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Abstract—Today, there are 50 million people suffering from 

dementia worldwide, that is a new case every 3 seconds and more 

than 152 million cases expected in 2050. Aging related morbidity 

is a real social problem making screening a major challenge. Early 

diagnosis and management would improve the quality of life 

offered to the patient and those around him and reduce the 

economic and social consequences of dementia. The traditional 

paper-and-pencil approach does not sufficiently reflect the daily 

reality of the person and what they are able to accomplish. The 

lack of ecological validity is one of the main criticisms of this 

approach.  

Keywords—Virtual reality, Dementia, Neuropsychological 

assessment, Rehabilitation tool, Cognitive screening 

 

I.  INTRODUCTION 

For the past 20 years, technological advancements have been 

contributing towards consolidating neuropsychological works. 

Virtual reality (VR) allows a better investigation of the 

behaviour and cognition in elderly people. With the other 

advantages offered by virtual reality, it is becoming easier to 

understand, assess, and could stimulate cognitive functioning of 

elderly people. This article examines the clinical interests 

provided by virtual reality applications for the 

neuropsychological assessment of the elderly. Notably, it has 

highlighted the naturalistic dimension of VR based devices for 

a better capture of the effects of dementia, and, through the 

results obtained from old adults and patients with dementia 

using the A Day to Remember Test evaluating the memory of 

daily task.  

 Therapists have seized the possibilities of this new mode of 

interaction and have contributed to the development of virtual 

environments targeting diagnosis, therapy, rehabilitation, and 

evaluation. We chose to focus on neuropsychology. The theme, 

still little investigated, that has caught our attention is to detect 

dementia.  

Researchers have developed tools for early detection of 

cognitive disorders linked to pathological aging [1], for several 

reasons. The impact of dementia is not only significant, but also 

represents substantial human costs to countries, societies, 

families and individuals. Thus, early diagnosis makes it 

possible to set up therapeutic interventions as early as possible 

[2], whether through medication [3] or neuropsychologically 

[4]. By delaying the disease, a framework is set up around the 

patient and his entourage [5] who may present a depressive state 

[6].  

Dementia has significant social and economic implications. In 

2018, the total global societal cost of dementia was estimated 

to be US $1 trillion. In addition, with the growing aging of the 

population, these numbers should increase further: the number 

of cases would exceed 152 million in 2050, according to the 

predictions. Thus, the severe socioeconomic consequences of 

dementia promise to progress rapidly in the years to come. In 

2030, the estimated cost is twice as much as today (US $2 

trillion).  

The neuropsychological evaluation serves several functions. In 

clinical practice, she builds a rehabilitation strategy and 

measures her effectiveness [7]. This diagnosis of cognitive 

abilities seeks, on the one hand, to specify the cognitive 

components altered (and spared) by the disease (language, 

executive functions, memory, attention...). On the other hand, 

to define and measure functional capacities, revealing the 

process of integration of the different cognitive components, as 

they are manifested in daily activities. Most of the time, this 

evaluation focuses on work skills, meal preparation or the use 

of means of transport; in short, it deals with cognitive activities 

rather than cognitive functions. At the present time, assessment 

methods are evolving profoundly with the major objective of 

detecting earlier cognitive disorders that predict a pathology. 

What are the interests of early detection of dementia? What 

tools are available and how can VR address the shortcomings 

presented by conventional tools?  

About our previous studies in neurosciences: Our research 

group called Futuristic Interactive Technologies at Turku 

University of Applied Sciences has previous experiences 

working with neuroscientists and testing elderly people who has 
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cognitive disorders. In [CogInfoCom 2016, Scandinavian 

Journal of Psych.]  studies we have focused on driving 

inspection with the development of NeuroCar, a virtual 

evaluation tool for a simultaneous evaluation of driving acuity 

and spatial perceptual capacity. NeuroCar’s driving 

environment was visualized in VR glasses which enabled an 

immersive driving feeling (Fig 1). The driver had to react on 

visual and auditory disturbances by pressing the buttons while 

driving. In a laboratory setting the technology determines the 

right-side perceptual bias in aging. 

 

FIGURE 1. SYSTEM DESCRIPTION OF THE NEUROCAR SYSTEM 

[COGINFOCOM 2016]. 

