Following this, the method proceeds to a key analytical step known as intentional crossing. This involves comparing the structures of intentionality expressed in different experiential accounts—not to generalize statistically, but to identify invariant elements in how certain experiences, such as fighting or dueling, manifest themselves across different persons and contexts. As described in Barreira (2017a), intentional crossing enables the delineation of typologies grounded not in sociocultural conventions, but in the internal logic of lived experience: the shift from combat to play, the intrusion of hostility into regulated sparring, the withdrawal of ethical engagement from physical interaction.

In this sense, both the interview perspective and the analytical model remain faithful to the transcendental orientation of classical phenomenology. This orientation does not imply a purely reflective or metaphysical posture, but a commitment to investigating experience as it shows itself, including its bodily, affective, and intersubjective dimensions.

Building on this orientation, the present study constructs its typologies through a phenomenological method centered on intentional crossing—a systematic comparison of multiple first-person descriptions of the same phenomenon. This procedure enables the distinction between elements that vary subjectively and those that remain experientially necessary across different manifestations. The resulting eidetic invariants give rise to essential structures and allow for the elaboration of phenomenological typologies that are neither deductive categories nor empirical abstractions, but descriptive syntheses of how a phenomenon—in this case, corporal fighting and its transitions into other combative forms—is constituted in experience. This entire process is grounded in the method of suspensive listening, which grants access to first-order speech and enables the emergence of pre-reflective experiential data.

It is from this territory—what Husserl called the Lebenswelt or life-world—that the present work develops its theoretical contribution: a Psychology of MA&CS that is neither reductionist nor moralizing, but grounded in the eidetic intelligibility of fighting itself.

This phenomenological orientation does not exclude psychological or social dimensions of combat, but seeks to clarify how they are constituted within the lived structure of the experience. Rather than starting from predefined categories such as aggression, fear, or gender roles, it returns to the ontological field of encounter, where such dynamics emerge as modulations of embodied and intersubjective engagement. Empirical studies based on this framework have investigated how gender differences and leadership hierarchies appear and interact in the practical experience of fighting (e.g., Figueiredo et al., 2021; Santos and Barreira, in press; Rodrigues et al., 2021; Coelho and Barreira, 2020; Barreira, 2019; Basetti et al., 2016; Melo and Barreira, 2015), revealing how these dynamics are lived, negotiated, and sometimes contested within the intentional structure of combat. The present study offers the eidetic foundation that allows such inquiries to be conducted in a conceptually rigorous and experientially grounded manner.



3 The phenomenology of corporal fighting

The phenomenological approach adopted here requires that the experience of combat not be treated as an object of theoretical abstraction or as a simple empirical fact. It is only through the reduction of preconceived definitions and through the return to lived experience that it becomes possible to discern the essential structures underlying combative phenomena. In this context, corporal fighting emerges not merely as a social or physical event but as a field of intentional experiences wherein bodies, wills, and vulnerabilities engage in a singular and immediate confrontation.

Numerous theoretical approaches have sought to define MA&CS based on cultural values, technical systems, historical origins, or social functions. These include evolutionist and naturalist perspectives, such as those from hoplology (comenteded by Bowman, 2017), culturalist or physicalist theories like Tokitsu's (1979, 2000) or Vey's (2010), and sociological-axiological models such as Cynarski's (2019) General Theory of Martial Arts, centered on Japanese Budo. In contrast, Bowman (2017), adopting a deconstructionist stance, concludes that martial arts are ultimately indefinable. There is also a terminological eidetic proposal attempting to define martial practices more conceptually (Martínková and Parry, 2016). Yet, in all these cases, the phenomenon of fighting itself—the bodily, lived experience that founds martial practices—remains insufficiently described. It is precisely by returning to this phenomenological foundation that a clarification of combative experiences can be undertaken.

A necessary initial clarification concerns the distinction between combat and beating. While the etymology of combat—“com-battere”, to strike together—already suggests reciprocity, beating (or assault) is characterized by unilateral action, the reduction of the other to passivity or incapacity, and the collapse of any reciprocal horizon. In phenomenological terms, corporal fighting presupposes a minimally shared structure: each participant simultaneously attacks and defends, each recognizing the other as an opposing center of action. Beating, by contrast, dissolves the very conditions that constitute a combative encounter; it is not a degradation of combat but a deviation from its experiential structure.

Within this phenomenological field, distinct modalities of combative experience can be eideticly discerned, each presenting a specific configuration of motivational and empathic structures. Corporal fighting, understood in its eidetic purity, is the foundational manifestation of these phenomena. It is defined by the mutual engagement of adversaries, where the intention to dominate and to resist domination coexist as reciprocal and dynamic poles (Figure 1). It is from this basic experiential form that other manifestations such as duels, self-defense, play-fighting, instrumental offensive combat, and brawls can be differentiated.


[image: Diagram labeled “Corporal Fighting” showing two circles labeled “Subject A” and “Subject B,” both marked “Open,” connected by two-way arrows through a red central area labeled “Motivation,” “Reciprocity,” and the phrase “Dominate the opponent while avoiding being dominated.”]
FIGURE 1
 The structure of corporal fighting: reciprocal engagement sustained by motivational tension and empathic openness.




4 Phenomenological clarification of mimetic structures

In the phenomenological approach adopted here, it is crucial to recognize that mimetic gestures, such as those appearing in play-fighting, presuppose a prior layer of presentified experience. Representation does not found combat; rather, combat, in its lived structure, founds the possibility of representation. Thus, before any figurative mimicry, there is a phenomenological realization of fighting, modulated by a ludic intentional horizon (Figure 2). This inversion of precedence—the primacy of manifestation over representation—guides the interpretation of play-fighting not as an imitation of fighting, but as a genuine modality of combative experience.


[image: Diagram illustrating play-fighting with two open circles labeled Subject A and Subject B. Double-headed arrow between them indicates motivation, ludic experience, and reciprocity exchanged during the interaction.]
FIGURE 2
 The structure of play-fighting: ludic engagement based on reciprocity and motivational openness.


Although play-fighting may give rise to representations of combat—mimetic enactments in which gestures resemble real fighting—it must not be mistaken for a mere representation. Beneath any figurative layer, there lies a primary expression: a phenomenological realization of combat in a ludic mode. Thus, play-fighting constitutes a form of combat in which bodily engagement remains real, but the intentional horizon is playful. Although gestures and mutual resistance are present, the determination to dominate or to avoid being dominated is relativized under the aegis of play. This indulgence does not eliminate the combative structure; rather, it modulates it, allowing the encounter to unfold within a framework of mutual trust and exploratory engagement. Crucially, this form often occurs asymmetrically: when a more experienced fighter plays at fighting, they allow the other to access the experience of combat, not despite but because of the indulgence of their engagement. It is a central form in pedagogical transmission. On the other hand, in the situations corresponding to the other combative forms described here, play-fighting can sometimes serve as a way of belittling and destabilizing an opponent, thereby emotionally undermining the adversary.

Brawl manifests a form of combat in which the phenomenological structure of corporal fighting becomes progressively obscured by the predominance of hostile impulsivity, distorting or dissolving the empathic reciprocity that sustains it. The motivational horizon here is dominated by immediate emotional retaliation: the other is no longer recognized as an adversary to be engaged but becomes an object of blind hostility (Figure 3). Sometimes, it is the perception—whether accurate or not—of being the target of blind hostility that triggers an aggressive escalation, leading both parties to brawl. The empathic link that sustains the possibility of combat collapses, totally or partially, depending on the intensity with which hostility obscures the recognition of the other.


[image: Diagram labeled "Brawl" showing two figures: Subject A as a square stating “The other perceived as a negative entity and as a threat” and Subject B as a circle labeled “Closed to otherness.” An arrow from B to A represents motivation, hostility or anger, and unilaterality.]
FIGURE 3
 The collapse of combat into brawl: dominance of hostile impulsivity and loss of reciprocal structure.


Duel, in contrast, is defined by the reframing of hostility through honor. Hostility, though present, is mediated by the institution of a challenge: a formal proposition that re-establishes the adversary as a bearer of honor and moral equivalence (Figure 4). In the context of the duel, honor appears as the symbolic valuation by which bodily existence acquires public meaning. The acceptance of corporeal risk is not an act of mere defiance, but the concrete expression of an individual dignity elevated into the symbolic horizon of reciprocal recognition. Thus, the duel is not simply a combat between bodies, but an affirmation of the honor shared and contested by both adversaries. It is from the experience of the duel that traditional martial arts draw their foundational horizon.


[image: Diagram labeled “Duel” featuring two circles marked “Open,” representing Subject A and Subject B. A double-headed arrow between them is labeled “Motivation” above, “Matter of honor” at the center, and “Reciprocity” below.]
FIGURE 4
 ” The Duel, whose experiences structure the founding narrative of martial arts.


Although different cultural traditions fill the concept of honor with specific values—as in Japanese Bushido or European aristocratic codes—the phenomenological approach adopted here understands honor as a universal intentional structure: a formal self-value that gives existential meaning to the combative experience.

Self-defense emerges where the experience of threat is perceived as illegitimate aggression and calls for a responsive—not merely reactive—violence (Figure 5). The preservation of bodily and patrimonial integrity motivates the combative act, but ethical restraint remains paramount: the use of force must be proportionate and strictly oriented toward neutralizing the threat. The term “modern” here refers not to mere contemporaneity or technological advancement, but to the historical emergence of modernity itself, characterized by the ideal of rule of law and institutional mediation—through police and judiciary—as the legitimate replacements for private violence in conflict resolution. Jigoro Kano's formulation of judo as both a martial art and an educational system exemplifies this transformation, occurring precisely during the shift to the Meiji Era. This was a time when Japan transitioned from a military regime with its distinct castes to embracing a modern state model, although still imperial, influenced by contact with the West. This foundation created a model that would inspire many other contemporary martial disciplines.


[image: Diagram illustrating "Instrumental Offensive Combat / Self-Defense," showing Subject A with a restricted opening labeled as a negative or threatening target, and Subject B with hostile closure. Arrows indicate calculated attack/hostility moving from A to B, describing motivation, unilaterality, and defensive proportionality.]
FIGURE 5
 Subject A is in self-defense, requiring responsiveness, which means acting proportionally to the attack suffered. Meanwhile, Subject B attacks unilaterally in the realm of instrumental offensive combat, a calculation that reduces the other to a target to be neutralized, perceived as negative and threatening.


Instrumental offensive combat corresponds to a radically different experiential structure (Figure 5). Here, the combative act is driven not by personal conflict or honor, but by strategic or functional necessity: the objective is the elimination or neutralization of a target, pursued according to operational goals that may be institutional, criminal, or individual in nature. Empathy is distorted; the other is reified, no longer apprehended as a subject but treated as an obstacle to be overcome. This modality of combat can manifest in distinct forms: as a criminal act, unscrupulous and antisocial in nature, whether orchestrated by organized groups or carried out by individuals acting with calculated intent; or as a military or police action, operating under a logic of exception to the civil order and typically legitimized by appeals to national security or public safety. In all such cases, the act is marked by its instrumental rationale and by the suppression—or redirection—of ethical reflection. Military martial systems, tactical police training, and certain paramilitary practices are grounded in this instrumental modality.



5 Martial systems and foundational forms

The eidetic clarification of combative forms enables the phenomenological foundation of martial systems. Each modality of fighting experience, with its distinct motivational and empathic structures, serves as the experiential root from which different martial practices are historically and culturally constituted.

Even though such structures may appear historically in varied and sometimes overlapping forms, the phenomenological notion of origin employed here refers not to historical precedence but to foundational meaning: the duel gives rise to martial systems not because it precedes them chronologically, but because it provides the experiential horizon that renders them meaningful. By contrast, brawling does not ground martial practice but figures as a disruptive limit—what must be contained, avoided, or defended against within martial training. Nonetheless, from a psychological standpoint, many practitioners do take up martial arts precisely after experiencing a brawl or uncontrolled confrontation. The negative resonance of such events may motivate a search for personal development, emotional regulation, and bodily preparedness, both to avoid future escalation and to respond more appropriately, both physically and psychologically, in future encounters. In this way, while brawling is not an eidetic origin, it may serve as an existential trigger for the entry into martial practice.

Traditional martial arts find their origin in the structure of the duel. This analysis suspends the conventional understanding of “traditional” as merely “ancient” or “technically codified,” and instead locates tradition within the sociocultural logic of non-modern societies, where personal honor—inseparable from the honor of one's family or community—demands the readiness to defend it, even at the cost of bodily integrity or life. Within this framework, the figure of the warrior emerges as a paradigmatic expression: one who assumes the decision to fight as an existential and ethical act, in contrast to the soldier, who operates within a depersonalized chain of command. Combat is thus reframed by honor, transforming hostility into a socially recognized contest. Even when ritualized or stylized through technical transmission, traditional martial arts such as kenjutsu or ancient jiu-jitsu retain the echo of the duel as their founding experience—an experience not necessarily rooted in personal animosity, but in the obligation to uphold a collective moral code through acts of courage and sacrifice.

Modern martial arts are grounded in the experiential structure of self-defense. Violence becomes legitimate only as a last resort, subordinate to the rule of law and proportional restraint. The model established by Jigoro Kano's judo exemplifies this reorganization, where combative techniques are reinterpreted within an educational and civic framework (Kano, 1937).

Military martial systems emerge from the experiential structure of instrumental offensive combat. Strategic functionality overrides interpersonal recognition, and martial action is framed by objectives of neutralization or elimination under imperatives of duty.

Combat sports materialize corporal fighting as a regulated and contractual contest. Stripped of honorific, defensive, or military horizons, sportive combat organizes struggle as a direct confrontation structured by technical rules and competitive challenge.

Although eidetic distinctions are possible, practical martial systems often blend elements from these different horizons. Phenomenological clarification does not seek rigid separation but aims to illuminate the foundational experiential fields sustaining the diversity of martial practices.

Beyond technical, historical, or sociological classifications, phenomenological analysis reveals a deeper structure: all practices that teach, train, and compete in combative modes necessarily organize themselves around corporal fighting. Self-defense, duel, and instrumental offensive combat, while thematically significant, are not in themselves practical modalities but forms of experience that are mimetically evoked within training. Traditional, modern, and military martial arts, as well as combat sports, thus draw on corporal fighting as the concrete, teachable, and trainable expression of combative engagement. It is from this eidetic understanding that the transition to the psychological dynamics of the combat experience becomes necessary: to comprehend the lived reality of practitioners, it is essential to analyze how corporal fighting, along with its possible transitions into brawl or play-fighting, structures their existential engagement within martial practices.

Before proceeding to the analysis of the psychological dynamics inherent to combative experiences, it is necessary to establish a phenomenological typology of the fundamental forms of fighting. Through the application of eidetic reduction, these forms were described by suspending pre-established definitions and returning to the structures of lived experience that constitute them. Table 1 systematizes each form according to its essential motivational and empathic structures, clarifying whether violence is present or absent in each case, and indicating the martial horizons these forms tend to found. This eidetic approach not only reveals the diversity of combative experiences but also demonstrates how the same bodily engagement—corporal fighting—serves as the practical substrate for traditional martial arts, modern martial arts, military martial systems, and combat sports. In practice, these horizons are not mutually exclusive: the same practitioner or the same martial system may, depending on context and purpose, embody overlapping experiential modalities.

TABLE 1  Phenomenological distinctions and martial system structures.


	Form of combat
	Motivational experience
	Empathic experience
	Associated horizon
	Violence?





	Duel
	Defense of honor; confrontation through a challenge
	Recognition of the other as bearer of honor; reframing hostility
	Traditional martial arts
	Yes, consensual and regulated by honor and challenge

 
	Self-defense
	Preservation of bodily (patrimonial) integrity in absence of legal mediation
	Recognition of other's aggression as illegitimate; defense as justified
	Modern martial arts
	Yes, responsive and justified for protection of legitimate integrity

 
	Corporal fighting
	Desire to dominate without being dominated; mutual engagement
	Openness and mutual responsiveness to the other's actions
	Formal realization in Combat Sports; Pedagogical base for martial practices involving fighting
	No, even if physical degradation is consented through mutual engagement (e.g., MMA)

 
	Play-fighting
	Ludic exploration through trust and pedagogical indulgence
	Trustful modulation to protect the other's integrity
	Training and Learning within Martial arts
	No, ludic engagement without intention to harm

 
	Instrumental offensive combat
	Fulfillment of duty; elimination or neutralization of threat
	Reification of the other; distortion of empathy through functional objectification
	Military martial systems
	Yes, instrumentalized and directed toward neutralization of the other

 
	Brawl
	Hostile impulsivity; immediate emotional retaliation
	Gradual or total collapse of recognition toward the other
	Disruption of combative structures
	Yes, uncontrolled and driven by hostile impulsivity with collapse or partial collapse of recognition






Martial systems are grounded in the lived structure of corporal fighting. In traditional, modern, and military contexts, this structure makes it possible to simulate archetypal combative situations—duel, self-defense, or instrumental offensive combat—by sustaining real engagements whose motivational intensity and ethical posture mirror those foundational forms. These systems do not merely reproduce such forms; they enact them as present lived experiences.

Combat sports, in turn, do not simulate other forms—they express corporal fighting directly, shaping it through normatized structures that preserve its intentional dynamics. While each sport imposes specific rules—karate, for instance, scoring percussive strikes with hands and feet, and judo, throws and immobilizations—these normative frameworks do not alter the combative core but rather configure how it unfolds. Notably, each sport censors the very gestures prioritized in the other, reinforcing its unique internal logic: sport karate prohibits judo's grapples; sport judo forbids karate's strikes.

Although sportive combat does not require mimetic reference to other forms, it may nonetheless evoke their imaginaries. Original point systems in sport karate and sport judo, for example, implicitly echoed the notion of a definitive blow—an ippon or decisive strike—that in duel or self-defense might disable an adversary. In this sense, even normatized sports retain traces of a combat ethos historically rooted in more violent or honor-based forms. It's not uncommon for there to be lament and disapproval when a martial art becomes so sportified that it loses reference to so-called real combat—violent encounters such as duels—prompting institutional returns to traditions that frame the practice as warrior-like rather than merely sportive. Popular culture reinforced this conflation, as in Karate Kid (1983), where a personal conflict between teenagers is resolved not through a brawl, but through a sanctioned sportive match that functions as a proper duel, effectively merging the imaginary of personal combat with the ethics of competition.

These contributions may also resonate with recent proposals from the ecological dynamics framework. In particular, the constraints-led approach (CLA) emphasizes the relational coupling of the body, environment, and task, focusing on the emergence of action within dynamic systems (Sánchez-García, 2025; Araújo et al., 2019). Our analysis adds to this approach by integrating a pre-reflective psychological dimension that exceeds the motor domain and accounts for the dynamic modulation of emotional arousal, value orientation, and experiential engagement in combat. This psychological dynamic, with its oscillations toward either aggression or playful resonance, allows for a refined understanding of the fight experience and offers a phenomenologically grounded articulation with the ethical narratives embedded in different martial cultures.

This eidetic clarification sets the stage for understanding how these combative structures unfold psychologically in real-life practice—a task addressed in the following section.



6 Psychological dynamics of the combat experience


6.1 Introduction: the oscillatory nature of combat experience

In the phenomenological perspective adopted here, corporal fighting is never a static or neutral experience. It constitutes an existential tension, where bodies and wills intertwine in a continuous process of mutual testing and self-exposure (Figure 1). Beneath the corporeal and volitional acts—motor control and consciously taken decisions—lie psychic acts that pre-reflexively determine the field of behavior, sustaining the experiential basis upon which combat unfolds. These oscillations do not merely accompany combat; they are intrinsic to its phenomenological reality—making pedagogical mediation and psychological resilience central to martial learning.

Within this layered structure, the lived experience of combat is not fixed: it oscillates according to motivational intensities, emotional fluctuations, and empathic modulations. Rather than a monolithic act, corporal fighting constitutes a dynamic field of experiential possibilities. At any given moment, the horizon of the encounter may tilt toward an escalation of hostility, culminating in the collapse of empathic recognition and the emergence of brawl (Figure 3). Conversely, the intentional intensity that sustains combat may slacken, allowing a ludic modulation to take hold, giving rise to play-fighting (Figure 2). These oscillations do not merely accompany combat; they are intrinsic to its phenomenological reality.

Figure 6 illustrates the oscillatory structure of psychological dynamics in combat, tracing transitions between play-fighting, full engagement, and brawl, as shaped by affective, empathic, and normative modulations.


[image: Diagram showing a downward-slanting line labeled with "Play-Fighting" at the top left, "Corporal Fighting" in the center, and "Brawling" at the bottom right. Axes read "Freedom of Action" and "Combative Intensity."]
FIGURE 6
 ” The dynamics of corporal fighting. As combative intensity increases, freedom of action decreases, leading to a greater likelihood of brawling. Conversely, reduced combative intensity with greater freedom of action corresponds to a tendency toward play-fighting. Corporal fighting is always at risk of destabilizing into these combative forms. Diagram adapted from Miranda and Barreira (2022).


Fighting is not merely a matter of executing techniques or seeking dominance; it involves sustaining, under affective, cognitive, and ethical pressures, a specific intentional structure—one that recognizes the other as a combatant and oneself as co-engaged in a shared encounter. This maintenance is fragile: it requires resilience against both the seductive pull of hostile impulsivity and the centrifugal tendency toward ludic dispersion. The phenomenological dynamics of combat thus unfold between poles of intensification and distension, with the fighter's existential position continuously negotiated between the gravity of confrontation and the levity of play.

Understanding this oscillatory nature is essential for grasping the psychological challenges inherent in martial practices and combat sports. It is not merely the presence of physical risk that shapes the experience but the constant risk of existential drift: the possibility of falling into violence, or of losing combativeness in favor of play. It is in this subtle terrain that the art of fighting is forged, not only as a technical skill but as an ethical and affective practice.



6.2 Foundational experiential dynamics

The experience of corporal fighting is sustained by a foundational dynamic tension. At every moment of the encounter, the fighter is immersed in a structure that requires the maintenance of reciprocal engagement: not merely acting or reacting, but continuously acknowledging the other as an active and responsive subject within the shared field of confrontation.

This intentional structure is fragile and dynamic. Beneath the visible gestures and the consciously directed will, pre-reflexive psychic acts operate, shaping the field of combativity even before deliberate reflection takes place. These acts manifest as affective, motivational, and empathic currents that modulate the intensity of engagement, the openness to the other, and the interpretation of unfolding events.

Corporal fighting, phenomenologically understood, is not reducible to technical exchange or competitive drive. It is an intersubjective phenomenon where each fighter's experience is co-constituted by the presence, resistance, and expressivity of the other. To fight is to enter a reciprocal structure of challenge and response, testing not only bodily abilities but the capacity to sustain a lived tension where the other is simultaneously an adversary and a co-constitutor of meaning.

The phenomenological analysis reveals that this tension can fluctuate even within a single bout. Minor failures in motor control, emotional regulation, or empathic attunement may destabilize the intentional structure of combat. This destabilization predisposes the experience to drift in two opposing directions: escalating into brawl, or softening into play-fighting. In both cases, the phenomenological reality of corporal fighting is threatened—not necessarily by external factors, but by shifts internal to the lived experience of the fighters themselves.

Thus, understanding the foundational experiential dynamics of combat requires not only an analysis of actions and techniques, but a description of the lived oscillations that precede and determine them. It is through the modulation of affective, motivational, and empathic fields that the practice of fighting emerges either as a disciplined and enriching experience, or as an occasion for violence or dispersion.

Recent findings from a comprehensive, ongoing research project conducted with practitioners from eight different MA&CS in Brazil confirm the fragility of this structure. Drawing on extensive interviews with athletes, this work highlights that the stability of combat experience is constantly challenged by shifts in emotional intensity, attentional focus, and empathic engagement. This growing body of research—now extending to France, Portugal, and Spain—has revealed that even advanced practitioners may experience breakdowns in the lived structure of fighting, particularly in what are now called “disruptive situations” (Santos and Barreira, in press).



6.3 Phenomenological transitions

The lived experience of corporal fighting is structured by a precarious equilibrium. These “disruptive situations” emerge in experience as thresholds where the intentional structure of corporal fighting undergoes sudden destabilization, sometimes escalating to psychological or physical rupture. In the experience of MA&CS practitioners, such moments are not merely technical failures but existential thresholds that may reveal ethical, emotional, and pedagogical dimensions of combat previously unacknowledged (Santos and Barreira, in press). Such observations resonate with sociological studies on consent dynamics in combat sports, particularly those emphasizing how third parties—such as coaches, referees, and spectators—play a crucial role in the intersubjective regulation of combat encounters (Channon and Matthews, 2021). At every moment, the intentional engagement with the opponent can either intensify toward hostile impulsivity or soften into a ludic modulation. These transitions, while phenomenologically possible at any point during the encounter, do not occur arbitrarily: they respond to shifts in affective regulation, empathic attunement, motivational tension, and the capacity to sustain the lived structure of combat.

When the tension inherent in corporal fighting slackens, and the determination to dominate or resist domination ceases to structure the encounter, the experience tends to shift toward play-fighting. This ludic modulation is not simply a relaxation of motor intensity; it represents a phenomenological distension in which the acts of attacking and defending are no longer governed by the serious intentionality of combat, but by an indulgent openness to experimentation, exploration, and shared enjoyment. In play-fighting, the opponent is still recognized as such, but the stakes of engagement are diminished: gestures lose their imperative weight, allowing for a playful, sometimes asymmetric dynamic in which mutual responsiveness remains, but without the demand for full existential commitment. This structure was particularly observed among Brazilian Jiu-Jitsu practitioners, for whom playfulness emerges especially when skill gaps allow one practitioner to “open space” for the other to explore techniques in ways that would be unlikely under combative pressure (Basetti et al., 2016).

This shift may occur deliberately, as in pedagogical situations where an experienced fighter modulates the engagement to facilitate the learning of a novice, or involuntarily, as a psychological response to the difficulty of sustaining combative tension under pressure.

Conversely, when affective regulation fails in the opposite direction, and hostile emotions such as frustration, humiliation, or fear are allowed to dominate the field of experience, the intentional structure of corporal fighting risks collapsing into brawl. In this case, the opponent ceases to be recognized as a co-constituting subject within the combative encounter and becomes perceived primarily as an obstacle or enemy to be neutralized. In Brazilian Jiu-Jitsu, this transition is marked by a shift in perception where the opponent ceases to be experienced as a legitimate co-combatant and becomes emotionally framed as a threat, provoking disproportionate or careless reactions even when no deliberate intent to injure exists (Basetti et al., 2016).

The collapse of empathic recognition leads to a distortion of intersubjectivity: the other is no longer a partner in the combative relation but is reduced to an object of attack. Importantly, this collapse can occur even if the external forms of combat—strikes, defenses, counterattacks—are still performed; phenomenologically, what changes is the underlying intentionality that sustains the experience.

Such transitions have been observed and analyzed across empirical phenomenological studies in Capoeira (Melo and Barreira, 2015), Brazilian Jiu-Jitsu (Basetti et al., 2016), Greco-Roman wrestling (Coelho and Barreira, 2020), and professional MMA (Rodrigues et al., 2021), highlighting the contingent and oscillatory nature of the fighting experience. The transitions in question are not all-or-nothing phenomena. Between the poles of full corporal fighting and brawl, or between corporal fighting and play-fighting, there exist intermediate zones where the intentional structure fluctuates, momentarily stabilizing or threatening to tip over. Fighters may oscillate between moments of playful indulgence and renewed combative focus, or between controlled aggression and surges of hostile impulsivity. Recognizing and describing these micro-fluctuations is crucial for understanding the real psychological demands of martial practice: sustaining the intentional structure of corporal fighting is not a given but an achievement, constantly tested by the oscillations inherent to the lived experience of combat.

The detailed analysis of these transitions reveals that martial training must address not only technical and tactical proficiency but also the cultivation of affective resilience and empathic regulation. Learning to fight, in this sense, means learning to dwell within the tension of combat without collapsing into violence or dissipating into play, maintaining the existential posture that defines the art of fighting itself.




7 Protective tendencies and experiential stabilizations

The maintenance of the intentional structure of corporal fighting, amid oscillations of tension and affective intensity, is not spontaneous. It is the result of experiential dynamics that allow the fighter to sustain the shared field of combat, avoiding both collapse into violence and dispersion into play. Phenomenologically, what is at stake are not “factors” in the empirical sense, but lived tendencies, motivational orientations, and modes of empathic attunement that either preserve or undermine the specific experience of combat.

One central experiential stabilization is empathic vigilance—the lived disposition to recognize the opponent as a co-present subject within the combative structure. As studies in capoeira and wrestling practices have shown (Melo and Barreira, 2015; Coelho and Barreira, 2020), sustaining empathy under the pressures of confrontation is crucial for maintaining the field of combativity without falling into hostility or disconnection. This empathy is not merely reflective; it is pre-reflexively anchored in the bodily experience of the other's movements, reactions, and vulnerabilities.

Closely related to empathic attunement is affective modulation: the dynamic regulation of emotions such as fear, anger, pride, or humiliation within the experience of combat (Barreira, 2017a,b, 2019). Fighters who succeed in maintaining the intentional structure of corporal fighting are those who do not suppress emotions but integrate them into the ongoing experience, preserving the adversary as an interlocutor rather than reducing him or her to an object of attack or avoidance. This process has been described in interviews with capoeira and MMA practitioners, who report learning to “listen” to the intensity of the other's presence, adapting themselves to avoid disconnection or escalation (Barreira, 2019; Rodrigues et al., 2021).

The progressive acquisition of experience also shapes the phenomenological field. Through repeated exposure to combative situations, practitioners develop a refined sensitivity to the thresholds of escalation and distension (Rodrigues et al., 2021; Telles et al., 2018). These modulations were observed in Jiu-Jitsu, where experienced fighters described a practical awareness of “boundaries” between combative forms as essential to preventing experiential drift (Basetti et al., 2016). To some degree, in all the MA&CS surveyed, experienced practitioners learn to perceive early shifts in motivation, empathic openness, and affective charge. This enables them to adjust their engagement and maintain the shared structure of fighting, rather than letting it dissolve into brawl or play-fighting.

These findings resonate with the hypothesis proposed by Ciaccioni et al. (2024), which suggests that the potential of MA&CS to reduce hostility and foster emotional regulation may depend on the continuity and meaningfulness of training. Our analysis deepens this claim by showing that such psychological effects are not merely behavioral outcomes, but are rooted in the lived intentional structure of corporal fighting itself. When this structure is stabilized through pedagogical orientation and normative guidance, it cultivates embodied dispositions of self-regulation, empathic vigilance, and ethical engagement (Barreira, 2017a).

Finally, the presence of a lived normative structure—what phenomenological analysis terms a “sensible norm” (Barreira, 2017b)—anchors the experience of fighting as an ethical and non-violent practice, even amid intense physical confrontation. This “sensible norm” operates pre-reflexively, structuring the encounter as a field of mutual recognition and consent, rather than domination or annihilation. This dynamic was exemplified in interviews with professional MMA fighters, who, despite the extreme intensity of the sport, described their matches not as violent clashes but as intersubjective events of mutual commitment, responsibility, and respect—encounters structured by ethical awareness rather than antagonism (Rodrigues et al., 2021; Barreira, 2019). Understanding how this delicate equilibrium is lived, threatened, and sometimes restored during practice forms the core of the psychological dynamics we now explore.

Originally developed to address the ambiguity between combative excellence and violent collapse in sports practice, the notion of a “sensible norm” refers to a pre-reflective, intercorporeal horizon of affective and ethical attunement. It is not reducible to codified rules or external conventions, but arises from the embodied interaction itself—shaping what is lived as acceptable or excessive, respectful or annihilating, within a given combative engagement (Barreira, 2017b). This norm is both individual and shared: it emerges from the mutual recognition of vulnerability, resistance, and expressive gesture, and is constantly at risk of rupture when the opponent ceases to be seen as a person and becomes merely a target or obstacle. Crucially, this rupture may occur not only in action but also in perception: a fighter may feel dehumanized or objectified—even if this was not the other's intention—leading to a breakdown in the lived reciprocity that sustains the combative encounter.

These insights align with Ciaccioni et al.'s (2025) opinion, who emphasize that the pedagogical and philosophical values embedded in martial arts—such as emotional control, mutual respect, and ethical guidance—form a unique framework for promoting psychological wellbeing. Our analysis specifies how such benefits are grounded in the experiential structure of fighting itself, especially when training is sustained within ethically oriented environments.

Significantly, interviews reveal that the aftermath of disruptive situations often becomes a privileged moment for personal development, when practitioners, supported by their instructors, reinterpret the meaning of their combative experience. This points to a pedagogical role of rupture in martial arts: not as an endpoint, but as a transitional threshold that, when adequately mediated, fosters psychological growth, ethical reflection, and deepened commitment to the practice (Santos and Barreira, in press).


7.1 Phenomenological and psychological implications for martial training and development

The phenomenological analysis of the lived structures of corporal fighting reveals that engaging in combative practices is not merely a matter of external technique, motor skill, or tactical proficiency. Rather, it involves sustaining a delicate intentional posture, a pre-reflective horizon in which the opponent is simultaneously resisted and recognized, challenged and respected. These findings resonate with recent interdisciplinary perspectives that underscore the transformative potential of combat sports to foster individual and community wellbeing across physical, psychological, and social domains (Ciaccioni et al., 2025). Our phenomenological approach complements this view by clarifying how such developmental effects are anchored not merely in behavioral outcomes, but in the intentional structure of corporal fighting—where reciprocity, challenge, and ethical recognition are dynamically sustained.

The specificity of corporal fighting lies precisely in this lived tension: the fighter must maintain the dynamic orientation of struggle without collapsing into hostile violence (brawl) or dissolving into playful disengagement (play-fighting). Every combative encounter thus constitutes a test of existential balance, where affective regulation, empathic attunement, and motivational integrity must be maintained against the constant risk of experiential collapse.

From a psychological standpoint, this phenomenological insight implies that the development of martial competence cannot be reduced to external behaviors or mental attitudes detached from the lived body. Training in combat sports and martial arts necessarily involves the formation of embodied intentionalities: lived dispositions to recognize, regulate, and modulate affective impulses within the flux of interpersonal engagement.

Furthermore, the preservation of the combative structure requires the internalization of a sensible norm—a pre-reflective, intersubjectively sustained standard that orients behavior toward reciprocity, consent, and mutual respect even under conditions of physical confrontation. The capacity to inhabit this norm sensitively, rather than merely adhering to external rules, constitutes the ethical core of martial practice.

Phenomenologically, fighting is not inherently violent; it becomes violent when the intentional structure that sustains the reciprocity of combat breaks down. Understanding this dynamic allows for a refined psychological appreciation of the processes by which martial training fosters not only physical prowess but also emotional resilience, ethical awareness, and intersubjective sensitivity.

These findings reinforce the need to understand martial arts as not merely physical disciplines, but as complex intersubjective practices where failure, rupture, and emotional intensity are integrated into a broader pedagogical horizon. The ability to reintegrate oneself after a disruptive episode becomes, in this sense, a measure of psychological resilience and existential maturity (Santos and Barreira, in press).

These findings resonate with qualitative research by Healey et al. (2025), which explored how Australian MA&CS practitioners perceive the impact of their practice on personal wellbeing. Their study highlights how experiences of discipline, embodied engagement, and interpersonal challenge in combative settings “cross over into the rest of life,” fostering self-awareness, emotional resilience, and social connection. While the study emphasizes narrative and relational dimensions, our phenomenological approach clarifies how such outcomes are not simply consequences of context or culture, but emerge from the lived structure of corporal fighting itself. By elucidating the intentional dynamics of fighting—where challenge, reciprocity, and ethical orientation are sustained—our model provides a systematic and theoretically grounded framework to explain how such localized outcomes may arise.

Thus, MA&CS, when approached from the perspective of lived experience, reveal themselves as privileged fields for the cultivation of human development. They embody a practical education of the body, the emotions, and the relational self, demanding from the practitioner not only technical mastery but existential maturity—the ability to fight without hatred, to resist without dehumanizing, and to affirm oneself without annihilating the other.




8 Conclusion

This theoretical framework is not an endpoint, but the foundation of an ongoing international research program, organized as a network involving the authors and their respective institutions, with plans to extend the program to other continents, such as Africa. Grounded in the phenomenological model developed here, this program seeks to identify the psychosocial processes that mediate how combat practice contributes to personal development, ethical formation, and practitioner continuity. Coordinated across a research network involving institutions and scholars from Brazil, Portugal, France, and Spain—with hundreds of interviews already conducted and further collaborations expanding to other countries—this effort aims to clarify how affective transitions, normative ruptures, and interpersonal recognition are shaped by different martial cultures, pedagogical interventions, and contextual factors. Special attention is devoted to the trajectories of women practitioners, whose experiences often involve negotiating complex dynamics of recognition, empowerment, and belonging—challenges that have been documented in recent studies exploring exemplary and harmful practices in martial instruction (Figueiredo et al., 2021). The results of this program are expected to offer transcultural insights directly connected to the lived experience of practitioners and instructors, thereby supporting the development of practices and guidelines with immediate pedagogical applicability. The ultimate goal is to refine a model of psychosocial development anchored in the lived experience of fighting, capable of identifying the experiential conditions that foster or hinder its transformative potential.

Building on the preceding analyses, this article has proposed a phenomenological understanding of MA&CS as practices grounded in the lived structure of corporal fighting. Through eidetic analysis and empirical investigation, we have shown that the specificity of combative experience does not reside in violence, but in the intentional configuration that sustains a shared and reciprocal confrontation. The concept of corporal fighting—distinct from brawl, self-defense, or instrumental violence—offers a foundation from which martial systems, in their various cultural and institutional forms, emerge and evolve.

By distinguishing five essential forms of combat and showing how traditional, modern, and military martial systems are structured through the mimetic enactment of duel, self-defense, and instrumental offensive combat, respectively, the analysis locates corporal fighting as the practical and phenomenological core that allows these systems to train, simulate, and refine combative experiences. In contrast, combat sports do not necessarily mimic other forms: they express corporal fighting itself, shaping it through normatized rules that preserve its intentional structure, even when their scoring systems implicitly evoke archetypal combats such as duels or acts of self-defense.

The empirical studies reviewed demonstrate how the intentional structure of combat can oscillate during practice, producing transitions that challenge the existential equilibrium of the fighter. These modulations—whether subtle or disruptive—are not marginal to the experience; they define the psychological challenges and developmental potential of martial practice. When adequately mediated by instructors, these oscillations, especially those triggered by rupture, become formative moments: opportunities for ethical reflection, emotional maturation, and renewed commitment to the practice.

It is precisely the phenomenological specificity of corporal fighting—its reciprocal, tension-sustained intentional structure—that makes it vulnerable to collapse into violence or dispersion, but also capable of fostering ethical development. When this structure is preserved and supported pedagogically, the fighter learns to dwell within conflict without succumbing to hostility or volatility. In this sense, it is not by eliminating risk but by inhabiting it ethically that corporal fighting becomes a medium for psychological formation.

In contrast to theoretical models that reduce martial arts to cultural codes, sociological constructs, or behavioral routines, the phenomenological perspective developed here affirms the primacy of lived experience. Even in comparison with recent sociological analyses of consent in combat (Channon and Matthews, 2021), the phenomenological method adds a necessary depth by clarifying how the intersubjective structure of fighting is sustained from within. The concept of a “sensible norm” articulates this from the inside out, as a pre-reflective and ethically charged horizon of perception and action.

What emerges, therefore, is not merely a theory of combat or a psychological account of martial arts, but the foundation of a field: a Psychology of MA&CS. Grounded in phenomenological analysis and enriched by empirical investigation, this field articulates the experiential specificities of corporal fighting across diverse cultural and institutional modalities. It offers a systematic framework for understanding their psychological and developmental dynamics, becoming a path not of domination, but of ethical growth and intersubjective formation.

Finally, this proposal contributes a much-needed phenomenological account of how combative practice becomes psychologically formative—not by requiring rupture, but by sustaining experiential tension as a field of ethical and emotional development. In doing so, it offers an original response to key demands in the literature for conceptual clarity on the psychological and pedagogical mechanisms underlying martial arts' impact on wellbeing. Rather than reducing combat sports to behavioral outcomes or social categories, our approach foregrounds the lived structure of fighting as the experiential core from which transformative effects may emerge.
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Introduction: This study explores the potential of artificial intelligence (AI) to enhance the accuracy and efficiency of video review systems in Taekwondo, addressing limitations in current human-based judgment processes during competitions.



Methods: A total of 241 video review cases from the 2024 Paris Olympic Taekwondo competition were analyzed. AI-based judgments were generated using ChatGPT-4.5 and OpenPose deep learning models. The AI-generated penalty decisions were statistically compared to those made by international video review referees using Cohen's Kappa coefficient.



Results: The AI system demonstrated strong agreement with international referees (κ = 0.897, p < 0.001). Discrepancies occurred in only 9 out of 241 cases, primarily in scenarios involving head strikes with minimal contact or visual occlusion. Additionally, the AI system reduced average review time by approximately 81% by automatically identifying critical frames.



Discussion: While AI significantly improved efficiency and showed high consistency with expert judgments, human oversight remains crucial for ambiguous or complex cases. A hybrid model—AI-assisted pre-review followed by referee confirmation—is proposed to optimize decision-making. Future developments should focus on real-time detection, multi-angle video integration, and application to other sports such as baseball, basketball, boxing, and judo.
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1 Introduction

As a globally recognized Olympic combat sport, Taekwondo ranks among the most popular martial arts. Taekwondo debuted at the 1988 Seoul Olympics as a demonstration sport and became an official Olympic event in 2000 (1). Since then, the competition rules have been updated more than ten times to align with Olympic standards and enhance fairness and transparency (2, 3). A major technological advancement came in 2007 when World Taekwondo introduced the Protective Scoring System (PSS) and Video Replay System (VRS), significantly advancing the overall development of Taekwondo (4, 5).

The PSS uses electronic sensors to objectively record trunk strikes. When sufficient force is applied through contact between an athlete's electronic foot protectors and the opponent's sensor-equipped body gear, points are automatically awarded (6). This reduces scoring errors from subjective judgments, mitigates referee shortages, and improves scoring reliability (3, 4, 7). The VRS enables coaches to challenge decisions such as “a successful head strike not detected by the electronic headgear”, “my athlete not committing a foul”, or “the opponent committing a foul”. A replay judge reviews the footage to determine the validity of each challenge. By encouraging the use of head-scoring techniques, the system increases spectator appeal and helps reduce referee error (8, 9). However, inconsistencies in rule interpretation and judging criteria mean VRS decisions can still be influenced by subjectivity, limiting their ability to ensure full impartiality and objectivity.

Subjective referee decisions impact competitive fairness not only in Taekwondo but across many sports. Despite regulations aimed at reducing subjectivity, human error in officiating remains unavoidable (9–11). For instance, Krustrup and Bangsbo (2001) found that soccer referees call fewer fouls in the second half of matches. They attributed this decline to physical fatigue from the intense running demands of the first half, which may reduce focus and increase the likelihood of missed calls (12, 13).

To address subjective officiating challenges in Taekwondo, sports administrators are increasingly adopting advanced technologies that delegate some decision-making to intelligent computer systems (14). These systems use high-definition cameras to monitor competition, detect fouls, and conduct frame-by-frame analysis, delivering rulings based on predetermined rules (15–17). With their computational power and reliability, artificial intelligence (AI) systems could diminish inconsistencies in human officiating. By applying consistent, predefined criteria, AI could minimize potential bias and enhance fairness in officiating decisions (9, 10, 13). This phenomenon was also revealed by Wang & Hsieh (2016). They found that in NBA games, the accuracy of referees' decisions was significantly affected by the stage of the game (the error rate increased in the last two minutes) and the home field effect (18).

AI technology is increasingly adopted in sports such as soccer, basketball, fencing, and baseball, where it has received positive evaluations (9, 18). One notable example is the fencing adjudication system, where AI achieves 90% accuracy after just three hours of training, significantly reducing the time required from human referees (19). In soccer, the VAR system has been integrated into major competitions such as the World Cup, UEFA Champions League, and La Liga to help identify offside, handball, and out-of-bounds infractions. By offering instant review footage and 3D reconstruction, VAR likely enhances transparency and fairness, with many spectators expressing greater trust in AI decisions over human refereeing (20, 21).

This study leverages recent technological advancements and the unique opportunity of the Paris Olympics to reassess 251 video reviews from the Taekwondo competition using AI. By comparing AI-generated decisions with those of international-level video review judges, we evaluated the stability and accuracy of AI in Taekwondo officiating. Although AI judgment has been initially explored in sports such as football and baseball, it is the first time in combat sports, especially in taekwondo competitions. In addition, this study used the most advanced algorithm modes of ChatGPT-4.5 and OpenPose to ensure the reliability of the experiment. Based on existing literature, two hypotheses were formulated: H1.The AI video review system will maintain an error rate of 2% in penalty decisions; H2.AI will help reduce Taekwondo video review process by more than 50% (22, 23). Our intention was also to explore AI's potential applications in the video review process and broader refereeing practices. Finally, this research identifies current shortcomings in AI decision-making, analyzes their causes, and proposes solutions, thereby providing a theoretical framework for future developments in this field.



2 Methods


2.1 Study design

This study analyzed 251 video reviews from the 2024 Paris Olympics Taekwondo event. Of the 255 initial reviews, four were simultaneously challenged by both coaches, resulting in 251 unique cases. Due to broadcast issues, 10 videos were unusable, leaving 241 clips (ranging from 3 to 19 s) for the final analysis.

All videos were sourced from the original broadcast to match the content and viewing angles seen by video review judges. During the Paris Olympics, the judges shared their computer screens through split-screen broadcasts to ensure transparency, and videos for this study were sourced from these shared screens. After recording whether each ruling was successful, segments showing the judges' final decisions (i.e., including hand gestures indicating outcomes) were removed from the 241 videos to prevent visual cues from influencing the AI's judgment.



2.2 Experimental tools

This study utilized ChatGPT-4.5 with Canvas as the primary experimental tool. Released in February 2025, ChatGPT-4.5 is the latest AI analysis model from ChatGPT. The experiment incorporated pixel overlap analysis using the HSV color space and key point detection techniques to locate the athlete's foot and the opponent's helmet. Key frames with a foot-to-helmet distance of 10 pixels or less were analyzed, along with dynamic motion analysis to detect potential contact moments.

The OpenPose model was also employed for in-depth analysis. It leverages convolutional neural networks (CNN) to extract features from input images, generating body key point confidence maps and Part Affinity Fields (PAFs). Confidence maps estimate the likelihood of specific points (e.g., nose, eyes, and shoulders), while PAFs describe the spatial relationships between them. The main algorithm is outlined below:


	1.Image Input: An image or video frame I is provided as input, and the CNN extracts the feature map F(I).

	2.Generation of Confidence Maps and PAFs: Convolution operations generate key point confidence maps Ckand Part Affinity Fields (PAFs) Pi,j. Here, Ck represents the probability of the presence of the k-the keypoint, while Pi,j indicates the strength of the connection between two key points:


Ck=f(F(I))Pi,j=g(F(I))









Here, f and g are trained convolutional operations used to generate the confidence maps and PAFs, respectively.

	3.Loss Functions: To optimize the network, OpenPose uses two loss functions:



Keypoint Confidence Map Loss Lconf: Measures the error between the predicted key points and the actual key points.



Lconf=∑k=1k||Ckpred−Ckgt||2





PAF Loss LPAF: Measures the accuracy of the predicted connections between key points.



LPAF=∑i,j||Pi,jpred−Pi,jgt||2





The total loss function is defined as:



L=αLconf+βLPAF





Where α and β are hyperparameters used to balance the two loss components.


	4.Multi-Stage Optimization: OpenPose employs a multi-stage iterative approach for optimization. At each stage, the network refines its predictions based on the results from the previous stage, gradually improving the accuracy of key point locations and PAFs to ensure precise pose estimation.


IterativeRefinement:Cknew=f(Ckold,Pi,jold)







	5.Skeleton Assembly: Using a greedy algorithm, the connections between key points are determined based on PAFs to assemble a complete skeleton structure. The algorithm selects the optimal connection paths according to PAF strength, linking key points together to generate the human pose diagram.






2.3 Experimental steps

AI Deep Learning Phase: Before the experiment, the AI was given the latest version of the Taekwondo competition rules and instructed to thoroughly learn all the rules, with a particular focus on video review regulations. It then processed 300 randomly presented high-resolution images (∼200 KB each) from past Taekwondo competitions. For each image, the AI determined whether the athlete executed a successful head strike, stepped out of bounds, or fell. The dataset included: 100 successful head strikes, 100 failed head strikes, 25 out-of-bounds, 25 in-bounds, 25 falls, and 25 no falls. This dataset of 300 images was selected from Olympic-level competitions, covering all weight classes and genders, and included photos of youth competitions to ensure that the AI can receive the most comprehensive recognition training (Figure 1). After each judgment, the AI received feedback – correct decisions were reinforced positively, while incorrect ones prompted the AI to explain its reasoning, enabling iterative learning and refinement of its decision-making process.


