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Could gaming enhance brain plasticity and executive functions (EFs) by fostering creativity? We identify vital benefits from further research exploring the relationship between games, brain plasticity, and creativity. The ongoing progress in neuroscience research in these three disciplines offers many possibilities and prospects for impactful therapy. Therefore, we emphasize the significance of investigating the untapped potentials of using games in creative therapy—our perspective on the often-overlooked neuroscientific aspect of creativity concerning health and wellbeing. One of these potentials is examining games as a therapeutic tool, focusing on their capacity to inspire and engage the imagination and other mental operators shared with creativity. Using a game as a therapeutic approach may boost brain plasticity, which may help them reduce their cognitive impairments by improving their EFs. This review offers a comprehensive outline of the latest advancements in the literature on games that tie to creativity through enhancing brain plasticity and EFs. Communicating this knowledge can furnish countless possibilities to improve our overall health and wellbeing and foster a positive perspective in individuals affected by anxiety.
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Introduction

In 2019, WHO reviewed more than 900 studies on the impact of the arts on health and wellbeing, all demonstrating positive outcomes (Behavioural and Cultural Insights [BIF], 2019). Accordingly, it is imperative to call for direction toward effective creative therapy. Therefore, it is imperative to advocate for the greater use of creative therapy that considers the brain’s functions and process-based approaches. According to Polner et al. (2015), Guseva (2019), and Khalil and Demarin (2023), the brain’s extraordinary ability to adapt and change serves as an example of the promise of creative therapy in the arts. After thoroughly evaluating numerous theories on the conceptualization of creativity, games, and brain plasticity, we briefly present our perspective in this review and highlight how integrating disciplines could benefit effective therapy.

The multidimensional nature of creativity makes it challenging to define; it encompasses music, literature, art, movement, science, etc., which interact and interdepend, emphasizing the diverse perspectives involved (Abraham, 2013, 2018; Khalil et al., 2019; Khalil and Moustafa, 2022; Khalil and Demarin, 2023). In contemporary times, there has been a shift in the physiological approach toward comprehending creativity, with a focus on delineating its mechanisms within the framework of brain networks (Jung et al., 2013; Abraham, 2014, 2018; Beaty et al., 2015, 2016a,2018, 2019; Beaty and Schacter, 2017; Corazza et al., 2022; Khalil and Demarin, 2023) and learning rules1 (Khalil and Moustafa, 2022).

Many neuroscience studies on creative thinking focus on the central nervous system, particularly the brain. Few studies, however, have investigated the connection between creative engagement and peripheral nervous system function. Examples of this kind of research include the findings of increased sympathetic cardiac activity during creative divergent thinking, as reported by Silvia et al. (2014) and Khalil et al. (2023), and enhanced pupil dilation during music-induced aesthetic “chills” (Laeng et al., 2016). This research field, which investigates the impact of emotional regulation on creativity, merits further attention and examination.

On the flip side, the development of multiple-factor models of creativity, as creative mental operations, arose to expand upon the existing dual models. These multiple-factor models consider the simultaneous functioning of three or more systems (Abraham, 2018; Jung and Vartanian, 2018; Khalil et al., 2019; Ivcevic et al., 2023; Khalil and Demarin, 2023). The coordination of various operations of creative cognition is evident in the integrated dynamic that emerges during creative activities across various domains of human endeavor (Abraham and Windmann, 2007; Abraham, 2013, 2014; Khalil et al., 2019; Corazza et al., 2022; Khalil and Moustafa, 2022; Khalil and Demarin, 2023). The interaction between the two brain hemispheres through specific nodes, known as network hubs (Jung-Beeman et al., 2004; Jung et al., 2010, 2013; Beaty et al., 2015, 2016a,2019; Jung and Vartanian, 2018), explains one dimension of these dynamics. It has been suggested that these integrated dynamics have an impact on the mental workspace,2 including both deliberate and spontaneous modes, and the overall flow of experience (Dietrich, 2004, 2019a; Dietrich and Kanso, 2010; Saggar et al., 2015, 2017; Xie et al., 2021; Khalil and Demarin, 2023).

We have encountered situations where we faced challenges and found ourselves unable to make further progress, ultimately reaching a point of resolution. At this stage, individuals may experience some level of frustration but may also become aware of a potential solution (Sapp, 1992; Agnoli et al., 2019; Khalil et al., 2023). This insight phenomenon is often described as a sudden realization or moment of clarity, commonly referred to as an “aha” moment or “eureka” moment (Kounios and Beeman, 2009, 2014). This experience has facilitated the integration of new components into existing conceptual knowledge structures (McCrae and Costa, 1997; Ivcevic and Brackett, 2015; Li et al., 2015; Beaty et al., 2016b). When a solution is reached, it is possible for new insights to emerge naturally by overcoming functional fixedness and embracing a new perspective (Csikszentmihalyi, 1997, 2008; Dietrich, 2004; Gray et al., 2019; van der Linden et al., 2021), thus reshaping the mental workspace.

Games can boost brain capacity by fostering creative expression and cognitive growth (Anguera et al., 2013; Kühn et al., 2014; van Dijk and De Dreu, 2021; Abbott et al., 2022; Kleschnitzki et al., 2022). Digital games can dynamically adapt the environment to the player’s abilities, optimizing creativity (Roca et al., 2018); hence, games are player-centered rather than simulations (Narayanasamy et al., 2006). In the context of simulations, it is typically the case that the player is required to adapt to the simulation rather than the other way around. This is particularly evident in simulations involving flight or walking. Numerous player-centered methodologies employ this technique, leading to significantly enhanced immersive encounters demonstrating considerable therapeutic potential.

Games might be considered an artificial environment that prioritizes the player’s pleasure over accurately mimicking the real world. While uncommon or harmful behavior in real life is likely to have long-term, possibly negative effects, games provide a safe area for experimenting. These characteristics create an environment suitable for game creativity; the possible interactions within the games determine the range of mental abilities that can be nurtured. Different games combine strategic, expressive, reactive, or social elements, each with a distinctive blend and emphasis. Therefore, choosing a game that complements the particular player’s present abilities and passions is critical, allowing for more remarkable growth or exploration of new mental spaces (Anguera et al., 2013; Kühn et al., 2014; van Dijk and De Dreu, 2021; Abbott et al., 2022; Kleschnitzki et al., 2022). Various games tailored to different demographics and preferences enable the development of customized ludic interventions that stimulate creative processes, allowing individuals to path along uncharted routes and augment the brain’s plasticity. An example is using specially developed and commercially available games that positively impact plasticity.

The following section will address the connection between creativity, imagination, and mental workspace as examples of creative mental operators. Afterward, we will highlight the potential benefits of gaming in promoting brain plasticity and facilitating the flow of experience through creative art therapy. A patient case study demonstrating the effectiveness of creative art therapy will be emphasized, and a summary will be given.



Creativity, imagination, and mental workspace

What factors contribute to the expression of exceptional creative behaviors exhibited by scientists, artists, musicians, dancers, and others? Psychological researchers have investigated various mental processes connected to creativity, including conceptual expansion, creative imagery, overcoming knowledge restrictions, analogical reasoning, and metaphor processing3 (Ward et al., 1995, 1997; Finke, 1996). A fundamental component of creative thinking involves conceptual expansion, which refers to broadening our perspectives and exploring beyond the limitations of our existing conceptual frameworks of semantic knowledge.

Essential abstract aspects, such as creative imagery, are necessary to generate original and beneficial ideas. Imaginary worlds have the potential to leverage our innate inclination for exploration, which is shared by both humans and animals, to guide individuals toward novel environments and sources of fulfillment (Dubourg and Baumard, 2022). Humans are drawn to fictional worlds for the same reasons and under similar circumstances that they are drawn to foreign surroundings in real life, assisting in overcoming abundant information challenges (Nettle, 2001; Abraham, 2016; Dubourg and Baumard, 2022). Modifying mental imagery is necessary for several creative and uniquely human capabilities; investigations conducted by Schlegel et al. (2013, 2016) utilized functional magnetic resonance imaging to study the cognitive processes associated with human mental imagery manipulation.

