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Abstract

:

The current research aims to investigate the effectiveness of brain-rewiring techniques applied in virtual reality environments as a pioneer intervention for people with learning disabilities and various disorders. In addition, we examine whether these VR-assisted techniques can improve metacognitive skills. Specifically, we emphasize the advantage of VR clinical hypnosis, VR neurolinguistic programming, VR subliminal training, VR fast learning, VR mindfulness, and VR breathing training. The results of this review study revealed that virtual reality provides a fertile ground for the practice of therapeutic metacognitive techniques. In addition, experimental research revealed beneficial effects on learning disabilities, cognitive impairments, autism, ADHD (attention deficit hyperactivity disorder), depression, generalized anxiety disorder, phobias, and behavioral and emotional disorders. It was revealed that VR brain-rewiring techniques constitute effective metacognitive strategies for people with various disorders. Therapists, educators, parents, and even patients could utilize VR brain-rewiring techniques at home, at school, or in the workplace to train the 21st-century meta-abilities. This study also highlights the need to create virtual metacognitive training environments to accelerate inclusion, equity, and peak performance.






Keywords:


inclusion; education transformation; metacognition; learning disabilities; virtual reality; metacognitive techniques; VR speed learning; VR hypnosis; VR mindfulness; VR neurolinguistic programming; VR breathing training; VR subliminal techniques












1. Introduction


1.1. Learning Disabilities


Learning disabilities are defined as a set of neurodevelopmental disorders of biological basis that induce cognitive abnormalities as well as symptoms related to emotional and behavioral disorders. The biological etiology is indeed a combination of genetic, epigenetic, and environmental factors that alter the brain’s ability to recognize or process verbal or nonverbal information effectively and precisely [1].




1.2. Classification of Learning Disabilities


Mental health specialists, including learning impairment associations, consider the following conditions to contain serious learning difficulties. They distinguish autism spectrum disorder (ASD) and attention deficit hyperactivity disorder (ADHD) as related but distinct neurodevelopmental disorders that impact learning [2,3]: (1) physical disabilities, (2) sensory impairments, (3) moderate/severe cognitive disabilities, (4) autism, (5) learning disabilities, (6) attention deficit, (7) behavioral disorders, (8) giftedness.



	
Deficits in fundamental cognitive abilities include perception (especially visual perception), attention (with the focus on attentional control processes), and memory (especially working memory) [4,5,6,7].



	
Behavioral problems, heavy stress, depression, phobias, and mood disorders [8,9,10,11,12].



	
Metacognitive deficits in terms of self-control and self-awareness [13,14].







1.3. Metacognition (Definition)


Metacognition is defined by Drigas and Mitsea [15] as the “set of regulatory meta-abilities and meta-skills that are consciously applied aiming at the smooth operation of the cognitive & psychophysiological mechanism as a means of achieving functional capability, self-efficacy, independent living & life satisfaction. Metacognition involves consciousness-raising skills and strategies such as individuals’ ability to observe, regulate and adapt their internal cognitive processes, recognize the difference between functional and dysfunctional states of mind and consciously choose those states that awaken the full range of their abilities and identity” (Figure 1 and Figure 2).




1.4. The Eight Pillars of Metacognition


Metacognition is constructed on eight fundamental key aspects shown in Figure 2 [15,16]:




	
Acquiring knowledge: Humans’ ability to construct knowledge, especially about their cognitive mechanisms, making meta-representations of the knowledge. It includes also grasping the concept of cognition, its functions, as well as its hierarchical relationships. It also requires comprehension about meta- abilities and meta-skills that allows people to “learn how to learn”. In other words, to be aware of the phenomenon of self-conscious learning itself.



	
Applied knowledge: The human meta-ability to strategically use his/her mental tools evaluating the degrees of freedom defined by a specific situation, problem, or task. Applied knowledge requires experience and practical use of knowledge in the real world. It also implies self-awareness of personal strengths and weaknesses. Finally, it includes the ability to transfer previous knowledge to novel contexts.



	
Self-observation: Real-time conscious monitoring of the external (exteroception) and internal processes (introspection). It is a kind of internal attention and control that lights up the patterns of thoughts and feelings, using the feedback received from the external environment such as our social environment. Therefore, self-observation is standing at the crossroad between intrapersonal and interpersonal routes. Although most typical individuals are aware of this capacity, it is a metacognitive, self-conscious meta-skill that develops gradually and after regular training.



	
Self-regulation: The capability to restore any observed disturbance that disrupts the regular functioning of cognitive and psychophysiological operations (i.e., anxiety, impulses, over-reactivity).



	
Adaptation: Individuals’ flexibility to adjust their mental functions and behavior in response to the demands of specific environments and personal goals.



	
Recognition: The faculty of perception is what allows one to identify and be aware of sensations, objects, thoughts, and emotions. Furthermore, it entails individuals’ meta-ability to attribute mental and emotional states to themselves as well as others, to be empathetic, to perceive and predict intentions, and to comprehend the underlying motives.