[image: Two-panel photograph showing taekwondo sparring matches; both panels feature athletes in white uniforms and protective gear, executing high kicks. In each match, one competitor wears a blue vest and helmet, while the other wears red. An official observes the match in the lower panel.]
FIGURE 1
Ai deep learning test pictures: the top picture shows a failed head strike, while the bottom picture depicts a successful head strike (reproduced with permission from the International Olympic Committee, Women's −49kg vs Men's −58kg Repechage/Final | Taekwondo | Paris 2024 Olympics).


Pre-Experiment Phase: After the AI learning phase, a pre-experiment was conducted to validate the set-up for the main experiment. It involved analyzing all video review recordings from the first day of the four-day 2024 Paris Olympics Taekwondo event. Of the 63 videos reviewed, the AI's judgments matched those of the on-site video review judges in 59 cases, resulting in a 93.65% agreement rate. The pre-experiment steps are illustrated in Figure 2.


[image: Flowchart depicting a process for AI-assisted Taekwondo video judging, including steps for rule study, dividing video into frames, professional judging criteria, AI consistency checks, expert review for discrepancies, error correction, and continuing analysis for each video.]
FIGURE 2
Pre-experiment operation flowchart.


During the pre-experiment, the AI's analysis differed from the judges' assessments in four cases – all involving head strikes that the judges ruled as successful, but the AI incorrectly classified as failures. An expert panel reviewed the discrepancies and confirmed them as “AI judgment errors”. Consequently, the AI was updated with a new the guideline: “even if the athlete's toes make slight contact with the opponent's electronic headgear, it should be considered a successful head strike.” After incorporating this rule, the AI re-evaluated the four videos, and its revised judgments aligned with those of the judges.

Experimental Phase: The formal experiment analyzed all video review recordings from the final three days of the 2024 Paris Olympics Taekwondo event, totaling 178 videos. One video was excluded due to file corruption, leaving 177 videos (N = 177) for final analysis. Unlike the pre-experiment, the formal phase did not include detailed re-evaluation of discrepancies between AI and on-site judges. Instead, all results were recorded immediately after the AI made its judgment. Figure 3 presents images from parts of the experiment.


[image: Screenshot of a digital conversation discussing the process of dividing a Taekwondo match video into frames, evaluating frame-by-frame whether the red athlete lands successful head kicks, and listing specific frames where contact occurs with a final summary judgment.]
FIGURE 3
Part of the experimental pictures.


Data Analysis: Following the experiment, penalty decisions were categorized into nine major types, including “head strike”, “out of bounds”, and “rotation technique score”. Cases where both the AI and international-level referees deemed the decision successful were marked as “Yes” and unsuccessful cases as “No”. The AI's decisions were then compared with those of on-site international referees, and the agreement rate−defined as the proportion of “Yes” or “No” verdicts−was calculated to evaluate decision accuracy. Statistical analyses were conducted using SPSS 27. Descriptive statistics were employed to calculate and analyze penalty outcomes and relevant indicators that could influence adjudication results, providing a comprehensive overview of data distribution and forming the basis for subsequent inferential analyses. Cohen's Kappa coefficient (κ) was employed to assess overall agreement between the AI and referees, with separate κ values calculated for each penalty category to assess consistency across sub-items. For interpretation, κ values were classified according to Landis & Koch (1977) as follows: κ<0 indicated no agreement; 0 ≤ κ ≤ 0.20, slight; 0.21 ≤ κ ≤ 0.40, fair; 0.41 ≤ κ ≤ 0.60, moderate; 0.61 ≤ κ ≤ 0.80, substantial; and 0.81 ≤ κ ≤ 1.00, almost perfect agreement. A Chi-square test was applied to determine the statistical significance of agreement rate differences, with p < 0.01 considered highly significant, p < 0.05 considered significant, and p ≥ 0.05 considered non-significant. After removing outliers and testing for normality, Pearson's correlation coefficient (r) was used for data meeting linearity and normality assumptions, while Spearman's rank correlation coefficient (ρ) was applied otherwise. Correlation strength was interpreted per Cohen (1988): |r| < 0.10, very weak; 0.10 ≤ |r| < 0.30, weak; 0.30 ≤ |r| < 0.50, moderate; 0.50 ≤ |r| < 0.70, strong; 0.70 ≤ |r| < 0.90, very strong; and 0.90 ≤ |r| ≤ 1.00, nearly perfect. Bland-Altman analysis was performed to evaluate systematic bias between the AI and referees by examining the mean difference and limits of agreement (mean difference ± 1.96 × SD). Agreement was considered acceptable if most differences fell within these limits and the mean was close to zero. Systematic discrepancies indicated potential bias. Finally, video cases with discordant AI-referee decisions were reviewed by an expert panel, consisting of one International-Class Taekwondo Competition Referee, one National-Class Taekwondo Competition Referee, one Senior Taekwondo Coach, and two Intermediate Taekwondo Coaches). This review aimed to identify causes and provide empirical evidence for optimizing the AI decision model, enhancing its accuracy and feasibility (24–26).




3 Results

During the 2024 Paris Olympics Taekwondo competitions, 255 video reviews were conducted, including cases where coaches from both sides simultaneously requested a review. As shown in Figure 4, 139 challenges were successful, while 115 were unsuccessful. Male athletes accounted for 140 instances, significantly more than the 115 for females. Among male weight categories, lightweight and heavyweight divisions had the highest review frequencies, representing 62% of all male challenges. For females, the middleweight and light heavyweight divisions accounted for 54% of challenges. Head contact reviews predominated, with 210 instances (82% of all reviews), as illustrated in Figure 5.


[image: Figure contains three charts: Panel A is a pie chart showing 54.7 percent successful reviews and 45.3 percent unsuccessful reviews; Panel B is a bar chart comparing 140 male reviews to 115 female reviews; Panel C is a stacked bar chart by weight class and gender, indicating men’s and women’s review counts: Lightweight has forty-four male and twenty-seven female, Middleweight has twenty-eight male and thirty-four female, Light Heavyweight has twenty-five male and twenty-eight female, and Heavyweight has forty-three male and twenty-six female reviews.]
FIGURE 4
Video review data from the Paris Olympic taekwondo competition - percentage of successful and unsuccessful video reviews (A); the number of reviews for male and female athletes (B); and number of reviews by category (C).



[image: Horizontal bar chart comparing different penalties and scores in a taekwondo context. Head strikes are most common at two hundred ten, followed by boundary violation ten, spinning technique score and attack after 'Kal-yeo' both six, pushing three, valid point, fall, and illegal technique each two, and review time one.]
FIGURE 5
Categories of video reviews during the taekwondo competition at the 2024 Paris olympics.


As shown in Table 1, the mean values of referee judgments and AI determinations were 0.55 and 0.56, respectively, indicating remarkable consistency between the two evaluation systems. The mean difference of −0.0169 suggests only minor deviations in the AI's judgments, with a negligible overall discrepancy. Both systems demonstrated nearly identical dispersion, with SD of 0.499 (referees) and 0.497 (AI), and corresponding population variances of 0.249 and 0.247. The SD (0.22549) and variance (0.051) of the differences (AI-referee) indicated moderate inter-case variability in scoring discrepancies, although the average deviation was minimal. Overall, the closely aligned central tendencies, near-identical dispersion, and near-zero mean difference demonstrate a high level of agreement between human and AI judgments.



TABLE 1 Descriptive statistics of video review referees and AI judgment results.



	Variable
	N
	Sum of squares (SS)
	Mean
	Standard deviation (SD)
	Population variance



	Statistics
	SE





	Referees
	177
	97
	.55
	.038
	.499
	.249



	AI
	177
	100
	.56
	.037
	.497
	.247



	Difference
	177
	−3.00
	-.0169
	.01695
	.22549
	.051







An examination of the data in Table 2 reveals a very strong, statistically significant positive correlation between referee judgments and AI determinations, with a Pearson correlation coefficient (r) of 0.898 (P < 0.001 in two-tailed testing). The covariance between referees and AI reached 0.223, indicating high co-variation. Additionally, the Sum of Squares and Cross Products (SSCP) value of 39.198 further supports this very strong association. With a sample size of 177, these results show a statistically significant and nearly perfect linear relationship between referee judgments and AI determinations.



TABLE 2 Statistics on the correlation between video review referees and AI judgment results.



	Variable
	Statistic
	Referees
	AI





	Referees
	P-value
	1
	.898**



	Significance (2-tailed)
	
	.000



	SSCP
	43.842
	39.198



	Covariance
	.249
	.223



	N
	177
	177



	AI
	P-value
	.898**
	1



	Significance (2-tailed)
	.000
	



	SSCP
	39.198
	43.503



	Covariance
	.223
	.247



	N
	177
	177




	** At the 0.01 level (two-tailed), the correlation is significant.







The paired sample proportion test (Table 3) in this study showed a minimal proportion difference of −0.017 between referee and AI determinations, with a Z-score of −1.000 (one-tailed P = 0.159; two-tailed P = 0.317). Cross-tabulation in Table 4 and the heat map in Figure 6 demonstrate remarkable congruence in “No/Yes” judgments. When referees ruled “No”, the AI also judged “No” in 74 instances (compared to an expected 34.8 under the independence assumption). Only 6 cases showed a “No” from the referee and a “Yes” from AI, well below the expected 45.2. When referees decided “Yes”, the AI agreed 94 times (expected 54.8), with only 3 “Yes-No” discrepancies (expected 42.2). This concentration of observations along the diagonal (“No-No” and “Yes-Yes”) and sparse off-diagonal occurrences (“No-Yes” and “Yes-No”) demonstrates low bias and high consistency. Furthermore, marginal totals (e.g., 80 “No” by referees vs. 77 by AI) showed negligible variation, further reinforcing the high consistency between human and AI judgments.



TABLE 3 Paired sample proportion test.



	Condition
	Test type
	Difference in proportions
	Asymptotic standard error (ASE)
	Z
	Significance (p-value)



	One-tailed p-value
	Two-tailed p-value





	Comparing referee and AI decisions
	Mid-P adjusted P-value for Binomial test
	−.017
	.017
	
	.172
	.344



	McNemar's test
	−.017
	.017
	−1.000
	.159
	.317









TABLE 4 Cross-tabulation of referee judgment and AI judgment.



	Variable
	AI
	Count



	No
	Yes





	Referees
	No
	Count
	74
	6
	80



	Expected count
	34.8
	45.2
	80.0



	Yes
	Count
	3
	94
	97



	Expected count
	42.2
	54.8
	97.0



	Count
	Count
	77
	100
	177



	Expected count
	77.0
	100.0
	177.0








[image: Confusion matrix heatmap comparing AI and referees with categories Yes and No, showing counts: AI No and Referees No is seventy-four, AI No and Referees Yes is six, AI Yes and Referees No is three, AI Yes and Referees Yes is ninety-four, with a color scale indicating count intensity.]
FIGURE 6
Heat map of AI and referee decisions.


Based on 177 valid cases, the symmetry test between referee and AI judgments revealed a significant relationship, with a Kappa value of 0.897 (standard error = 0.033, t = 11.941, p < 0.001), demonstrating substantial agreement between the two systems (Table 5). The final chi-square test (Table 6) showed a Pearson chi-square value of 142.590, a continuity correction of 138.976, and a likelihood ratio of 172.993, with Fisher's exact test and linear association test yielding a value of 141.785, all resulting in p < 0.001. Referee and AI judgments were not independent in the 2 × 2 contingency table, as the Pearson Chi-Square statistic reached 142.590 (DF = 1) with a two-tailed significance of p < 0.001. Both the Continuity Correction and Likelihood Ratio tests displayed similarly high statistical significance, while Fisher's Exact Test and Linear-by-Linear Association tests all resulted in P < 0.001. These results indicate that, among the 177 valid cases, the distribution of referee and AI judgments significantly deviated from the “complete independence” hypothesis. This suggests a strong concordance between the two evaluation systems, rather than random or unrelated determinations.



TABLE 5 Symmetry test between referee judgment and AI judgment.



	Test type
	Value
	Asymptotic standard errora
	Approximate Tb
	Asymptotic significance





	Measure of agreement - Kappa
	.897
	.033
	11.941
	.000



	Valid cases
	177
	
	
	




	aThe null hypothesis is not assumed.


	bThe asymptotic standard errors are used with the null hypothesis assumed.









TABLE 6 Chi-square test of referee and AI judgment results.



	Test type
	Value
	Degrees of freedom (DF)
	Asymptotic significance (2-tailed)
	Exact significance (2-tailed)
	Exact significance (1-tailed)





	Pearson Chi-Square
	142.590a
	1
	<.001
	
	



	Continuity correctionb
	138.976
	1
	<.001
	
	



	Likelihood ratio
	172.993
	1
	<.001
	
	



	Fisher's exact test
	
	
	
	<.001
	<.001



	Linear-by-linear association
	141.785
	1
	<.001
	
	



	Valid cases
	177
	
	
	
	




	a0 cells (.0%) have an expected count less than 5. The minimum expected count is 34.80.


	bCalculation is only performed for 2 × 2 tables.









4 Discussion

Our main finding is that AI demonstrates decision-making capabilities nearly identical to those of international-level referees during Taekwondo video review processes. It showcases high stability and reliability, which proves its competency in handling video review tasks for Taekwondo competitions. In particular, AI's advantages in decision speed and objectivity are unattainable by human referees. In terms of speed, statistical data from the Paris Olympics show that a total of 255 video review instances occurred over the 4-day Taekwondo competition, which included 158 matches, averaging more than one video review per match. Each video review took between 47 s and several minutes, with the longest review exceeding 30 min. In comparison, a single round of a Taekwondo match (i.e., which follows a best-of-three system) lasts only 2 min. Therefore, excessive video reviews may significantly delay the overall progress of matches, prolong athletes' competition durations, and increase their physical and mental exhaustion. During video reviews, athletes must remain in the competition area while awaiting review results and resume the match immediately afterward without being allowed to drink water or sit down. This situation adversely affects their competition rhythm and state. The application of AI can address this issue. In experiments, AI analyzed each review video in just 3–9 s, with minor fluctuations due to network conditions, still far exceeding manual review speed. If AI was implemented in the video review process, it could be nearly four times faster than manual review, significantly reducing the pause caused by reviews and enhancing the overall fluency of the adjudication process.

AI technology significantly enhances the objectivity of video review decisions by strictly following predefined algorithms, eliminating subjective bias. This aligns with the design philosophy of electronic protectors, which remove human interference, and is consistent with the overall direction of Taekwondo competition. The Taekwondo judging system has evolved from relying on three corner judges making decisions based on visual and auditory cues (i.e., requiring at least two affirmative calls), which suffered from high error rates due to fast kicking speeds (up to 16 m/s) and visual obstructions (10, 27), to the current electronic protector system that ensures objectivity in torso scoring. While the current video review system aims to encourage high-difficulty head strikes (i.e., compensating for electronic head sensor limitations in detecting high-speed, small-contact-area impacts (22, 28), it still faces challenges. These include hardware limitations (i.e., international competitions use four 4K cameras, while most events only deploy two with inconsistent resolutions) and inconsistencies in refereeing standards – issues that persisted even during Paris Olympic head strike reviews. AI can overcome these limitations through pixel-overlap analysis, enabling reliable identification even with low-quality video or minimal contact area. Its algorithm-driven decision process guarantees objectivity on par with electronic protectors, addressing current subjectivity issues and providing reliable technical assurance for competition fairness.

Another observation was that AI adjudication, with its decision-making speed and objectivity, possesses inherent advantages in video review processes and aligns with the evolving needs of Taekwondo competitions. However, for AI to fully replace human judgment, its accuracy and stability must be ensured. The video review process is critical in Taekwondo, particularly because head strike reviews, accounting for 82% of all reviews, can instantly alter match outcomes, with a successful head strike review awarding 3 points to the reviewing party. Other reviewable actions similarly lead to immediate point adjustments (1–2 points), making absolute consistency in adjudication imperative for this decisive procedure (7). However, Figure 6 reveals nine (Women's 57 kg 3 times; Women's 67 kg 2 times; Men's + 80 kg 2 times; Men's 68 kg 1 time; Women's + 67 kg 1 time) persistent discrepancies between AI adjudication and international-level referees' decisions. A thorough analysis of these discrepancies is essential for evaluating the AI system's operational reliability in competitive settings and identifying specific areas for improvement. Following expert panel discussions, two of the nine cases (Women's 57 kg and Men's + 80 kg) were classified as “AI errors”, while the remaining seven were deemed “controversial judgments”. In the “AI errors” category, the two cases involved determining whether a head strike was successful (Figure 7). A common factor was that the referees reviewed fewer camera angles, assuming the strikes were clear. Despite the Paris Olympic Taekwondo video review system supporting 360-degree playback, this limited view likely hindered the AI's ability to conduct a comprehensive multi-angle analysis, leading to incorrect judgments. In the “controversial judgments” category, all five panel members agreed that static images alone could not definitely resolve the seven cases. In two instances, on-site referees ruled head strikes as successful, but certain video angles suggested the defending athlete blocked the face with their hands (Figure 8). In the other five cases (i.e., where referees ruled unsuccessful head strikes, while AI deemed them successful), some angles clearly showed foot-to-helmet contact (Figure 9). While AI decisions aligned with its programmed criteria, a more accurate assessment would require referees to integrate additional factors, such as motion trajectory and a holistic video analysis, leveraging their experience and rule interpretation (29, 30). This suggests that AI, relying solely on frame-by-frame video analysis, may be limited in its ability to handle ambiguous scenarios requiring deeper contextual interpretation. Similar cases also frequently occurs in fields where AI is widely applied, such as medical and commercial sectors (e.g., AI's error rate increases when identify more complex clinical fracture cases, and it may be misled by patients' lies to make opposite diagnoses in psychological evaluations) (31–34). Analyzing such errors, Topol (2019) argues that Because AI models rely heavily on large datasets and pre-programmed decision algorithms during training, they consequently struggle with transfer learning in these unique scenarios, thereby hampering accurate diagnosis. Accordingly, this paper maintains that while AI can help reduce decision-making errors, proactive and interpretative judgments still require deep human involvement (35–37).


[image: Two-panel sports photograph showing taekwondo sparring matches. Panel A: An athlete in blue headgear and white uniform receives a high roundhouse kick to the head from an opponent in red gear. Panel B: The athlete in red delivers a successful spinning kick to the head of an athlete in blue, who is recoiling backward. Audience and referees are visible in the backgrounds.]
FIGURE 7
Ai judgment error diagram: AI incorrectly judged head strikes as failed (A); AI correctly judged that head strikes as successful (B) (reproduced with permission from the International Olympic Committee, Women's −49kg vs Men's −58kg Repechage/Final | Taekwondo | Paris 2024 Olympics).



[image: Split-panel photo shows two taekwondo athletes in white uniforms and protective gear during a match. On the left, one competitor in blue delivers a high kick to an opponent in red. On the right, a close-up highlights the athlete in blue reacting defensively. Spectators and flags are visible in the background.]
FIGURE 8
The video review: the referee judged the head strike as successful, while the AI judged it to be unsuccessful (reproduced with permission from the International Olympic Committee, Women's −49kg vs Men's −58kg Repechage/Final | Taekwondo | Paris 2024 Olympics).



[image: Collage of five moments from a taekwondo match at the Olympics featuring two athletes in protective gear, one with a red vest and headgear, the other with blue, exchanging high kicks on a blue mat with Olympic rings and the word Paris visible.]
FIGURE 9
The video review: the referee determined that the head strike was unsuccessful, while the AI judged it as successful (reproduced with permission from the International Olympic Committee, Women's −49kg vs Men's −58kg Repechage/Final | Taekwondo | Paris 2024 Olympics).


While AI demonstrates high consistency with international video review judges in Taekwondo competitions, it remains impractical to fully replace human referees in major events. AI still lacks the flexibility accurately interpret unique or complex situations (38). Additionally, the subjective decisions of human referees introduce unpredictability – an element that enhances spectator engagement and contributes to the sport's overall appeal. Many fans consider this unpredictability a key element of the charm of competitive sports (10, 36, 39). As Leslie (2024) notes, despite significant technological advancements, AI cannot fully replicate the role of human officials (40). Referees not only make nuanced judgments that go beyond AI's current capabilities, but also manage match tempo, enforce player discipline, and fulfill other critical functions. While spectators often criticize questionable calls, they remain unprepared to hand over full officiating authority to machines. In fact, occasional “human errors” are often seen as contributing to the drama and emotional intensity that define competitive sport (10, 36, 40). Moreover, the excessive objectivity and perceived algorithmic rigidity of AI judgments result in low acceptance of unfavorable decisions, rendering AI unsuitable for fully autonomous game adjudication (39).

Our findings demonstrates that AI cannot yet replace human referees in adjudication tasks. However, this study contends that AI can still play a significant role in Taekwondo officiating by assisting human referees in identifying critical evidence during video reviews, thereby enhancing both the accuracy and efficiency of decisions. For instance, head strike reviews often cause significant delays, as video review judges must repeatedly search through footage to pinpoint the moment of impact, especially since coaches have up to five seconds to request a review. Judges typically watch 5–10 s of footage to locate the strike and then review it from multiple angles. With AI assistance, cameras can track both athletes throughout the match. Once a review is requested, AI can quickly analyze the footage and provide key segments to referees, cutting review time by at least 80.9% - from 47 s (human) to just 9 s (AI). For simpler cases, such as out-of-bounds calls, AI can apply predefined algorithms to deliver an initial judgment, which judges can then confirm; or setting the model to trigger human review when the model confidence is lower than 90%, and to rely on AI for automatic judgment if it is higher than 90% (41). This approach could minimize unnecessary pauses, speed up the competition, and enhance its appeal to spectators.

While AI's role in major international Taekwondo competitions is currently limited to support, this is mainly because these events attract the world's best referees to ensure fairness at the highest level (42). However, in many municipal, provincial, and regional competitions, where resources for top-tier referees are often lacking, the value of AI becomes especially evident (43–45). In these cases, AI can directly assist in decision-making, enhance fairness, reduce event organizers' costs, and streamline event management. Additionally, AI can support the training of young local referees by assisting them identifying contentious rulings and retrieving adjudication results from relevant cases, enabling them to meet international judging standards. This, in turn, improves the overall quality of competitions (46) and advancing the global competitiveness of Taekwondo.



5 Conclusion

Our findings suggest that AI can serve as a valuable tool in Taekwondo video reviews, assisting referees by quickly identifying key penalty moments and improving overall efficiency. Preliminary research results show that the system can shorten the original review time by at least 81%, and can reduce operating costs and training costs such as labor expenses of referees in small and medium-sized competitions, thereby increasing the sustainability of Taekwondo events. Future research should enhance the AI's dynamic analysis capabilities by integrating multi-angle video fusion technology and motion trajectory prediction models to better handle minor contact and visual occlusion. While AI offers objectivity, the experience and adaptability of human referees remain essential. A hybrid model combining AI's preliminary judgment with referee review could strike an optimal balance between human expertise and computer assistance, enhancing both fairness and the flow of Taekwondo competitions. Finally, applying this AI-assisted framework to other sports (such as boxing, baseball, basketball and football etc.), could help assess its broader utility and generalizability.
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Background: With the continuous development of positive psychology, undergraduate students’ subjective well-being has increasingly become a focal point for researchers. Combat sports, as an effective means of promoting mental health, have significant potential for enhancing undergraduate students’ subjective well-being, yet the underlying mechanisms warrant in-depth investigation. This study aimed to explore the impact of combat sports on undergraduate students’ subjective well-being and examine the chain mediation effects of emotional intelligence and self-esteem.
Methods: This study employed a cross-sectional design to collect data from undergraduate students participating in combat sports across 10 universities in Sichuan Province, China, through questionnaire surveys. The research instruments included the Physical Activity Rating Scale, Subjective Well-being Scale, Emotional Intelligence Scale, and Self-esteem Scale to comprehensively assess participants’ psychological and behavioral characteristics. Following data collection, statistical analysis was conducted using SPSS 26.0, with structural equation modeling (AMOS) and Bootstrap methods employed to examine potential mediation effects and ensure reliability of the findings.
Results: The analysis revealed significant positive correlations among combat sports participation, subjective well-being, emotional intelligence, and self-esteem. Specifically, combat sports demonstrated a significant direct effect on undergraduate students’ subjective well-being, indicating that participation in combat sports directly enhances individuals’ well-being levels. Furthermore, emotional intelligence and self-esteem exhibited chain mediation effects between combat sports and subjective well-being, whereby combat sports indirectly influenced subjective well-being by enhancing individuals’ emotional intelligence and self-esteem.
Conclusion: Combat sports not only directly predict undergraduate students’ subjective well-being but also indirectly influence subjective well-being through the psychological mediating variables of emotional intelligence and self-esteem. This study elucidates the underlying mechanisms linking combat sports participation and undergraduate students’ subjective well-being, providing empirical support and theoretical foundation for enhancing undergraduate students’ subjective well-being and maintaining their mental health through combat sports participation.
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1 Introduction

With the rapid expansion of higher education in China, mental health concerns among undergraduate students have become increasingly salient. According to the “2022 National Survey Report on College Students’ Mental Health Status,” the prevalence rates of depression and anxiety among Chinese undergraduate students reached 21.48 and 45.28%, respectively (Institute of Psychology of CAS, 2023). Mental health disorders among undergraduate students have emerged as a critical challenge within educational and public health domains. Contemporary undergraduate students commonly encounter multifaceted stressors including academic pressure, employment competition, and interpersonal adjustment difficulties. These psychosocial stressors frequently contribute to the manifestation of psychological disorders, particularly anxiety and depressive symptomatology. Subjective well-being, defined as an individual’s comprehensive subjective evaluation of life quality based on personal standards, encompasses two primary dimensions: a cognitive component (life satisfaction) and an affective component (the balance between positive and negative affect) (Diener et al., 2009). Compared to singular mental health indicators, subjective well-being demonstrates distinct advantages. First, it provides a more comprehensive framework for psychological functioning assessment, capable of simultaneously capturing negative indicators emphasized by traditional pathological models and positive indicators highlighted by positive psychology (Suldo and Shaffer, 2008). Second, as a comprehensive indicator reflecting overall psychological functioning and life adaptation, subjective well-being enables more accurate evaluation of whether undergraduate students successfully navigate core developmental challenges (Renshaw and Bolognino, 2016). Finally, extensive research demonstrates that subjective well-being exhibits significant predictive validity for individuals’ future academic achievement, career development, and interpersonal relationship quality (Bücker et al., 2018; Cárdenas et al., 2022; Zhang et al., 2024), with its enhancement often accompanied by concurrent improvement across multiple mental health indicators (Carr et al., 2021). Consequently, enhancing subjective well-being not only ameliorates undergraduate students’ mental health status but also holds substantial implications for their academic performance, social adaptation, and future development. However, traditional mental health interventions have demonstrated limited efficacy within undergraduate populations, necessitating the exploration of more targeted and effective enhancement pathways.

In response to multifaceted challenges including academic pressure, employment competition, and interpersonal adjustment difficulties, the Chinese government promulgated the “Special Action Plan for Comprehensively Strengthening and Improving Student Mental Health Work in the New Era (2023-2025),” which explicitly advocates for “actively utilizing physical exercise and other modalities to promote student mental health” (Ministry of Education of China, 2023). Physical exercise, as an effective means of promoting both physical and mental health, has demonstrated well-established positive effects on psychological well-being (Martín-Rodríguez et al., 2024; Eather et al., 2023). Within the Chinese cultural context, combat sports constitute a distinctive category of confrontational athletic activities that extend beyond physical movement and strength training to emphasize the cultivation of psychological concentration and emotional regulation capabilities (Vertonghen and Theeboom, 2010). The philosophical principles of self-cultivation and harmonious integration of internal and external development inherent in combat sports demonstrate remarkable congruence with traditional mind–body harmony concepts, conferring unique cultural adaptability advantages in mental health promotion (Barreira, 2019). Compared to conventional sports modalities, combat sports exhibit significant superiority in fostering individual self-confidence, stress tolerance, and emotional regulation skills (Ciaccioni et al., 2025; Kim and Cruz, 2021). Participants encounter highly uncertain confrontational scenarios requiring instantaneous decision-making under physical contact pressure while directly experiencing the psychological impact of competitive outcomes (Quan et al., 2025). This distinctive athletic environment necessitates not only robust physical competencies but also the development of corresponding psychological adaptation capacities to navigate complex emotional and cognitive challenges (Mojtahedi et al., 2023). Based on these distinctive characteristics, a meta-analytic investigation conducted by Moore et al. (2020) demonstrated that combat sports training exerts significant positive effects on subjective well-being. Research demonstrates that appropriate participation in combat sports can alleviate mental tension and stress, foster positive coping strategies, and promote the generation of optimistic emotions (Moore et al., 2019), thereby reducing anxiety and depressive symptoms while directly enhancing subjective well-being.

Among the numerous psychological variables that may influence subjective well-being, emotional intelligence and self-esteem are recognized as two fundamental constructs. Emotional intelligence refers to the comprehensive ability to accurately perceive, understand, express, and regulate emotions in oneself and others, while utilizing emotional information to guide thinking and behavior. It encompasses four core dimensions: emotion perception, emotion understanding, emotion integration, and emotion regulation (Salovey and Mayer, 1990). According to Gross’s emotion regulation theory, emotional intelligence represents not only a crucial capability for individual adaptation to complex social environments but also a pivotal factor in maintaining psychological equilibrium within high-stress, high-challenge contexts (Gross, 2015). Within the domain of sports, particularly in confrontational athletics, participants are required to maintain emotional stability in high-pressure competitive environments while precisely identifying and regulating their emotional states during dynamic interactions, thereby continuously enhancing their emotional perception, comprehension, and regulation capabilities. This provides an authentic stress-testing environment for emotional intelligence development (Castro-Sánchez et al., 2018). Existing research demonstrates that combat sport athletes exhibit higher emotional intelligence compared to non-athletes (Costarelli and Stamou, 2009), with combat sports significantly enhancing individuals’ emotional intelligence (Bae and Roh, 2021). Individuals with high emotional intelligence demonstrate greater effectiveness in identifying and managing negative emotions, maintaining positive and stable emotional states, and significantly improving subjective well-being (Extremera et al., 2020).

Self-esteem, as an individual’s overall evaluation of self-worth, serves as an important protective factor for mental health (Yu et al., 2012). The developmental trajectory of self-esteem theory demonstrates that individual self-worth is not a static cognitive structure but rather a psychological trait dynamically constructed through environmental interactions (Rosenberg, 1965). Combat sports provide optimal contextual conditions for self-esteem development, enabling participants to accumulate positive achievement experiences and favorable feedback through skill enhancement, challenge management, team collaboration, and social recognition, thereby elevating self-identity and self-worth evaluation while strengthening self-esteem levels (Healey et al., 2025). Research indicates that combat sports significantly enhance individual self-esteem levels. Undergraduate students with high self-esteem possess stronger self-identity and psychological adaptation capabilities, demonstrate greater tendency to adopt positive coping strategies when facing challenges, and consequently experience higher life satisfaction and subjective well-being (Gonzales-Backen et al., 2015). Notably, a sequential relationship may exist between emotional intelligence and self-esteem, whereby emotional intelligence, as a fundamental emotional management capacity, enables individuals to better handle emotional conflicts and maintain interpersonal relationships, thereby gaining more successful experiences and social recognition, which subsequently enhances self-esteem levels (Cheung et al., 2015; Rey et al., 2011). However, empirical validation of this hypothesis within combat sports contexts remains lacking. The mechanisms by which emotional intelligence and self-esteem function in the process of combat sports influencing subjective well-being, along with their underlying psychological mechanisms and pathway relationships, have not yet received systematic empirical examination.

Existing research has predominantly focused on physiological changes following combat sports participation (Linhares et al., 2023; Kotarska et al., 2019; Durkalec-Michalski et al., 2016), while studies examining the psychological mechanisms of combat sports have largely concentrated on direct effect verification (Andreato et al., 2022), lacking in-depth exploration of psychological mechanisms. Specifically, the underlying mechanisms of key mediating variables such as emotional intelligence and self-esteem remain systematically unverified. Based on this research gap, the present study employs combat sports as an entry point to thoroughly investigate their impact mechanisms on undergraduate students’ subjective well-being, with particular emphasis on analyzing the chain mediation effects of emotional intelligence and self-esteem. This research not only contributes to filling theoretical gaps in combat sports psychological benefits research and elucidating the intrinsic mechanisms through which combat sports promote mental health, but also provides scientific theoretical foundations and practical guidance for university mental health education and physical education reform. The study holds significant theoretical value and practical implications for enhancing undergraduate students’ subjective well-being and promoting their comprehensive development.



2 Research statement

This study is grounded in Self-Determination Theory (SDT) as its theoretical foundation. The theory posits that individuals possess three basic psychological needs: autonomy, competence, and relatedness. When these needs are adequately satisfied, individuals’ intrinsic motivation is activated, thereby promoting mental health and enhancing subjective well-being (Teixeira et al., 2012). Self-Determination Theory provides an important theoretical framework for understanding the relationships among combat sports, emotional intelligence, self-esteem, and subjective well-being. Specifically, combat sports can effectively satisfy undergraduate students’ three basic psychological needs: autonomy needs are fulfilled through participants’ autonomous selection of training content and tactical strategy formulation (Mossman et al., 2024); competence needs are realized through skill enhancement, achievement of training objectives, and improvement in competitive performance (Tarver and Levy, 2023); relatedness needs are satisfied through interactions with coaches and teammates and the establishment of team belonging (Cao and Lyu, 2024).

The satisfaction of basic psychological needs further promotes the development of emotional intelligence. In combat training and competition, participants must make autonomous decisions under high-pressure environments, requiring acute emotional perception and regulation abilities. Simultaneously, interactions with teammates and opponents facilitate the development of abilities to understand and manage others’ emotions, thereby comprehensively enhancing emotional intelligence levels. The enhancement of emotional intelligence forms a positive cycle with self-esteem development (Carr, 2000). When individuals can effectively utilize emotional intelligence to address challenges in combat situations, they not only strengthen positive cognitions about their own abilities but also more readily gain recognition and support from coaches and teammates, significantly enhancing self-esteem levels. Ultimately, individuals with high self-esteem maintain firm beliefs in their self-worth and demonstrate greater tendency to approach life challenges with positive attitudes, thereby effectively enhancing subjective well-being (Katsantonis et al., 2023). Based on the above theoretical analysis, this study constructs a chain mediation model of combat sports influencing undergraduate students’ subjective well-being through emotional intelligence and self-esteem (as shown in Figure 1) and proposes corresponding research hypotheses accordingly.
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FIGURE 1
 A hypothetical model of combat sports affecting subjective well-being.




3 Hypotheses development


3.1 The relationship between combat sports

Combat sports, as comprehensive forms of exercise integrating physical training, skill acquisition, and psychological conditioning, have demonstrated positive effects on individuals’ subjective well-being (Ciaccioni et al., 2024). This study focuses on three combat sports with high prevalence in Chinese universities: Wushu Sanda, Taekwondo, and Kickboxing. These disciplines possess strong appeal and participation rates among undergraduate students due to their distinctive cultural backgrounds and technical characteristics. According to the core postulates of SDT, when individuals’ three basic psychological needs—autonomy, competence, and relatedness—are satisfied, this directly promotes mental health and subjective well-being enhancement (Deci and Ryan, 2000). Specifically, combat sports require participants to autonomously select tactical strategies, flexibly adjust technical movements, and actively control competitive rhythm during confrontational processes. This high degree of autonomous decision-making directly satisfies individuals’ intrinsic need for autonomy.

Existing research demonstrates that during high-intensity combat sports participation, the body secretes substantial quantities of neurotransmitters including endorphins, dopamine, and serotonin (Tanriverdi et al., 2013), which effectively alleviate pain, reduce stress, and induce feelings of pleasure and relaxation, thereby enhancing individual motivation and satisfaction while reducing the probability of negative emotions such as depression and anxiety (Lee et al., 2021). Concurrently, combat sports feature distinct skill progression systems and immediate feedback mechanisms. Through the integration of high-intensity aerobic and anaerobic training, participants experience significant improvements in cardiopulmonary endurance, muscular strength, explosive power, and physical coordination (Santos-Junior and Franchini, 2021; Origua Rios et al., 2018). These enhancements in physical functioning not only contribute to physical fitness improvement (Fong and Ng, 2011) but also elevate individuals’ positive cognition regarding their bodily capabilities, with the mastery process from fundamental movements to complex tactics providing participants with abundant competence experiences. Furthermore, although combat sports manifest as individual disciplines, their training processes are highly dependent upon instructor-student interactions, peer support, and team cultural identification. Particularly within the Chinese cultural context, combat sports disciplines such as Wushu sanda carry profound cultural connotations, with participants acquiring strong cultural belongingness during the learning process. Consequently, this study selects Wushu Sanda, Taekwondo, and Kickboxing as combat sports for undergraduate participation, all of which can positively influence subjective well-being. Based on the preceding analysis, we propose the following hypothesis:


Hypothesis 1: Combat sports demonstrate a positive correlation with undergraduate students' subjective well-being.




3.2 The mediating role of emotional intelligence

Between combat sports participation and undergraduate students’ subjective well-being, emotional intelligence serves as a crucial mediating factor. SDT theory emphasizes that the satisfaction of basic psychological needs constitutes a dynamic process requiring individuals to possess corresponding psychological resources and regulatory capacities to maintain and facilitate this process (Curren and Park, 2024). Emotional intelligence, as individuals’ comprehensive ability to identify, understand, regulate, and utilize emotional information, represents an essential psychological resource for maintaining basic psychological need satisfaction (Mayer and Salovey, 1993). Combat sports, as highly structured confrontational physical activities, create authentic learning contexts that foster emotional intelligence development. First, high-intensity confrontation requires athletes to rapidly identify emotional cues from both themselves and opponents under pressure conditions, thereby strengthening emotional perception abilities (Janelle et al., 2020). Second, the close association between technical movements and emotional states enables athletes to understand the causal relationships among emotions, behaviors, and outcomes, deepening emotional understanding (Jekauc et al., 2021). Finally, the immediate feedback mechanisms inherent in competition allow athletes to continuously adjust their emotional regulation strategies, enhancing emotional management capabilities through the process of withstanding pressure. Empirical research demonstrates that systematic combat training significantly enhances participants’ emotional intelligence levels (Fernández et al., 2020).

The enhancement of emotional intelligence provides crucial safeguards for the sustained satisfaction of basic psychological needs and promotes subjective well-being improvement through optimizing the need satisfaction process. Specifically, in the cognitive dimension, emotional intelligence facilitates the formation of objective and positive self-evaluations, reduces emotion-induced cognitive biases, and subsequently improves life satisfaction (Palmer et al., 2002). In the affective dimension, high levels of emotional intelligence enhance individuals’ capacity to generate and maintain positive emotions while improving the regulation efficiency of negative emotions, thereby optimizing the quality and balance of emotional experiences (Szczygieł and Mikolajczak, 2017). In the social dimension, emotional intelligence promotes high-quality interpersonal interactions, expands social support networks, and provides external resource security for well-being (Olasupo et al., 2021). Therefore, emotional intelligence plays a pivotal mediating role in the process by which combat sports promote subjective well-being among undergraduate students. Based on this theoretical analysis, this study proposes:


Hypothesis 2: Emotional intelligence mediates the relationship between combat sports and undergraduate students' subjective well-being.




3.3 The mediating role of self-esteem

Between combat sports participation and undergraduate students’ subjective well-being, self-esteem serves as an important mediating factor. Self-esteem refers to individuals’ cognitive and emotional responses to their own physical attributes, personality characteristics, social status, and behaviors (Sonstroem and Morgan, 1989), serving as a crucial psychological factor in predicting emotional states and life transitions. Within the SDT theoretical framework, self-esteem originates from the satisfaction of basic psychological needs, reflecting individuals’ confidence in their intrinsic worth rather than dependence on external evaluations or social comparisons (Ryan and Deci, 2000). When combat sports satisfy undergraduate students’ basic psychological needs, they directly promote self-esteem development. On one hand, muscular strength demonstrates positive associations with individual physical self-esteem, emotional stability, extraversion, and self-confidence (Slimani and Chéour, 2016), with strength training significantly enhancing individual self-cognition and positivity. On the other hand, combat sports can alleviate depressive symptoms through elevating physical self-esteem levels, exerting significant promotional effects on undergraduate students’ positive emotions, self-confidence, and life satisfaction (Nie et al., 2025). Ultimately, combat sports provide individuals with abundant success experiences through skill mastery, challenge management, and goal achievement, effectively enhancing self-efficacy and self-worth cognition. These positive experiences based on intrinsic need satisfaction collectively construct self-esteem that is independent of external comparisons.

According to SDT theory, self-esteem, as a direct consequence of basic psychological need satisfaction, can stably predict subjective well-being, multiple studies demonstrate that self-esteem exerts a positive predictive effect on subjective well-being (Duy and Yıldız, 2019). High self-esteem indicates that individuals maintain positive attitudes toward their own abilities and worth, not only enhancing their capacity to cope with adversity but also serving as a robust predictor of subjective well-being. Individuals with higher and more stable self-esteem experience elevated levels of subjective well-being (Zell and Johansson, 2025). As a vital psychological resource for undergraduate students, self-esteem effectively predicts their subjective well-being and functions as a protective factor promoting positive emotional development. Previous research has found that high self-esteem significantly and positively predicts undergraduate students’ subjective well-being, with characteristics such as self-worth, autonomy concepts, and sense of control proving crucial for enhancing subjective well-being. Individuals who tend to possess greater dignity, internal locus of control preferences, and fewer internal conflicts are more likely to experience happiness (Çiçek, 2021). Therefore, self-esteem plays a significant mediating role in the process by which combat sports promote subjective well-being among undergraduate students. Based on this theoretical foundation, this study proposes:


Hypothesis 3: Self-esteem mediates the relationship between combat sports and undergraduate students' subjective well-being.




3.4 The chain mediation role of emotional intelligence and self-esteem

Emotional intelligence and self-esteem, as two pivotal psychological variables, may exert a serial mediating effect in the process through which combat sports influence subjective well-being among university students. Within the framework of SDT, emotional intelligence and self-esteem assume distinct functional roles in the satisfaction of basic psychological needs (Ryan and Deci, 2024), exhibiting specific developmental sequences that establish a mutually reinforcing serial developmental relationship (Roth et al., 2019). From a theoretical mechanism perspective, combat sports promote emotional intelligence development through the satisfaction of basic psychological needs. As previously discussed, the emotional regulation demands inherent in high-intensity confrontational contexts provide systematic training opportunities for emotional intelligence enhancement. When emotional intelligence is effectively developed, individuals acquire crucial cognitive-emotional resources for maintaining and optimizing need satisfaction processes, enabling more stable fulfillment of autonomy, competence, and relatedness needs across various contexts (Van den Broeck et al., 2016). This stabilization of need satisfaction further creates favorable conditions for self-esteem development. Specifically, the facilitative effect of emotional intelligence on self-esteem development manifests across multiple dimensions. First, through enhanced emotion regulation capabilities, individuals acquire an effective sense of control over their psychological states, thereby strengthening autonomy experiences. Second, through the mastery of emotional management skills, individuals can maintain effective functional states across diverse contexts, significantly enhancing competence experiences. Third, through the development of emotional communication abilities, individuals gain access to higher-quality social interactions and support, effectively strengthening relatedness experiences. The accumulation and stabilization of these need satisfaction experiences facilitated by emotional intelligence ultimately promote self-esteem development based on intrinsic value confirmation.

Self-esteem, as a stable psychological resource, further facilitates the enhancement of subjective well-being. Individuals with high self-esteem tend to engage in more positive interpretations of life events, demonstrate greater attention to positive aspects of life, and maintain optimistic attitudes toward the future (Baumeister et al., 2003). This positive cognitive tendency directly influences life satisfaction, which constitutes the cognitive component of subjective well-being. Simultaneously, elevated self-esteem levels also affect individuals’ emotional experience patterns, facilitating greater experiences of positive emotions (such as happiness, contentment, and pride) while reducing experiences of negative emotions (such as anxiety, depression, and shame) (Han et al., 2025). This positive emotional bias contributes to significant improvements in college students’ subjective well-being. This chain process comprehensively exemplifies the developmental mechanism of “environmental support → need satisfaction → psychological resource development → subjective well-being enhancement” within SDT. Throughout this process, emotional intelligence functions as a procedural resource that facilitates the maintenance of need satisfaction, while self-esteem operates as an outcome resource that directly promotes subjective well-being experiences. These two components work synergistically to collectively construct the complete pathway through which combat sports promote psychological health development in college students. Based on this theoretical analysis, this study proposes:


Hypothesis 4: Emotional intelligence and self-esteem demonstrate chain mediation effects between combat sports and undergraduate students' subjective well-being.





4 Materials and methods


4.1 Research design

To obtain the primary data required for this study, researchers designed a self-administered questionnaire based on existing literature and validated data collection instruments, focusing on evaluating undergraduate students’ combat sports participation, emotional intelligence, self-esteem, and subjective well-being. Prior to conducting the final survey, the research team conducted a preliminary assessment with 30 participants (pilot test) to ensure questionnaire feasibility and test response rates. Through the pilot study, researchers made adjustments and modifications to specific questionnaire items to maximize response accuracy and comprehensiveness. From an economic development perspective, Chengdu ranks among the forefront of Chinese cities and serves as a model in urbanization processes, having consecutively topped China’s Happiest Cities rankings for 13 years. The research team conducted questionnaire surveys among undergraduate students participating in combat sports across 10 universities in Sichuan Province, China, from December 25, 2024, to May 25, 2025. The questionnaire content included: Physical Activity Rating Scale, Subjective Well-being Scale, Emotional Intelligence Scale, and Self-esteem Scale. All data collection was conducted under standardized conditions to minimize data bias. Each questionnaire required approximately 10–20 min to complete, and all invited participants participated voluntarily. The Ethics Committee of Chengdu Sport University approved this project ([2024]164), and the research process complied with ethical requirements outlined in the Declaration of Helsinki.



4.2 Inclusion and exclusion criteria

The inclusion criteria for study participants were: (1) current full-time undergraduate students; (2) documented combat sports training experience with continuous training duration ≥6 months and current maintenance of regular training at least twice weekly; (3) adequate Chinese reading comprehension abilities to independently complete questionnaire surveys; (4) good physical and mental health status with no history of severe mental illness or current mental health issues; (5) voluntary participation with full understanding of research objectives, procedures, and risks, with signed informed consent.

The exclusion criteria for participants were: (1) involuntary participation or requests to withdraw from the study during the survey process; (2) presence of severe cognitive impairments, mental illness, or current psychological treatment that might affect the authenticity and validity of questionnaire responses; (3) history of serious sports injuries or medical restrictions within the past 6 months affecting normal training participation; (4) poor questionnaire response quality, including: incorrect or missing responses to key items, obvious patterned response behaviors, or abnormal completion times.



4.3 Measurement tool design and reliability testing


4.3.1 Combat sports activity level

The Physical Activity Rating Scale-3 (PARS-3), developed by Liang (1994), was utilized to assess participants’ combat sports activity levels. The PARS-3 comprises three dimensions: exercise intensity, exercise duration, and exercise frequency. Each item employs a 5-point Likert scale with corresponding scores ranging from 1 to 5. The total scale score is calculated using the formula: frequency score × (duration score –1) × intensity score, with a possible range of 0–100. Higher scores indicate greater exercise intensity, frequency, and duration. Physical activity level classification criteria are: ≤19 points for low physical activity; 20–42 points for moderate physical activity; ≥43 points for high physical activity. In this study, the scale demonstrated a Cronbach’s α coefficient of 0.794.



4.3.2 Subjective well-being scale

This study employed the Subjective Well-being Scale developed by Diener (1984). The scale comprises two subscales: the Satisfaction with Life Scale and the Positive and Negative Affect Schedule. The Satisfaction with Life Scale contains 5 items utilizing a 7-point scoring system (1 = strongly disagree, 7 = strongly agree). The Positive and Negative Affect Schedule includes 14 items total, with the positive affect dimension encompassing 8 items (items 1, 4, 6, 8, 9, 11, 12, 14) and the negative affect dimension containing 6 items (items 2, 3, 5, 7, 10, 13). These items employ a 4-point scoring system (1 = not at all, 4 = very often). The final subjective well-being score is calculated as the sum of the life satisfaction score and the positive and negative affect scores (with negative affect items reverse-scored). Higher scores indicate greater subjective well-being. In this study, the scale demonstrated a Cronbach’s α coefficient of 0.934.



4.3.3 Emotional intelligence scale

The Emotional Intelligence Scale is a self-report emotional intelligence scale developed by Schutte et al. (1998). based on Mayer and Salovey’s emotional intelligence theory The scale contains 33 items across four dimensions: emotion perception, self-emotion regulation, others-emotion regulation, and emotion utilization. Items 2, 3, 9, 12, 13, 14, 16, 22, 23, 28, 30, and 31 assess emotion perception; items 7, 8, 10, 17, 20, and 24 assess self-emotion regulation; items 4, 6, 11, 18, 19, 21, 26, 27, 29, and 32 assess others-emotion regulation; and items 1, 5, 15, 25, and 33 assess emotion utilization. Emotional intelligence assessment employs a 5-point Likert scale (1 = completely disagree, 5 = completely agree), with a total possible score of 165 points. Items 5, 28, and 33 are reverse-scored. Higher emotional intelligence scores indicate greater emotional intelligence levels in respondents, while lower scores indicate lower emotional intelligence levels. In this study, the scale demonstrated a Cronbach’s α coefficient of 0.959.



