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Abstract. This paper presents an extensive overview of the current research progress of Virtual
Reality (VR) games in the realm of cognitive abilities. With a particular emphasis on their utilization
in cognitive rehabilitation and enhancement, it explores their profound effects. Various studies have
established that VR games notably influence the mitigation of cognitive decline among older adults.
This is primarily achieved by augmenting participation and compliance with rehabilitation programs.
These games are designed to target specific cognitive areas and dynamically adjust difficulty levels
to ensure maximum training efficiency. Moreover, VR games have exhibited positive impacts on
cognitive enhancement in healthy individuals, leading to improvements in areas such as attention,
memory, and problem-solving abilities. Despite these advancements, there are still challenges in
standardizing evaluation methods and making VR games accessible to a wider range of users.
Consequently, future research efforts should be directed towards the creation of universal
assessment tools and the optimization of VR game designs, with the ultimate goal of fully harnessing
their potential in cognitive rehabilitation and enhancement.
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1. Introduction

With the rapid advancements in technology, Virtual Reality (VR) has gradually infiltrated various
fields, particularly demonstrating immense potential in the study and rehabilitation of cognitive
abilities. VR games, as a novel training tool, not only offer new possibilities for cognitive
rehabilitation but also open up new avenues for cognitive enhancement in healthy individuals.

With an aging global population, cognitive conditions like dementia and mild cognitive impairment
(MCI) are becoming more prevalent. While traditional cognitive rehabilitation methods have
achieved certain effects, they often lack sufficient engagement and adherence. VR games, with their
high immersion and interactivity, can significantly enhance patient engagement and training
outcomes. Moreover, VR games can dynamically adjust difficulty levels based on individual
differences, ensuring the targeted and effective nature of the training. Therefore, VR games hold
promising prospects for applications in cognitive rehabilitation.

In addition to cognitive rehabilitation, VR games also demonstrate significant potential in cognitive
enhancement among healthy individuals. By designing various cognitive training tasks, VR games
can specifically improve cognitive functions such as attention, memory, and problem-solving abilities.
These improvements enhance daily quality of life and create new opportunities for learning and work.

However, the application of VR games in the field of cognitive abilities still faces several challenges.
Firstly, there is a lack of standardized assessment tools to accurately evaluate the impact of VR
interventions on cognitive functions, making it difficult to compare and validate results across
different studies. Secondly, the accessibility of VR games for diverse populations remains limited.
For example, older adults and individuals with severe cognitive impairments may struggle to adapt
to the operation methods and training intensities of VR games. Furthermore, the cost and popularity
of VR hardware are also significant barriers to widespread adoption.
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2. The Current Research Status of VR Games in the Field of Cognitive Ability

2.1. Use of VR Games in Cognitive Rehabilitation

The aging population is experiencing an increase in conditions related to cognitive decline, such as
dementia and mild cognitive impairment (MCI). VR games have shown potential in addressing these
issues by increasing engagement and adherence to cognitive rehabilitation protocols. Studies have
demonstrated that VR games can target specific cognitive domains, such as working memory and
executive functions, while also monitoring user progression through gameplay. A comprehensive
review identified 25 scientific works, revealing that 92% of them focused on a single cognitive
domain at a time, despite evidence supporting simultaneous training of multiple domains [1]. This
finding underscores the potential of VR games to provide a more comprehensive approach to
cognitive training.

Furthermore, VR games provide personalization, social interaction, deep immersion, and real-time
feedback, thereby enhancing traditional cognitive rehabilitation methods. Although there are serious
VR games available for training working memory, no existing applications target multiple cognitive
areas at once. The integration of adaptive difficulty adjustment is essential to guarantee the
effectiveness and sustainability of the therapy [1].

Research indicates that VR-based training programs and games have statistically significant impacts
on improving cognitive impairments. A systematic review and meta-analysis found that VR
interventions led to substantial improvements in cognitive function among patients with cognitive
disorders. The analysis, encompassing ten studies, indicated that VR games exert a greater influence
on enhancing cognitive impairment in comparison to cognitive training programs [2]. The immersive
nature of VR fosters deep engagement with training tasks, enhancing the effectiveness of cognitive
rehabilitation.

