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            Abstract
          
        

        
          Currently, the society has been aging that the number of elderly people is continuously increasing and most of them were not involved in leisurely activities and were suffering from anxiety disorders and cognitive impairments. In this regard, it is necessarily important that the elderly must be able to cope with the normal world and will be capable of living independently. This paper deals with the analysis of the utilization of virtual reality (VR) technology and VR-based brain training games for the cognitive training of the elderly. It aims to leverage the advantages of VR technology for an effective cognitive diagnosis and training. In particular, this paper will analyze the effects of playing specific immersive VR brain training games that includes a set of gamified cognitive tasks.

        

        
          
            초록
          
        

        
          현재, 사회는 노인 인구의 지속적인 증가로 인해 고령화되고 있으며, 노인 인구의 대부분이 여가 활동에 참여하지 않고 불안장애와 인지장애를 겪고 있다. 이러한 점에서, 노인들이 평범한 세상에 대처하고 독립된 삶을 사는 것은 매우 중요하다. 본 논문은 노인의 인지훈련을 위한 가상현실(VR) 기술과 VR 기반 두뇌훈련 게임의 활용도를 분석한다. 그리고 VR 기술의 장점을 활용하여 효과적인 인지 진단과 훈련을 하는 것을 목표로 한다. 특히 본 논문은 게임화된 인지 학습이 포함된 몰입형 VR 두뇌훈련 게임들의 효과를 분석한다.
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      Ⅰ. Introduction
      Based on Statistics Korea, it was in the year 2000 when Korea has reached the aging society where the population of people aged over 65 reached 7.2% [1][2]. In the year 2010, it has reached 10.7% and 14.42% in 2018 according to the World Bank collection of development indicators [3]. Most of the elderly were not involved in leisurely activities and were suffering from anxiety disorders and cognitive impairments. Moreover, most elderly were also suffering from chronic diseases such as diabetes, osteoporosis, Alzheimer’s disease and dementia, arthritis, asthma, cancer, and more [4].

      South Korea has been aging at a great speed and the society must prepare programs for the huge elderly population. Various programs and efforts to support the elderly are essentially important so that they can be productive and become active members of the society. In this regard, the idea of leveraging the advantages of the virtual reality technology can be effective in training cognitive functions of the elderly that includes perceptual attention, mental rotation, working memory, visualization, visual field of view, and visual processing speed [5][6].

      VR-based brain training games were becoming popular to improve one’s cognitive skills such as perceptual attention, spatial cognition, or executive function [7][8]. It includes gamified elements into cognitive tasks for the players to perform in order to improve their cognition components. Most notable brain training games were Lumosity, Dakim, Clevermind, Brain Fitness, Brain Trainer, and Brain Age. The main idea of using brain training games was to enhance the cognitive skills and improve skills in performing daily life activities.

      This paper deals with the analysis of the utilization of VR technology and VR-based brain training games in diagnosing cognitive impairments with the elderly. It aims to analyze the utilization of VR technology and incorporation of gamified tasks in brain training games to enhance the individual’s cognitive skills such as perceptual attention, mental rotation, working memory, reasoning, visualization, visual field of view, and visual processing speed. Significant studies pertaining to the utilization of VR technologies in cognitive impairment diagnosis and treatment were identified and its results were analyzed. Moreover, popular VR-based brain training games were also identified and analyzed based on their target cognitive training and results.

      The rest of this paper is organized as follows: Section 2 provides an overview of cognitive impairment in the elderly; the utilization of VR technology in cognitive programs and training is outlined in Section 3; the analysis of utilizing VR technology and VR-based brain training games on cognitive program and training is outlined in Section 4; Section 5 provides the discussion on the analysis of results; and the concluding remarks in Section 5.

    

    

  
    
      Ⅱ. Cognitive Impairment in the Elderly
      Cognition generally refers to “the process of mentally acquiring knowledge and understanding through the combinations of thought, experience, and the senses” [9]. It include many facets such as attention, knowledge formation, memory, judgment, reasoning, problem solving, decision making, comprehension, and language production as indicated in [Fig. 1].

      
        
        

        Fig. 1. 
				
        

        
          Facets of cognition
        
        

        

      

      Cognitive processes uses existing knowledge and new knowledge are generated to allow individuals to interact with complex environments. It is a complicated process which includes attention, memory, emotion, language, etc. Cognitive processes can be performed smoothly when the brain is in the normal state, however, the process may be stalled if the brain contains lesions that could result to attention deficiency, memory impairment, and learning disabilities [10].