4.3.4 Self-esteem scale

Self-esteem was assessed using the Rosenberg Self-Esteem Scale (RSES) developed by Rosenberg (1965). The scale comprises 10 items, with five items requiring reverse scoring (items 3, 5, 8, 9, and 10). Responses were recorded on a 4-point Likert scale ranging from 1 (“strongly disagree”) to 4 (“strongly agree”). Higher total scores indicate higher levels of self-esteem. The Cronbach’s α coefficient for this scale in the present study was 0.910.



4.3.5 Control variables

To validate the effects of combat sports on undergraduate students’ subjective well-being, this study selected the following control variables based on relevant theories and empirical research to maximize internal validity and minimize interference from potential confounding factors. Gender was included as an important demographic control variable (male = 1, female = 0). Gender differences hold significant implications in subjective well-being research, with effects primarily manifested through differences in gender role socialization, emotional expression patterns, and coping strategies (Batz-Barbarich et al., 2018). Research by Matud et al. (2019) demonstrated that males scored higher on self-acceptance and autonomy dimensions, while females exhibited superior performance in personal growth and interpersonal relationships dimensions. Although effect sizes were relatively small (Cohen’s d = 0.1–0.3), they achieved statistical significance in large-sample studies, necessitating control. Only-child status possesses particular importance within the Chinese cultural context, employing binary coding (only child = 1, non-only child = 0). Based on Resource Dilution Theory, only children receive complete family resource investment but simultaneously bear greater achievement expectation pressures and future caregiving responsibilities. The psychological stress risk for non-only children significantly exceeds that of only children (Lu, 2016), making this variable crucial for accurately estimating combat sports effects. Geographic origin reflects the influence of urban–rural background differences on undergraduate adaptation and well-being, employing binary coding (urban = 1, rural = 0). Students from rural backgrounds face multiple challenges including economic capital, social-cultural capital, and environmental adaptation when transitioning to urban university environments (Yu et al., 2022). Geographic origin differences may confound the relationship between exercise participation and well-being by influencing educational resource access, cultural adaptation, and social support networks. Academic year reflects the developmental characteristics of undergraduate students at different stages, processed using dummy coding with freshmen as the reference group to establish three dummy variables (sophomore = 1, others = 0; junior = 1, others = 0; senior = 1, others = 0). Based on student development theory and psychosocial development models, undergraduate students across different academic years face significantly different developmental tasks and stressors. A 4-year longitudinal study by Shek et al. (2017) of 434 Hong Kong students revealed that undergraduate well-being demonstrates a U-shaped developmental trajectory, with sophomores experiencing a nadir characterized by highest academic pressure and lowest psychological well-being. Therefore, controlling for academic year variables holds significant importance for distinguishing natural developmental changes from combat sports intervention effects. The selection of these control variables follows best practices in subjective well-being research, ensuring accurate identification of the unique contributions of combat sports to subjective well-being through emotional intelligence and self-esteem mediation pathways. All control variables will be simultaneously incorporated into regression models and structural equation models in subsequent analyses to enhance the internal validity of research conclusions and the reliability of causal inferences.



4.3.6 Statistical analysis

Following data collection and validation, all valid questionnaire data were analyzed using SPSS 26.0 software. Correlation analysis and linear regression analysis were employed to examine the effects of combat sports, emotional intelligence, and self-esteem on undergraduate students’ subjective well-being. The Amos 24.0 software package was utilized for model validation and assessment of the structural validity of the scales. Currently, the Bootstrap method represents the most commonly employed approach for testing mediation effects. This method conducts repeated sampling based on the original sample and examines the significance of mediation effect coefficients through 95% confidence intervals. Therefore, this study employed the Bootstrap method to test whether emotional intelligence and self-esteem demonstrate mediation effects between combat sports and undergraduate students’ subjective well-being, as well as whether emotional intelligence and self-esteem exhibit chain mediation effects between combat sports and undergraduate students’ subjective well-being.





5 Results


5.1 Validity testing

Since this study employed scales adapted from previous research questionnaires, validation of the scales’ reliability and validity was required. To further examine the convergent validity and reliability of the scales, Average Variance Extracted (AVE) and Construct Reliability (CR) were employed as assessment parameters. AVE is commonly used to reflect the convergent validity of scales, directly indicating the proportion of variance explained by latent variables that originates from measurement error. Higher AVE values indicate a greater percentage of variance in measurement variables explained by latent variables, correspondingly reducing measurement error. CR reflects whether all items within each latent variable consistently explain that latent variable. As shown in Table 1, the AVE values for all factors exceeded 0.5, demonstrating good model convergence. The CR values for all factors exceeded 0.7, confirming that items within each scale consistently explain their respective latent variables, indicating satisfactory construct reliability for the aforementioned scales. In summary, the questionnaire survey in this study demonstrates high reliability and validity.


TABLE 1 Validity and reliability test of the questionnaires.


	Variable
	CR
	AVE

 

 	CS 	0.794 	0.562


 	SWB 	0.834 	0.627


 	EI 	0.841 	0.574


 	SE 	0.910 	0.502





CR, composite reliability; AVE, average variance extracted; CS, combat sports; SWB, subjective well-being; EI, emotional intelligence; SE, self-esteem.
 



5.2 Common method variance testing

To mitigate common method variance, coded anonymous assessment procedures were implemented during data collection to procedurally control sources of common method bias. Simultaneously, Harman’s single-factor test was conducted using SPSS 26.0 to perform exploratory factor analysis on all measurement items. Results revealed nine factors with eigenvalues greater than 1, with the first factor explaining 31.644% of the variance, which falls below the critical threshold of 40%. These findings indicate that serious common method variance issues are not present in this study.



5.3 Descriptive statistics and correlation analysis

This study conducted a questionnaire survey of 1,351 undergraduate students across 10 universities in Sichuan Province from December 2024 to May 2025, yielding 1,304 valid responses. As shown in Table 2, participants demonstrated balanced gender distribution, with 622 males (47.6%) and 682 females (52.3%). Regarding family composition, 448 participants (34.3%) were only children, while 856 participants (65.6%) had siblings. Geographic distribution revealed 644 participants (49.3%) from urban areas and 660 participants (50.6%) from rural areas. Academic year distribution included 532 freshmen (40.7%), 466 sophomores (35.7%), 156 juniors (11.9%), and 150 seniors (11.5%).


TABLE 2 Participant demographics.


	Demographic category
	Frequency
	Percent%

 

 	Gender


 	Male 	622 	47.6


 	Female 	682 	52.3


 	Are you an only child?


 	Yes 	448 	34.3


 	No 	856 	65.6


 	Place of origin 	239 	22


 	Urban area 	45 	4.1


 	Rural area 	52 	4.8


 	Education system


 	Freshman year 	89 	8.18


 	Sophomore year 	185 	17.01


 	Junior year 	203 	18.67


 	Senior year 	259 	23.82




 

This study focused on examining the overall scores of each model indicator, without further investigating the sub-dimensions of each indicator, utilizing the mean scores of each variable for analysis. The descriptive statistical results for the four variables of combat sports, emotional intelligence, self-esteem, and undergraduate students’ subjective well-being are presented in Table 3. To assess the normality of data distribution, the table includes means, standard deviations, skewness, and kurtosis values. According to the criteria proposed by Kline (2023), data can be considered to satisfy the normality assumption when the absolute values of skewness are less than 3 and the absolute values of kurtosis are less than 10. As demonstrated in Table 3, considering both skewness and kurtosis indicators, all major variables in this study satisfy the normality assumption, supporting the utilization of subsequent parametric statistical analyses, including Pearson correlation analysis and structural equation modeling. This study focused on examining the overall scores of each model indicator rather than investigating the sub-dimensions of individual indicators, employing mean scores of each variable for Pearson correlation analysis. Table 3 presents the correlation analysis results for the four variables: combat sports, emotional intelligence, self-esteem, and undergraduate students’ subjective well-being. The results revealed significant positive correlations among all pairs of the four variables. Specifically, correlation analysis demonstrated that combat sports was significantly correlated with students’ subjective well-being (r = 0.534, p < 0.01); combat sports showed significant positive correlation with emotional intelligence (r = 0.462, p < 0.01); combat sports was significantly correlated with self-esteem (r = 0.406, p < 0.01); emotional intelligence was significantly correlated with undergraduate students’ subjective well-being (r = 0.504, p < 0.01); self-esteem was significantly correlated with undergraduate students’ subjective well-being (r = 0.453, p < 0.01); and emotional intelligence was significantly correlated with self-esteem (r = 0.394, p < 0.01). In summary, significant correlations exist among all variables, providing preliminary evidence for the hypotheses proposed in this study.


TABLE 3 Descriptive statistics and correlations for primary variables.


	Variable
	M
	S.D.
	Skew
	Kurt
	MBE
	PSS
	PR
	QOL

 

 	CS 	3.504 	0.869 	−0.381 	−0.466 	1 	 	 	


 	SWB 	3.162 	0.743 	−0.17 	−0.606 	0.534** 	1 	 	


 	EI 	3.516 	0.668 	−0.667 	0.311 	0.462** 	0.504** 	1 	


 	SE 	2.611 	0.700 	−0.2 	−1.052 	0.406** 	0.453** 	0.394** 	1





n = 1,304; M, mean; S.D., standard deviation; Skew, Skewness; Kurt, Kurtosis. *p < 0.05 **p < 0.01; CS, combat sports; SWB, subjective well-being; EI, emotional intelligence; SE, self-esteem.
 

To better examine the impact of combat sports on undergraduate students’ subjective well-being, this study employed one-way analysis of variance (ANOVA) to investigate the differences in subjective well-being across varying exercise intensity levels. As demonstrated in the Table 4 below, all exercise intensity groups exhibited significant differences in subjective well-being (p < 0.05), indicating that different exercise intensity levels differentially affect subjective well-being. Exercise intensity demonstrated significant effects on subjective well-being at the 0.01 level (F = 228.688, p = 0.000), suggesting that participation in moderate to high-intensity physical and mental exercise contributes more effectively to enhancing undergraduate students’ subjective well-being.


TABLE 4 Anova results of the effects of combat sports on undergraduate students’ subjective well-being.


	Variable
	Exercise amount (M + S.D.)
	
F

	
p




	Mild exercise (n = 472)
	Moderate exercise (n = 387)
	Intense exercise (n = 445)

 

 	Subjective well-being 	51.454 ± 12.946 	59.556 ± 10.556 	68.612 ± 12.602 	228.688 	0.000**





*p < 0.05 **p < 0.01.
 



5.4 Analysis of mediation effects

To verify the chain mediation effects of emotional intelligence and self-esteem in the relationship between combat sports and undergraduate students’ subjective well-being, AMOS 24.0 software was employed to conduct goodness-of-fit analysis for the conceptual chain mediation model. Following the mediation effect testing procedures proposed by Marsh et al. (2014), Table 5 presents the standard results of fit indices: χ2/df < 3, RMSEA < 0.08, CFI > 0.9, GFI > 0.9, NFI > 0.9, TLI > 0.9. The model parameters met the fit requirements, indicating that the mediation model conceptualization for combat sports and undergraduate students’ subjective well-being is reasonable.


TABLE 5 Questionnaire model fitting indicators.


	
	
X
2

	df
	χ2/df
	RMSEA
	CFI
	GFI
	NFI
	TLI
	IFI

 

 	Model 	33.325 	164 	2.020 	0.028 	0.986 	0.975 	0.973 	0.984 	0.986





RMSEA, root mean square error of approximation; CFI, comparative fit index; GFI, goodness-of-fit index; NFI, normed fit index; TLI, Tucker-Lewis index. IFI, increased fit index.
 

As illustrated in Figure 2, the standardized path coefficient for combat sports → undergraduate students’ subjective well-being was significant (β = 0.371, p < 0.001), demonstrating that combat sports exert a significant positive influence on undergraduate students’ subjective well-being, thus supporting hypothesis H1. The path coefficients for combat sports → emotional intelligence (β = 0.553, p < 0.001) → undergraduate students’ subjective well-being (β = 0.34, p < 0.001) were significant, indicating that emotional intelligence mediates the relationship between combat sports and undergraduate students’ subjective well-being, thus supporting hypothesis H2. The path coefficients for combat sports → self-esteem (β = 0.351, p < 0.001) → undergraduate students’ subjective well-being (β = 0.206, p < 0.001) were significant, demonstrating that self-esteem mediates the relationship between combat sports and undergraduate students’ subjective well-being, thus supporting hypothesis H3. The path coefficients for combat sports → emotional intelligence (β = 0.553, p < 0.001) → self-esteem (β = 0.23, p < 0.001) → undergraduate students’ subjective well-being (β = 0.206, p < 0.001) were significant, indicating that emotional intelligence and self-esteem exhibit chain mediation effects between combat sports and undergraduate students’ subjective well-being, thus supporting hypothesis H4.

[image: Path analysis diagram illustrating relationships among combat sports, emotional intelligence, self-esteem, and subjective well-being. Labeled arrows display regression coefficients between constructs and observed variables, with circles indicating error terms. Diagram highlights measurement and structural model components.]

FIGURE 2
 Intermediary model diagram.


Bias-corrected nonparametric percentile Bootstrap methods were employed to assess the significance of individual mediation effects and confirm the mediating roles of emotional intelligence and self-esteem. Hayes recommended that Bootstrap mediation effect testing should include at least 1,000 resampled datasets from the original sample (Hayes, 2009). Bootstrap mediation effect testing results indicate that indirect effects are established when Bootstrap confidence intervals (CI) do not contain zero (Zhao et al., 2010). This study conducted mediation effect testing using 5,000 Bootstrap samples to determine 95% confidence intervals (CI).

As shown in Table 6, the direct effect of combat sports on undergraduate students’ subjective well-being was significant [direct effect = 0.461, 95% CI (0.343, 0.593)]. Indirect effects included three significant mediation pathways: combat sports → emotional intelligence → subjective well-being [indirect effect = 0.234, 95% CI (0.172, 0.311)]; combat sports → self-esteem → subjective well-being [indirect effect = 0.090, 95% CI (0.057, 0.132)]; and combat sports → emotional intelligence → self-esteem → subjective well-being [indirect effect = 0.033, 95% CI (0.017, 0.054)]. In summary, the Bootstrap 95% confidence intervals for all three mediation pathways excluded zero, indicating that the various path coefficients in this model were significant. These findings demonstrate that emotional intelligence and self-esteem mediate the relationship between combat sports and undergraduate students’ subjective well-being, with emotional intelligence and self-esteem exhibiting chain mediation effects.


TABLE 6 Test results of mediation effects.


	Effect
	Parameter
	Estimate
	BootSE
	Bootstrap LLCI
	Bootstrap ULCI

 

 	Direct effect 	CS → SWB 	0.461 	0.064 	0.343 	0.593


 	Indirect effect 	CS → EI → SWB 	0.234 	0.035 	0.172 	0.311


 	CS → SE → SWB 	0.090 	0.019 	0.057 	0.132


 	CS → EI → SE → SWB 	0.033 	0.009 	0.017 	0.054


 	Total effect 	CS → EI → SE → SWB 	0.818 	0.054 	0.712 	0.925





The Bootstrap sample size is set at 5000.
 




6 Discussion

This study examined the impact of combat sports on undergraduate students’ subjective well-being, with particular emphasis on analyzing the chain mediation effects of emotional intelligence and self-esteem. The results demonstrated that combat sports exhibit a significant relationship with undergraduate students’ subjective well-being, with Wushu Sanda, Taekwondo, and Kickboxing all significantly and positively predicting undergraduate students’ subjective well-being, consistent with previous research findings (Zhou, 2025; Tadesse, 2017). Although Wushu Sanda, Taekwondo, and Kickboxing differ in their technical systems, they all possess high-intensity, multidimensional exercise characteristics. Sanda’s integrated “kicking, punching, and throwing” technical system requires comprehensive full-body coordination, Taekwondo’s precise leg techniques and footwork transitions emphasize the unity of lower extremity strength and flexibility, while Kickboxing’s combination techniques using fists, legs, knees, and elbows pursue fluidity in offensive-defensive transitions. These complex technical movements during high-intensity training can more effectively promote substantial neurotransmitter release. Particularly during high-intensity confrontational training, combat sports require participants to complete complex technical decisions and physical execution within extremely short timeframes. This highly integrated movement significantly promotes brain secretion of neurotransmitters such as endorphins and dopamine, with the release of these happiness hormones directly enhancing individuals’ positive emotional experiences (Harwood-Gross et al., 2020; Babiloni et al., 2010). Simultaneously, regular combat sports participation helps regulate cortisol levels (de Oliveira et al., 2022; Slimani et al., 2018), reducing stress responses and creating favorable physiological foundations for subjective well-being enhancement. Compared to traditional aerobic exercise, combat sports emphasize the cultivation of technical, strategic, and immediate response capabilities. This complex cognitive engagement process enhances individuals’ self-perception abilities (Russo and Ottoboni, 2019). When undergraduate students gradually master technical movements and improve competitive performance through training, they experience pronounced achievement and competence feelings. This positive self-evaluation directly promotes subjective well-being enhancement. The research further revealed that participation in high-intensity combat sports more effectively enhances undergraduate students’ subjective well-being. This enhancement manifests not only in improved physical function but also across various aspects of undergraduate students’ daily lives, promoting the development of long-term exercise habits, thereby continuously maintaining physical health status, enhancing undergraduate students’ self-confidence, promoting emotional stability, and consequently enhancing overall life satisfaction and well-being.

Combat sports not only directly influence undergraduate students’ subjective well-being but also indirectly affect subjective well-being through positive impacts on emotional intelligence, consistent with previous research findings (Oh et al., 2025). Enhancement of emotional intelligence capabilities develops significantly within the specialized context of combat sports. Existing research demonstrates that individuals exhibit more pronounced psychological characteristics and significantly elevated emotional intelligence levels following combat sports participation (Szabo and Urbán, 2014). In high-intensity, high-pressure confrontational exercise environments, participants must rapidly and accurately identify and regulate complex emotional states. This repetitive emotional practice effectively promotes the development of capabilities across all emotional intelligence dimensions (Kopp and Jekauc, 2025). Combat sports create increasingly variable and challenging emotional contexts where participants must cope with multiple intense emotions including fear, excitement, frustration, and anger during training and competition processes. Participants must adjust to optimal competitive states based on real-time circumstances while continuously maintaining emotional stability. Victory in combat sports is not determined by any single athletic capability but represents a concentrated manifestation of comprehensive qualities including physical fitness, technical proficiency, tactical knowledge, psychological qualities, and intellectual capacity. Therefore, combat sports are more conducive to cultivating undergraduate students’ emotional perception, self-emotional regulation, others’ emotional regulation, and emotional utilization capabilities, consistent with previous research findings (Zvi and Lavi, 2025). Emotional intelligence demonstrates a significant positive correlation with subjective well-being, consistent with previous research (Caballero-García and Ruiz, 2025). Individuals with high emotional intelligence can more accurately identify and understand emotional states in themselves and others. This emotional awareness assists individuals in conducting more objective and positive evaluations of life events. Furthermore, enhanced emotional regulation capabilities enable individuals to more effectively manage negative emotions while maintaining positive affective states. Research reveals that emotional intelligence influences subjective well-being by avoiding emotional exhaustion, increasing positive emotional experiences, and reducing negative emotional experiences (Extremera and Rey, 2016). This emotional regulation mechanism represents a critical pathway for subjective well-being enhancement.

Simultaneously, combat sports can indirectly influence undergraduate students’ subjective well-being through positive effects on self-esteem. First, skill acquisition in combat sports exhibits distinct stage-based and visualizable characteristics. The progression from basic movements to complex techniques provides individuals with clear feedback regarding capability enhancement, and this accumulation of competence constitutes an important foundation for self-esteem development. Second, compared to other sports, combat sports place greater emphasis on individual courage, perseverance, and self-control capabilities. During processes of facing opponents, enduring physical contact, and tolerating training intensity, participants must continuously push beyond psychological comfort zones. These experiences of self-challenge and transcendence demonstrate significant effects on self-esteem enhancement, consistent with previous research findings (Bojanić et al., 2019). Finally, Rosenberg’s self-esteem theory posits that self-esteem, as a core component of individual self-concept, directly influences individuals’ overall life evaluations and emotional experiences (Monteiro et al., 2022). Combat sports provide multiple positive experiences including skill mastery, physical fitness improvement, and challenge resolution, offering rich material for individuals to construct positive self-cognitions. When undergraduate students gradually master technical movements, enhance physical capabilities, and overcome psychological fears through combat sports participation, these successful experiences become internalized as positive cognitions regarding personal abilities and worth, thereby elevating self-esteem levels, consistent with previous research findings (Kostorz et al., 2017). Furthermore, individuals with high self-esteem tend to engage in more positive attributions and interpretations of life events. They more readily attribute positive events to internal and stable factors while attributing negative events to external and temporary factors. This attribution pattern facilitates maintenance of positive life evaluations. Simultaneously, high self-esteem individuals hold more optimistic expectations regarding the future, believing in their capability to address various challenges and difficulties. This optimistic attitude directly enhances life satisfaction. At the emotional level, self-esteem influences individuals’ emotional regulation capabilities and emotional experience patterns. Individuals with higher self-esteem demonstrate greater proficiency in maintaining positive emotional states, recover more rapidly from negative emotions, and experience positive emotions such as pride, satisfaction, and happiness more readily (Brown and Marshall, 2001). This positive bias in emotional experience constitutes an important component of subjective well-being.

A relatively stable systematic association exists between undergraduate students’ emotional intelligence and self-esteem, consistent with previous research findings (Miezah et al., 2025). The confrontational and competitive nature of combat sports requires participants to continuously identify opponents’ emotional states and attack intentions during training while simultaneously regulating their own negative emotions such as tension and anxiety. This process directly promotes individual emotional intelligence enhancement. When undergraduate students possess higher emotional intelligence, they can approach challenges in life and learning with more positive and stable mindsets, thereby improving subjective well-being levels, consistent with previous research findings (Sánchez-Álvarez et al., 2016). As an important cognitive resource, emotional intelligence enables undergraduate students to approach challenges in combat sports from positive perspectives, viewing failures as growth opportunities, reducing self-negation, and appropriately expressing emotions during social interactions to receive positive feedback from peers and coaches. This process enhances affirmation and identification of personal value, strengthening self-worth perceptions and elevating self-esteem levels. When individuals possess greater emotional intelligence, they experience more respect, support, and understanding emotionally, achieve higher internal satisfaction levels, and develop stronger capabilities to resist adversity, resulting in higher self-esteem levels, consistent with previous research findings (Bibi et al., 2016). Higher self-esteem subsequently makes undergraduate students more inclined to view life optimistically, more willing to actively participate in various activities, and more proactive in establishing positive relationships with others, consequently experiencing more positive emotions, improving life satisfaction, and ultimately promoting subjective well-being enhancement, consistent with previous research findings (Du et al., 2017). The results of this study further demonstrate that combat sports can collectively influence undergraduate students’ subjective well-being through chain mediation effects of emotional intelligence and self-esteem.



7 Research implications and limitations


7.1 Research implications

Existing research on combat sports has predominantly focused on practical intervention effectiveness assessment, while systematic theoretical exploration of its underlying mechanisms remains relatively scarce, particularly in-depth analyses based on SDT are notably insufficient. This study employs SDT as a theoretical framework to systematically examine the mechanisms through which combat sports influence undergraduate students’ subjective well-being via the chain mediation effects of emotional intelligence and self-esteem, providing meaningful theoretical extensions for SDT applications in the field of sport psychology. The core tenet of SDT posits that the satisfaction of three basic psychological needs, namely autonomy, competence, and relatedness, constitutes the key factor driving intrinsic motivation and promoting subjective well-being. The research findings indicate that combat sports can satisfy these basic psychological needs through multiple pathways. First, during the training process, students experience significant enhancement of competence through skill advancement and self-breakthrough. Second, social interactions and self-expression within group training environments effectively fulfill relatedness needs. Meanwhile, the marked improvement in emotional intelligence enables students to more precisely identify, understand, and regulate their emotional states, enhancing self-awareness and emotional control capabilities, thereby promoting the full development of autonomy. This enhancement of emotional management capabilities itself becomes an important source of self-esteem strengthening. This complete chain of effects powerfully validates and deepens the core theoretical hypothesis of SDT regarding how basic psychological need support promotes subjective well-being. More importantly, the chain mediation pathway of emotional intelligence and self-esteem revealed in this study exhibits clear temporal characteristics, with emotional intelligence as a procedural psychological resource developing first, subsequently promoting the formation and consolidation of self-esteem as an outcome psychological resource. This finding elucidates the bridging mechanism of emotional regulation capabilities and self-esteem in the process by which combat sports promote subjective well-being. It not only provides empirical support and mechanism refinement for SDT’s theoretical framework regarding how psychological need satisfaction promotes well-being, but also offers theoretical guidance for future research in designing combat sports-based psychological intervention programs.

At the practical level, this study provides novel approaches for undergraduate students’ mental health promotion initiatives. First, traditional mental health interventions predominantly employ passive approaches such as counseling and therapy, while this study confirms the effectiveness of combat sports as an active intervention strategy. When enhancing undergraduate students’ subjective well-being levels, comprehensive intervention measures should be adopted, considering the integrated effects of combat sports, emotional intelligence, and self-esteem factors to create positive living environments and healthy lifestyles for undergraduate students. Second, from an educational practice perspective, understanding the chain mediation effects of emotional intelligence and self-esteem facilitates optimization of combat sports teaching and training methodologies. Educators can consciously integrate emotional skills training into training processes, including emotional identification exercises, stress management techniques, and frustration coping strategies, thereby maximizing combat sports’ promotional effects on subjective well-being. Finally, attention should be directed toward undergraduate students’ self-esteem development by creating positive and inclusive sports atmospheres, avoiding harm to students’ self-esteem through excessive competition or inappropriate evaluations, enabling students to gradually establish self-confidence through combat sports participation. Regular comprehensive health education and psychological counseling can be implemented to promote more holistic psychological and social development, thereby increasing positive emotions and encouraging stronger self-confidence in daily life to enhance subjective well-being.



7.2 Research limitations

Despite providing compelling evidence for the positive effects of combat sports, emotional intelligence, and self-esteem on enhancing undergraduate students’ subjective well-being, this study has several important limitations that warrant explicit acknowledgment. First, the limitations of cross-sectional research design. This study employed a cross-sectional research design to explore the mechanisms through which combat sports influence undergraduate students’ subjective well-being. While this approach effectively examines associations between variables and mediation pathways, it inherently constrains the ability to make causal inferences and determine directionality, failing to capture the temporal developmental processes of psychological benefits, including their cumulative, persistent, and threshold characteristics. Future research should adopt longitudinal tracking designs to observe the developmental trajectories of psychological variables before and after combat sports participation through multi-timepoint measurements, clarifying temporal sequences to provide stronger evidential support for causal inference. Alternatively, randomized controlled trial designs could be implemented to randomly assign groups while controlling confounding variables, establishing rigorous causal relationships and exploring differential effects of various training parameters on psychological benefits. Second, limitations in dose–response relationship analysis. Although this study preliminarily explored the relationship between different exercise volumes and subjective well-being through the PARS-3 scale and univariate analysis of variance, confirming that moderate to high-intensity combat sports are more conducive to subjective well-being enhancement, this analysis remains insufficient in depth. The PARS-3 provides a composite physical activity score based on frequency, intensity, and duration, but cannot distinguish the independent contributions of these different dimensions to psychological benefits. The study lacks refined analysis of specific training parameters, such as the differential effects of various training durations, training frequencies, training intensity types, and session durations. Future research should employ multidimensional dose measurement approaches to systematically compare the psychological effects of different training parameter combinations, providing precise guidance for determining the optimal parameter configuration for psychological benefits of combat sports. Third, limitations in research scope. This study involved only three types of combat sports, namely Wushu sanda, taekwondo, and kickboxing, without including other types such as judo, boxing, and mixed martial arts. Different combat sports exhibit significant variations in technical characteristics, training intensity, and cultural backgrounds, potentially generating distinct psychological effects, warranting refined research designs in future studies. Simultaneously, the research sample was limited to universities in Sichuan Province, China, which cannot adequately represent undergraduate student populations from different geographical regions, cultural backgrounds, and economic development levels, thereby constraining the generalizability of the research findings. Future research could enhance the comprehensiveness of conclusions by expanding the geographical scope of sample collection.




8 Conclusion

This study revealed the impact of combat sports on undergraduate students’ subjective well-being and conducted in-depth analysis through the chain mediation effects of emotional intelligence and self-esteem. Results indicated that combat sports exert positive influences on undergraduate students’ subjective well-being. Undergraduate students who regularly participate in combat sports not only demonstrate higher subjective well-being but also achieve significant improvements in emotional intelligence and self-esteem. The research found that emotional intelligence plays a significant mediating role between combat sports and subjective well-being. Participation in combat sports significantly enhances undergraduate students’ emotional intelligence levels. The promoting effects of combat sports on emotional intelligence manifest across multiple dimensions including emotional perception, understanding, regulation, and utilization, providing rich practical opportunities for emotional management. Self-esteem similarly plays a significant mediating role between combat sports and subjective well-being. Mastery of combat sports skills provides individuals with sources of capability confidence, enhancing self-efficacy. Successful experiences and peer recognition during sports participation elevate individuals’ social value perceptions, subsequently promoting self-esteem enhancement and ultimately fostering subjective well-being improvement. This study represents the first verification of the chain mediation effects of emotional intelligence and self-esteem between combat sports and undergraduate students’ subjective well-being. Combat sports not only improve undergraduate students’ subjective well-being but also achieve comprehensive subjective well-being enhancement through effective utilization of emotional intelligence and strengthened self-esteem levels, maintaining positive life attitudes. The chain mediation model proposed in this study integrates the relationships among emotional intelligence, self-esteem, and undergraduate students’ subjective well-being, providing new perspectives for more comprehensive understanding of how combat sports influence undergraduate students’ subjective well-being through internal mechanisms. This finding not only enriches existing literature but also provides theoretical foundations for combat sports applications in undergraduate student health promotion domains.
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Objective: This study aims to explore the intervention effect of an intervention program based on structured martial arts games on behavioral and motor function disorders in children with autism spectrum disorder (ASD), and to provide a novel and effective intervention strategy for ASD children to enhance their rehabilitation outcomes.
Methods: A randomized controlled trial design was adopted. Fifty-six ASD children were selected from a special education school and randomly divided into an experimental group (28 people) and a control group (28 people). The experimental group received a 24-week structured martial arts game intervention, 3 times a week, 60 min each time; the control group received traditional rehabilitation training. The autism treatment evaluation checklist, autism behavior checklist, and gross motor function measure were used to evaluate the relevant indicators of the two groups of children before and after the intervention, and SPSS 26.0 software was used for statistical analysis.
Results: After the intervention, the improvement of the experimental group in language ability, social communication ability, perceptual ability, health behavior and total score was significantly better than that of the control group (p < 0.05). The experimental group was significantly better than the control group in sensory ability, social ability, motor ability, language ability, self-care ability and total score (p < 0.05). The improvement of the experimental group in lying and rolling, sitting, crawling and kneeling, standing, walking, running and jumping, and total score was significantly higher than that of the control group (p < 0.05).
Conclusion: The structured martial arts game intervention can effectively improve the behavioral and motor disorders of ASD children. This intervention method is both interesting and structured, and can be used as a new approach for the rehabilitation of ASD children. It is recommended to incorporate it into the regular curricula of special education schools and rehabilitation institutions.
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1 Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized mainly by social impairments, delayed language development, repetitive and stereotyped behaviors, and restricted interests (Mukherjee, 2017; Oberman and Kaufmann, 2020). These symptoms usually emerge in early childhood and have a significant negative impact on an individual’s daily life, learning, and social functioning (Tobin et al., 2014). Salari et al. (2022) evaluated 74 studies involving 30,212,757 participants and found that the global prevalence rate of ASD reached 0.6% (95% CI = 0.4 ~ 1.0%). In addition, a subgroup analysis revealed that the prevalence rate of ASD in the United States was 1.0%, and in Asian countries, it was 0.4%. This suggests that ASD imposes a heavy health burden on countries around the world, and it is necessary to implement appropriate programs and intervention measures to alleviate this burden on individuals with ASD.

Behavioral impairments and motor dysfunction are significant characteristics of children with ASD. Children with ASD exhibit multidimensional behavioral impairments, including communication disorders, abnormal social behavior, delayed language development, and repetitive stereotyped behaviors (Bhat, 2023; Bhat et al., 2022), which severely affect their daily learning and life. In addition, children with ASD have gross motor dysfunction (Liu et al., 2014), especially with generally weak balance and coordination abilities (Fournier et al., 2010; Stins and Emck, 2018). They have unstable gaits when walking, uncoordinated running postures, and obvious difficulties in activities such as jumping and climbing. These motor impairments not only affect the self-care abilities of children with ASD in daily life but also further restrict their social participation (Rosenberg et al., 2017). Due to their lagging motor skills, they are often at a disadvantage in sports activities and group games, which can lead to social isolation from peers and consequently exacerbate their social withdrawal behaviors, forming a vicious cycle that severely affects their mental health and social adaptability (Rosenberg et al., 2017). Therefore, how to improve the behavioral impairments and motor dysfunction of children with ASD is a topic of general concern among researchers.

With the deepening of research, physical exercise, as an auxiliary intervention measure, has gradually attracted attention. A growing body of studies (Lang et al., 2010; Sowa and Meulenbroek, 2012; Toscano et al., 2022) indicates that physical exercise can effectively reduce behavioral and motor coordination impairments in children with ASD. Sowa and Meulenbroek (2012) included 13 original studies to evaluate the promoting benefits of structured physical exercise for ASD patients, and found that physical exercise has a positive promoting effect on the improvement of social skills and motor performance of ASD patients. Lang et al. (2010) conducted a systematic review based on 18 studies and found that exercise intervention can effectively reduce the repetitive stereotyped behaviors, aggressive behaviors and off-task behaviors of ASD patients, and can effectively increase the learning response and appropriate motor behaviors (such as playing catch games) of ASD patients. For another example, in relevant empirical studies, Toscano et al. (2022) found that a 48-week exercise intervention significantly reduced the social interaction, attention disorders, repetitive stereotyped behaviors and motor function disorders of ASD patients. In conclusion, physical exercise, as a non-pharmacological intervention measure, has important value in the rehabilitation of children with ASD, providing new ways and methods to improve their behavioral and motor coordination impairments.

Sports games are a form of activity that integrates exercise, play, and educational elements, and they play a unique role in the rehabilitation training of children with ASD. Through sports games, children with ASD can improve their behavioral impairments and motor function disorders in a relaxed and pleasant atmosphere (Qi et al., 2024). Martial arts, as a traditional Chinese sports event, possess unique cultural connotations and fitness values. Currently, existing studies (Bell et al., 2016; Phung and Goldberg, 2021) have utilized martial arts as an intervention method and confirmed that martial arts can enhance the social and behavioral functions of children with ASD. However, due to the fixed nature of current martial arts routine practices, children may find it boring during practice, which reduces their interest in practicing and thus restricts the intervention effect. By combining martial arts with games to form structured martial arts games, this limitation can be overcome. Structured martial arts games offer an environment with predictability for children with ASD through clear rules, an orderly process, and rich movement designs, which help them, concentrate and participate in the activities. Moreover, the interactive elements in martial arts games, such as partner drills and teamwork, can promote communication and cooperation between children with ASD and others, improving their social interaction skills.

Based on this, this study aims to propose an intervention program based on structured martial arts games and explore its intervention effect on behavioral and motor coordination impairments in children with ASD. It is expected to offer a new and effective intervention method for the rehabilitation training of children with ASD, enrich the research content in the field of ASD rehabilitation, and contribute to improving the quality of life and social integration ability of children with ASD.



2 Methods


2.1 Participants

This study used G • Power 3.1.9.7 software to calculate the sample size. A systematic review and meta-analysis by Wu et al. (2024) found that exercise had a positive effect on improving symptoms related to ASD, with effect sizes ranging from 0.76 to 1.72. Based on this, this study extracted these effect sizes, set α at 0.05 and 1 − β at 0.80, and calculated that 12–46 participants were needed. Considering potential dropouts during the intervention, this study calculated that 56 participants were required based on a 20% dropout rate. The participants in this study were ASD children from a special education school in Chengdu, Sichuan Province. To ensure the scientific validity of the study, participant selection followed strict criteria and procedures.

Firstly, professional doctors diagnosed the children according to the diagnostic criteria in the Fifth Edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (Black and Grant, 2024) to screen for ASD children. Based on the ASD severity classification, it was found that all these children were at Level 1, which means they had relatively mild social communication deficits, for instance, they could engage in simple conversations but had difficulty maintaining in-depth interactions. In addition, restrictive behaviors only occurred when the environment changed, with little impact on their daily lives. Subsequently, the research team used the childhood autism rating scale (CARS) (Rellini et al., 2004) to further assess these children to confirm the diagnosis.

In this study, the 56 included ASD children were randomly divided into an experimental group and a control group, with 28 participants in each group. The random number table method was used in the grouping process to ensure the randomness and balance of the grouping, thereby reducing the impact of inter-group differences on the research results. During the research process, the wishes of the children and their parents were fully respected, and ASD children were only included in the study after obtaining the informed consent form from their parents. At the same time, to protect the privacy and rights of the children, the information of all children participating in the study was strictly confidential, and only code numbers were used in the study. This study was approved by the Scientific Research Ethics Committee of Huaihua University.



2.2 Intervention measures


2.2.1 Training of interveners

In this study, the structured martial arts game intervention was implemented by trained interveners. To ensure the standardization and professionalism of the implementation of the structured martial arts game intervention, a systematic training program covering both theoretical and practical aspects was conducted for the interveners. Firstly, theoretical lectures were delivered focusing on the core objectives of the study and the logic of the intervention, covering content such as the design principles of structured martial arts games, the physical and psychological characteristics of children with ASD, and the core framework of the intervention program. Secondly, game process simulation drills were adopted to improve the interveners’ teaching and implementation capabilities. In accordance with the standard process of “10-min warm-up + 40-min game + 10-min relaxation,” game scenarios were set up, and the interveners took turns acting as “intervention implementers” to conduct complete drills of each session’s content, while learning how to explain game rules in language that is easy for children to understand, so as to ensure the smooth connection of the process and its acceptability to children with ASD. In addition, through case-based teaching, the interveners were guided on methods to judge the status of children with ASD and practiced targeted adjustment strategies, ensuring they had the flexible ability to deal with the actual situations of different children. Finally, the interveners’ teaching and implementation capabilities were evaluated through practical assessments, and all interveners eventually passed the assessments.



2.2.2 Design of the intervention

In this study, the experimental group received structured martial arts game interventions, while the control group received traditional rehabilitation training. The rehabilitation effects of structured martial arts games were evaluated by comparing changes in various indicators between the two groups before and after the experiment. Referencing previous systematic reviews (Ji et al., 2023; Teh et al., 2022; Koh, 2024; Wu et al., 2024), the experimental period was set at 24 weeks, with 3 practice sessions per week and each session lasting 60 min. The 60-min schedule included 10 min of warm-up activities, 40 min of structured martial arts game practice, and 10 min of relaxation exercises. During the experiment, training intensity and difficulty were adjusted in a timely manner according to the children’s actual conditions and training progress to ensure the effectiveness and adaptability of the training.



2.2.3 Intervention program for the experimental group

The intervention for the experimental group was structured martial arts game training. A series of structured martial arts games were designed in accordance with the physical and mental characteristics and ability levels of ASD children, adhering to the principles of safety, fun, and pertinence. (1) Safety was the top priority in the design process, with indoor professional sports venues, especially those that were spacious, flat, and obstacle-free, being preferred, and complex and difficult movements like high-risk flips and jumps avoided to prevent injuries and frustration. (2) To enhance the enthusiasm of ASD children for participating in the games, diverse elements such as story backgrounds, role-playing, competition, and cooperation were integrated to increase the games’ fun. (3) The design of the structured martial arts games was highly targeted. Given the significant social communication barriers of children with autism, segments promoting social interaction, such as “martial arts partner practice” and team cooperation tasks, were emphasized to help them learn to pay attention to others, understand intentions, improve communication and collaboration skills, and strengthen team awareness. To address the difficulty ASD children have in maintaining focus (Escobedo et al., 2014), engaging tasks requiring concentration were included, such as the “martial arts memory challenge” where coaches demonstrated a set of moves for children to imitate in sequence, with the number and difficulty of moves increasing gradually to improve their attention and memory. Considering potential sensory integration disorders in ASD children (Krupa-Kotara et al., 2023), the games incorporated multi-sensory stimulation elements, such as setting up obstacles of different heights and slopes in the venue for children to climb over and navigate, stimulating their vestibular and proprioceptive senses, thus helping to improve their sensory integration functions, body coordination, and balance abilities.

Structured martial arts games follow a three-stage implementation process (warm-up, game progression, relaxation) with clear objectives and operational methods, where teachers assume key guiding and supervisory roles. Specific procedures and game examples are detailed in Supplementary Material 1; the core structure is summarized as follows: (1) Warm-up (10 min): Includes jogging, joint mobility exercises, and simple martial arts movements, aiming to activate ASD children’s body joints, raise muscle temperature, prevent sports injuries, and help them gradually enter the game state. (2) Game progression (40 min): Covers basic martial arts movements (kicking, striking, wrestling, grabbing, hitting, stabbing) and integrates fun, situational elements to boost children’s engagement and interest. (3) Relaxation (10 min): Involves slow walking, deep breathing, and simple stretching exercises, designed to relieve children’s physical fatigue, relax their body and mind, and restore a calm state. The implementation process table of structured martial arts games is detailed in Table 1.


TABLE 1 The implementation process table of structured martial arts games.


	Stage
	Duration
	Core content
	Objectives

 

 	Warm-up 	10 min 	Jogging, joint movements, and simple martial arts movements 	Activate joints, raise muscle temperature, prevent sports injuries, and guide children into the game state


 	Game progression 	40 min 	Basic martial arts movements such as kicking, striking, wrestling, grabbing, hitting, and stabbing, integrated with fun and situational elements 	Enhance participation and interest, and implement martial arts movement practice


 	Relaxation 	10 min 	Slow walking, deep breathing, and simple stretching 	Relieve physical fatigue, relax the body and mind, and restore a calm state




 



2.2.4 Intervention program for the control group

The control group received 24 weeks of traditional rehabilitation training, including conventional rehabilitation methods such as applied behavior analysis (ABA) and speech therapy. (1) APA focuses on improving the social interaction, self-care, and adaptive behavior abilities of children with ASD by enhancing their ability to follow instructions, social response behaviors, and basic life skills. Its core method is the “Discrete Trial Teaching (DTT)” approach, which breaks down complex skills into multiple simple steps and guides children’s learning through a cyclic pattern of “instruction-response-reinforcement.” Each training session lasts 30 min, with 3 sessions per week, interspersed among other rehabilitation methods to ensure the continuity of skill learning. (2) Speech therapy mainly consists of two modules: language comprehension and language expression. Among them, language comprehension training aims to help children establish connections between language and things through real objects, pictures, situational simulation, and other methods; language expression training mainly adopts the “question-guided method” to encourage children to respond with complete sentences, while integrating materials such as picture books and animations to stimulate their interest in language expression. Each training session lasts 30 min, with 3 sessions per week, alternating with APA training to prevent children from feeling fatigued. These methods were implemented by professional rehabilitation therapists following standardized procedures and protocols to ensure that the control group received widely recognized and applied rehabilitation interventions. During the experiment, experimental conditions were strictly controlled to ensure that the two groups were as consistent as possible in all aspects except for the intervention measures.




2.3 Variables and tools

In this study, the rater blinding method was adopted for data collection. Firstly, this study selected personnel who had no research interests and possessed professional evaluation capabilities, and conducted special training on data collection for the researchers. Secondly, this study anonymized the participants’ information to prevent the raters from obtaining the participants’ information and ensure the accuracy of the implementation of the blinding method.


2.3.1 Autism treatment evaluation checklist (ATEC)

This study used the autism treatment evaluation checklist (ATEC) (Rimland and Edelson, 1999) to assess the language ability, sensory-perceptual ability, social communication ability, and health behaviors of children with ASD. The scale uses “Always Like This,” “Sometimes Like This,” and “Never Like This” to rate the language ability, sensory-perceptual ability, and social communication ability of children with ASD, with corresponding scores of 0, 1, and 2 points, respectively. For health behaviors of children with ASD, it uses “No Symptom,” “Mild Symptom,” “Moderate Symptom,” and “Severe Symptom,” with corresponding scores of 0, 1, 3, and 4 points, respectively. The total score of the scale is 179 points, where a higher score indicates more severe symptoms in children with ASD (Geier et al., 2013). Reliability and validity tests of the Chinese version of ATEC showed that the Cronbach’s α coefficients of the total scale and its subscales ranged from 0.750 to 0.787 (Fang et al., 2019). In addition, the sensitivity of the Chinese version of ATEC’s total scale and subscales ranged from 0.922 to 0.987, the specificity ranged from 0.803 to 0.887, and the area under the curve ranged from 0.924 to 0.972 (Fang et al., 2019). Therefore, the Chinese version of ATEC not only has good internal consistency reliability but also demonstrates high discriminative ability in practical applications, effectively distinguishing individuals with ASD from those without ASD (Fang et al., 2019).



2.3.2 Autism behavior checklist (ABC)

This study used the autism behavior checklist (ABC) (Bravo et al., 2014) to assess sensory ability, social communication ability, motor ability, language ability, and self-care ability in children with ASD. Firstly, it was determined whether the child met the symptoms described in the scale. If “yes,” scoring was conducted sequentially according to the degree of compliance. Each functional score was divided into four levels: “Slightly Consistent,” “Obviously Consistent,” “Basically Consistent,” and “Completely Consistent” with corresponding scores of 1, 2, 3, and 4 points, respectively. If “no,” indicating the child did not exhibit the symptom described, the item was scored 0 points. A total score ≤31 points ruled out ASD, 53 ~ 66 points indicated suspected ASD tendency, and ≥67 points diagnosed ASD (Fernandes and Miilher, 2008). In addition, higher scores indicated more severe ASD symptoms. The scale was completed by parents or caregivers who had lived with the child for at least 6 months (Zheng, 2020). Related studies have confirmed that ABC has a moderate correlation with CARS (Eaves and Milner, 1993), achieving an accuracy rate of over 91% in classifying children with and without ASD (Wadden et al., 1991), demonstrating high reliability and validity.



2.3.3 Gross motor function measure (GMFM)

This study used the gross motor function measure (GMFM) (Harvey, 2017) to assess the postural abilities of children with ASD in five domains: lying and rolling, sitting, crawling and kneeling, standing, and walking and running/jumping, comprising a total of 88 assessment items. GMFM employs a 4-level scoring system (0 points = unable to complete, 1 point = partially completed, 2 points = nearly completed, 3 points = completely completed), where higher scores indicate better motor function. The total scores for each domain are as follows: 51 points for lying and rolling, 60 points for sitting, 42 points for crawling and kneeling, 39 points for standing, and 72 points for walking and running/jumping (Harvey, 2017). Some studies (Brunton and Bartlett, 2011; Russell et al., 2000) have confirmed that GMFM demonstrates high reliability and validity, making it suitable for clinical and research applications.




2.4 Mathematical statistics

This study used SPSS 26.0 software to process and analyzes the experimental data. Firstly, mean and standard deviation were used for descriptive statistics of continuous variables, and frequency and percentage were used for descriptive statistics of categorical variables. Secondly, the single-sample K-S test was used, combined with P–P plots and Q-Q plots for normality test of the data. Therefore, the independent samples t-test was adopted to compare the differences in various indicators between the experimental group and the control group before the experiment, so as to test whether the two groups were comparable before the experiment. When performing the independent samples t-test, Levene’s test was used for homogeneity of variance test. If the variance was homogeneous, the results assuming equal variance were used for analysis; if the variance was not homogeneous, the results not assuming equal variance were used. Finally, MANOVA was used to explore the effect of the intervention experiment, where the dependent variables were the main outcome indicators of the pre-test and post-test, and the independent variable was the teaching program (structured martial arts game intervention and traditional martial arts intervention). According to the research purpose, the main effects of the groups and the inter-group effects of the pre-test and post-test were mainly reported. Levene’s test was used for the test of homogeneity of variances; Pillai’s trace was used for the test of model effects; pairwise comparisons were conducted using estimated marginal means (Bonferroni method). In this study, η2 was used to measure the effect size of MANOVA, where the closer η2 is to 1, the stronger the influence of the independent variable on the dependent variable; the closer it is to 0, the weaker the influence (Goulet-Pelletier and Cousineau, 2018). Specifically, an η2 < 0.01 indicates a small effect; 0.01 ≤ η2 < 0.06 indicates a small effect; 0.06 ≤ η2 < 0.14 indicates a medium effect; and η2 ≥ 0.14 indicates a large effect. In addition, due to the large number of outcome indicators and their multiple dimensions, using tables to present data results was not intuitive or aestheticaly pleasing. Therefore, based on GraphPad Prism 8 software, linear trend charts were used to plot the change trends of each indicator after the intervention. The significance level for all the above statistical methods was defined as α = 0.05.




