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Abstract 

In this research, we have proposed and developed the vibration stimulus start system 

suitable for deaf and hard of hearing (DHH) sprinters adapted for a crouch start, and have 

developed the reaction time measurement system for light stimulus and vibration stimulus. The 

experimental results show that the possibility that the vibration stimulus start system is suitable 

for DHH sprinters despite issues are remained to be solved: the thumb and finger placement 

limitation and the weakness of the strength of vibration. 
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Background and Objective 

In general, deaf and hard of hearing (DHH) sprinters face the following problems: 

DHH sprinters feel anxiety about listening to the start sound signal in a sprint race. 

DHH sprinters who hardly listening to the start sound signal must look at the starter. 

DHH sprinters who hardly look at the starter must look at the movement of the sprinter in the 

next lane. 

To solve the above problems, a light stimulus start system is currently used in DHH 

sprint race. However, in general, visual reaction time (RT) is slower than auditory RT. On the 

other hand, tactile RT is almost the same as auditory RT (Welford, 1980; Woodworth & 

Schlosberg, 1995). Moreover, Ifukube have reported that tactile RT is faster than visual RT, 

where tactile RT is about 5ms slower than auditory RT, and visual RT is about 30ms slower than 

auditory RT (Ifukube, 1980). Therefore, we suggest that the tactile stimulus is more suitable for 

the start signal for DHH sprinters than visual stimulus, because the delay time of tactile RT is 

5ms which is below the minimum time unit (which is 10ms) of the sprint race in the photo finish 

(IAAF Competition Rules, 2016-2017), whereas the delay time of visual RT is 30ms which is 

above the minimum time unit. That is, the light stimulus start system may affect the race time of 

DHH sprinters compared with that of hearing ones. 

In this research, we have proposed and developed a vibration stimulus start system 

suitable for DHH sprinters adapted for a crouch start, and have developed the RT measurement 

system for light stimulus and vibration stimulus to confirm the effectiveness of the developed 

system by experiments. 

DHH athletes cannot participate in the Paralympics. However, they can participate in the 

Deaflympics. In Deaflympics 2017 Samsun, 473 DHH athletes participated in it from 65 
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countries (“Athletics”, 2017). The sprinters of the participants and many other DHH sprinters all 

over the world would benefit from this system. 

System Description 

Figure 1 shows the diagram of the proposed system which consists of a controller, 

devices generating light and vibration stimulus, an embedded board, and a load cell attached to a 

starting block, on which a sprinter set both legs. A sprinter sets both hands on the 

vibration-generating devices in case of “On your marks” in a race. RT is measured by using the 

Yokokura’s detection method for the start operation of sprinters (Yokokura, 2000). 

Fig. 1. The diagram of the proposed system (gray: devices, blue: sprinter, led: explanation). 

In our system, RT measurement program runs on a “mbed” board, which is an embedded 

board, connected to the load cell. The maximum input of the load cell is 2kN, the maximum 

output voltage is 3.3V (obtained by using an amplifier) which is the same as the maximum input 

voltage of the board, the conversion precision of AD (analog to digital) conversion is 12bit, and 

the sampling rate is 1ms. Fig.2 shows the overview of the prototype of the developed system.  
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In the develop system, the light-generating devices consist of six red LEDs, six yellow LEDs, 

and six blue LEDs in order from top (Fig. 3a). The red LEDs, the yellow LEDs, and the blue 

LEDs emit corresponding to “On your marks” (Fig. 3b), “Set” (Fig. 3c), and “Start” (Fig. 3d), 

each other. The light intensity of a red LED, a yellow LED, and a blue LED are 6,000mcd, 

4,500mcd, and 4,000mcd, each other. The vibration-generating devices only vibrate in case of 

“Start”, whereas the red LEDs and the yellow LEDs emit corresponding to “On your marks” and 

“Set”, each other. The vibration is generated by using DC (direct current) motors. The thumb and 

finger placement is shown in Fig. 4, where thumb and finger touch the plates attached to the 

vibration motors.  

Fig. 2. The overview of the developed system. 



   Proposal of a Vibration Stimulus Start System for the Deaf and Hard of Hearing 144

Journal on Technology and Persons with Disabilities 
Santiago, J.  (Eds): CSUN Assistive Technology Conference 
© 2018 California State University, Northridge 

Fig. 3. Light-generating devices consist of six red LEDs, six yellow LEDs, and six blue LEDs. 

3a. The light-generating devices ; 3b. “On your marks; 3c. “Set;” 3d. “Start” 

Fig. 4. The vibration-generating devices 
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Experimental Method 

We examined the RT of light stimulus and vibration stimulus for DHH 13 people 

(70-130dB hearing level, 20-22 years old) limited to those who are athlete experienced as 

follows: 

1. Prior explanation of the experiment (10min)

2. Measuring the light stimulus RT three times (10min)

3. A Break (10min)

4. Measuring the vibration stimulus RT three times (10min)

5. The questionnaire about the feeling of using the developed system (10min)

6. Interview based on the answer of the questionnaire (10min)

The method of measuring RT is based on the rule of the start in sprints (IAAF 

Competition Rules, 2016-2017), that is, we carry out the measurement in the order of “On your 

marks”, “Set”, and “Start” (then, the stimulus occur) each trial. After a participant finish the start 

operation, the trial is ended. 

Experimental Results and Discussions 

The average and standard deviation of the RT of light and vibration stimulus are shown 

in Table 1. The histogram of those is shown in Fig. 5. In this experiment, we subtracted the 

start-up time of the vibration DC motor shown in the date sheet from the vibration RT. We 

removed four data less than 0.100s from the vibration RT data because these are considered as 

“breakaway” by the timing rules of athletics (IAAF Competition Rules, 2016-2017). 

Table 1 shows that the RT of light stimulus is a little bit faster than that of vibration 

stimulus. However, there were no significant differences between them performed by Student's t 

test (p<0.005). On the other hand, the questionnaire and the interview results are summarized as 
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two voices: “The thumb and finger placement is limited by the vibration device” and “The 

strength of vibration is weak”. Even though issues are remained to be solved in the vibration 

stimulus system, the fastest time of the RT was the vibration stimulus not the light stimulus, 

which indicates the possibility that the vibration stimulus start system is suitable for DHH 

sprinters. 

Table 1. The mean and standard deviation of the RT of light and vibration stimulus 

Stimulus Mean (s) Standard deviation (s) 

Light stimulus 0.185 0.0421 

Vibration stimulus 0.200 0.0625 

Fig. 5. The histogram of the RT of light and vibration stimulus. 
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Conclusions and Future Works 

In this research, we have proposed and developed the vibration stimulus start system 

suitable for DHH sprinters adapted for a crouch start, and have developed the RT measurement 

system for light stimulus and vibration stimulus. The experimental results show the possibility 

that the vibration stimulus start system is suitable for DHH sprinters despite issues are remained 

to be solved: the thumb and finger placement limitation and the weakness of the strength of the 

vibration. 

In future work, we plan to improve the developed system to resolve the above issues. 

Concretely, we will develop plural kinds of generating devices for vibration stimulus by using a 

3D printer and various kinds of motors to identify the best vibration stimulus signal by 

experiment. 

In the future, we will measure the RT for hearing sprinters, blind and visually impaired 

sprinters, and other handicapped sprinters using invalid chair, artificial arm, artificial leg, etc. 

After that, we want to develop the practicable prototype based on the universal design for 

everyone. 
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