 

The research we conducted in this study has two objectives. The 

first was to design an application in virtual reality by providing 

an immediate feedback on performance. The second was to 

identify the contributions of virtual reality by evaluating the 

usability by the commitment of the user. The creation and 

implementation of a neuropsychological evaluation through 

virtual reality has raised different issues: creating situations of 

familiar interaction that provoke engaging actions in patients; 

investigate the different facets of this commitment. The results 

of the patient study concluded that virtual reality 

neuropsychological evaluation is effective.  

  

II. THE TRADITIONAL NEUROPSYCHOLOGICAL APPROACH 

VERSUS THE ECOLOGICAL APPROACH 

 Over the last twenty years, neuropsychology has seen the 

emergence of new techniques, complementary to conventional 

tools because they can bring a more integrative knowledge of 

human cognition. The purpose of this review is to highlight the 

benefits of one of these techniques, virtual reality (VR). Thus, 

the "paper-and-pencil" tasks are replaced by situations that are 

close to the activities of daily life. The contribution of this 

research concerns the adequacy of the virtual reality approach 

to diagnosis and therapy, and the consequent contributions. 

A. How evaluate dementia? 

 These last years, many neuropsychological VR applications 

have been developed that offer simulations of daily activities 

that until now were carried out in the form of paper-and-pencil 

tests. Traditionally, in the neuropsychological clinic, the 

evaluation of episodic memory is carried out by learning tests 

of visual or verbal material, often lists of words. The traditional 

paper-and-pencil neuropsychological assessment allows to 

draw a person's cognitive profile in terms of strengths and 

difficulties. Many neuropsychological tests (MMSE, MoCA, 

FCSRT, TMTA and TMTB, WCST, verbal fluency) have very 

good psychometric qualities that make them indispensable tools 

for the diagnosis of dementia. Indeed, the traditional 

neuropsychological evaluation makes it difficult to predict the 

daily functioning of the individual [8] and therefore does not 

evaluate the disability of the subjects. Thus, the performances 

obtained by these "laboratory tests" do not give information on 

the real and daily functioning of the subject during complex 

activities.  

Therefore, developing an evaluation tool at a time, ecological 

(in connection with the actual activities of the elderly person) 

to probe disability but also structural (identifying impaired 

cognitive functions / processes) would be a real breakthrough 

in the domain of neuropsychological diagnosis of pathological 

aging. This is precisely the first argument in favour of the use 

of VR as part of the neuropsychological evaluation, to study 

cognition in an ecological way.  

B. Use virtual reality : a real solution 

According to Fuchs et al. [9] "The purpose of virtual reality is 

to make possible a sensorimotor and cognitive activity for a 

person (or persons) in a digitally created artificial world, which 

can be imaginary, symbolic or a simulation of certain aspects of 

the real world.". This interaction in the virtual world puts the 

subject in a situation close to everyday life. The simulation of 

situations close to everyday life makes it possible to directly 

measure the disabilities and the handicap of the subjects, 

making it possible to detect cases of dementia [10] [11]. 

Similarly, VR has the advantage of creating an infinite number 

of natural and familiar virtual environments (e.g., city, store, 

classroom, home) and experimental tasks. The senses (vision, 

hearing, touch and proprioception) increase the immersion and 

realism of the virtual environment. It allows to save the data, to 

analyze them, to repeat the tasks, to manipulate the data of time, 

space, etc. Measurements with VR make it possible to 

accurately assess cognitive functioning through reliable 

indicators, eg response times, hesitations, eye fixations, types 

and numbers of errors. In summary, VR has many advantages 

in the context of neuropsychological use by performing more 

ecological, controlled, parametrized, standardized, safe and 

playful tasks [12].  

 

III. VIRTUAL REALITY FOR THE ELDERLY 

 Using VR with older people may seem complicated. But the VR 

technologies developed today bypass the problems formerly 

encountered with interfaces that are not adapted to the elderly 

person.  

      

Indeed, twenty years ago, McGee et al. [13] identified four main 

constraints that explain the gap that now exists between older 

people and new technologies: 

● technophobia (anxiety to use new products);  

● the perceptual-motor status where aging is accompanied by 

a loss of visual and auditory skills as well as a reduction in 
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motor performance [14] [15] that can hinder interactions with 

new technologies when they are poorly adapted;  

● the evil of simulators. Indeed, disorders like the discomfort 

caused by motion sickness, which can occur during immersion 

in the virtual environment or after it and resulting from a 

conflict with received perceptual information. Symptoms may 

include nausea, eye strain, disorientation, perceptual-motor 

coordination problems, etc. [16];  

● the complexity of using Human-Machine interfaces.  