3 Results


3.1 Basic information of participants

All participants took part in the intervention program, with no dropouts or losses to follow-up. After grouping, statistical analysis of the basic information of ASD children in the EG and CG showed no significant differences in age, gender composition ratio, autism severity (p > 0.05), indicating comparability between groups. Additionally, there were no statistically significant differences between EG and CG in ATEC, ABC, and GMFM scores (p > 0.05). The basic information of the participants is detailed in Table 2.


TABLE 2 Basic information of participants.


	Variables
	EG (n = 28)
	CG (n = 28)
	t/χ2
	
p


 

 	Age 	6.18 ± 0.61 	5.93 ± 0.77 	1.349 	0.183


 	Gender (boys: girls) 	18: 10 	13: 15 	1.806 	0.215


 	CARS 	37.79 ± 6.14 	36.21 ± 3.05 	1.214 	0.230


 	ATEC 	89.93 ± 5.02 	91.29 ± 3.78 	−1.143 	0.258


 	Language ability 	19.64 ± 2.09 	20.61 ± 2.10 	−1.722 	0.091


 	Social communication ability 	20.79 ± 1.99 	21.50 ± 1.48 	−1.526 	0.133


 	Sensory-perceptual ability 	22.11 ± 1.69 	21.46 ± 2.22 	1.325 	0.227


 	Health behaviors 	27.39 ± 3.43 	27.71 ± 2.61 	−0.395 	0.694


 	ABC 	82.79 ± 3.90 	84.39 ± 4.01 	−1.520 	0.134


 	Sensory ability 	10.39 ± 1.64 	10.68 ± 1.39 	−0.703 	0.485


 	Social communication ability 	19.46 ± 2.08 	20.29 ± 1.94 	−1.527 	0.133


 	Motor ability 	15.96 ± 1.71 	16.50 ± 1.73 	−1.165 	0.249


 	Language ability 	22.29 ± 2.34 	21.68 ± 2.14 	1.013 	0.316


 	Self-care ability 	15.18 ± 0.91 	15.25 ± 1.43 	−0.223 	0.824


 	GMFM 	155.68 ± 4.42 	157.11 ± 4.59 	−1.186 	0.241


 	Lying and rolling 	29.18 ± 2.31 	29.82 ± 2.11 	−1.087 	0.282


 	Sitting 	33.96 ± 1.92 	33.11 ± 2.78 	1.344 	0.185


 	Crawling and kneeling 	23.00 ± 2.47 	23.82 ± 1.47 	−1.515 	0.135


 	Standing 	25.43 ± 1.79 	26.18 ± 1.91 	−1.516 	0.135


 	Walking and running/jumping 	44.32 ± 1.89 	44.18 ± 2.33 	0.252 	0.802





EG, experimental group; CG, control group; CARS, childhood autism rating scale; ATEC, autism treatment evaluation checklist; ABC, autism behavior checklist; GMFM, gross motor function measure.
 



3.2 The changes in various indicators of ATEC after intervention

For the language ability of children with ASD, the intergroup effect after intervention was significant (F = 7.365, p = 0.009, η2 = 0.120), and the score of the experimental group (16.21 ± 1.73) was significantly lower than that of the control group (17.61 ± 2.10). For the social ability of children with ASD, the intergroup effect after intervention was significant (F = 10.552, p = 0.002, η2 = 0.163), and the score of the experimental group (17.18 ± 1.57) was significantly lower than that of the control group (18.50 ± 1.48). For the perceptual ability of children with ASD, the intergroup effect after intervention was significant (F = 4.998, p = 0.030, η2 = 0.085), and the score of the experimental group (18.00 ± 1.83) was significantly lower than that of the control group (19.18 ± 2.04). For the health behavior of children with ASD, the intergroup effect after intervention was significant (F = 5.401, p = 0.024, η2 = 0.091), and the score of the experimental group (22.96 ± 3.01) was significantly lower than that of the control group (24.71 ± 2.61). For the total score of ATEC, the intergroup effect after intervention was significant (F = 21.220, p = 0.000, η2 = 0.282), and the score of the experimental group (74.36 ± 4.85) was significantly lower than that of the control group (80.00 ± 4.30). In summary, the intervention based on structured martial arts games can effectively reduce the obstacles in language, social interaction, perception and health behavior of children with ASD. The intervention based on structured martial arts games achieved a moderate-to-large effect size on the ATEC and all its indicators in children with ASD. The changing trends of ATEC indicators in the experimental group and the control group after intervention are shown in Figure 1.
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FIGURE 1
 The changing trends of ATEC indicators in the experimental group and the control group after intervention. (a) Language ability – ATEC. (b) Social communication ability ATEC. (c) Sensory-perceptual ability – ATEC. (d) Health behaviors – ATEC. (e) ATEC. *p < 0.05; **p < 0.01.




3.3 The changes in various indicators of ABC after intervention

For sensory ability, the intergroup effect after intervention was significant (F = 18.762, p = 0.000, η2 = 0.258), and the score of the experimental group (7.32 ± 0.91) was significantly lower than that of the control group (8.68 ± 1.39). For social ability, the intergroup effect after intervention was significant (F = 11.188, p = 0.002, η2 = 0.172), and the score of the experimental group (16.57 ± 1.89) was significantly lower than that of the control group (18.31 ± 2.01). For motor ability, the intergroup effect after intervention was significant (F = 5.878, p = 0.019, η2 = 0.098), and the score of the experimental group (13.46 ± 1.45) was significantly lower than that of the control group (14.52 ± 1.88). For language ability, the intergroup effect after intervention was significant (F = 5.785, p = 0.020, η2 = 0.087), and the score of the experimental group (17.86 ± 3.89) was significantly lower than that of the control group (19.62 ± 2.22). For self-care ability, the intergroup effect after intervention was significant (F = 9.212, p = 0.004, η2 = 0.146), and the score of the experimental group (11.79 ± 2.11) was significantly lower than that of the control group (13.30 ± 1.48). For ABC, the intergroup effect after intervention was significant (F = 30.456, p = 0.000, η2 = 0.361), and the score of the experimental group (67.00 ± 5.84) was significantly lower than that of the control group (74.31 ± 4.11). In summary, the intervention based on structured martial arts games can effectively reduce the behavioral disorders of sensory, social, motor, language, self-care, etc. in children with ASD. The intervention based on structured martial arts games achieved a moderate-to-large effect size on the ABC and all its indicators in children with ASD. The changing trends of each ABC index between the experimental group and the control group after intervention are shown in Figure 2.
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FIGURE 2
 The changing trends of each ABC index between the experimental group and the control group after intervention. (a) Sensory ability – ABC. (b) Social communication ability – ABC. (c) Motor ability – ABC. (d) Language ability – ABC. (e) Self-care ability – ABC. (f) ABC. *p < 0.05; **p < 0.01.




3.4 The changes in various indicators of GMFM after intervention

For lying position and turning over, the intergroup effect after intervention was significant (F = 6.065, p = 0.017, η2 = 0.101). The score of the experimental group (34.50 ± 2.43) was significantly higher than that of the control group (32.96 ± 2.34). For sitting position, the intergroup effect after intervention was significant (F = 9.203, p = 0.004, η2 = 0.146). The score of the experimental group (38.25 ± 1.56) was significantly higher than that of the control group (36.29 ± 3.05). For crawling and kneeling, the intergroup effect after intervention was significant (F = 5.423, p = 0.024, η2 = 0.091). The score of the experimental group (28.89 ± 3.53) was significantly higher than that of the control group (27.07 ± 3.04). For standing position, the intergroup effect after intervention was significant (F = 5.057, p = 0.029, η2 = 0.086). The score of the experimental group (30.39 ± 2.56) was significantly higher than that of the control group (28.54 ± 3.54). For walking and running/jumping, the intergroup effect after intervention was significant (F = 5.353, p = 0.025, η2 = 0.090). The score of the experimental group (48.93 ± 1.54) was significantly higher than that of the control group (47.46 ± 2.98). For GMFM, the intergroup effect after intervention was significant (F = 45.576, p = 0.000, η2 = 0.458). The score of the experimental group (180.96 ± 4.59) was significantly higher than that of the control group (172.32 ± 6.45). In conclusion, the intervention based on structured martial arts games can effectively improve students’ motor functions such as lying position and turning over, sitting position, crawling and kneeling, standing position, walking, running and jumping. The intervention based on structured martial arts games achieved a moderate-to-large effect size on the GMFM and all its indicators in children with ASD. The changing trends of GMFM indicators in the experimental group and the control group after intervention are shown in Figure 3.
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FIGURE 3
 The changing trends of GMFM indicators in the experimental group and the control group after intervention. (a) Lying and rolling – GMFM. (b) Sitting – GMFM. (c) Crawling and kneeling – GMFM. (d) Standing – GMFM. (e) Walking and running/jumping – GMFM. (f) GMFM. *p < 0.05; **p < 0.01.





4 Discussion


4.1 Analysis of the main findings

This study deeply explored the rehabilitation effects of structured martial arts games on children with ASD through a randomized controlled trial. It was found that the intervention based on structured martial arts games can effectively improve the behavioral and functional disorders of children with ASD. This study provides a new and effective intervention method for the rehabilitation training of children with ASD. The results of this study are similar to previous research on exercise interventions for social skills (Jia et al., 2023; Koh, 2024) and fundamental motor skills (Ji et al., 2023) in children with ASD, all demonstrating positive intervention effects. A meta-analysis by Wu et al. (2024) found that martial arts skill training exerts a positive intervention effect on social deficits and repetitive stereotyped behaviors in children with ASD. Additionally, Jia et al. (2023) categorized physical exercise types into individual exercise groups and group exercise groups. Through a quantitative meta-analysis, they revealed that the difference between the group exercise group and the control group was statistically significant, while there was no statistically significant difference between the individual exercise group and the control group. This further supports the complex interaction factors in the structured martial arts games of this study. The improvement effect of structured martial arts games on behavioral and motor disorders in children with ASD is not the result of single-dimensional intervention, but through the multi-system integration of neurodevelopment, behavior shaping, and functional improvement, achieving synergistic improvement of multiple indicators such as behavioral and motor disorders in children with ASD.

Firstly, at the neurodevelopmental level, the intervention based on structured martial arts games can promote the remodeling of multi-sensory-motor loops in children with ASD, and enhances the secretion of neurotransmitters such as dopamine and endorphin (da Silva Duarte et al., 2023; Wojciechowski et al., 2021). This provides a neurophysiological basis for improving behavioral and functional disorders in children with ASD. Martial arts movements integrate tactile, proprioceptive, vestibular, and visual–spatial perception to form multi-channel neural stimulation (Wang et al., 2025). During the learning and practice of various movements, children need to simultaneously integrate visual target positioning, proprioceptive limb control, and tactile feedback. This integrated input can repair the damaged sensory integration neural pathways in children with ASD (Preis and McKenna, 2014), reducing behavioral and motor disorders caused by abnormal sensory processing. The auditory reception-motor execution process of martial arts-related action commands can also activate the neural connection between the language area of the left brain hemisphere and the motor cortex (Pulvermüller et al., 2005). Eye contact and limb coordination in partner training promote the development of the prefrontal social cognitive network (Sudo et al., 2020; Mu et al., 2018). This neural coordination across brain regions may contribute to the simultaneous improvement of social, motor, and communication skills. In addition, regular martial arts exercise can effectively promote the secretion of dopamine and endorphin, alleviate anxiety in children with ASD, and reduce repetitive stereotypic behaviors caused by serotonin imbalance (Naves-Bittencourt et al., 2015; Tabeshian et al., 2022).

Secondly, the intervention that draws on structured martial arts games is characterized by well-defined structural rules and a wide variety of game forms. Through the dual reinforcement of rules and games, it can effectively reshape the behavioral and motor disorders of children with ASD. This study transformed martial arts movements into a series of game-based tasks, enhancing the motivation of children with ASD to participate through mechanisms such as point-based rewards and role-playing. For example, in the “Monster Target Striking” game, children with ASD will actively repeat standard kicking movements to obtain rewards. This reinforcement process not only improves the lower limb motor ability of children with ASD but also reduces inattention through goal-oriented behaviors. In addition, game-based tasks in partner training require children to take turns performing movements and providing feedback to peers. This integrated “social-motor” scenario directly simulates daily life interactions. For instance, children need to suppress the urge to cut in line while waiting for peers to complete movements; high-fives during team training reinforce the neural memory of positive social behaviors, achieving a social progression from “passive cooperation” to “active initiation.”

Finally, in terms of functional improvement, the intervention based on structured martial arts games achieves hierarchical integration from basic motor skills to social adaptation, effectively enhancing the behavioral and motor functions of children with ASD. This study designed training involving various basic motor controls. For example, the “horse stance” can directly improve sitting stability; movements such as “bear crawling” can directly enhance limb coordination and improve crawling and kneeling skills in children with ASD. The study also designed multiple complex motor integration tasks. For instance, combined movements like “side lunge movement + punch” can promote standing balance and gait coordination in children with ASD; sensory integration games such as blindfolded target kicking enhance spatial orientation through the linkage of tactile and proprioceptive senses.

In conclusion, the reason why structured martial arts games can effectively improve behavioral and motor disorders in children with ASD lies in the construction of a three-dimensional integrated intervention system of “neurodevelopment-behavior shaping-functional improvement”: activating neural plasticity through multi-sensory movements, inhibiting abnormal behaviors with structured rules, and promoting functional migration with gamified social interactions, ultimately achieving synergistic improvement of multiple indicators such as ATEC, ABC, and GMFM. This integrated model not only provides a new path for ASD rehabilitation, but also reveals the interaction mechanism of “physical activity-cognitive development-social adaptation,” offering a theoretical reference combining scientific and practical value for the field of special children’s intervention.



4.2 Implications and applications of the research findings

The results of this study show that structured martial arts games have a significant effect on the rehabilitation of children with ASD, which provides many enlightenments for the rehabilitation training of children with ASD and has important guiding significance in practical applications.

The research findings suggest that structured martial arts games, as an innovative rehabilitation intervention method, have unique advantages and are worthy of wide promotion and application in the field of ASD children’s rehabilitation. Their fun and attractiveness can effectively stimulate the participation enthusiasm of children with ASD, making them more proactive in investing in rehabilitation training. By participating in martial arts games, children with ASD can receive comprehensive exercise and development in terms of behavior and motor functions. Relevant departments and institutions should strengthen the publicity and promotion of structured martial arts games, so that more children with ASD and their families can understand and benefit from this rehabilitation method. Demonstration courses and training activities of structured martial arts games can be organized, and professional martial arts coaches and rehabilitation experts can be invited to provide guidance to improve the understanding and application ability of rehabilitation workers regarding structured martial arts games. Special education schools, ASD rehabilitation institutions, etc., are encouraged to incorporate structured martial arts games into the daily rehabilitation training curriculum system to provide more opportunities for children with ASD to participate in martial arts games.

In addition, schools and communities should also play an active role in the rehabilitation process of children with ASD. Schools can incorporate structured martial arts games into physical education courses or extracurricular activities, providing more opportunities for children with ASD to participate in group activities and promoting their integration with typical children. Activities such as martial arts interest groups and martial arts clubs can be organized to help children with ASD improve their social skills and self-confidence through interaction with peers. Communities can host various martial arts-related activities, such as martial arts performances and lectures, and invite children with ASD and their families to participate, creating an inclusive and supportive community environment. Communities can also establish volunteer service teams to provide assistance and support to families of children with ASD, helping them carry out structured martial arts game training.



4.3 Limitations of this study

Although this study provides a program of structured martial arts games that can effectively improve the behavioral and functional disorders of children with ASD, there are also certain limitations in sample representativeness, intervention design, and evaluation methods. First, the sample size of this study is relatively small, and all participants are from a special education school in Chengdu, which may not be able to represent children with ASD of different ages, regions, cultural backgrounds, or socioeconomic development levels, thus limiting the universality of the research results. Second, the intervention period of this study is 24 weeks, which covers short-term effects, but lacks long-term follow-up data (such as follow-up for more than 6 months after the intervention ends), making it impossible to confirm whether the effects of structured martial arts games are sustainable. Finally, this study mainly relies on caregiver reports and observer evaluations, lacking the subjective feedback of children with ASD, which may lead to reporting bias. In addition, GMFM focuses on gross motor skills but does not involve more subdivided dimensions such as fine motor skills and postural control, so the comprehensiveness of the evaluation system needs to be improved. Moreover, neuroscientific indicators (such as electroencephalography and functional magnetic resonance imaging) have not been used, making it impossible to deeply analyze the mechanism of action of structured martial arts games on the neurodevelopment of children with ASD.

Based on this, this study suggests carrying out multi-center and large-sample studies covering children with ASD of different ages, regions, and comorbidity types to verify the universality of the intervention effect; it is recommended to increase long-term follow-up after the intervention to observe the sustainability of improvements in behavior and motor function and clarify the long-term benefits of structured martial arts games. In addition, this study suggests introducing fine motor assessment scales and social–emotional assessment tools to build a more comprehensive intervention effect evaluation system; it is recommended to combine neuroimaging techniques (such as fMRI) and biomarker detection (such as dopamine and endorphin levels) to explore the impact of martial arts games on brain plasticity and neurotransmitter secretion in children with ASD, so as to improve the interpretability of the research results.




5 Conclusion

This study has confirmed through a randomized controlled trial that structured martial arts game intervention can effectively improve the behavioral and motor function disorders of children with ASD. This suggests that structured martial arts games, as an innovative intervention method, not only have the characteristics of fun and structure, but also can significantly stimulate the participation enthusiasm of children with ASD, providing a new feasible path for ASD rehabilitation. It is recommended that relevant departments and institutions strengthen promotion efforts, incorporate them into the regular curricula of special education schools and rehabilitation institutions, and create a supportive environment through community activities (such as martial arts performances and volunteer services) to promote the social integration of children with ASD. In addition, it is recommended to add long-term follow-up after the intervention to observe the sustainability of the improvement effects on behavioral and motor functions, and to clarify the long-term benefits of structured martial arts games. Moreover, it is recommended that future research should carry out multi-center large-sample trials covering ASD populations of different ages and regions, combine neuroimaging techniques and biomarker detection to deeply explore the neural mechanisms of intervention, and optimize personalized intervention programs to enhance the universality of research results and the precision of intervention.
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No other sport has such a fine line with violence as combat sports, but it is understood that in order to improve the practitioner there are psychological-combative transitions between the phenomena of playing, corporal fighting and brawling. This is not to omit the relevance of this proximity, but to try to understand it. So how can this experiential proximity between sport and violence lead to the development of the practitioner, from the masters’ perspective? This study adopted an empirical-phenomenological approach, in which interviews were conducted through a mode of suspensive listening. Following this, Psychological Reduction and Intentional Crossing were employed to analyze 47 interviews with teachers from all five regions of Brazil, the northern region of Portugal, and the northwestern and central-northern region of Spain. For now, across the three cultures investigated, we have identified and described four Units of Meaning that represent different facets of the manifestations of the phenomenon in question: 1. Combative Intensification; 2. Disruptive Situations; 3. Interventions by the instructor; 4. Changes in the Process. It is concluded that, from the teacher's perspective and through the comparison of three different countries, for the practitioner to develop, the combative situation must be ethically and pedagogically grounded in the necessary intensification that allows the learner to maintain the fighting spirit. However, when the teacher perceives that the student is not self-controlled in the moment, they intervene with the aim of promoting change and supporting the student's development in the practice of combat sports.
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1 Introduction

The field of Martial Arts and Combat Sports (MA&CS) is a multifaceted phenomenon that gives rise to a continuous stream of discussion, including the experience of disruptive situations. It is pertinent to inquire whether practices of combat that encompass hitting and grabbing another individual, and being hit and grabbed, albeit deliberately and gradually, can genuinely facilitate personal development. The question thus arises as to how this may be achieved (1).

It can be argued that a violent phenomenon is such a disruptive1 experience that it crosses the boundary from a game, a fight or a sport, when viewed through the lens of Psychology of Martial Arts and Combat Sports (2). It is therefore anticipated that the practice of combative sports will entail a specific approach from the disciplines of psychology (3–10), pedagogy (5, 11–14) and ethics (6, 9, 15–17). The present investigation is grounded in the phenomenological model structured by Barreira et al. (1). Furthermore, although there are consolidated contributions to the development of fighting knowledge in MA&CS (18, 19), such proposals do not explicitly consider psychological transitions between playfulness and violence, which is a central focus in the present analysis.

If, on the one hand, Ciaccioni et al. (20) identified a broad thematic scope in their review on martial arts and mental health, on the other hand, a recurrent feature of combat practices is the presence of aggressiveness. Nevertheless, this issue of MA&CS can still be approached from a variety of perspectives (21, 22). Contemporary bibliographies reveal a divided scholarly landscape: on the one hand, some studies focus on the potential of combat practices to incite violence (17, 23, 24); on the other hand, others emphasize their capacity to foster personal development throughout the course of practice (4, 6, 17, 25).

Although the relationship may not be direct, the perception that the apprentice's behaviour is closely linked to the instructor's teachings in MA&CS practices is less controversial (9, 26, 27). In particular, the ethical dimension of these modalities is elucidated by Barreira [(28), p. 209–210]: “It is not feasible to quantify the full moral impact of the relationship between a master and a disciple. However, the role of the master in the martial arts context makes it clear that this impact cannot be ignored. It is during practice and training that appropriate and inappropriate behaviour is taught. Regardless of the means employed, it is evident that the ethical dimension of a martial art is shaped by the master's relationship with their students and disciples”.

In a similar perspective, Simões et al. [(17), p. 840] state: “With this work it is possible to conclude that the practice of MA&CS is an excellent means of biopsychosocial, ethical and aesthetic development for children and adolescents, as long as training is conducted by qualified professionals with impeccable ethics [..]”.

In addition to the recurring discourses in MA&CS that are uplifting in nature and the idealisation presumed by an “irreproachable ethic”, there is currently a paucity of psychological evidence that demonstrates how the practitioner's personal development can occur through the lived experience of the proximity between violence and corporal fighting in MA&CS. Consequently, it was only feasible to examine the intended outcomes by drawing upon specific research that sought to understand how practitioners experience these phenomena. This included the phenomenological approach that has been a foundational tenet for over a decade (8, 27–35).

By immersing oneself in the lived experience of MA&CS practitioners, one can gain insight into the nuances of ambivalence and ambiguity. To this end, it is essential to argue for the need to focus on each person's sensitive norm (30). For those who practise MA&CS, the phenomenon of violence is often not defined externally. This stands in contrast to the physicalist perspective, which defines violence in terms of pain and injury caused by blows, or the idealist perspective, which frames it as the objective violation of a rule. Instead, violence is constituted within the lived experience itself. By attending to this ambivalent and conceptually elusive territory, the experiences in question have been studied through the lens of psychological transitions (34).

As the authors themselves explain, the phenomenological discernment of combative actions associated with combat practices – which includes such activities as play-fighting, corporal fighting, brawling, duelling, self-defence and instrumental offensive combat [(34), p. 36] – does not neglect the close relationship between corporal fighting and the phenomenon of violence. This opens the way for the study of how violence is experienced and what consequences it may entail. While MA&CS practices may have imaginary or potential real-world implications in an institutional-educational context, they are primarily conducted as teaching, learning, training, and competition. Consequently, it is unlikely that these practices will unfold in the form of duels, self-defense, or instrumental offensive combat. Accordingly, when differentiating combat phenomena, psychological research tends to focus on the combative transitions between play-fighting, corporal fighting, and brawling.

Fighting can be defined as an action with physical, psychological, and spiritual qualities. It encompasses the willingness to dominate the opponent's bodily mobility through the use of techniques and gestures permitted within each modality. Furthermore, the motivation behind fighting is intrinsic rather than extrinsic. It is not driven by a desire to confront, to restore honour, or to engage in playful combat. Rather, the essence of its motivation can be described as “combat for combat's sake” [(29), p. 429]. In this way, it has been established that the recurring challenge for an MA&CS practitioner is to maintain the lived experience of combat as a fight – avoiding both the complacent experience of play and, even more so, the brute experience of a brawl.

Nevertheless, combat can resemble a violent conflict between individuals who engage in defensive and offensive actions, such as instrumental offensive combat, duelling, self-defence, and brawling. The continuation of the fight thus depends on the conquest of a subjective disposition that is constantly under threat—a disposition that resists collapsing either into a state of play, where complacent experience prevails and the gravity of combat is undermined by the absence of a will to win, or into the raw experience of a brawl, where anger and fear blind the subject, leading them to perceive the other as nothing but a thing and to attack indiscriminately. It is not necessary to exclude these experiences entirely from the experience of fighting, nor must they predominate to the point of determining the practitioner's actions. Such predominance would entail the collapse of the fight into either complacency or violence (34).

“Physical combat can be seen as one of the most concrete, extreme and elementary ways in which empathy, or the recognition of the other, can be developed or obscured in human relationships” [(36), p. 369]. This observation further reinforces the argument that there are conceptual inconsistencies within the field of MA&CS. In order to recognise actions between two practitioners who acknowledge each other as different selves, the first and most fundamental basis is empathy. In accordance with Edith Stein's phenomenological analyses (37), this is the necessary condition for understanding otherness during a fighting experience. However, this condition of recognising the other can change, potentially leading to an erasure of the self. This tension can lead to the phenomena of combative psychological transition, making the challenge of sustaining the fight appear as the most essential for the psychological understanding of the martial artist's eventual maturation. The question thus arises as to how experiencing these transitions may affect the practitioner's behaviour.

It can be seen that the ability to act in a given situation is not static but rather depends on a number of factors. These include the actions of the participants themselves, the norms that they adhere to, their awareness of the sensitivity of others and the way in which the situation is handled. This aspect has an impact on the principles of rule and the degree of unpredictability that can be expected in a given situation. It thus falls upon the instructor to guarantee the appropriate supervision of the combat environment in each instance, thereby creating an environment that encourages the acceptance of unpredictability as a manageable risk. The determination to fight, that is, the determination to win and not be beaten, is the means by which the goal of mutual improvement between fighters during combat practice is achieved. This improvement can take place in different situations for each person (34).

It is therefore important to study how combative psychological transitions are identified, given that these phenomena are not necessarily clearly demarcated, objectively or qualitatively, externally. Ultimately, it is the manner in which each practitioner responds to success, frustration, advantage, or disadvantage in their regular practice experiences that can determine their capacity to interact with their opponent effectively (34).

It thus falls upon the teacher, who oversees the teaching practice, to make ethical pedagogical decisions in instances where their students lose control. It seems reasonable to posit that such decisions can foster well-modulated environments in which hostile feelings do not lead to uncontrolled behaviour and vexatious embarrassment (bullying), both of which are closely linked to violent experiences. Similarly, it can be postulated that such occurrences are related to the abandonment of the practice. It would therefore be beneficial to be able to identify and understand the transitions between different combative experiences, as this would facilitate the modulation of practice environments that engender changes in one's perception of oneself and of those with whom one practices MA&CS (3). However, it would be beneficial to gain insight into how these authority figures manage situations when things become unruly.

This investigation presents the path thus far and is interested in finding out both the master's perception of disruptive experiences and their perception of the consequences for practitioners. This is with the understanding that, in the face of situations that specify the limits of the MA&CS combat experience, their interventions can be decisive for whether or not there is a positive development of the practitioner in the sport.

While the Integrated Technical-Tactical Model (18, 19, 38) provides a consolidated framework for developing fighting knowledge, focused on technical-tactical content, such approaches assume the fighting situation as pre-established and do not explicitly address psychological transitions toward play-fighting or brawling states. This gap, already highlighted by Barreira et al. (1), becomes particularly relevant when considering the “constraints to generate affordances” proposed in the ecological dynamics model (39).

Accordingly, the principal objective of this research, founded upon these theoretical and conceptual premises, was to identify and comprehend, through the utilisation of first-person accounts, the manner in which Martial Arts and Combat Sports instructors in Brazil perceive potential personal alterations and developments in their pupils resulting from circumstances of lack of control they encounter during combat training.



2 Materials and methods

The present study adopts the empirical-phenomenological approach detailed by Barreira et al. (1), which is a qualitative, exploratory and descriptive investigation. This approach is grounded in the tenets of classical phenomenology, a philosophical tradition initiated by the German philosopher and mathematician Edmund Husserl (1869–1938). It aims at apprehending the meaning of things, including those pertaining to the social and cultural dimensions of human experience. This entails a process of reflection on how phenomena present themselves to those who engage with them. In order to examine what is apprehended, it is necessary to consider both the object being perceived and the subject perceiving it. This entails analysing lived experiences, or in other words, intentionality. Instead of a strictly philosophical phenomenological consideration, carried out as a solitary analysis of lived experiences, we proceed to a phenomenological psychology that reaches out to the lived experiences of others in order to multiply the concrete experiences that make it possible to intentionally analyse the phenomenon (40–44).

The methodological procedures used are described in greater detail in the following section. These include (1) the semi-structured interview, conducted under the auspices of “suspensive listening” (42, 43), which yields an intersubjective production of experience reports, and (2) the intentional crossing, an analysis that progresses through three stages of phenomenological reduction: psychological, eidetic and intersubjective reduction (45).


2.1 Data collection – interviews

The central instrument of research from this perspective is, as Barreira and Coelho Jr (43). argue, the phenomenological interview, whose operative key is “suspensive listening”. The application of this approach can be defined as “data collection,” or more precisely, the intersubjective production of experience reports (45), which are then subjected to processing and analysis. This entails a semi-structured, in-depth interview, audio-recorded. The interview is conducted in accordance with a script based on the object of experience that is the subject of the research. In formulating the semi-structured script, each question is designed to avoid the use of concepts and to prompt the interviewee to refer back to an experience of their own, whether it was lived by them or witnessed directly. In other words, the question is intended to elicit information based on the interviewee's perception of events involving other individuals with whom they practised their sport. This type of formulation already adheres to the principles of “suspensive listening,” a conceptual operational device that extends the ideal of époche in interpersonal encounters (43).

As Englander and Morley [(46), p. 33] posit, the epoché enables a recognition of the intricate intertwining of the researcher's and research participants' experiences with the phenomenon under study, thereby fostering a radical non-dogmatic and open-minded approach to psychological research. Consequently, this preliminary phase necessitates a shift in perspective for the interviewer, entailing the suspension of preconceived judgments, theories, and concepts. This also engenders a transformation in the individual being interviewed, facilitating a direct engagement with their personal experiences (44). It is of paramount importance to ascertain the account of the experience as lived by the subject, rather than seeking explanations for the situation itself.



2.2 Participants

The participants in the study total 47 individuals from three different countries, practicing various modalities of combat sports2. Thus, the Brazilian participants in this research comprised 16 female masters and 20 male masters, constituting an intentional sample of 36 individuals (total n = 130) who provided experiential reports through interviews. The interviewees practiced a diverse range of martial arts and combat sports, including Capoeira (10), Boxing (2), Jiu-Jitsu (7), Judo (5), Karate (10), Muay Thai (6), Taekwondo (3), and Wrestling (3). – Supplementary Table S1. The Portuguese participants in this study consisted of 1 female master and 5 male masters, forming an intentional sample of 6 individuals (total n = 26) who provided experiential accounts through interviews. The interviewees practiced a diverse range of martial arts and combat sports, including Boxing (1), Jiu-Jitsu (1), Judo (1), Karate (2), Muay Thai (1), and Taekwondo (1). — Supplementary Table S2. The Spanish participants in this study consisted of 5 male masters (total n = 24) who provided experiential accounts through interviews. The interviewees practiced a diverse range of martial arts and combat sports, including Boxing (1), Jiu-Jitsu (1), Karate (1), Muay Thai (1), and Taekwondo (1). — Supplementary Table S3. It should be noted that the sample includes a considerably larger number of men than women. However, despite being one of the limitations of the present study, this low representation of women also reflects how combat sports still present disparities in inclusion regarding the female gender. This inequality is mainly grounded in historical-sociological constructions about what it means to be a woman or a man within the community (47–49)3.

The designation of “master” is employed here with the same flexibility as in practical contexts in Brazil. For the purposes of this research, it was sufficient for the interviewee to be recognised within their community of practice as a responsible instructor of their main sport. Consequently, the duration of the interviewees' teaching experience ranged from two to 48 years, with the minimum period of involvement in MA&CS being five years and the maximum being 54 years. In terms of age, the youngest master interviewee was 19 years old, while the oldest was 73 years old. The regions of Brazil from which the participants were drawn included the North (4), Northeast (9), Centre-West (8), Southeast (6), and South (9). Regarding the other cultures, in Portugal, the 6 participants were from the northern region of the country (Porto and Braga). In Spain, participants were primarily concentrated in the northwestern and central-northern region, particularly in Castilla y León.

In addition, those who agreed to take part in the study were informed about the purpose of the research and signed the Free and Informed Consent Form - which had previously been approved by the local Research Ethics Committee. The identities of the participants were anonymised, which is why pseudonyms were used for the interview excerpts. The criteria used to protect the identity of the interviewees is as follows: 1st letter identifying the gender of the interviewee - F or M -; 2nd letter with the initial of the teaching method; 3rd letter with the acronym of the region in which the teacher teaches; followed by the number of years the teacher has been practising the sport.

The interviews were conducted and digitally audio-recorded using a tablet or mobile phone (smartphone) between 2020 and 2023 as part of a larger project (FAPESP - 2019/11527-6) and in accordance with an extensive script. The following questions are to be considered within the scope of this research4 5:


	1.Have you ever observed your students or practitioners experiencing a loss of control during combat practices or fights?

	-Do you perceive any alterations in the manner in which the students engage in combat as a result of these experiences?

	-Do you perceive that these experiences alter the students' mode of being?







To what extent are these experiences significant?


	2.Have you ever observed your students or practitioners experiencing near-misses during combat practices and fights?

	-Are you aware that these experiences result in alterations to the manner in which the students engage in combat?

	-Are you aware that these experiences result in a change in the students' way of being?







To what extent are these experiences significant?



2.3 Analysing

Following the completion of the interviews, the data was transcribed in full and made available in written form for subsequent analysis. In view of the considerable volume of material, there are still a number of recordings that require transcription. It must be noted that the results presented here are preliminary in relation to the entire corpus of intersubjective experience reports, as the analysis of the remaining material will continue. However, this preliminary aspect with regard to the empirical material is not reflected in the preliminary results, as the analysis adheres to the principle of saturation, allowing for the presentation of consolidated results.

From a procedural standpoint, the research can be described as a collaborative work, employing an empirical-phenomenological analysis.

The “Collaborative Work” component of the larger research project (FAPESP n° 2019/11527-6) has facilitated the simultaneous development of four studies at the Research Laboratory6. This approach has fostered collaboration between undergraduate and master's researchers, enabling the expeditious transcription of data and the reciprocal enhancement of analytical skills, particularly in the context of psychological reduction, as detailed below. In this research format, each researcher is involved in the process and gains a comprehensive understanding of the totality of objects involved in applying the empirical-phenomenological methodology to uncover structural or intentional aspects linked to the practice of MA&CS.

“Empirical-Phenomenological Analysis” - Once the transcriptions have been completed, the material is subjected to analysis. As it is presented in the form of a running text, the researcher is required to assume a stance of phenomenological reduction, which is comprised of three stages: psychological, eidetic and intersubjective reduction. These stages will be described in turn, although they are interrelated.

The initial stage, designated “Psychological Reduction,” entails the synthesis of the subject's experiences as conveyed in the interview. The concept is elucidated as follows: Psychological reduction is the process of reducing the original experience of the empirical subject interviewed to a singularity, thereby removing it from the natural world and describing it as an intentional awareness of the object as personally perceived. Accordingly, the objective is to consider and describe solely the perspective of the experience as lived by a single interviewee, as conveyed in their account of the interview. This entails the exclusion of content and facts that are not directly related to the object of experience. Consequently, the process of psychological reduction is conducted for each interview under examination, without any reference to the others.

In contrast, each interview is referenced in relation to the others in the process of achieving the Intentional Crossing. This is presented as a “comparative analytical process with a view to individuating the constitutive experiences of the phenomenon in question” [(45), p. 348]. Therefore, whereas in psychological reduction the set of experiences of each individual subject was of significance, the current approach is to focus on the various manifestations of the phenomenon in question, which may be described as the object of experience designated by the research objective. The cross-referencing necessitates the sustained suspension of prior knowledge, including the idiosyncrasies of the subjective-relative historicities of each interviewee's experiences, in favour of intentional equivalences between the accounts that demonstrate and reciprocally confirm facets and modes of manifestation of the phenomenon under examination. Consequently, in the context of the intentional crossing, the eidetic reduction is interpreted as an examination of the diverse manifestations of the phenomenon, based on the principles of psychological reduction. In this manner, the eidetic reduction facilitates the formation of clusters of meaning that encompass analogous experiential possibilities, as discerned through an intuitive grasp of the researcher's [(45), p. 348]. In this manner, the researcher links together the various accounts, forming the “units of meaning” of the phenomenon being analysed.

Subsequently, we arrive at the moment of greatest refinement and sophistication of investigative execution in empirical-phenomenological research, the passage to the “Intersubjective Reduction”. This is aimed at the de-implication of the intentional elements that structure the phenomenon in view and that are shuffled in natural perception. This passage reveals the “Units of Meaning” previously identified through the eidetic reduction, with the objective of identifying “reciprocal and irrevocably valid intentionalities in pre-reflexive acts that underlie the multiplicity of their singular appearances” [(45), p. 356]. The term “intersubjective reduction” is used to describe the process of identifying and making explicit the intentionality that is present in the eidetic reduction but not yet fully apparent. This intentionality is responsible for the formation of the groupings observed in the eidetic reduction, and it is this which enables researchers to perceive the common meaning of a given Unity of Meaning.

Subsequently, the material was transcribed in full and subsequently read and reread in order to identify and analyse any pre-reflective and intentional acts pertinent to the manifestation of the object of analysis.




3 Results

The identification of disruptive situations confirms, in the pedagogical practice reported by masters, the oscillatory dynamics described by Barreira et al. (1). A systematic examination of the expressive accounts of Brazilian, Portuguese, and Spanish martial arts and combat sports instructors, along with an investigation of their perceptions regarding situations of lack of control experienced by their students during combat practices — as well as any personal changes resulting from these experiences — allows for the identification of a series of experiential facets directly related to the object of study. The four units of meaning are as follows:


	1.Combative intensification;

	2.Disruptive situations;

	3.Interventions by the instructor;

	4.Changes in the process.



Although these results are consolidated by a saturation phase defined by the irrevocable constancy of these elements, it is important to note that these results could be further enriched by the description of a greater diversification of their manifestations, as more reports from instructors are transcribed and analysed.


3.1 Combative intensification

In each instance of a lack of control, the instructor identifies that combative intensification is a precursor to the situation. It is noteworthy that for these individuals, this intensification is not perceived as alien to the struggle or even as undesirable. The reports indicate that the combative challenge necessitates this intensification, thereby suggesting that there is an implicit understanding on their part that the conditions of the practice environment should facilitate the presence of adequate tension. “I believe it is beneficial for individuals to experience situations that require them to persevere and overcome challenges independently. I believe this is a necessary requirement” (F.K.S.26), as well as the account of a participant from Spain who stated: “As a teacher, I don't like to interrupt them and say, ‘Hey, that's not okay,’ no. I prefer that people adapt to whoever is in front of them” (M.K.ESP.35). The question thus arises as to how one might effectively guide individuals along this trajectory. Nevertheless, augmenting the challenge through combative intensification also entails an elevated risk of losing control, a scenario that those who practise must be prepared to face. As M.K.S.50 aptly observed, “everywhere there will be someone wanting to test you.” As evidenced in the excerpt below, the term “provoking lack of control,” as defined by a master, does not imply a desire for absolute lack of control. Instead, it entails the expansion of the combative challenge and the modification of combat to create a situation in which the practitioner is compelled to maintain control despite adversity.


“So, in karate I provoke lack of control, I take away the students’ balanced environment (..) because there are children who don't lose control. Then they don't necessarily need to be out of control.” (M.K.N.33)



Given the expectation of intensifying the combat, it is imperative not to avoid confrontation. Despite the absence of evidence indicating a lack of control in the absence of prior tension, it is crucial to recognize the potential for combative intensification and to address it accordingly.


“He was very confident, and I said, ‘You have to manage yourself because there are more rounds and you’re going to get tired.’ And in reality, he got so exhausted that he started losing—he loses because he gets hit—and then he looked at me as if to say, ‘Get me out of here, end the fight.’ I said, ‘No! Now you're going to stay because that was the decision you made. You chose not to listen.’ And he had to keep taking hits for the rest of the fight.” (M.M.PT.15)



Furthermore, it is evident that the individual responsible for overseeing the class must possess a keen understanding of the nuances involved in differentiating between the appropriate tense and the incorrect tense, on a case-by-case basis, in the context of combat. As one capoeira instructor observed:


“(..) normally [these moments of lack of control] refer to the mestre or mestra of the roda; the one who is there coordinating that roda, the one who needs to be much more attentive than the others. And that's the one who's going to set the energy there with what he sings, with what he instigates (..) [What] is he instigating for the game to happen? Something firmer?” (F.C.S.30)



With this in mind, the same instructor also argued that to prepare her students for these moments, “in training (..) you always need to be working on this [which] is ‘the hot foot but the cold head’” (F.C.S.30).



3.2 Disruptive situations

In most reports of uncontrolled actions, a feeling of hostility towards the opponent predominates. Not only it is necessary to point out that the motivation for this feeling varies significantly, depending on the context and what is going on between those involved - including, sometimes, rivalries prior to the situation witnessed - but, above all, to emphasise that, despite being predominant in the reports, lack of control is not essentially linked to hostility. There are discontrols perceived as technical and motor, when, for example, practices are proposed in which the blows should not hit the opponent and they do, or when the force applied exceeds the expectations of the practice. In this type of physical intensification, it is not uncommon for these uncontrolled actions not to be noticed by the person firing them until they hurt the other or trigger disruptive situations based on the opponent's reactions when they also intensify their blows until, for example, hostility prevails between them. However, there are situations in which even because the opponent is unable to react, the lack of control becomes evident as disproportion and inattention to what is happening to the person being hit. One such episode is well illustrated in this extract:


“I was teaching and it was kumite, and he started hitting her in the uchi komi exercises - on the counterstrike, and you can't hit on the counterstrike. So he kept hitting her, until there came a point when we got to a freer exercise, and he literally hit her (..) and he was a green belt and she was a white belt.” (F.K.S.26)



Conversely, when a practitioner, cognizant of their inferiority in a competitive context, encounters an experienced opponent who exhibits a lack of attention and disproportionate dominance, that is, exerting control without consideration for their physical or technical limitations – which may include factors such as size, strength, and rank within the sport – the resulting reaction may manifest as an uncontrolled hostile response.


“One of them was stronger than the other, he gave him a crushing blow. The other felt in an uncomfortable situation (..) and wanted to get out of it (..) by kicking him: he kicked the boy a couple of times; that could be characterised as a kick or he thought it wouldn't be [understood as an unauthorised blow in Judo]. And the other guy didn't like the situation and kicked back [unauthorised]” (M.J.CO.42).



While factual markers such as belt or weight can be important in demarcating expectations between opponents, they are not always the most decisive factors. Notwithstanding the similarities in these and other domains, the imposition of an unanticipated or unacceptable dominance can be associated with a state of lack of control.


“And there came a moment when this guy (..), he got very angry that the other guy wasn't accepting him dominating the fight. And he went into a sequence (..), he came out like this, you could see in his eyes that he wasn't thinking about what he was doing. He went all out, he pushed the guy into the wall, he grabbed the guy and pinned him against the wall with both hands.” (F.K.S.26)



A Portuguese karate instructor summarizes some of his perceptions regarding his students' disruptive situations as follows:


“Sometimes they are doing an exercise and it starts to become evident that the person is showing behavioral changes, that they are no longer even thinking about what they are doing, that things start to go wrong, and that the person becomes very anxious. And they might start to clash with the other [person] or, very often, what happens is that, due to physical or technical inferiority, we know that even the person who is becoming more uncontrolled won't resort to violence because they know they’re not capable. But perhaps it will reach a point where they either start crying, storm out saying they won't continue, or something along those lines.” (M.K.PT.42)





3.3 Interventions by the instructor

In the reports, as soon as the instructor identifies a shift in the nature of the combative sports phenomenon towards a violent one, from one characterised by competitive aggression to one involving physical violence, they intervene. The intensity and manner in which the interventions are presented vary significantly depending on the circumstances of each situation. In extreme cases, it may be necessary to physically separate the parties involved and request that they leave the classroom. However, when a student attacked him excessively during a capoeira game, the interviewed mestre's reaction exemplifies the typical approach to intervening directly in situations where control is severely compromised. The objective is to respond definitively in combat, thereby underscoring the implications of a lack of control in the context of the fight.


“And then [when] he went to play with me, (..) [he] fell in with violent and quick blows (..). And at that point I got out, ducked; when I ducked he was facing me, I headbutted him, he took five steps backwards, when he got to his feet, I hit him with a jumping kick and threw him into the wall.” (M.C.S.25)



A Spanish Jiu-Jitsu instructor also describes how he carries out a combative intervention with some beginner students who tend to strike harder when they first arrive:


“Some come in — and it's normal — hitting a bit harder, so I respond with a light strike. I almost never hit very hard here, I just go for the liver. I strike the liver hard, they fall to the ground, then recover a bit. And they become a bit more aware.” (M.MMA.Jiu.ESP.19)



Similarly, intervention can be initiated by other practitioners. This was demonstrated when an instructor sought assistance from a colleague of a similar rank to rectify an incident in which the practitioner was striking a novice with excessive force:


“He went to get some water and I called another of his green belt colleagues, a little younger, and I said ‘hit him!’ He said ‘what?’; I said ‘hit him, he's hitting her’ (..). He (..) squeezed the guy. (..) The other black belts were already realising what was happening: no one laid a finger on him, but everyone squeezed. The guy paid for his sins in class. He didn't have to say anything else” (F.K.S.26).



In addition to explicitly confrontational interventions, there are also cases in which the approach takes the form of conversational guidance directed at the student who has lost control—or, in cases where the student is a child, at their family.


“There's an athlete who was losing the first match; it was going very badly. And after the first round ended, she went to rest. During the break, I said: ‘Breathe. Open your eyes, look at what's happening. There are still two rounds left—you can win. That was just the first one. The match isn't going as badly as you think.’” (M.M.PT.15)



Furthermore, in the dialogues under discussion, the close relationship between the athlete's emotional state in combat and the martial arts and combat sports (MA&CS) technique employed is particularly noteworthy.


“And then you have to work on that emotion ‘no, wait, whose fault is that? Whose fault is it, who hit or who got hit?’ In the case of karate, ‘did you know how to defend? You knew the blow, so it's your fault that you didn't defend. What are we going to do about it? Are we going to make it right? Are we going to be quicker? Are we going to be more attentive? Let's connect with each other to find out?’” (M.K.S.40)



There are situations in which a warning has been imposed and only then has dialogue taken place:


“So I got up and went over there and said ‘what's going on with you? Let's calm down’ (..) ‘Calm down, this isn't the time and I'll talk to you later’. And I did. When we came here, then I called him, we went to talk, me, him and the other teacher who taught him.” (F.T.N.35)



However, what are the results of the master's interventions?



3.4 Changes in the process


“It's better that he pops up here now, at the age of ten, (..) I know what his limit is and we work in here, than when he's eighteen and shoots someone, when he's twenty and takes the car and runs over someone. I want it here!” (M.K.N.33)



The comparison of this narrative illustrates the two contrasting perspectives on the intentional crossing as a process of development from the perspective of the instructors. The initial hypothesis posits a tragic scenario wherein an individual's capacity for self-control is compromised in adulthood, leading to a lack of control within the social structure. The second example, situated within the context of the master's practice of combat and guidance, is the episode of a fight between children that escalated into a brawl. At both extremes, the crux of the matter is the complete rupture of personal boundaries, that is to say, disruptive experiences that are consummated in violence. The process of going to the limit at MA&CS, whether extreme or not, enables the resolution of disruptive experiences through learning and development. This is achieved by addressing the increased tension in a constructive manner, preventing its breakdown.

The disruptive situations reported indicate the existence of distinct spheres of transgression and transformation in the practitioner. In a more technical context, where the limit in question pertains to motor gestures and their execution, the guidance provided by the teachers tends to focus the students' attention and efforts on the aspects of their actions that they can control.


“Yes, I mean, when they compete, they realize that if they act that way, they will get hurt. That is, if they attempt a heavy-handed strike and cause damage without paying attention to technique—without trying to be fast, leaving themselves wide open and dismantling their guard, throwing wild punches—they realize they will get hurt, because they are hit hard in competition. (..) But then, in competition, the experience usually confirms that I was right about what I had been saying. So they come back to training and say, ‘It's true, you were right.’ And we go back to square one. And we start over with something else. But yes, when things get a bit out of control and they are struck hard, they really don't like it. They say, ‘I need to avoid that situation’.” (M.B.ESP.12)



It is crucial to highlight that, as illustrated in the aforementioned account, fighting entails a distinct yet intimate interplay between the technical motor sphere and the relationship with the opponent. In this intercorporal relationship, the exclusive focus on the execution of technical combative skills has significant implications.


