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Abstract The main goal of this study was to systematically investigate place-pitch perception in electrical hearing and

the relative relationship between place-pitch perception ability, speech understanding and musical pitch discrimination

by cochlear implant (CI) users. Electrode pitch ranking test was carried out to evaluate the place-pitch perception

ability of CI users. Four post-lingual deafened CI users were recruited. They also participated in the speech recognition

test and musical pitch discrimination test. Results showed that place pitch was generally ordered from apical to basal

electrodes. The apical electrodes were judged lower in pitch than basal electrodes. Large individual difference was found.

Comparing pitch and speech performance, the speech recognition result was relative with the place-pitch perception

ability of CI users, but this relationship was limited by the ceiling effects. However, good relationship was found between

musical pitch discrimination result and place-pitch ability of CI users. It indicated that the current signal processing of

CI system can provide sufficient information for speech understanding but not for music perception of CI users. To a

certain extent, music perception of CI users was determined by their place-pitch abilities.
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9":"�"O"P"�"� [1]
A�Q"R �"S"�"8"�"�"�"� (pitch

perception) T�����.�U�V�W�X�Y�Z�[�\�]�^ [2]
A �

�"W"X"_"`"a"�"�"b"E"F"c"d"e"f"g"h"="D+F"c"8i"j ("S"k�l+\"="D"F"c"8nmJo"p+q"r+�"�+s+8"l
\"� @"t"u"v"A�w U"V"W+X+x"_+`"a+�+� 0+1+y"z{"| t p"q"}H~��"� 5000 Hz 8"E"F"c"8"("S A 	

"�"�"�"�"9":H��/"8"� @"�"�"�"Q"R �"�"8"���
W�X ë�9�:���/�������T�������������������k����
��K"L"�"�"�"�"�"�"l+\+p"q+�+�"8+� 0+1 k�� w
"9":"�"�"�HT��"�"�+8"�+�+�"� A��+�"� �+ "	

"�"�"8"¡"¢"k�9":H��/+�+�"�nm�8+� @ r+�+�"�
�"8 u"v"£ #"k�¤H���"�"�"�+8"�¥�+�"�+�"�n¦ 1
����a�§�¨"8�©�ª [3−8]

A ����o�«�E�¬��®�k����
	"¯"¡"°"k����"�"�"�"8"�¥�"�+�"�+�"r Q"R �"�
8"�¥�"W"X"Y"«"±"² A�³ �¥�"r"�"� u"v"£ #"´"�
��/�µ�:�¶�-�·�¸�¹�º�-�· 0�1�»�¼�½ º�-�.���/�V
��¾¥¿"À"Á"Â"�"Ã"Ä"Å"Æ"Ç"È A �¥�"�"�"�+�"("S
8"l+\"k�&"^"º"-"É"Ê"a"9+:+�"8+�"�+."Ë+Ì+Í"ÎÏ °�Ð�Ñ�8�Ò�Ó�Ô�Õ A &�Ö�×�kØ����������8������
�"�"�"Ù"Ú"o"«"E"¬"8"Û"Ü¥�+�"k u e"Ý+	"Þ+�"�
Y�«�Ö�×�ß�,�à�á�â A�ã &�Ö�×�k����"	�
�����9�:
�"8H���"�"�"�"�¥�"�"�"�"�+("S+k u 	+
"�+�"E
�"W"X"ä"å"8"æ"¡"."	"
"�"�"9":"�"8"Ë"Ì+ß"ç"É
á�â A

´"�"�"�¥è"é"8"ê"Z"k�ëHì+í�în�J�"�+�+�"�
�"�"�"�"�"�"�¥8 t"£"ï   A�w ë"ð+°"ß+ñ"ònm�óô u ���"�"�"�"���"�"�"�"�"."9":"�"�"õ"�"�"8ö ²"©"ª A�÷ �"�¥ø"h"a"&"ù"Û+Ú"ë+O"ú+û"Ë+	"

����8�������ü�ký������/�������þ (pitch ranking)

"® � -"ÿ"´"®"�"8"�+�"�"�"�"�"("S A 4 �"æ"Y
6 Ò ��k Ë�Ì�Í�Î�����8�f�	�������	�
�����9�:����� a""®"k�´"®"�"\"U	�+f�
+���	�+("S+.+�"õ