 

Today, the daily presence of the HMI has led the elderly to 

adapt quickly to this mode of interaction. They even ask for 

more technological assistance [17] (tablet, mobile phone...).  

The RV, by its multisensory interactors makes it possible to 

circumvent the perceptual-motor incapacities of the person 

[18]. Note also that the 3D perception sought in RV applications 

is preserved until a very advanced age (over 90 years).  

About simulator disorders, the literature reports that there is no 

difference between normal elderly people and elderly people 

with dementia concerning the presence of simulators [19]. First 

there are the technical solutions [20]. It is known that it is 

necessary to limit the lag time between the movements of the 

head and the images displayed less than 20 milliseconds, under 

pain of discomfort. The display frequency of the images must 

be at least 60 fps. Thus, it is necessary to limit sharp turns and 

information a screen, otherwise the look does not know where 

to fix. That is why it is recommended to move "by boxes" rather 

than linear trajectory. This amounts to a kind of teleportation, 

in which the player moves from one point to another, without 

moving, and thus disturbing his brain less. In addition to 

limiting movement, having a reference to the real world is 

crucial to give the player stable benchmarks. Considering these 

constraints related to the elderly user now provides interfaces 

adapted, simple and intuitive and therefore better accepted. 

These interfaces are considered by the users as useful 

(perceived interest) and usable (sense of efficiency in use) and 

therefore less anxiety for the person [21].  

 

IV. IMMERSION LEVELS 

With regard to the different 3D interaction techniques, it is 

necessary to identify the levels of immersion of the individual 

in his task. According to Bowman & McMahan study [22], it is 

better to offer a realistic experience to the user. Thus, it is more 

relevant to rely on a high level of sensory fidelity, through 

visual and auditory cues similar to those found in the real world. 

Based on their therapeutic, military and video game 

experiences, the virtual immersive environment experience 

requires a high level of immersion to increase the sense of 

presence. Similarly, the authors believe that the improvement 

in interaction performance is due to the proximity of the object 

to the user, its spatial understanding, i.e. its ability to perceive 

the 3D scene accurately to perform the task effectively. 

However, too much immersion can clutter the information. For 

users to agree to enter the virtual world, it is necessary to 

propose "credible scenarios from the point of view of the 

representativeness of the reference situations and from the point 

of view of pedagogical relevance in relation to the objectives of 

the training" [23]. Lourdeaux's thesis [24] shows that, in some 

VE experiments, instead of trying to reproduce reality as 

accurately as possible, it would be wise to focus on the most 

appropriate level of fidelity and realism. This is referred to as 

relevant sensory-motor immersion. Sometimes it is interesting 

to move away from realism to show hidden realities or to make 

abstract concepts understood. In 2016, an experiment [25] used 

conceptual visual feedback such as arrows and colours to 

indicate the action to be taken. Thus, the work focuses more on 

man's immersion in the task than on man's immersion in the 

virtual world. For the application experience, we thought of 

using a simple level of realism in the interaction that could 

correspond to all types of profiles (technophile, beginner, etc.).    

 

V. METHODS 

A. Participants 

  Studies show that if we screen dementia at the beginning of 

the disease, we have a chance to cure it, or at least to postpone 

the disease. That’s why we chose to treat dementia only it at the 

early phase. The panel recruited for the experiment will be 

administered to 14 users who do not have Alzheimer's disease. 

We removed one participant's results because she had seen 

another user used the VR test.Participants are men and women 

aged 50-79 years old. Users come from three different places: 

two different retirement homes and the Turku university.  

B. VR Application 

 A Day to Remember is a game design project that uses memory, 

audio and visual stimulation to help patients suffering from 

dementia with their everyday life. The project emulates the 

patients reality but at the same time gamifies it in order to 

become immersive and more enjoyable for the players. The 

game reports automatically a diversity of parameters on the 

behaviour of the user within the game, that are used to evaluate 

the cognitive skills. The ambition of the game is to bring 

motivation and fun in comparison to traditional paper-and-

pencil tests.  

 

We created a navigation application sufficiently user-friendly 

to be satisfactorily used by subjects who are potentially 

cognitively impaired and may have limited experience with the 

virtual reality games. Users have passed 2 tests to detect 

dementia: the paper test and the virtual reality game test.  

