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Changes in binaural beat strength to the difference of
right and left hearing ability
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ABSTRACT: The binaural beat is a subjective beating phenomenon due to the frequency difference of sounds
heard in both ears, sensed by the human brain. The beating magnitude physically depends on the amplitudes of
the two signals with slight different frequencies. Therefore, the binaural beat strength is expected to be affected
by the difference in left and right hearing ability. In this study, 34 healthy subjects without hearing loss were
chosen. They hear a pure tone sound (450 Hz) at 10 different Sound Pressure Levels (SPLs) (from 50 dB to 27.4
dB) through the one side of ears, while they hear the reference sound (440 Hz, 50 dB) through the other side of
ears. Their subjective assessment using a semantic differential method reveals that the binaural beat strength
decreases as SPL differences between the two sides of ears increases, if the difference is greater than 2.2 dB. The
result suggests that the hearing loss difference between the two sides of ears should be less than 2.2 dB to maximize
binaural beating effects.
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Fig. 1. Typical beating signals constructed with two
pure tones whose amplitudes and frequencies are
respectively f1, f» and As, Ap, when (a) A = A; and
(b) Ay = Ao/2. Note that the beat frequency (fb) is the
difference of the two frequencies and the oscillating
frequency (f) is the mean of the two frequencies. The
beat magnitude (M) is defined by the depth of the
envelop of the beating.
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Fig. 2. (a) Experimental environment and (b) procedure.
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Fig. 3. Evaluation scale to judge relative binaural beat
strength used in the study.
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Table 1. SPL used in the experiment.
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Volume setting SPL Reduction in SPL

(%) (dB) (dB)

1 100 50.0 0

2 90 48.8 1.1

3 80 47.7 22

4 70 46.4 3.5

5 60 45.0 49

6 50 433 6.6

7 40 41.0 8.9

8 30 38.2 11.7

9 20 34.1 15.8
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Fig. 4. (Color onling) Changes in the subjective binaural
beat strength as the SPL of the 450 Hz contrast
sound (to either right or left ear) is reduced from 50
dB (N = 34). Note that the other side ear hears
reference sound (440 Hz, 50 dB). The right hand side
vertical axis represent the percentile score (0 % ~ 100
%) for the scale 0 ~ 4.
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Fig. 5. Mean and standard deviation of the difference
in subjective binaural beat strength rated when
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provided values represent p value resulting from the
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