����d���® A ��� u ´�®���������������(�S�·�

�����"."�"õ"�"�"Í"Î+8 ö ²"d	�+k { ¹+²+	"
+�
��E+�+W+X+ä+å+k��+×	�	�+©+an�J�+�+�+�	� �+�
������r�	�
����������8�����Ë�Ì�Í�Î�8 £ # A

1 �������
1.1 �������

÷ �"�¥´"®"�"8":� �!�""*"f"	"�"�"�"	"
�#
�"9":"�"k�$�
"��%"�"("S&�'� A 4 (�)�*�+H~��
23 , 55 -�8�	�
�#��������:� �a��® A ´�®���.
*�ë�O�ú�û�Ë�	�
�#���9�:���k��� CS-10A ;�9�:
Ó (24 Ò�������/�k 2 Ò���ð ��/ ��/ )

A ´�®���8
��/�µ�:�¶�-�0�*�#���ì 1 1�2�3�4�k5.�î�6�7�·589�:�;�9 8�Á�Â A=< m S3 Ã u 4 Ò���/ (13 c�· 14

c�· 17 c�· 20 c ) î?>�Ç�Æ�-�@�A�_ v k ��S�B�C
U £�D a�E�F���/�k'G�H��� 20 Ò���/ A 1 Ë�Ì�k
4 ��´�®�����æ�Y 6 Ò�I�U�
���J�K�Í�Î?�L� ( M�Ó
���"q"Ñ"Ú 70%),

{ �"�"a ÷ �"��8�N""®"k�O�P<�Q ß�«�e�.�R�*�"�O�%�� u E������TS p�qVU 8��
��(�S A ³ ´�®�����#���W�.�î���õ�X�Y�8 1�Z A\[]�^�_�` 0�a	b�c�d�e�f _	gih'j	k�l	m�n e�o	pq�r�s
1.2 ����t�u�v�w�x^	_	` $	y	zi{}|	~	�	�	�	���	�	�	�	J	K	�
~���~���c���������f _�s

{�|�~������ g�������������� p���������
[4−5]

s�� f _?�Lk�^�_�`��� �¡�¢�l&£L¤�¥ p?{
| ( ¦�§�¨���©?{L| ) ª�«�¬� [�®�¯ g { ¢�°�±�kl�²�³ ~�� g ��´ s f _ c�µ�{�ª�«�y�¶�·�¸��¹{º|»�¼�½�¾�¿ ��À��?{L|�~���������Á�Â�Ã�Ä�Å sÆ�Ç�� ·�¸ ^�_�`�g {�ª�«�y�¶ k�È�É�Ê ª�«�ËÌ �Íª�«�Î�Ï��Íª�«�Ð�Ñ	�Íª�«�¬�Ò���Ó�Á�{�| g ª�«
{LÔ�Õ ½�Ö sL��× f _?�LkLØ�Ù ª�«�Ë Ì 500 ms �
ª	«	Î	Ï 890 ¬		Ú	¦	Û	Ú	Ü (pps) ��ª	«�Ð	Ñ	µ
MP1+2 ��ª�«�¬�Ò�µ 50 µs

g�Ý ��¬����Þ (
��^

_�`�g�ß�à {Lª�«�y�¶�á�â�ã�ä )
sºå Ú�æ ^�_�`�k

ç
1 èêéêëêìêíêîêï

ðêñ òêó ôêõêöê÷ øêùêúêû üêùêõêý þêÿêõ�� �������������

S1 	 23 
 ��� òêüêù 3 �� 6 �� �

S2 � 35 
 ��� òêüêù 10
ö

6 �� �

S3 	 55 
 ��� òêüêù 6 �� 6 �� �
4  ���

S4 	 36 
 ��� òêüêù 6
ö

6 �� �
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75% µ��� k ��À�Ú�Á?{L| g
ª�«&{'Ô�Õ ½ s ��À g��¹g ¨�� ^�_	`	å [ ] ª�«
{L|�� ]�¤ µ ����g {Lª�« ¢ ~�� ^�s��� å Ú�Á&{'|�ª�«&{'Ô�Õ ½ Ä�Å ¼	½�¾	¿ �
À k � ^�_�`�å Ú�Á&{'|i{}ª�« g ¼	½ � °���� ã
ä s ¼�½�¾�¿ g��=g���� ��� ¼	½���� å ~	����e
f _�g�� ¼ s�× �������� �����À g�����k�å [ ] {
|�! � ( "�#�$�%�#�& k 1∼24 ' ) Ä�Å ¼�½ £L¤�sÇ�(�^�_�`?£L¤�)