      Cognitive impairment specifically for the elderly can be caused by various factors such as medication side effects, delirium, depression, dementia, and aging as the most common. In addition, the progressive decline in cognitive functions may lead to neuropsychological disorders such as Alzheimer’s disease [11]. The elderly suffering from cognitive impairments may be incapable of living independently as they may have memory loss, inability to roam around spaces, and unable to communicate and socialize with others. Moreover, they may not be capable of performing simple daily activities such as cooking, driving, preparing coffees, gardening, and so on which makes them dependent with their family members. Thus, cognitive impairment may cause a heavy load to the family requiring the services of professional caregivers. Futhermore, the growing number of the elderly with cognitive impairments results to more serious social problems.

      Most serious cognitive impairments were irreversible, but, early diagnosis can lead to a better cognitive training program which can make the patients gradually recover. In this regard, an effective method of cognitive program and training is essentially necessary to enable gradual recovery of our elders with cognitive impairments. In this paper, the advantages of VR technology have been analyzed and exploited in order to explore an effective cognitive program and training in order to counter cognitive aging and enable our elderly to perform normally their daily life activities that they may be able to live independently [12].

    

    

  
    
      Ⅲ. Utilizing VR Technology in Cognitive Programs and Training
      The evolution of Virtual Reality (VR) technology has been rapidly growing and the diversity of its applications is continuously expanding. VR technology utilizes interactive devices such as head mounted displays (HMDs), handles, and gloves to virtually create an environment that replicates the real world. It allows one or more people to interact or embed with the computer-generated virtual environment and its 3D entities [13]. The virtual environment in VR technology encompasses the following key properties [14][15]: 3D-representation and perception, spatial interaction in real-time, and sense of presence and immersion.

      VR technologies has been employed in various applications including the treatment of some neuropsychological diseases such as anxiety, fear, and even cognitive impairments. VR technologies are capable of providing an immersive virtual environment that is almost the same as the real environment, thus, it can be used by doctors in surgical training to gain more experiences. In addition, VR technologies can also be used for post-stroke intervention and treatment for fast recovery of patients. Immersion with VR environments allows the person’s sensory perceptions to perform several tasks that involves touch, vision, hearing, and kinematics.

      VR environment provides responses to the actions and movements of the person in real-time to create an immersive interaction between them. Thus, it creates a realistic simulation on the tasks provided by the VR environment. The utilization of VR technology in cognitive programs and training enables a fully controlled virtual environment in order to observe and analyze the patient’s perception, attention, emotion, memory, movements, and other aspects in real-time [16]-[19]. The more realistic the VR environment provided to the patients, the more immersive the simulation will become, that is, higher levels of immersion requires more realistic VR environments.

    

    

  
    
      Ⅳ. Cognitive Training with VR-based Game Contents
      This section provides an analysis of the utilization of VR-based technologies and VR-based games in cognitive programs and training to effectively treat cognitive impairments. First, some significant and recent studies on VR-based cognitive diagnosis, programs, training, and treatment were briefly classified and analyzed based on their objectives. Second, popular VR-based brain training games that were utilized for cognitive impairment diagnosis and treatment were also identified and analyzed based on their target cognitive training.

      Various VR techniques were experimented and studied to provide an efficient and effective cognitive training for the elderly particularly those suffering from cognitive impairments. The main research methods and expected results of these studies were summarized in Table 1.

      
        Table 1. 
				
        

        
          Significant and recent studies on the use of VR technologies for cognitive impairment diagnosis and training
        
        

      

      
        
          
            	Authors
            	VR Technology
            	Main Objective
            	Results
          

        
        
          	Weniger et al.
          	Virtual Maze and Virtual Park
          	Evaluation of individuals with aMCI for self-centered and heteroego-centered memory
          	VR-based techniques indicated spatial memory deficits in aMCI patients
        

        
          	Mathews et al.
          	VR environment designed using a constraint-based modeling (CBM)
          	Recovery of prospective memory in stroke patients
          	There were significant improvements on the prospective memory of stroke patient participants.
        

        
          	Serino et al.
          	A virtual town center accessed using a head-mounted display (HMD) and a gamepad
          	Enhancement of the mental frame synchronization in Alzheimer disease patients
          	There were signiﬁcant improvement in long-term spatial memory in Alzheimer disease patients and executive functioning for cognitively healthy elderly individuals.
        

