
DESIGN AND DEVELOPMENT VIRTUAL 
REALITY ATHLETIC – VIRTUAL IMAGERY TO 

TRAIN SPRINTER’S CONCENTRATION 
 

Abstract — Sports activities are getting more and more 
attention from both government and society. In the athletics 
sport, in addition to agility and good ability, an athlete must 
have a strong mentality. Mental of the athlete is very critical 
on its performance. Most successful athletes achieve their 
peak achievement of 60% to 90% influenced by mental 
factors and the ability of athletes to master their 
psychological state, One of the elements of psychology that 
greatly affect is the concentration. Not a few athletes who 
have low concentration power, so it takes practice to 
improve the power of concentration. Therefore, the 
research is useful to help runners or athletes in training the 
power of concentration by utilizing virtual reality 
technology. We develop a training system for athletes by 
utilizing Virtual Reality (VR) that calculates head 
movement as concentration measurement. This system 
consists of VR hardware and VR environment. We have 
result from an experiment that said we could measure the 
concentration of an athlete by measuring how much the 
attention of an athlete is distracted. Therefore we develop a 
system that can simulate that. Virtual reality technology is 
chosen because it can deliver an immersive experience. By 
simulating the environment of the field during a sprinting 
game, it is expected that the runners will get used to the 
atmosphere and can concentrate on giving their best 
performance. 

Keywords— Virtual Reality; Concentration; Psychology. 

I.  INTRODUCTION 
Sport is one of the most important elements in the spiritual 

and physical development of human [1]. Sports activity itself 
increasingly gets attention from both government and society. 
According to the National Sports Committee of Indonesia or 
KONI sports education is one effort to improve the quality of 
human resources (HR) [2]. But in addition to endurance, agility 
and the ability of an athlete, an athlete must have a strong 
mental. Mental of the athlete is very influential on its 
performance. Most successful athletes make their peak 
performance of 60% to 90% is influenced by mental factors and 
athletes' ability to master their psychology [3]. 

When an athlete has a weak mentality, the athlete can fail to 
show their best performance. An athlete often gets a serious 
handling in terms of mental reinforcement. Often when athletes 
are in a match, they can not provide maximum performance due 
to mental stress caused by the atmosphere. For example, 
because the number of spectators is very crowded, this could 
have caused the concentration of the athlete is disturbed. But it 
could also be a trigger for athletes to become more excited so 
that the athlete can provide maximum performance. 

In the running sport, concentration is needed to be able to 
manage the running tempo so they will not run out of energy 
before reaching the finish line. In addition, the runner must 
concentrate to stay on his track as per the rules applicable to the 
run number except for the marathon run number. In sprints, high 
concentrations are required to respond quickly and 
appropriately in the movement of the feet when in the start state, 
due to the distance of the track is relatively short. Examples of 
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the importance of concentration as experienced by Shenny, 
national jumper athlete. At Sea Games XII in Kuala Lumpur, 
Shenny only managed to present a silver and bronze medal 
while on record she was able to win a gold medal. Shenny 
admitted difficult to concentrate because the audience is very 
crowded [2]. 

Given the importance of concentration in the field of sports, 
it is necessary to do concentration exercises for athletes. Many 
athletes and apprentice athletes who have less concentration 
levels. To train the concentration of an athlete, psychologist 
usually used imagery techniques [2]. With these techniques the 
athlete is ordered to imagine the atmosphere in the game. 

But this technique has some flaws, since most of the athletes 
find it difficult to imagine a scenario in accordance with his 
guidance. So based on the problem, the goal of this research is 
to create an application that simulates the atmosphere during 
the sprint match using Virtual Reality (VR) technology to help 
athletes train their concentration 

In addition, this application also serves to help or simplify 
the psychologist to analyze the concentration level of athlete. 
Using this application psychologists will not need to use 
conventional imagery techniques to make athletes imagine the 
atmosphere of the field during the game. VR technology is 
chosen because this technology can provide an immersive user 
experience. By simulating the atmosphere of the field while the 
running game is in progress. Using VR technology, it is 
expected that the athletes will be familiar with the atmosphere 
so they can concentrate to provide the best performance. 