Therefore, imagination is among the crucial factors in enhancing creativity, serving as a particularly effective means of nurturing this process. Researching the origins of human imagination has been a topic of interest for philosophers and scientists over an extended period (Nettle, 2001; Abraham, 2016; Dubourg and Baumard, 2022). Many of the most widely embraced creations of fiction designed in recent decades feature a captivating fictional universe; they are commonly encountered in various forms of fictional media, including novels, films, and video games4 (i.e., The Legend of Zelda and Final Fantasy) and graphic novels (i.e., One Piece and Naruto). “Artists, civil society, and policymakers must engage in what is becoming a decisive moment in technology; [.] video games take on global significance for art, activism, and cultural diplomacy” (Fugleberg, 2023).

Games as “Gesamtkunstwerk”; the term “Gesamtkunstwerk” is a German concept that translates to “total work of art” or “universal artwork.” It refers to an artwork, design, or creative process in which various art disciplines are integrated to generate a single cohesive whole. This concept was popularized by composer Richard Wagner, who conceived his operas as a perfect union of artistic genres, from singing to orchestral music, dance, stagecraft, and acting. Similarly, video games can be seen as a modern form of “Gesamtkunstwerk” because they combine various forms of art and technology into one interactive experience; each element is crucial in creating the immersive worlds players explore in video games. This integration includes visual arts (graphics and design), storytelling (narrative and character development), music and sound design, architecture (in the design of game environments), and even elements of performance (through voice acting and motion capture).

To better understand the potential of this decisive moment for gaming in art therapy and beyond and why gaming’s impact goes way beyond entertainment, it is helpful to refer to a model of spheres, the “Gaming Metaverse,” widely recognized in the gaming community. This model is constructed in concentric circles around the actual game session (core session), which serves as the central point of departure. We represented this model using a 4-set Venn diagram (Figure 1).
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FIGURE 1
Illustration of the gaming metaverse. The bottom part represents the involved core game, which expands to the platform and the subsequent scopes: gaming as a service, competition, community, and franchise. The boxes depict examples of each scope.


The game is perceived as a platform where new content is generated far beyond the original art therapy session. This platform can be further developed and customized through the participation of patients and enthusiasts. The service scope can be utilized in an educational setting or to improve health-related knowledge and skills. The competition scope can be utilized for events, sports, competitive plays, and tournaments. The community scope includes influencers, forms, guides, steaming, creative content, and mods. The franchise scope is marked by pronounced transmediality; hence, the therapy extends beyond the traditional boundaries of art therapy. It intersects with other innovative industry sectors, for example, through books, video games, films, and TV series. A prime example is “The Witcher,” which initially emerged as a book series, then transformed into a video game, and ultimately evolved into a Netflix series.

Huili et al. (2023) developed and tested somatosensory interaction induced by games for autistic children, demonstrating the use of video games in art therapy. Moreover, the video game serves as an artistic intervention method employed for therapeutic purposes. The game consists of four categories: social interaction, emotional venting, cognitive education, and intellectual enhancement. The art team designed two somatosensory interactive themed games, one for puzzle-themed “Digital Maze” and the other for sports rehabilitation-themed “Happy Kitchen.” The somatosensory interactive games used in this study can also create virtual environments, which not only have better security and targeting but also have higher immersive potential. The game emphasizes feedback and reward mechanisms, such as positive affirmation of play and behavioral stimulation of positive emotions. It helps them practice their emotional regulation and social skills. A randomized scientific control found that the game group was more effective than the picture book group regarding physical interaction, facial expression response, and eye contact (Huili et al., 2023). Developing, creating, and using video games in art therapy is considered one possible “…form of technology-based media that therapists could use to support clients in creating art as part of the therapy process,” as Malchiodi (2011, p. 33) describes digital art therapy.

Regarding video games, they are not just a passive experience; they require active engagement from the player. This interactivity adds another layer to the “Gesamtkunstwerk” concept. Players are not just observers; they participate in the artwork, influencing its direction and outcome through their actions. Games offer an openness in which there is not necessarily a right, predefined solution but the possibility of finding a new one (Jackson et al., 2012).

As for the impact on creativity, studies have shown a positive correlation between video game playing and creativity. For instance, a study of nearly 500 12-year-olds revealed that the more children played video games, the more creative they were in drawing pictures and writing stories (Jackson et al., 2012). Another systematic review by Rahimi and Shute (2021) found that not all video games can enhance creativity—some game genres have more potential to enhance creativity than others. Specifically, video games that facilitate flow, allow the players to co-create the game, and enhance players’ intrinsic motivation have the most potential for enhancing creativity. Accordingly, video games can be seen as a form of “Gesamtkunstwerk,” combining various forms of art and technology into one interactive experience. This unique combination and the active engagement required from players make video games an excellent tool for fostering creativity.

A team led by Simone Kühn found influential gaming neuropsychological consequences by studying adults who played Super Mario 64 for 8 weeks for 30 min daily for video game effects (Kühn et al., 2014). The study by Kühn et al. (2014) demonstrated that a 2-month intervention with platform video gaming induces structural plasticity effects in the right hippocampus (HC), right dorsolateral prefrontal cortex (DLPFC), and bilateral cerebellum. The trained subjects experienced a volumetric increase in the right HC, linked to a shift from egocentric to allocentric navigation. A positive correlation was observed between the participants’ weekly ratings of their desire to play video games and increased gray matter in HC and DLPFC. The association between the reported desire and the DLPFC’s growth was more robust in the first month compared to the second. Therefore, the reported desires might cause DLPFC growth rather than DLPFC growth, causing an increase in desire.

However, future research must rectify the limitations of this study by Kühn et al. (2014). Firstly, prospective studies on video game training should incorporate an active control group that receives novel technological equipment to investigate, mirroring the training group. The advantage of that is the exclusion of the likelihood that the observed training benefits result from examining the new equipment rather than the actual gameplay. The results suggest that the specific game genre used in this study may contribute to the targeted development of HC and DLPFC. Future research should conduct experiments with various game genres to illustrate the distinctiveness of structural plasticity in the HC for video games that involve navigation. Future research should conduct experiments with various game genres to illustrate the distinctiveness of structural plasticity in the HC for video games that involve navigation. For instance, an earlier study by Haier et al. (2009) examined the structural impacts of video game training, specifically focusing on the game Tetris. Haier et al. (2009) studied cortical thickness measures precisely and did not observe elevation in DLPFC or HC; nevertheless, they did observe an increase in the frontal eye fields and the temporal pole.

Similarly, it would be beneficial to have a more accurate record of gaming achievements to link observed alterations in structure with performance metrics. Lastly, forthcoming research in this domain should use comprehensive test batteries to assess a broader range of cognitive functions the game will likely improve, such as executive functions (EFs).5

To build on these findings, a new initiative at Humboldt-Universität’s game lab, Charité, Berlin, and the second largest public health insurance company, BARMER, conducted a study that revealed the positive impacts of a gaming-based intervention on the cognitive abilities of seniors. The study encountered that regular engagement with the serious game MemoreBox had a noticeable impact (Kleschnitzki et al., 2022). The findings suggest that incorporating an accessible serious game into the standard care provided in nursing homes could be a valuable addition to the healthcare system; this is especially important given the recognized need for more engaging activities for senior citizens in partially inpatient care facilities (Kleschnitzki et al., 2022). The findings of this study indicate that the intervention had a significant effect on the cognitive capabilities of older adults, given their consistent engagement with the serious game called “MemoreBox.” Moreover, integrating a user-friendly serious game into the standard care provided in nursing homes could potentially address the healthcare system’s shortcomings, particularly the limited availability of stimulating activities for seniors residing in partially inpatient care facilities (Kleschnitzki et al., 2022).



