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Perception of Vowels Following Obstruents 
by Native English Speakers and Native Japanese Speakers

Tamami Kൺඍൺඒൺආൺ

7KLV�VWXG\�ZDV�FRQGXFWHG�WR�H[DPLQH�ZKHWKHU�WKH�YRZHO�GXUDWLRQ�LQ�GL൵HUHQW�FRQVRQDQWDO�FRQWH[WV�D൵HFW�WKH�FDWHJRU\�SHUFHSWLRQ�RI�D�
V\OODEOH�E\�QDWLYH�-DSDQHVH�VSHDNHUV�ZLWK�YDU\LQJ�OHYHOV�RI�SUR¿FLHQF\�LQ�(QJOLVK��9RLFHOHVV�DQG�YRLFHG�IULFDWLYH���VX��DQG��]X���DQG�VWRS�
FRQVRQDQWV���NX��DQG��JX���IROORZHG�E\�D�YRZHO�ZHUH�XVHG�DV�VRXQG�VWLPXOL��ZLWK�WKH�GXUDWLRQ�RI�WKH�YRZHO�ZDV�UHVSHFWLYHO\�DSSUHKHQGHG�
at 50% and 100���E\�WKH�QDWLYH�-DSDQHVH�VSHDNHUV�LQ�.DWD\DPD’V��2014��VWXG\��1DWLYH�-DSDQHVH�VSHDNHUV�DW�GL൵HULQJ�OHYHOV�RI�(QJOLVK�
SUR¿FLHQF\�DQG�QDWLYH�(QJOLVK�VSHDNHUV�WUDQVFULEHG�WKHP��7KHLU�WUDQVFULSWLRQV�ZHUH�FDWHJRUL]HG�XVLQJ�WKH�SHUFHSWXDO�DVVLPLODWLRQ�PRGHO�
�3$0��%HVW��0F5REHUWV��	�*RRGHOO��2001���7KH�UHVXOWV�UHYHDOHG�WKDW�PRVW�(QJOLVK�VSHDNHUV�DVVLPLODWHG�WKH�VRXQG�VWLPXOL�LQWR�D�VLQJOH�
XQLW��ZKLOH�WKH�QDWLYH�-DSDQHVH�VSHDNHUV�WHQGHG�WR�FODVVLI\�WKHP�DV�WZR�GLVWLQFW�FDWHJRULHV��7KH�QDWLYH�-DSDQHVH�VSHDNLQJ�SDUWLFLSDQWV�
FDWHJRUL]HG�V\OODEOHV�DFFRUGLQJ�WR�WKH�YRZHO�GXUDWLRQ�DQG�ZHUH�DOVR�LQÀXHQFHG�E\�WKH�W\SH�RI�FRQVRQDQW�WKH�YRZHO�IROORZHG�

要旨（$EVWUDFW）

キーワード（.H\ZRUGV）：�VSHHFK�SHUFHSWLRQ��V\OODEOH��WKH�3$0�PRGHO��IULFDWLYHV��VWRSV

1. Introduction 
:KHQ�ZH�DFTXLUH�RXU�ILUVW�ODQJXDJH��ZH�UHFHLYH�D�JUHDW�DPRXQW�RI�DFRXVWLF�LQIRUPDWLRQ�DQG�WKHQ�DWWXQH�RXU�

DXGLWRU\�SHUFHSWLRQ�WR�UHFRJQL]H�SKRQHPHV�XVHG�LQ�WKH�DPELHQW�ODQJXDJH��,W�KDV�EHHQ�UHSRUWHG�WKDW�WKHUH�LV�QR�

DEVROXWH�DFRXVWLF�YDOXH�WR�LGHQWLI\�SDUWLFXODU�SKRQHWLF�VHJPHQWDOV�LQ�HYHU\�VSHHFK�FRQWH[W��-XVF]\N��1997���
7KH�VDPH�DFRXVWLF�FOXH�IRU�FRQVRQDQWV�LV�SHUFHLYHG�GLIIHUHQWO\�DFFRUGLQJ�WR�WKH�DGMDFHQW�YRZHOV��'HVSLWH�WKLV�

IDFW��OLVWHQHUV�KDYH�WKH�DELOLW\�WR�GLVFULPLQDWH�WKH�VRXQGV�DQG�LQWHUSUHW�WKHP�DV�SKRQHPHV��“7KLV�FDSDFLW\�RI�

WKH�SV\FKRDFRXVWLF�V\VWHP�WR�SHUFHLYH�VRXQGV�GLVFRQWLQXRXVO\�DQG�LQ�WKH�IRUP�RI�GLVFUHWH�XQLWV�LV�NQRZQ�DV�

categorical perception”�%R\VVRQ�%DUGLHV��1999��S�19��DQG�LV�FRQVLGHUHG�WR�EH�SDUW�RI�WKH�ELRORJLFDO�DELOLWLHV�
RI�KXPDQV��

5HVHDUFK� RQ� SHUFHSWLRQ� RI� D� VHFRQG� ODQJXDJH� KDV� VKRZQ� WKDW� RXU� QDWLYH� ODQJXDJH� VWURQJO\� DIIHFWV� WKH�

SHUFHSWLRQ� RI� QRQ�QDWLYH� VSHHFK��2QH� RI� WKH�PDLQ� SHUFHSWLRQ�PRGHOV� LQ� /2� SHUFHSWLRQ� LV� WKH� SHUFHSWXDO�
DVVLPLODWLRQ�PRGHO��3$0��SURSRVHG�E\�%HVW��1995���$FFRUGLQJ�WR�WKLV�PRGHO��WKH�SHUFHSWLRQ�RI�/2�SKRQHPHV�
GHSHQGV�RQ�KRZ�SKRQHWLFDOO\�VLPLODU�WKH\�DUH�WR�SKRQHPHV�RI�WKH�OLVWHQHUV’�ILUVW�ODQJXDJH��/1���$Q�PRGHO�LV�
WKH�VSHHFK�OHDUQLQJ�PRGHO�SURSRVHG�E\�)OHJH��1995���ZKLFK�FODLPV�WKDW�/2�VSHHFK�SHUFHSWLRQ�GHYHORSV�DV�
WKH�OLVWHQHU�JDLQV�H[SHULHQFH�LQ�WKH�/2�HYHQ�DIWHU�D�OHDUQHU�SDVVHV�SXEHUW\��+RZHYHU��SUHYLRXV�VWXGLHV�KDYH�
PDLQO\�IRFXVHG�RQ�SKRQHPH�OHYHOV�DQG�UHVHDUFK�RQ�KRZ�/2�OHDUQHUV�SHUFHLYH�D�V\OODEOH�LV�UHTXLUHG�

͔ᇪဌ͕
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1.1 Best’s PAM
%HVW��0F5REHUWV��DQG�*RRGHOO��2001��PRRWHG�WKH�3$0�WR�RIIHU�D�V\VWHPDWLF�H[SOLFDWLRQ�RI�YDULDWLRQV�

LQ�WKH�SHUFHSWLRQ�RI�QRQ�QDWLYH�VSHHFK��$FFRUGLQJ�WR�WKH�3$0��WZR�QRQ�QDWLYH�SKRQHV�PD\�EH�VHSDUDWHO\�

DVVLPLODWHG�DV�WZR�QDWLYH�SKRQHV�EHFDXVH�RI�WKHLU�UHVSHFWLYH�SKRQHWLF�VLPLODULWLHV�GXH�WR�D�SURFHVV�WHUPHG�

Two Category assimilation��7&���7ZR�QRQ�QDWLYH�SKRQHV�PD\�DOVR�DVVLPLODWH�LQWR�D�VLQJOH�QDWLYH�SKRQHPH�

VLQFH� ERWK� FRXOG� HTXDOO\� ZHOO� RU� SRRUO\� ILW� D� JLYHQ� FDWHJRU\�� 7KLV� SURFHVV� LV� ODEHOHG� Single Category 

assimilation� �6&���$Q� LQVWDQFH� LQ� ZKLFK� ERWK� QRQ�QDWLYH� SKRQHV� FRXOG� DVVLPLODWH� LQWR� D� VLQJOH� QDWLYH�

SKRQHPH��EXW�RQH�PD\� ILW�EHWWHU� WKDQ� WKH�RWKHU� LV�FDOOHG�D�Category Goodness difference� �&*���2QH�RI�

WZR� QRQ�QDWLYH� SKRQHV�PD\� EH� FODVVLILHG� DQG� WKH� RWKHU�PDQ\� QRW�� WKLV� HYHQWXDOLW\� LV� GHVLJQDWHG� DV� DQ�

Uncategorized Categorized� SDLU� �8&���:KHQ� ERWK� QRQ�QDWLYH� SKRQHV� DUH� XQFDWHJRUL]HG� DV� VSHHFK�� WKH�

occurrence is termed Uncategorized speech segments� �88��� )LQDOO\��Non Assimilable� �1$�� QRQVSHHFK�

VRXQGV�LQGLFDWH�LQVWDQFHV�LQ�ZKLFK�ERWK�QRQ�QDWLYH�SKRQHV�PD\�QRW�EH�SHUFHLYHG�DV�QDWLYH�SKRQHPHV��

%HVW�HW�DO���2001��SUHGLFWHG�WKH�GLVFULPLQDWLRQ�OHYHO�XVLQJ�WKH�FDWHJRULHV�DERYH�DV�7&!&*!6&��7KH\�
WHVWHG�WKH�SHUFHSWLRQ�RI�QDWLYH�(QJOLVK�VSHDNHUV�XVLQJ�YRLFHOHVV�YHUVXV�YRLFHG�ODWHUDO�IULFDWLYHV���ܾ���݀����

