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Abstract 
 

Introduction: Studies report that mobility changes could be present in early stages of Alzheimer’s disease (AD) or even 

in previous stages, such as mild cognitive impairment (MCI). The use of motor tests, involving dual task, could 

facilitate screening and differentiation between the elderly with AD and MCI. The goal of this study is to design and 

validate dual-tasks based on Kinect sensor in a virtual reality environment to evaluate cognitive disorders in the elderly. 

Materials and Methods: This was a validating study with the statistical society including the psychologists who 

were expert in the field of AD treatment, cognitive disorders, and the educational technologies, among whom 10 

people were purposefully selected. A package of dual tasks based on Kinect sensor in a virtual reality environment 

was developed and evaluated for assessing cognitive disorders in geriatrics. The tools used in this study included a 

three dimensional game made by Unity, a Kinect sensor, and a virtual reality headset. To determine the content 

validity of the software, a questionnaire was prepared by the technical team concerning the software content, and 

then was filled by the psychologists. The software validity was determined using the Kappa coefficient. 

Results: Applying the revisions based on the comments received, the experts’ opinions were analyzed and resulted in the 

Kappa coefficient of 93.4%. 

Conclusion: The software developed seems to have the acceptable content validity. Dual tasks based on the Kinect 

sensor may be used to accurately evaluate the cognitive function in the elderly. 
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Introduction 
Alzheimer’s disease (AD) is a progressive disease 

consisting of three stages: asymptomatic, pre-

symptomatic, and complete dementia. It is very difficult 

for doctors to diagnose the course of these stages and to 

classify the normal elderly and elderly with early-onset 

AD. Mild cognitive impairment (MCI) is defined as an 

intermediate state between the normal cognitive 

impairment due to aging and severe cognitive 

impairment due to dementia (1,2). These cognitive 

disorders are observed in various areas such as episodic 

memory, executive functions, attention, language, and 

visual skills (3). MCI disorder appears to be the 

precursor to dementia, in which subtle cognitive 

impairments are observed in addition to mild structural 

changes similar to those occur in AD (4). The most 

common cognitive impairment is associated with the 

episodic memory, however subjects with MCI do not 

show a decline in performance, which may lead to the 

development of AD among them (5,6). Over the years, 
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various methods have been applied to diagnose 

symptoms before dementia, none of which have had a 

definite result (7,8). 

In addition to cognitive and functional changes, 

motor disorders are also observed in patients with AD 

(9). Walking disorders, including reduced speed and 

length/width of steps, have been observed in the early 

stages of dementia or in the preclinical stages of AD 

(10,11). Moreover, about 60% of older people with 

MCI are twice as likely as normal older people to be 

at risk for falls (12). Such movement disorders can 

cause loss of independence and a decrease in the 

quality of life (QOL) (13), which in turn accelerates 

cognitive impairment. Walking in the elderly is 

considered as an automatic motor activity. 

Improving executive performance and minimizing 

interventions in dual tasks can be clinically effective 

in preventing the elderly people with MCI from 

falling (14). Executive performance is defined as the 

set of cognitive skills required to plan, monitor, and 

execute a sequence of complex purposeful actions 

(15). Functional disorders, such as inattention and 

selective attention, have been reported in the elderly 

with MCI more frequently than in the control group 

(16,17). Executive performance can moderate the 

interference between attention-related tasks and 

integrate with the spatial and temporal characteristics 

of dual task gait (18,19). For example, in the study by 

Doi et al., a significant relationship was observed 

between executive performance and gait speed dual 

tasks in 389 elderly individuals with MCI disorder 

(20). As a result, subjects with poor executive 

performance suffer from low gait speed, more 

possibility to fall, and inability to perform daily 

functions (21,22). Both cognitive and physical 

exercises have been shown to positively affect MCI in 

the elderly through interventions that are effective in 

enhancing cognitive functions (23-25). Therefore, 

many studies have addressed the combined effects of 

physical and cognitive exercises (26-29). Investigations 

indicate that older people with MCI exhibit a better 

outcome and more progress with combination therapy 

compared to separate cognitive or physical therapies 

(30,31). Few studies have been conducted on the 

effect of combined physical and cognitive exercises 

on the performance of dual task gait in the elderly 

with MCI disorder. In a study, Tay et al. concluded 

that combined physical and cognitive performance 

exercises improved dual task walking tasks (30). 