        
          	Doniger et al.
          	Virtual supermarket with virtual road and virtual shopping tasks
          	Assessment of the ability of VR cognitive training to improve cognition and cerebral blood flow (CBF) in middle-aged individuals at high AD risk due to parental history
          	Effectively improve cognitive abilities
        

        
          	White and Moussavi
          	Virtual navigation environment with without landmarks
          	Improve navigation skills for an individual with AD and determine whether the training could also bring real-life cognitive benefits.
          	Enhanced spatial cognition
        

      

      

      In the experimental study by Weniger et al. [20], VR technology was used to study and analyze self-centered and heteroego-centered memory in individuals suffering from amnesic mild cognitive impairment (aMCI). A virtual maze of self-centered memories and a virtual park with heteroego-centered memories were setup to study and analyze spatial memory deficits in individuals suffering from aMCI. The study was conducted on 29 patients with aMCI and 29 healthy matched controls. It has demonstrated the feasibility of the utilization of VR-based techniques in studying spatial memory deficits on aMCI patients.

      In the work of Mathews et al. [21], a virtual environment was used to test prospective memory recovery in stroke patients. The VR environment was designed using a constraint-based modeling (CBM) in tracking user actions as well as to provide individual feedback. The study was conducted on 15 stroke patients and results revealed that they have shown significant improvements through VR-based cognitive training.

      VR-based training approach was used in the study of Serino et al. [22] to enhance the psycho-frame synchronization of patients suffering from Alzheimer diseases which results in an improved patient’s spatial memory. Psychological frame synchronization which also refers to the mental frame syncing is the specific cognitive transition process between egocentric and heteroego-centric memory. The study was conducted on 20 patients suffering from Alzheimer’s disease and 8 elderly but healthy individuals.

      The 8 healthy elderly individuals were tasked to participate in VR-based training to provide a different comparison group while the 20 Alzheimer’s disease patients were randomly assigned to perform VR-based training or assigned as controls. The results of the study indicated that VR-based training provided significant improvements in long-term spatial memory for Alzheimer’s disease patients as well as on the executive functioning for healthy elderly individuals.

      In 2018, Doniger et al. [23] conducted a study to evaluate the utilization of VR-based cognitive motor training aiming to improve cognition and cerebral blood flow for middle-aged high-risk Alzheimer’s disease individuals. The study involves 125 middle-aged individuals with family history of Alzheimer’s disease which were randomly divided into four groups including 20 individuals for passive controls and 35 individuals on each other groups. The first experimental group will perform cognitive stimulation on a treadmill with VR-based tasks aiming to provide sustained and selective attention, working memory, covert rule deduction, and planning. The second group performs the same VR-based tasks without the treadmill, the third group will be performing nonspecific cognitive stimulation such as watching scientific documentaries on a treadmill, and the fourth group will not be receiving any training and will be the control group. The results of the study indicates that after 3 months of cognitive training, there are emerging evidences that cognitive functions significantly improved. Moreover, it will be more effective when a more ecologically valid cognitive motor VR-based environment and setting that mimics daily activities may effectively increase the transfer of trained skills.

      Based on the study of White and Moussavi [24], virtual reality navigation treatment improves spacial cognition of people with Alzheimer’s disease. Their study employs a cognitive treatment program based on spatial navigation using a VR environment that involves an elderly in the early stages of Alzheimer’s disease. The elderly has to perform navigation tasks in a symmetric, landmark-less virtual building. The results has shown that the participant navigated the desired locations perfectly in the VR navigation environment throughout the treatment program.

      In the case of VR-based cognitive training games, several popular VR games were identified and classified based on their target cognition training and the results were analyzed. The summary of cognition training methods and expected results of these games were summarized in Table 2.

      
        Table 2. 
				
        

        
          Summary of VR-based brain training games for cognitive impairment diagnosis and training
        
        

      

      
        
          
            	Game Title
            	Description
            	Target Cognition Training
            	Results
          

        
        
          	Brain Age
          	The activities are designed to stimulate multiple parts of the brain
          	Improvement of individual’s mental processes
          	Improved user performance on trained tasks, however, there’s less evidence on the user’s performance on untrained tasks.
        