The therapeutic benefits of VR games extend beyond cognitive training. For instance, VR-based
interventions have shown improvements in motor functions and daily living activities. Individuals
with cognitive impairments, caused by conditions such as traumatic brain injury (TBI) and stroke,
have demonstrated improvements in gait, balance, and fine motor skills [3]. VR games provide a safe
and controlled environment for rehabilitation, making them suitable for patients with severe cognitive
and motor deficits.

2.2. Cognitive Enhancement in Healthy Individuals

VR games are not only beneficial for individuals with cognitive impairments but also hold potential
for enhancing cognitive abilities in healthy individuals. Studies have shown that engaging in VR
games can improve various cognitive functions, including attention, memory, and problem-solving
skills. For instance, different VR game genres elicit varied brainwave responses, suggesting that
tailored VR game therapies could enhance cognitive functions [4]. EEG monitoring during VR
gameplay provides valuable insights into how different game types affect cognitive processes.

The benefits of VR games for cognitive enhancement are supported by their ability to create highly
engaging and motivating experiences. The immersive nature of VR allows users to fully concentrate
on tasks, leading to significant improvements in cognitive performance. Additionally, the interactive
and feedback-rich environment of VR games provides continuous reinforcement and motivation,
crucial for sustained cognitive training.

VR environments have been particularly effective in assessing and training specific cognitive abilities.
For example, Enhance VR, a cognitive training tool, has demonstrated encouraging outcomes in
enhancing memory, attention, and problem-solving abilities among older adults. The immersive
nature of VR allows for a more naturalistic interaction, providing an ecologically valid setting for
cognitive assessments and interventions. Studies show VR environments are more sensitive than
traditional methods in assessing prospective memory and other cognitive abilities [5].

45



VR games can simulate real-life scenarios, making them useful for training cognitive functions
relevant to daily living activities. For instance, VR games that simulate daily life allow individuals
with cognitive impairments to practice and improve their executive functions and problem-solving
skills [1]. These simulations provide a safe and controlled environment for users to engage in complex
tasks that mirror real-world challenges.

2.3. Mechanisms Underlying Cognitive Improvements

The use of electroencephalograms (EEGS) in VR gaming studies has provided insights into the neural
correlates of cognitive enhancement. Different VR games can modulate brainwave activity, such as
alpha, beta, and gamma waves, associated with various cognitive states. For instance, exergames have
been found to elicit higher average cognitive concentration in players, indicated by increased
individual alpha frequency and frontal alpha asymmetry values [6].

Alpha waves are typically associated with relaxation and cognitive inhibition, while beta waves are
linked to active thinking and concentration. Additionally, gamma waves are often related to high-
level cognitive processing and problem-solving. The ability of VR games to modulate brainwaves
suggests they can effectively enhance cognitive performance. Continuous feedback from EEG
monitoring can also be used to adjust the difficulty level of games in real-time, ensuring that users
are always challenged at an optimal level.

One key feature contributing to the effectiveness of VR games in cognitive rehabilitation is Dynamic
Difficulty Adjustment (DDA). This mechanism ensures that the challenge level of the game adapts
to the user's evolving skill level, maintaining an optimal balance between challenge and skill. DDA
helps sustain engagement and motivation, crucial for achieving long-term cognitive benefits [1].

The principle behind DDA is to keep the user in a state of "flow,” where the task is neither too easy
nor too difficult. This state of flow is essential for maintaining motivation and ensuring that users
remain engaged with the training tasks. Studies have shown that DDA can significantly enhance the
effectiveness of cognitive rehabilitation interventions by preventing boredom and frustration,
common barriers to sustained engagement in therapy [1].

2.4. Applications in Specific Populations

VR games have also been applied in the rehabilitation of individuals with traumatic brain injury (TBI).
Studies have shown that VR-based motor rehabilitation can facilitate the recovery of motor and
cognitive functions by providing a safe and motivating environment for practice. However, TBI
patients often show reduced performance and slower learning rates in VR games compared to healthy
individuals, highlighting the need for tailored interventions that consider cognitive deficits [3].