Virtual reality (VR) is a computer technology that 

allows interaction between the user and virtual 

environments. Benefits of VR interventions include 

increasing access and affordability, creating a 

comprehensive experience, and providing immediate 

feedback based on the individual’s performance. The 

results of some studies have reported positive effects 

of VR interventions on attention, visual and verbal 

memory, and executive function in the elderly with 

MCI disorder (31,32). Due to the benefits of VR, the 

integration of physical and cognitive exercises in VR 

environment is a good intervention method, but most 

studies emphasize on one of the two (32) and there is 

a lack of studies on the effectiveness of combining 

both physical and cognitive exercises in the VR 

environment. Besides, the use of the Kinect sensor 

and the simulation of body movements along with VR 

have not been used simultaneously in any studies. 

Therefore, the present study is carried out aiming to 

design and validate a dual task software package 

based on the Kinect sensor in the VR environment to 

assess cognitive impairment in the elderly. 

 

Materials and Methods 
This study was a design and validation study that was 

performed to examine the content validity of the 

software designed for dual tasks based on the Kinect 

sensor in a VR environment aiming to evaluate cognitive 

impairment in the elderly. The statistical population of 

the study consisted of all psychologists specializing in 

the treatment of AD, cognitive psychology, VR, and 

educational technology in Isfahan, Iran, in 2019. Among 

the statistical population, 10 experts in psychology and 

educational technology were selected by targeted 

sampling method and interviewed at the Entertainment 

Industry Innovation Center, University of Isfahan. The 

sample size was determined based on Krejcie and 

Morgan tables (33). 

The study tools included a set of physical-

cognitive games designed using the Unity engine 

used to develop games, a VR display (a combination 

of a VR headset along with a smartphone with a 

gyroscope sensor), a Kinect sensor, and a validation 

questionnaire. The Kinect sensor is an important 

innovation in detecting body movements and image 

depth, and can be used to control the game by 

performing various body movements (Figure 1). 

 

 
Figure 1. View of the Kinect sensor 
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In the present study, using the Unity game 

development engine and the Kinect sensor, a two-part 

game was designed with body movements and  

dual tasks. 

The body movements were recorded using the 

Kinect Studio® software and then each movement 

was defined as an action in the game (Figure 2). This 

software has been developed by Microsoft 

Corporation for various versions of Windows 

operating systems and allows developers to produce 

software detecting body motion and sound. 

 

 

 
Figure 2. Conversion of body movements using 

Kinect Studio software 

 

In the Kinect Studio software, raising hands leads 

to the animation motion towards right and left in the 

game. The game was created using the Unity engine, 

which is a multi-platform engine applied to develop 

games on various operating systems, including 

Windows, Android, iOS, various game consoles, etc. 

This engine gives gamers the ability to create 2D, 3D, 

VR, and augmented reality (AR) games. 

Both parts of the game were designed with the 

same character, but with different cognitive tasks, and 

the elderly had to do the game strategy correctly in 

order to earn points. To guide the character, the 

person had to start running in place in front of the 

sensor, and as long as the running continued, the 

game character also continued moving. In the first 

stage, the game was played in a forest environment 

using dual tasks such as voice recognition, color 

recognition, and reversed spelling of the word. To 

detect sound, there were three boxes in the game 

environment. The person had to find the relevant 

boxes through the sound played inside each game box 

three-dimensionally (stereo) and through the wireless 

headphones provided for him. Then, in order to 

recognize color, the person had to direct the game 

character to the desired color cubes. In the next step, 

which was the second type of color recognition, the 

person was supposed to express the colors shown at the 

bottom of the screen while running, which changed at 

intervals of 5 seconds. In the next step, some words 

were expressed for the individual and in a certain 

period of time, he had to spell them inversely. 