	
Discrimination: The ability to filter, assess, and strategically select what is vital or unnecessary in a given situation, in terms of information, knowledge, motivations, desires, attitudes, strategies, and behaviors. At a more abstract level, discrimination helps people to have prudence and make wise judgments and decisions.



	
Mnemosyne: The state of awakening. The ability to voluntarily maintain a state of relaxed awareness while being awake, aiming to achieve peak performance. It also symbolizes the internalized wisdom that awakens and propels humans toward independence and self-fulfillment.









1.5. Virtual Reality


VR is commonly regarded as a technology that induces virtual immersion in a digital world via the use of a computerized graphic simulation that allows users to immerse themselves in an interactive three-dimensional world brimming with various sensory and emotional experiences [17].



To assist learners’ interaction with the VR environments, special interfaces are necessary, designed to input learners’ commands into the computer and provide feedback to the learner. Input/output devices such as user monitoring devices (i.e., body tracking), VR navigation devices (i.e., tracker-based navigation/manipulation, trackballs), visual displays (i.e., projection VR, head-based displays), auditory displays, and haptic displays are some examples of commonly used VR interfaces [18].




1.6. VR in Special Education


Virtual reality (VR) is increasingly being used in formal education as a tool for cognitive training and inquiry-based learning [19,20,21,22], while serving as an intervention tool for psychiatric disorders such as depression, anxiety, phobias, and anxiety [22]. The increasing number of research publications regarding the role of virtual reality (VR) technologies in the field of special education indicates that VR applications are gaining attention as promising intervention tools for students with neurodevelopmental disorders, physical disabilities, and learning difficulties [13,23,24,25,26,27,28]. The axes of VR implementation in special education are at least the following three (Figure 3):



VR in Assessment and Diagnosis: Assessment demands expert observations in neutral settings, which imposes limitations and biases because of a lack of objectivity. In addition, conventional assessments often do not capture performance in real-world settings [29]. Studies have already shown the potential advantages of using virtual reality in assessment, as it facilitates the diagnosis of various neurodevelopmental disorders. Virtual reality and sensors (such as eye-tracking tools) have been utilized to track eye movements and identify various cognitive and behavioral abnormalities, enriching assessments with more objective data than standard methods. In some cases, virtual reality tests show better sensitivity and specificity than typical tests in identifying disorder-related symptoms [29,30].



VR in Intervention and Rehabilitation: VR systems have become a cutting-edge clinical tool for patients with specific psychiatric symptoms. The use of virtual reality has already expanded to the field of intervention and rehabilitation of neurodevelopmental disorders, and physical and learning disabilities such as autism, ADHD, posttraumatic stress disorder, depression, schizophrenia, and psychosis [22,31].



VR in Skills Training: The use of VR facilitates skills training. Research has already shown virtual reality training skills environments help people with and without disabilities to develop skills such as social and emotional skills [27,32], metacognitive skills [13,24,26], vocational skills [33], 21st-century skills including problem solving, collaboration, communication skills, critical thinking skills [19], digital skills [34], as well as soft skills [35].



In more recent studies, researchers consider alternative intervention strategies, new methods, and techniques as a priority for dealing with learning disabilities and related disorders [36,37]. When used separately, both technologies and therapeutic techniques have already shown positive results for individuals with disabilities [22,27,28,31,32,33]. However, researchers propose a hybrid approach, such as implementing psychotherapeutic principles used in learning disability therapy in virtual worlds [38]. For instance, some researchers have developed interventions that combine cognitive behavioral therapy techniques with immersive virtual reality exposure [39]. Although such types of interventions have provided beneficial outcomes, they have not been sufficiently examined [38,39]. In addition, less emphasis has been given to approaches such as clinical hypnosis and neuro-linguistic programming, which are already utilized in clinical interventions with beneficial effects [23,24,25,26]. As a result, the motivation of this study is to present a review that brings together representative findings from previous experimental research and evaluate both whether VR can provide suitable conditions for the application of training techniques and whether the blending of VR with such techniques can improve the metacognitive abilities needed for the inclusion of people with disabilities. In the same context, we will examine the benefits that virtual reality provides as well as the features that may facilitate the implementation of brain-rewiring techniques, especially in cases of people with disabilities. This is the first study, according to our knowledge, that reviews the implementation of VR brain-rewiring techniques for people with learning disabilities.





2. Materials and Methods


The purpose of the current study is to investigate the efficacy of brain-rewiring techniques within virtual reality environments in the treatment of various learning and mental disorders. Specifically, we investigate whether virtual reality brain-rewiring techniques can improve the metacognitive abilities and skills needed to be more inclusive in 21st-century society. To that end, we present a brief, representative, and non-exhaustive literature review of research studies that investigate the effectiveness of brain-rewiring techniques within virtual environments. Intending to examine the subject as comprehensively as possible, we include two sections concerning the benefits and features of virtual reality that may facilitate the application and effectiveness of such techniques, while we provide a brief overview of the techniques that may have the potential to work in conjunction with virtual reality.



