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Abstract– For balance training, one of the methods used is 

gametherapy, which consists in the use of games for a better mo-

tivation of the patients. Thus, the objective of this work was to 

develop three games for balance training that explore laterol-

ateral and anteroposterior movements, as well as the combina-

tion of both. The games were developed and tested with a force 

platform with controlled inclination, which is used to control the 

game avatars. To test the platform's functionality, weights were 

placed on the equipment, and the response of the sensors was 

verified. The games were evaluated by two distinct groups of 

professionals: the first composed of 5 system/game developers, 

and the second by 5 physiotherapists. To this end, two question-

naires were developed based on regulatory standards for soft-

ware development and quality and on the System Usability 

Scale (SUS). In the functionality test, the sensors responded by 

increasing their values according to the region of the platform 

being pressed. The responses obtained in the SUS questionnaire 

presented a score of 81 in the evaluation of the physiotherapists 

and 83 in the evaluation of the system developers. Both values 

classify the system as good, according to the SUS scale. Games 

can be a very useful tool with great potential for use in balance 

training and rehabilitation. The developed system may bring a 

significant improvement in treatments, as well as help the health 

professionals by increasing the possibilities of applied tech-

niques, thus reaching a longer permanence of the patient during 

treatment, with the motivation to use the games. 
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I. INTRODUCTION 

Postural control can be defined as a complex motor skill 

arising from the interaction of multiple sensorimotor pro-

cesses [1]. The neuromuscular responses aim to ensure that 

the body's center of gravity (CG) is maintained within the 

support base (area formed by the lower limbs) [2,3]. Thus, 

over time, postural training methods have been developed 

aiming at improving orthostatic balance [4]. For balance 

training, unstable platforms such as the wobble board are 

commonly used [5]. Either by strengthening the lower limb 

stabilizing muscles, by improving proprioception, or by im-

proving the muscle activation capacity [6].  

One of the resources to improve balance training is the im-

plementation of virtual reality. This system is capable of sim-

ulating balance training activities, increasing mobility and re-

ducing the fear of falls [7]. On this way, [8,9] define that 

balance training based on computerized games can improve 

patient motivation, raising the training capacity. 

In the [10] study a wii balance board was used to control 

the games.  However, on the wii balance board the patient 

cannot be tested in tilting situations, which is more indicated 

[9]. In another study [11] a Kinect controlled game was de-

veloped along with a force platform. However, in this work 

the force platform is only used for data collection and not for 

controlling the game. Other authors [9] made a manually 

tilted platform with three games. However, the tilt of this 

platform is manual and limited to angles multiple of 5. 

Therefore, a game system controlled by a force platform 

with biaxial rotation could better adapt to the exercises and 

the needs of each patient. This way, the training can be done 

in several angles, generating a personalization with different 

degrees of difficulty. Thus, the objective of this work was to 

develop a gametherapy proposal based on the application of 

three virtual games, where each one of them allows the train-

ing of a different type of movement, being the first focused 

on the laterolateral movement, the second focused on the an-

teroposterior movement, and the third focused on the combi-

nation of both movements. The games developed have an in-

teraction interface through the movement of the player on a 

force platform. 

II. MATERIAL AND METHODS 

A. Equipment 

To control the avatars of the developed games, a biaxial 

force platform with controlled inclination is used [12]. It has 

the ability to change its inclination through four step motors 

controlled by a microcontroller, allowing its use in various 

inclinations (FIG. 1a). This platform has eight load cells fixed 

on its surface (FIG. 1b). Its sensors allow the movement or 

control of the game as soon as they are pressed. 

 



  

 

FIG. 1. a) Biaxial force platform with controlled inclination; b) Posi-
tioning of the load cells that allows the control of the avatars. 

In order to test the functionality of the force platform, we 

first used two alters with eight kilograms each. They were 

placed in the front region of the platform, one between sen-

sors 1 and 2, and the other between sensors 5 and 6. Then it 

was observed if these sensors increased their value read by 

the microcontroller's analog ports, in order to test the avatar's 

response, either moving forward or upward depending on the 

game to be played. The same was done by placing the loads 

between sensors 3 and 4, 7 and 8. For the right side, the loads 

were placed between the four sensors, being 5, 6, 7 and 8. 

Finally, the same test was performed for the left side with the 

loads between sensors 1, 2, 3 and 4, thus registering their val-

ues. By increasing the values of each sensor depending on the 

region pressed, it is possible to determine the control of the 

avatars. Through this, the patient can be trained by inducing 

him/her to perform laterolateral or anteroposterior move-

ments. The following flowchart shows how the avatar control 

is performed (FIG 2). 

 

FIG. 2 Flowchart showing the difference between the sensors for moving 

avatars. 