        
          	Enhance VR
          	Designed with 5 different VR games all in 3D.
          	Improvement of cognitive skills such as memory, problem solving, motor skills, spatial orientation, and spatial-audio awareness.
          	Feasibility studies were not yet conducted to validate the efficacy of Enhance VR for assessing cognitive impairments like AD and Parkinson’s
        

        
          	Lumosity
          	Include mini games that allows players to practice their cognitive skills
          	Improvement of player’s memory, attention, flexibility, speed of processing, and problem solving
          	No solid science evidences to show that the Lumosity’s brain training games work the way they say they would
        

        
          	Cerevrum
          	The cognitive training with Cerevrum makes use of the gamified tasks that requires specific cognitive skills.
          	Improvement of an individual’s intelligence as it targets the entire range of cognitive functions
          	To succeed, repeated and focused practice must be provided on a specific executive function skill in varied contexts with increasing levels of challenge and embedded feedback
        

      

      

      The “Brain Age games” which also refers to Dr. Kawashima’s Brain Training are presented and designed as a set of mini-games aiming to help improve the individual’s mental processes [25]. The training activities on Brain Age games are designed to stimulate multiple parts of the brain to help improve an individual’s abilities and prevent normal aging effects on the brain. The user’s performance can be tracked throughout the training activities to show the effects of daily interactions with the game.

      The “Enhance VR” is a brain training game provided by the company Virtuleap that are all designed in 3D virtual reality [26]. It includes brain training games aiming to test and train cognitive skills such as memory, problem solving, motor skills, spatial orientation, and spatial-audio awareness. The users performance can be tracked with a scoring system to evaluate their training progress.

      Lumosity was introduced which consists of games claiming to improve the player’s memory, attention, flexibility, speed of processing, and problem solving [27]. It was claimed that playing simple Lumosity’s brain training games can improve the individual’s memory, attention, and problem solving skills in all aspects of their life. It can also help prevent the occurrence of age-related memory declination that includes dementia and Alzheimer’s diseases. Lumosity brain training games include mini games that allows players to practice their skills in memory, attention, flexibility, problem solving, speed, math, and language. However, there’s a lot of studies that have not found solid science evidences to show that the Lumosity’s brain training games work the way they say they would.

      Currently, one of the most popular VR-based brain training game is Cerevrum [28], which claims that it will definitely improve an individual’s intelligence as it targets the entire range of cognitive functions such as attention, memory, perception, executive functions, etc. Cerevrum consists of 2 mini games and each were incorporated with gamified tasks that targets the individual’s general intelligence and cognitive skills such as multiple object tracking, working memory, 2D and 3D mental rotation, and spatial visualization. It provides a higher level of immersion, thus, the learning motivation or attention on the target material was also increased.

      The cognitive training with Cerevrum makes use of the gamified tasks that requires specific cognitive skills. Then, to evaluate the individual’s performance, cognitive assessments during and after the cognitive training were designed. The cognitive assessments may include a multiple‐object tracking task which is used to measure the individual’s perceptual attention, a mental‐rotation task which is used to measure spatial processing, the n‐back task which is used to measure the individual’s working memory, a paper folding task which is used to measure visualization, a racing task which is used to measure visual processing speed, and a useful field of view task which is used to measure spatial visualization.

    

    

  
    
      Ⅴ. Discussions
      Based on the analysis of various studies, the utilization of VR technology on cognitive impairment diagnosis, programs, training, and treatment can be considered as an effective method of treating cognitive impairments based on the following advantages [29]:

      
        	1. VR technology provides an ecologically efficient environment for cognitive programs and training.


        	2. The implementation of VR technology in cognitive programs and training can be done prior to the occurrence of impairment symptoms such as movement inabilities, memory loss, or communication deficiencies.


        	3. The utilization of VR environments provides a safer treatment environment since patients does not require undergoing surgical operations.


      

      However, in the case of VR-based brain training games, there is no concrete results that shows the effectiveness of the utilization of immersive VR-based brain training games to treat cognitive impairments of the elderly. The transfer of skills from the training requires repeated and focused practice and must be provided both on specific cognitive and executive function skills in varied contexts with increasing levels of challenge and embedded feedback.

      Through proper gamification of contents, the use of VR-based brain training games would still be viable that cognitive skills and functions will be improved.

    

    

  
    
      Ⅴ. Conclusion
      This paper has analyzed the utilization of VR technology and VR-based brain training games in cognitive programs and training for the elderly specifically with cognitive impairments. With plenty of room for improvement, VR technology represents a promising tool for an effective cognitive assessment, diagnosis, and training. On the other hand, VR-based brain training games may not have a concrete science evidence that it can provide significant improvement or recovery for patient’s with cognitive impairments, however, the gamified tasks that were incorporated can still be enhanced and developed in order to provide a more effective transfer of cognitive skills from the virtual environment to real scenarios.
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