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Abstract: Auditory stimuli are commonly used in various electroencephalogram experiments, also in EEG-based
brain-computer interface systems. However, using conventional earphones that blocks the ear canal attenuates or
even blocks external environmental sound which might cause loss of crucial information from surroundings. Instead,
bone-conductive earphones are able to deliver sound through vibration without blocking the ear canal. To investigate
the feasibility of the bone-conductive earphones for auditory-stimuli based experiments, we compared N100 event-
related potential features as well the event-related spectral perturbation and inter-trial coherence of auditory steady-
state response between conventional and bone-conductive earphones. The results showed no significant differences
between bone conduction and conventional earphones regardless of distinct sound pressures. This result shows that
bone conductive earphones can be used for auditory experiments when the environmental sound is crucial to the user.

Key words: Bone conduction earphone, Electroencephalogram (EEG), Auditory-steady state response (ASSR),
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Table 1. Comparison of N100 amplitude, latency, ERSP, and ITC response according to the delivery method of the auditory

#O AM: BAUE oloE)l mE AR 2 ¥ AGLAS) B
Fig. 1. Grand averaged event-related potentials of each sound pressure according to the delivery method of the auditory
stimuli (black dotted line: conventional earphone, red solid line: bone conduction earphone)

2HE o]ojZ)o] T2 N100 29Ik, X121417k, ERSP, ITCO] 1)L

stimulus
Conventional Earphone Bond Conduction Earphone p
NI100 amplitude (V)
80 dB -1.827 + 0.689 -1.461+0.768 0.508
70 dB -2.001 + 0.964 -1.684 £ 0.697 1.000
60 dB -1.782 £ 0.781 -1.604 + 0.566 1.000
50 dB -1.584 +£ 0.762 -0.812 £ 0.545 0.727
N100 latency (ms)
80 dB 145.05 + 20.40 132.74 £ 24.70 0.508
70 dB 142.72 £ 7.91 138.49 + 15.46 1.000
60 dB 139.08 + 10.22 142.12 £ 13.65 0.180
50 dB 147.41 £ 9.62 169.02 £+ 55.68 0.727
ERSP (dB)
80 dB 0.216 + 0.217 0.798 + 0.942 0.508
70 dB 0.183 + 0.233 0.009 + 0.257 1.000
60 dB 0.187 + 0.356 0.145 + 0.194 1.000
50 dB 0.181 +0.224 -0.009+0.176 0.727
ITC (n.s.)
80 dB 0.204 + 0.047 0.315 + 0.203 0.508
70 dB 0.161 + 0.035 0.140 = 0.039 1.000
60 dB 0.148 + 0.027 0.138 +£0.044 1.000
50 dB 0.120 + 0.034 0.107 +£0.023 0.727
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Fig. 2. Time-frequency power of each sound pressure according
to the delivery method of the auditory stimuli (left panel:

conventional earphone, right panel: bone conduction)

n

s dHk o]ojE, 2 FA T o]ojE)of 2

Conventional Bone Conduction
0 200 400 0 200 400
70 dB . |
0 200 400 0 200 400
0 200 400 0 200 400
30 30
50dB = 40 = 40
= 50 = 50
0 200 400 0 200 400
(ms) (n.s.) (ms)
|
0 0.4

I3 3. A7 A A & ARl o]ofE, 9 FHE o]o]E)] np2
S 8 A% 7 S 5713}

Fig. 3. Inter-trial coherence of each sound pressure according
to the delivery method of the auditory stimuli (left panel:
conventional earphone, right panel: bone conduction)
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