This paper consist of five different parts. The first part is 
introduction that will explain more about the background 
behind this research. The second part is Behaviourally 
Anchored Rating Scales, the base of this research. The third 
section is System Overview that will explain about the 
developed system.  The fourth part is Testing Result And 
Analysis, this part will contain about the test that have been 
conducted and the results. The last part is conclusion of this 
research. 

II. BEHAVIOURALLY ANCHORED RATING SCALES  
Behaviourally Anchored Rating Scales (BARS) are the 

metrics to measure performance levels. This is an evaluation 
method capable of utilizing stories, critical events, and the 
assessments are measured using anchored-scale from specific 
narrative examples of good, moderate, and poor performance 
[4]. The concentration BARS indicator can be seen in Table 1. 

TABLE I.  BARS INDICATOR FOR SPRINTER 

Dimensi
on Indicator 

Levels 
3 2 1 

Focus 
on the 
task of 
motion 

Alertness to move 
during  

Slowl
y 
reacts 
to the 
start 
signal 

A little 
slow 
when 
respondi
ng to the 
start 
signal 

Exact
ly 
respo
nds to 
the 
start 
signal 

 
Speed of 
running 
motion 
during 
the 
competiti
on 

Footste
ps 
appear 
irregula
r until 
the 
finish 

Footsteps 
appear 
regularly 
starting in 
the middle 
of the track 

Have the 
consistency 
step 
according 
to the pace 

The 
precision 
of 
motion 
of the 
finish 

Non-
torso 
touches 
the 
finish 
line 
first 

Torso and 
non-torso 
simultaneo
usly reach 
the finish 
line 

Put forward 
the torso 
when it 
reaches the 
finish line 

Ability 
to 
ignore 
external 
distracti
ons 

Ability 
to ignore 
external 
disturban
ces 

Pay 
attentio
n to 
spectat
ors and 
rival 

Pay 
attention to 
spectators 
or rival 
opponents 

Pay 
attention to 
track 

Based on BARS indicator in Table 1, the possible indicators 
that can be applied to VR technology and can be made an 
automatic calculation is the last indicator.  

III. SYSTEM OVERVIEW 
Figure 1 shows about system overview of VR-AThletics. 

The VR-Athletics design is based on Unity 3D engine. Unity 
3D is a cross-platform game creation system. On top of the 
Unity 3D engine, we provide 3D and non-3D objects to interact 
with the user. We used Oculus Rift 3D DK2 headset to produce 
3D VR output and Headphones for the audio output. 

Fig. 1. System Design 

A. Related Research 
SIDEKIQ QB is a VR-based application used to train 

quarterback position on football sport. This app simulates a 
situation that occurs when in a match. So users can deal with 
certain situations when in real matches. This application 
developed by Eon Sports VR, which is a company that makes 
VR products in the field of sports.  

Fig. 2. creenshot From SIDEKIQ QB 
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Most of the researches in sport field are focusing on the 
physical and technical aspects of the athletes. Whereas the 
psychological is less researched even though psychological 
aspect is as important as physical and technical aspect. 

Therefore, in this research we are focusing in the 
psychological aspect of the athletes and providing handy tools 
to help sport psychologist in training their athletes. 

B. Scenario 
A scenario to represent the BARS indicator was made for 

this research. This scenario was made under the advisor of a 
sport psychologist. Therefore the scenario is: 
1. Users are placed in a 100-meter sprint match. 
2. The simulation starts from the start to finish line. 
3. In the simulation, there is one athlete who described as the 

user, six opponents athletes, some referees, and thousands 
of spectators in the stands and some supporting objects. 