The health professionals have chosen the classic standardized 

screening MMSE test [26], a 30-point questionnaire that is used 

extensively in clinical and research settings to measure 

cognitive impairment. It is commonly used in medicine and 

allied health to screen for dementia. 

Half of the users started with the paper test and the other with 

the virtual reality game to avoid  for example a difference of 

fatigue. Then, they all have to answer a questionnaire with a 

tablet and give us more comments in oral (Fig.2). 
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FIGURE 2. PROGRESS OF USER TESTS 

 A Day to Remember is a game-based test for the early 

assessment and training of mild cognitive disorders. It consists 

daily life tasks in a familiar 3D environment to assess different 

cognitive functions: executive function, language, memory 

(short and long-term perspective) and orientation 

(visuospatial). In Table 1, the scoreboard of the VR test. 

TABLE II.  SCORING BY COGNITIVE FUNCTIONS 

Scale name Scale Tasks 

Performing 

familiar tasks 

(executive 

function)  

6 - Turn off alarm 

- Open the fridge 

- Take the lunch bag 

- Close the fridge 

- Take the wallet and the keys 

- Take the safe’s invitation 

Short term 

memory 

5 - Put the right PIN  

- Task list not checked 

- Memory game 

- Q8: What was on the platform for 

question 4? 

Long term 

memory 

5 - Q2: What was the safe code number? 

- Q3: Where did you find the wallet and 

the keys? 

- Q5: Which animal did you hear? 

- Q6: Which animal did you NOT hear? 

- Q7: What was the number of the bus 

you took to the city center? 

Language 4 - Animal sound 1 

- Animal sound 2 

- Animal sound spelling 

- Q4: What is on the platform? (a bike) 

Orientation 3 - Movement 

- Stop the correct bus 

- Q1: What day is it? 

 

We removed two tasks. The first one is “Put your hand up to 

stop the bus” because the facilitator told the users how to stop 

the bus. The second task removed is “Close the entrance door” 

because every user forgot to do it. Probably because it is not 

instinctive in the virtual world to close a door or because the 

door was too far to close it. At the end, the score is on 23 in the 

VR game.  

The user must sign the User Testing Informed Consent Form 

before the experiment to let them know that their performance 

within the VR environment are analysed. Before beginning the 

first task in the VR game, the facilitator performs one minute 

familiarization task in order to familiarize users with the 

environment and learn how to move around and interact with 

the objects.   

The users need to know the story that they have been selected 

to participate in a TV show and before they have to do their 

everyday tasks. They know that their behaviour must be the 

same as in real life. For example, if they want to open the door, 

they must close it too. The user moves in the virtual world with 

the teleportation, a low-fatigue travel technique using only the 

trigger from controllers [27]. 

The game will have 3 main stages per path: The Room, the Path 

and the Questions.  

C. Step 1: Room Stage 

 Once the game starts the player will “wake up” next to their bed 

in their room, he/she can see 3 daily tasks (Fig.3) before leaving 

the house. These tasks can be done in any order the player 

chooses.  

 

 

FIGURE 3. IN THE FIRST STAGE, THE PLAYER HAS TO PICK UP 

COLLECTIVES SUCH AS KEY OR WALLET. 

D. Step 2: Path stage 

During this stage, the player goes outside and explores the 

surrounding environment in the forest. The gamer hears animal 

scream and must choose between 4 animal names. Then, the 

user plays a memory game (Fig.4). The last task is raise their 

hand to stop the right bus.  

 

FIGURE 4. TRADITIONAL MEMORY GAME TESTING PLAYERS 

COGNITIVE SKILLS IN THE SECOND STAGE. 

E. Step 3: Question stage 

In the TV Show studio the player answers 8 questions (Fig.5) 

about the daily tasks and sees the final score. 

In the current test, we have been using a simplified version of 

the game. In our vision, a part of interactions will be made with 

natural language understanding. 

Our motivation to further develop this game concept towards 

more immersive and even natural user interface. 

直觉的

服务商、促进商
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FIGURE 5. QUESTIONNAIRE ABOUT DAILY TASKS. 

