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�)DFXOW\ RI�3K\VLFDO�(GXFDWLRQ��8QLYHUVLW\�RI�7HWRYD�± 3K'��VWXGHQW
�3URIHVVRU�DW�WKH�)DFXOW\�RI�6SRUW�(GXFDWLRQ� 8QLYHUVLW\�RI�3ULVKWLQD��

$EVWUDFW

7KH�SXUSRVH�RI� WKLV� UHVHDUFK� LV WR�YHULI\� WKH�DQWKURSRPHWULF�DQG�PRWRU� VWDWXV�RI� WKH�PLGILHOGHUV�RI� WKH� ILUVW� VL[�
WHDPV�DQG�PLGILHOGHUV�RI� WKH� ODVW�VL[� WHDPV� LQ� WKH�UDQNLQJ� WDEOH�RI� WKH�.RVRYR�)RRWEDOO�6XSHUOHDJXH��6HYHQW\� WZR�
SOD\HUV� IURP� WZHOYH� WHDPV�� VL[� SHU� HDFK� WHDP� ZHUH� VHOHFWHG� DV� WKH� VDPSOH� RI� WKH� VWXG\�� $QWKURSRPHWULF�
FKDUDFWHULVWLFV��LQFOXGLQJ�KHLJKW��ZHLJKW��DQG�%RG\�0DVV�,QGH[��%0,���DQG�WKH�PRWRULF�FKDUDFWHULVWLFV�LQFOXGLQJ��WKH�
YDOXHV�REWDLQHG�IURP�WKH�WHVWV�VXFK�DV��VWDQGLQJ�KLJK�MXPS��VWDQGLQ�ORQJ�MXPS����[�P�VKXWWOH�UXQ� PHGLXP�DQDHURELF�
IRUFH��PD[LPXP�DQDHURELF�IRUFH��UXQQLQJ���P�DQG�6LW�DQG�5HDFK�ZHUH�FRPSDUHG��$V�D�UHVXOW��QR�VWDWLVWLFDOO\�YDOLG�
GLIIHUHQFHV�ZHUH�IRXQG�LQ�WKH�DQWKURSRPHWULF�DQG�PRWRU�YDULDEOHV�DQDO\]HG�LQ�WKLV�SDSHU��EHWZHHQ�WKH�PLGILHOGHUV�RI�
WKH�ILUVW DQG�ODVW�WHDPV�LQ�WKH�UDQNLQJ�OLVW�RI�WKH�6XSHUOHDJXH�RI�.RVRYR���

