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ABSTRACT

Attention Deficit Hyperactivity Disorder (ADHD) is a prevalent neurodevelopmental disorder characterized
by symptoms of inattention, hyperactivity, and impulsivity, which can have an important impact on people's
daily functioning and quality of life. Traditional treatment methods, including medication and behavioral
therapy, often have limited success and present several challenges. Recent technological developments
provide promising alternatives, notably through the integration of neurofeedback and virtual reality (VR) into
clinical practice. This article explores the potential of combining these innovative tools to improve the
treatment of ADHD. Neurofeedback, a technique that trains individuals to regulate brain activity, has been
shown to be effective in managing ADHD symptoms. Similarly, VR provides immersive and engaging
environments that can be adapted to therapeutic needs. By combining neurofeedback with VR, practitioners
can create interactive and personalized treatment protocols aimed at improving patient engagement,
adherence, and outcomes. In this paper, we discuss the mechanisms of action, current applications and
empirical evidence supporting the use of neurofeedback technologies and VR in the treatment of ADHD.
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Attention Deficit Hyperactivity Disorder (ADHD) is a prevalent neurodevelopmental disorder

INTRODUCTION

that affects both children and adults, characterized by persistent patterns of inattention, hyperactivity,
and impulsivity. These symptoms can significantly impair academic, occupational, and social
functioning, leading to several long-term challenges. Traditional approaches to treating ADHD
include pharmacologically-based treatments, such as stimulant medications, and behavioral therapies.
While these treatments can be effective, (American Psychiatric  Association, 2022) (
Beehuspoteea &  Bhadrakalimuthu ,2023; Honkasilta &  Koutsoklenis , 2022) 1)long-
term and variable responses between individuals (Craig et al., 2015; Idrees et al., 2023).

In recent years, there has been a growing interest in exploring innovative technological
solutions to improve ADHD treatment outcomes. Two promising technologies are neurofeedback and
virtual reality (VR).

Neurofeedback is a form of biofeedback that allows individuals to gain control over their
brain activity, allowing them to get real-time feedback on brain wave patterns. This technique has
shown potential to improve attention and reduce hyperactivity in individuals with ADHD ( Tough
etal., 2024) (Patiletal.,2022; Simkin etal., 2014) . On the other hand, VR provides
immersive and interactive environments that can be adapted to therapeutic needs, through the
creation of engaging and motivating contexts for behavioral interventions ( Jingilli et al., 2023;
Zhao etal., 2023).

The integration of neurofeedback and VR represents a new approach to ADHD treatment, as it
can leverage the strengths of both technologies to create more effective therapeutic experiences.
Neurofeedback can help individuals with ADHD develop better self-regulation skills, as it directly
targets brain functioning, while VR can provide a supportive environment that increases engagement
and facilitates the practice of these skills in realistic contexts ( Corrado etal., 2024; Sergis
et al., 2024) . By combining these tools, practitioners may be able to develop more personalized and
dynamic treatment protocols that respond to the unique needs of each patient.

This article aims to explore the potential of integrating neurofeedback and VR into the clinical
practice of ADHD. Through a brief review of the literature and empirical evidence, the mechanisms
of action, efficacy and practical considerations of these technologies are explored. The challenges and
opportunities associated with their implementation are observed, with the aim of obtaining
information on how they can be effectively incorporated into existing treatment structures.
Ultimately, this article seeks to contribute to the ongoing development of innovative treatment
strategies for ADHD by highlighting the view of neurofeedback and VR as complementary tools to

improve clinical outcomes.
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NEUROFEEDBACK IN THE TREATMENT OF ADHD

Neurofeedback, a form of biofeedback?® that trains individuals to regulate their brain activity,
has emerged as a promising therapeutic approach to ADHD. The technique involves monitoring brain
waves through electroencephalography (EEG) and presenting real-time feedback to the individual,
often in the form of visual or auditory cues, to reinforce desirable brainwave patterns ( Marzbani
etal., 2016; Homesare etal., 2023) . The underlying premise is that individuals can learn to
modulate their brain activity, which in turn can lead to improvements in cognitive and behavioral
functions associated with ADHD. (Martin-Rodriguez et al., 2024)

Neurofeedback works on the principle of operant conditioning, in which individuals receive
immediate feedback on the activity of their brain waves, typically focusing on increasing beta waves
(associated with concentration and alertness) and decreasing theta waves (associated with inattention
and sleepiness). Over successive sessions, this feedback loop helps the brain adopt more optimal
activity patterns, thereby improving attention, impulse control, and overall cognitive function (
Gruzelier ,2014; Koomen etal.,2021) ( Enriquez-Geppert etal., 2017; Gruzelier |,
2014; Koomen etal., 2021).