The power of gaming: augmenting neuroplasticity through creative art therapy

Games have the potential to positively impact one’s mental capacity by providing opportunities for creative expression and cognitive growth (Anguera et al., 2013; Kühn et al., 2014; van Dijk and De Dreu, 2021; Abbott et al., 2022; Kleschnitzki et al., 2022). While real-world challenges may occasionally count on the chance to find the ideal balance between difficulty and players’ abilities, games strive to consistently achieve and maintain this balance as much as possible. This balance usually creates the most motivation for the player to continue and increase his capabilities. Simultaneously, games promote a constant improvement of players’ abilities rather than cultivating a mindset centered primarily on the passive consumption of the medium. Therefore, the game’s difficulty level is intentionally crafted to correspond with the anticipated learning progression of the player. Adaptive difficulty levels are tailored to accommodate individual learning rates and trajectories (Sampayo-Vargas et al., 2013).

The concept of “flow” refers to a feeling of fulfillment that involves becoming unaware of time during an intense moment, i.e., when an individual focuses on an activity that matches their competency level and task demands (Csikszentmihalyi, 1997, 2008). As the skills increase through play, the difficulty should also increase to keep the player in the flow channel and avoid boredom or anxiety (Figure 2).
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FIGURE 2
Flow state in games after Csíkszentmihályi (1990).


Most studies on the phenomenon of flow experience have primarily focused on physical activities involving bodily movement, such as sports, exercise, and dance (Jackson and Eklund, 2002). Facilitating the flow experience necessitates implicit and unconscious information processing across brain systems through transient hypofrontality6 (Dietrich, 2004, 2019a,b; Chrysikou et al., 2014; Chrysikou, 2018, 2019).

In the context of games, setting the flow status is a prerequisite; digital games, in particular, have the unique ability to adapt the environment to the player’s abilities dynamically, which can effectively optimize the conditions for the emergence of creativity (Roca et al., 2018). Games are not simulations but are entirely focused on the player’s experience (Narayanasamy et al., 2006). Therefore, games can be considered an artificial environment that prioritizes the player’s experience rather than perfectly replicating the real world.

Fascinatingly, games establish feedback loops that provide immediate responses to players’ activities and tend to be lenient, implying that they enable players to make subsequent attempts after unsuccessful endeavors (Kühn et al., 2014; van Dijk and De Dreu, 2021; Kleschnitzki et al., 2022). Therefore, games foster an increased propensity for individuals to take risks and participate in experimental endeavors, as they reduce the potential ramifications. The game’s safe environment facilitates an enhanced perception of autonomy and an incentive to engage in novel strategic approaches. While in real life, unconventional or unruly actions are likely to lead to long-lasting, potentially negative consequences, games open a free space for experimentation. This is exactly what can be used therapeutically to find new perspectives and solutions.

These attributes lead to establishing an environment suitable for fostering game creativity; the available interactions within the games influence the range of mental abilities that can be cultivated.

Creativity can be measured by the risks players take and the solutions they find. The more open a game is to different approaches, combinations, and interactions, the more creative potential it offers. Solving a riddle, for example, forces the player to recognize a series of hints and draw the expected conclusions correctly, thus creating a predefined problem-solving pathway. In contrast, a game like Backgammon instead opens a space of creative possibilities, which are not essentially right or wrong but equally possible alternatives. In many open games, players develop strategies that game designers have never considered. In that sense, creativity can be measured by analyzing brain activity and structure directly in the game by observing the variety of approaches to an open problem. Player actions can be logged and compared, and players with especially unconventional approaches can be interviewed later. Integrating this kind of logging into the game can offer exciting insights for developers and researchers alike, triggering creativity and individual strategies to develop new solutions that may be identified and integrated into future creativity-fostering game developments.

Various games incorporate diverse strategic, expressive, reactive, or social elements, each with its unique combination and emphasis. Therefore, selecting a game that aligns with the individual player’s existing skills and interests is of utmost priority, allowing for further development or exploring new mental spaces. Various games catering to different demographics and preferences make it feasible to develop customized ludic interventions that foster creative processes, enabling individuals to venture into unexplored paths and augment the brain’s plasticity.7

An example is using specially developed games as much as commercially available games with positive side effects on brain plasticity. Winnicott (1971) argues in one of the most famous phrases in psychoanalysis that “playing is itself a therapy.” If we want to take his statement seriously in contemporary psychotherapy, we should give the video game more meaning. Art therapists receive training in playing with their clients, assisting them in creating their own visual worlds that express their feelings and suffering, and seeking ways to cope with them through creative activity. Video games are, therefore, another artistic medium of expression with which this seems possible. However, art therapy is only beginning to use digital technologies such as video games for new, contemporary forms of intervention, particularly to better reach young people or people with limited mobility. Video games are just as enjoyable for online-based art therapy as for home treatment (Ganter-Argast and Bocksch, 2023). Moreover, individuals with illnesses such as myalgic encephalomyelitis and chronic fatigue syndrome, as well as prisoners, can also experience external realities within their living environment through video games.

On the one hand, for patients with high self-criticism, art therapy outcomes can also be seen as expressions of skill compared to others (Rankanen, 2014). Games, on the other hand, are in far more unmarked spaces. Playing a game is more about individually developing a skill and the process of creating it than about a finished product. Therefore, integrating games into art therapy can have a liberating character for the players and allow for more expressivity. When there is less comparison of the outcome with other works, it allows for a greater focus on individual expression.

As highlighted by Ibanez and Zimmer (2023) and Khalil and Demarin (2023), the brain’s plasticity and metaplasticity play a crucial role in creative therapy. The induction of brain plasticity, which can lead to improvements in EFs,8 has been associated with various factors, including musical training, improvisation, and exercises. The effectiveness of these factors is influenced by their duration and intensity, which can contribute to short-term and long-term improvements. Therefore, understanding the mechanisms that contribute to the promotion of creative outputs through the concept of neural plasticity is still a scope that demands further investigation.

The extension of many experimental paradigms (such as behavioral research and experimental psychology) to neuroscientific frameworks is even more challenging when studying creativity, which is complex and subjective (Abraham, 2018; Khalil et al., 2019). The challenge shows up in high creative task variability (allowing the assessment of creative thinking) (Arden et al., 2010) or in the problem of validity (e.g., the inability to reliably exogenously or endogenously prompt creativity). Here, gaming may serve as a new tool for dealing with these problems, for instance, by directly investigating the joint operations of creative cognition (Fink et al., 2009).

Therefore, by evaluating the cognitive processes that promote creativity through games from the plasticity perspective, we can gain valuable insights into these fascinating abilities and the unique neural pathways that support this remarkable level of adaptability.

The following section will discuss approaches to enhancing patient creativity and evaluate the potential benefits of incorporating gaming into a compelling (creative) therapy. Few studies have examined the therapeutic potential of tabletop role-playing games for social anxiety and other mental illnesses. An example of this study was the study by Abbott et al. (2022), which described a year-long Dungeons and Dragons therapy approach, evaluating the opinions of the group’s participants, the model’s basic concepts, and the developers’ lessons for therapists interested in using this model. Participants were more confident in social situations, especially when setting boundaries or navigating potential errors; thus, the game’s skills were also beneficial in real life.



A case study of enriching the creative state of mind: games/gaming in (creative) therapy

Gaming, both as an industry and as a community of users, has transmedial impacts on arts and culture beyond the cultural technique of gaming itself. As an example, many of today’s “proto-metaverses”9 —Usually, the triad of “Roblox,” “Minecraft,” and “Fortnite” are categorized as early forms of gaming-based “metaverses” that empower their players for creative expression and exchange. When delving into the rich and diverse history of the metaverse, one can find many approaches that were developed even earlier than those mentioned above (Lawton, 2022). Therefore, categorizing them as early approaches does not hold, but they represent essential steps regarding the development of the metaverse.

In recent years, virtual concerts and art exhibitions have collaborated, i.e., with the Serpentine Gallery.10 In this light, European cultural policy is picking up on gaming, as exemplified by French President Emmanuel Macron, who in 2022 argued that “the metaverse has enormous potential for culture and leisure, thanks to its applications in music, concerts, art exhibitions, etc. we cannot consider our cultural policy without this revolution.”