YRLFHOHVV� DVSLUDWHG� YHUVXV� HMHFWLYH� YHODU� VWRSV� ��Nހ���Nތ���� DQG� SORVLYH� YHUVXV� LPSORVLYH� YRLFHG� ELODELDO�

VWRSV� ��E��� ���ܦ� LQ�=XOX��7KH� UHVXOWV� VXSSRUWHG� WKH�3$0�SUHGLFWLRQ�� WKH� OLVWHQHUV� DVVLPLODWHG� WKH� ODWHUDO�

IULFDWLYHV�DV�D�7&�FRQWUDVW�DQG�WKH�YHODU�VWRSV�DV�D�&*�GLIIHUHQFH�ZLWKLQ�D�VLQJOH�QDWLYH�SKRQHPH��0RUH�

WKDQ�WZR�WKLUGV�RI�WKH�SDUWLFLSDQWV�DVVLPLODWHG�WKH�ELODELDO�VWRSV�LQWR�DQ�6&�RI�WKH�(QJOLVK��E���7KH�OLVWHQHUV�

LGHQWLILHG� WKH� SUHVHQFH� RU� DEVHQFH� RI� SKRQRORJLFDO� FRQWUDVWV�� WKH\� DOVR� SHUFHLYHG� WKH� SKRQRORJLFDOO\�

LUUHOHYDQW� SKRQHWLF� DQG�QRQOLQJXLVWLF� LQIRUPDWLRQ� LQ� GHWDLO��7KXV�� WKH\� FRXOG�GLVWLQJXLVK� WKUHH� W\SHV� RI�

VSHHFK�LQIRUPDWLRQ��SKRQRORJLFDO��SKRQHWLF��DQG�QRQOLQJXLVWLF��%HVW�HW�DO��FODLPHG�WKDW�WKH�3$0�JHQHUDWHG�

V\VWHPDWLF� FRPSDULVRQV� RI� YDULRXV� W\SHV� RI� QRQ�QDWLYH� FRQWUDVWV� ZLWKLQ� WKH� EURDGHU� FRQWH[W� RI� WKH�

SKRQRORJLFDO�V\VWHP��,Q�VR�GRLQJ��LW�FRQVLGHUHG�WKH�SKRQRORJLFDO�GLVWLQFWLRQV�EHWZHHQ�WKHP��DQG�SKRQHWLF�

YDULDWLRQV�ZLWKLQ�WKHP��DQG�WKH�QDWLYH�HTXLYDOHQFH�FODVVHV�

1.2 Perception of L2 sounds
,YHUVRQ�HW�DO���2003��KDYH�UHSRUWHG�WKDW�D�ODQJXDJH�VSHFLILF�QHWZRUN�VWUXFWXUH�IRVWHUHG�E\�HDUO\�ODQJXDJH�

H[SHULHQFH� DIIHFWV� DGXOWV’� SHUFHSWLRQ� RI� VSHHFK� VRXQGV��7KH\� WHVWHG� WKH� K\SRWKHVLV� WKDW� HDUO\� ODQJXDJH�
H[SHULHQFH�LQIOXHQFHV�SHUFHSWLRQ�RI�QRQ�QDWLYH�VSHHFK�DW�D�ORZ�OHYHO�DQG�WKDW�UHDOL]DWLRQ�RI�/2�SKRQHPHV�
LV� LPSHGHG�E\� WKHVH�FKDQJHV��7KH\�FRQGXFWHG�H[SHULPHQWV�RQ�SHUFHSWLRQ�RI�(QJOLVK� �U��DQG� �O��E\� WKUHH�

ODQJXDJH�JURXSV�RI� -DSDQHVH��*HUPDQ��DQG�(QJOLVK�QDWLYH�VSHDNHUV��(LJKWHHQ� �UD��DQG� �OD�� VWLPXOL�ZHUH�

PDQLSXODWHG�WR�YDU\�LQ�WKH�IUHTXHQFLHV�RI�WKH�VHFRQG�DQG�WKLUG�IRUPDQWV�GXULQJ�FRQVRQDQW�FORVXUH��DQG�WKH�

SDUWLFLSDQWV�WRRN�SDUW�LQ�WKUHH�WDVNV��WKH�ILUVW�WDVN�ZDV�WR�UDWH�ZKHWKHU�WKH�VWLPXOXV�ZDV�D�JRRG�H[HPSODU�RI�

WKDW�FDWHJRU\�XVLQJ�D�VFDOH�IURP�1 to 7��WKH�VHFRQG�WDVN�ZDV�WR�UDWH�WKH�DFRXVWLF�VLPLODULW\�RI�VWLPXOXV�SDLUV�
RQ�D�VFDOH�IURP�1 to 7��DQG�WKH�ODVW�WDVN�ZDV�WR�GLVFULPLQDWH�RQH�VWLPXOXV�IURP�DQRWKHU��7KH�UHVXOWV�VKRZHG�
WKDW�$PHULFDQ�OLVWHQHUV�DQG�*HUPDQ�OLVWHQHUV�GHSHQGHG�RQ�)3�WKH�PRVW�WR�GLVWLQJXLVK��U��DQG��O���ZKLOH�WKH�
-DSDQHVH�JURXS�ZDV�PRUH�VHQVLWLYH�WR�)2�WKDQ�)3��7KH�-DSDQHVH�OLVWHQHUV�FRXQWHG�)2�LQWR�WKHLU�IRUPDWLRQ�
RI��O��UHSUHVHQWDWLRQ��ZKLFK�LQWHUIHUHG�ZLWK�WKHLU�LGHQWLILFDWLRQ�RI��U��DQG��O���7KH�QDWLYH�-DSDQHVH�VSHDNHUV�



333HUFHSWLRQ�RI�9RZHOV�)ROORZLQJ�2EVWUXHQWV�E\�1DWLYH�(QJOLVK�6SHDNHUV�DQG�1DWLYH�-DSDQHVH�6SHDNHUV

UHOLHG�QRW�RQ�D�FULWLFDO�DFRXVWLF�FXH�EXW�RQ�DQ�LUUHOHYDQW�FXH�IRU�(QJOLVK��U��DQG��O��FDWHJRUL]DWLRQ��7KXV��

,YHUVRQ�HW� DO�� FODLPHG� WKDW� OLVWHQHUV�PRGLI\�/2� VSHHFK�DW� DQ�HDUO\�SKRQHWLF� OHYHO� IRU�SURFHVVLQJ��ZKLFK�
PDNHV�LW�GLIILFXOW�IRU�DGXOW�OHDUQHUV�WR�DFTXLUH�WKH�/2�SKRQHPH��

1.3 Unit of timing of Japanese and L2 perception
7LPLQJ�LQ�-DSDQHVH�LV�FRQVWUDLQHG�E\�DQ�DEVWUDFW�WHPSRUDOO\�GHILQHG�PRUD��QRW�E\�D�WHQGHQF\�WR�UHJXODUL]H�

V\OODEOH�GXUDWLRQV�DQG�ZRUG�GXUDWLRQV�GHSHQGLQJ�RQ�WKH�QXPEHU�RI�PRUDH�LQ�D�ZRUG�IRU�-DSDQHVH�VSHDNHUV�

�3RUW��'DOE\�	�2’'HOO��1987���$FFRUGLQJ�WR�8H\DPD��1996���-DSDQHVH�VSHDNHUV�DGMXVW�WKH�OHQJWK�RI�ZRUGV�
GHSHQGLQJ� RQ� WKH� QXPEHU� RI� V\OODEOHV� LQ� D� ZRUG��$� PRUD� PDLQO\� FRQVLVWV� RI� D� YRZHO� RU� D� FRQVRQDQW�

IROORZHG�E\�D�YRZHO��DQG�WKH�GXUDWLRQ�RI�D�YRZHO�GLVWLQJXLVKHV�WKH�PHDQLQJ�RI�ZRUGV�LQ�-DSDQHVH�VXFK�

as kite� �&9&9�PHDQLQJ�“SOHDVH� FRPH”��ZLWK� D� VKRUW� YRZHO��kiite� �&9�PHDQLQJ�“SOHDVH� OLVWHQ”��ZLWK� D�
ORQJ� YRZHO�� DQG� kitte� �&94&9�PHDQLQJ�“VWDPS”�� ZLWK� D� JORWWDO� VWRS�� )XMLPRWR� DQG�0DHNDZD� �2014��
XVHG�D�FRUSXV�RI�RUDO�-DSDQHVH�SURGXFWLRQ�DQG�FRPSDUHG�YRZHO�GXUDWLRQV�EHIRUH�DQG�DIWHU�JORWWDO�VWRSV��

7KH\�UHSRUWHG� WKDW� WKH�GXUDWLRQ�RI� �D��DQG� �H�� IROORZHG�E\�JORWWDO�VWRSV� LV�VKRUWHU� WKDQ� WKDW� IROORZHG�E\�

VLQJOH�FRQVRQDQWV�DQG�WKDW�WKH�GXUDWLRQ�RI��R��DIWHU�JORWWDO�VWRSV�LV�VLJQLILFDQWO\�ORQJHU�WKDQ�WKDW�IROORZHG�

E\�QRQ�JORWWDO�VWRSV��(QJOLVK�GLIIHUV�IURP�-DSDQHVH�ZLWK�UHVSHFW�WR�WKH�XVH�RI�V\OODEOH�GXUDWLRQ��6WUHVVHG�

V\OODEOHV�DUH�SURQRXQFHG�ORQJHU�LQ�(QJOLVK��EXW�YRZHO�GXUDWLRQ�GRHV�QRW�DIIHFW�OH[LFDO�PHDQLQJ��

.DWD\DPD� �2014�� H[DPLQHG� WKH� HIIHFWV� RI� FRQVRQDQWV� RQ� SHUFHSWLRQ� RI� WKH� IROORZLQJ� YRZHOV�� XVLQJ�
VWLPXOL�RI�&9�LWHPV���NX��DQG��VX��SURQRXQFHG�E\�D�QDWLYH�(QJOLVK�VSHDNHU��$�WRWDO�RI�18 sound stimuli were 