The central research question of our review study is whether interventions that implement brain-rewiring techniques within virtual environments have beneficial effects on metacognitive abilities that people with learning and other related disorders struggle with.



For this review study, an electronic search was conducted using the following databases and search engines: Google Scholar, Mendeley, PubMed, Science Direct. The key terms we used were VR speed learning, VR hypnosis, VR mindfulness, VR neurolinguistic programming, VR breathing training, and VR subliminal techniques, autism, ADHD, specific learning disabilities, depression, anxiety, and phobias.



Studies were included if they used virtual reality as a primary component. In addition, we selected studies that applied the techniques that we have decided to examine in the current study. We mainly focused on experimental research and randomized clinical trials. In addition, case studies were incorporated. Concerning participants, initially, we gave priority to studies that recruited individuals with learning difficulties and related disorders, including behavioral and emotional disorders. Given the lack of studies that fulfill all criteria, we opted to include several studies with healthy subjects, provided that they give evidence about the effectiveness of VR techniques on variables related to metacognition such as cognitive and emotional regulation, self-control, and self-awareness. Participants were children and adults irrespective of gender.



Those studies which focused on conventional virtual reality intervention in learning and other disabilities were excluded. Non-English publications were also excluded. Furthermore, research studies before 2000 were not included in this review.



Following the identification of publications that met the search criteria, abstracts were evaluated to see if they met the inclusion criteria. When it was unclear from the abstract whether an article met the inclusion and exclusion criteria, the entire text was examined. All the indicated articles’ full texts were obtained. The reference lists of these papers were also examined to detect any publications that may have been missed during database searching. Finally, we concluded with a list of 25 selected articles with a total of 1073 participants.




3. Results


3.1. Virtual Reality and Metacognitive Skills in Special Education


Research has already revealed that virtual reality can contribute to metacognitive skills training [13,27,32]. Virtual reality can help people with severe neurodevelopmental disorders such as autism to develop adaptive skills in cognitive and socio-emotional tasks [40,41]. Other studies have revealed improvements in self-regulation skills such as self-observation, attentional flexibility, inhibition control, and other executive functions [42,43]. Several studies highlight the role of VR in emotional regulation in various mental and behavioral disorders such as heavy anxiety, phobias, and depression [44].




3.2. Benefits of VR Environments in Special Education


Safe, Structured and Controlled Environments: Virtual environments provide well-controlled sensory stimuli according to the needs of users, because people with learning disabilities face serious sensory processing difficulties. For instance, therapists can provide either more stimulation to motivate subjects or less sensory stimulation to relax them. In addition, we avoid the risks and dangers associated with exposing patients to real-life situations [31].



Interactive and Multisensory: VR makes it possible to create highly interactive 3D environments involving multi-sensory channels (vision, audition, haptics), enabling the brain to behave as it would in a real-life situation. These features maximize learning outcomes, but also play a crucial role for people with sensory disabilities [19].



Attention Manipulation: VR utilizes attention as a tool for rehabilitation. The ability to direct attention is a key feature of virtual reality that distinguishes it from various technologies and gives VR an advantage in intervention. Attention has a regulatory role and thus plays a crucial role in behavior modification. VR can either distract users’ attention from stressful stimuli or direct attention in the appropriate direction (i.e., a goal, a piece of important information). VR familiarizes subjects with the functions of attention. Most importantly, it helps users to develop attentional awareness, that is, the realization that they possess and can utilize in various ways a powerful mental tool responsible for self-regulation [15,16,23,24,25,26].



Visualization: VR primarily employs visual interaction pathways minimizing cognitive load and processing energy. According to a recent study, 90 percent of the total information transmitted and processed to the brain is visual, and the time it takes for the visual system to detect and process an image is 60,000 times faster than text [45]. VR replaces many stimuli that patients struggle to visualize via verbal cueing, and thus, it can be useful for those with attention deficits and mental imagery disorders [23,24,25,26]. Imaginative play can also help people with learning disabilities to use both divergent and convergent reasoning to build new knowledge [18]. The use of visual paths can boost creative imagination and complex problem-solving skills required for open-ended problems [18,19].



Personalized Environments for Intervention/Virtual Personalized Scenarios: VR provides personalized environments targeted to people who require training for some physical or cognitive pathology. In addition, trainers can develop virtual scenarios considering the skills to be taught by the subjects according to their abilities and needs. For instance, they can present social scenarios for developing daily living skills for people with autism [46].



Distance Learning: Cloud computing and the widespread adoption of 5G technology have allowed distance education to become meaningful, and with the incorporation of VR technology, realistic distance learning has become a reality for people with learning disabilities [47].



Cooperative/collaborative learning: VR technologies that facilitate immersive learning are considered as having great potential for social scaffolding in cooperative/collaborative settings. For instance, numerous users can interact inside the same virtual area or simulation. Participants can be aware of one another and share a common learning environment by using virtual shared spaces, avatars, and chat rooms. Learners are thus encouraged to collaborate, exchange ideas, and share experiences to gain new knowledge during the learning process [18]. In addition, a VR collaborative environment promotes the flexibility and sociability of younger learners with or without disabilities [48].