4. There are sounds of the crowd cheering, the shots that 
indicate the begin of the match, and the runner's footsteps. 

5. When the indicator of user concentration is poor, the 
performance or speed of the user runs will slow down. Users 
can win the game if the indicator of user concentration is 
good. This concentration indicator refers to the BARS 
concentration. 
Therefore, the features to help the psychologist that have 

been designed under the advisor of psychologists who are 
experts in the relevant field are as follows: 
1. The interface can be operated without the use of physical 

buttons (keyboard or another device) using only views. 
2. The program can detect concentration level based on BARS 

concentration. 
3. BARS results of concentration may affect the user's running 

speed and match results in the simulation. 
4. The program can also record head movement and frequency 

how often the user sees object during simulation progress. 

C. Creating Asset 
A 3d object consist of one or more polygonal shapes, 

constructed by vertices (point) that define coordinate in 3d 
space. The polygon or poly for short are commonly shaped 
triangle or quads. [5] 

To support the scenario, realistic assets is needed to increase 
the immersive aspect of the application. In asset development 
for VR-Athletics, different methods were used for humanoid 
and non-humanoid assets. For non-humanoid assets used 3D 
Modeling method in its production. As for the production of the 
humanoid assets, it is used Parametric Modeling [6] for the 
human model and Garment Simulation [7] for clothing model 
worn by the human model.  

After creating the models, the next thing to do is the 
animations. Animations were created in Autodesk Maya. The 
start pose and running motions were created based on Powell’s 
start pose and running motion. 

D. Merging Asset 
At this stage, the prototypes that have been made will be 

merged with the assets that have been made. These assets 
include 3D models, interface and audio images. 

E. Result 
From this research, we could make an application to help 

athletes train their concentration skill using Virtual Reality 

based Imagery. The result of the application can be seen in 
figure 4. Figure 4.a is the view of the application during starting 
position and for the figure 4.b is the view of the application 
during the running session.  

IV. TESTING RESULT AND ANALYSIS 

A. Testing On Oculus Rift DK 2 
Testing using Oculus Rift aims to determine whether the 

application can run and controlled using Oculus Rift. Testing is 
done by using and trying to move the Oculus Rift device by 
moving it around. Because the created application only utilizes 
the user's head rotation to control it. After a trial to rotate the 
head, the display or camera on the app also moves 360 degrees 
adjusting the rotation of the user's head. An example of a view 
of the simulation when the user’s head turns to the right can be 
seen in Figure 5.  

(a) Stadium 
 

(b) Shoe (c) Start Block
Fig. 3 Non-Humanoid Models 

  

Fig. 4 Humanoid Models 

(a) Simulation When Athletes is in 
start position 

 

(b) Simulation When Athletes is 
Running 

 Fig. 5 Application Result 
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Fig. 6.  The View of The Application When Turning Right 

Fig. 7. Application Tested Using Oculus Rift DK2 

B. Interface Test 
This test is aimed whether users can interact with virtual 

keys on the application properly. There are two buttons in the 
application, the Start button, and the Restart button. The first 
button to try is the Start button. When the view is held for about 
1 second on the Start button a circle indicator appears as shown 
in Figure 7. After the indicator and button disappear, the 
application scenario will be run as in Figure 4. 

Fig. 8. Start Button 

C. Concentration BARS Test 
This test is used to know whether this feature works well in 

accordance with BARS Concentrations. When the 
concentration indicator worsens the running speed of the user 
also decreases. So the parameters tested are: 
1. The concentration indicator will worsen when the user sees 

the audience or other athletes during the game. 
2. When the indicator worsens the user speed decreases which 

causes the time to reach the finish line rising. 
For testing step, when the game begins the view deliberately 
directed toward the audience, then to the opponent athletes. 

When the user reaches the finish line, the result of the user 
occupies the last position due to the result of a poor 
concentration indicator. 

But when the user’s view always straight ahead without 
seeing the opponent athletes or spectators. Then the result, the 
user will occupy the first position. This proves that the features 
of the concentration indicator can run properly. 

