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Development of a New Evaluation Method for Auditory Signals in Living
Environments Considering Circadian Rhythms
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In our living environment, there are auditory signals called sign sounds
that play a role in conveying some information or message. This study proposed a method to
objectively evaluate differences in people®s responses to unexpected sounds based on the Orienting
Response (OR) of heart rate when exposed to sound stimuli in an environment that simulates daily
life. Sixteen test sounds with different frequencies and timbres were created, and listening
experiments were conducted with 22 adult males according to an experimental protocol with
accommodation for circadian rhythms. The noticeability to the test sounds were evaluated by the OR
value calculated from the RRI of the heartbeats for the five beats before and after the presentation

of the test sound. This method revealed sounds that were less sensitive to the time of day, and
also enabled us to extract sounds that were valid as auditory signals.
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Comp 1 €x Musical tone  Complex tone Musical interval Pitch name
tone : 2 No No frequency (Hz)
MO1 C09 130.8 + 164.8 C3 +E3
Tab I € 1 / MO02 C10 130.8 + 207.7 C3+ G#3
MO03 Cl11 261.6 + 329.7 C4 +E4
0.5 MO04 ci12 261.6 +415.4 C4 + G#4
o . 5 MO05 C13 523.3 + 659.3 C5 + E5
16 MO(: (tl 1 523.3 +830.7 (,5 + G#5
MO7 Cl15 1046.5 + 1318.6 Co6 + Eo6
l l 2251 M08 Cle 1046.5 + 1661.4 Co + G#6
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3 C10 C15 p=0.007 p=0.044
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Table2. Comparison of two-period (Group 1 vs Group 2)
Test N Median-value Carryover effect Median-value Period effect
© Group 1 Group 2 S p-value Group 1 Group 2 S p-value
MO1 57.14 60.71 44.0 0.924 0 -1.79 425 0.801
MO02 46.43 46.43 43.0 0.829 7.14 -179 320 0.093
MO03 46.43 42.86 385 0.431 0 -3.57 38.0 0.384
M04 46.43 46.43 42.0 0.729 1.79 -3.57 325 0.095
MO05 67.86 42.46 29.5 0.044 3.57 -1.79 -1.38 0.17
MO06 71.43 50.00 36.5 0.290 3.57 3.57 0.00 1.00
MO7 57.14 53.57 39.5 0.512 5.36 3.57 -0.86 0.39
M08 39.28 57.14 525 0.368 7.14 -1.79 -1.25 0.21
Cco9 67.86 35.71 295 0.046 3.57 -5.36 -0.98 0.330
C10 8.63 6.00 36.0 0.264 8.93 -5.36 -2.54 0.007
Cl11 60.71 39.29 27.0 0.019 (0] -3.57 -0.87 0.417
C12 39.29 3571 42.0 0.726 1.79 -7.14 -1.58 0.104
C13 50.00 50.00 40.0 0.567 0 -5.36 -1.18 0.240
C14 60.71 53.57 435 0.871 -1.79 -3.57 -0.26 0.745
Ci15 39.29 60.71 58.5 0.085 -3.57 -10.71 -1.95 0.044
C16 67.86 50.00 42.0 0.728 0 -5.36 -1.71 0.082
Period 2 18 5 11
X 2 = 8.00, df =10, p = 0.63
Kruskal-Wallis 11
C4+G#4
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Fig 3. Box plots of frequency of easy-to-notice (%) between MO and AF for 11 test sounds
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Fig 4. Scatterplot of OR valuesfrom 8:00 to 23:00 by Five test sounds
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Table 3. Therate of the number of acceler ation responses number and deceler ation responses number tothe
total number of OR-values

MO1 MO02 MO07 c14 Cc16
acceleration response (%) 123 12.3 145 14.8 17.8
deceleration response (%) 168 136 13.7 136 11.3
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