Problem-based learning: VR learning environments present real problems, individualize the level of challenge with regular feedback, provide a rich, focused, reflexive, and collaborative learning environment, motivate learners to develop independent thinking ability, and allow learners to observe the simulated situation and identify various aspects of a problem, even a personal problem [18].



Game-based Learning: VR environments have already incorporated serious games (for non-entertainment purposes) showing major learning outcomes when compared to conventional learning scenarios. These playful virtual environments enhance intrinsic motivation and motivate skills learning without external pressure [49].



Immersion and Presence: VR allows the subjects to immerse themselves in a virtual environment, experience the virtual environment as a real and new reality, and, thus, change perspective more easily. Immersive environments intensify the sense of presence, which in turn facilitates deeper levels of information processing [18]. In addition, immersion works as the “greatest empathy generator” since it allows subjects to experience any situation as real, and to adopt different points of view [50], accelerating behavior modification. Last but not least, immersion and presence provide the best possible combination for conscious attention, which constitutes a key feature in cognitive and behavioral regulation [23,24,25,26].



Avatars, Embodied Avatars, and Role-Playing: Virtual avatars are graphical illustrations either of the users or other characters within the virtual space. These virtual agents have a fundamental pedagogical as well as therapeutic role. They can play various roles such as the role of teacher, mentor, advisor, friend, co-worker, or a positive role model (i.e., a successful person) [51]. Avatars also interact with users, helping them to develop new skills and express socially appropriate behaviors in scenarios where virtual job interviews and virtual social meetings can take place [31]. Most importantly, users can interact with an illustrated avatar of themselves, a process that enhances self-observation skills. In addition, embodied avatars can accelerate behavioral modification [23,24,25,26,51]. Avatar embodiment motivates action, enables people to experience different identities, and imbues people with agency. For instance, subjects can imitate superhero or super-villain behaviors. By acting in these virtual roles, individuals may develop self-regulated behaviors, and demonstrate their own, real-life behaviors after them [52,53]. Role-playing using avatars can reverse a potential pattern of behavior, facilitating behavior change [52].




3.3. Brain-Rewiring Techniques in Special Education


Medical Hypnosis Techniques: Hypnosis techniques induce a state of consciousness that occurs when the subject has both focused attention and reduced peripheral awareness. In this state of reduced awareness, subjects are more likely to be open to suggestions (i.e., positive affirmations), which in turn can accelerate behavioral change [54]. Hypnosis targets dysfunctional or overlearned schemas, distorted beliefs, defense mechanisms, undesired automatisms, and conflicting thoughts that decelerate metacognitive capacity and create those conditions that trigger various disorders [23,24]. VR hypnosis delivers hypnotic induction via a customized virtual reality hardware/software setup [23,24,54].



Neurolinguistic Programming Techniques: Neuro-linguistic programming (NLP) is a psychological strategy that applies effective techniques to assist individuals to amplify behavior (Figure 4). NLP is in line with positive psychology and fundamental learning theories such as social learning theory developed by Bandura, which supports the premise that we acquire knowledge in our social interactions through observation and imitation. NLP techniques include Role-Playing, Reframing, Modelling, Positive Affirmations, and Positive Visualizations [25,26,53].



Subliminal Techniques: Subliminal techniques expose humans to visual or/and auditory stimuli under the threshold of conscious perception. Subliminal cues can implicitly direct subjects’ attention to important information or a new positive goal, to distract them from negative information and habits to exposure to stressful stimuli to desensitize them from a phobia. ICTs and especially virtual reality seem to provide an ideal environment to support these techniques [55].



Fast Learning Techniques: An umbrella term that includes all those techniques that make learning fast and easy such as speed reading, speed listening, metamemory techniques, fast calculation, and eye training strategies. Speed learning techniques are considered all those techniques that either facilitate the factors that accelerate learning (i.e., visual acuity, perception, spatial attention, short-term memory, processing speed) or slow down the inhibitors of fast learning (i.e., cognitive load, anxiety, negative emotions, implicit bias) [56].



Breathing Training Techniques: Breathing, though nonconscious and often overlooked, is a central aspect of our whole being and one of our most vital functions. Systematic instruction in respiratory control exercises offers lasting physiological and neuropsychological benefits, reducing the signs of chronic illnesses as well as the subsequent abnormalities [57]. Recent research recognizes the feasibility of breathing training intervention in virtual environments as a means of physiological and neuropsychological regulation (Figure 5) [57,58,59].



Mindfulness Techniques: Mindfulness training refers to the practice of orienting one’s attention to the present moment, monitoring any thoughts, sensations, and emotions that arise in real-time experience [60]. Mindfulness techniques train subjects to develop sensory and attentional awareness, which are fundamental metacognitive abilities. Systematic training aims to help subjects to utilize attention as a tool for self- and emotional regulation [61]. Mindfulness-based interventions have already been applied to people with special needs [62].