HPSOR\HG��FRQVLVWLQJ�RI�9�VWHSV�RI�VRXQGV�IRU�ZKLFK�GXUDWLRQV�ZHUH�PDQLSXODWHG��2�NLQGV�RI�VWLPXOL�[�9 
VWHSV���160�PV��140�PV��120�PV��100�PV��80�PV��60�PV��40�PV��20�PV��DQG�0�PV��7KHQ�24�QDWLYH�-DSDQHVH�
VSHDNHUV��-6��DQG�22�QDWLYH�$PHULFDQ�(QJOLVK�VSHDNHUV��(6��MXGJHG�ZKHWKHU�LW�KDV�D�YRZHO��H�J����NX���RU�
QRW�JLYHQ�D�VRXQG�VWLPXOXV�DV�ZHOO�DV�WKH�SKRQHWLF�V\PEROV�RQ�WKH�VFUHHQ�RI�D�FRPSXWHU��$V�D�UHVXOW��IRU��N��

DQG��NX���WKH�50��ERXQGDULHV�RI�YRZHO�GXUDWLRQ�ZHUH�53�3�PV�IRU�(6�DQG�107�5�PV�IRU�-6��)RU��V��DQG��VX���
WKH�ERXQGDULHV�RI�WKH�WZR�JURXSV�VKRZHG�VLPLODU�YDOXHV��63�3�PV�IRU�(6�DQG�66�7�PV�IRU�-6��7KH�UHVXOWV�
LQGLFDWHG�WKDW�SHUFHSWLRQ�RI�WKH�YRZHO�GLIIHUHG�GHSHQGLQJ�RQ�WKH�FRQVRQDQWV�WKH�YRZHO�IROORZV��

:KHQ�OLVWHQHUV�HQFRXQWHU�D�SKRQHPH�WKDW�LV�QRW�VWRUHG�LQ�WKHLU�ILUVW�ODQJXDJH�LQYHQWRU\��WKH\�DUH�OLNHO\�

WR� GHSHQG� RQ� DFRXVWLF� LQIRUPDWLRQ� WR� UHFRJQL]H� WKH� QHZ� VRXQG� VLQFH� WKHLU� FDWHJRU\� SHUFHSWLRQ� IRU� WKH�

SKRQHPH� LV�QRW�VWDELOL]HG��7KHVH� UHVXOWV� LQYLWH� WKH�TXHVWLRQ��GLG�-DSDQHVH�VSHDNHUV�FDWHJRUL]H�V\OODEOHV�

DFFRUGLQJ�WR�WKHLU�YRZHO�GXUDWLRQ�RU�GLG�WKH\�GHSHQG�RQ�RWKHU�SKRQHWLF�LQIRUPDWLRQ"�
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  Figure 1.� 0HDQ� SHUFHQWDJHV� RI� UHVSRQVHV� �NX�� DQG� �VX�� IRU� WKH� FRQVRQDQW� DQG� �X�� YRZHO� FRQWLQXD�

�.DWD\DPD��2014��

2. Research Purpose 
7KH� SXUSRVH� RI� WKLV� UHVHDUFK� ZDV� WR� LQYHVWLJDWH� KRZ� QDWLYH� -DSDQHVH� VSHDNHUV� DQG� QDWLYH� (QJOLVK�

VSHDNHUV�FDWHJRUL]H�YRLFHG�DQG�YRLFHOHVV�YHODU�VWRSV�DQG�DOYHRODU�IULFDWLYHV�IROORZHG�E\�GLIIHUHQW�YRZHO�

GXUDWLRQV� XVLQJ� WKH� 3$0� PRGHO� �%HVW� HW� DO��� 2001�� DQG� ZKHWKHU� WKHUH� LV� GLIIHUHQFH� RI� SHUFHSWLRQ� RI�
V\OODEOHV� GHYHORSV� EHWZHHQ� QDWLYH� -DSDQHVH� VSHDNHUV�ZLWK� KLJK�/2� SURILFLHQF\� DQG� WKRVH�ZLWK� ORZ�/2 
SURILFLHQF\�� 7KH� IROORZLQJ� UHVHDUFK� TXHVWLRQ�ZDV� UDLVHG�� +RZ� GR� /2� OHDUQHUV� ZLWK� GLIIHUHQW� OHYHOV� RI�
(QJOLVK�SURILFLHQF\�DQG�QDWLYH�(QJOLVK� VSHDNHUV� LGHQWLI\�YRLFHG�DQG�YRLFHOHVV�YHODU� VWRSV�DQG�DOYHRODU�

IULFDWLYHV�IROORZHG�E\�GLIIHUHQW�YRZHO�GXUDWLRQV"

3. Methods 
3.1 Materials  
7KH�SUHVHQW�VWXG\�HPSOR\HG�WKH�VWLPXOL�RI�YRLFHOHVV�IULFDWLYH�DQG�VWRS�FRQVRQDQWV���VX���DQG��NX����ZKLFK�

ZHUH�PDQLSXODWHG�LQ�.DWD\DPD’V�VWXG\��2014��E\�YDU\LQJ�WKH�YRZHO�GXUDWLRQ�DV�ZHOO�DV�WKH�FRUUHVSRQGLQJ�
YRLFHG�FRQVRQDQWV���]X��DQG��JX���WR�H[DPLQH�WKH�HIIHFWV�RI�YRLFLQJ��7KH�ERXQGDULHV�RI�WKH�SHUFHSWLRQ�RI�

QDWLYH�-DSDQHVH�VSHDNHUV�YLV�j�YLV�YRZHOV�IROORZLQJ�WKH�FRQVRQDQWV��V��DQG��N��ZHUH�FRPSXWHG�DW�80 ms 

and 120�PV��UHVSHFWLYHO\��,Q�.DWD\DPD’V�VWXG\��QDWLYH�-DSDQHVH�VSHDNHUV�FRXOG�LGHQWLI\�D�YRZHO�ERWK�IRU��
VX��DQG��NX��ZKHQ�WKH�YRZHO�GXUDWLRQ�ZDV�160�PV��+HQFH��WKH�SUHVHQW�VWXG\�XVHG�HLJKW�VWLPXOL��WKH�YRZHO�
GXUDWLRQV�IRU�WKH��VX��DQG��]X��VWLPXOL�ZHUH�80 ms and 160�PV��UHVSHFWLYHO\��VX80��VX160��]X80��DQG�]X160�
DQG�WKH�YRZHO�GXUDWLRQV�IRU��NX��DQG��JX��ZHUH�120 ms and 160�PV��UHVSHFWLYHO\��NX120��NX160��JX120��
JX160���7KH�VWLPXOL�ZHUH�UHFRUGHG�E\�D�IHPDOH�QDWLYH�(QJOLVK�VSHDNHU�IURP�WKH�HDVW�FRDVW�RI�WKH�8QLWHG�
6WDWHV��7KH\�ZHUH�VXEVHTXHQWO\�HQWHUHG�LQWR�D�FRPSXWHU�DW�D�VDPSOH�UDWH�RI�48�N+]�DQG�ZHUH�PDQLSXODWHG�
XVLQJ�VSHHFK�DQDO\]HU�VRIWZDUH�QDPHG�Praat��

0ms      20ms     40ms     60ms     80ms     100ms    120ms    140ms    160ms



353HUFHSWLRQ�RI�9RZHOV�)ROORZLQJ�2EVWUXHQWV�E\�1DWLYH�(QJOLVK�6SHDNHUV�DQG�1DWLYH�-DSDQHVH�6SHDNHUV

Table 1� SUHVHQWV� WKH� DFRXVWLF� IHDWXUHV� RI� WKH� HLJKW� VWLPXOL� DQG� IRUPDQW� IUHTXHQFLHV� DW�50��SRLQW� RI�

WKH� YRZHO�� 7KH� �X�� YRZHOV� ZLWK� KLJK� IUHTXHQF\� RI� )2� ZHUH� HPSOR\HG� VR� WKDW� QDWLYH� (QJOLVK� VSHDNHUV�
ZRXOG�FRQVLGHU�WKHP�DV�QRQ�QDWLYH�VSHHFK��6LQFH�RQO\�YRZHO�GXUDWLRQV�ZHUH�PDQLSXODWHG��WKH�GLIIHUHQFHV�

EHWZHHQ�WKH�RULJLQDO�DQG�WKH�PDQLSXODWHG�VRXQGV�FRQFHUQHG�IXOO�V\OODEOH�GXUDWLRQV��

Table 1
Acoustic Values of the Eight Stimuli 

NX��� NX��� JX��� JX��� VX�� VX��� ]X�� ]X���

ZKROH�V\OODEOH�GXUDWLRQ��PV� ��� ��� ��� ��� ��� ��� ��� ���

IUHTXHQF\�SHDN��+]� ��� ��� ��� ��� ��� ��� ��� ���

)��DW�����SRLQW��+]� ��� ��� ��� ��� ��� ��� ��� ���

)��DW�����SRLQW��+]� ���� ���� ���� ���� ���� ���� ���� ����

)��DW�����SRLQW��+]� ���� ���� ���� ���� ���� ���� ���� ����

927�PV� �� �� ��� ��� � � � �

GXUDWLRQ�RI�IULFDWLRQ��PV� � � � � ��� ��� ��� ���

3.2 Participants 
7ZHQW\� QDWLYH� -DSDQHVH� VSHDNHUV� ZLWK� D� ORZ� OHYHO� RI� (QJOLVK� SURILFLHQF\� �-/��� LQFOXGLQJ� JUDGXDWHV�

DQG�XQGHUJUDGXDWHV�RI�D�FROOHJH� LQ� -DSDQ�� WRRN�SDUW� LQ� WKH� VWXG\��7KH�PHDQ�DJH�RI� WKH�SDUWLFLSDQWV�ZDV�

19�7�\HDUV�DQG�WKHLU�PHDQ�VFRUH�IRU�72(,&�ZDV�359�7��(LJKWHHQ�RI�WKHP�KDG�QR�OLYLQJ�H[SHULHQFH�DEURDG�
DOWKRXJK� WZR�RI� WKHP�KDG� YLVLWHG�&DQDGD� IRU� WZR�ZHHNV� DQG� RQH�PRQWK�� UHVSHFWLYHO\��(LJKWHHQ� QDWLYH�

-DSDQHVH�VSHDNHUV�ZLWK�D�KLJK�OHYHO�RI�(QJOLVK�SURILFLHQF\��-+��ZKR�ZHUH�PDLQO\�(QJOLVK�LQVWUXFWRUV�DW�

FROOHJHV�DOVR�SDUWLFLSDWHG�LQ�WKH�VWXG\��7KHLU�PHDQ�DJH�ZDV�38�3�\HDUV��PHDQ�GXUDWLRQ�RI�OLYLQJ�H[SHULHQFH�
LQ�(QJOLVK�VSHDNLQJ�FRXQWULHV�ZDV�3�6�\HDUV��PHDQ�VFRUH�IRU�72(,&�ZDV�931�8�DQG�PHDQ�VFRUH�IRU�72()/�
L%7� ZDV� 108�� (LJKWHHQ� QDWLYH� (QJOLVK� VSHDNHUV� �(6�� ZKR� ZHUH� JUDGXDWHV� DQG� XQGHUJUDGXDWHV� RI� WKH�
8QLYHUVLW\� RI� (GLQEXUJK� DOVR� WRRN� SDUW� LQ� WKH� VWXG\� DV� WKH� EDVHOLQH� IRU� FRPSDULVRQ�ZLWK� WKH� -DSDQHVH�

JURXSV��$OWKRXJK�WKH�VRXQG�VWLPXOL�ZHUH�QDWLYH�VRXQGV�IRU�(6�� WKH�PDQLSXODWHG�VWLPXOL�ZHUH� WUHDWHG�DV�

QHZ�VRXQGV�IRU�WKHP��)LIWHHQ�RI�WKHP�ZHUH�IURP�WKH�8�.��DQG�WZR�ZHUH�IURP�WKH�8�6�$���DQG�WKHLU�PHDQ�

DJH�ZDV�22�6�\HDUV�

3.3 Procedure  
(DFK�RI�WKH�SDUWLFLSDQWV�FRQGXFWHG�D�GLFWDWLRQ�WDVN�LQ�D�TXLHW�URRP��7KH\�ZHUH�DVNHG�WR�GLFWDWH�ZKDW�WKH\�

KHDUG�RQ�D�VKHHW�RI�SDSHU�DIWHU�OLVWHQLQJ�WR�WKH�HLJKW�VRXQG�VWLPXOL�WKURXJK�D�FRPSXWHU��7KH�SDUWLFLSDQWV�

ZHUH�DOORZHG�WR�XVH�DQ\�ODQJXDJH�WR�GHVFULEH�WKH�VRXQGV��
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3.4 Analysis 
)ROORZLQJ� %HVW� HW� DO�� �2001��� (QJOLVK� DQG� -DSDQHVH� VSHOOLQJV� DQG� GHVFULSWLRQV� ZHUH� FDWHJRUL]HG� LQ�

WHUPV�RI�ZKHWKHU�SDLUV�RI�VWLPXOL��H�J���NX120�DQG�NX160��ZHUH�WKH�VDPH�RU�GLIIHUHQW��LQFOXGLQJ�GHWDLOHG�
GHVFULSWLRQV�RI�WKH�VWLPXOL��,I�D�SDLU�ZDV�LGHQWLFDOO\�VSHOOHG��WKH�DVVLPLODWLRQ�SDWWHUQ�ZDV�FDWHJRUL]HG�DV�6&��

,I�D�FRQWUDVW�ZDV�QRWHG�LQ�D�SDLU�E\�WKH�XVH�RI�D�FRPPRQ�-DSDQHVH�RU�(QJOLVK�OHWWHU�IRU�RQH�SKRQHWLF�DVSHFW��

EXW� WKH� DGGLWLRQ� RI� D�PDUN� WR� GHQRWH� WKH� RWKHU� SKRQHWLF� IHDWXUH� �H�J���.K��� DQG�RU� DFRXVWLF� GLIIHUHQFHV�

ZHUH�UHSRUWHG�EHWZHHQ�WKH�FRQWUDVWV��WKHQ�WKH�DVVLPLODWLRQ�SDWWHUQ�ZDV�FRQVLGHUHG�D�&*�GLIIHUHQFH��7KH�

DFRXVWLF�GHVFULSWLRQ�VXJJHVWHG�WKH�SDUWLFLSDQW’V�SHUFHLYHG�JRRGQHVV�RI�ILW�WR�D�SKRQHPH�LQ�/1�RU�/2��,I�WKH�
FRQWUDVWV�ZHUH�VSHOOHG�ZLWK�GLIIHUHQW�OHWWHUV�LQ�-DSDQHVH�RU�(QJOLVK�RU�RQH�PHPEHU�RI�WKH�SDLU�ZDV�QRWHG�

LQ�(QJOLVK�VSHOOLQJ�DQG�WKH�RWKHU�LQ�-DSDQHVH��WKH�DVVLPLODWLRQ�SDWWHUQ�ZDV�LGHQWLILHG�DV�7&��,I�RQH�RU�ERWK�

VWLPXOL�ZHUH�GHVFULEHG�WR�UHSUHVHQW�D�VSDFH�EHWZHHQ�WZR�RU�PRUH�SKRQHPHV��H�J���EHWZHHQ�‘N’ and ‘NX’���
WKHQ� WKH� DVVLPLODWLRQ� SDWWHUQV�ZHUH� UHVSHFWLYHO\� FDWHJRUL]HG� DV�8&� �XQFDWHJRUL]HG�FDWHJRUL]HG�� RU�88�

�XQFDWHJRUL]HG�XQFDWHJRUL]HG��

4. Results
7KH�VSHOOLQJV�DQG�GHVFULSWLRQV�QRWHG�LQ�WKH�ZULWLQJ�RI�18�SDUWLFLSDQWV�ZHUH�FDWHJRUL]HG�XVLQJ�WKH�PHWKRG�

SRVLWHG�E\�%HVW�HW�DO���2001��DQG�ZHUH�IRXQG�WR�LQFOXGH�6&��7&��RU�&*��7DEOH�2�H[KLELWV�WKH�WUDQVFULSWLRQ�
FDWHJRULHV�DFFRUGLQJ�WR�WKH�WKUHH�FODVVLILFDWLRQV��

Table 2
Frequency for the PAM Model’s Categories of Transcriptions by Three Groups 

6& 7& &*

(6 -+ -/ (6 -+ -/ (6 -+ -/

VX��������� � � � � �� �� � � �

]X�������� � � � 8 �� �� � � �

NX���������� �� � �� � 8 � � � �

JX��������� � � � � �� � � � �

)LJXUHV�2�4�LQGLFDWH�WKH�IUHTXHQFLHV�RI�HDFK�FDWHJRU\�PDUNHG�E\�(6��-+��-/��UHVSHFWLYHO\��2YHUDOO��WKH�
QDWLYH�-DSDQHVH�JURXSV�FODVVLILHG�WKH�FRQWUDVWV�PRUH�IUHTXHQWO\�DV�7&�WKDQ�(6��HVSHFLDOO\�LQ�WKH�FDVH�RI�

IULFDWLYH�VWLPXOL��7UDQVFULSWLRQV�RI� WKH��]X��FRQWUDVWV�ZHUH�FDWHJRUL]HG�DV�7&�E\�77��RI�-+�DQG�66��RI�

-/��ZKLOH�66��RI�ERWK�-/�DQG�-+�FDWHJRUL]HG�WKH��VX��FRQWUDVWV�DV�7&��7KXV��WKH�-DSDQHVH�JURXSV�WHQGHG�

WR�GLVWLQJXLVK�WKH�FRQWUDVWV�DV�WZR�GLVWLQFW�SKRQHPHV��&RQYHUVHO\��(6�ZHUH�PRUH�OLNHO\�WR�LGHQWLI\�WKHP�

DV�6&��7KH� �NX�� FRQWUDVWV�ZHUH�JURXSHG�DV�6&�E\�89��RI�(6��72��RI� -/�� DQG�50��RI� -+�SDUWLFLSDQWV��

(6� FRQVLGHUHG� WKH� FRQWUDVWV� RI� WKH� YRLFHOHVV� YHODU� VWRS� DV� D� VLQJOH� FDWHJRU\�� DQG� -+� SDUWLFLSDQWV� DOVR�



373HUFHSWLRQ�RI�9RZHOV�)ROORZLQJ�2EVWUXHQWV�E\�1DWLYH�(QJOLVK�6SHDNHUV�DQG�1DWLYH�-DSDQHVH�6SHDNHUV

GHPRQVWUDWHG� WKLV� WUHQG�� (6� FDWHJRUL]HG� WKH� �JX�� FRQWUDVW� DV� 6&�PRUH� IUHTXHQWO\� WKDQ� DV� 7&�� DQG� WKH�

-DSDQHVH� JURXSV� HYLGHQFHG� WKH� RSSRVLWH� WUHQG�� $� IHZ� &*� FDWHJRULHV� ZHUH� REVHUYHG� E\� HDFK� JURXS��

VLJQLI\LQJ�VRPH�DWWHQWLRQ�WR�SKRQHWLF�GHWDLOV��

�

DV�6&�PRUH�IUHTXHQWO\�WKDQ�DV�7&��DQG�WKH�-DSDQHVH�JURXSV�HYLGHQFHG�WKH�RSSRVLWH�WUHQG��$�IHZ�
&*�FDWHJRULHV�ZHUH�REVHUYHG�by eaFK�JURXS��VLJQLI\LQJ�VRPH�DWWHQWLRQ�WR SKRQHWLF�GHWDLOV��

Figure 2. &DWHJRULHV�RI�tUDQVFULSWLRQV�E\�QDWLYH�(QJOLVK�VSHDNHUV� *LYHQ�VWLPXOL�ZLWK�GLIIHUHQW�
YRZHO�GXUDWLRQV��L�H���YRZHOs with GXUDWLRQV�RI����PV�DQG�����PV�IRU��VX��DQG��]X� and vowels
with GXUDWLRQV�RI�����PV�DQG�����PV�IRU��NX��DQG��JX����WUDQVFULSWLRQV�ZHUH�FDWHJRUL]HG�LQWR�Single 
Category assimilation �6&���Two Category assimilation �7&���DQG�Category Goodness difference
�&*��

Figure 3� &DWHJRULHV�RI�tUDQVFULSWLRQV�E\�QDWLYH�-DSDQHVH�VSHDNHUV�ZLWK�D�KLJK�OHYHO�RI�(QJOLVK�
SURILFLHQF\�
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VX������� ]X������� NX�������� JX��������
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Figure 2.�&DWHJRULHV�RI�WUDQVFULSWLRQV�E\�QDWLYH�(QJOLVK�VSHDNHUV��*LYHQ�VWLPXOL�ZLWK�GLIIHUHQW�YRZHO�

GXUDWLRQV��L�H���YRZHOV�ZLWK�GXUDWLRQV�RI�80 ms and 160�PV�IRU��VX��DQG��]X��DQG�YRZHOV�ZLWK�GXUDWLRQV�RI�
120 ms and 160�PV�IRU��NX��DQG��JX����WUDQVFULSWLRQV�ZHUH�FDWHJRUL]HG�LQWR�Single Category assimilation 

�6&���Two Category assimilation��7&���DQG�Category Goodness difference��&*���

�

DV�6&�PRUH�IUHTXHQWO\�WKDQ�DV�7&��DQG�WKH�-DSDQHVH�JURXSV�HYLGHQFHG�WKH�RSSRVLWH�WUHQG��$�IHZ�
&*�FDWHJRULHV�ZHUH�REVHUYHG�by eaFK�JURXS��VLJQLI\LQJ�VRPH�DWWHQWLRQ�WR SKRQHWLF�GHWDLOV��

Figure 2. &DWHJRULHV�RI�tUDQVFULSWLRQV�E\�QDWLYH�(QJOLVK�VSHDNHUV� *LYHQ�VWLPXOL�ZLWK�GLIIHUHQW�
YRZHO�GXUDWLRQV��L�H���YRZHOs with GXUDWLRQV�RI����PV�DQG�����PV�IRU��VX��DQG��]X� and vowels
with GXUDWLRQV�RI�����PV�DQG�����PV�IRU��NX��DQG��JX����WUDQVFULSWLRQV�ZHUH�FDWHJRUL]HG�LQWR�Single 
Category assimilation �6&���Two Category assimilation �7&���DQG�Category Goodness difference
�&*��

Figure 3� &DWHJRULHV�RI�tUDQVFULSWLRQV�E\�QDWLYH�-DSDQHVH�VSHDNHUV�ZLWK�D�KLJK�OHYHO�RI�(QJOLVK�
SURILFLHQF\�
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�
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��

��

��

VX������� ]X������� NX�������� JX��������
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��

��

��

��

��

VX������� ]X������� NX�������� JX��������
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Figure 3.� &DWHJRULHV� RI� WUDQVFULSWLRQV� E\� QDWLYH� -DSDQHVH� VSHDNHUV� ZLWK� D� KLJK� OHYHO� RI� (QJOLVK�

SURILFLHQF\�
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Figure 4. &DWHJRULHV�RI�WUDQVFULSWLRQV�E\�QDWLYH�-DSDQHVH�VSHDNHUV�ZLWK�D�ORZ�OHYHO�RI�(QJOLVK�SURILFLHQF\��

Table 3 
Frequency for Each Category of Transcriptions by Three Groups

JURXS YRZHO�RI�
stimuli & &9�

[+tense]
&9

>�WHQVH@ others short 
vowel ORQJ�YRZHO JORWWDO�

VWRSV

(6
shorter �� �� 8 � � � �

ORQJHU � �� �� � � � �

-/
shorter �� � � � �� � �

ORQJHU �� � � � �� �� �

-+
shorter �� �� � � �� � �

ORQJHU � �� �� � � � �

Note��7KH�FDWHJRULHV�GHQRWLQJ�FRQVRQDQWV��&���FRQVRQDQW�DQG�YRZHO��&9��FRPELQDWLRQV�LQFOXGLQJ�DQG�H[FOXGLQJ�

WHQVH�� �L�H��� &9>�WHQVH@� DQG� &9>�WHQVH@��� DV� ZHOO� DV� RWKHU� FODVVLILFDWLRQV� ZHUH� WUDQVFULEHG� XVLQJ� WKH� (QJOLVK�

DOSKDEHWV��ZKLOH�JURXSLQJV�RI� VKRUW�YRZHOV�� ORQJ�YRZHOV�� DQG�JHPLQDWHV�ZHUH� WUDQVFULEHG�XVLQJ� -DSDQHVH�kana��

7KH�FDWHJRU\�ODEHOHG�glottal stops�LQGLFDWHG�WKH�WUDQVFULSWLRQ�RI�D�VKRUW�YRZHO�IROORZHG�E\�D�JURWWDO�VWRS�FRQVRQDQW��

Table 3�VKRZV�WKH�IUHTXHQF\�IRU�HDFK�FDWHJRU\�RI�WUDQVFULSWLRQV�E\�WKH�WKUHH�JURXSV��6LQFH�PRVW�RI�WKH�
(6� WUDQVFULEHG� WKH� VWLPXOL�DV�&9�� WKH\�DUH�DVVXPHG� WR�KDYH�SHUFHLYHG�D�YRZHO� LQ�JHQHUDO� UHJDUGOHVV�RI�

WKH�YRZHO�GXUDWLRQ��:KLOH�-/�WHQGHG�WR�FDWHJRUL]H�WKH�VWLPXOL�LQWR�D�SKRQHPH�ZLWK�D�VKRUW�YRZHO��H�J��ぐ��

DQG� WKDW�ZLWK�D� ORQJ�YRZHO��H�J��ぐう��GHSHQGLQJ�RQ� WKH�YRZHO�GXUDWLRQ��-+�RYHUODSSHG�FDWHJRULHV�RI�&��
&9��DQG�&99��$OWKRXJK�-+�ZHUH�VWLOO�DIIHFWHG�E\�WKH�YRZHO�GXUDWLRQ��WKH\�WHQGHG�WR�WUDQVFULEH�WKH�VWLPXOL�

XVLQJ�WKH�(QJOLVK�DOSKDEHW�DQG�35��RI�WKHP�GLG�QRW�SHUFHLYH�D�YRZHO�ZKHQ�WKH�YRZHO�GXUDWLRQ�ZDV�VKRUW��

$�QRWDEOH�GLIIHUHQFH�LQ�SHUFHSWLRQ�RI�D�YRZHO�EHWZHHQ�YRLGHG�FRQVRQDQWV�DQG�YRLFHOHVV�FRQVRQDQWV�ZDV�

8

Figure 4. &DWHJRULHV�RI�WUDQVFULSWLRQV�E\�QDWLYH�-DSDQHVH�VSHDNHUV�ZLWK�D�ORZ�OHYHO�RI�(QJOLVK�
SURILFLHQF\�

Table ���
Frequency for Each Category of Transcriptions by Three Groups

JURXS
YRZHO�RI�
stimuli

&
&9

[+tense]
&9

[�tense]
others

short 
vowel

ORQJ�
vowel

JORWWDO�
VWRSV

(6
shorter �� �� 8 � � � �
ORQJHU � �� �� � � � �

-/
shorter �� � � � �� � �
ORQJHU �� � � � �� �� �

-+
shorter �� �� � � �� � �
ORQJHU � �� �� � � � �

Note. 7KH�FDWHJRULHV�GHQRWLQJ�FRQVRQDQWV��&���FRQVRQDQW�DQG�YRZHO��&9��FRPELQDWLRQV LQFOXGLQJ�DQG�H[FOXGLQJ�WHQVH��

�L�H���&9>�WHQVH@�DQG�&9>�WHQVH@���DV�ZHOO�DV�RWKHU�FODVVLILFDWLRQV�ZHUH�WUDQVFULEHG�XVLQJ�the (QJOLVK�DOSKDEHWV��ZKLOH�

JURXSLQJV�RI�VKRUW�YRZHOV��ORQJ�YRZHOV��DQG�JHPLQDWHV�ZHUH� transcribed XVLQJ�-DSDQHVH�kana��7KH�FDWHJRU\�labeled 

geminate LQGLFDWHG�WKH�WUDQVFULSWLRQ�RI�D�VKRUW�YRZHO�IROORZHG�E\�D�JHPLQDWH�FRQVRQDQW��

Table � shows WKH�IUHTXHQF\�IRU�HDFK�FDWHJRU\�RI�WUDQVFULSWLRQV�E\�WKH�WKUHH�JURXSV�
6LQFH�PRVW�RI�WKH�(6�WUDQVFULEHG�WKH�VWLPXOL�DV�&9��WKH\�DUH�DVVXPHG�WR�KDYH�SHUFHLYHG�D�YRZHO�LQ�
JHQHUDO�UHJDUGOHVV�RI�WKH�YRZHO�GXUDWLRQ��:KLOH�-/�WHQGHG�WR�FDWHJRUL]H�WKH�VWLPXOL�LQWR�D�SKRQHPH�
with a short vowel �H�Jࡄ��� DQG�WKDW�ZLWK�D�ORQJ�YRZHO��H�J࠺ࡄ����GHSHQGLQJ�RQ�WKH�YRZHO�GXUDWLRQ��
-+�RYHUODSSHG�FDWHJRULHV�RI�&��&9��DQG�&99��$OWKRXJK�-+�ZHUH�VWLOO�DIIHFWHG�E\�WKH�YRZHO�GXUDWLRQ��
WKH\�WHQGHG�WR�WUDQVFULEH�WKH�VWLPXOL�XVLQJ�WKH�(QJOLVK�DOSKDEHW�DQG�����RI�WKHP�GLG�QRW�SHUFHLYH�D�
vowel when the vowHO�GXUDWLRQ�ZDV�VKRUW��$�QRWDEOH�GLIIHUHQFH�LQ�SHUFHSWLRQ�RI�D�YRZHO�EHWZHHQ�

�

�

�

�

�

��

��

��

��

��

VX������� ]X������� NX�������� JX��������

6& 7& &*



393HUFHSWLRQ�RI�9RZHOV�)ROORZLQJ�2EVWUXHQWV�E\�1DWLYH�(QJOLVK�6SHDNHUV�DQG�1DWLYH�-DSDQHVH�6SHDNHUV

REVHUYHG��$OWKRXJK�VRPH�YDULDELOLWLHV�FDQ�EH�VHHQ��PRVW�RI�WKH�DQVZHUV�JLYHQ�E\�(6�DUH�D�FRPELQDWLRQ�RI�D�

FRQVRQDQW�DQG�D�YRZHO��(6�WHQGHG�WR�LGHQWLI\�D�YRZHO�UHJDUGOHVV�RI�WKH�GXUDWLRQ�DQG�W\SH�RI�WKH�FRQVRQDQWV�

ZKLFK�WKH�YRZHO�IROORZV��ZKLOH�ERWK�-/�DQG�-+�SDLG�PRUH�DWWHQWLRQ�WR�WKH�YRZHO�GXUDWLRQ�WKDQ�(6�GLG�

-/�ZHUH�OLNHO\�WR�GLVFULPLQDWH�WKH�VWLPXOL�ZLWK�GLIIHUHQW�YRZHO�GXUDWLRQV�E\�XVLQJ�kana�OHWWHUV�ZLWK�ORQJ�

YRZHOV�RU�VKRUW�YRZHOV�IROORZHG�E\�JORWWDO�VWRSV��H�J���ぐっ���0RVW�RI�WKH�-/�ZURWH�GRZQ�“q”�DIWHU�OLVWHQLQJ�
WR�ERWK��NX��VRXQGV��120 ms vowel and 160�PV�YRZHO���2Q�WKH�RWKHU�KDQG��-+�VKRZHG�OHVV�YDULDELOLW\�LQ�
WKHLU�WUDQVFULSWLRQV�WKDQ�GLG�-/��EXW�-+�VWLOO�WHQGHG�WR�EH�DIIHFWHG�E\�WKH�YRZHO�GXUDWLRQ�DQG�FDWHJRUL]HG�

WKH� VWLPXOL� GHSHQGLQJ�RQ� WKH�YRZHO�GXUDWLRQ��0RVW�RI� WKH� -+�GLG�QRW�SHUFHLYH� WKH�YRZHO� LQ� WKH�YRLFHG�

IULFDWLYH�FRQVRQDQW��]X��IRU�ZKLFK�WKH�YRZHO�GXUDWLRQ�ZDV�80�PV��ZKLOH�WKH\�SHUFHLYHG�WKH�160 ms vowel 

LQ� �]X��DV�D� ORQJ�YRZHO��VHH�7DEOH�2���-+�LGHQWLILHG�ERWK�RI� WKH� �JX��VWLPXOL� �120 ms vowel and 160 ms 

YRZHO��DV��JX���DQG�ILYH�SDUWLFLSDQWV�LQ�WKLV�JURXS�UHFRJQL]HG��JX��ZLWK�D�160 ms vowel as “goo�”�$OWKRXJK�
-+�VKRZHG�D�YDULHW\�RI�SHUFHSWLRQV�IRU�ERWK�RI�WKH��NX��VWLPXOL�ZLWK�D�120ms vowel and a 160�PV�YRZHO��
PRVW�RI� WKH� WUDQVFULSWLRQV� LQFOXGHG�D�YRZHO� IROORZLQJ�D� FRQVRQDQW�ZULWWHQ� LQ� WKH�(QJOLVK� DOSKDEHW��1R�

WUDQVFULSWLRQ�RI�D�JHPLQDWH�FRQVRQDQW�ZDV�REVHUYHG�LQ�-+�

5. Discussion
7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�H[DPLQH�ZKHWKHU�WKH�YRZHO�GXUDWLRQ�DIIHFWHG�WKH�FDWHJRU\�SHUFHSWLRQ�

RI�D�V\OODEOH�E\�/2�VSHDNHUV�ZLWK�YDU\LQJ�OHYHOV�RI�SURILFLHQF\�LQ�(QJOLVK�DQG�E\�QDWLYH�(QJOLVK�VSHDNHUV��
9RLFH�DQG�YRLFHOHVV�YHODU�VWRSV�DQG�DOYHRODU�IULFDWLYHV�ZLWK�GLIIHUHQW�YRZHO�GXUDWLRQV�ZHUH�XVHG�DV�VWLPXOL�

RQ�WKH�EDVLV�RI�.DWD\DPD��2014���7KH�WUDQVFULSWLRQV�PDGH�E\�WKH�SDUWLFLSDQWV�ZHUH�WKHQ�FODVVLILHG�XVLQJ�
%HVW�HW�DO�’V��2001��PHWKRG��7KH�UHVHDUFK�TXHVWLRQ�ZDV�IRUPXODWHG�DV��+RZ�GR�/2�OHDUQHUV�ZLWK�GLIIHUHQW�
OHYHOV� RI� (QJOLVK� SURILFLHQF\� DQG� (6� LGHQWLI\� YRLFHG� DQG� YRLFHOHVV� YHODU� VWRSV� DQG� DOYHRODU� IULFDWLYHV�

IROORZHG� E\� GLIIHUHQW� YRZHO� GXUDWLRQV"� 7R� DQVZHU� WKLV� UHVHDUFK� TXHVWLRQ�� QDWLYH� -DSDQHVH� VSHDNHUV�

FDWHJRUL]HG�DW� WZR� OHYHOV�RI�(QJOLVK�SURILFLHQF\�DQG�(6� WUDQVFULEHG� WKH�VRXQG�VWLPXOL�RI�D�&9�V\OODEOH�

VWUXFWXUH�DW�GLVFUHWH�YRZHO�GXUDWLRQV��

7KH�SUHVHQW�VWXG\�VXJJHVWHG�WKDW�WKH�OLVWHQHUV�FDWHJRUL]HG�V\OODEOHV�GHSHQGLQJ�ERWK�RQ�WKH�SKRQHPH�DQG�

RQ�YRZHO�GXUDWLRQ�DW�WKH�V\OODEOH�OHYHO��$V�SUHGLFWHG��QDWLYH�-DSDQHVH�VSHDNHUV�PRVW�IUHTXHQWO\�DVVLPLODWHG�

WKH�VWLPXOL�DV�7&�LQ�WKLV�VWXG\�VLQFH�WKH�YRZHO�GXUDWLRQ�HQFRPSDVVHV�GLVWLQFWLYH�IXQFWLRQV�LQ�WKH�PHDQLQJ�

RI�D�ZRUG��+RZHYHU��WKH�DVVLPLODWLRQ�SDWWHUQ�GLIIHUHG�DFFRUGLQJ�WR�WKH�FRQVRQDQW�WKDW�SUHFHGHG�WKH�YRZHO��

,Q�SDUWLFXODU��WKH�IULFDWLYH�FRQWUDVWV�ZHUH�DVVLPLODWHG�DV�7&��ZKLOH�WKH�FODVVLILFDWLRQ�RI�WKH�VWRS�SDLUV�ZDV�

VSOLW�LQWR�7&�DQG�6&�DSDUW�IURP�WKH�-/�JURXS’V�WUDQVFULSWLRQV�RI�YRLFHOHVV�VWRS�FRQWUDVWV��/LNH�WKH�(6��72% 

RI�-/�DVVLPLODWHG�WKHP�DV�6&��

,Q�.DWD\DPD’V�VWXG\��(6�SHUFHLYHG�50% vowel duration at 53�3�PV�IRU��NX��DQG�63�3�PV�IRU�VX���ZKLOH�
QDWLYH�-DSDQHVH�VSHDNHUV�UHFRJQL]HG�WKH�VDPH�DW�107�5�PV�IRU��NX��DQG�66�7�PV�IRU��VX���7KH�UHVXOWV�IRU�
(6�LQ�WKH�SUHVHQW�VWXG\�ZHUH�FRQJUXHQW�ZLWK�WKH�ILQGLQJV�UHFRUGHG�E\�.DWD\DPD��2014��EHFDXVH�WKH�YDOXH�
RI�WKH�ERXQGDU\�IRU�WKH�IULFDWLYH��VX��DSSUR[LPDWHV�WKH�YRZHO�GXUDWLRQ�IRU�RQH�RI�WKH�VWLPXOL��L�H���80�PV���
7KLV� UHVXOW� DFFRXQWV� IRU� VSOLW� FDWHJRULHV� HLWKHU� DV�6&�RU�7&��+RZHYHU�� ERWK� -+�DQG� -/� FDWHJRUL]HG� WKH� 

�]X��FRQWUDVWV�DV�7&�PRUH�IUHTXHQWO\�WKDQ�(6��FRQWUDGLFWLQJ�WKH�SUHGLFWLRQ�WKDW�WKH\�ZRXOG�VKRZ�WKH�VDPH�
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WUHQGV�DV�(6��

The results that 89��RI�(6�DQG�50���RI�-+�FDWHJRUL]HG�WKH��NX��FRQWUDVWV�DV�6&�FDQ�DOVR�EH�H[SODLQHG�

E\� WKH� RXWFRPH� WKDW� WKH� ERXQGDU\� RI� YRZHO� SHUFHSWLRQ� E\� (6�ZDV� 53�3 ms and was 107�5 ms by the 

QDWLYH�-DSDQHVH�VSHDNHUV��7KH�UHVXOWV�REWDLQHG�IRU�WKH�-+�JURXS�IRU�WKH�VWRS�FRQWUDVWV���NX��DQG��JX���ZHUH�

DOLJQHG�ZLWK�WKH�ILQGLQJV�RI�D�SUHYLRXV�VWXG\�ZKRVH�FDWHJRULHV�ZHUH�VHSDUDWHG�LQWR�6&�DQG�7&�VLQFH�WKHLU�

SHUFHSWLRQ�ERXQGDU\�RI�WKH�YRZHO�DSSUR[LPDWHG�WKH�VWLPXOL�RI�VKRUWHU�YRZHO�GXUDWLRQV��L�H���120�PV���-/�
SDUWLFLSDQWV�WHQGHG�WR�DVVLPLODWH�WKH�FRQWUDVW�LQWR�D�VLQJOH�FDWHJRU\�RQO\�IRU�WKH��NX��FRQWUDVW��7KLV�UHVXOW�

LV�LQWULJXLQJ�EHFDXVH�WKH�JURXS�ZLWK�OHVV�(QJOLVK�SURILFLHQF\�HYLGHQFHG�D�WUHQG�LGHQWLFDO�WR�WKH�(6��7KH�

-DSDQHVH�JURXSV�WHQGHG�WR�H[KLELW�GLVFUHWH�FDWHJRUL]DWLRQ�GHSHQGLQJ�RQ�WKH�FRQVRQDQWV�WKDW�SUHFHGHG�WKH�

YRZHO�VRXQG��

$OWKRXJK� (6� WHQGHG� WR� SHUFHLYH� WKH� YRZHO� UHJDUGOHVV� RI� LWV� OHQJWK�� -DSDQHVH� VSHDNHUV� SDLG� PRUH�

DWWHQWLRQ�WR�WKH�YRZHO�GXUDWLRQ�DQG�FDWHJRUL]HG�WKH�VRXQGV�GHSHQGLQJ�RQ�WKH�YRZHO�GXUDWLRQ��7KH\�WHQGHG�

WR�UHO\�RQ�GLIIHUHQW�DFRXVWLF�FXHV��-+�GLG�QRW�UHFRJQL]H�WKH�YRZHO�LQ�VRPH�FRQWH[WV��6RPH�-/�UHFRJQL]HG�

WKH�FRQVRQDQW�ZLWK�D�VKRUWHU�YRZHO�GXUDWLRQ�DV�D�JORWWDO�VWRS��,W�LV�DVVXPHG�WKDW�DFRXVWLF�FXHV�WR�SHUFHLYH�

WKH�XQLW�RI�D�FRQVRQDQW�DQG�YRZHO�PLJKW�FKDQJH�DV� WKHLU�/2�SURILFLHQF\�GHYHORSV��)RU� UHVSRQVHV� WR� WKH� 
�]X��VWLPXOXV�ZLWK�DQ�80�PV�YRZHO�GXUDWLRQ��KDOI�RI�WKH�(6�LGHQWLILHG�LW�DV�“]X” and 60��RI�WKH�-/�JURXS�

UHFRJQL]HG� LW� DV�“ず”�� EXW�66��RI� WKH� -+� GLG� QRW� SHUFHLYH� WKH� YRZHO��$QRWKHU� SRVVLEOH� UHDVRQ� IRU� WKH�

UHVSRQVHV�PDGH�E\�(6�WR�WKH�IULFDWLYH�VWLPXOL�ZHUH�VSOLW�LQWR�6&�DQG�7&�ZLWK�WKRVH�WR�7&�EHLQJ�VOLJKWO\�

PRUH�IUHTXHQW�LV�WKDW�VLQFH�(6’V�ERXQGDULHV�IRU��VX��ZHUH�63�3�PV��.DWD\DPD��2014���WKH�IULFDWLYHV�ZLWK�
VKRUW�YRZHOV��L�H���80�PV��PLJKW�QRW�KDYH�EHHQ�ORQJ�HQRXJK�IRU�WKHP�WR�SHUFHLYH�WKH�YRZHO��2Q�WKH�RWKHU�
KDQG��-+�FDWHJRUL]HG�WKH�WZR��]X��VWLPXOL�LQWR��]��DQG��]X��GHSHQGLQJ�RQ�WKH�YRZHO�GXUDWLRQ��6LQFH�-+�DUH�

DGYDQFHG�(QJOLVK�OHDUQHUV��WKH\�DUH�OLNHO\�WR�NQRZ�WKDW��]��DQG��]X��EHORQJ�WR�GLIIHUHQW�FDWHJRULHV��)LJXUH�5 
VKRZV�D�VSHFWURJUDP�RI��]X��ZLWK�DQ�80�PV�YRZHO�GXUDWLRQ��7KH�DFRXVWLF�IHDWXUHV�RI��]��DQG��]X��DUH�FORVHU�
WKDQ� WKRVH�RI�RWKHU� VWLPXOL��:KHQ� WKH�YRZHO�GXUDWLRQ� LV� VKRUW�� LW� LV�GLIILFXOW� WR�GHWHUPLQH� WKH�ERXQGDU\�

EHWZHHQ� WKH�FRQVRQDQW�DQG� WKH�YRZHO�� -+�PLJKW�KDYH�SDLG�PRUH�DWWHQWLRQ� WR�)1�DQG�)3 since these are 

FRPPRQ�IHDWXUHV�RI��]��DQG��X���2Q�WKH�RWKHU�KDQG��(6�WHQGHG�WR�FRQVLGHU�)2 as well since this is a clear 

GLIIHUHQFH�EHWZHHQ�WKH��]��FRQVRQDQW�DQG�WKH��X��YRZHO��

'XSRX[��.DNHKL��+LURVH��3DOOLHU�DQG�0HKOHU��1999��UHSRUWHG�WKDW�OLVWHQHUV�SHUFHLYH�HSHQWKHWLF�YRZHOV�
LQ�LOOHJDO�SKRQRWDFWLF�FRQWH[WV�LQ�WKHLU�ILUVW�ODQJXDJH��+RZHYHU��WKH�UHVXOWV�RI�WKLV�VWXG\�VKRZHG�WKDW�-+�

IDLOHG�WR�SHUFHLYH�WKH�YRZHO�HYHQ�LQ�D�OHJDO�SKRQRWDFWLF�FRQWH[W��&9��7KXV��LW�LV�OLNHO\�WKDW�WKH�IDLOXUH�LQ�

LGHQWLI\LQJ�WKH�YRZHO�ZDV�FDXVHG�E\�DFRXVWLF�FXHV�WKH\�GHSHQG�RQ�UDWKHU�WKDQ�/1�SKRQRWDFWLF�FRQVWUDLQWV��
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Figure 5.�6SHFWURJUDP�RI��]X��ZLWK�D�YRZHO�GXUDWLRQ�RI�80�PV�

$OWKRXJK�WKH�SUHVHQW�VWXG\�LV�H[SORUDWRU\�GXH�WR�WKH�OLPLWHG�VDPSOH�GDWD��WKH�UHVXOWV�VXSSRUW�WKH�UHVXOWV�

RI�)XMLPRWR�DQG�0DHNDZD’V�VWXG\��2014��DQG�VXJJHVW�WKDW�-/�UHFRJQL]H�VRXQG�VWLPXOL�ZLWK�D�VKRUWHU�YRZHO�
DV�D�JORWWDO�VWRS�LQ��X��FRQWH[WV�DV�ZHOO��)XMLPRWR�DQG�0DHNDZD�IRXQG�WKDW�GXUDWLRQV�RI�YRZHOV�IROORZHG�E\�

JORWWDO�VWRSV�DUH�VKRUWHU�WKDQ�GXUDWLRQV�RI�YRZHOV�IROORZHG�E\�VLQJOH�FRQVRQDQWV�ZKHQ�WKH�YRZHOV�DUH��D��

DQG��H���EXW�WKH\�FRXOG�QRW�ILQG�WKLV�WUHQG�LQ�RWKHU�YRZHO�FRQWH[WV�EHFDXVH�RI�WKH�KLJK�YDULDQFH�LQ�VSHHFK�

GDWD��$OWKRXJK�SHUFHSWLRQ�DQG�SURGXFWLRQ�RI�JORWWDO�VWRSV�PD\�QRW�EH�QHFHVVDULO\�HTXLYDOHQW��WKH�ILQGLQJV�

LQ� WKLV� VWXG\� FRXOG� FRQWULEXWH� WR� LQYHVWLJDWLRQ� RI� KRZ� QDWLYH� -DSDQHVH� VSHDNHUV� SURGXFH� DQG� SHUFHLYH�

VSHHFK��7KH�UHVXOWV�RI�WKLV�VWXG\�UHYHDOHG�WKDW�QDWLYH�-DSDQHVH�VSHDNHUV�GLVSOD\HG�PRUH�YDULDQFH�WKDQ�GLG�

(6�LQ�WKHLU�WUDQVFULSWLRQV��JLYHQ�WKH�VWLPXOXV�RI�D�V\OODEOH�ZLWK�GLIIHUHQW�YRZHO�GXUDWLRQV��(QJOLVK�DFFRUGV�

FDWHJRULHV� IRU� SKRQHPHV� FRPSULVLQJ� D� VLQJOH� FRQVRQDQW� �H�J��� �N��� DQG� WKRVH� FRQVLVWLQJ� RI� FRQVRQDQWV�

DQG�YRZHO�XQLWV��H�J����NX����EXW�-DSDQHVH�JURXSV�PRUD�WKDW�JHQHUDOO\�HQFRPSDVV�FRQVRQDQWV�IROORZHG�E\�

GLIIHUHQW�YRZHO�GXUDWLRQV� �H�J��く�� �NX���くう�� �NXX��DQG�くっ�� �NXݦ��� DQG� LW� LV�SURQRXQFHG�ZLWKRXW�D�YRZHO�
LQ�VRPH�FRQWH[WV��7KHUHIRUH��WKH�(6�PLJKW�KDYH�EHHQ�PRUH�VHQVLWLYH�WKDQ�WKH�-DSDQHVH�VSHDNLQJ�JURXSV�

LQ� LGHQWLI\LQJ� D� YRZHO� UHJDUGOHVV� RI� LWV� GXUDWLRQ��%RWK� -+� DQG� -/� RYHUJHQHUDOL]HG� WKH� FODVVLILFDWLRQ� RI�

V\OODEOHV� E\�GLYLGLQJ� WKHP� LQWR� WZR� FDWHJRULHV� UHO\LQJ�RQ�YRZHO� GXUDWLRQ�ZKHQ� WKH\�ZHUH� VXSSRVHG� WR�

EHORQJ�WR�WKH�VDPH�JURXSLQJ��-/�WHQGHG�WR�GHVFULEH�WKH�VWLPXOL�DV�-DSDQHVH�FKDUDFWHUV�RU�kana��1RWDEO\��

RQO\�WKLV�JURXS�LGHQWLILHG�VSHHFK�VRXQGV�ZLWK�VKRUW�YRZHO�GXUDWLRQV�DV�JORWWDO�VWRSV��D�FRQVWUXFW�REVHUYHG�

LQ�-DSDQHVH��7KH�IDFW�WKDW�ZDYHIRUPV�VXGGHQO\�GLVDSSHDUHG�PLJKW�KDYH�FDXVHG�-/�WR�SHUFHLYH�WKH�VRXQGV�

DV� FHDVH� RI� DLU� VWUHDP��ZKLFK� UHVXOWHG� LQ� WKHLU� WUDQVFULSWLRQV� RI� JORWWDO� VWRSV�� -/�ZHUH� WKXV� LQFOLQHG� WR�

UHFRJQL]H� JLYHQ� VSHHFK� VRXQGV� WKURXJK� WKHLU� ILUVW� ODQJXDJH�� 7KH\� WHQGHG� WR� GHSHQG� RQ� DFRXVWLF� FXHV�

GLIIHUHQW� IURP�(6� WR� LGHQWLI\� D� SKRQHPH�� WKLV� IDFW� FRXOG� DOVR� LQIOXHQFH� WKHLU� SHUFHSWLRQ� RI� WKH� VHFRQG�

ODQJXDJH�V\OODEOHV�DQG�ZRUGV��7KH�UHDVRQ�WKDW�-/�GLG�QRW�WUDQVFULEH�JHPLQDWHV�PLJKW�GHULYH�IURP�WKHLU�/2 



42 7DPDPL�.$7$<$0$

H[SHULHQFH�VLQFH�WKH�VWLPXOL�ZHUH�SURQRXQFHG�E\�D�QDWLYH�(QJOLVK�VSHDNHU��(YHQ�WKRXJK�WKH�VWLPXOL�ZHUH�

OHJDO� LQ�SKRQRWDFWLFV�� WKH� -DSDQHVH� VSHDNHUV� WHQGHG� WR�SHUFHLYH� VXEWOH�DFRXVWLF� LQIRUPDWLRQ� WKDW� FDQ�EH�

LGHQWLILHG�DV�VSHHFK�SURGXFHG�E\�D�QDWLYH�(QJOLVK�VSHDNHU��

6. Conclusion
7KLV� VWXG\� ZDV� FRQGXFWHG� WR� H[DPLQH� KRZ� QDWLYH� -DSDQHVH� VSHDNHUV� UHFRJQL]H� IULFDWLYH� DQG� VWRS�

FRQVRQDQWV� ZLWK� GLIIHUHQW� YRZHO� GXUDWLRQV� DQG� ZKHWKHU� VSHHFK� SHUFHSWLRQ� DW� WKH� OHYHO� RI� V\OODEOHV�

GHYHORSV�ZLWK�DGYDQFLQJ�/2�SURILFLHQF\��7KH�UHVHDUFK�TXHVWLRQ�ZDV�IRUPXODWHG�DV��+RZ�GR�/2 learners 

ZLWK� GLIIHUHQW� OHYHOV� RI� (QJOLVK� SURILFLHQF\� DQG� QDWLYH� (QJOLVK� VSHDNHUV� LGHQWLI\� YRLFH� DQG� YRLFHOHVV�

YHODU�VWRSV�DQG�DOYHRODU�IULFDWLYHV�IROORZHG�E\�GLIIHUHQW�YRZHO�GXUDWLRQV"�0RVW�(6�SDUWLFLSDQWV�LGHQWLILHG�

WKH�VRXQG�VWLPXOL�DV�6&��ZKLOH�WKH�QDWLYH�-DSDQHVH�VSHDNLQJ�JURXSV�-+�DQG�-/�ZHUH�OLNHO\�WR�FDWHJRUL]H�

WKHP�DV�7&��7KH�QDWLYH� -DSDQHVH� VSHDNHUV�ZHUH� LQIOXHQFHG�E\�YRZHO� GXUDWLRQ� LQ� LGHQWLI\LQJ� V\OODEOHV��

UHJDUGOHVV�RI�WKHLU�(QJOLVK�SURILFLHQF\�OHYHOV��+RZHYHU��D�YDULDQFH�ZDV�REVHUYHG�LQ�WKHLU�SHUFHSWLRQV�RI�

YRZHOV� EDVHG� RQ� WKH� SUHFHGLQJ� FRQVRQDQW�� ,Q� VXP�� DOWKRXJK� WKH� DELOLW\� RI� QDWLYH� -DSDQHVH� VSHDNHUV� WR�

GLVFULPLQDWH�EHWZHHQ�V\OODEOHV�ZDV�VXEVWDQWLDOO\�DIIHFWHG�E\�YRZHO�GXUDWLRQ��WKH�OHQJWK�RI�WLPH�UHTXLUHG�

E\�WKHP�WR�SHUFHLYH�WKH�YRZHO�GHSHQGHG�RQ�WKH�W\SH�RI�FRQVRQDQWV��7KH�SKRQHWLF�IHDWXUHV�RI�D�FRQVRQDQW�

DUH�WKXV�SUREDEO\�LQYROYHG�LQ�WKH�DELOLW\�RI�QDWLYH�-DSDQHVH�VSHDNHUV�WR�LGHQWLI\�D�YRZHO�

7KH�SUHVHQW�VWXG\�KDV�VHYHUDO�OLPLWDWLRQV��)LUVW��VLQFH�WKH�VDPSOH�GDWD�ZHUH�OLPLWHG��LQIHUHQWLDO�VWDWLVWLFV�

ZHUH�QRW�SHUIRUPHG��,Q�RUGHU�WR�FRQILUP�WKH�UHVXOWV��IXUWKHU�VWXG\�XVLQJ�ODUJHU�VDPSOHV�LV�UHTXLUHG��6HFRQG��

VLQFH�WKH�VWLPXOL�XVHG�LQ�WKH�VWXG\�KDG�TXLWH�KLJK�)2�YDOXHV��LW�LV�UHDVRQDEOH�WR�FRQFOXGH�WKDW�-/��-+��(6�
PDGH�XQLTXH�UHVSRQVHV�JLYHQ�E\�WKH�VWLPXOL�VLPLODU�WR��X���3URQXQFLDWLRQ�RI�YDULRXV�W\SHV�RI�QDWLYH�(QJOLVK�

VSHDNHUV�ZRXOG� VROYH� WKLV� SUREOHP� LQ� IXWXUH� UHVHDUFK��7KH� SUHVHQW� VWXG\� RIIHUHG� DGGLWLRQDO� LQVLJKWV� WR�

FRQWULEXWH�WR�WKH�OLWHUDWXUH�RQ�FDWHJRU\�SHUFHSWLRQ�RI�V\OODEOHV�XVLQJ�WKH�3$0�PRGHO��)XUWKHU�LQYHVWLJDWLRQV�

DUH�UHTXLUHG�WR�H[DPLQH�RWKHU�SKRQHPLF�FRQWH[WV�SURQRXQFHG�E\�VSHDNHUV�RI�RWKHU�ODQJXDJHV�DV�ZHOO��
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&���Transcriptions by JH and frequencies 

(6 & &9 &99 others
su 80 s 5 su 10 sue 2 s'ih 1
]X�80 ] 5 ]X 9 ]RR 2 ]
LK��]
X
 2
NX�120 N 1 NX�FX� 13 NRR�FRR� 3 queue 1
JX�120 J 2 JX�JH� 14 JRR 1 J
LK 1
su160 　 　 su 12 VXH�VRR� 6 　 　
]X�160 　 　 ]X 13 ]RR 5 　 　
NX�160 　 　 NX�FX� 14 NRR�FRR� 2 queue 2
JX�160 　 　 JX 12 JRR�JXH� 6 　 　

%���Transcriptions by JL and frequencies 

-/ & &9 &99 short vowel ORQJ�YRZHO JORWWDO�VWRSV
su 80 s 4 su 1 　 　 す 11 　 　 すっ 2
]X�80 ] 6 ]X 1 　 　 ず（づ） 10 　 　 ずぃっ 1
NX�120 T��J� 7 qoo 1 　 　 く�きゅ� 4 くぅ�きゅう� 5 きゅっ 1
JX�120 J 3 JX 1 　 　 ぐ 11 　 　 ぐっ 3
su160 s 1 su 3 6RR

�VXX�
2 す 4 すう（すぅ） 8 　 　

]X���� ] 4 ]X 2 　 　 ず 3 ずう（ズー） 9 　 　
NX�160 q 7 　 　 　 　 く�きゅ� 4 くぅ�きゅう� 7 　 　
JX�160 J 4 JX 1 JRR 1 ぐ 3 ぐぅ（ぐう・ぎゅう） 8 ぎゅっ 1

-+ & &9 &99 others short vowel ORQJ�YRZHO
su 80 s 5 VX��VH� 8 sue 1 sh 1 す 3 　 　
]X�80 ] 12 ]X 2 　 　 ]K 1 ず 3 　 　
NX�120 N��T� 4 NX��TX� 4 FRR��JRR��

FXH�
4

NK 1 N\R��N\X� 3 くう 
（キュー）

2

JX�120 J 4 JX 11 JRR 1 　 　 ぐ 2 　 　
su160 　 　 su 7 VXH�VX���VRR� 7 sie 1 す 1 すう 2
]X���� ] 1 ]X 7 ]RR�]X�� 8 ]K 1 ず 1 　 　
NX�160 q 2 NX�FX� 5 NRR�FRR�TRR

FRX�FXH�
5

　 　
く

�N\X�
2 くう（クー・キュー・

N\X�）
4

JX�160 J 3 JX 6 JRR��JXH� 5 JXW 1 ぐ�J\R� 3 　
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