1 � 2 '?{L| k+* � 1 '?{L|�µ
y�,�{�| k ��À ) 2 Á�{�| g {�ª�« ¼�½�-/.�0 £�¤)

2 � 3 '�{�| k � ) 2 '�{�|�µ�y�,�{�| k ��À )
3 Á�{�| g {�ª�« ¼�½�- !�1���2 k43 %�5 ^�_�`�å[ ] {L| g ¼�½ � °�6 ä���À���p s7 0 Ø�Ù [ ] ��©&{'| å Ä�Å�~����	��f _�s
S1, S2 � S4,

Ø�Ù
{1, 2}, {2, 3}, · · · , {23, 24} � 238 {'| å:9 � � {1, 2} ;�< ) 1 � ) 2 '&{'| g {

ª�« £'¤ )
s

S3 = ��>�?�@ 4 Á&{'| k+A�Ø�Ù 198 {L| å�s Ú 8 {L| å�B�C f _ 20
� s�� Ú�D�f _��kFE Á�{�| .�G�H�I ¬����Þ kFE Á�ª�«�J »�»�K

500 ms
s�^�_�`��� ��

2
Ø

1
g f _?�Lk�Ø�Ù ~��

� (
¢�L�M

“ $ ”)
g�Ø � s ã�N�o�O�P k¹�� �Q�R 23

× 20 � 460 D�f _ (S3 S � )
s [ ]

460 D g  ��
��¨ .�G g�s

µ�T�U ^	_	`�V�W	k�� f _�X�Yi�[Z � . Ë�\]�l�^�_�sa`���k Ú Q�R 100 D k Õ�b ^�_ 10 c�c s
ã�N�o�O�P k'^�_�`�Q�R 460 D g f _���  1.5 ∼ 2d Ë ( e ^�_ Ë » )

s
^�_�`�g {'ª�« ¢�°�f æ�~�����e���� Z � �

~���g�� ½ (d’)
M ¿�h

[9]
s=��i�j�±��?�Lk

d’ ¨��
� ��k�l�g ½ g�m�n�k+o�p�^�_	`�å�E Á	ª�«�q�'
J » g ��e�r�s s���× f _���k ~���g�� ½ o�p�^�_`�å Ó 8 {'| å�g ��t	��� s�Æ	Ç�u�v Ú 8 {}| åg ~�� ² k�w�x�Ï k 5�w�x�Ï�y�c £[z�{ µ å�|�g
d’

�s+} ·&{'ª�« ¢�°�g�f æ�~�����e�~���ã����� c�� k+��� d’ ¨ Z�� z g�s+*�� ��©?{L|�J » g

d’
Z � ¦ X�� z���©?{L| g d’

v���s µ Q�R���� f_�k+� H @ ã���� ������������� # g f _���������
[10−11]

s�^�_�`���v�� G ��Q�R [ ] f _�s+�� ¦ X�� � g ¶�������� u���^�_�`�g ����� j��
¦�� kF� f _ Â�Ã 3� �¡ b�ª�«�¬� g H�I k�l�Q�Rå�����¢�£�g�u�v ��c�¤ s`���k ^�_�`��� �Q�R ��������f _ ��~���~��
c���f _�s ��������f _�Ø�Ù�¥�� HOUSE ��� [ g¦�§&�©¨�¢ � ��� � u [12],

È�É�ª�? Ñ�� � I Ñ ���s«ª�? Ñ ����È�É�Ê«¬��± ~�®�f �«¯�°�t�k�� ± °

t�k�� ± ��t�k��²±�³�´���t�� E ³�´���t���§���¶
³���t - � I Ñ ����È�É�µ�¶ t�k�� Ý ³�´�t�k - ~
��~���c���f _�Ø�Ù&�©·�¸�±�� [ ����� #���� `
~�������f _ � u [13]

s ��¹�º � d�» º � Ó�¼�½�� d
'�¾�¿�� ��g ��~���À È e���Á�� 2 Á�Â�Ã g�C �
~�Ä�µ�f _ ~�Å k � C#3(139 Hz) � C#4(277 Hz)

� C#5(554 Hz) µ�f _ y�,�~ s � ] 15 ¿ (5 ¿�~Æ
×3 ��y�,�~ ) f _�Ç�� 8 � s+È�] f _�� f ¢�Éh Ä�Å s