3.4. VR-Assisted Techniques for Metacognitive Skills Training in Special Education


3.4.1. VR Hypnosis Techniques (VRH)


Clinical hypnosis provides a series of hypnotherapeutic techniques that have positive effects on learning disabilities [63]. According to Drigas and Mitsea [24], clinical hypnosis techniques constitute a powerful intervention for a wide range of mental or emotional problems that people with learning difficulties usually face (Table 1).



Virtual reality hypnosis is considered an innovative and effective intervention that deploys the opportunities offered by the virtual environment adjusted to various hypnotherapeutic techniques [64,65]. Virtual reality hypnosis concentrates attention on the present moment and removes disruptive stimuli, making it advantageous for individuals with attention deficits. VRH can be also beneficial for people with mental imagery difficulties (i.e., dyslexia, dyscalculia, depression) switching verbal stimuli that the patients struggle to visualize with visual cues. Moreover, it shows significant potential for hearing impairments [65].



Clinical hypnosis has been shown to help people with autism spectrum disorder deal with restrictive repetitive behaviors as well as emotional problems. Studies have already shown that hypnotherapeutic techniques can help patients to develop self-regulation abilities and more flexible behaviors [66]. However, in the case of autism, there is one more difficulty: individuals can not easily be hypnotized due to attention deficits and difficulties to receive verbal cues. Virtual environments are well-structured, safe, and offer sensory stimulation in a regulated manner.



Austin et al. [64] carried out a preliminary study to assess virtual reality hypnosis as an adjunctive treatment in a sample of two 14- and 15-year-old boys with severe autism. The findings revealed that, while this treatment relaxed and focused patients’ attention, it had little effect on autistic symptoms. However, more research is needed to discover the variables that may promote VRH effectiveness in autism.



Thomson et al. [67] carried out a randomized controlled trial to determine the efficacy of virtual reality hypnosis on mood, fatigue, and cortisol levels. Thirty-five participants were randomly assigned to one of the following three conditions: VR hypnosis, conventional hypnosis, and relaxation practices. The results revealed that participants in hypnosis interventions showed lower fatigue ratings than the control group. VR hypnosis had the most beneficial effects since it allowed subjects with limited absorption to attain higher engagement, which in turn meant reduced distraction and improved concentration.



Hirsch et al. [68] examined the case of a phobic patient with avoidance behavior using virtual reality exposure therapy in conjunction with hypnosis. Following the intervention, the participant was confident and capable of dealing with his phobias. VR hypnosis combined with exposure therapy assisted him to reframe, and to look at actual situations as being simulations. Similarly, Kraft et al. [69] in their case study achieved complete recovery for a patient with a phobia through systematic desensitization with virtual reality hypnosis.



People with disabilities frequently have a subjective sense of pain. Patterson et al. [70] explored the efficacy of immersive virtual reality hypnosis on pain and stress management. The post-hypnotic suggestions delivered in the virtual environment reduced pain and anxiety by approximately 40 percent.



Similarly, Teeley et al. [71] found a reduction in the sense of pain from 70% to 30% in a sample of three subjects using VRH. VRH caught subjects’ attention, facilitating their responsiveness to hypnosis. At the same time, VR distracted their attention from unpleasant sensations.



Patterson et al. [72], in a randomized control trial, found that virtual reality hypnosis had better results compared with virtual reality distraction methods. Virtual post-hypnotic suggestions (i.e., asking patients to forget suffering, recall positive memories, visualize a brighter future, to feel emotional peace) had a positive impact on self-regulation and pain management.




3.4.2. VR Neurolinguistic Programming Techniques


Banakou et al. [73] investigated whether embodiment in an avatar representing a positive model of a person with exceptional cognitive abilities would result in greater executive functions (i.e., intelligence, working memory) and improved cognitive performance. Fifteen participants were immersed in a virtual body of Einstein as well as the virtual body of someone their own age. It was revealed that the participants who played the role of Einstein performed better on a cognitive task than the usual body, with the effect being greater for those with poor self-esteem. Additionally, the embodiment had a positive effect on the reduction in implicit prejudice and stereotyping.



Osimo et al. [74] explored whether subjects’ embodiment in a virtual body of a famous counselor could regulate their mood and help them manage personal problems. Participants were immersed in digitalized duplicates of their bodies and expressed a personal problem to Sigmund Freud’s avatar. Afterward, they were immersed in Freud’s virtual body to see and hear their doppelganger describe the problem. Participants who were embodied in Freud’s body addressed their problems more successfully and elevated their mood. They could act as counselors, giving the best advice. They were then transferred back to their virtual bodies to receive Freud’s response. VR, immersion, and avatars trained participants in methods commonly used in NLP, such as reframing, perspective taking, and detachment. They were trained to shift their viewpoint away from habitual ways of thinking. In addition, it helped participants develop self-observation skills.