Research on neurofeedback for ADHD has shown promising results. A meta-analysis by Arns
et al. (2009) concluded that neurofeedback has a large effect on ADHD symptoms, comparable to the
effect of stimulant medications. Similarly, a literature review by Lofthouse et al. (2012) reported
significant improvements in attention, hyperactivity, and impulsivity in children undergoing (

Arns et al., 2009) neurofeedback ( Lofthouse etal., 2012) treatment. These studies suggest
that neurofeedback may be an effective non-pharmacological intervention to manage ADHD
symptoms.

Several randomized controlled trials have further validated the efficacy of neurofeedback. For
example, a study by Gevensleben et al. (2009) demonstrated that children with ADHD who
participated in neurofeedback sessions showed significant improvements in attention and
hyperactivity, compared to a control group that received cognitive training. These improvements
were maintained at a six-month follow-up, indicating the potential for long-term benefits (
Gevensleben et al., 2009) .

Despite the positive results, neurofeedback has its challenges and limitations. One of the main
concerns is the variability of treatment protocols and the lack of standardized guidelines, which can

affect the consistency and reliability of results. In addition, treatment requires a significant time

3 Biofeedback is a mind—body technique in which individuals learn how to modify their physiology for the purpose of
improving physical, mental, emotional and spiritual health. Much like physical therapy, biofeedback training requires active
participation on the part of patients and often regular practice between training sessions. Frank, D. L., Khorshid, L., Kiffer,
J. F., Moravec, C. S., & McKee, M. G. (2010). Biofeedback in medicine: who, when, why and how? Mental health in
family medicine, 7(2), 85-91.
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commitment, often involving 20-40 sessions, which can be a barrier for some families. On the other
hand, the high cost of equipment and the need for specialized training for professionals can limit
accessibility and widespread adoption ( Courteous etal.,2016) ( Ams etal., 2014) (
Faster Capital, 2024; Flanagan & Saikia , 2023)

Neurofeedback represents, despite the limitations described, a promising avenue for the
treatment of ADHD, constituting a non-invasive and potentially long-lasting alternative to traditional

therapies.

VIRTUAL REALITY IN THE TREATMENT OF ADHD

Virtual reality (VR) technology has made remarkable progress in recent years, through the
creation of immersive and interactive experiences that can be harnessed for therapeutic purposes.

In the context of ADHD, VR is envisioned as a unique platform to engage patients in
controlled but realistic environments where they can practice attention, impulse control, and other
cognitive skills essential to managing their symptoms. ( Corrigan et al., 2023;  Sergis et al.,
2024)

VR systems create simulated environments that users can interact with using specialized
hardware such as headsets, motion sensors, and controllers. These environments can be designed to
replicate real-world scenarios or abstract spaces that target specific cognitive functions. For
individuals with ADHD, VR can facilitate tasks that require sustained attention, executive function,
and self-regulation, thereby providing opportunities for therapeutic intervention in a controlled but
flexible setting ( Freeman etal.,2017) ( Bashiri etal., 2017; Cunha et al., 2023) .

The application of VR in the treatment of ADHD is still in its early stages, but initial studies
have shown promising results. A study by Cho et al. (2004) demonstrated that children with ADHD
who participated in a VR-based mindfulness pilot project showed important improvements in
attention and impulsivity compared to a control group. Similarly, a pilot study by Di Giusto et al.
(2023) concluded that VR training programs designed to improve executive function led to improved
performance on attention and problem-solving tasks in children with ADHD. ( Give etal,
2004) ( Of Right etal., 2023)

One of the main advantages of VR is its ability to create engaging and motivating therapeutic
experiences. Traditional treatment methods can often be found tedious or monotonous by children
with ADHD, leading to poor adherence and suboptimal outcomes. VR, on the other hand, can make
therapeutic tasks more engaging by incorporating game-like elements and interactive challenges that
maintain the user's interest and motivation ( Dovis etal.,2015) ( Bucchiarone ,2022).