2 ÊÌËÌÍÌÎ
4 S ^�_�`�g {'|�~�������f _�¢�£�Ï�Ð 1

È
Ñ s/Ò�Ó�n�Ô Ñ

1 ∼ 24 '�# h {�| ( #�$ � #�& ), ÕÓ�n µ å�|�g ~���g�� ½ (d’)
s f _�¢�£�Ô Ñ kÖÈ�]^�_�` ����×�Ø�Ù�Ú�" “ ´ ”
�

“ � ”
g ~��+��e k �Û @ {'ª�« ¢�° ��e g�f æ�Ü�Ý j�Þ	s+ß f _�¢�£à���á�6�g Á�â�ã�ä k+Z � �	^	_�`	×�å	¢�æ�ç�àè o�O�� >�s � � S4

g�f æ�~�����e���� 7 Õ s .é {L|�ª�« f æ�"�#�$�ê � #�& k ~�����e�" “ ´ ”�
“ � ” ë�ì � §îí Ô�s S3

g�¢�£�ï ã k+ð � ¨ å
#�$?{L| g ~�����e���� s S1

�
S2
g�¢�£ ��ñ kò â ��ó�k S1

ï�ô�kõß � 7 0
3 Á?{L| l�ö Ù�Ú g

~�����e�÷ Ì k�¥ ��� ] {L| � # ��g�Z ��ø s
< 2 µ 4 S ^�_�`�g ��� ����¢�£ ( ù�ú ¬�

P )
s � S3 J ��k ��û 3

��g ��� �+��¢�£	ü����ý�þ�ÿ�� |�s
S3
g ����t�k � £�¤ ã k Z � � � ´

�
1 ��������	�
������� ��� �ç

2 èêéêë������������ðêñ ����� ����������� þ���� �����������
( ����� ) ( ����� )

S1 94.8% 95.2%

S2 98.2% 100%

S3 75.7% 71.7%

S4 95.5% 100%



2 Ú ¾�����Ö Ê � 0�� ����� #���� ` {Lª�« ¢�°�f æ�~�����e���� 207

Á ( ����#�$ )
f æ�~�����e�����ã ��>�? ¼�½ ¥ ÷Ì g

4 Á?{L| ]�>�sÐ
2 µ ^�_�`�g ~���~���c���f _�R�����Ð�k

4 S ^�_�`�R	� a�c�k	
	� s���Ð���g z�	����;�<^�_	` ~	��ã �}gi� æ	¶ s�¥ p g ~ Æ �	y�,	~ 8
��P k�^�_�`�g ~�����k ¢�£�]�¤�6 ã�ä s ò â ��k
S4
g ~���~���c�� ¢�£ 7 ô�k ã ��� æ�¶ A�] 3 Á� ~ s S3

g f _�¢�£�¤ ã k ã ��� æ�¶�� X 15 Á� ~ s

�
2 4 �êèêéêë���	���	������������ �

3 ������ �!
����� #�� u 5 ± q�' z�{ µ�e ]�± q _�"�#g {}ª	«	¬	 s ã �%$	k�± ~�Ü�Ý%&%'%(%) @����� # »�*�+ ¿ ± q _�"%# H%,%-�.%/%0 s " �����

#�� u�Z � H�, q _�1%2 ½%3 ¦ X������ # ±�� Ð4 3
Shannon

Ö
[14]
H � 3 � ù�ú ¬� P 3 4 Á�Á�51�È�6 q _�7 � (�8�9�: � 1�;�< 0 ×�Ø 6�� 85%1�= ������t�k�Ï�> Kong � Xu[15−16]

Ö 1 ����?H ��@���A�¦�B 1 t�k �� �¤ ± 1�: � Á�5 (8 ∼ 12

Á ) > j�Þ�� 3 8 ∼ 12 Á�Á	5 1�È	6 q _�*�Z � ���� # .�/�0 ×�ØDC ô�1 @ �%A�¦%B j%E > ß�ö�Þ ¨±�� Ð 4�F ¨ .�/�0�G <�1 �	�IH Û � 3 ñ�J 1����� # ±�K Ü�Ý�&�' å�K ��q�' 1 < � ��� j�¥ �L	M	7 .	/	0 å	K � 1�j	E [17−19] > ��× ��� � 3 ;< 0 È � ±	K Ü�Ý	&	'��	N (“n of m” &	' [20] O 3�P
&�'�5���Q ��1�± q�'�R�µ 24 Á�Á�5 ( Á�Ï�S�T�UV Ê