Rosenberg et al. [75] investigated whether the use of an avatar with superhero abilities in immersive virtual reality would increase prosocial behavior. A group of 60 people was randomly allocated to either receive the virtual superpower of flight (like Superman) or to fly as passengers in a helicopter. Afterward, participants were assigned either to a helping condition (to find a lost child in need) or to navigate a virtual city. The experimenter then solicited assistance from the volunteers. The individuals with the superhuman avatar were found to be quicker to assist. Therefore, the virtual interaction with a positive role model improved participants’ empathy and prosocial behavior.



Low mood and depression are characterized by unpleasant visualizations, pessimistic future projections, limited capacity to recall positive experiences, and verbal processing bias. Habak et al. [76] investigated the effects of VR positive visualizations on mood, well-being, and future planning. Seventy-nine subjects were immersed in spectacular virtual landscapes supported by other effects such as a pleasant wind, aiming to improve subjective perception. The virtual exploration aimed to elicit a sense of hopeful expectation, assisting users in realizing that openness and curiosity contribute to a positively rewarding experience. According to the findings, almost all participants felt less depressed. Negative emotion was better-controlled, whereas mindfulness, positive mood, and optimistic planning increased significantly.



Ganschow et al. [77] used virtual reality to conduct a perspective-taking exercise to improve future self-continuity. The exercise was based on the two-chair technique, which entails that the client sits across from an empty chair and visualizes the significant other. This technique was developed also to aid individuals in acting as their successful future selves. Participants responded to a list of questions and reflected on how they could become their positive future selves. The results demonstrated that the perspective-taking exercise in a virtual environment considerably improved participants’ ability to envisage themselves in the future and create future goals.



In another study, Gelder et al. [78] utilized an age-progressed avatar depicting participants’ future selves. During this virtual interaction, subjects reflected on their existing lifestyle, switching between the perspective of their present and future self. VR perspective changing technique helped participants to better self-regulate self-defeating behaviors such as self-criticism, risky behaviors, self-pity, and procrastination.



Empathy, or the ability to share and comprehend another person’s feelings, is a necessary element of interpersonal relationships [32]. However, people with autism or other disabilities face serious difficulties. Herrera et al. [50] carried out two experiments to evaluate the effects of VR perspective-taking practices as well as the role of immersion in various forms of perspective-taking activities. Results showed that VR perspective taking enhances empathy and connection with others. In particular, when subjects are immersed to play the role of someone in need, they adopt more positive attitudes and the outcomes are long-lasting.





3.5. VR Subliminal Techniques Training


A threshold for conscious access exists in human perception. We consider this threshold as the “line” between conscious and subconscious perception [79].



Blanchfield et al. [80] explored the influence of subliminal priming on effort perception and endurance performance. According to the study, emotional and action-related visual cues had a significant impact on performance. The subject could voluntarily adapt to higher demands. They also proposed that non-conscious visual cues can be used as a performance-enhancing method during training by utilizing modern technologies such as virtual smart glasses.



Larsen [81] investigated whether subliminal primes can minimize cognitive processing loads, facilitating decision making and learning in 3D computer games. For that reason, a computer game design framework was applied, where subliminal signals within in-game tutorials aimed to improve the learning and play experience. An experiment with 40 participants was conducted. The experiment revealed that participants had a greater ability for rapid and flexible responses when solving a given task. They also had a better game experience.



Baumeister et al. [82] carried out two experiments to assess subliminal cueing techniques in spatial augmented reality (SAR). The researchers investigated whether supportive subliminal cues could result in faster reactions. The results demonstrated that using subliminal cueing improved reactions and procedural task performance in an SAR setting.



Chalfoun et al. [79,83,84,85] introduced a 3D virtual tutoring system that makes use of subliminal priming in a 3D gaming-like environment. The results of their studies showed that learners felt more motivated, retrieved previous knowledge faster, and could learn more easily. The two later studies conducted [84,85] presented participants with subliminal positive and negative cues. Positive subliminal cues improved reasoning and problem-solving skills by about 10%, according to the research.



3.5.1. VR Speed Learning Techniques


Method of loci refers to a meta-memory technique that has been utilized since classical times to aid individuals to speed up recall by utilizing spatial mappings and environmental attributes. The idea was to mentally map words or phrases onto a mental model of an environment (for instance an amphitheater) and then recall those words by mentally visualizing that place in the environment [86]. Krokos et al. [87] explored whether the implementation of the mnemonic exercise method of loci in a virtual environment would enhance 40 participants’ recollection of memories. When compared to the desktop condition, the virtual loci technique gave greater memory recall and spatial awareness. The authors recognized that mnemonic techniques such as the method of loci find a perfect breeding ground in virtual reality because VR enhances spatial awareness as well as the sense of presence, which plays a crucial role in memory processes.