Fig. 9. The Result When The Indicator Bad 

Fig. 10. The Result When The Indicator Good 

D. Head Rotation Recorder Test 
This feature used to provide raw data for psychologists. 

Psychologists are expected to process the raw data and make it 
more useful. To find out if the feature runs smoothly, codes 
were added that serves as a debugger, so the data will come out 
in real-time. When the simulation starts and the view are 
directed toward the opponents, the debugger produces the 
appropriate data. While the list of data generated by the 
debugger can be seen in Figure 10. 

Fig. 11. Debugger Result 

When compared to data stored in a CSV file, they also have 
the same results. The results of the CSV file can be seen in 
Figure 11. The first column contains seconds after the game 
starts, the second column contains the rotation data, and the 
third column contains the notes.   

Fig. 12. CSV File Result 
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E. Expert Review 
The first expert person selected was Dr. Miftakhul Jannah, 

M.Si., Psychologist and also Chairman of the Indonesian Sports 
Mental Coaching Association (APMOI). Here is a review she 
has given. 

"It's good I think. It's just that when the game has not started 
athletes have a variety of behaviors, for example, there is 
athletes who direct to the start block, there is also athletes who  
view the audience while waving his hand before going to start 
block. But the goal of this research has been achieved." 

Fig. 13. The Psychologist Trying The Application  

According to the psychologist, in mental training of athletes, 
imagery is very difficult to practice in the field. So with this 
research, it can be very helpful in the mental training process of 
runner. 

F. Performance Test 
Frame Per Second (FPS) is the amount of rendered frame 

per second. If FPS is to slow, the application will look laggy. 
There is so many things affecting the FPS including the 
performance of the GPU and the CPU [8]. Another thing that 
affect the FPS is poly count or How much poly in our scene.[9]. 

In the first experiment obtained FPS is too low that is 20 
FPS so the application can not run smoothly. To handle this, 
mesh optimization was used. using the blender application to 
lower the poly. In the first experiments poly used on each 
athlete is as much as 40,000 tris. For the second experiments, 
poly is lowered to 30,000 tris. 

In the second test, the FPS is increasing from 10.2 FPS to 
30.2 FPS. But with that value of FPS, the application is still not 
able to run smoothly. So the poly was reduced again to 20,000 
tris. At this number, the FPS still does not show a significant 
result that is 39.8 FPS so it needs to be optimized again.  

In the fourth experiment used as many as 10,000 poly tris 
and obtained FPS as much as 60 FPS[5] so the application is 
stated to run smoothly. The graph result of this experiment can 
be seen in Figure 13. 

By reducing the amount of poly there will be a decrease in 
the quality of the model itself. To see the topological 
differences between each poly number. The topological 
differences can be seen in Figure 14. Starting with the 40K 
model located on the left end, followed by a model with 30K 
poly, and 20K until the model with the number of poly 10k on 
the rightmost model 

Fig. 14. Graph of The Performance Test  

Fig. 15. Topological Differences Between Each Models 

Seen in the model with the number of poly 40k, the topology 
of the model looks very detailed so the model looks more 
realistic. Meanwhile, after downgraded to 30k topology the 
detail is still visible but not as detail as 40k poly model. In the 
model with 20k poly, some details are missing. And on the 10k 
model can be seen the model has lost a lot of detail and the 
topology is very bad. 

V. CONCLUSION  
After performing the design and production of VR Athletic -  

Imagery application utilizing Virtual Reality technology on VR 
Oculus Rift headset which then continued with testing and 
analysis phase it can be concluded as follows: 
A. VR Athletic Imagery has been successfully created. 
B. Features that have been designed to run in accordance with 

expectations. 
C. Based on the expert review of applications that have been 

developed is quite good and meet the goals. 
D. Development of asset’s reality can be developed further. 

One is to use PBR based material (physically based 
rendering) and also use a more realistic shader that is widely 
spread in the asset store. Such as: Amplify Shader, Forge 
Shader, etc. 

E. Poly count are heavily affecting the playability of an 3d 
application. As seen in the test section, the performance of 
the application is drastically raising when the poly count is 
reduced. 
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