The cognitive deficits resulting from TBI, such as impairments in attention, memory, and executive
functions, can significantly affect the learning and performance of motor tasks in VR environments.
Therefore, TBI rehabilitation programs should include cognitive training to address these specific
deficits. VR games that integrate cognitive and motor training can provide a comprehensive
rehabilitation approach, helping patients recover both cognitive and motor functions simultaneously.

In the context of Attention Deficit Hyperactivity Disorder (ADHD), VR games have been used to
improve emotional regulation, core ADHD symptoms, cognitive functioning, and academic
performance. A study evaluating the impact of the serious video game "The Secret Trail of Moon™
found significant improvements in material organization, working memory, and inhibition among
ADHD patients, particularly those who were more engaged with the treatment [7].

The engaging and interactive nature of VR games makes them particularly suitable for children and
adolescents with ADHD, who often struggle with maintaining attention and motivation in traditional
therapeutic settings. VR games incorporating cognitive training and emotional regulation can help
these individuals improve their executive functions and emotional control. Additionally, the ability
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to monitor and adjust the difficulty level of games in real-time ensures that the training remains
challenging and engaging for users.

3. Future Directions and Challenges

While current research highlights the significant potential of VR games for cognitive rehabilitation
and enhancement, several challenges must be addressed to maximize their effectiveness. One of the
main challenges is the need for standardized assessment tools to evaluate the cognitive outcomes of
VR interventions. The diversity of assessment methods used in different studies makes it difficult to
compare results. As a result, it is challenging to draw definitive conclusions about the effectiveness
of VR games [5].

Another challenge is ensuring the accessibility and usability of VR games for diverse populations,
including older adults and individuals with severe cognitive impairments. The design of VR games
needs to consider the physical and cognitive limitations of these users to ensure that the games are
user-friendly and accessible. Additionally, the cost and availability of VR hardware can be a barrier
to widespread adoption, particularly in low-resource settings.

Future research should focus on developing standardized assessment tools and the guidelines for the
design and implementation of VR games for cognitive rehabilitation. Longitudinal studies are also
needed to evaluate the long-term effects of VR interventions on cognitive function and quality of life.
By addressing these challenges, VR games can become valuable tools for cognitive rehabilitation and
enhancement, benefiting many individuals with cognitive impairments.

4. Conclusion

In conclusion, the current research status of VR games in the field of cognitive ability reveals their
immense potential as an innovative tool for cognitive rehabilitation and enhancement. VR games
offer a unique platform to enhance various cognitive domains, from memory and attention to
executive functions, in both older adults and healthy individuals. The immersive nature of VR fosters
deep engagement, which is crucial for the effectiveness of cognitive training.

Despite these promising findings, several challenges remain that need to be addressed to fully realize
the potential of VR games. Standardized assessment tools and guidelines for game design are
necessary to ensure consistency and comparability across studies. This will facilitate the development
of evidence-based VR interventions that are tailored to the specific needs of diverse populations.

Furthermore, accessibility and usability issues need to be tackled, particularly for older adults and
individuals with severe cognitive impairments. VR game design should prioritize intuitive interfaces,
adjustable difficulty levels, and clear instructions to accommodate a wide range of users. Additionally,
reducing the cost and improving the availability of VR hardware are crucial for making VR games
accessible to a broader population.

Future research should evaluate the long-term effects of VR interventions on cognitive function and
quality of life. Longitudinal studies are needed to determine if the improvements achieved through
VR training are sustainable over time. Moreover, exploring the neural mechanisms underlying
cognitive improvements induced by VR games could provide further insights into their therapeutic
potential.

In summary, VR games hold significant promise as a tool for cognitive rehabilitation and
enhancement; however, overcoming the current challenges will be essential. However, overcoming
the current challenges will be essential for maximizing their benefits and making them accessible to
a wider range of users. With continued research and development, VR games have the potential to
revolutionize cognitive training and rehabilitation.
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