The second part of the game took place in a beach 

environment. The two tasks that a person was 

supposed to perform in these steps were to count 

down the numbers from 100 with certain coefficients 

and to reverse the words that were given to him with 

different spellings in 5 seconds. In this part of the 

game, all the desired roles had to be performed 

correctly so that the person could get the points 

related to that role (Figure 3). 

 

 

 
Figure 3. Excerpts from the game stages 

 

The tasks given to the participants in this game 

were constantly changing to prevent habituation in 

the elderly. Before starting each stage, the 

instructions of that stage were read by the therapist 

and the subjects were asked to continue the game 

until they failed and if they failed, to start the game 

from the beginning. 

VR Headset: One of the innovations of the present 

study was to display a computer game on a 

smartphone and view it using a VR headset. In the 

present study, the Dream Vision Plus virtual reality 
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headset (New Magic, China) was utilized. This 

headset allows the user to watch common or three-

dimensional videos, as well as comprehensive and 

360-degree games, and has its own headphones that 

connect to the smartphone with a 3.5 mm interface. 

This VR headset weighs about 381 g and is suitable 

for smartphones of 3.5 to 6 inches, which are in the 

range of 82 to 154 mm. The smartphone holder opens 

and closes as a slider. In addition, the part that is 

placed on the face is soft so that it does not cause 

discomfort to the user in the long run, and it is well 

fixed on the head and face by the straps embedded. 

This headset also allows the user to adjust the lenses 

to achieve the best image resolution, and the side 

grooves on it allow air circulation so that no vapor is 

created on the lenses. This headset is suitable for users 

of iOS and Android operating systems (Figure 4). 

 

 
Figure 4. Virtual reality (VR) headset 

 

Questionnaire: To validate the software prepared, a 

special questionnaire was designed with 6 different 

items, graded on a Likert scale with options as “agree 

to strongly disagree”. The software was developed and 

a video of the software development process and its 

pilot study, along with the Kinect sensor and VR 

headset, were presented to the psychologists and 

educational technology experts individually and they 

observed the video of the software development 

process and the sample test of execution of the 

software. Then, in order to verify and observe the 

software effect using the VR headset, they executed it 

and then completed the relevant questionnaire. Some of 

the experts commented on the improvement of the 

software and after applying the changes, all experts 

implemented the software and completed the 

questionnaire again. The data were analyzed using 

SPSS software (version 22, IBM Corporation, 

Armonk, NY, USA). Since this study was of the 

validation type, the evaluation contingency coefficient 

was calculated using the Kappa coefficient. 

 

Results 
Table 1 presents the demographic information of the 

participants in the questionnaire validity analysis. 

 

Table 1. Demographic characteristics of the  

study groups 

Field of 

education 

n Work 

experience 

(year) 

Age 

(year) 
degree of 

education 

Educational 

Sciences 
3 10 ± 2 40 ± 5 PhD 

Counselling 3 15 ± 3 50 ± 5 PhD 
Psychology 3 20 ± 5 50 ± 5 PhD 
Psychiatry 1 10 ± 3 40 ± 5 Subspecialist 

Data were reported as mean ± standard deviation (SD). 

 

The responses given to the questionnaire are 

presented separately in table 2. Given the data in this 

table, score 3 was given only to three items by the 

experts, and in most cases, the designed software was 

able to attract the positive opinion of more than 80% 

of the experts. In the present study, the Kappa 

coefficient was obtained as 93.4%. Therefore, the 

prepared treatment package was of the required 

content validity. 

 

Table 2. Questionnaire scores 
Items 

Agree 
Agree to 

some 
extent 

No idea Disagree 
Totally 

disagree 

Game content is effective in delaying AD and MCI 
disorders in the elderly. 

8 (80) 1 (10) 1 (10) 
  

Given the treatment protocol of the proposed game, the 
order of the sessions is appropriate to increase the attention 
and focus of the elderly. 

9 (90) 1 (10) 
   

Given the treatment protocol of the proposed game, the 
number of sessions is suitable for increasing cognitive 
power and preventing MCI and AD disorders. 

10 (100) 
    

The disturbing factors used in the game change the 
cognitive power of the elderly and affect their performance. 