A detailed evaluation of the game research in numerous domains, such as neuroscience, behavioral ecology, environmental aesthetics, and evolutionary and developmental psychology, reveals that various reasons cause differences in exploratory preferences (Kleschnitzki et al., 2022). These elements, which fluctuate between time and geographical locales, may assist in explaining variations in cultural preferences for imaginative worlds. As a result, this rationale explains the cultural evolution, shape, and substance of imagined worlds alongside their recent remarkable successes and broad presence across time periods and populations (Kleschnitzki et al., 2022).

Creation is essential to learning because it allows us to build new synaptic connections, which support mental health interventions like cognitive behavioral therapy. Systems theory provides insights into creative and artistic design processes, which may be shown in the success of art therapy (Pfab, 2018). It is necessary to assess their novelty or originality level, usefulness or efficacy, and incorporate aspects of surprise and unpredictability to categorize processes or systems as creative. As a result, the creative act primarily entails acknowledging and appreciating creativity; it is recognized that creativity is not a constant quality of a state of affairs or object but rather a variable value (i.e., a dynamical feature). For example, creativity can emerge from a natural shift in awareness, often prompted by an external event (such as a coincidence) in the surrounding environment, promoting a thoughtful appraisal of the transformational experience.

Pfab (2018) observed that when a participant makes a new use of an object that could be used in different ways, i.e., having the potential to be appropriately placed in new contexts, the creative outcome is not just the object itself but also the recognition and evaluation of its potential. This applies to physical and virtual objects, allowing for a wide range of digital experiences. Two fundamental characteristics of novelty and utility depend on five reference conditions of creativity that converge in the (analog and digital) artistic design process (Figure 3).
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FIGURE 3
A graph showcasing the two primary attributes of novelty and utility, contingent upon five reference conditions of creativity that align during the artistic design process, encompassing analog and digital mediums. The subject reference indicates that artistic process and originality depend on a thinking subject, and only the subject can recognize creativity’s worth. Product reference relates to artwork, and creativity requires a perceptually perceivable medium on which they can be viewed and deemed significant; this facilitates communication. Domain reference means content that can only be comprehended and worked on from the perspective of a specific domain. Social reference is a reflection of society in works of art. Social factors influence the design process and the capacity to recognize creativity. Previously, in 1968, Bourdieu characterized art perception as a profoundly sociological phenomenon. Forming the design is a unique and transitory aspect of time reference; creativity is similarly impermanent. Nothing can be novel and useful over time, which refers to the time reference. The concept of novelty and usefulness is contingent upon the passage of time.


In 1954, Carl Rogers beautifully outlined conditions of constructive creativity that hold significant relevance in art therapy. This example demonstrates that these conditions are widely recognized as essential prerequisites for effective art therapy practice. Creativity can flourish when there is a willingness to consider and embrace the client’s unique concepts, beliefs, and perceptions (Rogers, 1954). In the opinions of Rogers (1954) and Pfab (2018), it is emphasized that recognizing the value of creating or creativity lies solely with the individual. Possessing the capacity to engage in playful and spontaneous experimentation is vital to gaining a new perspective on life. Rogers suggests that creative performance can sometimes arise from a feeling of solitude and that creativity serves to share and reconnect with others; thus, promoting safety, appreciation, and freedom fosters creativity. An atmosphere that encourages creativity involves a lack of external evaluation and instead fosters a sense of understanding and complete freedom in symbolic expression (Rogers, 1954). Recent virtual reality (VR) research advancements have created devices that generate immersive atmospheres. It is worth noting that this approach naturally provides all the necessary “mechanisms” that a gamification-guided intervention design may require; this could enhance analog creative therapy by creating a user-specific app. As a result, this app would encourage desired behaviors and deliver therapy-aligned, engaging tasks. Presented below are two illustrations of the practical effects of art therapy. The first example is the patient who reports her first slumped posture, full of suffering, especially in the abdominal area (a “burning” pain, Figure 4A).
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FIGURE 4
A depiction of a case study evaluating the application of art therapy within the mental health discipline. Using a brief movement exercise and innovative implementation, a patient with a recurrent depressive disorder has the following unexpected and novel experience: The movement exercise invites the patient to initially perceive her current posture and trace it, naming or describing it. Then, a movement impulse can be administered or relieved. This second movement may emerge spontaneously or through experimentation. It can also be given a name and intensify over time. As shown in Panel (A), the experience can be expressed creatively. Panel (B) describes a novel experience conveyed creatively through a brief movement exercise. This mental creative process reflected the current mental state and initially elicited resignation and frustration. The design stagnated as helplessness spread (“maybe the ribbon will tear”) and hindered.


The second movement impulse, intuitively accompanied by large space-occupying, circling arm movements, enabled the surprising experience that she automatically managed to free herself from this first position and to feel a positive change in herself in the short term. She was more accessible, full of energy, and carrying the fire to the outside (Figure 4A). She says, “I really have to do that (letting out fire or anger) sometimes!” Observing her being able to act again by creating or moving spontaneously gives her hope to regain more control and influence in other areas of her life. So, she could see her unexpected creative impulse to move as helpful in another context. The drawing itself again intensified the emotional levels and allowed the movement experiences to be relived. In addition, the picture made it possible to visualize, communicate, reflect, and recognize one’s creative production.

Another example from an art-therapeutic complement shows how incorporating natural materials enhances imagination. In moments of surprise, individuals may draw metaphorical connections between familiar natural objects and their circumstances. Like the previous example, the patient opts for a gently secured, dried tuft of grass from the assortment of natural objects available (Figure 4B). She quickly links this dried tuft of grass to missed chances and her present emotional condition. There may be some concerns about the stability of this situation. The delicate balance of nature relies on the resilience of a slender blade of grass. She mentions that maintaining composure can be challenging and requires significant effort.

By creating a supportive and encouraging environment, the patient may feel empowered to explore experimental artistic activities to express a range of emotions, including anger and sadness, in their artwork. As a result, there is a recognition of either mitigating these effects or engaging in impulsive actions. One potential therapy goal that could be considered is developing affect regulation skills; an art therapy gaming app could be utilized to facilitate this process.

While creativity gathers more and more attention in a salutogenic sense nowadays, based on growing empirical research activities showing its high potential in clinical and social intervention, the repertoire of tools available for the implementation of creative environments also extends to artificial intelligence, gamification, serious gaming, and digital developments such as VR and augmented reality (AR), which opens a whole new range of creativity-based interventions. In essential psychotherapy, for instance, VR is already successfully used to treat specific phobias like arachnophobia or vertigo, e.g., virtual exposition therapy (Lindner et al., 2019).

Gamification and AI are coming into play by addressing clients’ motivation (in terms of generating adherence and compliance using APPs or DiGAs11) or adapting to their abilities, reducing frustrating experiences (Käser et al., 2013). One outstanding illustration of the promising applications of gaming in therapy, specifically digital creative therapy, is an innovative approach pioneered by Adam Gazzaley and his esteemed team at UCSF.12 They designed a tool that dynamically adapts to the environment, stimuli, challenges, and rewards in real-time, aligning with the individual’s brain activity. NeuroRacer, a video game developed by a collaborative team of neuroscientists, psychologists, and developers, was designed to create an immersive and visually appealing experience. This game operates as a closed-loop system, supporting the brain’s attentional processes (Anguera et al., 2013). Therefore, this game challenges neural networks, which are imperative for EFs, including resolving interference, switching tasks, and resisting distractions (Abbott, 2013; Schipper and Scherenberg, 2017). This approach experienced rigorous empirical testing and demonstrated its effectiveness, highlighting the considerable potential of creativity in clinical intervention and the numerous benefits of interdisciplinary collaborations. However, not only the cognitive domain but other domains represent a subject for gaming. In the following section, we provide further examples of its application in the whole range of the bio-psycho-social health model (Figure 5).
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FIGURE 5
A diagram shows gaming as a multidimensional approach that effectively serves the bio-psycho-social model of health. Depending on the specific area of the focused domain, gaming can influence the social, cognitive, affective, and motor domains. As a result of frequent oversight, the motor domain is significantly far from the other three domains. Nevertheless, the motor domain is similar to the digital environment. For example, digital gaming makes it easy to include forced movements in the act of “playing,” such as by using kinetic sensors or VR/AR to control tasks through body responses.