“You have to see if your karate has helped to centre you or alienate you. You're going to hit everyone: then it hasn't helped you, it's alienated you. (..) [Being centred] is trying to look after your own, right; and you have to see the other person too.” (M.K.S.50)



The aforementioned alienation is exemplified by the account of a practitioner who engaged in combative behaviour while simultaneously exhibiting a lack of consideration for others. This illustrates that unbridled impetuosity is not synonymous with the attention or capacity required to maintain one's own well-being. In a symptomatic response, the student in question ceased participation in the practice when he was confronted with the inversion of the physical advantage. “Upon realising that it was relatively simple to overcome the smaller opponent, but considerably more challenging to prevail over the larger one, he ultimately chose to abandon the practice” (M.K.S.40). Conversely, following the intervention of the instructor, whereby more seasoned practitioners were encouraged to apply pressure, the student who had struck the novice exhibited a notable shift in attitude. This was attributed to the fact that, prior to this intervention, no individual had adopted a more confrontational stance towards him. He believed that he could exploit others and, as a consequence, he would initially target the most vulnerable, who were also the least experienced. In accordance with the initial account of this Sense Unit, the masters perceive a broader scope for this transformation in the individual's life. They posit that “on occasion, within the context of training, these minor disagreements can facilitate the development of a more measured response, preventing the individual from externalising their frustrations and potentially compromising their composure in situations that may be disadvantageous to them outside of judo practice” (M.J.CO.42). This allows us to gain a deeper insight into the influence that exposure to potentially disruptive experiences can have on a practitioner's development.

As illustrated by the account of a Portuguese karate instructor:


“If I can keep them from giving up because of it, change happens. It happens through that. Of course, it is also linked to the student's own growth—physically and technically—but I believe that (..) if the student remains over time, they are able to contextualize those experiences and understand them. To realize that, at the time, ‘my technique was lacking, the other had more skill, it was very difficult to succeed, but now I’m on a more equal footing.’” (M.K.PT.42)



The condition for change, however, is related to the realisation of what has occurred. On certain occasions, this requires more than merely adjusting the motor gesture to align with the intentions and intensity appropriate to the struggle and its consequences. This occurs in the dynamics of the succession of experiences themselves, as well as involving their joint evaluation. “It undergoes significant alterations.” The individual may either come to recognise that the lack of control is a factor that necessitates a greater degree of attentiveness and thus effect a change, or alternatively, they may abandon the practice entirely (M.T.CO.33). Therefore, the disparate accounts of the cessation of AM&EC illustrate that there is no assurance that the disruptive experience will inevitably result in growth and development. On occasion, change did occur. On occasion, however, the student in question relinquished their engagement with the art practice, citing an inability to continue. (M.K.S.40) In order for change to occur, the instructor emphasise the necessity of appropriate intervention guidance:


“It's not always without guidance. (..) I think it's important for students (..) to have guidance on this. And from the moment you manage to affect these people, in the sense of showing what their reading of what happened is, (..) then I think we can bring about some kind of change.” (F.C.S.19)



But, as she also emphasised, “of course, for this to happen (..), [the student] needs to be willing, they need to be open to this possibility. You're never going to teach someone who thinks they have nothing to learn” (M.T.C.33). Disruptive situations in which the triggering issue is not technical, but involves escalating combative intensity until, at the limit, it culminates in rivalry between opponents, seem to generate more unwillingness to learn. Analysing by the instructor' reports, situations like this are more difficult for the students to recognise their fault or how their personal position was a determining factor in the lack of control. However, as F.C.S.19 said above, when the intervention leads the student to realise, be affected by and read the situation, change happens. These are mostly subsequent assessments in which, with more emotional distance, reflection on what happened and its consequences favours a move towards self-control:


“He was able to realise that it was actually a team competition and it ended up hurting the whole team. So afterwards he said ‘well, I could have held back a bit’; so I think yes, it was a learning experience.” (M.J.CO.42)



The process of becoming aware of other implications and damages related to the loss of control is an essential component of an endeavour for self-control. This awareness extends beyond the individual to encompass the other people affected and the wider community of practitioners within which one is inserted. It also encompasses reflective processes that facilitate the commitment and accountability of the person with their MA&CS modality.


“Yes, I think there's (..) a bit of compromise there (..). And I think that depends on what's dear to each of those people. So, (..) when a situation arises and that person receives guidance from the situation that happened, whether it's a conversation, a game that shows them what happened, I think they start to realise themselves more and start to ask themselves (..): ‘what else is there?’ And I think that asking ‘what else is there?’ generates some reactions of taking responsibility for oneself and taking responsibility for others, which I think automatically starts to extend into the person's life.” (F.C.S.) (F.C.S.19)



It is also evident that changes following disruptive moments play a significant role in shaping one's perception of self and personal limits. When asked about the importance of such experiences, two different instructors responded:


Interviewer: What is the importance of these experiences?




Instructor: “Exactly that — to see reality, to perceive reality.” — (M.Jiu.PT.12)




Interviewer: What is the importance of these experiences?




Instructor: “Because it's important that they go through this phase. So they can be close to reality. Otherwise, if they are not close to reality, they will never reach that psychological level. Do you understand?” (M.K.PT.44)




Interviewer: “What psychological level is that?”




Instructor: “The truth. The truth (..) about your loss of control. In order to be able to control yourself, you have to lose control! How do you lose control? You can't pretend to be out of control. You have to actually be out of control. How do you reach that state? Only by provoking the situation. How do you provoke it? You create situations in which students lose control with one another. That's how they evolve. And how is that done? It's the coach who has to make it happen. (..) The coach orchestrates all of these situations. (..) And then there comes a time when the student is so used to it, so accustomed to these moments, that eventually they stop losing control. They’ve adapted to the stress. They no longer lose control in that context. They are now able to remain composed under stress. Do you understand?” (M.K.PT.44)





3.5 Synthesis of results' analysis

The potential for disruptive situations, as well as for instructor interventions, is vast, as is the scope for change in students. However, through intentional analysis, this variety can be reduced to a process of change. This process commences with the attainment of technical and motor proficiency, with the objective of preventing uncontrolled behaviour. Such occurrences are more prevalent among novices who have yet to incorporate the motor gestures of the sport and lack the capacity to regulate the force of their strikes. At this stage of the process, there is an overlap between the increase in momentum and the imposition of actions, which may be either voluntary or involuntary, and the actions of the opponent. This requires greater attention and consideration for those being trained and fought with. A more expansive sphere, which incorporates the preceding ones, is reflexive and pertains to the self-responsibility associated with the ramifications of the lack of control experienced. This is not merely conceptualised as control, but as self-control.

It is therefore an experiential process in which, gradually, the consequences of the motor actions correlated to the disruptive episodes, in different domains, lead to the changes that characterise the practitioner's development. When motor gestures go beyond the limits of practice and, in the extreme, hurt, the sphere in question is bodily and empathetic, relating to technical motor control and lack of control, as well as attention to the other. On the other hand, when the emotions between the opponents escalate wildly in their actions and reactions, we enter the psychic sphere of the disruptive experience. Finally, the psychosocial sphere stands out when actions are driven by a sense of self-affirmation that transgresses the norms and the field of what is acceptable in combat practice. This differentiation of spheres is relevant because, although they can manifest themselves intertwined in the disruptive situation, a correct apprehension of the domain that determines the loss of control allows for appropriate intervention and guidance on a case-by-case basis. When these experiences and consequences are tasted - or witnessed - and are appropriated in their connection, there is, in the first instance, a change in perception. By extending to previously unapprehended consequences, this perception directs action not only to avoid deviations from violence, but to lead to the success of the practice. The efficiency that is gained for the success of the practice doesn't always mean victory in the fight, since in certain circumstances, such as those where there is a clear advantage over the opponent, the success of the practice lies more in allowing a challenging fight than in imposing oneself and winning promptly. This whole process only leads to development by virtue of a focus on the best consequences of the actions, be they bodily, psychological or psychosocial, consequences that actualise the expectations and values of the MA&CS practised. Without the adequate interventional participation of the instructors, the actions would have random and arbitrary consequences, much more susceptible to violence which, because of its proximity, is a threat to the ability to fight.




4 Discussion

The definition of a fight as “a bodily confrontation in which one opponent tries to physically overcome the other” [(28), p. 422] suggests that the act of fighting may give rise to ambiguous feelings among those involved, as well as among those who observe the fight (51). As Barreira and Telles (52) observe, this ambiguity is intrinsic to the practice of sport. While the opponent is both desired and required in the context of competition, they also present an obstacle to the desired outcome.

The results presented here not only dialogue with the phenomenology of combat proposed by Barreira et al. (1), but also confirm its applicability in the pedagogical field. Moreover, they highlight that methodological and conceptual gaps present in models such as the Integrated Technical-Tactical Model (38), and the ecological dynamics model (39), may be overcome by incorporating pre-reflective psychological dimensions identified in the present study, including those related to affective and ethical affordances modulated in the analyzed pedagogical situations. Our data indicate that in real pedagogical situations, instructors' interventions during episodes of emotional disruption not only restore motor order but also modulate affective and ethical affordances, expanding the scope of existing models beyond mere technical-tactical organization.

This presence of the other in combat, which is alive and constant, is what is taken into account to incite and modulate movement in the fight (52), since the perception of the presence of the other accompanies the “impossibility of full control of our actions” [(52), p. 97]. As has also been noted (32), in MA&CS, unpredictability is a characteristic of the hand-to-hand experience and, due to the act of restricting bodily mobility - the purpose of the fight - there is a bodily constraint that “tends to correlate with a moral constraint (..)” [(29), p. 432]. Therefore, “The subject of the physical struggle finds in the antagonism of the opponent the adversity that proposes and intensifies the challenge for self-improvement, a figure of ethical life.” [(29), p. 442].

If one were to interpret this phenomenon through the lenses of physicalism or idealism, it would be impossible to discern the duality of feelings that is intrinsic to situations where the scene takes place in the experiential domain of the body-to-body, such as in the case of physical altercations. It is therefore not uncommon for the perspective of a third-party observer of a physical altercation to perceive the event as violent, due to a misapprehension of the experience of a hand-to-hand dispute (31). From the external, third-person perspective, the most intense and incisive fights appear to contradict any possibility of empathy between the combatants. Without attention to the specificity of the interpersonal tension and mutual improvement evident in these fights (53), there would be no process of recognising the other as other between the practitioners. In contrast, a phenomenological analysis indicates that “the practice of fighting entails particular attention to the opponent, rather than, as the notion of confrontation might suggest, their elimination” [(29), p. 416].

The results demonstrate that MA&CS instructors perceive potential shifts in their students' behaviour due to the fact that disruptive situations are ethically and pedagogically based on the objective that the learner, in a borderline moment, should not lose control and, if they do, that they should gain from the experience. This underscores the significance of comprehending how the individuals involved in the action perceive and experience the moments in question. The improvement of self-control is demonstrated as an ongoing ethical imperative within the context of the fights, with the objective of achieving a personal transformation that simultaneously entails the challenge of self-control and the domination of the opponent [(29), p. 440]. In light of these findings, it can be concluded that the ethical dimension of MA&CS practice is primarily shaped by the relationship between the apprentice and the master (17, 28).

It is important to acknowledge that solely presenting the student's proposed modifications based on the instructor's input may be a potential limitation, as it fails to consider the learners' perspectives. However, due to the difficulty of accessing such situations of lack of control, as well as the confidentiality required by the ICFs, this contact could not be established during the course of the research.



5 Conclusion

This study complements and expands the theoretical contributions of Barreira et al. (1), by demonstrating how MA&CS masters identify and intervene in combative transition processes. Therefore, with the aim of identifying and understanding, through first-person experience reports, how Martial Arts and Combat Sports teachers perceive possible changes and personal developments in their students caused by disruptive situations experienced by the latter in combat practices. This perception of changes resulting from a disruptive situation is supported by the combative intensification that is essential in combat practices, as well as by the appropriate intervention needed when control is lost.

It can therefore be concluded that, in the face of disruptive situations, the interventions of masters aim to modify the practitioner's perception towards greater physical, technical and emotional self-mastery. It can be inferred that the psychological transition between corporal fighting and violence not only occupies an ethically central place in the practice of AM&EC, but that the proper management of those who teach and those who learn a fight is decisive for a positive change in the student, i.e., their development.


5.1 Practical applications

Regarding the potential practical applications of this study, it is first necessary to exercise notable sensitivity in order not to interpret the data as a “ready-made recipe” for MA&CS instructors to use in disruptive situations with their students. This is particularly relevant, as each situation and each learner will require specific considerations. That said, this research aims to contribute to practice in moments when instructors perceive that the fight no longer seeks mutual improvement among participants and that hostility is heightened. Interventions can then be carried out, which, depending on the student and the moment, may involve dialogue, a combat exercise, or a punishment by withholding the opportunity to continue the fight.

Beyond the immediate management of disruptive episodes, it is important to highlight that such moments can also be transformed into opportunities for learning and personal growth. Instructors may foster resilience, emotional modulation, and the ability to sustain combative engagement without hostility, guiding practitioners towards constructive outcomes. In this sense, rather than being reduced to a disciplinary measure, the intervention can open a path for the practitioner to appropriate the disruptive experience as a moment of improvement, contributing not only to technical and ethical development but also to overall well-being.



5.2 Limitations

However, it should also be pointed out that observing the personal development of Martial Art and Combat Sport practitioners after a disruptive situation only from the teacher's perspective appears to be the greatest limitation of this research. This is because it does not cover a possible perception of self-development resulting from a situation that goes beyond the limits of what is acceptable in a hand-to-hand dispute, nor does it contemplate the way in which this first-person experience could occur. In this way, a follow-up to this piece of research could be to find out how, from a first-person perspective, their own disruptive experiences and possible changes and personal development occur in those teachers who perceive that there can be a process of change in their students with their interventions.

Regarding the study's limitations, it should be noted that the low number of female participants in the sample limits the generalizability of the results, as approximately 64% of the sample are men, while only 34% are women. Therefore, there is a need for future studies with greater equity between the number of women and men in the sample.
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1For the purposes of this work, "disruptive" is taken to mean training or competition situations that present a psychological tension that puts pressure on the fight against violence, risking distorting the "fight" phenomenon into a "brawl" phenomenon. Different psychological states are related to this tension that characterizes the situation as hostile, including anger and fear. However, it is necessary to know to what extent these states determine the combative phenomenon, that is, make it a fight or a brawl, which involves considering the relationship between the practitioners.

2This study did not aim to compare levels of development or institutional recognition of martial arts and combat sports across countries. Participants were not selected according to authority, representativeness, or competitive level, but through local contacts, teacher referrals, and availability to be interviewed. Consequently, their institutional, recreational, or competitive insertion is random. This procedure is consistent with the phenomenological approach, which privileges the analysis of lived experience rather than national or institutional profiling.

3It is also relevant to point out that this research topic (the participation of women in MA&CS) is a subject of interest for the research group [50].

4The interviews were conducted in the participants’ native languages. Accordingly, Portuguese was used in Brazil and Portugal — with distinctions between Brazilian and European Portuguese — and Spanish was used in Spain.

5It should be noted that different researchers conducted the interviews. In Brazil, interviews were conducted by Cristiano R. A. Barreira; in Portugal, by Maria Gabriela dos Santos; and in Spain, by Yan Lázaro dos Santos. The latter two researchers were also responsible for a large part of the transcription of the Brazilian interviews and, prior to the fieldwork abroad, were specifically prepared to conduct interviews under the mode of suspensive listening, becoming familiar with both the operative procedures and the semi-structured script. Nevertheless, methodological rigor was evident in the analyses and was sustained through the collaborative work carried out by the research group.

6The Phenomenology and Body Practices Research Group (GFEPAC) holds weekly meetings at the University of São Paulo's Ribeirão Preto School of Physical Education and Sports (EEFERP-USP).
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Introduction: Brazilian jiu-jitsu has been discussed as an effective type of psychosocial therapy, with the social interactions within the Brazilian jiu-jitsu community serving as a buffer against mental health disorders. However, the psychological variables associated with optimal mental health in Brazilian jiu-jitsu have yet to be explored. This study examined the extent to which resilience, grit, self-efficacy, self-control, aggression, and life satisfaction (IVs) could predict mental health in male and female Brazilian jiu-jitsu athletes.



Methods: The sample included 420 athletes, representing 331 males (78.8%) and 89 females (21.2%) from 18 to 60 years of age (38.2 ± 8.8), who responded to training-related questions followed by the Mental Health Disorders Screening Instrument for Athletes, Brief Resilience Scale, Grit Scale, General Self-Efficacy Scale, Brief Self-Control Scale, Brief Aggression Questionnaire, and Satisfaction with Life Scale.



Results: In males, results revealed that a multiple linear regression was statistically significant, with the IVs accounting for approximately 51.7% of the variance in mental health disorders. Aggression (9.1% variance), self-control (7.3% variance), life satisfaction (5.0% variance), and resilience (1.2% variance) were significantly associated with mental health disorders in male athletes. In females, a multiple linear regression was statistically significant, with the IVs accounting for approximately 45.3% of the variance in mental health disorders. Aggression (6.0% variance), and life satisfaction (3.0% variance) were significantly associated with mental health disorders in female athletes.



Conclusion: In conclusion, male Brazilian jiu-jitsu athletes presenting higher self-control, life satisfaction, and resilience, and lower aggression, and female athletes presenting higher life satisfaction and lower aggression were more likely to present better mental health than athletes with opposing characteristics. With the rising popularity of Brazilian jiu-jitsu, these findings may inform clinical professionals when developing treatment plans to address mental health in athletes in this population.
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Introduction

In Western societies, the number of people affected by mental health disorders is believed to be greatly under-reported (1). The Diagnostic and Statistical Manual of Mental Disorders defines mental health disorders as “a syndrome characterized by clinically significant disturbance in an individual's cognition, emotion regulation, or behavior that reflects a dysfunction in the psychological, biological, or developmental processes underlying mental functioning” [(2), p. 14]. Mental health disorders are often associated with substantial distress or disability in daily activities, such as social and occupational tasks (2). Mental health disorders are associated with increased aggression, inattentiveness/hyperactivity, and emotional challenges (3).

In search for interventions to effectively address mental health disorder, research has shown that sports can provide substantial physical and mental health benefits in the short- and long-term (4), with some authors suggesting that their social and mental health benefits may exceed those acquired through alternative leisure activities (5, 6). As a subcategory of sports, in particular combat sports, Brazilian jiu-jitsu has gained tremendous popularity across the world over the past decades, and more recently attracted the attention of behavioral and social scientists. The dynamics of Brazilian jiu-jitsu involves two athletes aiming to subdue one another via “tap-out”. Progressively, the “tap-out” can be achieved by taking an opponent to the ground via throws, takedowns, or pulling guard, controlling the opponent, and performing submission holds such as strangles and joint locks (7). In competitions, two athletes grapple for victory with the rules determining the winner by submission, points, loss of consciousness, disqualification, or the referee's decision (8). After years of training under this ruleset, psychological difference can be found in Brazilian jiu-jitsu athletes of different experience and belt rank, as more experienced practitioners were found to present higher mental strength, resilience, grit, self-efficacy, self-control, physical and verbal aggression, and life satisfaction than less experienced practitioners (9). Moreover, Brazilian jiu-jitsu black belts reported significantly lower mental health disorders than white belts (10).

In addition to the rank-based psychological differences, Brazilian jiu-jitsu has been discussed by some authors as an effective type of psychosocial therapy (1, 11–13) and a positive intervention to address mental health disorders (13, 14). Brazilian jiu-jitsu's therapeutic characteristics are described as being the result of athletes consistently placing themselves under great psychological and physical stress, and therefore, igniting several intrinsic resources critical for developing coping skills that may lead to mental health improvements (1). Chinkov and Holt (15) reported that the engagement with Brazilian jiu-jitsu can be life-changing by fostering the acquisition of four critical life skills: respect for others, perseverance, self-confidence, and healthy habits. Moreover, Blomqvist-Mickelsson (12) explains that the social interactions with like-minded individuals in the Brazilian jiu-jitsu community may serve as a protective buffer against mental health disorders and promote well-being.

When applied as an intervention, the existing literature has found Brazilian jiu-jitsu to be effective in decreasing psychopathological symptoms (14), post-traumatic stress disorder (13, 14), aggression, and increase self-control (16). It has also been found effective in improving children's emotional symptoms, hyperactivity/inattention, total difficulties score, and externalizing problems (17). Ruelas et al. (18) presented that participants credited Brazilian jiu-jitsu for substantial improvements in mental flexibility, confidence, strengthened commitment, reduced anxiety, and a strong sense of community. Adult practitioners also experienced improvements in mood and respect, while parents noticed the acquisition of critical life skills by their children (18).

Given the rising concern with mental health worldwide, the unique Brazilian jiu-jitsu ruleset, the psycholgocial benefits associated with Brazilian jiu-jitsu training (13, 14, 17, 18), and the rank-based psychological differences among white and black belts, the present study aimed to explore the role of several psychological variables, found to be elevated in black belts, in predicting mental health disorder in Brazilian jiu-jitsu athletes. The novelty of this study is based on its first of a kind approach aiming to explore how the psychological characteristics often present in more experienced Brazilian jiu-jitsu athletes may impact mental health disorders in a population practicing a sport where vigorous combats are an inherent characteristic of the activity. With the rising popularity of Brazilian jiu-jitsu, the result of this study can inform clinical mental health professionals about critical variables associated with positive mental health outcomes and, consequently, guide the development of clinical treatment plans. Therefore, the purpose of this study was to examine the extent to which resilience, grit, self-efficacy, self-control, aggression, and life satisfaction could predict mental health disorders in Brazilian jiu-jitsu athletes.



Methods


Participants

Participants included 420 Brazilian jiu-jitsu athletes, 331 males (78.8%) and 89 females (21.2%), from 18 to 60 years of age (38.2 ± 8.8). Participants represented 121 white belts (28.8%), 118 blue belts (28.1%), 78 purple belts (18.6%), 46 brown belts (10.9%) and 57 black belts (13.6%). A total of 189 athletes (45%) participated in at least one competition over the previous year, and 231 athletes (55%) participated in no competition during the same period. Participants represented forty-seven states and the District of Columbia. The states with the highest number of participants were Nevada (19%), Pennsylvania (9%), and California (7.9%). This study included no participants from Rhode Island, West Virginia, or Wyoming.



Procedures

In the current cross-sectional study, participants responded to an anonymous online survey disseminated through social media (Facebook and Instagram) via Google Forms from April 19 to June 10, 2024. Inclusion criteria: male and female, from 18 to 60 years of age, of all belt ranks (white, blue, purple, brown, and black), and engaging in a minimum of one Brazilian jiu-jitsu class per week in the United States. The Google Forms included demographic questions (age, biological sex, and state of residency), Brazilian jiu-jitsu training characteristics questions (training experience in years, belt rank, number of competitions over the previous 12 months, and number of days and hours of training per week), in addition to the Mental Health Disorders Screening Instrument for Athletes, Brief Resilience Scale, Grit Scale, General Self-Efficacy Scale, Brief Self-Control Scale, and Satisfaction with Life Scale.

This study was conducted anonymously, and no compensation was offered for participation. Volunteers received an information sheet presenting the details of the study. This study was exempted by the Liberty University Institutional Review Board, based on 45 CFR 46:104(d): Category 2. (i). clarifying that the data obtained by the author is recorded in a way that the identity of the human participants cannot readily be ascertained directly or through identifiers linked to the participants (19).



Materials

Mental health disorder was assessed through the Mental Health Disorders Screening Instrument for Athletes (14-item, 7-point Likert) based on its good internal consistency and Cronbach's alpha of .86 (20). The sum of the 14 items determined total scores, and higher scores represented higher mental health disorders. Cronbach's alpha in the current sample was 0.82.

Resilience was assessed through the Brief Resilience Scale (6-item, 5-point Likert) based on its good internal consistency with Cronbach's alpha ranging from .80 to .91 (21). The average of the six items determined total scores, and higher scores indicated higher resilience. Cronbach's alpha in the current sample was .82.

Grit was assessed through the Grit Scale (12-item, 5-point Likert) due to its good internal consistency with Cronbach's alpha of .85 (22). The average of the 12 items determined total scores, and higher scores indicated higher grit. Cronbach's alpha in the current sample was .84.

Self-efficacy was assessed through the General Self-Efficacy Scale (10-item, 4-point Likert) based on its good internal consistency with Cronbach's alpha between .76 and .90 (23). The sum of the 10 items calculated total scores, and higher scores indicate higher self-efficacy. Cronbach's alpha in the current sample was .87.

Self-control was assessed through the Brief Self-Control Scale (13-item, 5-point Likert) due to its internal consistency with Cronbach's alpha of .83 and .85 (24). The sum of the 13 items determined total scores, and higher scores indicate higher self-control. Cronbach's alpha in the current sample was .84.

Aggression was assessed through the Brief Aggression Questionnaire (12-item, 7-point Likert) based on its strong test-retest reliability, ranging from .68 to .80 (25, 26). Total scores were calculated by the average of the 12 items, with higher scores indicating higher aggression. Cronbach's alpha in the current sample was .76.

Life satisfaction was assessed through the Satisfaction with Life Scale (5-item, 7-point Likert) due to its good internal consistency and Cronbach's alpha of .87 (27). The sum of the five items calculated total scores, and higher scores indicate higher life satisfaction. Cronbach's alpha in the current sample was .87.



Statistical analyses

All assumptions of normality were met in the current data (skewness and kurtosis values, histograms, Q-Q plots, and Shapiro–Wilk). Descriptive data were presented as mean and standard deviation (M ± SD). As primary analyses, a multiple linear regression was performed to investigate the extent to which resilience, grit, self-efficacy, self-control, aggression, and life satisfaction could predict mental health disorders. As secondary analyses, independent samples t-tests were performed to explore the differences in age, training experience, training frequency, training volume, competitive engagement, mental health disorders, resilience, grit, self-efficacy, self-control, aggression, and life satisfaction between males and females. In addition, Pearson's correlations were conducted between resilience, grit, self-efficacy, self-control, aggression, and mental health disorders. IBM SPSS Statistics (Version 29) was used for data analyses with an alpha level of.05 to determine statistical significance.




Results


Demographic, training, and psychological characteristics

Table 1 presents the demographic, training, and psychological characteristics of the participants. Independent samples t-tests were performed to explore the differences in age, training experience, training frequency, training volume, competitive engagement, mental health disorders, resilience, grit, self-efficacy, self-control, aggression, and life satisfaction between males and females. Independent samples t-tests revealed statistically significant higher training experience t(187.461) = 3.015, p = .001, Cohen's d = .301 (small effect), resilience t(418) = 3.216, p < .001, Cohen's d = .384 (small effect), self-efficacy t(418) = 1.708, p = .044, Cohen's d = .204 (small effect), and aggression t(418) = 3.327, p < .001, Cohen's d = .397 (medium effect) in male than female Brazilian jiu-jitsu athletes.



TABLE 1 Demographic, training, and psychological characteristics.



	Characteristics
	Male (n = 331)
	Female (n = 89)





	Demographic



	 Age (SD)
	38.45 (8.80)
	37.33 (8.62)



	Training



	 Experience (SD)
	6.84 (6.20)*
	5.07 (4.51)*



	 Days/Week (SD)
	3.54 (1.35)
	3.76 (1.35)



	 Hours/Week (SD)
	6.23 (4.18)
	6.08 (3.52)



	 Competitions (SD)
	1.07 (2.01)
	1.21 (1.75)



	Psychological



	 Mental health disorders (SD)
	33.46 (10.52)
	34.62 (8.80)



	 Resilience (SD)
	3.79 (0.62)*
	3.55 (0.68)*



	 Grit (SD)
	3.80 (0.54)
	3.81 (0.55)



	 Self-efficacy (SD)
	34.35 (3.70)*
	33.60 (3.72)*



	 Self-control (SD)
	46.44 (8.19)
	47.15 (7.56)



	 Aggression (SD)
	3.14 (0.89)*
	2.79 (0.85)*



	 Life satisfaction (SD)
	26.16 (6.10)
	26.36 (5.91)




	*p < .05; SD, standard deviation.









Multiple linear regression

Multiple linear regression analyses were conducted to explore the extent to which resilience, grit, self-efficacy, self-control, aggression, and life satisfaction (IVs) could predict mental health disorders in male and female Brazilian jiu-jitsu athletes (Table 2). In male athletes, the multiple linear regression was statistically significant F(6,324) = 57.746, p < .001. Approximately 51.7% of the variance in mental health disorders was accounted for by its linear relationship with the IVs as a unit. Of the IVs, aggression explained 9.1% (small effect), self-control explained 7.33% (small effect), life satisfaction explained 5.0% (small effect), and resilience explained 1.2% (small effect) of the variance in mental health disorders in male athletes.



TABLE 2 Resilience, grit, self-efficacy, self-control, aggression, and life satisfaction.



	Variables
	
	
	95% CI
	
	
	
	



	
	b
	t-value (p)
	Lower
	Upper
	sr2
	F-value (df)
	p
	R2





	Males



	 Mental health disorders
	
	
	
	
	
	57.746 (6,324)
	<.001*
	.517



	 Intercept
	56.177
	
	
	
	
	
	
	



	 Resilience
	−2.276
	−2.819 (.005*)
	−3.865
	−0.688
	−0.0119
	
	
	



	 Grit
	1.186
	1.070 (.286)
	−0.996
	3.369
	0.0017
	
	
	



	 Self-efficacy
	0.098
	0.673 (.501)
	−0.188
	0.383
	0.0007
	
	
	



	 Self-control
	−0.499
	−7.008 (<.001*)
	−0.639
	−0.359
	−0.0733
	
	
	



	 Aggression
	3.897
	7.817 (<.001*)
	2.916
	4.877
	0.0911
	
	
	



	 Life-Satisfaction
	−0.421
	−5.795 (<.001*)
	−0.564
	−0.278
	−0.0501
	
	
	



	Females



	 Mental health disorders
	
	
	
	
	
	11.319 (6,82)
	<.001*
	.453



	 Intercept
	58.330
	
	
	
	
	
	
	



	 Resilience
	−2.598
	−1.966 (.053)
	−5.227
	0.031
	−0.0258
	
	
	



	 Grit
	−1.670
	−1.013 (.314)
	−4.948
	1.608
	−0.0069
	
	
	



	 Self-efficacy
	0.073
	0.301 (.764)
	−0.411
	0.557
	0.0006
	
	
	



	 Self-control
	−0.235
	−1.802 (.075)
	−0.495
	0.025
	−0.0217
	
	
	



	 Aggression
	2.975
	2.996 (.004*)
	1.000
	4.950
	0.0599
	
	
	



	 Life-Satisfaction
	−0.296
	−2.127 (.036*)
	−0.572
	−0.019
	−0.0302
	
	
	




	b, unstandardized coefficient; sr², semi-partial correlation.


	*p < .05







In female athletes, the multiple linear regression was statistically significant F(6,82) = 11.319, p < .001. Approximately 45.3% of the variance in mental health disorders was accounted for by its linear relationship with the IVs as a unit. Of the IVs, aggression explained 6.0% (small effect), and life satisfaction explained 3.0% (small effect) of the variance in mental health disorders in female athletes.



Correlation matrix

Table 3 presents the zero-sum correlation matrix among the psychological variables explored in this study. In male athletes, significant negative correlations were found between mental health disorder and self-control (p < .001, r = −.564; large effect), life satisfaction (p < .001, r = −.436; medium effect), resilience (p < .001, r = −.385; medium effect), grit (p < .001, r = −.379; medium effect), and self-efficacy (p < .001, r = −.331; medium effect). In addition, a significant positive correlation was found between mental health disorders and aggression (p < .001, r = .529; large effect).



TABLE 3 Zero-Sum correlation matrix.



	Variables
	1
	2
	3
	4
	5
	6





	Males (n = 331)



	 1. Resilience
	–
	
	
	
	
	



	 2. Grit
	.474*
	–
	
	
	
	



	 3. Self-Efficacy
	.518*
	.555*
	–
	
	
	



	 4. Self-Control
	.369*
	.664*
	.505*
	–
	
	



	 5. Aggression
	−.247*
	−.177*
	−.172*
	−.341*
	–
	



	 6. Life Satisfaction
	.297*
	.322*
	.316*
	.291*
	−.209*
	–



	 7. Mental Health Disorder
	−.385*
	−.379*
	−.331*
	−.564*
	.529*
	−.436*



	Female (n = 89)



	 1. Resilience
	–
	
	
	
	
	



	 2. Grit
	.402*
	–
	
	
	
	



	 3. Self-Efficacy
	.524*
	.414*
	–
	
	
	



	 4. Self-Control
	.313*
	.535*
	.409*
	–
	
	



	 5. Aggression
	−.245**
	−.246**
	−.259**
	−.505*
	–
	



	 6. Life Satisfaction
	.400*
	.293*
	.377*
	.356*
	−.217**
	–



	 7. Mental Health Disorder
	−.438*
	−.408*
	−.349*
	−.523*
	.498*
	−.431*




	*p < .001; **p < .05.







In female athletes, significant negative correlations were found between mental health disorder and self-control (p < .001, r = −.523; large effect), resilience (p < .001, r = −.438; medium effect), life satisfaction (p < .001, r = −.431; medium effect), grit (p < .001, r = −.408; medium effect), and self-efficacy (p < .001, r = −.349; medium effect). In addition, a significant positive correlation was found between mental health disorders and aggression (p < .001, r = .498; medium effect).




Discussion

This study aimed to examine the extent to which resilience, grit, self-efficacy, self-control, aggression, and life satisfaction, could predict mental health disorders in Brazilian jiu-jitsu athletes.

The current results showed a significant positive relationship between aggression and mental health disorders in male and female athletes, with more aggressive athletes presenting higher mental health disorders. Aggression has been identified as a complex topic, with some authors emphasizing its negative side (28, 29) and others highlighting its positive application (30). Its complexity is exemplified by the multifaceted characteristics of aggression. By definition, aggression represents individual differences in thoughts (hostility), behaviors (verbal and physical), and emotions (anger) intended to harm another person (25). Similarly, previous studies have found that higher aggression significantly correlated with lower mental health (28, 31). In Brazilian jiu-jitsu, athletes are often encouraged to adopt an offensive and aggressive approach while emotionally primed to impose their strategies, dominate their opponents, or win their matches. Despite this encouragement, levels of aggression were found to be similar across all Brazilian jiu-jitsu belt ranks (white, blue, purple, brown, and black), with no significant differences found in total aggression, physical aggression, anger, verbal aggression, and hostility (9). In fact, Blomqvist-Mickelsson (16) found a decrease in aggression after five months of Brazilian jiu-jitsu training in teenager and adult practitioners. In judo, no significant difference in aggression was found between competitors and non-competitors (10). Although previous studies have pointed toward positive effects of Brazilian jiu-jitsu on aggression or no negative associations between aggression and belt ranks or competitive statuses, the current results suggest that the emphasis on aggression should be carefully and examined case-by-case, considering that higher aggression was associated with higher mental health disorder in males and females.

In the current study, results showed a significant negative relationship between self-control and mental health disorders in male athletes, with higher self-control explaining lower mental health disorders. Challenges with self-control are characteristic of several mental disorders presented in the Diagnostic and Statistical Manual of Mental Disorders (24). This finding is convergent with the existing literature, where higher self-control correlated with fewer reports of psychopathology and alcohol abuse (24). He et al. (32) found negative correlations between self-control and symptoms of irritability, depression, and anxiety in university students. Adolescents with lower self-control were also found to be more likely to have higher mental health challenges (33). Simultaneously to the development of offensive and aggressive strategies in Brazilian jiu-jitsu, athletes are expected to abide by several sportsman-like rules. For instance, once an opponent “taps-out” in a submission (e.g., choke or armlocks), one must immediately release the technique to guarantee the opponent's safety. Despite the emotional changes involved during high intensity combative matches, athletes are expected to demonstrate restraint and self-control. These expectations were noted by Blomqvist-Mickelsson (16), who found that five months of Brazilian jiu-jitsu training increased self-control in teenagers and adult practitioners. In addition, a previous study found that higher Brazilian jiu-jitsu training experience positively correlated with self-control (10). Therefore, self-control is not only associated with lower mental health disorders, as found in the current study, but it is also a critical variable to control aggression in the sport domain (34).

The present study revealed a significant negative relationship between life satisfaction and mental health disorders in males and females, with higher life satisfaction explaining lower mental health disorders. Life satisfaction has been discussed as a protective factor against emotional, cognitive, and behavioral disorders, making it an important cognitive indicator of well-being (35). These findings are similar to previous studies who showed a positive correlation between life satisfaction and better mental health (36) and a negative correlation between life satisfaction and anxiety/depression in adults (37). Some authors discuss that the social and mental health benefits of sports may exceed those obtained through alternative leisure activities (5, 6). More experienced Brazilian jiu-jitsu athletes were more likely to present higher life satisfaction than less experienced practitioners (10). In judo, no differences were found in life satisfaction between competitors and non-competitors, suggesting that the recreational practice of combat sports may provide no added benefit to the competition-oriented practice (9).

The current results showed a significant negative relationship between resilience and mental health disorders in male athletes, with higher resilience explaining lower mental health disorders. It has been suggested that resilience is a critical buffer against anxiety and depression (38). More experienced Brazilian jiu-jitsu athletes reported to be more likely to present higher resilience (10). In judo, no differences in resilience were found between competitors and non-competitors (9). Similarly, Ma et al. (39) found higher resilience to correlate with better mental health (emotional, social, and psychological well-being). In addition, a systematic literature review of studies with children and adolescents has unanimously shown higher resilience to be associated with fewer mental health challenges (40).

This study has some limitations. First, the current cross-sectional design prevents causal observations. Second, despite the participants’ anonymity, the use of self-reported instruments may result in social desirability bias. Third, the geographic limitation to the United States may limit the cross-cultural generalizability of the findings. In addition, this study has some strengths and practical applications. First, the reliance on data from participants from different Brazilian jiu-jitsu schools across the United States reflect the association with individuals practicing the combat sport rather than the potential effect of specific teaching methodologies. Second, the biological sex division on the multiple regression analyses showcase the specificities of each group. Third, the results provide practical evidence to inform clinical treatment plans.

The authors recommend future studies to address in a longitudinal design the impact of Brazilian jiu-jitsu on resilience, grit, self-efficacy, self-control, aggression, life satisfaction, and mental health disorders to further advance the limited existing literature. Moreover, future studies are encouraged to explore the mediating and moderating roles of training characteristics such as belt rank, training experience, training frequency, training volume, and competitive status.

The current findings have substantial practical implications and may serve as foundational knowledge for clinical professionals when developing treatment plans to address mental health disorders in Brazilian jiu-jitsu athletes.

In summary, the current findings suggest that aggression, self-control, life satisfaction, and resilience statistically and practically significantly predicted mental health disorders in male Brazilian jiu-jitsu practitioners. Aggression and life satisfaction statistically and practically predicted mental health disorders in female Brazilian jiu-jitsu practitioners. Male athletes presenting higher resilience, self-control, and life satisfaction and lower aggression, and female athletes presenting higher life satisfaction and lower aggression are more likely to present lower mental health disorders than individuals with opposing characteristics. In the current sample, males reported higher training experience, resilience, self-efficacy and aggression than females.
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Introduction: Judo is an Olympic combat sport and martial art known for promoting physical, psychological, and social wellbeing across all ages. In line with European initiatives encouraging intergenerational activities, judo presents a valuable opportunity to connect younger and older individuals through shared physical activities. Conducted within the framework of the ERASMUS+ Sport JOY Project, this study explored judo coaches’ knowledge, opinions, and experiences to identify key components for designing effective and sustainable intergenerational judo programmes.
Method: A survey was distributed to 349 judo coaches (M = 82% and F = 18%) affiliated with international judo organisations and clubs to investigate their views on key characteristics, roles, barriers, and facilitators of intergenerational judo, as well as their coaching philosophies and educational needs.
Results: Main findings revealed that in such programmes coaches prioritize safety and skill ex-change while promoting social interactions. Significant differences emerged based on coaches’ demographics, experience, and education level, particularly regarding their perspectives on coaching roles, communication challenges, and motivational aspects.
Discussion: From a psychological perspective, these programmes foster mutual respect, empathy, and intergenerational understanding, contributing to enhanced mental wellbeing and a stronger sense of belonging among participants. Indeed, the study provides essential insights to inform the creation of inclusive, engaging, and sustainable training strategies that promote active ageing, mutual learning, and social cohesion through judo.

Keywords
 sustainable education; martial arts; combat sports; judo; older adults; wellbeing; intergenerational sport


1 Introduction

As declared by the European Commission in 2024, Europe must support both young and old citizens by recognizing their commonalities and embracing their diversity, from their cultural heritage to sport at all levels (European Commission and Micallef, 2024). Whilst solidarity between generations is enshrined in European treaties, the decisions we take today have long-term consequences for the next generations to come. In this context, intergenerational sports programmes represent a promising strategy to stimulate active ageing, strengthen social connections, and link communities with the overarching goal of fostering a healthy and more cohesive society (European Commission, Directorate-General for Education, Youth, Sport and Culture, 2020). Through reciprocal care and shared activities, these intergenerational interactions make older people feel useful by assisting younger generations and maintaining their optimism and vitality (Chiosso, 2012). Particularly through shared sport activities and common learning experiences, each generation can benefit from the knowledge of the others, finding a balance between mutual support and independence (Kolb, 2014).

Among the wide range of sport disciplines, judo, an Olympic sport and traditional Japanese martial art, stands out as a valuable medium for intergenerational engagement. Judo is renowned for promoting both mental and physical health (Drid et al., 2021; Kowalczyk et al., 2023; Palumbo et al., 2023) and it simultaneously serves as a means of cultural transmission and intergenerational human growth, grounded in the traditions of discipline, respect, and physical ability (Kano, 2013). Its inclusive nature appeals to practitioners of all ages, offering diverse benefits such as better functional abilities (Arkkukangas et al., 2021; Odaka et al., 2023; Jadczak et al., 2024), positive anthropometric and walking proficiency (Ciaccioni et al., 2019; Ciaccioni et al., 2020) and improved psychological health (Muiños and Ballesteros, 2015; DelCastillo-Andrés et al., 2018; Kujach et al., 2022). To ensure judo continues to evolve as a lifelong practice, it is crucial to understand how it can foster relationships across different age groups, facilitate the sharing of knowledge, and uphold its core principles.

Building on these premises, the European ERASMUS+Sport EDJCO Project was developed to design and validate an evidence and eminence-based online and self-regulated educational programme tailored for judo coaches for training older practitioners. The project provided comprehensive modules encompassing both theoretical and practical strategies for effective communication, ageing process understanding, and judo techniques adaptation to create inclusive and engaging training conditions (Ciaccioni et al., 2024a). However, current research on the potential of judo as an intergenerational sport activity is in its early development stage. Such activities could provide a valuable framework where experienced practitioners share their knowledge, while younger generations bring fresh perspectives, energy, and adaptability. Building on the judo fundamentals and its core principles of maximum efficiency (Seiryoku-Zenyo) and mutual prosperity (Jita-Kyoei) (Kano, 2013), a recent umbrella review (Ciaccioni et al., 2024b) outlined the key guidelines for intergenerational judo activities, providing an extensive analysis of programmes’ main characteristics, barriers, and facilitators, and highlighting relevant judo coaches’ roles and responsibilities (Table 1).


TABLE 1 Overview of guidelines for intergenerational judo activities (Adapted from Ciaccioni et al., 2024b).


	Key characteristics
	Judo coach’s role
	Barriers
	Facilitators

 

 	Adaptability 	Adaptability 	Age differences 	Adapted teaching and learning styles


 	Collaboration 	Community 	Different learning styles and preferences 	Inclusive training sessions


 	Inclusion 	Facilitator 	Environmental factors 	Intergenerational mentorship


 	Safety 	Motivator 	Generational stereotypes and prejudices 	Mutual respect and empathy


 	Skill exchange 	Role model 	Infrastructure challenges 	Recognition & celebration of achievements


 	Social interactions 	Safety supervisor 	Lack of motivation and interest 	Shared passion for sport and judo


 	Variety 	Technical expert 	Language and communication barriers 	Social interactions


 	 	 	Physical limitations 	Supportive community and facilities




 

Given judo’s potential to foster constructive social change through intergenerational interactions rooted in respect and empathy, an urging need emerged for tailored programmes with specific coach training to address intergenerational contexts, which remain unexplored despite existing online courses by the International Judo Federation Academy (IJFA). In response to this call, the new ERASMUS+Sport collaborative partnership ‘Judo connecting Older and Younger generations’ (JOY) Project encompasses international partners from academic institutions and high-level sport organisations. Its goal is to enhance the participation of young and older individuals in intergenerational judo activities for their holistic development and successful ageing, respectively. Within this framework, the present study aimed to gather the opinions, knowledge, and experiences of judo coaches regarding the most relevant aspects to be included in an intergenerational training programme. By examining coaching philosophies, and diverse backgrounds of coaches working in intergenerational judo, this research sought to identify key practices, learning needs, and educational strategies that facilitate knowledge transfer and cooperation between different generations within the judo community.



2 Materials and methods

This study was performed under the ERASMUS+Sport collaborative partnership ‘Judo connecting Older and Younger generations’ (JOY) Project (ERASMUS-SPORT-2023-SCP; number: 101133628), coordinated by the Croatian Judo Klub Rijeka and supported and supervised by the University of Rome ‘Foro Italico’. All data collected through the survey were used anonymously. This study ensures stringent rigor, meaningful coherence, and resonance of results by adhering to excellent research guidelines for methodological procedures on data acquisition and analysis with ethical compliance conforming to the Declaration of Helsinki (Boateng et al., 2018; Rose, 2019), approved by the IRB of the University of Rome ‘Foro Italico’ (CAR 202/2024).


2.1 Study design

After the authors elaborated on the survey’s first draft, a review on its clarity, format, and content was requested to the whole JOY team constituted by two Universities (Rome ‘Foro Italico’, Italy, and Ljubljana, Slovenia), five high-level judo clubs (Croatian JK Rijeka, Turkish IAGC, Slovenian JK Golovec, Romanian JC Liberty, and Spanish JC Newton), two international sport organisations, of which the International Judo Federation Academy-IJFA, and the European Judo Federation, which included judo referees, coaches, managers and professors with certified qualifications and long-term experience.

The final version of the survey encompassed 21 closed-ended questions and 1 open-short question, divided into six sections as follows: (i) Socio-demographic characteristics (13 questions); (ii) Key characteristics (2 questions); (iii) Judo coach’s role (2 questions); (iv) Barriers (2 questions), (v) Facilitators (2 questions), and a (vi) Final open question (1 question). In particular:


	• Socio-demographic characteristics (Section 1): General socio-demographic information requests about the coaches, including gender, age, dan level, experience as an elite judoka and years of coaching. Moreover, it investigated trained groups’ age categories, the coach’s involvement in intergenerational activities, philosophy, beliefs, and ways for continuing learning (Perazzetti et al., 2023).

	• Key characteristics (Section 2): Coaches were requested to evaluate key features for an educational programme on intergenerational judo, encompassing adaptability, collaboration, inclusion, safety, skill exchange, social interactions, and variety. They assessed the perceived relevance and relevance of these characteristics on a t-point Likert scale.

	• Judo coach’s roles (Section 3): Coaches were requested to assess and rank (Likert scale 1–7) their perceived relevance of the main coach’s role in intergenerational activities, such as adaptability specialist, community builder, facilitator, motivator, role model, safety supervisor, and technical expert.

	• Barriers (Section 4): Coaches were requested to assess (Likert scale 1–7) and rank (scale 1–8) their perceived impact of obstacles to intergenerational activities, including age differences, learning styles, environmental factors, generational stereotypes, infrastructure challenges, lack of motivation, language barriers, and physical limitations.

	• Facilitators (Section 5): Coaches were requested to assess (Likert scale 1–7) and rank (scale 1–8) their perceived impact of the factors that support intergenerational activities, such as adapted teaching styles, inclusive training sessions, intergenerational mentorship, mutual respect and empathy, recognition of achievements, shared passion, social interactions, and a supportive community.

	• Final open question (Section 6): Coaches were requested to provide insights or suggestions on additional elements that should be considered in an educational programme for intergenerational judo coaching.



The questionnaire was built in digital format through the Google Forms platform (Perazzetti et al., 2023). Each item was explained in depth by means of the PubMed definition or the respective terminology used in the National Language Medical controlled vocabulary thesaurus (S1). To avoid missing data, the closed-ended questions required compulsory answers.

To ensure accuracy and relevance of the outcomes, the JOY research team developed, translated and distributed the survey to judo coaches included in the IJFA mailing lists.



2.2 Participants

All the participants surveyed in this study (n = 349) were judo coaches involved in the 2023/2024 and 2024/2025 sport seasons of their respective judo clubs. The questionnaire was sent to 2,178 coaches, of whom 349 responded (response rate of 16.02%). Notably, all 349 responses analysed were unique and complete, as the survey platform automatically prevented duplication or incomplete submissions.