Before we should go further in this direction usability has to be 

evaluated especially because this game has been designed for 

older generations which are not experienced players either 

experienced of using virtual reality technologies. In the first 

version of this game where IBM Watson has already been used 

player’s speech can be transcribed to written text and text in 

turn can be synthesized to natural sounding speech. This way 

player is able to conversate with the game using his or her own 

voice. Also chatbot has already been used to handle the dialog 

and to understand natural language [28]. 

 

F. Measures 

In Table 2, the three stages of the experiment: the paper test, 

VR test and the questionnaire. 

TABLE III.  MEASURES 

Module Scale Scale name 

MMSE test  30 MMSE  

A Day to Remember test  23  ADTR  

Questionnaires 5 Questionnaire 

 

The study made use of Likert-type scales, a unidimensional 

(measures a single trait) method of measuring responses. It is a 

common tool in social surveys or questionnaires. On a Likert-

type scale question, respondents indicate their level of 

agreement or disagreement with a particular statement or 

question using an ordinal scale. Other qualitative data was 

collected by means of observation during play and option for 

further comments on the questionnaires. The data that were 

collected is presented in Table 3.  

TABLE IV.  QUESTIONNAIRE MODULES 

Module 
Items’ 

nb 

Scale 

name 
Scale type 

Subject  3  None  None  

Sickness  16  SSQ  4-point scale (none, slight, 

moderate, severe)  

Usability  10  SUS  5-point Likert scale 

(agree/disagree)  

Satisfaction  6  USEQ  5-point Likert scale (not at 

all/very much)  

Presence  14  IPQ  6-point scale  

  

G. Hypotheses 

H1: The VR-based application test is an appropriate device to 

screening dementia by offering immediate feedback on 

performance.    

 

H2: The VR-based application is more engaging than paper test. 

 

VI. RESULTS 

 Statistical analysis was done using Google Forms and Excel. 

Descriptive statistics was done and reported as mean and SD.  

Seeing as this paper is a pilot and has a small sample size 

significance of results could not be calculated and therefore 

only means and SD were calculated in Table 4.  

TABLE V.  DESCRIPTIVE STATISTICS 

Variable N Mean (SD)*/% 

Gender Male (n=6) 

Female (n=8) 

43 % male and 

57 % female 

Level of 

education 

Pensioners (n=9) 

Self-employed persons (n=1) 

Upper-level employee (n=4) 

64% pensioners 

Age 14 66.6±8.36 

Previous VR 

use 

Yes (n=3) 

No (n=11) 

79% no VR 

experience 

*Will only be reported if applicable 
 

Five questionnaires modules have been assessed by therapeutic 

validity.    

A. Sickness 

 Haptic effects (human-machine interactions) are sometimes 

difficult to produce [29] and there are sometimes sensory 

intolerances that can cause disorders (balance, seasickness, 

psychological intolerance). Knowing that all subjects were 

trying for the first time the VR headset, it was important to use 

the Simulator Sickness Questionnaire (SSQ). This 

questionnaire representing the overall severity of cybersickness 

experienced by the users in the game. In general, users 

responded that they did not feel any sickness after their 

experience, even if it was for all of them the first time they used 

a VR game. The general comfort (26%), the fatigue (23,8%) 

and the difficulty concentrating (23,8%) are the only ones who 

can disturb. The number confirms that there is no difference 

between people aged 50 and 76 years old concerning the 

simulator sickness. Burdea and Coiffer (2003) provided a 

complete and detailed description of the recommended VR 

equipment.  

B. Usability 

 System Usability Scale (SUS) score has a range of 0 to 100. 

Furthermore, measurements of usability have several different 

简易智力状态检查量表（MMSE）

一维的

定性的

参加、迷人

有效性
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aspects: effectiveness (can users successfully achieve their 

objectives), efficiency (how much effort and resources are 

expended in achieving those objectives) and satisfaction (was 

the experience satisfactory). The positive result of our work 

evaluates the usability of this virtual environment for screening 

dementia, this indicates a possible useful application, but will 

have to be further tested on more participants. 

 In Table 5, the application rated a good level of usability with 

a score of 73±0,4 (Score SUS = 29,2 x 2,5 = 73/100). 

TABLE VI.  SUS SCORE 

  

  

C. Satisfaction 

 Using VR technologies for cognitive assessment is still subject 

to further research. We would like to know if patient motivation 

and engagement improve the results. The User Satisfaction 

Evaluation Questionnaire (USEQ) is a questionnaire that is 

designed to properly evaluate the satisfaction of the user (which 

constitutes part of usability) in virtual assessment systems. 