An example of the use and potential of gaming in the domain of social cognition is given by Dandeneau and Baldwin (2004) from the Social Cognition Lab at McGill University. In two studies, they examined the inhibition of rejection information. In the first study, the Rejection Stroop task measured an attentional bias toward rejection words hypothesized to characterize individuals with low self-esteem. These results indicated that people with low self-esteem experienced significantly more interference in rejection than in acceptance. In contrast, there was no such difference for people with high self-esteem. In a second study, a task was developed to train the response to inhibiting rejection information by repeatedly identifying the smiling or accepting face in a 4 × 4 matrix of frowning faces. These results showed that after this inhibition training, people with low chronic self-esteem experienced significantly less interference on rejection words on the Rejection Stroop than their counterparts in the control condition. On the other hand, people with high self-esteem did not exhibit different amounts of interference in rejection or acceptance words between conditions. These findings suggest that teaching people skills that help them deal with negative social information is possible.

Adaptive computing is highly relevant in the affective domain, as a study by Rauscher et al. (2016) showed. They demonstrated that the adaptive training program Calcularis can be used effectively to support children with developmental dyscalculia or math difficulties in their numerical development and to enhance numerical cognition while reducing math anxiety by adapting to the children’s strengths, down-powering frustrating experiences with arithmetics.



Summary and concluding remarks

Creative therapy has been shown to have the potential to significantly improve our overall state of wellness, providing a source of optimism. This review outlines our perspectives on neurobiological aspects of creative thinking and probes the potential effectiveness of creative therapy using games, emphasizing several vital issues that would benefit from further investigation to implement creative therapeutic approaches effectively (Figure 6).
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FIGURE 6
Description of creative art therapy using gaming to promote brain plasticity and strengthen executive functions (EFs). Creativity and games involve common mental operators, such as elements of imagination, mental workspace, flow, conceptual expansion, analogical reasoning, and metaphor processing.


This review reflects our perspectives on implementing effective creative therapeutic approaches in the context of game usage. It requires a comprehensive and cohesive understanding of how our current knowledge from the psychological and neuroscientific literature on creativity games could positively enhance EFs and brain plasticity. Therefore, providing empirical insights into the underlying neural mechanisms of new cognitive abilities that may be developed through games and creativity is beneficial. Games in this regard can be understood as tailored learning environments that combine cognitive development, creative freedom, and motivation.

Finally, it is crucial to recognize the limitations of manifold hypotheses that link game, creativity, and brain plasticity, instead considering creativity and gaming to suggest future research topics to prevent sweeping generalizations and ensure complete and accurate inquiry. As a result, creative therapy could be used as an effective therapeutic alternative.
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Footnotes

1     There is a plethora of activities that are associated with the process of learning and are known to engage different regions of the brain. To establish a more coherent relationship, researchers and mathematicians have created the concept of a learning rule, which pertains to enhancing the artificial neural network’s performance through its application throughout the network. The learning rule modifies a network’s weights and bias levels when specific criteria are satisfied throughout the training process. This component is deemed indispensable for the development of neural networks.

2     Mental workspace refers to a brain network responsible for deliberately manipulating images, symbols, concepts, and hypotheses, enabling individuals to address complex problems and generate creative ideas effectively.

3     Using innovative concepts across different domains, commonly referred to as analogical reasoning or metaphor processing, can be considered a promising method for enhancing our understanding of a phenomenon in diverse contexts (Mashal et al., 2007; Gold et al., 2012; Rutter et al., 2012).

4     Videogames are not adaptive; this is one prime factor of digital games (which many see as a supercategory of video games). One example of digital adaptive approaches in learning therapies is the software “Calcularis,” which adapts to the abilities of individuals, including those suffering from dyscalculia, to avoid frustrating or aversive experiences and reduce math anxiety.

5     EFs enable mental play, thinking before acting, confronting unexpected problems, resisting temptations, and staying concentrated (Diamond, 2013). Inhibition, working memory, and cognitive flexibility are core EFs.

6     Transient hypofrontality is currently the most widely accepted theory about the neural basis of the flow experience. It indicates that for a while, under certain conditions, the focused thinking part of our brain gets a rest. This permits other components and functions to take precedence.

7     The concept of “brain plasticity,” also known as “neuroplasticity” or “cortical mapping,” relates to the changes that can occur in the neural pathways of the brain at different levels, including macroscopic, mesoscopic, or microscopic (synaptic) levels. These changes can occur because of various factors, including modifications in behavior (such as those induced by training), responses to the environment (such as exposure to enriched or impoverished conditions), and physiological processes (such as maturation or brain insults). This phenomenon has been extensively studied by numerous scholars (Markram and Tsodyks, 1996; Tsodyks and Markram, 1997; Buonomano and Merzenich, 1998; Tsodyks et al., 1998; Abbott and Nelson, 2000; Blitz et al., 2004; Caporale and Dan, 2008; Citri and Malenka, 2008; Gerstner, 2011; Hamada et al., 2012; Carcea and Froemke, 2013; Froemke, 2015; Khalil et al., 2017a,b, 2018). Buonomano and Merzenich (1998) and Allen et al. (2003) imply that brain plasticity contradicts the idea that brain functions are unchangeable. Zavoreo et al. (2012) call the human brain “plastic” and “flexible” due to its extraordinary adaptability to various experiences.

8     EFs enable mental play, thinking before acting, confronting unexpected problems, resisting temptations, and staying concentrated (Diamond, 2013). Inhibition, working memory, and cognitive flexibility are core EFs.

9     As discussed elsewhere, a productive techno-philosophical working definition of “metaverse” could build up on Milgram and Kishino’s reality-virtuality continuum and the recent debate on co-sensing, such as Ophelia Deroy’s concept of “joint-perception.” Therefore, a gaming-based metaverse could be described as “an interactive environment in the reality-virtuality continuum that allows for real joint-perception.”

10     https://www.fastcompany.com/90713363/fortnites-first-ever-art-exhibit-is-also-a-kaws-experience-at-londons-serpentine-gallery

11     Digitale Gesundheitsanwendungen.

12     University of California San Francisco.


References

Abbott, A. (2013). Gaming improves multitasking skills. Nature 501, 18–18. doi: 10.1038/501018a

Abbott, L. F., and Nelson, S. B. (2000). Synaptic plasticity: Taming the beast. Nat. Neurosci. 3, 1178–1183. doi: 10.1038/81453

Abbott, M. S., Stauss, K. A., and Burnett, A. F. (2022). Tabletop role-playing games as a therapeutic intervention with adults to increase social connectedness. Soc. Work Groups 45, 16–31. doi: 10.1080/01609513.2021.1932014

Abraham, A. (2013). The promises and perils of the neuroscience of creativity. Front. Hum. Neurosci. 7:246. doi: 10.3389/fnhum.2013.00246

Abraham, A. (2014). Is there an inverted-U relationship between creativity and psychopathology? Front. Psychol. 5:750. doi: 10.3389/fpsyg.2014.00750

Abraham, A. (2016). The imaginative mind. Hum. Brain Mapp. 37, 4197–4211. doi: 10.1002/hbm.23300

Abraham, A. (2018). The neuroscience of creativity. Cambridge, MA: Cambridge University Press, doi: 10.1017/9781316816981

Abraham, A., and Windmann, S. (2007). Creative cognition: The diverse operations and the prospect of applying a cognitive neuroscience perspective. Methods 42, 38–48. doi: 10.1016/j.ymeth.2006.12.007

Agnoli, S., Franchin, L., Rubaltelli, E., and Corazza, G. E. (2019). The emotionally intelligent use of attention and affective arousal under creative frustration and creative success. Person. Individu. Differ. 142, 242–248. doi: 10.1016/j.paid.2018.04.041

Allen, C. B., Celikel, T., and Feldman, D. E. (2003). Long-term depression induced by sensory deprivation during cortical map plasticity in vivo. Nat. Neurosci. 6, 291–299. doi: 10.1038/nn1012

Anguera, J. A., Boccanfuso, J., Rintoul, J. L., Al-Hashimi, O., Faraji, F., Janowich, J., et al. (2013). Video game training enhances cognitive control in older adults. Nature 501, 97–101. doi: 10.1038/nature12486

Arden, R., Chavez, R. S., Grazioplene, R., and Jung, R. E. (2010). Neuroimaging creativity: A psychometric view. Behav. Brain Res. 214, 143–156.