2.3 Data analysis

Statistical analyses were conducted by means of the Jamovi software (version macOS, 2.6.22, x64.dmg) and the criterion for significance was set at a 0.05 alpha level. Data were organised in relation to the respondents’ demographic characteristics, as displayed in Table 2. Items from the Section 1 (age group, highest academic attainment, judo level, former competition level, judo education level, coaching experience, coaching older judo practitioners, salary for judo coaching) were considered as independent variables for inferential statistics. For all individual items of each section, descriptive statistics (mean and standard deviation or frequency of occurrence) were provided (Figures 1–6). The Shapiro–Wilk test was applied to verify the normality of the distribution. Because nominal data were gathered in this survey study and because data were not normally distributed, a Chi-Square test and non-parametric Mann–Whitney U and Kruskal-Wallis’ tests were conducted to account for potential between groups’ unequal sample sizes across the different independent variables. Regarding the Chi-Square test, to calculate the effect size, the Cramer V (V) test was performed. Values of V = 0.06–0.17 would refer to a small effect; V = 0.18–0.29 to a medium effect, and V > 0.30 would refer to a large effect size (Cramér, 1999). Rank biserial correlations (rank-biserial r) were performed to quantify the effect size for the Mann–Whitney U analysis. Values of rank-biserial r = <0.10 would refer to a very small effect; rank-biserial r = 0.10 to <0.30 to a small effect; rank-biserial r = 0.30 to <0.50 to a medium effect; rank-biserial r = ≥0.50 to a large effect size (Martin and Martinez, 2023). Additionally, we calculated Epsilon-squared (ε2) to assess the effect size for the Kruskal-Wallis’ tests, with thresholds classified as small (ε2 ≈ 0.01), medium (ε2 ≈ 0.06), and large (ε2 > 0.14) (Nunes et al., 2025). Note that, as this study was exploratory in nature, no correction for multiple comparisons was applied. Reported results should therefore be interpreted as preliminary and uncorrected, and future confirmatory studies may consider appropriate adjustment procedures.


TABLE 2 Socio-demographic characteristics of participants in the study.


	Level
	Count
	Frequency of occurrence



	(n)
	(%)

 

 	Gender 	Male 	287 	82


 	Female 	62 	18


 	Age 	≤39 years 	108 	31


 	40–49 years 	116 	33


 	≥50 years 	125 	36


 	Judo level 	≥4 dan 	161 	46


 	1–3 dan 	188 	54


 	Former elite 	Yes 	247 	71


 	No 	102 	29


 	Coach experience 	11–20 years 	137 	39


 	≥20 years 	130 	36


 	1–10 years 	82 	24


 	Coach of intergenerational activities 	Yes 	253 	73


 	No 	96 	27


 	Volume of intergenerational training sessions 	Low volume 	169 	48


 	None 	79 	23


 	High volume 	101 	29


 	Salary 	Yes 	202 	58


 	No 	147 	42


 	Academic level 	High level 	135 	39


 	Mid level 	117 	33


 	Low level 	97 	28


 	Degree in sport sciences 	Yes 	144 	41


 	No 	205 	59





n = number.
 

[image: Bar chart with error bars showing Likert scale scores for seven key characteristics: adaptability, collaboration, inclusion, safety, skill exchange, social interactions, and variety, all rated between five and six points.]

FIGURE 1
 Mean and standard deviation of the coaches’ perceived relevance of the key characteristics of intergenerational judo.


[image: Bar chart illustrating Likert scale scores for the relevance of seven Judo coach roles: Adaptability, Community Builder, Facilitator, Motivator, Role Model, Safety Supervisor, and Technical Expert, all rated near seven, indicating high perceived importance with error bars showing standard deviation.]

FIGURE 2
 Mean and standard deviation of the coaches’ perceived key role of intergenerational judo.


[image: Bar chart displaying Likert scale scores from one to seven for barriers' impact, with categories including age differences, learning styles, environmental factors, stereotypes, infrastructure, motivation, communication, and physical limitations, all showing moderate impact with error bars indicating variability.]

FIGURE 3
 Mean and standard deviation of the coaches’ perceived facilitators of intergenerational judo.


[image: Bar chart showing the impact of various facilitators on participants, measured by Likert scale scores from one to seven, with error bars. Items include adapted teaching styles, inclusive sessions, intergenerational mentorship, mutual respect, recognition of achievements, shared sport passion, social interactions, and supportive facilities, all averaging scores around five to six.]

FIGURE 4
 Mean and standard deviation of the coaches’ perceived barriers of intergenerational judo.


[image: Bar chart showing factors that influenced coaching philosophy, with years of continuous practice as a judo coach scoring highest at 32.7 percent, followed by experience as a judo athlete at 19.5 percent and mentors at 19.2 percent.]

FIGURE 5
 Answers’ percentages of the coaches’ perceived most influencing aspects of their coaching philosophy.


[image: Horizontal bar chart showing the most used methods for continuing learning based on personal experience. International Judo Federation Academy courses are most common at forty-six point one percent, followed by sharing ideas with other coaches at eighteen point one percent, refresher training courses at fourteen point nine percent, national judo federation courses at nine point two percent, searching for training courses on the internet at four point nine percent, other at three point four percent, traineeship in other clubs at three point two percent, and continental judo federation courses at zero point three percent.]

FIGURE 6
 Answers’ percentages of the coaches’ perceived most suitable way for continuing learning.





3 Results

All the participants surveyed in this study were judo coaches involved in the 2023–2024 and 2024–2025 sport seasons of their respective judo clubs. Table 2 presents their socio-demographic characteristics, whereas Figures 1–6 report the mean and standard deviations of the items included in the six sections.


3.1 Factors influencing coaching philosophy

For coaching philosophy, the Chi-Square test indicated significant differences in relation to age group (X2 = 26.9; df = 14; p = 0.02; V = 0.196, medium effect), former experience as elite athletes (X2 = 16.8; df = 7; p = 0.019; V = 0.219, medium effect), coaching experience (X2 = 40.5; df = 14; p < 0.001; V = 0.241, medium effect), engagement in intergenerational training (X2 = 28.4; df = 14; p = 0.013; V = 0.202, medium effect), and degree in sport sciences (X2 = 25.9; df = 7; p < 0.001; V = 0.273, medium effect).



3.2 Continuing learning and professional engagement

The approach to continuing professional development was significantly associated with the judo level (X2 = 15.9; df = 7; p = 0.03; V = 0.214, medium effect) and degree in sport sciences (X2 = 14.1; df = 7; p = 0.049; V = 0.201, medium effect). The Chi-Square analysis indicated a significant difference between salary and coaching experience (X2 = 7.18; df = 2; p = 0.03; V = 0.143, small effect), judo level (X2 = 9.03; df = 1; p = 0.003; V = 0.161, small effect) and degree in sport sciences (X2 = 27.1; df = 1; p < 0.001; V = 0.279, medium effect), respectively. Specifically, 61% (n = 84) of the judo coaches with 11–20 years of coaching experience and 62% (n = 81) with ≥20 years, responded to receive a salary for their judo activity, unlike the most unexperienced group (1–10 years) in which only 45% (n = 37) reported an income out of their judo activity. Furthermore, 66.5% (n = 107) of the ≥4 dan level group declared receiving a salary, in contrast to 50.5% (n = 95) of the 1–3 dan level group. Furthermore, 74% (n = 107) of the coaches with a degree in sport sciences answered to get salary, while only 46% (n = 95) answered the same for the other group.



3.3 Gender differences in coaching perceptions

The Mann–Whitney U analysis indicated significant differences according to the gender of the participants in terms of ranking the relevance of inclusion (U = 7,476.0; p < 0.05; rank-biserial r = 0.160, small effect) and role model (U = 6,862.0; p = 0.004; rank-biserial r = 0.229) and perceived relevance of technical expert (U = 7,337.0; p = 0.023; rank-biserial r = 0.175). Male participants showed higher grade of inclusion relevance (mean ± SD = 4.2 ± 1.8 vs. 3.7 ± 1.8) and lower grade for role model (mean ± SD = 5.7 ± 1.6 vs. 6.1 ± 1.3) and perceived relevance of technical expert (mean ± SD = 4 ± 1.9 vs. 4.8 ± 1.7).



3.4 Age-related differences in coaching perceptions

Regarding the age of judo coaches, the Kruskal-Wallis’ test indicated significant differences for the perceived impact of lack of motivation and interest (X2 = 7.2; df = 2; p = 0.027; ε2 = 0.0207, medium effect) and social interactions (X2 = 6.56; df = 2; p = 0.038; ε2 = 0.0188, medium effect) and a significant difference on the opinion regarding the positive impactful of intergenerational mentorship (X2 = 6.17; df = 2; p = 0.046; ε2 = 0177, medium effect). For the impact of the lack of motivation and interest the pairwise comparisons revealed significant difference between coaches ≤39 years and ≥50 years (p = 0.019, mean ± SD = 5.2 ± 1.5 vs. 5.66 ± 1.5), while for the impact of social interactions a significant difference emerged between 40 and 49 years age category and ≥50 years (p = 0.031, mean ± SD = 5.54 ± 1.7 vs. 5.1 ± 1.7). Concerning the positive impactful of intergenerational mentorship, the pairwise comparisons found significant difference between ≤39 years and ≥50 years judo coaches (p = 0.034, mean ± SD = 4.36 ± 2 vs. 5.02 ± 1.9).



3.5 Influence of judo level

Considering the judo level the Mann–Whitney U test indicated significant differences for the relevance of the safety item (U = 13,242.0; p = 0.038; rank-biserial r = 0.125, small effect) and for the perceived impact of language and communication barriers (U = 13,242.0; p = 0.04; rank-biserial r = 0.126, small effect). In particular, the safety item was ranked higher by the coaches of 1–3 dan level compared to ≥4 dan (mean ± SD = 3.1 ± 1.8 vs. 2.8 ± 2.1), while for the impact of language and communication barriers the ≥4 dan level indicated higher rank than 1–3 dan (mean ± SD = 4.66 ± 1.8 vs. 4.24 ± 1.9).



3.6 Former elite experience

The Mann–Whitney U test indicated for the former elite condition (‘yes or no’) significant differences in the ranking of the role model (U = 10,888.0; p = 0.044; rank-biserial r = 0.136, small effect) and for the perceived impact of language and communication barriers (U = 10,897.0; p = 0.044; rank-biserial r = 0.135, small effect) and age differences (U = 10,742.0; p = 0.028; rank-biserial r = 0.147, small effect). For the role model ranking who was former elite judo athlete provided lower score compared to the group of no former elite (mean ± SD = 4 ± 1.9 vs. 4.45 ± 1.8), while vice versa were found for communication barriers (mean ± SD = 4.6 ± 1.8 vs. 4.1 ± 1.8) and age differences (mean ± SD = 4.4 ± 1.8 vs. 4 ± 1.7).



3.7 Coaching experience

According to judo coaches’ experience, the Kruskal-Wallis’ tests indicated significant differences in the perceived impact of mutual respect and empathy (X2 = 7.82; df = 2; p = 0.02; ε2 = 0.0225, medium effect) and between positive impactful of inclusive training sessions (X2 = 10.62; df = 2; p = 0.005; ε2 = 0.0305, medium effect), shared passion for sport and judo (X2 = 7.12; df = 2; p = 0.028; ε2 = 0.0205, medium effect) and supportive community and facilities (X2 = 10.12; df = 2; p = 0.006; ε2 = 0.0291, medium effect). The pairwise comparison demonstrated that the group with 1–10 years of experience significantly differed from their counterparts with 11–20 years and ≥20 years of experience, respectively: for the perceived impact of mutual respect and empathy, p = 0.041 and p = 0.029; for the impactful of inclusive training sessions, p = 0.027 and p = 0.005; for the impactful of shared passion for sport and judo p = 0.021 (only with ≥20 years group); and for the impactful of supportive community and facilities, p = 0.027 and p = 0.006.



3.8 Experience with intergenerational judo

The Mann–Whitney U analysis regarding previous experience in intergenerational judo activity revealed several significant differences in relation to: perceived relevance of adaptability specialist (U = 10,376.0; p = 0.032; rank-biserial r = 0.146, small effect), motivator (U = 10,167.0; p = 0.015; rank-biserial r = 0.163, small effect), role model (U = 10,276.0; p = 0.022; rank-biserial r = 0.154, small effect), technical expert (U = 9,824.0; p = 0.004; rank-biserial r = 0.191, small effect); perceived impact of environmental factors (U = 9,616.0; p = 0.002; rank-biserial r = 0.208, small effect), infrastructure challenges (U = 8,988.0; p = < 0.001; rank-biserial r = 0.260, small effect), lack of motivation and interest (U = 10,412.0; p = 0.034; rank-biserial r = 0.143, small effect); ranking of the relevance for the facilitator & organiser (U = 10,478.0; p = 0.045; rank-biserial r = 0.137, small effect), adaptability specialist (U = 10,270.0; p = 0.024; rank-biserial r = 0.154, small effect).



3.9 Volume of coaching activity

The Kruskal-Wallis’ tests regarding the volume of training also indicated significant differences in relation to the relevance ranking of community builder (X2 = 6.46; df = 2; p = 0.04; ε2 = 0.0186, medium effect), technical expert (X2 = 8.52; df = 2; p = 0.014; ε2 = 0.0245, medium effect), perceived impact of environmental factors (X2 = 7.03; df = 2; p = 0.03; ε2 = 0202, medium effect), and infrastructure challenges (X2 = 12.2; df = 2; p = 0.002; 0.0351, medium effect). The pairwise comparison revealed significant difference between none and high volume for the ranking of community builder (p = 0.04, mean ± SD = 4.8 ± 2 vs. 4.1 ± 2), between none and low volume (p = 0.03, mean ± SD = 3.2 ± 2 vs. 4 ± 2.3) and between none and high volume (p = 0.02, mean ± SD = 3.2 ± 2 vs. 4.2 ± 2.5) for the ranking of technical expert, between none and low volume for the environmental factor perceived impact (p = 0.013, mean ± SD = 4 ± 1.4 vs. 4.5 ± 1.6), between none and low volume (p = 0.003, mean ± SD = 4.1 ± 1.4 vs. 4.8 ± 1.6) and between none and high volume (p = 0.008, mean ± SD = 4.1 ± 1.4 vs. 4.8 ± 1.9) for the infrastructure challenges perceived impact.



3.10 Salary and professional status

The Mann–Whitney U test indicated significant differences between participants that received salary or not for the profession of judo coach in terms of perceived relevance of social interactions (U = 12,700.0; p = 0.016; rank-biserial r = 0.145, small effect), perceived impact of physical limitations (U = 12,469; p = 0.009; rank-biserial r = 0.160, small effect), positively impactful of shared passion for sport and judo (U = 12,977; p = 0.04; rank-biserial r = 0.126, small effect).



3.11 Academic education

Investigating on the academic level of participants, the Kruskal-Wallis’ test indicated only one significant difference for the perceived relevance of community builder (X2 = 8.36; df = 2; p = 0.015; ε2 = 0.0240, medium effect). The pairwise analysis revealed significant between mid-level and low level of academic studies (p = 0.014, mean ± SD = 5.4 ± 1.5 vs. 4.7 ± 1.7). Specifically, the Mann–Whitney U analysis indicated that having a degree in sport sciences or not was significantly different for the relevance ranking of collaboration item (U = 12,894.0; p = 0.04; rank-biserial r = 0.126, small effect) and adaptability specialist (U = 12,587.0; p = 0.02; rank-biserial r = 0.147, small effect), for the impactful ranking of mutual respect and empathy (U = 12,946; p = 0.04; rank-biserial r = 0.123, small effect) and passion for sport and judo (U = 12,554; p = 0.02; rank-biserial r = 0.149, small effect). Coaches that had degree in sport sciences presented lower scores compared to their counterparts for the relevance ranking of collaboration (mean ± SD = 3.51 ± 1.5 vs. 3.9 ± 1.7) and adaptability specialist (mean ± SD = 3.58 ± 2.3 vs. 4.1 ± 2.2) and greater score for the impactful ranking of shared passion for sport and judo (mean ± SD = 4.5 ± 2.2 vs. 3.9 ± 2.1) and mutual respect and empathy (mean ± SD = 5.7 ± 1.4 vs. 5.5 ± 1.4).




4 Discussion

Aiming to ground solid foundations for future educational and sport strategies of intergenerational judo activities, this study uncovered relevant opinions, knowledge, and experiences of international judo coaches. The achieved response rate of 16% can be considered acceptable within the context of online surveys in the sport sector, where participation is often voluntary and respondents are typically practitioners with demanding schedules. Similar or lower rates have been reported in studies targeting coaches, athletes, or sport organisations, reflecting common challenges in reaching this population (DiSanti et al., 2019). Moreover, declining response rates have been observed across online research more broadly (Baruch and Holtom, 2008), making the present rate consistent with trends in sport and exercise science surveys that rely on professional networks and email distribution.

Results from the tailored survey reveal a high perceived relevance of all intergenerational key characteristics selected from the literature (Ciaccioni et al., 2024b), with safety and skill exchange emerging as the most important according to the participants’ evaluations (Figure 1). In line with the expectation that an intergenerational judo coach should inspire, guide, and transmit technical skills (Ciaccioni et al., 2024b), the functions of motivator, role model, and technical expert appear to be slightly valued (Figure 2). Moreover, whilst all facilitators are seen as potential means of support and assistance without predominance, the judo coaches indicated physical limitations and lack of motivation and interest as the most influential barriers (Figures 3, 4).

However, coaches’ life experiences impact their daily practice and determine relevant changes in their coaching principles over time (Perazzetti et al., 2023; Barrenetxea-Garcia et al., 2024). Therefore, to guide decision-making overcoming practical problems and favouring consistency in coaching, both vocational and professional sport coaches need to develop their own coaching philosophy (Lyle, 2002; Cassidy et al., 2009). To deepen our knowledge on this aspect, the judo coaches were asked to rate the most influential factors for their coaching philosophy. Experience and mentorship seem to play a crucial role since the highest-rated responses were ‘years of continuous practice as a judo coach’ (32.7%), ‘own experience as a judo athlete’ (19.5%), and ‘having other coaches as mentors’ (19.2%), while formal education appeared less influential (i.e., ‘having a degree in sport sciences’ rated by only 5.7% of participants). In line with previous studies emphasizing the importance of promoting educational initiatives and well-structured planning for coach development (Ciampolini et al., 2020), continuous education seems to assume a crucial role with 46.1% of participants recognizing the value of the courses offered by the IJFA.

This finding suggests that coaching philosophies in judo are shaped far more by practical experience and mentoring than by formal education. Such evidence may reveal a possible gap between the academic content delivered in coach education programmes and the real needs or contexts of judo coaches. It raises relevant questions: are existing educational systems struggling to connect with coaches’ practical realities, or are barriers limiting coaches’ access to meaningful and applied learning opportunities? This contrast may reflect a deeper cultural tension between the traditional, apprenticeship-based pedagogy typical of martial arts (master-disciple learning) and the modern, science-driven model of sports education. While the traditional approach preserves authenticity and lineage, it may also engender scepticism toward formal instruction. Therefore, future training initiatives for judo coaches should aim to balance tradition and innovation, being, as the name ‘judo’ implies, flexible and adaptable (‘ju’), while integrating scientific evidence in a way that respects and complements the heritage of martial arts (Ciaccioni et al., 2025; Lee et al., 2025).

To note, judo coaching philosophy showed to be associated with many factors including: (i) age, confirming that with advancing years the coaches accrue experience, which may influence their approach to training attitudes and styles (Lara-Bercial and Mallett, 2016); (ii) being a former elite athlete, emphasizing how coaching beliefs are influenced by individual competitive experience (Werthner and Trudel, 2006); (iii) a degree in sport sciences, supporting the notion that formal education offers a structured basis for coaching approaches (Nash et al., 2017).

The relationship between lifelong learning, holding a degree in sport sciences, and judo level highlights the critical role of both academic education and technical proficiency in a judo coach’s development. In fact, coaches with a higher level (≥4 dan level) demonstrate a greater propensity to pursue further education and stay updated with the latest coaching methodology (Ciaccioni et al., 2024c). Significant relationships also emerged between salary, coaching experience, judo level, and educational attainment with more experienced coaches and those holding higher dan ranks being more likely to receive a salary, speculating that remuneration is often linked to expertise and reputation within the field.

From a broader perspective, this result may highlight the difference between two professional realities within the judo community: the ‘professional coach,’ often employed and working full-time, and the ‘volunteer or amateur coach.’ The professional coach, being more immersed in everyday practice, tends to adopt a holistic vision of intergenerational programmes (considering aspects such as facilities, community, and participant motivation) while the volunteer coach may focus primarily on technical and pedagogical dimensions. This distinction suggests that educational initiatives should consider the specific profiles and working conditions of different types of coaches. Importantly, salary and workload do not merely represent compensation but act as catalysts for the development of broader pedagogical and managerial skills, ultimately enhancing the quality and sustainability of intergenerational judo programmes.

Recent judo-based research explored various gender differences related to injury risk, physiological parameters, psychological characteristics and performance metrics (Marković et al., 2018; Blanco-García et al., 2021; Prados-Barbero et al., 2024; Türkçapar and Abdirahmanova, 2024). In the present study, male and female participants differed significantly in their views on inclusion, role models, and technical expertise in judo coaching with men placing greater emphasis on inclusion, while women prioritizing technical competence and the coach’s role as a model. These differences may reflect broader gender-related perspectives, with men potentially focusing more on structural aspects such as accessibility and participation, whereas women may place greater value on relational and competence-based qualities, possibly due to the historically greater challenges they face in accessing high-quality coaching and role models in sport contexts (Miarka et al., 2011; Da Silva et al., 2023).

Beyond these observed differences, such patterns may also represent adaptive strategies within a historically male-dominated martial arts environment. Female coaches, striving for legitimacy, may prioritize technical excellence and ethical conduct (being a role model), whereas male coaches, already operating from a position of established authority, may have the freedom to focus more broadly on inclusion and structure. This interpretation suggests that gender-related differences in perception might not merely reflect preferences but adaptive responses to systemic dynamics within judo. Therefore, policies and educational programmes should consider gender and power relations in order to foster more equitable and effective learning and coaching environments.

Moreover, as coaches age, their priorities appear to shift. With an accumulated experience, they may focus increasingly on tutoring and inspiring athletes, whereas mid-career coaches maintain a stronger emphasis on fostering social relationships within the coaching environment. In fact, compared to younger counterparts (≤39 years), older coaches (≥50 years) placed greater value on intergenerational mentorship and demonstrated heightened awareness for the negative impact of lack of motivation on athletes, but emphasized social interactions less than coaches aged between 40 and 49. These results reflect previous studies showing that coaches, especially those working with older adults, recognize the need for innovative methods to improve athletes’ experiences (Ciaccioni et al., 2024a). This includes creating environments and educational opportunities where safety, enjoyment, social bonds, and learning are all connected to better support athletes’ development, morality and personality formation as well as wellbeing (Kolb, 2014; Hryban and Filina, 2022). Whilst coaches with lower rank (1–3 dan) prioritized safety more strongly, their higher rank (≥4 dan) counterparts expressed greater concern about communication and language barriers, likely reflecting their broader involvement in international context. To note, despite national variations in the 206 member Countries included in the International Judo Federation, worldwide dan promotions combine randori (i.e., free practice combat exercise), kata (i.e., formally codified practice exercise), and either competitive achievements or technical demonstrations, with increasing requirements for higher dan ranks (Calmet et al., 2024).

Concerning athletic career-related differences in perceived key-aspects of judo intergenerational activities, in this study former elite coaches attributed less importance to the coach’s role model function compared to their non-elite counterparts. Actually, the literature highlights that high-level judo coaches’ perspectives are shaped by their combined experiences as athletes and coaches, relying on both traditional and modern methodologies as well as on a complex set of personal believes on physical, technical, tactical and psychological elements needed for high-level performance achievements (Santos et al., 2015).

Another important aspect considered in the present study is the influence of the number of weekly hours that coaches dedicate to intergenerational judo activities. Coaches with higher weekly coaching volumes place greater importance on their roles as technical expert and community builder, suggesting that frequent and active involvement in intergenerational coaching sharpens their recognition of the need for technical competence and the ability to foster community dynamics. Moreover, they also showed a great awareness of environmental and infrastructure-related barriers (e.g., facility limitations or unfavourable training conditions). Conversely, coaches with low or no weekly coaching activity appeared less focused on these aspects, likely due to their limited practical exposure to the specific challenges encountered during regular intergenerational practice.

Salary represents another critical factor for judo athletes, coaches, and referees as it supports their professionalization, sustains long-term engagement, and acknowledges their expertise and contributions to the development of the sport (Kim and Shin, 2014; Perondi et al., 2022; Ciaccioni et al., 2024c). Therefore, employment conditions were also explored to understand the related influence on the coaches’ believes. Indeed, a professional engagement with a salary seems to allow coaches to attribute a great importance to social interactions, to demonstrate a high awareness of the physical limitations of the practitioners, and to place a relevant value to the shared passion for sport engagement and judo practice. This pattern suggests that employed coaches may develop a broad perspective on their coaching role in establishing and nurturing interpersonal relationships, recognizing both the physical and psychosocial dimensions of an effective intergenerational practice (Ciaccioni et al., 2024c). Also, the educational background appears to shape coaches’ perceptions of key competencies and values (Junior et al., 2024). Within intergenerational judo activities, coaches with a mid-level academic background might consider community building very important, suggesting that education could enhance their understanding of aspects relevant to community dynamics. Furthermore, it could be possible to speculate that coaches without a specific higher education in sport sciences emphasize collaboration and adaptability, which reflect their reliance on practical skills, whereas coaches with a higher education in other areas might prioritize mutual respect and passion for sport, being primarily influenced by their past experience as judo athletes (Guidotti et al., 2023a; Guidotti et al., 2023b; Ciaccioni et al., 2024c).

Despite its valuable findings, this study has several limitations that should be noted. The international approach of this work could limit the generalizability of the findings to specific geographic or cultural contexts. Furthermore, the survey applied in the present study was based on quantitative data with only one open-ended question, which allowed to collect information on a wide range of topics but reduced the possibility to deepen our understanding on the reasons behind responses. Finally, the survey involved only coaches, without taking into consideration the practitioners’ or athletes’ point of view. Therefore, future studies should consider the adoption of mixed methods approaches, including in-depth interviews or focus groups, to better understand the complexity of coaches’ experiences. Also, the findings could benefit from the insights of the young and older practitioners, which could ensure a thorough understanding of the programme effectiveness. Also, longitudinal studies are recommended to assess how educational interventions and intergenerational programmes impact coaches’ philosophies and practices over time. For example, intervention studies testing specific educational modules or training strategies could further validate best practices for promoting inclusive, sustainable, and effective intergenerational judo programmes across different contexts. Moreover, as this study represents the first application of the proposed survey tool, a full psychometric validation was beyond its scope. Future research should therefore aim to further validate the instrument’s structure, reliability, and cross-cultural applicability. In addition, future investigations should explore how intergenerational coaching philosophies evolve through time, and how specific educational or mentoring interventions can foster positive changes in coaching attitudes and behaviours. Mixed-method or longitudinal designs would be particularly useful to capture these dynamic processes and to provide richer, evidence-based recommendations for coach education and policy development.



5 Conclusion

The present study adopted ecologically valid settings, considering real-world scenarios (Pernigoni et al., 2024) that can inform the development of specific training strategies for intergenerational judo (Ciaccioni et al., 2024b). These findings offered valuable suggestions regarding the opinion of judo coaches on intergenerational judo activity. By identifying coaches’ perceptions on key characteristics, roles, barriers, and facilitators of intergenerational judo programmes, this work provided a framework for developing tailored educational strategies that foster cooperation between younger and older generations in judo and stimulated further research in this area. In particular, the present results highlight the importance of integrating elements such as safety, mentorship, social interactions, and mutual respect, which are crucial for enhancing the effectiveness and inclusivity of intergenerational judo programmes, contributing to the goal of promoting active ageing and social cohesion between generations through sport.
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Emerging studies indicate that martial arts practice may benefit brain health; yet current findings are scattered and mostly descriptive, lacking an integrated explanation of underlying mechanisms. This article introduces the Integrative Theory of Martial Arts (ITMA), a theoretical framework developed through a systematic theoretical synthesis of interdisciplinary literature. ITMA explains how well designed martial arts training can optimize brain function by combining sensorimotor, cognitive and social-emotional demands. It proposes that these combined experiences drive the brain toward a quasicritical state—a dynamic regime of neural activity that supports health, efficient information processing, adaptability, and resilience. The theory integrates key concepts such as metastability, functional connectivity, neuroplasticity, neural synchronization, and signal-to-noise ratio as part of a single multiscale neurophysiological cascade. Preliminary empirical studies are cited to illustrate the plausibility of ITMA's propositions. By consolidating fragmented evidence into a unified mechanistic model, ITMA provides a new paradigm and testable hypotheses for future research on martial arts as a neurophysiological intervention, offering a roadmap for designing, evaluating, and scaling programs for brain health and human development.
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1 Introduction


1.1 Context and rationale

Brain health underpins cognitive, sensory, social-emotional, behavioral and motor domains, enabling individuals not only to survive but also to thrive (World Health Organization, 2022; Damasio, 2018). It is also essential for achieving global agendas such as the Sustainable Development Goals (United Nations, 2015). Poor brain health entails severe individual, social and economic repercussions; thus, promoting brain health is both an end in itself and a critical enabler of other outcomes (World Health Organization, 2022).

In this context, martial arts represent a widely practiced, culturally embedded activity recognized in some cases as intangible cultural heritage (ICHCAP and ICM, 2020; ICM, 2021). Demonstrating their effectiveness for brain health could legitimize them as evidence-based, equitable, inclusive, and scalable non-pharmacological interventions. This would pave the way for low-cost public policies in health, education, and social development, with programs implementable in multiple contexts (communities, schools, hospitals, workplaces) and for various purposes—to prevent, treat, maintain, and promote brain health (Barry, 2019)—generating impact on both an individual and a global socioeconomic scale.



1.2 Research gap

Although a growing body of evidence suggests that martial arts practice benefits brain function (UNESCO and UNESCO-ICM, 2019; Vertonghen et al., 2014; Vertonghen and Theeboom, 2010; Jennings et al., 2022), recent reviews highlight that current findings remain scattered, predominantly descriptive, and lack a cohesive mechanistic framework (e.g., Ciaccioni et al., 2023). This fragmentation has two main dimensions:

Conceptual dimension: Most studies report psychological or social benefits without linking them to underlying neurophysiological pathways. Promising markers such as changes in BDNF or heart rate variability are often examined in isolation, without integration into a multiscale model explaining how these processes interact to drive system-level brain changes.

Methodological dimension: Studies vary widely in martial arts styles, training protocols, and participant experience levels, making it difficult to identify active ingredients or perform robust meta-analyses. Most research uses passive controls or no control group, preventing the disentanglement of effects specific to martial arts from those of general physical or social activity. There is no consensus on which neurophysiological outcomes or protocols to use, severely limiting comparability across studies. Longitudinal and randomized experimental designs with repeated measurements are rare, hindering causal inference and the understanding of long-term effects. Data are seldom integrated across behavioral, autonomic, neuroimaging, and molecular levels, limiting the potential for multiscale modeling.

Together, these limitations restrict understanding of causal pathways, the development of personalized programs, and the advancement of martial arts as an evidence-based field. The literature therefore lacks a unified, multiscale, and mechanistic model with explanatory and predictive power to articulate how martial arts training experiences translate into outcomes from the molecular to the behavioral level (Spaaij and Schaillée, 2020; Illari and Williamson, 2012; Funnell and Rogers, 2011; Bowman, 2019).



1.3 Objectives of this article

To address this need, this article aims to (1) propose the Integrative Theory of Martial Arts (ITMA) as a unified, mechanistic framework explaining how martial arts can optimize brain health; (2) consolidate scattered concepts into a multiscale neurophysiological cascade centered on quasicricality—a dynamic regime of neural activity that supports health, efficient information processing, adaptability, and resilience (Beggs, 2022; Williams-García et al., 2014); and (3) outline testable hypothesis and methodological innovations to guide future empirical research.



1.4 Positioning of martial arts

The ITMA does not claim that martial arts are the only activities capable of inducing quasicriticality. Rather, it presents them as a rich and condensed model for studying how embodied, social, and environmental components can converge to drive the brain toward optimal dynamics. Other practices and interventions may share similar mechanisms, but martial arts offer a coherent, culturally sustained structure in which these mechanisms can be systematically investigated.



1.5 Theoretical foundations

The development of ITMA was grounded in a systematic theoretical synthesis designed to integrate dispersed knowledge while maintaining epistemological rigor, conceptual soundness, and practical applicability. Rather than aggregating data empirically, this approach selected and combined mechanisms and concepts from multiple literatures according to explicit criteria and guiding principles:

Interdisciplinarity: The theory integrates knowledge from multiple disciplines to overcome the limits of single-discipline explanations of complex phenomena (Hampton and Parker, 2011; Carpenter et al., 2009; Akasofu, 2007; Bowman, 2019, 2015; Whitley et al., 2022; Stokols et al., 2013; Woods et al., 2021).

Heterarchical thinking: Concepts from different fields were treated as potentially equivalent and complementary rather than arranged in a strict hierarchy, avoiding reductionism that would obscure multiscale interactions (Berntson and Cacioppo, 2003).

Consilience: Preference was given to mechanisms supported by convergent evidence from independent fields, thereby increasing robustness and generalizability (Wilson, 1998).

Cultural sensitivity: The historical, political, and sociocultural particularities of martial arts were treated as constitutive rather than merely contextual, ensuring the theory respects the diversity of martial traditions (ICM, 2021; Foronda, 2008).

First-Principles Reasoning: The theory is grounded in the identification of universal mechanisms that explain how different martial practices, despite their specificities, can converge to optimize brain health (Tovstiga, 2023).

Epistemological dynamism: ITMA is conceived as an evolving construct, open to revision as new empirical evidence emerges, thus retaining theoretical relevance and methodological rigor over time (Capra and Luisi, 2014).

Concepts and mechanisms were included when they met all of the following conditions: (1) Direct relevance for explaining the neurophysiological effects of martial arts practices; (2) prior empirical support, even if preliminary, in complexity science, neuroscience, or related disciplines; and (3) potential for multiscale integration, linking molecular, neural, autonomic, behavioral and social levels. Conversely, concepts were excluded when they: (1) were purely speculative with no minimal empirical basis; (2) had relevance restricted to very specific contexts not generalizable to martial arts training; and (3) were redundant with mechanisms already incorporated.

The ITMA proposes a novel mechanistic cascade that links specific embodied, relational and environmental inputs of martial arts practice to downstream neurophysiological changes, ultimately promoting optimal brain function. As illustrated in Figure 1, according to ITMA, martial arts training experiences induces patterns of neural synchronization that, with repetition, promote experience-dependent synaptic plasticity and lasting changes in functional connectivity. These changes sustain metastability—the dynamic balance between segregation and integration—which, in turn, creates conditions for the emergence and maintenance of quasicriticality, the regime of maximum operational efficiency in complex systems such as the brain (Beggs, 2022).
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FIGURE 1
 Integrative Theory of Martial Arts Mechanistic Cascade. The diagram illustrates the interactive flow of mechanisms proposed by ITMA, linking martial arts training experiences to optimal brain function. Starting with Neural Synchronization induced by specific embodied, relational, and environmental inputs, these patterns promote Experience-Dependent Plasticity, leading to lasting changes in Functional Connectivity. These changes, in turn, sustain Metastability, the dynamic balance between neural segregation and integration. Ultimately, metastability creates conditions for the emergence and maintenance of Quasicriticality, the brain's regime of maximum operational efficiency and adaptability.


A core methodological innovation of ITMA lies in its proposal of a functional triad of heart rate variability (HRV) as a pragmatic and ecologically valid set of proxies for brain quasicriticality, addressing the challenges of direct neuroimaging in real-world training environments. Specifically, this triad comprises measures of non-linear complexity (such as Detrended Fluctuation Analysis alpha 1 - DFA α1, and Sample Entropy - SampEn), alongside the sympatho-vagal balance (SD2/SD1 ratio from Poincaré plots). This triad—and not isolated HRV parameters—serves as a key outcome measure for evaluating the theory's predictions.



1.6 Structure of the article

The remainder of this article is organized as follows:

	(1) Complexity science foundations. The core concepts of complexity science are introduced as the fundamental theoretical basis for understanding ITMA.
	(2) Mechanistic cascade of ITMA: Using a “backward-thinking” approach, the article starts from the desired outcome—quasicriticality—and traces its necessary preconditions (metastability, functional connectivity, experience-dependent plasticity, neural synchronization, and signal-to-noise ratio). Each concept is explained in turn, and its specific implications for martial arts are discussed.
	(3) Preliminary empirical illustrations: In particular, subsections 5.6 and 5.8 review preliminary empirical evidence illustrating the plausibility of ITMA's propositions and addressing inter-individual variability in outcomes.
	(4) Methodological innovations: new tools are presented for evaluating martial arts interventions (e.g., non-linear HRV metrics, N = 1 designs, Bayesian translational approaches) that operationalize the theory's predictions.
	(5) Implications and future directions: The article concludes with recommendations for future research and a discussion of broader implications for policy, education, and practice.



1.7 Main testable hypothesis derived from ITMA

Drawing from the core propositions of the ITMA, the following testable hypotheses are advanced to guide future empirical research and validate the theory's mechanistic cascade and translational potential:

Hypothesis 1—The core proposition (training induces quasicriticality): a long-term martial arts intervention, designed based on ITMA principles (e.g., optimizing signal-to-noise ratio and neuroplasticity principles), will lead to a significant convergence of the heart rate variability (HRV) triad markers (DFA α1 approaching 1.0, increased SampEn, and an increased SD2/SD1 ratio) toward the quasicritical zone, detectable through methods that allow for the aggregation of individual trajectories (e.g., Bayesian N = 1 meta-analysis or heterogeneity-preserving pragmatic trials), when compared to an active control group.

Hypothesis 2—The proxy validation (HRV correlates with brain dynamics): changes in the HRV functional triad markers will be positively correlated with direct neuroimaging markers of metastability and quasicriticality (derived from fMRI or EEG) in the same individuals.

Hypothesis 3—The neurophysiology-behavior correlation (functional relevance): the magnitude of changes toward quasicriticality, as measured by the HRV functional triad, will be positively correlated with the magnitude of improvements in specific functional outcomes that were the target of the intervention. For example, in a martial arts program designed to enhance attentional control, improvements in attention tests (cognitive domain) will correlate with positive changes in HRV markers. Similarly, in a program focused in emotional regulation, improvements in measures of emotional reactivity (social-emotional domain) will also correlate with changes in HRV.

Hypothesis 4—The modulation by signal-to-noise ratio (quality of experience): individuals participating in a martial arts program with a high signal-to-noise ratio—resulting from an intentional design based on neuroplasticity principles—will exhibit greater gains in quasicriticality markers compared to individuals training with the same technical content in an environment with a low signal-to-noise ratio.

Hypothesis 5—The neurodynamics of inputs (waves vs. vortices): training tasks emphasizing global integration will predominantly induce “wave-like” neural dynamics (increased global functional connectivity). In contrast, training tasks emphasizing segregation and specialization will predominantly induce “vortex-like” dynamics (increased local connectivity and segregation of specific networks).

Hypothesis 6—The prediction of individual responsiveness: baseline measures of endogenous factors will significantly predict the magnitude of neurophysiological response (the shift toward quasicriticality) after a training period.

These hypotheses collectively provide a roadmap for empirical validation of ITMA's mechanistic cascade and translational potential.




2 Martial arts as modulators of neural dynamics


2.1 The brain as a complex system

The explanatory power of ITMA lies in its foundation in complex systems science. This first-principles approach allows the theory to transcend the technical and cultural particularities of each martial art to focus on the fundamental mechanisms that govern neural dynamics. By understanding the brain as a complex system guided by principles of emergence and self-organization (Kelso, 1995; Bak, 1996), ITMA can then explain how such diverse practices can converge to induce the same outcome: the optimization of brain health.

A system is a set of elements that interact with each other (Von Bertalanffy, 1968; Meadows, 2008). The human brain is an example, composed of approximately 86 billion neurons and various non-neuronal cells (e.g., glial cells; Azevedo et al., 2009). Its components interact through synapses, where electrochemical signals are transmitted. Glial cells, in turn, not only support neurons but also actively modulate neural communication, enabling the coordinated functioning of the brain (Kandel et al., 2021; DeFelipe et al., 2002).

The brain, however, is a complex system, with characteristics that allow it to perform extraordinary feats (Kelso, 1995; Pessoa, 2022; Bullmore and Sporns, 2009). Although there is no universal definition, complex systems are typically understood as a set of elements whose interaction produces emergent properties (Ladyman and Wiesner, 2020). With its vast and intertwined network of connections, the brain is considered one of the most complex systems known (Green et al., 1998), manifesting unique characteristics that arise irreducibly from the interactions among its elements (Meadows, 2008).



2.2 Emergence and self-organization

An emergent property is a phenomenon that arises solely from the interaction among the elements of a system. Emotions, cognition, and behavior, for example, are emergent properties that cannot be explained by isolated neurons, reflecting the principle of synergy, where the whole is greater than the sum of its parts (Waldrop, 2019; Jensen, 2022).

However, emergence is not a static event but a continuous process, as the brain is inherently dynamic. Its dynamics are characterized by “fluctuations”—coordinated and structured variations in neural activity that continuously reorganize across multiple scales. Change, therefore, is not the exception but the rule of its functioning (Northoff, 2024; Pessoa, 2022). It is from this dynamic flow that phenomena emerge moment to moment and the brain's complex functions are sustained.

Among the emergent properties, self-organization stands out: the capacity of a complex system to monitor and modify its own activity spontaneously, continuously, and dynamically, without central control or external instructions. Functionally, the brain exhibits autonomy, regulating itself without depending on external commands (Kelso, 1995).



2.3 Neural negentropy

Self-organization is the dynamic output that emerges from the synergistic interaction of multiple inputs, which shape neural dynamics in real-time (Northoff, 2024). This raw material for self-organization includes: (1) the brain's intrinsic activity (neural noise), a dynamic baseline generated even in the absence of external stimuli; (2) interoception, which informs the brain about the body's internal state (e.g., heartbeat, visceral signals, microbiota); and (3) external stimuli, as the brain, being an open system, aligns its activity with social and environmental stimuli through specialized neural systems (e.g., the social engagement system, mirror neurons, theory of mind; Porges, 2011; Rizzolatti and Sinigaglia, 2010; Frith and Frith, 2005; Northoff, 2024).

The function of this self-organization is adaptive: to counteract the tendency toward entropy (disorder) described by the second law of thermodynamics for closed systems (Prigogine and Stengers, 1984). As living, open systems, organisms depend on autopoiesis (self-maintenance), a process that requires negentropy—a flow of organized energy and information used by the system to maintain order and avoid collapse (Maturana and Varela, 1980; Schrödinger, 1944). In the brain, self-organization is the autopoietic process that utilizes internal noise, interoception, and external interactions as negentropic raw material, creating the flow of energy and information necessary not only for survival but also for the individual's prosperity (Damasio, 2018).

If self-organization is what the brain does, the predictive model explains how. To survive and thrive, the brain must anticipate, not just react. It acts as an active inferential system, generating predictions about the future by continuously integrating the negentropy of past experiences with present signals. Therefore, self-organization is not random; it is guided by hypotheses that aim to reduce uncertainty and prediction error, thereby optimizing decisions and actions (Friston, 2010; Friston et al., 2017). This predictive mechanism ensures survival by anticipating threats and enables prosperity by projecting opportunities for learning and wellbeing.



2.4 Neural plasticity and martial experiences

A key implication of self-organization is that the brain is profoundly shaped by experience, in a process where nature and nurture act as complementary forces in neurodevelopment (LeDoux, 2002). Experience actively modulates neural dynamics; neurodynamically, it corresponds to the coordinated activation of neural pathways in response to internal and external stimuli. Crucially, the effect of an experience depends not only on the stimulus itself, but also on the dynamic state of the brain at that moment.

When experiences are systematized, they can induce lasting changes in the brain's architecture through neuroplasticity—the brain's ability to adapt by modifying its structures, functions, and connections (Cramer et al., 2011). This is the fundamental biological mechanism for learning and continuous development. In this context, martial arts stand out as an intentional intervention to reorganize brain dynamics. By acting directly on the inputs of self-organization (intrinsic activity, interoception, social interactions, and environmental stimuli), martial training experiences can constitute an exceptionally dense and high-quality source of essential negentropy.

The goal of training, therefore, is to induce patterns of neural activity that refine synaptic interactions. This drives a more functional self-organization that sustains a healthier, more efficient, adaptable, and resilient brain—a brain prepared not only to survive, but to thrive.



2.5 Health, disease, and healing as dynamic processes

Complex systems science posits that health, disease, and healing are not fixed states, but dynamic processes. As expressions of emergence, self-organization, and plasticity, these processes can be influenced by systematic experiences, like martial arts practice, which optimize neural interactions and drive a functional self-organization to promote brain health (Northoff, 2024; Naviaux, 2018, 2023; Siegel, 2020).

This raises fundamental questions: What defines this “functional self-organization”? What is the ideal dynamic state of a healthy brain? And, neurobiologically, what is the primary target that martial arts practice should aim for to optimize brain health?




3 Quasicriticality: the organizing principle of brain health


3.1 Definition and evidence of quasicriticality

The central proposition of ITMA is that martial arts optimize brain health by inducing a quasicritical state: a dynamic regime of neural activity that maximizes the brain's health, information processing, adaptive capacity, and resilience to perturbations (Beggs, 2022; Williams-García et al., 2014).

Empirical evidence supports this concept, with quasicriticality being observed in the resting-state brain activity of healthy individuals and in simulations of neuronal cultures and cortical slices (Fosque et al., 2022, 2021). Consequently, quasicriticality is proposed as a biomarker (Fosque et al., 2022) and predictor (Beggs, 2022) of brain health. In contrast, deviations from this state are associated with impaired brain health (Zimmern, 2020), such as epilepsy (Meisel et al., 2012), Alzheimer's disease (Montez et al., 2009), tauopathy (McGregor et al., 2024), depression (Gärtner et al., 2017), and sleep deprivation (Meisel et al., 2013).

The phase transition of water (e.g., from liquid to ice or vapor) serves as an analogy (Kauffman, 1995). Just as water completely reorganizes upon reaching certain thresholds, neural activity can organize into distinct dynamic regimes, each with its own characteristics and different impacts on brain health (Kauffman, 1995).



3.2 The river metaphor: navigating between order and chaos

The metaphor of a river can illustrate quasicriticality and its deviations (see Figure 2). The central flow of the river, where the water runs adaptively, represents the quasicritical state. This is the brain's ideal regime, characterized by an enhanced capacity for complexity and adaptation. In this condition, the brain modulates its activity patterns in a flexible and efficient manner, improves communication between regions—even distant ones—and exhibits greater robustness to perturbations. A healthy brain is like a boat that skillfully navigates this flow, maintaining its functional integrity (Fosque et al., 2022; Shew and Plenz, 2012; Helias, 2021).
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FIGURE 2
 The river as a metaphor for quasicriticality. On the left, the frozen bank symbolizes the excessive order (subcriticality). On the right, the boiling bank symbolizes the excessive chaos (supercriticality). The central flow represents the ideal state of quasicriticality, which the practitioner navigates to achieve brain health, efficiency, adaptability and resilience.


However, internal and external stimuli can push the boat toward the banks, which represent dysfunctional dynamic states. On one side, the frozen bank symbolizes subcriticality, a regime of excessive order, where neural activity becomes rigid, predictable, and repetitive, like ice. On the other, the boiling bank symbolizes supercriticality, a regime of excessive chaos, where neural activity is highly turbulent, unpredictable, and random, like steam. The conceptual boundary that separates the healthy flow from these dysfunctional banks is the “Widom line”, a functional threshold that, if crossed, impairs the brain's adaptive capacity. The objective, therefore, is to keep the brain's dynamics navigating in the quasicritical region, in a functional equilibrium between the extremes of order and chaos, preventing the system from collapsing into one of these states (Beggs, 2022; Fosque et al., 2022).



3.3 The drive toward quasicriticality: development and salugenesis

The brain has evolved intrinsic mechanisms that enable it to approach, maintain, and return to the quasicritical regime—a dynamic attractor state that maximizes both stability and adaptability. This natural convergence reflects a phenomenon known as self-organized quasicriticality (Bak, 1996; Kinouchi et al., 2020), wherein the system spontaneously tunes itself to a functional edge between order and chaos. This attractor is not static but is sustained through developmental plasticity and allostatic regulation, which continuously recalibrate the system in response to internal and external demands. From an evolutionary standpoint, quasicriticality represents the culmination of a billion-year process of optimizing resilience: the capacity to remain functionally coherent while flexibly reorganizing in the face of perturbations (Aboitiz, 2024).

