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A relation between subjective evaluation and hearing sensation concerning
modulated sounds for fluctuated continuous sounds using the Mandolin
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The “Fluctuation Strength (FS)” was suggested as an evaluation index of hearing sensation concerning
modulated sounds of low frequency. Past studies had been investigated FS of modulated pure tones and
broad-band noise, and clarified that FS for amplitude-modulated pure tone (AM SIN) with a modulation
frequency within 4-8 Hz is large compared to the range outside of 4-8 Hz. However, few studies have
been reported concerning the relation between FS and subjective evaluations for continuous sounds
played by musical instruments. Therefore, the tremolo played by the Mandolin is employed here as
harmonic sounds fluctuating of low rate, and investigated here is the relation between FS and subjective

evaluations for continuous sounds using the Mandolin.
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Figure 1. An overview of the Mandolin
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Table 1. Main factors affected subjective evaluations of the performance proficiency for tremolo

using a Mandolin

Common factors

Individual factors

Shape of the instrument

Relative position to the instrument

Type of the strings

Acoustic property when plucking a pair strings

Materials, thickness and size of the pick

Position and angle of pick for strings

Reverberation of recording environment

Holding style of pick

Subjective strength of pressing strings

Average speed in a single plucking

Plucking rate

NTWBDOT[2), FHFETIEHK 4-8 Hz DEFhKS
N, AU ATERICEE AR5 2, FEMEIC
BELTWHEEZ, TRLE N EOTOEE
F—Zx L TR 48 Hz OEEmy 2L, &
% [RER FS) SMERZ &3 5. &7z, Fastl
ko TIRESNUEWREEHRERT FS 2
LR FS) SR Z L1297 5. BiglC, FLTE
O QN FS & REFMEORIGRERETS 5.

31 ML ROEORERRER

S EICT 3 EL L OEERRER DT R
> DOBGEE T PP, 68 KNI Hz D 35ED
OBYEEOSE T 5 MO N ELEEEE 5
B> Th bW, A 7073 W THES
TEREE L. ZOR, EEHIT 90,120 KTV 135
bpm(6,8 TN 9 Hz IZAHENICBNWT 32 B/ TR
PEERTRD XD ITHRL, AhO/—Lah5
HEEDEODEOHIT ATy 71 VR ZEH
NWTEET > ROE2ERLE. FNUE, HEIC
ERUEES, EEENESOESEERSIL
MTET, BECEELZ MFTEEZLDOTH
5 EETIIE 3N ORME DA 295 Hay 2 Lz,
BOREIF—FEL, ET /)N ELE Z
D& I UEEEE, REORE S PRI/ E N
FH, BELERNEOTEBELTWRNRL
EOFOENDERT ) ENDFEFRDOERIC
EBHDOTHB. ANIERIEHANA T U 4t
DT RY 2 M150, By ZidvnNttor1o
CEIT, AIRE, BEXE0.635mmiEE LR TNEL
SMTLZbD)DEY I THB. £, Bz
ArO/—AO—-5 > RO DB, ¥
w7 AR =D ME-LIID, %1 7 1177
+ >V RODE Microphones #1:(D NT2-A, #EHT

547w 7O HD-P2 THD, BT{LEY b
16 bit, U7 R 48 kHz THE LTz,
Figure 2 \CRREREZRRY. BEANICIE, @R
FERBEOIRE, O)IFEHRREOERERT.

(a) An allocation of the player and the microphone in
the recording environment

(b) Outline of recording environment

Figure 2. Recording environment
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Stimuli
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Figure 3. Presenting scheme of stimuli
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Table 2. Results of evaluating subjectively the performance proficiency for tremolo performed by each

player
Plucking rate
Player 6 Hz 8 Hz 9 Hz
P, 4% (11 %) 10* (28 %) 22* (61 %)
P, 2% (6 %) 18* (50 %) 16* (44 %)
P, 0* (0 %) 14* (39 %) 22*% (61 %)
P, 5% (14 %) 11* (30 %) 20* (56 %)
Ps 3% (7 %) 14%* (39 %) 19* (54 %)
Ps 6* (16 %) 10* (28 %) 20* (56 %)
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Figure5. Amount of physical FS for tremolo played by
each player calculated by original procedure
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Figure 6. Amount of psychological FS for tremolo
performed by each player obtained by a
commercially-sold system

Table 3. Results of questionnaire

Plucking rate
10 Hz 11 Hz 12Hz 13Hz
# of answers 3 2 1 2
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Figure 7. Relation between results obtained in this study and psychological FS
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