B. Game development 

For this study, the Unity multiplatform 3D game engine 

was used. Through this tool, three games were developed, 

each responsible for the training of different movements: 

Balance Block Breaker (FIG. 3a), for training laterolateral 

movements; Balance Bird (FIG. 3b), for training anteropos-

terior movements; and Balance Maze (FIG. 3c), for training 

laterolateral and anteroposterior movements. 

 

FIG. 3. Unity game development screens; a) Balance Block Breaker game 

development screen; b) Balance Bird game development screen; c) Balance 
Maze game development screen 

C. Game 1 – Balance Block Breaker 

In Balance Block Breaker, the objective is to bounce a ball 

off a series of blocks located at the top of the screen using a 

board at the bottom. The board is controlled by a laterolateral 

movement on a force platform. 

D. Game 2 – Balance Bird 

The goal of Balance Bird is to control a bird that moves at 

a constant speed, in order to pass through obstacles located 

in front of it, the more obstacles it passes, the more points it 

receives. The control is done through anteroposterior move-

ment. 

E. Game 3 – Balance Maze 

In the game Balance Maze, an avatar in the ball form is 

controlled on a 3D plane inside a maze. The goal of the game 

is to collect crystals scattered throughout the labyrinth, for 

each crystal collected, the player gets one point.  When all 

available crystals are collected, the game is finished and the 

score and game time are recorded in the player's profile. The 

movements of the ball are free for all axes, so the player must 

combine anteroposterior and laterolateral movements to con-

trol the ball and complete the maze. 

F. Game validation 

According to the literature [13], to test the quality of a 

computerized system 5 evaluators are necessary, because 

about 85% of the errors are listed and after this number the 



  

same problems will tend to be observed. In this sense, to eval-

uate the quality of the system proposed in this study, 10 eval-

uators were invited, divided into 2 groups according to their 

backgrounds. Group 1 was composed of 5 physiotherapists, 

aiming at evaluating whether the system proposes move-

ments that may contribute to balance improvement. Group 2 

was composed of 5 developers aiming to evaluate the sys-

tem's usability.  This multidisciplinary approach aimed to ob-

tain opinions from several angles of the system application. 

This evaluation was done using specific questionnaires 

based on the training of the evaluators. Following the NBR 

ISO/IEC 9126-1 [14] to validate the games, the principles of 

using questionnaires proposed by John Brooke [15], called 

SUS (System Usability Scale), were adopted. SUS presents 

excellent consistency of results for tests with relatively small 

sample sizes [16]. 

However, due to the difficulty of performing the tests in 

person, we recorded a video of the system working for each 

game.  For this, four different views of the force platform 

were filmed (FIG. 4a). Camera 1 filmed the front view (FIG. 

4b), camera 2 filmed the side view (FIG. 4c), camera 3 filmed 

the oblique view (FIG. 4d), and camera 4 filmed a rear view 

(FIG. 4e). The videos were then edited to present all four 

views at the same time and sent to the experts along with the 

questionnaire. 

 

FIG. 4. Concept map of feature recording. a) Biaxial force platform; b) 
Frontal camera; c) Side camera; d) Oblique camera; e) Rear camera 

III. RESULTS 

The developed games establish a serial communication 

with the biaxial force platform. When starting the game, the 

platform is tilted to the desired angle, which can be between 

0 and 20 degrees. This tilt can be forward, backward, right, 

or left. Through this, balance training is conducted with 

games. 

The avatars are controlled according to where the force 

platform is pressed. The following table shows the values of 

the admensional reading of the microcontroller's analog 

ports, obtained in the platform functionality test. 

Table 1 Value of the sensors when pressed 

 1 2 3 4 5 6 7 8  

No load 0 0 0 0 0 0 0 0 Avatar stan-
ding still 

load 

between 

1;2;3;4 

2 2 0 0 2 2 0 0 Avatar goes 
left 

load 

between 

5;6;7;8 

0 0 2 2 0 0 2 2 Avatar goes to 
the right 

load 

between 1 

and 2; 5 

and 6 

0 0 0 0 2 2 3 3 Avatar goes 
up or forward 

load 

between  3 

and 4; 7 

and 8 

2 2 2 4 0 0 0 0 Avatar goes 

down or goes 
back 

 

In the game Balance Block Breaker (FIG. 5a), for the con-

trol of its avatar, the movement in the X axis is considered, 

inducing the player's movement in laterolateral. In the Bal-

ance Bird game (FIG. 5b), for the control of its avatar, the 

movement in the Y axis is considered, inducing the player's 

movement in anteroposterior. In the Balance Maze game 

(FIG. 5c), to control the avatar, both axes are combined, leav-

ing the player more free, combining anteroposterior and 

laterolateral training. 

 

FIG. 5. Developed balance training games. a) Balance Block Breaker; b) 
Balance Bird; c) Balance Maze 

Due to the pandemic state, the device validation was done 

through videos (FIG. 5).  In line with the Ministry of Health 

and in order to avoid contamination with the COVID-19 vi-

rus, everyone involved was properly protected. 