Neurodevelopment can be understood as a dynamic trajectory in which the brain “learns” to self-organize toward quasicriticality. This journey begins in neurulation and the early stages of neurogenesis, with the brain operating in a state of low activity and connectivity. As neurogenesis intensifies and synapses are overproduced, the system swings to one extreme: a supercritical regime of high excitability. Subsequently, a series of refinement processes—including neuronal migration, differentiation, and, crucially, synaptic pruning that eliminates redundant connections—cause the system to swing to the opposite extreme: a more ordered, subcritical regime. Finally, with the advancement of myelination and the establishment of firing rate homeostasis, which optimizes the balance between excitation and inhibition, the brain stabilizes in the quasicritical regime. This final state, functionally more stable and adaptive, is the result of this developmental calibration that transitions between the “chaos” of creation and the “order” of refinement (Kielty et al., 2024; Tetzlaff et al., 2010; Beggs, 2022; Young, 2022).

Following perturbations, allostatic processes act to maintain or return the brain to the quasicritical region (Ma et al., 2019; Fontenele et al., 2019; Shew et al., 2015; Tetzlaff et al., 2010). ITMA proposes that salugenesis is the central biological process that drives this return. Primarily mediated by mitochondrial activity, salugenesis unfolds in three phases: (1) inflammation, a defensive response to contain damage; (2) proliferation, a phase of reconstruction and biomass replacement; and (3) differentiation, a phase of remodeling and maturation that results in a more resilient systemic organization. The successful completion of this sequence re-establishes quasicritical dynamics (Naviaux, 2018, 2023, 2014).

However, if allostatic load (intense and/or prolonged stimuli) exceeds the system's regulatory capacity, or if the phases of salugenesis are blocked, the brain loses its ability to return to its healthy attractor. In the river metaphor, the boat becomes stranded on the dysfunctional banks of sub- or supercriticality. Sustained neural dysfunction, therefore, does not arise from the deviation itself, but from the system's failure to return to the quasicritical flow after the perturbation (Shew et al., 2015; Naviaux, 2018, 2023; Beggs, 2022; Sterling, 2020).



3.4 Implications of quasicriticality for martial arts

Research on quasicriticality establishes that the brain operates in this regime to optimize its function, that it self-organizes toward this state, and that deviations from it imply dysfunction. These findings generate profound implications for martial arts programs:

Quasicriticality as a universal target: ITMA proposes that quasicriticality is the ultimate neurobiological goal of any training program focused on brain health, regardless of the martial tradition constituting the program. This allows for theoretical unification without practical standardization: each tradition may have distinct methods, but they converge toward the same optimal functional state.

Direction over origin: regardless of a practitioner's initial conditions or specific demands, the path to optimization converges on a single neural destination: guiding the brain's dynamics toward quasicriticality.

New functional definitions: the ITMA framework supports new functional definitions for health, brain health, and healing.

	(1) Health is a living system's capacity to respond adaptively to perturbations, maintaining functional integrity by navigating the threshold between order and chaos to survive and thrive in a constantly changing world.
	(2) Brain health is the manifestation of quasicriticality in neural dynamics.
	(3) Healing is the process of self-organization, via successful salugenesis, that generates a new, more resilient and functional systemic organization (instead of the restoration of a previous state).

With this, the goal of training transcends the improvement of isolated skills and becomes the optimization of a neurodynamic state—quasicriticality. This allows both the design of interventions (the instructor's role) and the evaluation of their outcomes (the researcher's role) to be guided by a fundamental neurobiological principle, making the field more rigorous and effective.

Dysfunction as deviation: in ITMA, dysfunctions in a practitioner's domains of brain health—cognitive, sensory, social-emotional, behavioral, and motor—are reinterpreted as one of three patterns of deviation from quasicriticality: excessive order (subcriticality), excessive chaos (supercriticality), or a mixed pattern. Crucially, these dynamic deviations manifest as impairments in the brain's functional connectivity.

Disease as collapse into a pathological attractor: from the perspective of ITMA, disease can be functionally defined as the process by which a living system collapses and stabilizes into a pathological attractor of excessive order (subcriticality) and/or excessive chaos (supercriticality). This collapse can occur via three main pathways: (1) a failure to achieve quasicriticality, often resulting from deviations in the course of neurodevelopment, which prevent the consolidation of healthy dynamic patterns; (2) a failure to return to quasicriticality after perturbations, due to the blockage of the phases of salugenesis, compromising the system's adaptive reorganization capacity; and (3) a restriction imposed by senescence, wherein physiological aging progressively reduces the brain's complexity and functional variability. In all these scenarios, the result is the loss of the ability to achieve, maintain, or return to the quasicritical state, causing the brain to become chronically trapped in dysfunctional patterns of functional connectivity.

Crucially, in this perspective, the term “pathological” does not refer to a deviation from a statistical norm or an idealized “normal brain”—a concept that is untenable in complex systems. Dysfunction, in the context of ITMA, is defined by the loss of adaptive capacity and the suffering that emerges when the system becomes chronically trapped in these states of excessive chaos and/or order. Neurodiversity is understood here as the existence of multiple valid brain architectures and developmental trajectories. In this sense, the goal of martial arts training is not to “normalize” a neurodivergent brain, but rather to provide the inputs that allow any type of brain to optimize its own self-organization, manage its allostatic load, and find its way back to its optimal zone of functioning—quasicriticality.

Influencing change to achieve stability: martial arts practice does not “change” a brain that is already naturally in constant transformation but allows for the intentional influencing of this reorganization's direction. The goal, counter-intuitively, is not change itself, but stability in the quasicritical region. The implication of this for practice and research is profound: the success of an intervention or program is no longer measured by gains in isolated parameters, but by the optimization of the system's dynamic capacity to achieve, maintain, and return to its ideal functional regime.

Neurodevelopmental optimization: martial arts can be adapted as early interventions to guide the brain's developmental trajectory and neural maturation toward quasicriticality, promoting a healthier neuro-ontogeny.

Transformation, not restoration: aligned with salugenesis, martial arts practice does not “restore” a previous state but promotes the emergence of a new, more functional and adaptive neural organization.

A continuous journey: the optimization of quasicriticality is not a final destination but a dynamic process of constant maintenance throughout life, requiring deliberate engagement.

But what operational principle allows the brain to sustain quasicriticality moment to moment, navigating the constant fluctuations of life without collapsing into patterns of excessive order or chaos?




4 Metastability as a precondition for quasicriticality


4.1 The paradox of neural adaptation

The adaptive brain faces a paradoxical challenge: it must be flexible enough to respond to a changing world, yet stable enough to maintain functional cohesion without collapsing into disorder. An excessively rigid or unstable brain becomes dysfunctional. In the river metaphor, the boat must adjust its course (flexibility) without losing control and sinking (stability). The mechanism that dialectically resolves this tension, allowing the brain to be both flexible and stable at the same time, is metastability (Tognoli and Kelso, 2014).



4.2 Segregation and integration: the pillars of metastability

Metastability is the dynamic equilibrium between two complementary and simultaneous processes: segregation and integration. Segregation refers to the specialization and autonomy of neural regions, while integration describes the coordination and synergy among them (Tognoli and Kelso, 2014). Metaphorically, metastability is like a jazz ensemble: each musician improvises with a unique voice (segregation), but the performance only becomes harmonious because they all follow a shared rhythmic and harmonic structure (integration).

Crucially, segregation and integration are contextually flexible processes. According to the concept of entanglement (Pessoa, 2022), a single neural structure can assume different functional roles by participating in multiple networks that form, overlap, and dissipate dynamically. The jazz musician, for example, can be a soloist at one moment and a rhythm player the next, depending on what the music demands. This continuous alternation between the transient autonomy of networks (segregation) and their flexible coordination (integration) allows the brain to transition among a myriad of neural configurations, thus solving the flexibility-stability paradox.



4.3 Neural basis of metastability

The equilibrium between segregation and integration is made possible by the brain's architecture, which has been optimized throughout evolution to resolve this paradox (Sterling and Laughlin, 2015).

The map describing this architecture is the connectome: the complete set of brain regions and their connecting pathways (Sporns, 2012; Seung, 2012). Morphologically, segregation is manifested in the physical separation of the brain into distinct modules (e.g., lobes, nuclei), while integration is ensured by white matter tracts that connect them and by cortical folding (gyri and sulci), which optimizes the length and cost of the neural “wiring”. However, the architecture's efficiency lies in its topology—the abstract pattern of its connections. From a graph theory perspective, the connectome is a “small-world” network, combining high local clustering (the basis of segregation) with short global paths (the basis of integration). The network is also “scale-free”, characterized by the presence of hubs—highly connected nodes that act as communication centers, efficiently facilitating global coordination. This inseparable union of efficient morphology and topology sustains metastability, creating the conditions for the brain to operate in the quasicritical state (Barabási, 2014; Sporns, 2016).



4.4 The functional dynamics of a healthy brain

To understand metastability, one must distinguish the brain's physical architecture from its real-time activity. While structural connectivity (the connectome) describes the anatomical pathways, functional connectivity describes the dynamic flow of neural activity along these pathways. It is defined as the temporal correlation between the activity of different brain regions—regardless of whether they are physically linked—revealing which of the brain's “musicians” are “playing together” to form transient and adaptive functional networks (Pessoa, 2022; Sporns, 2016).

The processes of segregation and integration are, in effect, observable patterns of functional connectivity. Segregation occurs when there is high functional connectivity within a network but low connectivity with the rest of the brain, creating a “vortex” of specialized neural activity. On the other hand, integration manifests as an increase in functional connectivity among multiple modules and hubs, generating “waves” of synchronized activity that propagate throughout the brain to coordinate global responses (Deco et al., 2024, 2023; Deco and Kringelbach, 2020; Martínez-Molina et al., 2024; Escrichs et al., 2022, 2024). Percolation, a fundamental principle of complex systems, describes how this transition from a local to a global state occurs: large-scale communication only emerges when the network's connectivity reaches a critical threshold. By operating near this threshold, the metastable brain can fluidly alternate between regimes of segregation and integration (Broadbent and Hammersley, 1957; Tian and Sun, 2022).



4.5 When metastability fails

When metastability fails, the brain is deviated from the quasicritical region (Lord et al., 2017). Impairments in functional connectivity can lead to an imbalance, resulting in dysfunctional regimes. Excessive integration at the expense of segregation leads to a rigid order—the subcritical regime—like a monotonous band playing the same note. Conversely, excessive segregation at the expense of integration leads to chaos—the supercritical regime—like a dissonant cacophony. Thus, brain health, like good music, resides in the dynamic equilibrium between the autonomy of the parts and the coherence of the whole (Tognoli and Kelso, 2014).



4.6 Empirical evidence of metastability

Empirical studies corroborate metastability as a crucial marker of brain health (Deco et al., 2017, 2015). Cognitive flexibility and metastability are reduced in cases of traumatic brain injury (Hellyer et al., 2015), an impairment linked to maladaptive processes such as diaschisis—in which damage to one area affects the function of other distant but connected regions—and transneuronal degeneration—the atrophy of neurons due to the loss of connection with the injured area (Fornito et al., 2015). In healthy individuals, greater neural flexibility—more transitions between functional connectivity states—correlates with better executive performance (Nomi et al., 2017). More broadly, impaired metastability is a common feature of multiple disorders (neurodevelopmental, neuropsychiatric, and neurodegenerative), which may reflect a deviation from quasicriticality and a process of network dedifferentiation—a process in which neural networks lose their functional specialization, becoming less distinct and efficient (Lord et al., 2017; Fornito et al., 2015).

The structure of the connectome itself also supports this view. A study of 461 healthy adults demonstrated that a more interconnected connectome was associated with favorable indicators such as fluid intelligence, better cognitive performance, and life satisfaction. In contrast, a less interconnected connectome correlated with unfavorable traits such as substance use and anger. Therefore, connectome interconnectivity can explain individual differences in brain health, serving as a structural substrate that sustains metastability and, consequently, quasicriticality in the brain (Smith et al., 2015).

These dynamic and structural pieces of evidence support that metastability is vital for healthy brain functioning and that its impairment is a common denominator in multiple pathologies. Crucially, this positions the re-establishment of metastability as a central, evidence-based therapeutic target for health interventions (Lord et al., 2017).



4.7 Implications of metastability for martial arts

Empirical evidence supports that metastability is vital for brain health, that its impairment is associated with multiple disorders, and that it can be optimized by interventions. These findings generate the following implications for martial arts training programs:

Optimizing the segregation-integration balance: ITMA proposes that martial arts can optimize metastability by re-establishing the functional balance between the specialization and coordination of neural networks—integrating regions that should be more connected and coordinated, and segregating regions that should be more differentiated and independent—thus removing obstacles to the brain's natural tendency to self-organize toward health.

A dynamic taxonomy of disorders: brain dysfunctions can be classified based on their patterns of metastability failure—excessive order (subcritical), excessive chaos (supercritical), or a combination of both. This taxonomy for brain health impairments, based on dynamic processes, can complement traditional diagnostic models and guide the design of personalized interventions.

Intentional design for metastability: training sessions can be intentionally designed with the pedagogical and andragogical goal of optimizing functional connectivity and, consequently, metastability.

Neurodynamic classification of interventions: ITMA proposes that the interventions composing the training experiences can be functionally classified based on the predominant type of neural activity pattern they evoke in the system:

	(1) “Wave-like” dynamics: characterized by the coordinated and coherent propagation of neural activity across different regions, promoting functional integration and global synchrony. Interventions with this pattern are ideal for strengthening hubs, consolidating coordination between networks, and fostering states of functional cohesion.
	(2) “Vortex-like” dynamics: characterized by localized, oscillatory, or recursive activation in specific regions, promoting functional differentiation and the selective segregation of networks.

The intentional and alternating application of these two patterns allows not only for the promotion of metastability, but also for the personalization of training experiences according to the practitioner's functional profile and goals. This introduces a new operational principle: the design of neurodynamic experiences based on the induced oscillatory pattern.

Focus on contextual dynamics, not localization: in light of the concept of entanglement, the description of effects must abandon the simplistic model “martial art A improves neural network B, associated with function C” and adopt a dynamic framework: “Intervention A, in context B, favors the emergence of neural pattern C”. This perspective requires both research and practice in martial arts to consider not just the intervention itself, but the entire context in which it is practiced, as the context defines the resulting neurodynamic pattern.

“Hub training” for resilience: martial arts, by requiring the rapid integration of multiple systems, can act as a form of “hub training”, strengthening the central nodes of the brain's network and increasing its robustness against perturbations.

Promoting a robust connectome: the continued practice of martial arts can strengthen the neural network's infrastructure itself, promoting a more interconnected connectome. This aligns with findings that associate greater connectivity with indicators of health and wellbeing, thereby increasing the brain's capacity for metastability.

Optimizing the “resilience triad”: martial arts training experiences can optimize the brain's “resilience triad” (Fornito et al., 2015) through three distinct and complementary mechanisms:

	(1) Reserve is optimized by promoting a more robust and interconnected connectome, which increases the brain's passive capacity to withstand damage before symptoms manifest.
	(2) Degeneracy is trained through activities that teach multiple paths to the same end, creating structurally distinct but functionally equivalent neural pathways. This makes the system less fragile, as if one response pathway fails, the brain has a vast repertoire of trained alternatives to recruit.
	(3) Compensation is enhanced through experiences that intentionally promote metastability, optimizing the brain's active process of functional reorganization after damage.

This multifaceted optimization of resilience positions martial arts as preventive and potent proactive rehabilitative practices.

But if the optimization of functional connectivity is what maximizes metastability, what mechanisms sustain this optimization over time?




5 Plasticity and synchronization as the basis of metastability


5.1 Neural synchronization: the immediate mechanism of functional connectivity

ITMA proposes that martial arts training experiences can be designed to generate specific patterns of neural synchronization. The consistent repetition of these patterns strengthens functional connectivity, triggering synaptic plasticity that, in turn, “sculpts” the neural network to sustain metastability and induce quasicriticality. Neural synchronization is, therefore, the mechanism that enables functional connectivity in real time. Technically, it is the temporal coordination of the oscillations of neuronal populations, which aligns their phases or frequencies to promote integration and efficient communication between brain regions.

The biophysical substrate for synchronization is the intrinsic timescale of each brain region, which determines the degree of neural persistence—the capacity for a neuron's activity to continue over time after a stimulus has ended, functioning as a neuronal short-term memory. This persistence creates the temporal window that allows for the rhythmic alignment between different neuronal populations, a process that transiently strengthens the functional connectivity between the involved regions. In practice, for functional connectivity to be consolidated, neural regions need to be co-activated in a repeated, synchronized, and sustained manner (Northoff, 2024).



5.2 Experience-dependent synaptic plasticity: consolidating functional connectivity

If neural synchronization creates the transient conditions, experience-dependent synaptic plasticity is the biological process that consolidates them into lasting changes. The repetition of synchronized patterns activates plastic mechanisms that sculpt the brain's architecture in response to use—not globally, but precisely in the neural pathways and regions activated during the experience. The process of consolidating functional connectivity is governed by Hebb's Law: “neurons that fire together, wire together”. In practice, repeated training experiences bring synapses to a bifurcation point, a concept from complex systems that describes how a small change in neural activity can cause an abrupt shift. If the co-activation of networks reaches a critical threshold, the synapse strengthens via long-term potentiation (LTP); if the activity is desynchronized, it weakens via long-term depression (LTD). This process is governed by path dependence: each strengthening via LTP increases the probability of the same pathway being activated in the future. This cumulative effect, resulting from the dynamic competition between LTP and LTD, sculpts the network's architecture; therefore, martial arts training can be seen as an intentional process to guide this path dependence (Merzenich et al., 2014; Nahum et al., 2013).

However, the continuous repetition of the same stimulus leads to a phenomenon of adaptive neural suppression, in which the amplitude of the brain's response decreases as it learns to process information more efficiently (Northoff, 2024). Although this initial suppression is a functional marker of learning, its persistence without variation can result in neurodynamic stagnation, restricting new opportunities for plasticity. For the optimization process to continue, training must follow the principle of progression, analogous to “progressive overload” in physical training: experiences must be gradually and continuously challenging, introducing new, prediction-error-rich stimuli that force the brain out of its comfort zone and to reorganize. When this principle is well-applied, the system can enter a positive feedback loop—what (Fredrickson 2013) termed an “upward spiral”—in which small neurofunctional improvements facilitate richer experiences, which in turn induce further positive reorganizations. This upward spiral is the functional opposite of degenerative patterns and can sustain the system's progressive approach toward the quasicritical regime, promoting not only stability but also an expansion of adaptive capacity.

Crucially, neuroplastic changes triggered during wakefulness are consolidated and stabilized during sleep through complex processes involving synaptic renormalization, memory reactivation, and cortical reorganization—especially via the sequential interplay of SWS and REM sleep cycles (Gorgoni et al., 2013).

Moreover, changes in neural architecture obey a biologically embedded temporal pattern. Emerging evidence suggests that new gene expression patterns begin to consolidate within 3–4 days of consistent stimulation, while stable physiological reorganization may take about 3 weeks. Structural neural remodeling becomes measurable after approximately 3 months (Naviaux, 2018). These temporal dynamics, encoded by evolution, highlight the need for sustained and adaptive exposure over time to consolidate plastic gains and stabilize new functional regimes.

The beneficial effects induced by this process do not cease with the end of the stimulus. On the contrary, they tend to persist due to a fundamental principle called hysteresis: the capacity of a system to maintain the effects produced by an experience, even when it is no longer present (Ferraris, 2024). In the context of ITMA, this means that the well conducted practice of martial arts can generate durable neurofunctional changes, whose benefits remain even after temporary interruptions, thereby strengthening the system's long-term stability.

While many principles of neuroplasticity have been identified in the literature, ITMA proposes that five of them articulated in this section—specificity, repetition, progression, rest, and temporality—form the core operational cycle required to induce and consolidate functional neuroplastic change. Each plays a distinct role in the process: specificity determines the target of change; repetition initiates and strengthens the circuit; progression forces adaptive reorganization; rest consolidates the gains; and temporality structures the entire sequence.



5.3 Horizontal and vertical integration: the multidimensional architecture of connectivity

ITMA postulates that the patterns of connectivity and plasticity optimized by training are multidimensional, occurring along both the horizontal and vertical axes of the brain's architecture (Pessoa, 2022).

Horizontal integration refers to communication between regions at the same hierarchical level (e.g., cortico-cortical pathways). Vertical integration, on the other hand, connects different levels of the nervous system (cortex, subcortex, and brainstem), linking cognition with fundamental processes such as emotion and autonomic state. Crucially, ITMA proposes that the specific configuration of this connectivity—be it horizontal, vertical, or mixed—emerges directly from the quality and combination of the sensorimotor, cognitive, and socio-affective inputs of the training experience, which dictate how the brain reorganizes itself to sustain metastability.

Furthermore, ITMA recognizes that functional segregation is as fundamental as integration. Metastability, as the ideal state of brain functioning, does not emerge merely from more connected networks, but rather from the dynamic equilibrium between coupling and decoupling, between synchronization and autonomy. Thus, martial arts training should simultaneously modulate horizontal and vertical integration as well as functional segregation, promoting a brain architecture capable of responding with flexibility, coordination, and specialization to environmental demands.



5.4 Embodied inputs: the negentropic sources of training

In the embodied aspect, ITMA proposes that training interventions can be organized into three broad categories, which often overlap and provide the essential negentropic inputs for neural reorganization.

First, there are interventions that involve movement with additional cognitive tasks—a form of motor-cognitive dual-task training where the practitioner “thinks while moving” (Herold et al., 2018). Examples include conscious and deliberate movements, which require the practitioner to maintain rhythmic and continuous patterns while simultaneously directing attentional focus to internal body sensations (interoception), monitoring their own mind-wandering, and re-establishing focus whenever necessary (Russell and Arcuri, 2015). The negentropic input here is the rich integration of motor control, interoceptive feedback, and attentional regulation.

Second, there are interventions that involve movement with embedded cognitive tasks, in which thinking and acting occur in an integrated and simultaneous manner (Herold et al., 2018). Practices such as grappling, striking, armed combat, or equestrian activities exemplify this category (Russo and Ottoboni, 2019; Ohtani et al., 2017). The negentropic input derives from the complex dynamic integration between automatic motor processes and strategic cognitive control. Although repeated practice leads to automation, cognitive control does not disappear; it remains crucial, requiring the continuous use of executive functions—such as working memory, inhibitory control, and cognitive flexibility—to adapt to the constant information, distractions, and changes from the environment or an opponent (Christensen et al., 2019; Diamond and Ling, 2016; Diamond, 2000; Leisman et al., 2016).

Third, training experiences can also include specific voluntary behaviors and contemplative practices that directly modulate physiology. This involves the use of postures, vocalizations, and especially controlled breathing, as well as practices like chanting, meditation, or ritualistic dances present in some traditions. The negentropic input, in this case, is the direct modulation of autonomic activity, achieved mainly by increasing the inhibitory influence of the vagus nerve on the heart (Porges, 2011, 2021).



5.5 Social and environmental inputs: the central role of interactions

Beyond embodied inputs, ITMA emphasizes the central role of social and environmental inputs in training experiences. The relational nature of these practices is not a mere background context but an active element in inducing patterns of neural synchronization and, consequently, in modulating functional connectivity.

For human beings, social connections are not optional; they constitute a fundamental biological imperative for the species' survival and development (Porges, 2022). Social separation and isolation compromise virtually all aspects of human development (Cacioppo and Cacioppo, 2014), and can manifest as impairments in the domains of brain health (Porges and Furman, 2011). Evolutionarily, the human brain was shaped as a social organ, specialized in receiving, processing, and transmitting information to and from other brains around it (Cozolino, 2013, 2019; Adolphs, 2009). (Cozolino 2014) termed the space between individuals, filled with this flow of visible and invisible information, the “social synapse”.

Three central neurobiological mechanisms allow social experiences to influence functional connectivity. The first is non-verbal bio-behavioral synchronization, which refers to the often unconscious attunement of gestures, postures, rhythms, and vocalizations between individuals. This mutual harmonization sustains positive resonance—a shared sense of connection, safety, and wellbeing (Vacharkulksemsuk and Fredrickson, 2012; Fredrickson, 2013). Neurophysiologically, this process is regulated by the social engagement system, a neural network that integrates five cranial nerves (V, VII, IX, X, and XI) responsible for controlling facial expression, voice intonation, and listening. The activation of this system is what enables physiological co-regulation: the ability of one individual, through social interaction, to influence and calm the physiological state of another, creating a virtuous cycle of safety and connection (Porges, 2009, 2022). The second is the mirror neuron system, which allows for motor and empathetic learning through observation and imitation (Rizzolatti and Sinigaglia, 2010). The third is the theory of mind, the capacity to infer the intentions and mental states of others, which is fundamental for strategic interaction (Frith and Frith, 2005).

ITMA proposes that martial arts intensively train all these mechanisms in multiple ways. This occurs through the instructor-student relationship, which can serve as a secure base of attachment and alloparental care for children (Bowlby, 1988; Hrdy, 2009); through co-regulation among practitioners themselves (Kok et al., 2013; Schore, 2003); and through the creation of a culture of belonging and emotional safety (Cacioppo and Patrick, 2008). Combat itself is a rich input, experienced as rough-and-tumble play (distinct from violence) and as an intense exercise of theory of mind (Mickelsson and Stylin, 2021; StGeorge and Fletcher, 2020; Kimmel and Rogler, 2019). Additionally, positive physical touch or contact during training stimulates the release of oxytocin (Tarsha and Narváez, 2023; Rassovsky et al., 2019), while collective rituals and symbolic gestures strengthen social bonds (Clapton and Hiskey, 2020; Collins, 2005; Donnelly and Kidd, 2021; Lindenberg et al., 2011). The relational scope can even extend to interspecies co-regulation, as occurs in equestrian modalities (Porges, 2021).

Finally, the physical-sensory environment acts as another major modulator. According to the theory of enactive cognition, the brain does not passively process an external world but actively constructs meaning through continuous interaction between perception and action. The training space, therefore, is not a passive backdrop but a dynamic ecosystem of affordances—perceived opportunities for action that emerge from the relationship between the physical environment and the practitioner's perceptual-motor capacities. These environmental inputs, by modulating the flow of sensorimotor information, directly influence neural synchronization states and contribute to the processes of experience-dependent synaptic plasticity (Varela et al., 1991).

In sum, ITMA postulates that the rich tapestry of inputs—embodied, social, and environmental—that constitute the martial arts training experience does not act upon a passive brain. On the contrary, these flows of information are continuously integrated with the brain's own intrinsic activity. It is from this synergistic fusion of the internal and external worlds that neural dynamics are shaped, moment to moment, driving the processes of synchronization and plasticity that ultimately sustain metastability and guide the system toward quasicriticality.



5.6 Preliminary empirical evidence

Although ITMA is an emerging theoretical proposal, it already finds support in a growing body of preliminary empirical evidence (summarized in Table 1) pointing toward the modulation of functional connectivity and the optimization of metastability. These changes are reflected in multidimensional patterns of neural reorganization, involving not only horizontal and vertical integration but also functional segregation. As detailed in Table 1, the disparate findings from various martial arts studies can be interpreted through ITMA's lens as converging toward these core mechanisms of neural reorganization.

TABLE 1 Summary of preliminary empirical studies supporting ITMA's core mechanisms.	Study (reference)	Martial art	Population	Main finding (observed data)	ITMA interpretation (theoretical proposition)
	(Tao et al. 2016)	Tai Chi Chuan and Baduanjin	Elderly	Increased resting-state functional connectivity between the medial prefrontal cortex and the hippocampus	Represents a mixed pattern of vertical integration (limbic-cortical) and horizontal coordination within higher-order cognitive systems.
	(Kim et al. 2015)	Taekwondo	Children	Enhanced brain connectivity from the cerebellum to the frontal and parietal cortices.	A robust instance of vertical integration supporting motor-cognitive coordination.
	(Berti et al. 2019); (Duru and Balcioglu 2018)	Karate	Elite karate practitioners	Stronger subcortical-cortical connectivity and increased integration across sensorimotor, visual, and executive networks.	Consistent with a pattern involving both horizontal and vertical optimization.
	(Rassovsky et al. 2019); (Harwood-Gross et al. 2020)	Jujitsu/General	At-risk youth and adults	Martial arts practice, especially tasks involving high tactile contact (e.g., grappling), leads to a significant increase in salivary oxytocin release.	ITMA postulates that oxytocin, as a neuromodulator, influences functional connectivity. Its association with executive functions suggests that the relational inputs of training are markers of improved vertical integration between the central autonomic network and executive cortical systems.

The table differentiates between the key findings as reported in the original studies (Observed Data) and their conceptual interpretation within the Integrative Theory of Martial Arts (ITMA Proposition).


In the domain of embodied inputs, several studies across different martial arts have reported enhanced connectivity patterns. (Tao et al. 2016) observed greater integration between the medial prefrontal cortex and the hippocampus in elderly practitioners of tai chi chuan and baduanjin. According to ITMA, this finding can be interpreted as a mixed pattern, combining vertical integration (between limbic and cortical structures) with horizontal coordination within higher-order cognitive systems. (Kim et al. 2015) documented enhanced connectivity between the cerebellum and frontal and parietal cortices in children practicing taekwondo. ITMA proposes that this pattern represents a robust instance of vertical integration supporting motor-cognitive coordination. (Berti et al. 2019) and (Duru and Balcioglu 2018) identified stronger subcortical-cortical connectivity and increased integration across sensorimotor, visual, and executive networks in karate practitioners. This finding is consistent with ITMA's proposition of a pattern involving both horizontal and vertical optimization.

In the relational domain, preliminary evidence also supports ITMA's core mechanisms. (Rassovsky et al. 2019) and (Harwood-Gross et al. 2020, 2021) demonstrated that martial arts practice contributes to the endogenous release of oxytocin, which has been associated with enhanced processing speed and inhibitory control. ITMA postulates that these functions can be considered markers of improved vertical integration between the central autonomic network and executive cortical systems (Benarroch, 1993; Thayer et al., 2012; Yee et al., 2016). These changes reinforce the notion that social-affective inputs are powerful modulators of functional connectivity.

Together, these preliminary findings (Table 1) suggest that different martial arts practices—through their specific training regimes—can induce unique, but converging, patterns of neural reorganization. ITMA proposes that the dynamic interplay between integration and segregation is precisely what collectively sustains the metastable dynamics necessary for healthy neural functioning and cognitive flexibility, allowing for flexible switching between different functional brain states.



5.7 Optimizing the signal-to-noise ratio: the sine qua non condition

The mere practice of martial arts, in itself, does not guarantee the optimization of functional connectivity nor the induction of the desired brain dynamics. For the mechanisms of synaptic plasticity to be effectively triggered, ITMA postulates that the pattern of neural synchronization must exhibit a high signal-to-noise ratio (SNR). In this context, the “signal” refers to the coherent, relevant, and task-specific neural information, while the “noise” comprises all activity that interferes with this signal, whether of external origin (such as irrelevant environmental stimuli) or internal origin (such as physiological states of threat or danger to life, fatigue, inflammation).

Training with a low SNR—where the brain is overloaded with noise or the signal is diffuse—can result in maladaptive plasticity, or it may simply fail to generate any lasting change. Therefore, optimizing the SNR is a sine qua non condition for training to induce functional neural changes toward quasicriticality (Harris and Thiele, 2011).

It is important to highlight that the principles of neuroplasticity have been progressively elucidated and consolidated in the scientific literature (e.g., Kleim and Jones, 2008; Merzenich et al., 2014; Nahum et al., 2013; Maier et al., 2019; Kolb and Muhammad, 2014; Keshavan and Eack, 2019). These principles provide the instructor with a solid theoretical-practical framework for the intentional design of training experiences, allowing them to structure sessions that maximize the relevant signal, minimize interfering noise, and thereby increase the neuroplastic efficacy of the practice. The instructor, in this scenario, acts as a “neurosculptor,” capable of shaping the practitioners' neural dynamics through a pedagogy or andragogy that is evidence-based and guided by a fundamental neurophysiological principle: the signal-to-noise ratio.



5.8 Inter-individual variability: the rule, not the exception

ITMA postulates that response variability among individuals is not an exception but the natural rule when working with complex systems like the human brain. This variability is a direct consequence of three fundamental characteristics of neural dynamics: chaos (small differences in initial states lead to large differences in outcomes); non-linearity (the relationship between stimulus and response is not proportional, such that large stimuli can generate small responses, while small stimuli can trigger significant changes); and non-ergodicity (group averages do not apply to individuals). For these reasons, plasticity is an intrinsically individual process, with each brain responding uniquely to the same training stimuli (Kelso, 1995; Molenaar, 2004; Voss et al., 2017).

This phenomenon of inter-individual response variability (Herold et al., 2021)—known in the context of martial arts as the Kreese-Miyagi Effect (Hackney, 2013)—can be categorized into different states of responsiveness: responders (positive outcomes), super-responders (above-expected outcomes), non-responders (no significant change), and adverse responders (negative outcomes). These states emerge from the complex interaction between endogenous and exogenous factors (Herold et al., 2019).

Endogenous factors are the unique initial conditions of each practitioner. Age and biological sex modulate the magnitude and type of plastic change, with replicable, behaviorally relevant baseline differences in functional brain dynamics associated with sex (Merzenich et al., 2014; Nahum et al., 2013; Ryali et al., 2024). The levels of neuromodulators (e.g., GABA, acetylcholine, dopamine) are also crucial, directly influencing the neuroplastic potential, attention, and motivation of the practitioner (Heba et al., 2015; Voss et al., 2017; Merzenich et al., 2014). An individual's baseline inflammatory status is a critical factor, as chronic inflammation can reflect a metabolically “stuck” state—a blocked salugenesis—that impairs the system's overall resilience and capacity for adaptive reorganization (Naviaux, 2018, 2023, 2014). Genetic polymorphisms—such as the 7-repeat allele of DRD4 and the short allele of 5-HTTLPR—have been associated with greater plasticity and sensitivity to environmental influences, suggesting that practitioners with these variants may be particularly responsive to martial arts training experiences (Pluess and Belsky, 2013). Physiological and behavioral characteristics—such as high cortisol reactivity, higher cardiac vagal tone, and high sensory processing sensitivity—may also indicate greater neuroplastic potential (Pluess and Belsky, 2013).

Many of these endogenous factors seem to converge on the modulation of emotional processing, a key function of the amygdala. Amygdala activity correlates with physiological reactivity and neuroticism—the tendency to experience negative emotions (Deng et al., 2019; Norris et al., 2007). This suggests that prior assessments of neuroticism and other traits that modulate physiological reactivity (e.g., hypnotic capacity, repressive coping see Wickramasekera (1988)) can provide valuable insights for interpreting practitioner response variability. The centrality of the amygdala can be explained by its dual function: although known for processing threats, evidence shows that it responds even more robustly to positive stimuli (Sergerie et al., 2008). This sensitivity to both emotional extremes suggests that amygdala reactivity may be a central mechanism that helps explain inter-individual response variability (Pluess and Belsky, 2013).

Exogenous factors, in turn, explain variability based on the program itself. The main one is the way in which the principles of neuroplasticity are operationalized, that is, the instructor's ability to design experiences with a high signal-to-noise ratio to optimize connectivity and metastability. Second, the training environment itself—encompassing its physical characteristics (affordances) and social context (e.g., the degree of emotional safety)—is a critical exogenous factor that shapes the practitioner's neurophysiological state and ability to learn from the training session (Porges, 2011). Third, the quality of implementation is fundamental; poorly executed programs can compromise results, leading to what is known as a Type III Error, which invalidates the analysis of the intervention's effects (Barry, 2019; Durlak, 2016; Proctor et al., 2010).



5.9 Implications of neuroplasticity for martial arts

The understanding of neuroplasticity, as articulated by ITMA, generates crucial implications that redefine practice, research, and evaluation in the field of martial arts.

Experience design as a critical factor: ITMA opposes the dominant view that the benefits of martial arts practice are automatic or inherent to a specific style (Hartmann and Kwauk, 2011). Crucial for neuroplasticity is the intentional design of the experience. This includes the quality of practice, personalization to individual needs, and even the strategic design of activities to optimize the release of neuromodulators at opportune moments, maximizing plastic potential. The focus shifts from the modality to the design.

The Instructor as a neurosculptor: the role of the martial arts instructor is elevated from a mere technical transmitter to an architect of neuroplastic experiences (Foisy et al., 2020; Baldini et al., 2014). Their mastery of the principles of neuroplasticity and their ability to manage the signal-to-noise ratio can be direct predictors of a program's effectiveness.

Variability, risk, and ethics: response variability is the rule. It is crucial that researchers and instructors consider the endogenous and exogenous factors that lead to different states of responsiveness (including adverse responses). This has a direct ethical implication: neuroplasticity is a neutral mechanism. Poorly planned or implemented programs can be harmful, inducing maladaptive plasticity and worsening functional connectivity instead of improving it.

Baseline assessment for personalization and analysis: if variability is the rule, a direct implication is the need for baseline assessments. Mapping the practitioner's initial state—by evaluating personality traits (such as neuroticism), physiological reactivity, etc.—serves a crucial dual function. Proactively, it informs the personalization of interventions, allowing the instructor to adjust the training design to optimize the signal-to-noise ratio for that individual and anticipate adverse responses. Retrospectively, this initial assessment helps explain the inter-individual variability of outcomes observed at the end of the program, conferring greater interpretive power to research and practice.

Evaluation of implementation and emergent outcomes: the evaluation of a program must be twofold. It is necessary not only to measure the outcomes in practitioners but also, separately, the quality of program implementation based on implementation science criteria. Furthermore, one must recognize that outcomes are a mix of planned and emergent aspects that arise spontaneously from the system's self-organization. This requires flexibility from the instructor and researcher to acknowledge and value the unpredictable.




6 Assessment of outcomes: a new generation of neurophysiological metrics


6.1 Assessing individual trajectories: the N = 1 longitudinal design

ITMA proposes a rupture with evaluation models based on group averages. Given the non-ergodic, non-linear, and chaotic nature of the brain, the trajectories of neurophysiological change are, by definition, unique and idiosyncratic. Therefore, the single-case (N = 1) longitudinal design emerges as the new methodological frontier for capturing, with high temporal resolution, how each nervous system responds to martial arts training interventions (Molenaar, 2004; Kelso, 1995; Fisher et al., 2018; Molenaar and Campbell, 2009; Krasny-Pacini and Evans, 2018).



6.2 The functional triad: measuring quasicriticality

To quantitatively assess quasicriticality, ITMA proposes a shift from static and linear indicators to dynamic and non-linear metrics. In this context, a functional triad based on heart rate variability (HRV) is adopted as an accessible and ecologically valid proxy for the underlying neurophysiological dynamics, reflecting the system's efficiency, adaptability, and resilience (Shaffer and Ginsberg, 2017; Goldberger et al., 2002; Shaffer et al., 2014; Thayer and Lane, 2000; Thayer et al., 2009; Porges, 2021, 2011; Laborde et al., 2018; Ernst, 2017). The three complementary indicators that compose the functional triad are DFA α1, SampEn, and SD2/SD1.

DFA α1 (detrended fluctuation analysis): this indicator quantifies the short-term fractal correlations in an HRV time series, revealing the degree of long-range dependence between successive RR intervals (Peng et al., 1995). A value close to 1.0 indicates a “pink noise” (1/f noise) dynamic—a signature of healthy and efficient functioning in self-organized complex systems (Goldberger et al., 2002). Significant deviations toward higher values (excessive persistence and rigidity) indicate subcritical tendencies, while lower values (randomness, loss of correlation) indicate an approach toward a supercritical regime, both of which are considered suboptimal.

SampEn (Sample Entropy): This measures the irregularity and unpredictability of the HRV time series (Richman and Moorman, 2000). A high SampEn indicates a system with high adaptive complexity, capable of flexibly responding to a variety of environmental and physiological challenges (Pincus and Goldberger, 1994). Conversely, low SampEn values reflect rigidity, excessive predictability, and a reduced capacity for adaptation—a pattern frequently observed in conditions of autonomic dysfunction or in states of disease (Beckers et al., 2005).

SD2/SD1 ratio (Poincaré plot): The SD2/SD1 ratio, derived from the geometry of the Poincaré Plot, quantifies the balance between long-term (SD2) and short-term (SD1) heart rate variability (Brennan et al., 2001). A value greater than 1.0 reflects a system capable of absorbing rapid perturbations without compromising its long-term stability, thus serving as a marker of physiological resilience (Borghesi et al., 2024).

Together, these metrics offer an integrated assessment of the system's proximity to the quasicritical regime and can be complemented by other HRV indicators for a richer analysis.

A critical—and often counter-intuitive—aspect of the approach proposed by ITMA is that the success of a martial arts training program is not necessarily defined by an absolute increase in the individual values of these indices, as is often assumed in traditional interventions based on linear biomarkers. Instead, the primary goal is to guide the system into the so-called “quasicritical zone”, characterized by a dynamic equilibrium between order and chaos, where high complexity, adaptive efficiency, and resilience to perturbations coexist (Cocchi et al., 2017; Goldberger et al., 2002). More importantly, two dynamic criteria must be evaluated beyond simply “reaching the optimal zone”: the system's ability to maintain this state over time (temporal stability)—reflecting neurophysiological sustainability (Beckers et al., 2005); and the speed and efficiency of returning to the quasicritical state after controlled or natural perturbations (dynamic resilience)—reflecting the system's allostatic capacity (Buchheit, 2014). Therefore, the assessment of success, according to ITMA, must focus on three interconnected dimensions: (1) reaching the quasicritical zone; (2) the ability to maintain this condition over time (temporal stability); and (3) the speed and efficiency of return after perturbations (dynamic resilience).



6.3 Mixed methods and the value of qualitative analysis

ITMA suggests a mixed-methods approach, recognizing that quantitative data extracted from HRV metrics capture only one dimension of the neurophysiological change process. Incorporating qualitative methods allows contextualizing individual trajectories of change, offering a richer and more ecologically valid understanding of the psychosocial, affective, and relational processes that influence plasticity and resilience (Creswell and Plano Clark, 2017; Fetters et al., 2013). This integration makes it possible to identify mediating and moderating factors that may not be detected by physiological measures alone, as well as to broaden the understanding of the subjective mechanisms that underpin the changes observed in quantitative indicators (Onwuegbuzie and Leech, 2006). Thus, ITMA aligns with a growing movement in health science that emphasizes the consilience between objective and subjective data as a fundamental strategy for capturing the complexity of human phenomena (Palinkas et al., 2011).



6.4 From idiographic data to public policy: a multilevel framework for translational science

ITMA advances translational science by proposing a multilevel framework capable of transforming idiographic findings into population-based public policies without losing individual data integrity. This approach seeks to overcome the ecological fallacy—the methodological error of inferring individual conclusions from group averages (Robinson, 1950)—and aligns with the emerging paradigms of precision medicine, idiographic psychology, and translational neuroscience based on complex dynamics. The proposed framework integrates three complementary stages:

Stage 1—Bayesian meta-analyses of N = 1 studies: the first stage involves the statistical aggregation of N = 1 longitudinal studies through Bayesian meta-analyses. This approach combines idiographic data without losing the uniqueness of each individual trajectory, being more sensitive to heterogeneity and enabling probabilistic inferences about population effects, with variability treated as primary data rather than as noise to be controlled (McElreath, 2020).

Stage 2—agent-based modeling (ABM): the second stage utilizes ABM, a methodology from complex systems science for the large-scale simulation of interactions among thousands of individual agents (Bonabeau, 2002). In the ITMA context, each “agent” represents a practitioner with a specific neurophysiological profile. Based on parameters from the N = 1 studies, ABM models can predict how different intervention scenarios would affect the population, considering emergent effects from interactions among individuals (Macy and Willer, 2002).

Stage 3—pragmatic trials with heterogeneity preservation: the third stage proposes pragmatic trials (Thorpe et al., 2009), designed to maximize ecological realism and external generalization by maintaining the natural diversity of contexts and participants. This means avoiding methodological filters that exclude participants with comorbidities, different age groups, or baseline profiles. ITMA suggests statistical methods sensitive to variability, such as hierarchical or Bayesian models, and recommends a heterogeneity-preserving trial design (Glasgow et al., 2003). Furthermore, the integration of individual metrics (N = 1) within the group trial allows tracking of individual and population effects.

In summary, by articulating Bayesian meta-analyses, agent-based modeling, and pragmatic trials with heterogeneity preservation, ITMA proposes a robust translational cycle connecting science, clinical practice, and public policies, respecting the complexity of living systems and human diversity (Torous et al., 2017).




7 Discussion

Throughout history, martial arts have served as more than methods of combat—they have functioned as vehicles for health, education, spiritual growth, and cultural continuity (ICM, 2021; Bowman, 2019). ITMA uptades and expands these roles through a unifying scientific lens, proposing that carefully designed martial training experiences can optimize brain health by inducing the nervous system into dynamic states of quasicriticality—a dynamic regime of neural activity that supports health, efficient information processing, adaptability, and resilience. By integrating findings from diverse disciplines under a mechanistic and multiscale framework, ITMA offers a unified model to understand and potentiate martial arts training effects on neurophysiological systems.

It is crucial to position ITMA correctly: at its core, this article presents a foundational theoretical framework, not a complete translational protocol. The primary objective was to establish the plausibility and coherence of the mechanistic model—the “map”—before detailing the specific “routes” of its application. However, the theory's high translational potential is one of its most promising features. Because it is grounded in first principles of complex systems science, ITMA is not restricted to martial arts. They serve as a rich and ecologically valid “exemplar model”, but the underlying framework may, in the future, be adapted and extended to investigate other interventions.

The implications of ITMA transcend the individual. As quasicriticality exhibits fractal properties (Peng et al., 1995; Goldberger et al., 2002), with patterns of health and wellbeing repeating across scales from brains to ecosystems (Lent, 2021), a martial arts program can act as a vector of sustainable development. By applying global principles to local contexts—a process of glocalization (Baker, 2022)—these practices demonstrate that neither a person's biography nor a society's history defines their destiny (Dweck, 2006; Goleman, 2005), in this way, promoting hope and resilience.


7.1 Limitations

As with any emergent theoretical model, ITMA must be subjected to rigorous empirical testing. While it offers a unified, mechanistic, and multiscale explanation of how martial arts may optimize brain health, its fundamental mechanisms and predictive capacity remain, at this stage, theoretical. Future studies will need to verify whether the training variables proposed—particularly the embodied, social and environmental inputs—are indeed capable of inducing, sustaining, and re-establishing the neurophysiological dynamics described.

The preliminary empirical evidence reviewed herein, while promising, was not generated within the conceptual framework of ITMA. These studies suggest that martial arts modulate functional connectivity, but none explicitly evaluated whether such changes converge toward the quasicritical regime. Therefore, empirical studies are needed to test the core propositions of ITMA using non-linear neurophysiological metrics, longitudinal single-case (N = 1) designs, and mixed-methods approaches that combine dynamic quantitative assessment with qualitative contextualization.

Furthermore, a core methodological proposition of ITMA is the use of HRV metrics as a proxy for brain quasicriticality. While this remains an indirect measurement, this limitation represents a deliberate methodological trade-off made to prioritize accessibility and ecological validity. The high cost and logistical constraints of neuroimaging methods limit research to laboratory settings. In contrast, the accessibility and low cost of wearable HRV technology are precisely what make the proposed N = 1 longitudinal designs and real-world pragmatic trials feasible, democratizing research and practice beyond specialized labs. This approach allows data to be collected in the actual training environments where martial arts are taught and practiced. Nevertheless, a crucial frontier for future research, as noted, is to empirically validate the degree to which this practical proxy correlates with direct markers of quasicritical brain dynamics.

Also, while ITMA proposes a translational framework from idiographic data to public health policy, no full implementation of this multilevel strategy has yet been undertaken. Its practical application—from N = 1 Bayesian aggregation to agent-based modeling and heterogeneity-preserving pragmatic trials—remains a fertile field for future interdisciplinary collaboration.

A further consideration is the innovative and demanding nature of the proposed methodological framework. Successfully implementing the full suite of tools—from longitudinal N = 1 data collection to agent-based modeling—will likely require the formation of interdisciplinary teams that bridge expertise in martial arts pedagogy, neurophysiology, and advanced computational statistics. This highlights a forward-looking challenge for the field: to foster the collaborative networks and develop the shared tools necessary to advance this line of inquiry.



7.2 Future directions

These limitations, however, also illuminate the frontiers of inquiry that ITMA opens, guiding a robust agenda for future investigation. To operationalize the validation and expansion of ITMA, a multiphase research roadmap is proposed, progressing from foundational and methodological questions to large-scale translational applications.

Phase 1—foundational validation and methodological refinement: the first critical step is to validate the theory's core tools and assumptions. Research in this phase should focus on proxy validation and correlation with functional domains. It will be necessary to (1) conduct studies to correlate the proposed HRV functional triad (DFA α1, SampEn, SD2/SD1) with direct neuroimaging markers of quasicriticality and metastability from fMRI and EEG. This step is essential to confirm the proposed biomarkers as robust proxies for the desired brain dynamics; and (2) implement N = 1 longitudinal designs to investigate the degree to which changes in the validated biomarkers correlate with measurable improvements across the domains of brain health (cognitive, sensory, social-emotional, behavioral, and motor).