3.5.2. VR Mindfulness Techniques


Serra-Pla et al. [88] developed and evaluated the first VR mindfulness treatment for people with ADHD. In a pilot study, 25 patients took part in four 30 min VR mindfulness sessions, whereas 25 participants were treated with psychostimulants. The findings indicated better self-management of depression and anxiety for the experimental group.



Modrego et al. [89] conducted a randomized controlled trial to evaluate the benefits of a virtual reality mindfulness program in stress management. A total of 280 university students were allocated randomly to one of the following three conditions: VR mindfulness, traditional mindfulness exercises, and relaxation therapy. Group sessions with 15 or 16 participants were held once a week for 6 weeks, with each session lasting 90 to 75 min. The VR sessions were applied on a personal level. The results revealed that VR mindfulness had a positive impact on stress regulation accompanied by higher retention rates and session attendance.



Asati et al. [90] assessed the benefits of a VR meditation on sustained attention. A calming virtual environment was built with pleasant scenery and relaxing sounds. The user could even feel the wind blowing. A non-action video game and Muse headband EEG signals were used to test the attention span of 12 participants before and after the VR session. Game scores improved following the 10 min virtual reality session. The data from the users’ brain waves suggested that they were more relaxed. Furthermore, the number of times they self-regulated by attempting to switch from arousal to a calming state increased.



Navarro-Haro et al. [91] conducted a pilot study to assess the efficacy of VR mindfulness on self-regulation under high stress. An additional goal was to evaluate the influence on depression, emotion control, mindfulness, and interoceptive awareness. Forty-two participants with generalized anxiety disorder were divided into either a mindfulness group or the mindfulness plus 10 min VR DBT® (Dialectical Behavior Therapy). VR mindfulness intervention had significantly better outcomes in terms of anxiety and depression symptom reduction, emotion regulation, mindfulness, and interoceptive awareness.



In a case study, Navarro-Haro et al. [92] investigated the effectiveness of VR mindfulness intervention in a 32-year-old female diagnosed with borderline personality disorder, a condition characterized by emotional instability, impulsivity, and dysfunctional interpersonal relationships. VR mindfulness intervention assisted patients in better regulating their urges to attempt suicide, self-harm, quit therapy, misuse substances, and experience negative emotions.




3.5.3. VR Breathing Techniques


Shiban et al. [93] studied the influence of diaphragmatic breathing on self-regulation during VR exposure therapy. Twenty-nine phobia patients were randomly allocated to VR exposure treatment with or without diaphragmatic breathing (six cycles per minute). The group that underwent VR exposure mixed with diaphragmatic breathing was more likely to successfully overcome their fear.



Yüksel et al. [94] evaluated the efficacy of VR breathing training in anxiety and sleep disorders in high-school adolescents. Twenty-nine teenagers with sleep problems engaged in slow diaphragmatic breathing while passively viewing a relaxation immersive VR environment designed to foster cognitive relaxation/distraction (20 min). The VR breathing intervention resulted in an immediate increase in relaxation as well as a significant reduction in worry. Heart rate dropped and sleep efficiency increased. The authors discussed the potential of combining cognitive relaxation and distraction strategies with immersive VR technology and physiological downregulation to induce relaxation and improve overall sleep quality in adolescents experiencing relevant issues.






4. Conclusions


The current study aimed to review the literature regarding virtual reality interventions that incorporate brain-rewiring techniques intending to improve metacognitive skills for people with learning disabilities. The results of this review study showed that virtual reality provides a fertile ground for practicing such techniques. The research revealed that interventions which combine virtual reality with therapeutic techniques are effective for training metacognitive skills in people with learning disabilities.



Virtual reality and clinical hypnosis had high potential for synergistic effects in self-regulation processes with attentional and visualization mechanisms as a shared denominator. VR hypnosis helped subjects to overcome various cognitive and behavioral difficulties by captivating and intensifying their attention, minimizing distraction, and boosting imagery, especially in the case of low-imagination individuals. This was established as a fruitful approach for learning impairments.



VR Neurolinguistic programming allowed individuals to detach and shift their perspective away from habitual modes of thought. VR embodiment enhanced subjects’ flexibility to change and adopt new ways of thinking and acting. VR NLP cultivated positive visualizations, positive expectations, hope, and optimism. The most significant asset of VR was the heightened sense of presence and image vividness, which minimized subjects’ distraction and released attentional resources. The use of avatars had a pivotal role in developing self-control skills.



NLP-based techniques were also thought to be effective in VR environments as they supported participants to: (a) modify and follow self-regulated behaviors both in virtual and real life, (b) think about and analyze their beliefs, (c) have faith in their self (d) acknowledge unrecognized abilities, (e) transcend self-imposed constraints and effectively find solutions to personal problems, (f) develop self-perception (g) make wise decisions, (h) improve intelligence (i) boost self-esteem, trust, and curiosity, (j) eliminate implicit bias and stereotyping, and (k) strengthen prosocial behaviors and emotional regulation.