Despite its potential, the use of VR in the treatment of ADHD is not without its challenges.

One of the main concerns is the cost and accessibility of VR technology, as high-quality VR systems
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can be expensive, and there may be logistical barriers to integrating them into standard clinical
practice. Additionally, the immersive nature of VR can sometimes cause motion sickness or other
discomfort in some users, which can limit the length and effectiveness of sessions. ( Lindner et
al.,,2019) ( Grassini & Laumann ,2020)

Another challenge is the need for specialized training for clinicians to effectively administer
and adapt VR-based interventions. This includes not only understanding the technical aspects of VR
systems, but also being able to design and implement VR scenarios that align with therapeutic goals.
(A. “Skip” Rizzo & Koenig ,2017)

In terms of development, more research is needed to establish standardized protocols and to
rigorously evaluate the long-term efficacy of VR interventions for ADHD ( Dovis etal., 2015).

Nevertheless, the studies consulted allow us to infer that VR is very promising as an
innovative tool for the treatment of ADHD. Their ability to provide immersive, engaging, and
interactive therapeutic experiences can complement traditional interventions and potentially improve

outcomes for individuals with ADHD.

INTEGRATION OF NEUROFEEDBACK AND VIRTUAL REALITY

The integration of neurofeedback and virtual reality (VR) represents an innovative approach
to the treatment of ADHD, combining the strengths of both methodologies to improve therapeutic
outcomes.

Some researchers argue that this hybrid approach enhances the ability of neurofeedback to
promote self-regulation of brain activity with the immersive and immersive environments of VR,
providing a comprehensive and dynamic treatment modality ( Corrado etal., 2024; Corrigan
etal, 2023; Sergis etal,2024; Tough etal., 2024).

The integration of neurofeedback and VR involves using VR environments to create the visual
and interactive feedback needed for neurofeedback sessions. In this setup, EEG sensors monitor the
user's brain activity in real-time, and the VR environment responds accordingly. For example,
successful regulation of brainwave patterns can result in progression in a VR game or scenario,
thereby enhancing desired neural activity through immediate, immersive feedback. This combination
aims to increase the involvement, motivation and overall effectiveness of the (A. “Skip” Rizzo
& Koenig |, 2017) neurofeedback process ( Enriquez-Geppert etal., 2017), as we
mentioned.

Several studies have investigated the effectiveness of combining neurofeedback with VR for
the treatment of ADHD, as demonstrated by the following examples:

— Rizzo et al. (2004) developed a VR classroom environment where children with ADHD

could practice self-regulation and attention control. In this study, neurofeedback was
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integrated into the VR classroom, giving immediate feedback on brainwave activity as
children engaged in classroom tasks. Over the course of several sessions, the children
showed marked improvements in their ability to stay focused and reduce impulsive
behaviors. Teachers reported observable improvements in classroom behavior and
academic performance. (A.A. Rizzo etal.,, 200C.E))

— Dovis et al. (2015) conducted a study in which children with ADHD underwent
neurofeedback sessions in a VR environment designed to improve executive functions
such as working memory, planning, and cognitive flexibility. VR scenarios required
participants to solve complex problems while receiving neurofeedback. This immersive
approach has led to important improvements in tasks related to executive functions, and
parents have reported improvements in activities of daily living that require executive
skills. ( Dovis etal., 2015)

— In an innovative approach, Lindner et al. (2019) evaluated the feasibility and
effectiveness of an at-home VR neurofeedback program for children with ADHD.
Families received VR headsets and EEG devices to use at home, guided by an app. Over
a period of 12 weeks, the children participated in ‘gamified' neurofeedback sessions. The
study concluded that VR neurofeedback at home was not only feasible, but also resulted
in a significant reduction in ADHD symptoms, as reported by parents and teachers. (
Lindner etal., 2019)

— A sstudy by Bioulac et al. (2020) explored the use of neurofeedback in VR to treat
children with ADHD and comorbid anxiety. The VR environment included scenarios
designed to elicit and then help manage anxiety responses, while also aiming for attention
control. Neurofeedback helped children learn to modulate their brain activity to reduce
anxiety and improve attention. Integrated treatment resulted in significant reductions in
anxiety and ADHD symptoms, highlighting the versatility of VR neurofeedback in
addressing multiple concomitant conditions. ( Bioulac et al., 2020)

Despite the promising results, and in addition to the challenges already described, there is a
need for standardized protocols and training for professionals to be able to effectively implement
these technologies in practice.