Phase 2—mechanistic exploration and personalization: once the measurement tools are validated, research can delve deeper into the mechanisms and inter-individual variability. Studies can design experiments to map how specific training “ingredients”—such as particular embodied, social and environmental inputs—produce specific outcomes within the different domains of brain health. For example, which combinations of tasks and neuroplasticity principles are most effective at enhancing attentional control (cognitive domain) or emotional regulation (social-emotional domain)? The ultimate goal is to understand how these input-outcome relationships are mediated by the proposed neurophysiological cascade, thereby identifying the most potent combinations for driving the system toward metastability and quasicriticality. Then, studies can conduct baseline assessments of individual factors to identify which factors best predict responsiveness to ITMA-based interventions. This is key for developing personalized and adaptive protocols.

Phase 3—translational science and public health application: with a deeper understanding of mechanisms and personalization, the focus shifts to real-world application. Studies can implement heterogeneity-preserving pragmatic trials to test the effectiveness and sustainability of programs designed with ITMA principles in real-world settings, such as communities, schools, hospitals, or workplaces. Then, utilize data from N = 1 and pragmatic trials to inform agent-based simulation models (ABM) to predict the large-scale public health impacts of implementing ITMA-based programs. Finally, investigate how idiographic metrics (N = 1) can be integrated into large-scale public health monitoring systems, addressing the challenge of applying personalized insights at a population level.

ITMA, therefore, inaugurates a new paradigm where tradition and innovation meet, providing new criteria for designing interventions and new tools for their evaluation. It offers a powerful framework for instructors, researchers, health professionals and policymakers to align martial arts with the deeper goals of public health and sustainable human development. From this perspective, martial arts—when guided by scientific intentionality—become instruments of individual and collective transformation—capable of shaping healthier brains, strengthening communities, and contributing to a more abundant and prosperous future for all.
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Purpose: Martial arts activities can provide multiple benefits to adolescents. However, their educational effectiveness depends largely on teachers, who play a crucial role. From the perspective of Chinese teachers, this study explores teachers' choices and perceptions regarding the implementation of martial arts in primary and secondary schools.



Method: Data were collected through semi-structured interviews with 25 Chinese primary and secondary school teachers who had exposure to the School Martial Arts Project (SMAP). The materials were analyzed using Strauss and Corbin's procedural grounded theory approach.



Results: This study identified three themes: (a) Teacher evaluations: encompassing four aspects—difficulty, risks, effort-reward ratio, and value; (b) Constraints on teachers' implementation: including constraints from educational stakeholder groups and implementation conditions; (c) Teacher participation: manifesting in four participation modes: effective participation, implicit resistance, explicit opposition, and structural constraint.



Conclusion: When confronted with the SMAP that emphasizes combat skills and nurturing character, they first assess the project's implementation difficulty, teaching risks, effort-reward ratio, and the extent to which educational value is realized. Teachers' participation is further influenced by several factors, including their martial arts competence, available facilities, the curriculum system, and the attitudes of educational stakeholders. The combined effects of these factors lead to variations in teachers' participation attitudes and behaviours, ultimately forming four participation modes: effective participation, implicit resistance, explicit opposition, and structural constraint. Teacher participation is a key determinant of SMAP's successful implementation, and comprehensive institutional support (e.g., training and facility assurances) is essential for promoting effective teacher engagement.
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1 Introduction

Martial arts have been associated with a range of positive developmental outcomes among adolescents (1). Research consistently shows that martial arts training enhances physical competence—such as cardiovascular fitness and motor skill development—while also fostering psychological and socio-emotional growth, including gains in self-efficacy (2), emotional regulation (3), cooperative behaviour, and reductions in aggression (4, 5). Moreover, martial arts have been linked to improvements in cognitive functions, particularly executive functioning (6, 7), as well as modest gains in academic achievement (8). Recent systematic reviews further underscore the psychological and developmental benefits of martial arts for children and adolescents with disabilities, reporting improvements in mental health, executive functioning, and social inclusion (9, 10). Collectively, these findings support the feasibility and acceptability of integrating martial arts into school physical education curricula and broader educational settings (11). Nevertheless, some studies raise concerns about safety risks associated with martial arts, particularly the potential for such activities to increase aggressive behaviours among students. These concerns constitute a significant barrier to the wider adoption of martial arts programmes in school settings (12, 13).

Historically, martial arts were not developed as educational tools for children or formal school settings (14). Nevertheless, various martial arts—such as tai chi, taekwondo, fencing, and capoeira—have been successfully adapted for use in school contexts (15–18). To support the systematic integration of martial arts into physical education, scholars have proposed pedagogical frameworks focusing on content organization and instructional methods. For example, Espartero proposed categorizing martial arts into three types: grappling, striking, and weapon-based forms (19). Gomes and Rufino (20, 21) further classified martial arts according to interaction distance: short-distance (e.g., wrestling), medium-distance (e.g., boxing and kicking), long-distance (e.g., fencing), and mixed-distance (e.g., mixed martial arts). In the domain of pedagogy, Del Vecchio (22) proposed adapting Claude Bayer's “pendulum model” for introducing martial arts to children aged seven and above. This model outlines a three-stage progression: (1) play-based combat games for ages seven–ten; (2) emphasis on rules and movement patterns for ages 10–12; and (3) instruction in specific martial arts techniques for adolescents aged 13 and older. Breed and Rufino (19, 23) proposed a gamified instructional approach to martial arts teaching, integrating tactical models with principles of gamification.

Researchers have proposed various effective strategies for the successful implementation of martial arts in school settings, while also recognizing the critical role of teachers in facilitating martial arts education. Vertonghen found that adolescent participation in martial arts can yield contradictory outcomes, ranging from highly positive to highly negative. These effects are influenced by underlying conditions, with the teacher's preferred martial arts teaching approach being a core contextual factor (24). Kooi discovered that the balance of “strictness and empathy” in martial arts instructors is essential for fostering adolescent development: strictness helps adolescents build discipline and perseverance, while empathy enhances students' trust and sense of belonging, encouraging active engagement. This balance distinguishes martial arts instructors from other physical education teachers (25). Theeboom found that merely providing martial arts programmes for socially disadvantaged youth is insufficient to ensure positive outcomes; the teacher's fundamental qualities and instructional processes are critical (26).

A large body of literature has currently explored the positive effects of martial arts on promoting adolescent development. Given that teachers act as intermediaries in translating the educational potential of martial arts into classroom practice, understanding their perceptions and engagement is crucial for ensuring the effective and safe implementation of martial arts programmes. However, few studies have focused on teachers' perspectives; therefore, research on teachers' attitudes and perceptions regarding the implementation of this sport program in primary and secondary schools should be conducted. In China, the National School Martial Arts Alliance (NSMA) was established in 2013 to promote martial arts education in schools. It is administered by the Department of Physical Education, Health, and Art Education at the Ministry of Education and led by Shanghai University of Sport. The alliance introduced a reform philosophy for school-based martial arts, encompassing four core principles: “One School, One Martial Arts Style” (each school selects and promotes a distinct martial arts style according to its characteristics); “Integrating practice with instruction” (emphasizing the integration of foundational training with practical combat skills); “Integrating technique and philosophy” (integrating martial arts instruction with the values of traditional Chinese culture); and “Cultivating both virtue and skill” (enhancing students' technical proficiency while nurturing their moral character). This initiative is also known as the School Martial Arts Program (SMAP), guided by the teaching philosophy of “emphasizing combat skills and nurturing character”. Since the establishment of the NSMA in 2013, SMAP has evolved into a national curriculum reform initiative. Given its expanding implementation, there is an urgent need for empirical research on teachers' participation and their role in delivering the program effectively. The main research questions are: How do teachers view the integration of martial arts into school physical education curricula? What behaviours do they adopt in response to school martial arts programmes? The findings of this study can provide new insights for the promotion and improvement of martial arts in schools.



2 Materials and methods


2.1 Methods

This study employed a grounded theory approach, which is well-suited for constructing theories to explain specific processes or to abstractly generalize human behaviours (27). Among the main variants of grounded theory, we adopted Strauss and Corbin's procedural grounded theory (28, 29), which emphasizes change, conditions, processes, and actions, and elucidates phenomena through relational statements. Consequently, our paradigmatic stance shares significant common ground with the critical realism perspective advocated by Bhaskar, Maxwell, and Sayer (30–33). A key feature of critical realism is the integration of realist ontology with interpretive epistemology. This compatibility stems from critical realism's realist ontology—positing an objective reality shaped by underlying mechanisms and structures—aligning with procedural grounded theory's interpretive epistemology, which emphasises emergent understanding from data. This alignment supports the study's analytical goal of uncovering relational dynamics in teachers' participation in SMAP through the interplay of events, conditions, and outcomes. It is important to note the influence of our critical realist perspective on this study. In critical realism, explanations of events and their causal relationships do not rely on the regular succession or repetition of events, as in positivism, but rather on the interplay of mechanisms, structures, and conditions (33). Thus, critical realism provides a philosophical foundation for this grounded theory study, enabling theory construction through the conceptualization of events, mechanisms, structures, and their interrelationships.



2.2 Context and sample selection

This study recruited teachers from China, where efforts have been made to promote martial arts in primary and secondary schools. In 2013, under the leadership of the Department of Physical Education, Health, and Arts Education of the Ministry of Education, and with Shanghai University of Sport as the leading institution, the National School Sports Alliance (Chinese Martial Arts), also known as the National School Martial Arts Alliance, was established. The alliance proposed a reform concept for school martial arts encapsulated in the principle of “one school, one style; integrating practice with instruction; integrating technique and philosophy; cultivating both virtue and skill”. This concept emphasizes incorporating the combative (fighting) elements of traditional Chinese martial arts into teaching content to foster students' character development, referred to as the SMAP, which prioritizes “emphasizing combat skills to nurture character”. The alliance actively supports its member institutions across various provinces and cities in implementing SMAP, providing a rich source of participants for this study. The first author and corresponding author, affiliated with a member institution of the alliance, were well-positioned to conveniently and comprehensively collect teacher samples.

Teachers were invited to participate in this study via emails sent through the secretariat of the National School Martial Arts Alliance. In the first year, we selected five participants from a list of teachers who expressed interest in the email, based on the extent of their physical education teaching experience and the geographical distribution of their affiliated member institutions. This initial selection served two purposes: first, to conduct preliminary interviews to prepare for formal interviews, with data from these preliminary interviews excluded from the formal analysis; and second, to gain an in-depth understanding of their specific practices in SMAP and establish close collaboration with them. This consideration was critical, as the first year of the study required laying a solid foundation for subsequent work.

Following the principles of theoretical sampling in grounded theory, purposive sampling was employed instead of random sampling to select participants who could provide novel attributes or dimensions (e.g., “teachers with failed SMAP implementation experiences” or “teachers instructing both martial arts and other physical education subjects”). Participants were primarily recruited from regions with concentrated membership in the National School Martial Arts Alliance: Shandong, Zhejiang, Jiangsu provinces, and Shanghai municipality. Initially, 32 teachers were invited to participate, but seven declined (a 21.9% refusal rate), with no attrition after enrollment. Reasons for refusal included heavy teaching workloads limiting available time or concerns about disclosing sensitive pedagogical practices. Ultimately, 25 teachers constituted the final sample. Table 1 details participants' teaching experience duration, educational stages taught, and associated martial arts schools. Additional demographic characteristics include: 14 males (56%) and 11 females (44%); teaching levels spanning elementary schools (n = nine, 36%), junior high schools (n = eight, 32%), and senior high schools (n = eight, 32%).



TABLE 1 Basic information of interviewees.



	Interviewee
	Experience
	School location
	Purpose
	Martial arts style





	A1
	10
	Jiangsu
	Theoretical formulation
	Xingyi Quan



	A2
	5
	Jiangsu
	Theoretical formulation
	Taijiquan



	A3
	6
	Jiangsu
	Theoretical formulation
	Taijiquan



	A4
	10
	Jiangsu
	Theoretical formulation
	Bajiquan



	A5
	3
	Shandong
	Theoretical formulation
	Bajiquan



	A6
	6
	Shanghai
	Theoretical formulation
	Taijiquan



	A7
	7
	Zhejiang
	Theoretical formulation
	Xingyi Quan



	A8
	8
	Zhejiang
	Theoretical formulation
	Wushu Sanda



	A9
	8
	Zhejiang
	Theoretical formulation
	Taijiquan



	A10
	11
	Shandong
	Theoretical formulation
	Xingyi Quan



	A11
	10
	Jiangsu
	Theoretical formulation
	Bajiquan



	A12
	3
	Shandong
	Theoretical formulation
	Taijiquan



	A13
	3
	Shandong
	Theoretical formulation
	Tanglangquan



	A14
	5
	Shanghai
	Theoretical formulation
	Wushu Sanda



	A15
	17
	Shanghai
	Theoretical formulation
	Taijiquan



	A16
	9
	Jiangsu
	Theoretical formulation
	Taijiquan



	A17
	3
	Shandong
	Theoretical formulation
	Sanpu Longquan



	A18
	3
	Shandong
	Theoretical formulation
	Taijiquan



	A19
	6
	Shanghai
	Theoretical formulation
	Wushu Sanda



	A20
	8
	Shanghai
	Theoretical formulation
	Bajiquan



	A21
	5
	Jiangsu
	Theoretical formulation
	Xingyi Quan



	A22
	6
	Shandong
	Validation stage
	Wushu Sanda



	A23
	4
	Shandong
	Validation stage
	Sanpu Longquan



	A24
	5
	Shanghai
	Validation stage
	Wushu Sanda



	A25
	11
	Shanghai
	Validation stage
	Taijiquan









2.3 Data collection

Data were primarily collected through face-to-face or audio interviews guided by a semi-structured interview protocol. The interviews were conducted collaboratively by the first author and the corresponding author. The first author, a martial arts specialist with a master's degree and seven years of research experience in school physical education, had participated in three school martial arts education projects. The corresponding author, a professor in martial arts education with 20 years of research experience, had led two provincial-level school martial arts reform initiatives. Data collection settings were as follows: Face-to-face interviews were conducted in private meeting rooms or physical education offices at participants' workplaces to protect participant privacy, avoiding public areas or instructional settings. Audio interviews were administered via Tencent Meeting platform with pre-tested network stability to ensure data qualityThe interview protocol consisted of three core questions:


	a.How do you view the implementation of martial arts programmes in schools?

	b.If you were to implement a school martial arts program, what actions would you take?

	c.What factors would you consider when implementing martial arts teaching in schools, and what influences might affect this process?



The interview guide underwent pilot testing through trial interviews with five teachers not included in the final sample. Based on participant feedback, question phrasing was revised to enhance neutrality and clarity. For instance, the original question “Do you support SMAP?” was reformulated as “How do you perceive the implementation of SMAP?” to avoid leading language. Ambiguous terminology was systematically clarified through iterative refinements, ensuring both neutrality in question framing and readability for diverse educational contexts.
While the core questions of the interview guide remained consistent, researchers employed dynamic probing based on emerging concepts and categories derived from preliminary data analysis, as well as participants' responses. All audio recordings were transcribed verbatim and subjected to a participant validation process: de-identified transcripts (with anonymized identifiers including school names, teacher identities, and sensitive institutional details) were returned to corresponding participants within one week post-interview. Respondents were granted one week to review materials and propose modifications, though none requested textual revisions upon final verification. The study yielded 25 audio recordings with an average interview duration of 30.6 min, generating transcribed texts averaging 4,000 words per case (totaling 102,500 words). Qualitative data analysis was conducted using NVivo 12.0 Plus, with iterative coding procedures informing theoretical saturation and guiding subsequent sampling strategies.



2.4 Trustworthiness

The study employed a process of group-based analysis, validation with additional interview samples, and subsequent verification. First, the research team, consisting of four members, was divided into two groups to independently analyze the data. After completing their analyses, the groups conducted a unified comparison and made necessary adjustments. Second, following the initial theory generation, an additional sample of four teachers was collected to test the theory. The concepts and categories derived from this additional sample were effectively integrated into the previously constructed theory. Subsequently, the generated theory and related materials were shared with the interviewed teachers for feedback, and they expressed agreement with the proposed theory. This process ensured that the data did not fall into a state of “false saturation” (34).



2.5 Reflexive statement of researchers

In accordance with the requirements of reflexivity in qualitative research (35, 36), this study must clarify the researchers' positionality, potential assumptions, and their impacts on the research process to enhance transparency and the credibility of results:

Researchers'Background and Positionality:The first author and corresponding author are both affiliated with member institutions of the National School Martial Arts Alliance, with long-term engagement in research on school physical education and martial arts education, as well as participation in the local promotion of SMAP. This background offers advantages: it enables quick comprehension of the teaching context in teacher interviews (e.g., “difficulties in combat skills teaching”, “conflicts between administrative requirements and teaching practice”) and reduces communication barriers. However, there is a potential risk of a preliminary assumption of “tendency to approve of SMAP's value”. To balance this tendency, the research team conducted pre-interview calibration before formal interviews—conducting pilot interviews with 5 non-sample teachers to verify the neutrality of the interview outline—and adopted cross-validation during the data analysis phase.

Composition of the Research Team and Bias Control:The research team consists of six members, including two physical education researchers (focusing on theoretical analysis), two frontline coordinators of SMAP (focusing on interpretation of practical contexts), and two experts in qualitative research methods (focusing on control of analytical logic). During the coding stage, the team was divided into two groups for independent analysis; differences were then resolved through group discussions to avoid biases caused by a single perspective. Reflections on Data Collection and Analysis:During interviews, researchers avoided leading questions such as “Do you support SMAP?” and instead used open-ended questions like “What is your view on the implementation of SMAP?” When transcribing texts, “negative feedback mentioned by teachers” (e.g., “SMAP increases teaching burden”) was fully retained and not omitted for being “inconsistent with presuppositions”. During the theoretical saturation test stage, teachers who “hold negative attitudes toward SMAP” were proactively selected as supplementary samples to ensure the theory covers different perspectives.



2.6 Ethical considerations and procedural details

This study strictly adhered to the Ethical Review Procedures for Biomedical Research Involving Human Subjects. All procedures received ethical approval from the Academic Ethics and Morality Committee of Shanghai Normal University (Approval No.: 2025108; Approval Date: August 15, 2023; Approval Location: No. 500 Qinzhou South Road, Xuhui District, Shanghai).Specific ethical protocols included:Informed Consent:A written Informed Consent Form was provided to each participant prior to interviews, detailing the study's purpose, content, data usage (strictly for academic research with anonymized processing), and participation rights (voluntary withdrawal without negative consequences). Interviews commenced only after voluntary signature by teachers. Privacy Protection:Interview audio recordings were securely stored by core research team members only. Transcribed texts removed identifiable information (e.g., school names, teacher identities, contact details) and used anonymized codes (“A1, A2”) for participant identification. Result Feedback:When sharing findings with participants, individual perspectives were aggregated to ensure non-disclosure of other teachers' perceptions, maintaining strict confidentiality of personal data.




3 Results


3.1 Open coding

Open coding yielded eight main categories (see Table 2). Based on thematic relevance, these eight categories coalesce into three overarching dimensions. The first is the Teacher Evaluation dimension—encompassing difficulty evaluation, risk evaluation, value evaluation, and cost-benefit evaluation—which reflects teachers’ initial assessments of the feasibility of SMAP implementation. The second is the Teacher Implementation Constraints dimension, comprising constraints related to educational stakeholders and implementation conditions. This dimension captures the external and internal barriers that influence teachers' participation in SMAP. The third is the Teacher Participation dimension, consisting of attitudinal support and behavioural participation. This dimension represents the outcome of the interplay between the first two dimensions—teachers’ evaluations and perceived constraints—in shaping their engagement with SMAP.



TABLE 2 Conceptualization and categorization of open coding.



	Category
	Subcategory
	Initial concept





	C1 Difficulty evaluation
	B1 Preparation Difficulty Estimation
	Aa1 Difficulty in designing teaching plans, Aa2 Difficulty in conducting martial arts teaching



	B2 Consideration of Teaching Difficulty
	Aa3 Difficulty in Considering Safe Teaching, Aa4Difficulty in Considering Effective Teaching



	C2 Risk Evaluation
	B3 Prediction of Teaching Risks
	Aa5 Teaching risk of competitive practice, Aa6 Classroom management risk



	B4 Avoidance of Teaching Risks
	Aa7 Reducing teaching risks through hardware Aa8Rational Org. for Teaching Risk Red.



	C3 Value Evaluation
	B5 Evaluation of Positive Value
	Aa9: Character Cultivation; Aa10: Self-Defense; Aa11: National Cultural Identity



	B6 Evaluation of Negative Value
	Aa12: Student Injuries; Aa13: Aggressive Behavior; Aa14: Campus Violence Incidents



	C4 Cost-Benefit Prediction
	B7 Input Prediction
	Aa15 Adaptation to martial arts teaching concepts, Aa16 Participation in training and teaching research, Aa17 Reconstruction of teaching content



	B8 Benefit Prediction
	Aa18 Performance benefits, Aa19 Professional title promotion benefits, Aa20 Reputational benefits



	C5 Constraints from Educational Stakeholders
	B9 Student Responses
	Aa21 Feedback on martial arts routine learning, Aa22 Expectation for martial arts combat skills



	B10 Parents’ Perspectives
	Aa23 Parents’ cognition of martial arts safety, Aa24 Parents’ cognition of martial arts value



	B11 School Leaders’ Requirements
	Aa25 Administrators’ decision - making power, Aa26 Safety requirements for martial arts combat skills, Aa27 Administrators’ cognition of martial arts combat skills value



	C6 Constraints on Implementation Conditions
	B12 Limitations on Combat Skills
	Aa28: Insufficient Martial arts Combat Skills; Aa29: Insufficient Martial arts Teaching Skills



	B13 Limitations on martial arts Teaching System
	Aa30: Lack of Teaching Methods; Aa31: Lack of Knowledge on Teaching Objectives; Aa32: Lack of Knowledge on Teaching Content; Aa33: Lack of Knowledge on Teaching Evaluation



	B14 Limitations on Hardware Facilities
	Aa34 Venue limitations, Aa35 Equipment limitations



	B15 Lack of In - service Training
	Aa36 Lack of training on martial arts teaching ability, Aa37 Lack of special training on martial arts teaching skills



	B16 Lack of Teaching Seminars
	Aa38: Lack of Study on Martial arts Teaching Methods; Aa39: Lack of Study on Martial arts Teaching



	B17 Lack of Competition System
	Aa40 Lack of martial arts combat competition system



	C7 Attitudinal Support
	B18 Attitudinal Support
	Aa41 Psychological recognition, Aa42 Emotional support



	B19 Attitudinal Non-Support
	Aa43: Psychological Disidentification; Aa44: Emotional Non-Support



	C8 behavioural Participation
	B20 Behavioural Participation
	Aa45: Teaching behavioural Participation; Aa46: Non-Teaching behavioural Participation



	B21 Behavioural Non-Participation
	Aa47: Teaching behavioural Non-Participation; Aa48: Non-Teaching behavioural Non-Participation









3.2 Axial coding

Building on the eight initial categories identified through open coding, axial coding was employed to examine their interrelationships and integrate the fragmented concepts into a more coherent analytical framework. Specifically, difficulty evaluation, risk evaluation, value evaluation, and cost-benefit evaluation were grouped under the Teacher Evaluation dimension. Constraints related to educational stakeholders and implementation conditions were subsumed within the Teacher Implementation Constraints dimension. Attitudinal support and behavioural participation were integrated into the Teacher Participation dimension. These groupings are summarized in Table 3. Guided by Strauss and Corbin's paradigm model—structured around the core elements of causal conditions, context, intervening conditions, central phenomenon, actions, and outcomes—a relational analysis was conducted to identify linkages among the three dimensions and integrate the preliminary coding framework into a coherent theoretical system. The resulting theoretical model is illustrated in Figure 1.



TABLE 3 Main axis coding table.



	Axial coding category
	Open coding category
	Category connotation





	D1 Teacher Evaluation
	C1 Difficulty Evaluation
	Teachers assess the overall difficulty of implementing martial arts teaching concepts.



	C2 Risk Evaluation
	Teachers assess the teaching risks of carrying out martial arts teaching.



	C3 Value Evaluation
	Teachers assess how confident they are in achieving the martial arts education goals of “inheriting culture and cultivating morality” through martial arts teaching.



	C4 Cost - Benefit Evaluation
	When teachers participate in SMAP, they measure the costs they need to pay and the possible benefits they can get.



	D2 Constraints on Teacher Implementation
	C5 Constraints from Education - related Systems
	The perceptions of school leaders, parents, and students on teachers’ participation in SMAP that “emphasize combat and cultivate character” restrict teachers’ participation behavior.



	C6 Constraints from Implementation Conditions
	The necessary conditions such as teaching ability, teaching system, hardware, and in - service training required to implement the concept of SMAP restrict teachers’ participation behavior.



	D3 Teacher Participation
	C7 Attitudinal Support
	The attitude held by teachers towards the SMAP they participate in.



	C8 Behavioural Participation
	The actual behavior of teachers participating in school martial arts teaching projects.








[image: Flowchart illustrating the process of teacher participation in a martial arts program, showing contextual factors, intervening constraints, teacher actions, and the resulting degree of effective participation in SMAP.]
FIGURE 1
Paradigm model of teacher participation in the implementation of SMAP. Causal conditions correspond to teachers multi-dimensional evaluation of SMAP, Central Phenomenon refers to the participation decision-making dilemma faced by teachers, context is the conceptual requirement of SMAP, i.e., cultivating character through combat skills, intervening conditions are various constraints during teachers implementation process, actions are teachers’ specific participation behaviours, and outcomes are differentiated participation modes. This model clearly organizes the connection paths of each core category, providing structural support for the transition of grounded theory from “category division” to “systematic integration” and making the subsequent construction of the theoretical framework more logical.




3.3 Selective coding

The core category was identified through the construction of an emergent narrative that integrated key participant experiences and conceptual linkages across the data. The SMAP, guided by the principle of “emphasizing combat skills and nurturing character”, requires teachers to design safe instructional plans and employ pedagogical approaches that integrate character development into martial arts instruction. The introduction of this new program has disrupted teachers' established physical education teaching practices. Shaped by the interplay of teachers' evaluative judgments, contextual implementation conditions, and pressures from educational stakeholders, teachers have developed diverse attitudes and behavioural responses toward SMAP. Based on the criteria of centrality, frequency, and explanatory power, Teacher Participation was established as the core category. Centrality: Teacher Participation emerges as the outcome of Teacher Evaluation and is shaped by Teacher Implementation Constraints. It functions as the central nexus linking these dimensions and is pivotal to explaining the mechanisms through which teachers engage with or resist SMAP implementation. Frequency: References to Teacher Participation—including expressions such as “willingness to participate”, “participatory behaviour”, and “concerns about participation”—recurred consistently across all 25 interview transcripts, appearing with greater frequency than any other category. Explanatory Power: Teacher Participation integrates the dynamic interplay between Evaluation and Constraints, enables the classification of distinct participation patterns (e.g., active engagement, reluctant compliance, or non-adoption), and comprehensively accounts for the range of teacher behaviours observed during SMAP implementation.

Based on the varying degrees of teachers’ attitude support and behavioural engagement, different types of teacher participation emerged: (1) When both attitude support and behavioural engagement are high, teachers exhibit the highest level of assessment of the program's concept and face the lowest level of external constraints, resulting in the highest degree of effective participation and the greatest likelihood of implementing the “emphasizing combat skills to nurture character” concept. (2) When behavioural engagement is high but attitude support is low, teachers’ assessment of the program is low, indicating a lack of internal endorsement of the martial arts teaching concept; however, external pressures—particularly administrative mandates from school leadership—compel them to participate. (3) When both attitude support and behavioural engagement are low, teachers have a low assessment level and face significant external constraints, leading them to resist participation in SMAP both attitudinally and behaviourally. (4) When attitude support is high but behavioural engagement is low, teachers have a relatively high assessment level and endorse SMAP, but external conditions and pressures from stakeholder groups prevent them from implementing the corresponding teaching activities, resulting in an inability to participate in the reform. See Figure 2.


[image: Graphic showing a two-axis matrix with “Degree of Behavioral Participation” on the vertical axis and “Degree of Attitudinal Support” on the horizontal axis. Four quadrants label modes: Mode 1, strong attitudinal support and high behavioral participation; Mode 2, weak attitudinal support but high behavioral participation; Mode 3, weak attitudinal support and low behavioral participation; Mode 4, strong attitudinal support but low behavioral participation. A dotted diagonal line represents degree of effective participation.]
FIGURE 2
Core category analysis of teachers’ participation in SMAP. This figure classifies teachers’ participation into four modes via the intersection of Degree of Attitudinal Support (horizontal axis) and Degree of behavioural Participation (vertical axis). It visually illustrates the interactive relationship between teachers’ attitudes and behaviours under the core category of “teacher participation”, translating prior categories (such as teacher evaluation and implementation constraints) into differentiated manifestations of attitudes and behaviours. In doing so, it provides an intuitive framework for subsequently refining the causal mechanism of “evaluation-constraints → attitudes-behaviours’ in grounded theory, advancing the theory from category correlation toward mechanism interpretation.




3.4 Theoretical framework for teacher participation in the school martial arts program

The theoretical logic of teachers' participation in SMAP is as follows: Teacher Evaluation and implementation constraints jointly shape teachers' engagement, giving rise to four distinct participation patterns. effective participation: Teachers have a positive evaluation of SMAP, including low implementation difficulty, low teaching risk, high educational value and high cost-benefit ratio, and face weak Implementation Constraints, such as sufficient martial arts teaching ability, complete hardware facilities and support from students, parents and administrators; implicit resistance: Teachers have a negative evaluation of SMAP, including high safety risks and low value recognition, but are forced to participate due to strong implementation constraints, such as administrative requirements from school administrators; explicit opposition: Teachers have a negative evaluation of SMAP, including high time and energy input and low benefits, and face strong implementation constraints, such as no specialized training and insufficient teaching ability, thus actively refusing to participate;structural constraint: Teachers have a positive evaluation of SMAP, including recognition of the value of “nurturing character through combat skills” and low risk perception, but face strong implementation constraints, such as lack of protective gear or venues and no access to ability training, thus being unable to participate. Patterns 2, 3, and 4 hinder SMAP implementation and contribute to teacher resistance, making teacher participation the key determinant of resistance generation. Combined with insights from memo writing and selective coding, the following theoretical model was developed, as shown in Figure 3.


[image: Flowchart showing teacher assessment leading to constraints on implementation and education-related groups, then to teacher participation which branches into four participation modes; only Mode 1 leads to effective participation, others are ineffective.]
FIGURE 3
Teachers’ participation model in SMAP. Figure 3 presents the generation logic of teachers’ participation models in SMAP: Starting from “Teacher Evaluation”, it forms “Teacher Participation” through the dual effects of “Degree of Constraints on Implementation Conditions” and “Intensity of Constraints from Education-Related Groups”, then refines into four modes, and finally categorizes them into two types: “Effective Participation” and “Ineffective Participation”. This logic concretizes the “evaluation-constraints-participation” relationship in grounded theory into mode classification and result induction, providing a clear framework for theoretical saturation verification and promoting the theory from the stage of category integration to result verification.





4 Analysis and discussion


4.1 Analysis of the core category “teacher participation”

As the core category, teacher participation serves as the ultimate expression of teachers' attitudes toward the integration of martial arts into school physical education curricula and their behaviours regarding the School Martial Arts Program (SMAP). When confronted with SMAP, which is guided by the concept of “emphasizing combat skills and nurturing character”, teachers do not accept or reject it outright; instead, they form their final participation behaviours through the dynamic interaction between Teacher Evaluation and Implementation Constraints. This process not only reflects teachers' rational decision-making but also embodies the interaction between individuals and their environment in educational reform—consistent with Ajzen's Theory of Planned Behavior, which posits that behaviours not entirely under personal control are influenced by both individual attitudes and perceived behavioural control arising from practical conditions (37). From the perspective of Priestley et al.'s ecological model of teacher agency, teachers are not passive recipients of reform; rather, they are active agents who construct their participation pathways through the interplay between structure (e.g., SMAP policies, hardware facilities, administrative mandates) and agency (e.g., evaluative judgments, responses to constraints) (38). Fullan's theory of educational reform implementation further emphasizes that curriculum reform is a complex, adaptive process shaped by the interplay of reform demands, teachers' professional alignment, and environmental support (39). The dynamic adjustment of teachers' participation behaviours in SMAP reflects this complexity, accounting for the observed variations in how teachers engage with the program. These results align with prior literature on teacher agency and educational reform.

Building on the theoretical foundations of teacher participation in SMAP outlined above, the next section analyses the limitations of existing studies in this field. Existing studies have limitations in two aspects. First, they tend to focus on single influencing factors. For example, the lack of martial arts training in Physical Education Teacher Education (PETE) programmes leaves teachers without the ability to teach martial arts (40, 41); Tabet found that popular culture tends to make teachers worry about the association between martial arts and violence (42). However, these studies fail to attend to the comprehensive judgment made by teachers as active agents. Second, most studies present influencing factors from a cross-sectional perspective—for instance, the psychological concerns identified by Van (43) and the time and funding constraints highlighted by Brownell (44) —without dynamically analyzing the participation mechanism and process from teachers' own perspectives. Based on grounded theory, this study reveals that teachers' four-dimensional evaluation framework of “difficulty-risk-value-cost-benefit” breaks through the focus on static factors in the Theory of Planned Behavior and aligns with the dynamic logic of “iteration-projection-practical evaluation” in Priestley et al.'s theory of teacher agency (38). For instance, when facing SMAP, some teachers evaluate its feasibility based on “past martial arts teaching experience” (iteration dimension), plan programmes by considering “student safety and hardware conditions” (practical evaluation dimension), and move closer to the goal of “emphasizing combat skills and nurturing character” (projection dimension) by simplifying confrontational movements—this reflects the adaptive adjustment of agency under structural constraint. This also echoes Lasky's theory of teacher agency, which points out that teachers respond to policies through “interpretation-negotiation-reconstruction”. For example, “implicit resistance” is essentially a combination of strategies including “interpreting high risks in confrontational teaching, negotiating superficial compliance, and reconstructing by abandoning confrontational sessions”, highlighting the mediating role of teacher agency (45).

By examining the interplay between the three core themes, the findings clarify that teacher participation is the joint outcome of “evaluation laying the foundation for attitudes and constraints defining the boundaries of behaviours”:When the evaluation leans toward “high value + low constraints” (e.g., perceiving SMAP as easy to teach and safe) and the constraints are weak (e.g., schools providing training), “effective participation” is likely to occur; When the evaluation emphasizes “high risk + low benefit” (e.g., teachers worrying about “the risk of injuries due to lack of venues”) and the constraints are strong (e.g., no hardware support), “implicit resistance”, “explicit opposition”, or “structural constraint” tend to emerge. This finding not only echoes all dimensions of the Theory of Planned Behavior but also explains the variation in participation behaviours under similar constraint conditions within the framework of teacher agency: teachers” agentic interpretation of and response to constraints directly influence the nature and outcome of their participation.

With the criterion of whether the concept of “emphasizing combat skills and nurturing character” can be implemented, Teacher Participation Modes 2, 3, and 4 are identified as forms of teacher resistance in SMAP, with details as follows. Mode 2: implicit resistance (High behavioural Participation, Weak Attitudinal Support)Due to concerns about student injuries, teachers select martial arts routines as instructional content and adopt the “movement demonstration and imitation” method—similar to the “educational sporting teaching approach” proposed by Theeboom and Vertonghen (41, 46). However, they omit sessions related to practical application and offensive-defensive confrontation (e.g., Teacher A18 stated, “Let students imitate movements and avoid confrontation”). This practice is inconsistent with the requirements of the “Efficiency Approach” or the combination of the two approaches preferred by the National School Martial Arts Alliance, representing a form of implicit resistance characterized by outward compliance and inward opposition. Theoretically, this phenomenon results from weak perceived behavioural control (safety concerns) and strong subjective normative pressure (administrative requirements) within the Theory of Planned Behavior. It also aligns with Fullan's notion of “symbolic implementation-type resistance”, reflecting that the absence of safety standard policies in SMAP leads teachers to orient their agency toward an “avoidance-oriented” approach (47). Mode 3: explicit opposition (Low Levels of Both Attitudinal Support and behavioural Participation)Teachers explicitly disagree with the SMAP philosophy and refuse to participate (e.g., Teacher A12 stated, “I do not agree with this philosophy and refuse to participate”). This reflects not only “negative attitudes” in the Theory of Planned Behavior but also corresponds to Fullan's concept of inertia-related resistance (47). Teachers have long been accustomed to traditional routine-based teaching; the combat-focused instruction required by SMAP demands the reconstruction of lesson plans and participation in training. The high cost of this reform exceeds their willingness to invest agency. Priestley et al. also pointed out that when reform requirements significantly narrow the projection space (e.g., requiring a complete shift from long-standing teaching habits), explicit opposition is likely to occur (38). Mode 4: structural constraint (High Attitudinal Support, Low behavioural Participation)Teachers recognize the value of SMAP but are unable to participate due to objective constraints (e.g., Teacher A19 acknowledged the program's value but could not teach it due to lack of training).Theoretically, this is a typical manifestation of “lack of perceived behavioural control” in the Theory of Planned Behavior. From Priestley et al.'s structural-agency perspective (38), although teachers possess value-driven agency (recognizing SMAP's value), they are constrained by structural barriers such as lack of training and insufficient hardware. As a result, their agency fails to translate into actual participation, highlighting deficiencies in supporting policies and insufficient structural support during the promotion of SMAP. From Fullan's (2016) perspective, this corresponds to what he describes as technical resistance. Bridwell-Mitchell also emphasized that training and hardware support are prerequisites for translating policy intentions into practice (48). Having clarified the central role of teacher participation in SMAP success, the next section shifts focus to the cognitive precursor of this participation—Teacher Evaluation—analyzing how teachers' assessments of difficulty, risk, value, and cost-benefit shape their engagement.



4.2 Analysis of teacher evaluation

Teacher Evaluation refers to the overall judgment made by teachers participating in martial arts teaching reform regarding the implementation of martial arts combat-oriented teaching, and it serves as a response to the question of how teachers view the integration of martial arts into school physical education curricula. By evaluating the difficulty, risk, value, and cost-benefit of SMAP, teachers form a basic assessment of whether martial arts are suitable for integration into the curriculum, thereby providing a cognitive foundation for determining what kind of response behaviours to adopt. This process not only aligns with the Theory of Planned Behavior's assertion that “behavioural attitudes are shaped by cognitive evaluation” (37), but also reflects the active cognitive construction of educational reform by teachers as agentic subjects (38). In difficulty evaluation, teachers focus on the adaptability of implementation conditions. A core finding is that teachers frequently mention the lack of professional martial arts training and insufficient hardware facilities as factors that increase the difficulty of SMAP implementation. When teachers perceive a mismatch between existing conditions and SMAP requirements, their acceptance of “integrating martial arts into the curriculum” decreases significantly. Theoretically, this represents a concrete manifestation of perceived behavioural control in the Theory of Planned Behavior—specifically, teachers' judgment of their ability to manage and execute the SMAP implementation process. It provides localized empirical support for understanding how condition adaptability shapes teachers' attitudes in physical education curriculum reform. In risk evaluation, teachers emphasize potential safety hazards and associated teaching responsibilities. Many express concern that SMAP's focus on combat skills may increase the likelihood of student injuries, thereby exposing teachers to greater professional liability. This reveals that teachers' concerns center on the trade-off between implementing the reform's pedagogical philosophy and fulfilling their duty of care. It further explains why some teachers adopt a wait-and-see attitude toward integrating martial arts into the curriculum. From a policy perspective, this underscores the urgency of teacher professional development and institutional support. Relevant authorities should establish specialized safety teaching standards for SMAP—such as simplifying combat movements and mandating protective equipment—while offering targeted training in safe martial arts instruction. These measures would support teachers' professional growth, reduce perceived risks, and lay a foundational basis for SMAP implementation in schools. In value evaluation, teachers assess the realization of educational value. While they acknowledge the core value of “emphasizing combat skills and nurturing character”, they remain skeptical about its practical translation. Specifically, teachers perceive character development as a long-term process, and believe that 1–2 semesters of martial arts instruction are insufficient to ensure measurable outcomes. Moreover, there is a cognitive gap in defining the core content of martial arts philosophy and identifying effective pathways to integrate it with combat teaching (5). Teachers also question whether martial arts instruction can be adapted to meet the needs of special student groups, such as those with disabilities or autism, thus raising concerns about inclusive educational effectiveness. Notably, Ciaccioni's intergenerational judo study has highlighted the lifelong educational value of martial arts (49), yet teachers' evaluations remain constrained to short-term instructional outcomes. They often fail to consider the broader, long-term contributions of martial arts to intergenerational connection, the cultivation of healthy exercise habits, and lifelong physical activity engagement. This limitation suggests that teachers' value evaluation should expand beyond immediate teaching effects to encompass the philosophical depth of martial arts, inclusivity across diverse student populations, and lifelong developmental impacts. To facilitate this shift, educational institutions should invite martial arts education experts to lead specialized teaching and research activities, support teachers in collaboratively developing “combat + philosophy” curricula tailored to different school levels, and collaborate with special education specialists and martial arts coaches to design adaptive martial arts programmes for special needs students—thereby deepening teachers' understanding of SMAP's full educational potential. In cost-benefit evaluation, teachers weigh the investment of time and effort against potential returns. Some teachers note that participation in SMAP requires additional time and energy for lesson preparation and training, yet there are no corresponding incentives—such as advantages in professional title evaluation or performance recognition. This helps explain why certain teachers, despite recognizing SMAP's value, remain unwilling to engage proactively: an imbalance between costs and benefits undermines their motivation. From a policy standpoint, this calls for schools and educational authorities to establish incentive mechanisms—for instance, incorporating SMAP teaching into performance evaluations or allocating dedicated teaching and research funding. At the same time, reducing teachers’ workload through collective lesson planning and shared teaching resources represents a critical institutional support strategy to enhance proactive teacher participation in SMAP.



4.3 Analysis of constraints on teachers' implementation

Teacher Implementation Constraints refer to the behavioural restrictions imposed by external conditions and relevant groups on teachers' participation in SMAP—guided by the concept of “emphasizing combat skills and nurturing character”. This construct responds directly to the study's research question—"what response behaviours teachers adopt toward SMAP"—by delineating how such constraints limit teachers' behavioural space, prevent the translation of behavioural intentions into actual participation, and constitute a key structural barrier in the promotion of SMAP. Teacher Implementation Constraints are categorized into two dimensions: implementation condition constraints and educational stakeholder constraints. Implementation condition constraints center on the combined effect of insufficient material conditions and lack of institutional support in limiting teacher participation. Teachers' competence in martial arts combat teaching is foundational for engaging with SMAP. A safe and standardized teaching system enhances the organization and delivery of instructional content. For example, Antunes’ framework, which classifies martial arts movements into “unarmed movements” and “weapon-based movements” based on shared characteristics, offers teachers a structured reference for curriculum organization (50). Comprehensive hardware facilities—such as protective gear and dedicated training venues—can also mitigate the risk of injuries during instruction (51). However, most teachers report a lack of these essential conditions, rendering them unable to implement SMAP even when they recognize its value. From policy and teacher professional development perspectives, progress requires intervention in two areas: First, strengthening teacher competence development—by integrating martial arts combat content into pre-service physical education teacher training curricula and establishing a SMAP-specific in-service training system; second, enhancing institutional support—through the allocation of special funds to upgrade hardware (e.g., protective equipment, dedicated venues) and the standardization of teaching content frameworks to provide teachers with clear instructional guidance. Institutional constraints further compound these participation barriers. Currently, there is a lack of established in-service training programmes and teaching seminars to support SMAP implementation, making it difficult for teachers to acquire the subject-specific content knowledge and practical skills required for martial arts instruction (52). At the same time, the absence of regional martial arts competitions or leagues focused on combat skills for ordinary students (53) deprives SMAP of platforms for demonstrating outcomes. Without visible results or performance channels, school leaders are less likely to perceive the program's value, which in turn reduces their willingness to allocate resources and support. This indicates that, at the policy level, it is necessary to establish a regular system of teaching and research training for SMAP, and simultaneously promote the development of a regional student martial arts competition system. By creating a platform for the transformation and visibility of project outcomes, the perceived value of SMAP can be enhanced among school administrators, thereby increasing institutional support and enabling more sustainable program implementation.

In terms of constraints from educational stakeholder groups, the attitudes of school leaders, parents, and students directly affect teachers' actual participation behaviours in SMAP, and “ensuring student safety” is a shared view among the three groups (e.g., as mentioned by Teacher A2, “The implementation of martial arts combat teaching must ensure student safety; otherwise, no one would agree”). Specifically: School leaders focus on whether SMAP can highlight the school's distinctive martial arts education features and additional value, but they worry about teachers' martial arts professional qualifications and the potential for combat sports to trigger aggressive behaviours among students (54); moreover, under China's hierarchical school management system, their attitudes directly determine whether teachers can obtain the authority to implement SMAP. Parents care about whether SMAP can bring developmental value to their children, such as expending excess energy to improve learning focus, learning self-defense skills to deal with emergencies, and cultivating positive character traits (55); students, on the other hand, are more concerned about whether the martial arts taught by teachers possess combat applicability, as they are reluctant to engage in simple and tedious martial arts routine content. In response to this, policy and institutional support need to take targeted measures: incorporate SMAP into the school's characteristic curriculum planning to gain school leaders' support, organize parent lectures to explain SMAP's safety standards and educational value to alleviate parents' concerns, and optimize the design of teaching content (integrating practical combat elements) to align with students' interests, thereby creating a favorable external environment for teachers' participation in SMAP.




5 Conclusions and future directions


5.1 Conclusions

The core theoretical contribution of this study lies in clarifying that teacher participation is the decisive factor for the successful implementation of the School Martial Arts Program (SMAP). Specifically, when confronted with the SMAP philosophy of “emphasizing combat skills and nurturing character”, teachers do not directly accept or reject it outright; instead, they form differentiated participation modes through the dynamic interaction of “four-dimensional evaluation (difficulty-risk-value-cost-benefit)” and “dual constraints (educational stakeholders-implementation conditions)”. Among these modes, teacher resistance—comprising implicit resistance, explicit opposition, and structural constraint—acts as a barrier that hinders the realization of SMAP's educational value. Secondary insights of this study include: first, teachers' evaluation of SMAP exhibits a “short-term effect orientation”, meaning they tend to overlook the lifelong value of martial arts; second, among implementation constraints, “insufficient teaching competence and hardware facilities” and “lack of specialized training” emerge as the most prominent bottlenecks.

Based on the aforementioned findings, the practical implications for the promotion of SMAP are as follows: At the policy level, it is necessary to establish a SMAP-specific incentive mechanism (e.g., incorporating martial arts teaching into teacher performance evaluation, allocating special funds for teaching and research), formulate safety operation standards for combat teaching (e.g., simplifying confrontational movements, equipping protective gear), and improve the regional student martial arts competition system (e.g., combat-oriented competitions). The demonstration of program outcomes can enhance school leaders' willingness to support SMAP. At the teacher education level, pre-service physical education teacher training should integrate martial arts combat teaching content; for in-service teachers, it is essential to establish a SMAP-specific training and teaching research system (e.g., collective lesson preparation, sharing of “combat + philosophy” lesson plans) to address the shortage of teachers' martial arts teaching competence. At the curriculum reform level, there is a need to develop integrated courses of “combat skills + traditional culture” by school stage, and to collaborate with special education experts and martial arts coaches to design adaptive courses for students with disabilities (e.g., VR-assisted martial arts teaching), so as to respond to the demand for educational inclusiveness.



5.2 Future directions

First, focus on diversity and inclusivity: Explore the collaborative teaching mechanism of martial arts between martial arts teachers and adapted physical education teachers (e.g., adaptive movement design, hierarchical protection plans); analyze how SMAP connects the primary to senior high school stages, construct an intergenerational martial arts education pathway through the linkage of “school-family-community” (e.g., parent-child martial arts courses), and examine the sustained value of martial arts across cross-age groups. Second, improve research methods: Conduct quantitative research (e.g., a nationwide questionnaire survey targeting physical education teachers in primary and secondary schools) to investigate the distribution characteristics of the four participation modes and their influencing factors (e.g., the impact of teaching seniority and martial arts background on participation attitudes); alternatively, carry out cross-cultural comparisons (e.g., comparing teacher participation differences in China, South Korea, and Japan regarding school taekwondo and karate programmes) to validate the generalizability of the grounded theory model proposed in this study. Third, expand research dimensions: Introduce contextual variables such as policy implementation levels (national, local, school) and school types (public, private) to further enrich the framework of factors influencing teacher participation.



5.3 Research limitations

Singularity of Research Methods: The study lacks quantitative research support, making it difficult to quantify the relative impact of different constraining factors—such as insufficient hardware facilities and parents' attitudes—on teachers' participation in SMAP. Incomplete Variable Coverage: Furthermore, “local differences” in policy implementation—such as variations in the level of support for SMAP from regional education authorities and discrepancies in the details of policy execution—have not been fully incorporated into the analysis, resulting in a less comprehensive understanding of the full range of factors constraining teacher participation.
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