Beaty, R. E., Benedek, M., Barry Kaufman, S., and Silvia, P. J. (2015). Default and executive network coupling supports creative idea production. Sci. Rep. 5:10964. doi: 10.1038/srep10964

Beaty, R. E., Benedek, M., Silvia, P. J., and Schacter, D. L. (2016a). Creative cognition and brain network dynamics. Trends Cogn. Sci. 20, 87–95. doi: 10.1016/j.tics.2015.10.004

Beaty, R. E., Kaufman, S. B., Benedek, M., Jung, R. E., Kenett, Y. N., Jauk, E., et al. (2016b). Personality and complex brain networks: The role of openness to experience in default network efficiency. Hum. Brain Mapp. 37, 773–779. doi: 10.1002/hbm.23065

Beaty, R. E., and Schacter, D. L. (2017). “Creativity, Self-generated thought, and the brain’s default network,” in The creative self: Effect of beliefs, self-efficacy, mindset, and identity. Elsevier, 171–183. doi: 10.1016/B978-0-12-809790-8.00010-8

Beaty, R. E., Seli, P., and Schacter, D. L. (2019). Network neuroscience of creative cognition: Mapping cognitive mechanisms and individual differences in the creative brain. Curr. Opin. Behav. Sci. 27, 22–30. doi: 10.1016/j.cobeha.2018.08.013

Beaty, R. E., Thakral, P. P., Madore, K. P., Benedek, M., and Schacter, D. L. (2018). Core network contributions to remembering the past, imagining the future, and thinking creatively. J. Cogn. Neurosci. 30, 1939–1951. doi: 10.1162/jocn_a_01327

Behavioural and Cultural Insights [BIF] (2019). What is the evidence on the role of the arts in improving health and well-being? A scoping review. Available online at: https://www.who.int/europe/publications/i/item/9789289054553

Blitz, D. M., Foster, K. A., and Regehr, W. G. (2004). Short-term synaptic plasticity: A comparison of two synapses. Nat. Rev. Neurosci. 5, 630–640. doi: 10.1038/nrn1475

Buonomano, D. V., and Merzenich, M. M. (1998). Cortical plasticity: From synapses to maps. Annu. Rev. Neurosci. 21, 149–186. doi: 10.1146/annurev.neuro.21.1.149

Caporale, N., and Dan, Y. (2008). Spike timing–Dependent plasticity: A Hebbian learning rule. Annu. Rev. Neurosci. 31, 25–46. doi: 10.1146/annurev.neuro.31.060407.125639

Carcea, I., and Froemke, R. C. (2013). Cortical plasticity, excitatory-inhibitory balance, and sensory perception. Prog. Brain Res. 207, 65–90. doi: 10.1016/B978-0-444-63327-9.00003-5

Chrysikou, E. G. (2018). “The costs and benefits of cognitive control for creativity,” in The Cambridge handbook of the neuroscience of creativity, eds R. E. Jung and O. Vartanian (Cambridge, MA: Cambridge University Press), doi: 10.1017/9781316556238.018

Chrysikou, E. G. (2019). Creativity in and out of (cognitive) control. Curr. Opin. Behav. Sci. 27, 94–99. doi: 10.1016/j.cobeha.2018.09.014

Chrysikou, E. G., Weber, M. J., and Thompson-Schill, S. L. (2014). A matched filter hypothesis for cognitive control. Neuropsychologia 62, 341–355. doi: 10.1016/j.neuropsychologia.2013.10.021

Citri, A., and Malenka, R. C. (2008). Synaptic plasticity: Multiple forms, functions, and mechanisms. Neuropsychopharmacology 33, 18–41. doi: 10.1038/sj.npp.1301559

Corazza, G. E., Agnoli, S., and Mastria, S. (2022). The dynamic creativity framework: Theoretical and empirical investigations. Eur. Psychol. 27, 191–206. doi: 10.1027/1016-9040/a000473

Csíkszentmihályi, M. (1990). Flow: The psychology of optimal experience. London: Harber & Row.

Csikszentmihalyi, M. (1997). Creativity: Flow and the psychology of discovery and invention. London: Harper & Row.

Csikszentmihalyi, M. (2008). Flow: The psychology of optimal experience. New York, NY: Harper Perennial.

Dandeneau, D. D., and Baldwin, M. W. (2004). The inhibition of socially rejecting information among people with high versus low self-esteem: The role of attentional bias and the effects of bias reduction training. J. Soc. Clin. Psychol. 23, 584–602.

Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135–168. doi: 10.1146/annurev-psych-113011-143750

Dietrich, A. (2004). Neurocognitive mechanisms underlying the experience of flow. Conscious. Cogn. 13, 746–761. doi: 10.1016/j.concog.2004.07.002

Dietrich, A. (2019a). Types of creativity. Psychon. Bull. Rev. 26, 1–12. doi: 10.3758/s13423-018-1517-7

Dietrich, A. (2019b). Where in the brain is creativity: A brief account of a wild-goose chase. Curr. Opin. Behav. Sci. 27, 36–39. doi: 10.1016/j.cobeha.2018.09.001

Dietrich, A., and Kanso, R. (2010). A review of EEG, ERP, and neuroimaging studies of creativity and insight. Psychol. Bull. 136, 822–848. doi: 10.1037/a0019749

Dubourg, E., and Baumard, N. (2022). Why imaginary worlds? The psychological foundations and cultural evolution of fictions with imaginary worlds. Behav. Brain Sci. 45:e276. doi: 10.1017/S0140525X21000923

Fink, A., Grabner, R. H., Benedek, M., Reishofer, G., Hauswirth, V., Fally, M., et al. (2009). The creative brain: Investigations on brain activity during creative problem solving by means of EEG and fMRI. Hum. Brain Mapp. 30, 734–740.

Finke, R. A. (1996). Imagery, creativity, and emergent structure. Conscious. Cogn. 5, 381–393. doi: 10.1006/ccog.1996.0024

Froemke, R. C. (2015). Plasticity of cortical excitatory-inhibitory balance. Annu. Rev. Neurosci. 38, 195–219. doi: 10.1146/annurev-neuro-071714-034002

Fugleberg, J. (2023). For Artists and Activists, a Crucial Moment in AI and Video Games. Available online at: https://www.diplomaticourier.com/posts/for-artists-and-activists-a-crucial-moment-in-ai-and-video-games (accessed March 29, 2023).

Ganter-Argast, C., and Bocksch, C. (2023). Onlinebasierte, ambulante Kunsttherapiegruppe. Psychotherapie 68, 262–270. doi: 10.1007/s00278-023-00671-9

Gerstner, W. (2011). “Hebbian learning and plasticity,” in From neuron to cognition via computational neuroscience, eds M. Arbib and J. Bonaiuto (Cambridge, MA: MIT Press), 1–25.