In terms of future prospects, one of the ways forward is to invest in the development of more
flexible and cost-effective VR neurofeedback solutions . This may include, as Enriquez-Geppert et al
(2017) point out, the creation of portable and cost-effective devices that can be easily integrated into
various clinical and home settings. ( Enriquez-Geppert et al., 2017)

Large-scale randomized controlled trials are also needed to establish efficacy and best

practices for VR neurofeedback in the treatment of ADHD. Exploring the integration of this
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technology with other therapeutic approaches, such as cognitive behavioral therapy, could further
improve treatment outcomes and allow for more comprehensive care to be provided for individuals
with ADHD. (A.“Skip” Rizzo & Koenig ,2017)

Overall, it can be noted that the integration of neurofeedback and VR represent a cutting-edge
approach to the treatment of ADHD, as it is a dynamic and engaging platform for cognitive and

behavioral treatments.

FINAL THOUGHTS

The integration of neurofeedback and virtual reality (VR) in the treatment of ADHD is, at this
point, a promising and innovative approach that brings together the strengths of both technologies.

This combined method allows you to treat the main symptoms of ADHD, such as inattention,
hyperactivity, and impulsivity, while increasing engagement and motivation through immersive and
interactive experiences.

The case studies presented in this exploratory study highlight the potential benefits and
applications of this integrative approach, constituting in our view a basis for further research and
development. These case studies demonstrate that combining neurofeedback with VR can lead to
improvements in attention, impulse control and executive function.

One of the main advantages of integrating neurofeedback and VR is increased user
engagement and motivation. Traditional neurofeedback can sometimes be perceived as monotonous,
making it challenging for the therapist to maintain adherence from participants. The immersive nature
of VR transforms therapeutic tasks into interactive and enjoyable experiences, thereby increasing
motivation and the likelihood of sustained participation. This is particularly important for children
with ADHD, who often have difficulties maintaining attention and engagement. ( Lindner etal.,
2019)

In addition, the flexibility and adaptability of VR environments allow for the creation of
personalized therapeutic scenarios tailored to individual needs. This personalized approach can be
programmed to the specific symptoms and challenges faced by each patient, increasing the overall
effectiveness of the treatment.

Despite the promising potential, there are several challenges to overcome if the benefits of
integrating neurofeedback and VR into ADHD treatment are to be fully realized. As we have shown,
cost remains a major barrier, as high-quality VR systems and neurofeedback equipment can be
expensive. Reducing the cost of these technologies and increasing accessibility will be crucial for
widespread adoption. In addition, there is a need to develop standardized protocols and training for

clinicians in order to ensure effective implementation and maximize therapeutic benefits.
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Another consideration is the potential for side effects, such as motion sickness or eye strain,
associated with VR use. It is essential to ensure that VR experiences are comfortable and safe for all
users. At the same time, long-term studies are needed to assess both the sustained efficacy and
possible risks of long-term exposure to VR in therapeutic settings. ( Grassini & Laumann ,
2020)

Therefore, based on the literature, we believe that it is essential to deepen the investigation
and improve the integration of neurofeedback and VR. This includes developing cost-effective
solutions that are accessible to a wider range of clinical and patient settings. As Bioulac et al. (2020)
state, large-scale randomised controlled trials are needed to establish the efficacy and best practices
for this integrative approach.

In the same vein, investigating the combination of VR neurofeedback with other therapeutic
modalities, such as cognitive-behavioral therapy, could provide a more comprehensive and
multifaceted treatment strategy.

In addition, technological development will also play a key role in increasing the feasibility
and effectiveness of neurofeedback in VR. As Enriquez-Geppert et al. (2017) point out, innovation in
portable and affordable VR devices, as well as user-friendly software, can facilitate the integration of
these technologies into everyday clinical practice and home interventions.

In summary, the integration of neurofeedback and VR represents a cutting-edge approach to
the treatment of ADHD, constituting a dynamic and engaging platform for cognitive and behavioral
treatments. While there are still challenges, the potential benefits of this innovative method can be
very substantial. Ongoing research and new technologies will be essential to realize the full potential

of this integrative approach, improving the quality of life for individuals with ADHD.
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