9 (90) 
 

1 (10) 
  

The presentation time is appropriate for each session. 9 (90) 1 (10)    
The game difficulty level is proportional to the 
characteristics of the person with MCI and AD disorders. 

10 (100) 
    

Data were reported as number (%). 
 



 

 
 

http://jrrs.mui.ac.ir 

Virtual Reality Game for Cognitive/Physical Disorders Torabi, et al. 

Journal of Research in Rehabilitation of Sciences/ Vol 15/ No. 2/ June & July 2019 90 

Discussion 
The current study was accomplished with the aim to 

investigate the possibility of using dual tasks based on 

the Kinect sensor as a diagnostic tool in the elderly 

with MCI disorder. Aging affects the nervous system 

as well as other body systems (34). With aging, 

individuals suffer from memory loss and learning 

becomes difficult for them (35), in addition suffering 

from physical problems. Studies suggest that physical 

activity is very important in maintaining fitness and 

intelligence and prevents brain problems to a large 

degree. Practicing with video games enhances 

motivation and confidence among the older people, 

which was the goal of the system proposed in the 

present study (36). 

Montero-Odasso et al. stated that cognitive 

function plays a key role in regulating gait and 

balance (37). Dual task-based evaluations, which 

include physical and cognitive tasks, seem to be a 

reliable tool for diagnosing the pre-symptomatic 

dementia; because performing daily activities 

requires the ability to perform several cognitive and 

physical actions simultaneously. Therefore, dual 

tasks play a key role in gait performance, especially 

for individuals with MCI who are at risk for falls 

(38). Performing a study, Muir et al. found that older 

people with MCI show a significant decrease in gait 

speed and an increase in stepping time. Moreover, 

when dual tasks change, the variability of stepping 

time increases (39).  

The meta-analyses performed in the area of gait 

indicators (including speed and length/time of steps) 

during dual tasks show differences between  

patients with MCI and healthy patients. 

Furthermore, the gait performance in dual tasks is 

associated with the progression of dementia in 

patients with MCI disorder (40). The VR platform 

includes a variety of exercises that allow the user to 

reinforce several aspects such as strength and 

aerobic or cognitive capacity. Therefore, task design 

in a VR environment can be more effective than 

simple tasks. 

In the present study, special dual tasks were 

designed by the researchers for patients at high risk 

for severe dementia, such as AD. Dual tasks activate 

the brain and body simultaneously, in addition to 

improving cognitive function and body strength. An 

individual with MCI cannot be harmed and at the 

same time maintain a good balance. It is assumed that 

these people are not able to perform the dual tasks 

correctly. Experts believe that using dual tasks based 

on the Kinect sensor, one can confidently assess 

cognitive function in the elderly. 

Limitations 
Due to the sanctions imposed on our country and the 

lack of access to simulation skeletons, the present 

study was conducted with the simplest form of body 

skeleton and failed to simulate many aspects of the 

body movement. Additionally, a complete study of all 

cognitive and motor dimensions was not conducted 

within the country and the studies accomplished on 

other countries in this field were very limited and 

therefore there were limitations in game design and 

comparison of results. 

 

Recommendations 
Using more advanced software to model body 

movements can be more effective in displaying the 

movements more realistically in the game 

environment and increasing the participant’s focus on 

performing the movements correctly during games. 

Access to more advanced versions of the body 

skeleton allows designers to design more accurately 

with more flexibility and better evaluation for more 

movement. Based on the results of the present study, 

it is recommended that in future studies, the 

effectiveness of this software be evaluated both in 

terms of assessment and treatment of the elderly. 

After conducting effective studies and modifying the 

software, the final version can be provided to 

counseling centers, nursing homes, and medical 

centers. Furthermore, different sections can be added 

to the software in the field of cognitive and physical 

activities to evaluate or practice different functions in 

the elderly. 

 

Conclusion 
Simulating the body skeleton and performing dual 

tasks using the Kinect sensor and converting it into a 

VR environment made them attractive for the elderly. 

The software designed was able to attract the  

positive opinion of experts in the field of cognitive 

impairment and VR and may be recommended as a 

tool for evaluation and treatment in the elderly  

with MCI. 
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