150 ∼ 7800 Hz),
å�� Ú	W�q�' 3 � h 7 6	1 8 Á

Á�5 È�å�|�1YX[Z 5 ®�¯ ª�«�¬� ( ª�«�Î�Ï�µ 890

¬��Ú�¦�Û�Ú�Ü ) > ����� #	\ H	,	- 4 æ ;	< 0 1± q _ � × ��N�>` ã �%$ 3].%/%0 å^X ª	« 1%K%_ �%`%?%(%)@ �  �a � j�EDX ª�«�¬� �'± q�' "�#�1 \�b�>��× ��� � 3 = � ý�þ�ÿ�� | 3 ;	< 0 1�c	d t�k �£���f æ K�_ ��`�\�b�e�f�
���ã�ã å�|�1�> ��>

S1 g S2
�

S4
1+f æ K�_ ��`�\�b�ã�k ¤�6 3 ß�cd t�k�\�bî= � ý�þ�ÿ � | f�h�ã�k�> =[1%iîí 3

ù�ú ¬� P 1�c�d t�k å .�/�0 1�f æ K�_ ��`�\b  	j e ¥	k >lN�Ë 3lG <�¢�£	m	n Û @ ñ�J ±�K Ü
Ý�&�' »�*�o H�, 1�c%d q�' "%#%7 � � .%/�0 �
ù�ú ¬� P�×�ØDC ô�1%c�d�j�E - �%K�p%K%k R%qG <&� 3 ;�< 0 7 ô�1�K�k ã �©R���  � 3 Á ��K
(S4), r�w�s�t�b 0 1�K�p�K�k ãDu[v�w�x�y�z�{ 1| ��K > ;�< 0 1�K�p�K�k R�q%}�~%���%�I� K�_� `%\]b%�%�%�%� 1%�%�%�%� >]x%h ;%< 0 1^X��� t������ K�_�� `�\�b�v�������������� K�p��
`	\	b	>����	�	�	�	���	J	 	¡	¢	£	¤ K	¥�¦	§�¨	©ª�«�¬��®�¯�«�°�±�²�³�´%µ y�¶�·�¸�¹�º�»D¼½�«�¾�¿���À�Á�Â�Ã

Ä  �¡�¢�£�·�¸�¹ «�¾�¿���Å�Æ%Ç�È%É�Ê%Ë�Ì�	�	�	Í Å {	�	Î	Ï	Ð	Ñ	Ò	Ó	ÔlÕ	Ö ¾	¿	×�Ø Ô ¾	¿
Ð�Ñ�Ù�Ú Æ�Û�Ü�Ý�Þ�ß�«�à�á�ÃâË�ã�ä�åYæ � S1 �
S2
« ��� ¾�ç���À�É�Ê�è�é�ê�ë�ì�í � Ä 2 � Å�å

¹ «�¾�¿]¾�î�ï�ð�É�Ê�ñ�Ì�ò ��óYô ê�Ã·�¸�¹ ¾�¿���À�É�Ê�«�©�î�õ�ö%÷ ó%ø�ù «�¾ç���À�É�Ê�Ã]Å {ûúýüDþ�ÿ�������������� Ë ¢%£æ
	�� þ½ÿ���� «� �%��������������%·%¸Dþ�ÿ«�������©�î ·�¸�¹ «%¾�ç%��À%É%Ê�Ã ���%s�¢%£«
“ �� ¥�¦ ”

��� � Ë þ ��� t�� æ �� | þ[ÿ�Í��������«�� Ï�� É��%¯��%¾%ç��%À�«�� Ï Ã]Ä � "![ � Ë 300 Hz { 500 Hz[21]
Ã]Ë þ[ÿ ��´ �#�« ü ©�$ � ¬ x É ��� ��%�������&�' ��� ¥�¦��©	î  	¡	¢	£ «	®(�	ï	ð	Ê	Ã*)(+ �-,(.	¤#/	�#0	�ô[�
1#2 Ì#3 þ[ÿ#�#4#�#5#6Yþ87��½x�y “ 9 ' ” :

v |#; «�¾�ç���À#<>= ���#<@? �A��x Ë�´ �#�Yþ[ÿ��« ü ©#$ ��#���#B ����«�®�¯#� [22]
Ã
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