Regarding the satisfaction measure, we asked the subjects 6 

questions to determine whether the application allowed them to 

reach the goal, such as: enjoyment, successful using the 

application, able to control it, its understanding, the comfort and 

its usefulness. In Table 6, we calculated a mean value for 

overall satisfaction. We observed that the subjects were very 

enthusiastic during the use of the application. The mean for the 

satisfaction is 4,1±0,2. However comfort scored lower (3,8±0) 

because their glasses under the VR headset bothered the users. 

Indeed, the screen in the VR headset is so close that the convex 

of the glasses is the only way to see what is going on and this 

leads to a lot of moving your head up and down, Motivation is 

an important criterion because more users will be stimulated by 

using the application and they will be invested in the game. A 

Day to Remember works optimally to support screening 

dementia engaging the user.  

TABLE VII.  MEANS FOR THE SATISFACTION MODULE 

  

D. Presence 

Lohse et al. (2013) have noted that well-designed video and VR 

games can increase time spent in rehabilitation thanks to the 

patient engagement and motivation. For the Presence module, 

the most relevant questionnaire is The Igroup Presence 

Questionnaire (IPQ) [30]. In order to measure presence, we 

used three subscales emerged from principal component 

analysis and can be regarded as independent factors:  

● Spatial Presence (SP)- the sense of being physically present 

in the VE  

● Involvement (INV) - measuring the attention devoted to the 

VE and the involvement experienced  

● Experienced Realism (REA) - measuring the subjective 

experience of realism in the VE  

In Table 7, the mean of SP (4,5±0,38) and INV (3,4±0,6) allow 

greater enjoyment of the application. The mean of REA is 4 

(3,5±1,07), it's enough to feel present in the game. Indeed, the 

question was put to them about the feeling of presence: “In the 

virtual environment I had a sense of ‘being there’”. The mean  

is 4,9/6±0.   

TABLE VIII.  MEAN FOR THE PRESENCE  MODULE

 

E. User feedback 

Interview results showed that 75% of participants found the 

exercise simple and the application easy to use, which is good 

because we need that users feel reassured instead of stressed 

during the assessment. Whether the application is intuitive and 

user-friendly are essential points to motivate patients to use it. 

Finally, some of our users told us they felt more stressed before 

the screening test than after the VR game. 

Finally, the challenge is to compare a cognitive evaluation made 

with A Day to Remember with those of a classic standardized 

screening test, a pencil-and-paper test.  

 

 We have a result of one user who is in early dementia (Score = 

20/30), which is also the worst score for the VR test (Score = 

22/30). Two other users have a score of 25 for the MMSE test 

and 27 and 25 for the VR test. If we had more users, we could 

hypothesize that for the game VR, as for the MMSE test, it takes 

a score below 25 to confirm dementia at its early stage.  

In Table 8, we calculated a mean value for the paper test and 

the VR test. We reported the ratings of the VR game on 30. 

TABLE IX.  SCORES OF PAPER AND VR TESTS 

Age N Paper test (/30) VR test (/30) 

效率

直觉的
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50 to 59 3 28,3±0.47 29.1±0.6 

60 to 69 4 26.75±1.4 27.7±1.4 

70 to 79 7 26.7±3.1 26.5±2.28 

All ages 14 27.1±2,4 27.39±2.09 

 

We can see that the younger people are the more their VR 

results are better. This can be explained that older people are 

more familiar with traditional tests and have more difficulty 

handling technology. In general, older people took longer to 

complete tasks. Elderly people over 70 years old take twice as 

long to walk through the house and finish the memory game. 

Similarly, they would check twice the list of tasks than users 

under 70 years. 

Overall the subjects found the application useful and amusing 

while feeling immersed in this virtual world. The results of the 

virtual reality memory tests are a little better than the paper tests 

(0.29). This may be due to the fact that the game motivates and 

stimulates memory. During interviews, we had several user 

feedback who were afraid of medical tests but the game helped 

them to relax and be more focused. 

However, there are several other factors involved. First, the 

users are guided throughout the game. Similarly, at the third 

stage, during the questionnaire, they have a multiple-choice 

questionnaire while in the paper test they must give an answer 

directly. Also, there is no calculation test in the VR game that 

there is in the MMSE test.  Finally, the subjective variable is the 

visual memory that differs from the auditory memory. And we 

know that around 65% of the world’s population being visual 

learners which can help to better remember.       