.H\ZRUGV� )RRWEDOO��DQWKURSRPHWU\��PRWRULF��PLGILHOGHUV��HWM�

,QWURGXFWLRQ

)RRWEDOO� LV� WKH� PRVW� SRSXODU� VSRUW� LQ� WKH� ZRUOG�� EHLQJ� SOD\HG� LQ� HYHU\� FRXQWU\� RI� WKH� ZRUOG� ZLWKRXW� H[FHSWLRQ
�5HLOO\��7����������7HDP��FROOHFWLYH��JDPHV�DUH�VSRUWV�LQ�ZKLFK�ERG\�VKDSH��ERG\�FRPSRVLWLRQ�DQG�DGDSWDELOLW\���SOD\�
DQ�LPSRUWDQW�UROH�LQ�SURYLGLQJ�WKH�GLVWLQFWLYH�DGYDQWDJHV��LQ�WKH�SOD\HU
V�VSHFLILF�SRVLWLRQV��%DOH��������
)RRWEDOO� DV� D� VSRUW� EHORQJV� WR WKH� FROOHFWLYH� VSRUWV� JURXS�� DQG� DFFRUGLQJ� WR� WKH� PRYHPHQWV�� LW� LV� SDUW� RI� WKH�
SROLVWUXFWXUDO� VSRUW� JURXS� RI� FRPSOH[� DFWLYLWLHV��ZKLFK� LV� GLVWLQJXLVKHG� E\� F\FOLF� DQG� DF\FOLF�PRYHPHQWV�� ,W
V� WKH�
PRVW�SRSXODU�VSRUW�LQ�WKH�ZRUOG��7KLV�FRPHV�IURP�WKH�SUHVHQFH RI�G\QDPLFV��HPRWLRQDOLW\�DQG�DWWUDFWLYHQHVV��DV�ZHOO�
DV�IURP�PDQ\�FRPSOH[�WHFKQLFDO�WDFWLFDO�PRYHPHQWV��WKDW�RFFXU�LQ�DOO�SDUWV�RI�WKH�ILHOG�
1RZDGD\V��WKH�IRRWEDOO�JDPH�KDV�FKDQJHG�D�ORW��VLQFH�WKH�UHVXOWV�DUH�QRW�UHDFKHG�LQVWDQWO\��EXW�D�ORQJ�DQG�V\VWHPDWLF�
MRE�LV�UHTXLUHG�WR�PDNH�WKH�WHDP�KDYH�VDWLVIDFWRU\�DFKLHYHPHQWV��$QDO\VLV�RIW�PDWFKHV�LQ�WKH�SDVW�KDV�EHHQ�GRQH�LQ�D�
VLPSOH�ZD\��ZKHUHDV�QRZ�WKH�KLJK�WHFKQRORJ\�GHYHORSPHQW�KDV�UHVXOWHG�LQ�WKH�LPSURYHPHQW�RI�VSRUWV�HTXLSPHQW��DV�
ZHOO�DV�LQ�WKH�LQFUHDVH�RI�SV\FKRPRWRULF�VNLOOV�DW�D�PXFK�KLJKHU�OHYHO�DQG�WKLV�KDV�FDXVHG�WKH�VWUXFWXUH�RI�IRRWEDOO�WR�
FKDQJH��VR�LQ�WRGD\
V�IRRWEDOO�ZH�QRWLFH�D�KLJK�G\QDPLF�RI�WKH�JDPH��EDOO�SRVVHVVLRQ�DW�WKH�KLJKHVW�OHYHO��DQG�D�JDPH�
LQ�ZKLFK�HYHU\�FRUQHU�RU�SDUW�RI�WKH�ILHOG�LV�XVHG��LQ�RUGHU�WR�UHDFK�DQ�DGYDQWDJH�RYHU�WKH�RSSRQHQW�
7KXV��KDYLQJ�NQRZOHGJH�DERXW� WKH�DQWKURSRPHWULF�FKDUDFWHULVWLFV�DQG�SK\VLFDO�SUHSDUDWLRQ�RI�SURIHVVLRQDO�SOD\HUV�
RSHUDWLQJ� LQ� WKH� 6XSHUOHDJXH� RI� .RVRYR� LQ� )RRWEDOO�� ,� FDQ� SURYLGH� PRUH� LQIRUPDWLRQ� DERXW� WKH� WUDLQHUV� LQ� WKLV�
VSHFLILF�JURXS�RI�SOD\HUV��WKXV�IDYRULQJ�WKH�WUDLQLQJ��DQG�FRQVHTXHQWO\�WKH�SHUIRUPDQFH�RI�WKH�DWKOHWH��7KHUHIRUH��WKH�
SXUSRVH� RI� WKH� FXUUHQW� VWXG\� LV� WR� GHVFULEH� WKH� DQWKURSRPHWULF� FKDUDFWHULVWLFV� DQG� WKH� SK\VLFDO� SUHSDUDWLRQ RI� WKH�
PLGILHOGHUV�RI�.RVRYDU�IRRWEDOO�HOLWH�
,Q� WKLV� UHVHDUFK� KDYH� EHHQ� WUHDWHG� ��� PLGILHOGHUV� RI� WKH� 6XSHUOHDJXH� RI� .RVRYR�� )RRWEDOOHUV� ZKR� KDYH� EHHQ�
VXEMHFWHG�WR�WHVWV��DUH�DFWLYH�SOD\HUV��7KH�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�LQ�WKH�UHVSHFWLYH�WHDPV
�VWDGLXPV��7KH�WHVWV�
KDYH�EHHQ�GRQH�GXULQJ�WKH�WUDLQLQJ�RI�WKH�FOXEV��LQ�WKH�PRUQLQJ�
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3XUSRVH�RI�WKH�UHVHDUFK

7KH�SXUSRVH�RI�WKLV�UHVHDUFK�LV WR�YHULI\�WKH�DQWKURSRPHWULF�DQG�PRWRU�VWDWXV�RI�WKH�PLGILHOGHUV�RI�WKH�ILUVW�VL[�WHDPV�
DQG�PLGILHOGHUV�RI� WKH� ODVW VL[� WHDPV� LQ� WKH�UDQNLQJ� WDEOH�RI� WKH�.RVRYR�)RRWEDOO�6XSHUOHDJXH��$OVR�� WKLV� UHVHDUFK�
DLPV� LV� WR� YHULI\� WKH� FRUUHODWLRQV�� GLVWULEXWLRQ� DQG� OHYHO� RI� DV\PPHWU\� RI� WKH� YDULDEOHV� FDUULHG� RXW� WKURXJK� WKLV�
UHVHDUFK�EHWZHHQ�WKH�WZR�JURXSV�RI�WKH�PLGILHOGHUV�RI�WKH�VXSHUVOHDJXH�RI�.RVRYR�

+\SRWKHVHV

%DVHG�RQ�WKH�SXUSRVHV�RI�WKLV�UHVHDUFK���EDVLF�K\SRWKHVHV�DUH�DOVR�SUHVHQWHG�
+���7KHUH�DUH�VWDWLVWLFDOO\�YDOLG�GLIIHUHQFHV�EHWZHHQ�DQWKURSRPHWULF�DQG�PRWRU�YDULDEOHV�EHWZHHQ�PLGILHOGHUV�RI�WKH�
ILUVW�DQG�ODVW�WHDPV�LQ�WKH�UDQNLQJV�RI�WKH�6XSHUOHDJXH�RI�.RVRYR�
+���$�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�DQWKURSRPHWULF�DQG�PRWRU�YDULDEOHV�LV�H[SHFWHG�LQ�WKH�ILUVW�JURXS�RI�SOD\HUV�
+��� $Q� LPSRUWDQW� FRUUHODWLRQ� EHWZHHQ� DQWKURSRPHWULF� DQG� PRWRU� YDULDEOHV� LV� H[SHFWHG� LQ� WKH� VHFRQG� JURXS� RI�
SOD\HUV�

0HWKRG

7KH�SRSXODWLRQ�IURP�ZKLFK�VDPSOHV�KDYH�EHHQ�WDNHQ�IRU� DQDO\VLV LQ�WKLV�UHVHDUFK�� � LV�GHILQHG�DV�WKH�SRSXODWLRQ�RI�
SOD\HUV� SDUWLFLSDWLQJ� LQ� WKH� 6XSHUOHDJXH� RI� .RVRYR�� UHVSHFWLYHO\� ��� DFWLYH� PLGILHOGHUV� RI� ��� IRRWEDOO� WHDPV� RI�
.RVRYR�6XSHUOHDJXH��RI�ZKLFK����DUH�PLGILHOGHUV�RI� WKH� ILUVW��� WHDPV�DQG����PLGILHOGHUV�RI� WKH� ODVW� WHDPV� LQ� WKH�
FODVVLILFDWLRQ�WDEOH�����YDULDEOHV�KDYH�EHHQ�DQDO\]HG��RI�ZKLFK���DUH�DQWKURSRPHWULF�YDULDEOHV��DQG����DUH�PRWRU�

%DVHG�RQ� WKH�SXUSRVH�RI� WKLV� UHVHDUFK��RU�RQ� WKH�REMHFWLYHV�ZH� LQWHQG� WR�DFKLHYH� LQ� WKLV�SDSHU�� WKH� IROORZLQJ� WHVWV�
KDYH�EHHQ�DSSOLHG�

$QWKURSRPHWULF�PHDVXUHV�

���%RG\�KHLJKW���������� $/
���%RG\�ZHLJKW����������$:
���%0,��������������������%0,�
���*LUWK�RI�WKH�FKHVW� ���*&+
�� *LUWK�RI�WKH�WKLJK�����*7+
���*LUWK�RI�WKH�FDOI����� �*&$

0RWRU�WHVWV�
���6WDQGLQJ�ORQJ�MXPS�������� 6/-
���6WDQGLQJ�KLJK�MXPS���������6+-
���0HGLXP�DQDHURELF�IRUFH��� 0($1)
���0D[LPXP�DQDHURELF�IRUFH�0$$1)
���5XQQLQJ���P������������������9��P�
���6KXWWOH�5XQ���[��PHWHUV����6+5
���6LW�DQG�5HDFK�����������������6$5

0HWKRGV�RI�SURFHVVLQJ�WKH�UHVXOWV�

,Q�RUGHU�WR�UHDOL]H�WKH�SXUSRVH�VHW�RXW�LQ�WKLV�UHVHDUFK��WR�IXOILOO�RXU�JRDOV��WKH�UHVXOWV�KDYH�EHHQ�SURFHVVHG�ZLWK�WKH�
6366�9HU����SURJUDP�

)RU� DOO� YDULDEOHV� V\VWHP�JURXSV�� WKH� EDVLF� VWDWLVWLFDO� DQG� GLVWULEXWLRQ� SDUDPHWHUV� IRU� HDFK� YDULDEOH�� DV�ZHOO� DV� WKH�
DV\PPHWULF�DQG�QRUPDO�GLVWULEXWLRQ�PHDVXUHV�KDYH�EHHQ�FDOFXODWHG�
)RU� GHWHUPLQLQJ� WKH� UHODWLRQ� EHWZHHQ� DQWKURSRPHWULF� DQG� PRWRU� YDULDEOHV�� 7�WHVW�� GHVFULSWLYH� DQDO\VLV�� DQG�
FRUUHODWLYH�DQDO\VLV�KDYH�EHHQ�DSSOLHG�
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5HVXOWV

7DEOH��� 'LIIHUHQFH�DQDO\VLV�EHWZHHQ�ILUVW�DQG�ODVW�WHDPV

��ILUVW�WHDPV
��ODVW�WHDPV

1 0HDQ 6WG��GHYLDWLRQ 3
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*&+ � �� ������ ������ ����
� �� ������ ������

*7+ � �� ����� ����� ����
� �� ����� �����

*&$ � �� ����� ����� ����
� �� ����� �����

6/- � �� ������ ������ ����
� �� ������ ������

6+- � �� ����� ����� ����
� �� ����� �����

0($1) � �� ������ ������ ����
� �� ������ ������

0$$1) � �� ������ ������ ����
� �� ������ ������

9��0 � �� ����� ����� ����
� �� ����� �����

9�;��0 � �� ����� ����� ����
� �� ����� �����

6$5 � �� ����� ����� ����
� �� ����� �����

%DVHG�RQ�WKH�UHVXOWV�RI�WKH�ILUVW�WDEOH��QR�VWDWLVWLFDOO\�YDOLG�GLIIHUHQFHV�ZHUH�IRXQG�LQ�WKH�DQWKURSRPHWULF�DQG�PRWRU�
YDULDEOHV� DQDO\]HG� LQ� WKLV� SDSHU�� EHWZHHQ� WKH� PLGILHOGHUV� RI� WKH� ILUVW� DQG� ODVW� WHDPV� LQ� WKH� UDQNLQJV� RI� WKH�
6XSHUOHDJXH�RI�.RVRYR�
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7DEOH����'HVFULSWLYH�DQDO\VLV�RI�ILUVW�WHDPV�UHVXOWV

1 5DQJH 0LQLP
XP

0D[LP
XP

0HDQ 6WG��
'HYLDWLRQ

6NHZQHV
V

.XUWRV
LV

6WDWLVWL
F

6WDWLVWL
F

6WDWLVWL
F

6WDWLVWLF 6WDWLVWL
F

6WDWLVWLF 6WDWLVWLF 6WDWLVWL
F
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%0, �� ��� ���� ���� ������ ������ ����� �����

*&+ �� ���� ���� ���� ������ ������ ����� �����

*7+ �� � �� �� ����� ����� ���� ������

*&$ �� � �� �� ����� ����� ���� �����

6/- �� ��� ���� ���� ������ ������ ���� �����

6+- �� �� �� �� ����� ����� ������ �����

0($1) �� ���� ���� ���� ������ ������ ������ �����

0$$1) �� ���� ���� ���� ������ ������ ������ �����

9��0 �� �� ��� ��� ����� ����� ����� ������

9�;��0 �� �� ��� ��� ����� ����� ����� �����

6$5 �� �� �� �� ����� ����� ������ �����

9DOLG�1�
�OLVWZLVH�

��

6NHZQHVV��QsVH� ���QRUPDOH��QsVH�����QHJDWLY��QsVH�!���SR]LWLYH�
.XUWRVLV��QsVH����PH]RNXUWLN��QsVH����SODW\NXUWLF��QsVH�!��OHSWRNXUWLF

7DEOH���JLYHV�GHVFULSWLYH�DQDO\VLV�RI�WKH�DQWKURSRPHWULF�DQG�PRWRU�YDULDEOHV�RI�WKH�ILUVW�WHDPV�RI�WKH�6XSHUOHDJXH�RI�
.RVRYR��,I�ZH�ORRN�DW�WKH�VWDWLVWLFDO�PHWKRG�RI�WKH�VNHZQHVV�DV\PPHWU\��6NHZQHVV���ZH�VHH�WKDW�RQO\�6+-��0($1)�
DQG�0$$1)�WHVWV�KDYH�D�YDOXH�RI��������WR���������$OVR�QLQH�YDULDEOHV�DUH�QHJDWLYH�DV\PPHWULHV�DQG�IRXU�RI�WKHP�
DUH�SRVLWLYH�DV\PPHWULHV�
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7DEOH����'HVFULSWLYH�DQDO\VLV�RI�ODVW�WHDPV�UHVXOWV