Gold, R., Faust, M., and Ben-Artzi, E. (2012). Metaphors and verbal creativity: The role of the right hemisphere. Laterality 17, 602–614. doi: 10.1080/1357650X.2011.599936

Gray, K., Anderson, S., Chen, E. E., Kelly, J. M., Christian, M. S., Patrick, J., et al. (2019). “Forward flow”: A new measure to quantify free thought and predict creativity. Am. Psychol. 74, 539–554. doi: 10.1037/amp0000391

Guseva, E. (2019). Art therapy in dementia care: Toward neurologically informed, evidence-based practice. Art Ther. 36, 46–49. doi: 10.1080/07421656.2019.1564613

Haier, R. J., Karama, S., Leyba, L., and Jung, R. E. (2009). MRI assessment of cortical thickness and functional activity changes in adolescent girls following three months of practice on a visual-spatial task. BMC Res. Notes 2:174. doi: 10.1186/1756-0500-2-174

Hamada, M., Strigaro, G., Murase, N., Sadnicka, A., Galea, J. M., Edwards, M. J., et al. (2012). Cerebellar modulation of human associative plasticity. J. Physiol. 590, 2365–2374. doi: 10.1113/jphysiol.2012.230540

Huili, S., Xiaolin, C., Guangsen, G., Yu, J., Yu, L., and Wenpei, Z. (2023). Research on the design of somatosensory interactive games for autistic children based on art therapy. Front. Psychiatry 14:1207023. doi: 10.3389/fpsyt.2023.1207023

Ibanez, A., and Zimmer, E. R. (2023). Time to synergize mental health with brain health. Nat. Ment. Health 1, 441–443. doi: 10.1038/s44220-023-00086-0

Ivcevic, Z., and Brackett, M. A. (2015). Predicting creativity: Interactive effects of openness to experience and emotion regulation ability. Psychol. Aesthet. Creat. Arts 9, 480–487. doi: 10.1037/a0039826

Ivcevic, Z., Hoffmann, J. D., and Kaufman, J. C. (2023). in The cambridge handbook of creativity and emotions, eds Z. Ivcevic, J. D. Hoffmann, and J. C. Kaufman (Cambridge, MA: Cambridge University Press), doi: 10.1017/9781009031240

Jackson, L. A., Witt, E. A., Games, A. I., Fitzgerald, H. E., von Eye, A., and Zhao, Y. (2012). Information technology use and creativity: Findings from the children and technology project. Comput. Hum. Behav. 28, 370–376. doi: 10.1016/j.chb.2011.10.006

Jackson, S. A., and Eklund, R. C. (2002). Assessing flow in physical activity: The flow state scale–2 and dispositional flow scale–2. J. Sport Exerc. Psychol. 24, 133–150.

Jung, R. E., Mead, B. S., Carrasco, J., and Flores, R. A. (2013). The structure of creative cognition in the human brain. Front. Hum. Neurosci. 7:330. doi: 10.3389/fnhum.2013.00330

Jung, R. E., Segall, J. M., Bockholt, H. J., Flores, R. A., Smith, S. M., Chavez, R. S., et al. (2010). Neuroanatomy of creativity. Hum. Brain Mapp. 31, 398–409. doi: 10.1002/hbm.20874

Jung, R. E., and Vartanian, O. (2018). The Cambridge handbook of the neuroscience of creativity. Cambridge, MA: Cambridge University Press, doi: 10.1017/9781316556238

Jung-Beeman, M., Bowden, E. M., Haberman, J., Frymiare, J. L., Arambel-Liu, S., Greenblatt, R., et al. (2004). Neural activity when people solve verbal problems with insight. PLoS Biol. 2:e97. doi: 10.1371/journal.pbio.0020097

Käser, T., Baschera, G.-M., Kohn, J., Kucian, K., Richtmann, V., Grond, U., et al. (2013). Design and evaluation of the computer-based training program Calcularis for enhancing numerical cognition. Front. Psychol. 4:489. doi: 10.3389/fpsyg.2013.00489

Khalil, R., and Demarin, V. (2023). Creative therapy in health and disease: Inner vision. CNS Neurosci. Therapeut. doi: 10.1111/cns.14266 [Online ahead of print]

Khalil, R., Godde, B., and Karim, A. A. (2019). The link between creativity, cognition, and creative drives and underlying neural mechanisms. Front. Neural Cir. 13:18. doi: 10.3389/fncir.2019.00018

Khalil, R., Karim, A. A., Khedr, E., Moftah, M., and Moustafa, A. A. (2018). Dynamic communications between GABAA switch, local connectivity, and synapses during cortical development: A computational study. Front. Cell. Neurosci. 12:468. doi: 10.3389/fncel.2018.00468

Khalil, R., Lin, L., Karim, A. A., and Godde, B. (2023). Response inhibition partially mediates the relationship between emotional states and creative divergent thinking. Creativ. Res. J. 1–18. doi: 10.1080/10400419.2023.2192605

Khalil, R., Moftah, M. Z., Landry, M., and Moustafa, A. A. (2017a). “Models of dynamical synapses and cortical development,” in Computational models of brain and behavior, ed. A. Moustafa (Hoboken, NJ: John Wiley & Sons, Ltd), 321–331. doi: 10.1002/9781119159193.ch23

Khalil, R., Moftah, M. Z., and Moustafa, A. A. (2017b). The effects of dynamical synapses on firing rate activity: A spiking neural network model. Eur. J. Neurosci. 46, 2445–2470. doi: 10.1111/ejn.13712

Khalil, R., and Moustafa, A. A. (2022). A neurocomputational model of creative processes. Neurosci. Biobehav. Rev. 137:104656. doi: 10.1016/J.NEUBIOREV.2022.104656

Kleschnitzki, J. M., Beyer, L., Beyer, R., and Großmann, I. (2022). The effectiveness of a serious game (MemoreBox) for cognitive functioning among seniors in care facilities: Field study. JMIR Serious Games 10:e33169. doi: 10.2196/33169

Kounios, J., and Beeman, M. (2009). The Aha! Moment: The cognitive neuroscience of insight. Curr. Dir. Psychol. Sci. 18, 210–216. doi: 10.1111/j.1467-8721.2009.01638.x

Kounios, J., and Beeman, M. (2014). The cognitive neuroscience of insight. Annu. Rev. Psychol. 65, 71–93. doi: 10.1146/annurev-psych-010213-115154

Kühn, S., Gleich, T., Lorenz, R. C., Lindenberger, U., and Gallinat, J. (2014). Playing super mario induces structural brain plasticity: Gray matter changes resulting from training with a commercial video game. Mol. Psychiatry 19, 265–271. doi: 10.1038/mp.2013.120

Laeng, B., Eidet, L. M., Sulutvedt, U., and Panksepp, J. (2016). Music chills: The eye pupil as a mirror to music’s soul. Conscious. Cogn. 44, 161–178. doi: 10.1016/j.concog.2016.07.009

Lawton, G. (2022). History of the metaverse explained. Boston, MA: TechTarget.

Li, W., Li, X., Huang, L., Kong, X., Yang, W., Wei, D., et al. (2015). Brain structure links trait creativity to openness to experience. Soc. Cogn. Affect. Neurosci. 10, 191–198. doi: 10.1093/scan/nsu041

Lindner, P., Miloff, A., Zetterlund, E., Reuterskiöld, L., Andersson, G., and Carlbring, P. (2019). Attitudes toward and familiarity with virtual reality therapy among practicing cognitive behavior therapists: A cross-sectional survey study in the era of consumer VR platforms. Front. Psychol. 10:176. doi: 10.3389/fpsyg.2019.00176

Malchiodi, C. (2011). Handbook of art therapy. New York, NY: Guilford.

Markram, H., and Tsodyks, M. (1996). Redistribution of synaptic efficacy between neocortical pyramidal neurons. Nature 382, 807–810. doi: 10.1038/382807a0

Mashal, N., Faust, M., Hendler, T., and Jung-Beeman, M. (2007). An fMRI investigation of the neural correlates underlying the processing of novel metaphoric expressions. Brain Langu. 100, 115–126. doi: 10.1016/j.bandl.2005.10.005

McCrae, R. R., and Costa, P. T. (1997). Conceptions and correlates of openness to experience. Handb. Pers. Psychol. 1997, 825–847. doi: 10.1016/B978-012134645-4/50032-9

Narayanasamy, V., Wong, K., Fung, C., and Rai, S. (2006). Distinguishing games and simulation games from simulators. Comput. Entertain 4, 2–9. doi: 10.1145/1129006.1129021

Nettle, D. (2001). Strong imagination: Madness, creativity and human nature. Oxford: Oxford University Press.

Pfab, F. (2018). “Kreativität Als Wert im künstlerischen Gestaltungsprozess,” in Kreativität im künstlerischen Gestaltungsprozess, (Bielefeld: Verlag), 243–298.