 

VII. GAMIFICATION AND COMMERCIALIZATION 

The introduction of modern and innovative methods, 

techniques and practices in the critical sectors of the society and 

the economy face resistance to change, hesitation and 

skepticism especially when introduced in the health sector 

where patients can get the feeling of being test subjects on early 

stage research.    

An effective way to achieve high and discrete user engagement, 

is the integration of gamification into the overall process.   

Game mechanics that reward the patients for their participation, 

achievements, patience, responsiveness and contribution, 

integrated in a pleasant environment under a gamified scenario 

of actions, stages and tasks, can effectively impact patient’s 

engagement and deliver better and more accurate results.   

Besides the user engagement, gamified approaches can also 

reach significant pedagogical targets, create social groups, and 

develop communities under the game challenges on individual 

or collective base. 

VR is highly and closely related with the discipline of games 

design and the gaming industry.   This link needs and must be 

utilized to health-related applications and technologies into fun, 

discrete and engaging experiences.  VR related games are very 

immersive, live, interactive, offering much space for creativity, 

innovation and areas of application.   

Gamification, though serious games, can turn innovative 

solutions, methods and approaches into successful commercial 

initiatives, projects, products or services.   An effective game 

that assures user engagement and satisfaction can be utilized 

under various direct and indirect game monetization techniques 

that can vary from time to use, subscriptions, result analysis, 

data analytics and other data and metadata forms of processing.    

A Day to Remember matches all the requirements and 

conditions for its evolution into a serious game.  Today the first 

game designs have been completed as well as the preliminary 

business plans. 

 

VIII. CONCLUSION AND FUTURE WORK 

 This study does not compare these results with conventional 

neuropsychological evaluations, but it concludes that low-cost 

VR applications are good clinical tools which, in this case, 

make it possible to identify people whose cognitive abilities are 

impaired. 

VR seems to keep its promises in terms of sensitivity of 

measures and identification of cognitive disorders. VR may 

have superior ecological validity compared to traditional 

pencil-and-paper neuropsychological tests for cognitive 

assessment because VR can simulate environments and objects 

that resemble patients’ daily routines.  

A Day to Remember test had good correlations between test 

scores and those of standard tests. But we recognize the lack of 

precision of the measures (do we guide too much the user?), 

The level of complexity of the course (how to make the game 

neither too hard nor too easy?), and the difference in ease of use 

technology by age. However, elderly people tolerate these 

interfaces very well when they are not familiar with the use of 

technology. In addition, the elderly testify a sense of 

satisfaction using this mode of evaluation. 

A Day to Remember VR test is an appropriate device to 

screening dementia by offering immediate feedback on 

performance. This application is more engaging but but will not 

replace the paper test. So, paper test and VR test are different 

but they both help to assess dementia. It is therefore important 

to keep in mind that an RV application that is too simple and 

too close to conventional tests does not improve the 

measurement quality. That’s why they can be complementary. 

In the future, we will focus more on Natural Language 

Understanding (NLU) by using the latest AI technologies such 

as IBM Watson. As already mentioned, we have already first 

experiences of IBM Watson (Speech to Text, Text to Speech, 

and IBM Assistant). We are aware that the use of NLU systems 

in games can be engaging, enjoying and  even decrease a sense 

of control,  but in the same time more difficult to use and 

therefore decreasing the feel of story involvement [31]. In 

addition, an intensive use of dialogue systems utilizing NLU 

still has challenges because it is difficult to develop predictive 

dialogue systems where player is able to freely interact with the 

AI agent. “While I believe the complicated nature of this 

domain makes it  incredibly  difficult  to  come  up  with  strong  

predictive  models,  further  regression algorithms  can  also  be 

applied  to  the  data  to  get  a  better  fit  with  more  predictive 

power.” [32]   

游戏化

商业化

优秀的

互补的
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In the future, we will focus on studies to increase the 

immersiveness of the virtual 3D environment by using realistic 

spatial audio. In Pouru [33], first measurements of the realism 

of spatial audio and the subjective experience of immersion has 

been reported. This way we could create new cognitive tasks 

which would test player’s memory based on auditory 3D 

signals.   

Also new technologies, such as Varjo XR-1 glasses with eye 

tracking technology and human eye resolution will offer for us 

as researchers possibilities to create new cognitive tasks.  
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