1 5DQJH 0LQLPX
P

0D[LPX
P

0HDQ 6WG��
'HYLDWLRQ

6NHZQHV
V

.XUWRV
LV
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0$$1) �� ���� ���� ���� ������ ������ ����� ����

9��0 �� �� ��� ��� ����� ����� ���� ������

9�;��0 �� ��� ��� ���� ����� ����� ���� �����

6$5 �� �� � �� ����� ����� ����� �����

9DOLG�1�
�OLVWZLVH�

��

6NHZQHVV��LI� ���QRUPDO��QsVH�����QHJDWLY��LI !���SR]LWLYH�
.XUWRVLV��LI����PHVRNXUWLF��QsVH����SODW\NXUWLF��LI !��OHSWRNXUWLF�

7DEOH���SURYLGHV�GHVFULSWLYH�DQDO\VLV�RI�WKH�DQWKURSRPHWULF�DQG�PRWRU�YDULDEOHV�RI�WKH�ODVW�WHDPV�RI�WKH�6XSHUOHDJXH�
RI�.RVRYR��,I�ZH�ORRN�DW�WKH�VNHZQHVV�DV\PPHWU\�DSSURDFK�PHWKRG��6NHZQHVV���LQ�WKLV�FDVH�ZH�VHH�WKDW�RQO\�RQH�
YDULDEOH� H[FHHGV� WKH� QRUPDO� YDOXH� DERYH� ����� RI� WKH� DV\PPHWU\�� ZH� VHH� WKDW� RQO\� WKH� YDULDEOH� JLUWK� RI� WKH�
WKLJK�*7+����KDYH�YDOXHV�RI��WKH�VNHZQHVV�ZLWK�D�YDOXH�RI���������$OVR��VL[�YDULDEOHV�DUH�ZLWK�QHJDWLYH�DV\PPHWU\�
DQG�VHYHQ�ZLWK�SRVLWLYH�DV\PPHWU\�



Ϯϭ

7DEOH����&RUUHODWLRQ�DQDO\VLV����ILUVW�WHDPV
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���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

%DVHG�RQ�WKH�FRUUHODWLRQ�DQDO\VLV�LQ�WDEOH����DSSOLHG�LQ�WKH�VDPSOH�RI����PLGILHOGHUV�LQ�WKH�6XSHUOHDJXH�RI�.RVRYR�RI�
WKH� WRS��� WHDPV� LQ� WKH� WDEOH� UDQNLQJ�� LQ����YDULDEOHV�RI�ZKLFK�����DQWKURSRPHWULF�YDULDEOH� ����PRWRU�YDULDEOHV��ZH�
QRWH�WKDW�$/�KDV�VWDWLVWLFDOO\�YDOLG�FRUUHODWLRQ�ZLWK�%0,�DQG�*&$��S���������.*�KDV�VWDWLVWLFDOO\�YDOLG�FRUUHODWLRQ�
ZLWK� %0,�� *7+� DQG� 6/-� �S� �������� 2YHU� WKHUH� LV� FRUUHODWLRQ� ZLWK� *7+�� 6/-�� DQG� 9�;��0� �S� �������� *&+�
FRUUHODWHV�VWDWLVWLFDOO\�RQO\�ZLWK�*&$��S���������*7+�FRUUHODWHV�VWDWLVWLFDOO\�ZLWK�.*�DQG�%0,��S���������*&$�KDV�
VWDWLVWLFDOO\�YDOLG�FRUUHODWLRQ�ZLWK�$/�DQG�*&+��S���������6/-�KDV�VWDWLVWLFDOO\�UHOHYDQW�FRUUHODWLRQ�ZLWK�.*��0%,��
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6XSHUODJXH�LQ�IRRWEDOO�
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7KH� UHVHDUFKHG� UHVXOWV� EHWZHHQ� GLIIHUHQW� SRVLWLRQV� DQG� FRPSRQHQWV� RI� PRWRU� VNLOOV� PD\� GLIIHU� GXH� WR� WKH� QRQ�
VFLHQWLILF�DSSOLFDWLRQ�RI�WKH�WUDLQLQJ�SURJUDP�
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