  

 

FIG. 6. Balance Block Breaker game recording 

 

Through the SUS scale, the following results were obtained: 

 

Table 2. Average per questions in the SUS assessment questionnaire 

 
SUS assessment results for physiotherapy ex-

perts 
 

Item Question Average 

1 
The movements made in the proposed games ar-

eappropriate for balance training. 4,8 

2 
The games weren’t able to motivate the user's 

interest for a use. 
2,0 

3 
The games presented in any way may harm or 

damage the player's health. 
1,6 

4 
Gametherapy is not able to provide an improve-

ment in balance training. 
1,0 

5 
They would often use the proposed gametherapy 

system in their therapies. 
4,8 

6 
The use of game therapy is not able to motivate 

balance training 
1,2 

7 
You were satisfied with the functioning of the 

proposed gametherapy system. 
4,6 

8 
Wouldn’t need technical help to use the pro-

posed system. 
3,0 

9 
You were satisfied with the application of the 

safety structure to prevent accidents. 
4,8 

10 
You would not subject your patient to training 

using the proposed system 
1,0 

 SUS assessment results for development experts  

Item Question Average 

1 
The game is able to attract user interest to inter-

act 
5,0 

2 
The game is not able to provide easy operation 

and control to the user. 
2,2 

3 
The game is able to provide the results accu-

rately and effects correctly as intended 
4,0 

4 
The game lacks the ability to perform functions 

to accomplish tasks and goals. 
1,0 

5 
The game is able to prevent software or interface 

malfunctions. 
3,4 

6 
The game is not able to recover data if there is a 

crash while running the software. 
2,6 

7 The game is easy to collect data. 5,0 

8 
The game is unable to process and respond while 

performing its basic functions. 
1,2 

9 
The game has stability, due to possible changes 

in the software. 
3,8 

10 

Without the need for other actions, the game 

does not have adaptability to different environ-

ments. 

1,8 

 

The results obtained from the evaluation of the physical 

therapists reached an average of 81 points on the SUS scale. 

And the results obtained by the System Developers evalua-

tion reached an average of 83 points by the SUS scale. Ac-

cording to the literature [17], the results of both groups are 

classified as a B. The literature [18] further states that the av-

erage SUS scale is 70.14 points, and that tests with scores 

above 70 but below 90 can be considered good. Thus, one 

can legitimize the evaluation of professionals in the corre-

lated areas of study 

IV. DISCUSSION 

In this study, 3 digital games were developed using the 

Unity game engine [19]. The games were associated with a 

force platform, and offer conditions for the individual to ex-

perience obstacles and difficulties of the real world in a safe 

way. Likewise, the study [20] used Unity in the development 

of its game for balance training in the elderly and the work 

[21] used a force platform to train balance in the elderly in a 

controlled and safe way. 

Games can be considered a tool for balance training, help-

ing health professionals [20]. They can bring more concen-

tration to the individuals who are using them, providing a 

playful and more attractive environment when compared to 

conventional training methods, also being used for rehabili-

tation [11]. 

The present study developed games for balance training, 

and they were combined with a force platform with con-

trolled inclination that is used to control the Avatars of the 

games. Thus, several protocols can be performed, using the 

inclined platform at different angles, inducing the patient to 



  

maintain his balance by performing anteroposterior and later-

olateral movements. 

These movements can bring results of improvement to the 

individual, since for this the sensorial and motor system is 

trained. One of the factors that influence postural balance is 

the stabilization of the ankle joint [21]. Through it, the move-

ment of plantar flexion and dorsiflexion is performed, and it 

also influences the anteroposterior and laterolateral. Some 

muscles are also part of this system, such as the medial gas-

trocnemius and anterior tibial [22]. All of this can influence 

postural balance [23]. 

As the individual needs to move to control the games, this 

makes them dynamic, and may also train compensatory pos-

tural adjustment and anticipatory postural adjustment. The 

fact that the games have a scoring system and a time register 

allows the evaluation of the individual's evolution during the 

gametherapy sessions. 

Each game is designed to suit a specific type of movement, 

unlike commercial games that cannot be changed and are in-

accessible to some participants [24]. 

During the SUS evaluation, a combination of specialists in 

software development and in physiotherapy brought about a 

broad evaluation of the system from different points of view. 

The results showed that it was simple, userfriendly, easy to 

use and totally safe, without the need for great interference in 

usability. According to the literature [25], the SUS scale is a 

robust means of evaluation, being used in a variety of systems 

and/or devices. 

V. CONCLUSIONS 

According to the proposed objectives, the presented pro-

ject can offer a useful tool to the health area, especially to the 

rehabilitation area, helping professionals who deal with bal-

ance in the therapeutic processes. 
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