Polner, B., and Nagy, H. Takáts, A.Kéri, S. (2015). Kiss of the muse for the chosen ones: De novo schizotypal traits and lifetime creative achievement are related to changes in divergent thinking during dopaminergic therapy in Parkinson’s disease. Psychol. Aesthetic. Creativ. Arts 9, 328–339. doi: 10.1037/a0039303

Rahimi, S., and Shute, V. J. (2021). “The effects of video games on creativity: A systematic review,” in The Cambridge handbook of lifespan development of creativity, eds J. C. Kaufman, J. D. Hoffmann, and S. W. Russ (Cambridge, MA: Cambridge University Press), 368–392. doi: 10.1017/9781108755726.021

Rankanen, M. (2014). Clients’ positive and negative experiences of experiential art therapy group process. Arts Psychother. 41, 193–204. doi: 10.1016/j.aip.2014.02.006

Rauscher, L., Kohn, J., Käser, T., Mayer, V., Kucian, K., McCaskey, U., et al. (2016). Evaluation of a computer-based training program for enhancing arithmetic skills and spatial number representation in primary school children. Front. Psychol. 7:913. doi: 10.3389/fpsyg.2016.00913

Roca, A., Ford, P. R., and Memmert, D. (2018). Creative decision making and visual search behavior in skilled soccer players. PLoS One 13:e0199381. doi: 10.1371/journal.pone.0199381

Rogers, C. R. (1954). Toward a theory of creativity. ETC 11, 249–260.

Rutter, B., Kröger, S., Stark, R., Schweckendiek, J., Windmann, S., Hermann, C., et al. (2012). Can clouds dance? Neural correlates of passive conceptual expansion using a metaphor processing task: Implications for creative cognition. Brain Cogn. 78, 114–122. doi: 10.1016/j.bandc.2011.11.002

Saggar, M., Quintin, E. M., Bott, N. T., Kienitz, E., Chien, Y. H., Hong, D. W. C., et al. (2017). Changes in brain activation associated with spontaneous improvization and figural creativity after design-thinking-based training: A longitudinal fMRI study. Cereb. Cortex 27, 3542–3552. doi: 10.1093/cercor/bhw171

Saggar, M., Quintin, E. M., Kienitz, E., Bott, N. T., Sun, Z., Hong, W. C., et al. (2015). Pictionary-based fMRI paradigm to study the neural correlates of spontaneous improvisation and figural creativity. Sci. Rep. 5, 1–11. doi: 10.1038/srep10894

Sampayo-Vargas, S., Cope, C., He, Z., and Byrne, G. (2013). The effectiveness of adaptive difficulty adjustments on students’ motivation and learning in an educational computer game. Comput. Educ. 69, 452–462. doi: 10.1016/j.compedu.2013.07.004

Sapp, D. D. (1992). The point of creative frustration and the creative process: A new look at an old model. J. Creat. Behav. 26, 21–28. doi: 10.1002/j.2162-6057.1992.tb01153.x

Schipper, M., and Scherenberg, V. (2017). Kognitive Veränderungen im Alter: Förderung kognitiver Kontrolle als präventiver Ansatz? Public Health Forum 25, 169–172. doi: 10.1515/pubhef-2016-2156

Schlegel, A., Alexander, P., and Tse, P. U. (2016). Information processing in the mental workspace is fundamentally distributed. J. Cogn. Neurosci. 28, 295–307. doi: 10.1162/jocn_a_00899

Schlegel, A., Kohler, P. J., Fogelson, S. V., Alexander, P., Konuthula, D., and Tse, P. U. (2013). Network structure and dynamics of the mental workspace. Proc. Natl. Acad. Sci. U.S.A. 110, 16277–16282. doi: 10.1073/pnas.1311149110

Silvia, P. J., Beaty, R. E., Nusbaum, E. C., Eddington, K. M., and Kwapil, T. R. (2014). Creative motivation: Creative achievement predicts cardiac autonomic markers of effort during divergent thinking. Biol. Psychol. 102, 30–37. doi: 10.1016/j.biopsycho.2014.07.010

Tsodyks, M., Pawelzik, K., and Markram, H. (1998). Neural networks with dynamic synapses. Neural Comput. 10, 821–835. doi: 10.1162/089976698300017502

Tsodyks, M. V., and Markram, H. (1997). The neural code between neocortical pyramidal neurons depends on neurotransmitter release probability. Proc. Natl. Acad. Sci. U.S.A. 94, 719–723. doi: 10.1073/pnas.94.2.719

van der Linden, D., Tops, M., and Bakker, A. B. (2021). Go with the flow: A neuroscientific view on being fully engaged. Eur. J. Neurosci. 53, 947–963. doi: 10.1111/ejn.15014

van Dijk, E., and De Dreu, C. K. W. (2021). Experimental games and social decision making. Annu. Rev. Psychol. 72, 415–438. doi: 10.1146/annurev-psych-081420-110718

Ward, T. B., Finke, R. A., and Smith, S. M. (1995). Creativity and the mind: Discovering the genius within. Cambridge, MA: Perseus Books.

Ward, T. B., Smith, S. M., and Vaid, J. (1997). in Creative thought: An investigation of conceptual structures and processes, eds T. B. Ward, S. M. Smith, and J. Vaid (Washington, DC: American Psychological Association), doi: 10.1037/10227-000

Winnicott, D. W. (1971). Playing and reality. London: Routledge.

Xie, H., Beaty, R. E., Jahanikia, S., Geniesse, C., Sonalkar, N. S., and Saggar, M. (2021). Spontaneous and deliberate modes of creativity: Multitask eigen-connectivity analysis captures latent cognitive modes during creative thinking. NeuroImage 243:118531. doi: 10.1016/j.neuroimage.2021.118531

Zavoreo, I., Basic-Kes, V., and Demarin, V. (2012). Stroke and neuroplasticity. Period. Biol. 114, 393–396.



OPS/images/ain.jpg





OPS/images/fnhum-17-1280989-g005.jpg





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The light side of gaming: creativity and brain plasticity



		Introduction



		Creativity, imagination, and mental workspace



		The power of gaming: augmenting neuroplasticity through creative art therapy



		A case study of enriching the creative state of mind: games/gaming in (creative) therapy



		Summary and concluding remarks



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Footnotes



		References

















OPS/images/fnhum-17-1280989-g006.jpg
(2

C

Conceptual
Expansion

Re

(2

Imagmatlonl\) Imagination
Mental Mental
Workspace” ) Flow Workspace
(O @
Creatlwty]—> 2
A
onceptual L

Analogical
asoning

Metaphor
FProcess

hq

Expansion )

Analogical
Reasoning

L €2






OPS/images/fnhum-17-1280989-g001.jpg
Tournaments Creative content & mods | Streaming I

Inﬂuencers1 [Forums "Guidesl

Competition . Community

Events Competitive Play Sports

——
- —

-~

(//Servic\e\\\\ 3 | , ‘ |=|'anChisef
[ Season IBattle\\passt ] b ” [ Officiall,vMedia (TV, Series) ]
[Subscriptiorﬂ NLC ] [ Physical Merchandise ]

[ User-generated games & content ][Creative Modes][Non-gami“Q experiences][ Social squares ]






OPS/images/fnhum-17-1280989-g002.jpg
Challenge

S e
> — 1 &
T Anxiety x>
4{6
= pEVNEY Q\o
_ :’Decreasing"
8 Increasing "’Challenge"-
=" Skills Snnpns?®
o -
S
<
| & less . Boredom
Increasing . Der‘gsqdm :
Challenge 5. oy
=
o
-—

I , - Skill
Low Efﬁcacy High





OPS/images/fnhum-17-1280989-g003.jpg
|Subject Reference |

| Product Reference|
Only the subject can Artwork and creativity
recognize the value of
creativity

require a sensory
medium to be seen and
appreciated;
. this enables

The subject can only be
understood from a
specific domain

| References |

|Social Reference |

Time Reference |
Art reflects society. Forming the design is
Design and creativity unique and
recognition are temporary. Creativity
always socially driven also fades. Nothing is
—Bourdieu (1968) unique and long-
characterized art
perception as social

lasting





OPS/images/fnhum-17-1280989-g004.jpg





OPS/images/cover.jpg
’ frontiers | Frontiers in Human Neuroscience













OPS/images/logo.jpg
’ frontiers | Frontiers in Human Neuroscience







