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JND-based Mobile Phone Optimal Vibration Frequency
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A study was conducted to investigate an optimal vibration frequency for mobile phones with just noticeable
difference(JND). The just noticeable difference, Weber’s law, is the minimum amount by which stimulus
intensity must be changed in order to produce a noticeable variation in sensory experience. In order to find the
optimal vibration frequency, sixteen frequencies ranged from 24Hz to 603Hz were selected. Subjects then were
asked to differentiate a pair of vibration frequencies. For the analysis, the psychometric function to determine the
optimal vibration frequency and the logistic regression to validate the determined frequency were used. The
results show that the 2nd order polynomial equations were best fitted for the IND psychometric function and the
optimal mobile phone vibrations were determined at 140Hz, 151Hz, and 160Hz. With the ogive-shaped
psychometric function developed by the logistic regression, the results of this study was validated that the
determined vibration frequencies (140Hz, 151Hz, and 160Hz) were optimal mobile phone vibration frequencies.
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Figure 1. Just noticeable difference(JND) (George, 1985).
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Figure 2. Vibrotactile threshold according to frequency and
contact surface(Verrillo, 1963).
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Figure 3. Apparatus.
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Figure 4. Experiment view.
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Table 1. ANOVA table

Source DF F-Value Pro > F
F intensit
requency intensity 6 3.87 0.0031
(A)
Sex (B) 1 0.00 0.9531
A*B 6 1.26 0.2902
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Figure 5. Vibrotactile threshold according to frequency.
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Table 2. Fisher’s LSD for frequency

Frequency p-value
96Hz, 151Hz 0.03%
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Figure 6. Vibrotactile threshold according to frequency.
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Table 4. Fisher’s LSD for frequency

Frequency p-value Frequency p-value
120Hz, 140Hz 0.000 140Hz, 160Hz 0.823
120Hz, 151Hz 0.000 140Hz, 180Hz 0.002
120Hz, 160Hz 0.001 151Hz, 160Hz 0.317
120Hz, 180Hz 0.402 151Hz, 180Hz 0.000
140Hz, 151Hz 0.118 160Hz, 180Hz 0.007

Source DF F-Value Pr >
Frequency intensity (A) 15 22.10 0.0001
Sex (B) 1 3.08 0.0818

A*B 15 0.54 0.9140
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Figure 7. Logistic regression graph for psychometric
function at 151Hz.
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Table 5. Parametric regression fit
Model Error
Degree(Polynomial) DF MS DF MS R-Square F Stat Prob > F
Linear 1 0.0052 14 0.0491 0.0075 0.1062 0.7494
Quadratic 2 0.3178 13 0.0044 0.9173 72.1268 0.0001%**
Cubic 3 0.2144 12 0.0042 0.9281 51.6402 0.0001**
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Table 6. Comparison of optimal vibrations on the hand’s contact surfaces

Researcher, Year Locations Frequency Note
Verrillo, 1963 Thenar eminence (TE) 250Hz Absolute Thresholds
Lee, 1998 DP, PP, HM, HE, TE 240Hz Absolute Thresholds
Lee, 1999 DP, PP, HM, HE, TE 120Hz Differential Thresholds
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