VR provided fertile ground for the practice of subliminal training techniques, assuring high-quality experience and that stimuli are unnoticed. Results showed a positive impact on reaction time, improved mood, motivation, and goal setting, which are important variables in self-regulation.



VR has the potential to support training in fast learning techniques. VR can train the abilities needed for fast and conscious learning such as visual acuity, perceptual span, processing speed, and reaction time.



VR mindfulness training provided rich sensory stimulation and relaxing surroundings. Most importantly, VR mindfulness techniques assisted subjects in consciously using their attention as a tool for self-regulation. Subjects could better observe and be aware of surroundings, sensations, and sounds as if they were in a real-life setting. In addition, VR mindfulness improved various physiological and neuropsychological variables that interact with metacognitive abilities.



VR breathing techniques improved cardiac coherence, induced relaxation, and reduced distraction and mind wandering, helping participants to effortlessly focus attention. VR provided relaxing and engaging conditions. VR breathing trained subjects to be aware of and appropriately use the power of their breathing to interact with the VR space. It also improved internal control, self-monitoring skills, and intrinsic motivation. Participants acquired better awareness of their physiological and neuropsychological conditions. Finally, VR breathing facilitated the coordination between respiration and attention resulting in physiological regulations and metacognitive improvements [58,59].



Virtual reality provides a fertile ground for the practice of various techniques which are considered metacognitive because they train various meta-abilities and meta-skills such as self-observation, self-regulation, and adaptation. In addition, these techniques improve metacognition in two directions, engaging both the pathways of effortful and effortless self-regulation. Effortless self-regulation, in other words, non-conscious self-regulation, can promote a fundamental goal, that is, unlearning. Well-established beliefs, and painful memories, waste cognitive resources and prevent people from taking appropriate conscious decisions. Thus, VR subconscious techniques minimize conscious awareness and reduce the resistance derived from conscious control processes, providing a powerful tool for unlearning and behavior modification.



VR can be a part of educational transformation, bringing changes not only to the everyday life of society but also to humans’ cognitive capacity, equipping them with the possibility to see objects, places, and situations that cannot be seen in reality [20,21,34]. VR, combined with well-recognized therapeutic metacognitive techniques, promises spectacular outcomes for people with or without disabilities. Societies can integrate VR metacognitive techniques as training methods in school settings and workplaces to maximize performance and inclusion. Finally, this study highlights the need to design virtual metacognitive learning environments as a means to cultivate higher-order meta-abilities.



The integration of digital technologies in the field of education is quite effective and rewarding and promotes educational procedures through the use of mobile devices [95,96,97,98,99,100,101,102,103], different ICTs applications [104,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,120], AI and STEM [121,122,123,124,125,126,127,128,129,130], and games [131,132,133,134,135]. In addition, the blending of ICTs with metacognition theories and models, mindfulness, meditation, and emotional intelligence theories [136,137,138,139,140,141,142,143,144,145], as well as with knowledge about the role of environmental factors and nutrition [146,147,148], advances and boosts educational outcomes and contributes to sustainable living.



The effectiveness of these techniques should be tested in additional contexts by specialized practitioners [65,72,149]. More research is needed, with large-scale experimental studies testing the efficacy of VR-assisted metacognitive methods in learning and other disabilities. Furthermore, additional study on virtual environment design is required to optimize the benefits of these techniques. Finally, research on the deployment of VR metacognitive methods in various contexts, such as school settings, is critical.
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Figure 1. The 8 Pillars model of Metacognition [13,15]. 
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Figure 2. The triangle of Metacognition [13,15,16]. 
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Figure 3. The axes of VR implementation in Special Education. 
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Figure 4. The core mechanism of behavior modeling is based on two vital control-regulation systems represented by the control-system modeling theory [25]. 
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Figure 5. Metacognition in Breathing: Bidirectionality characterizes metacognition and breathing. Metacognition equips people with those meta-abilities (i.e., awareness, regulation, and adaptability) required to manage their breathing patterns to overcome learning challenges [57,58,59]. 
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Table 1. The role of Clinical Hypnosis in Special Education [24].
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Type of Disorder

	
Main Findings






	
ADHD

	
Less inattentiveness and irritability




	
Optimism




	
Better speed reaction




	
AUTISM

	
Joint attention




	
Emotional receptivity and comprehension

Improved motor behavior

Self-control and social engagement

Observation and recognition skills




	
DYSLEXIA

	
Better working memory




	
Visuospatial skills




	
PHYSICAL

IMPAIRMENTS

	
Motor imagery

Motor control

Implicit learning




	
DOWN

SYNDROME

	
Improved retrieval of information




	
LANGUAGE

DISORDERS

	
Speech regulation, fluency

Faster reading and listening

Improved comprehension

Resilience to failure




	
ANXIETY

	
Improved inhibition of the reaction of fear

Decreased activation of the anxiety circuity




	
DEPRESSION

	
Disengagement from negative self-hypnosis

Optimism




	
GIFTEDNESS

	
Creativity and problem solving

Intrinsic motivation

Flow, peak performance, enjoyment
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