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$GHTXDWH�VOHHS� LV�FUXFLDO� WR�DFKLHYH�RSWLPDO�EUDLQ
V�DELOLW\� WR� OHDUQ�DQG� UHPHPEHU��6OHHS�GHSULYDWLRQ�

DGYHUVHO\�DIIHFWV�WKH�EUDLQ�DQG�FRJQLWLYH�IXQFWLRQV�DQG�D�PDMRU�VRXUFH�RI�PRUELGLW\��6OHHS�GHSULYDWLRQ�LV�

DVVRFLDWHG� ZLWK� LQFUHDVHG� ULVNV� RI� K\SHUWHQVLRQ�� GLDEHWHV�� REHVLW\�� LVFKDHPLF� KHDUW� GLVHDVH�� VWURNH��

PRWRU� YHKLFOH� DFFLGHQWV� DQG� PHGLFDO� HUURUV�� /DFN� RI� VOHHS� FDQ� EH� GXH� WR� OLIHVW\OH� KDELWV� DQG� VOHHS���

GLVRUGHUV�� 7KLV� VWXG\� DLPHG� WR� LQYHVWLJDWH� WKH� SUHYDOHQFH�� UHODWHG� IDFWRUV� DQG� HIIHFWV� RI� VOHHS����������

GHSULYDWLRQ� DPRQJ�PHGLFDO� VWXGHQWV� LQ� 0DOD\VLD�� $� TXHVWLRQQDLUH� FRPSULVLQJ� RI� GHPRJUDSKLF� GHWDLO��

VOHHS�SDWWHUQ��VOHHS�EHKDYLRXU�DQG�HIIHFWV�RI�VOHHS�GHSULYDWLRQ�ZDV�GLVWULEXWHG�WKURXJK�*RRJOH�)RUP��$�

WRWDO�RI����� �������PDOH�DQG�������IHPDOH��PHGLFDO�VWXGHQWV�DJH���� WR����\HDUV�ROG� IURP����SXEOLF�

DQG� SULYDWH� PHGLFDO� VFKRROV� LQ� 0DOD\VLD� DQVZHUHG� WKH� TXHVWLRQQDLUH�� $OO� VWDWLVWLFDO� DQDO\VHV� ZHUH���

FRQGXFWHG�E\�XVLQJ�WKH�6WDWLVWLFDO�3DFNDJH�IRU�6RFLDO�6FLHQFH��6366��YHUVLRQ���������RI�UHVSRQGHQWV�

SHUFHLYHG� WKH\� DUH� VOHHS� GHSULYHG�� ������ KDG� LQVRPQLD� DQG� ���� KDG� SDUDVRPQLD�� 7KH� WZR� PDLQ���

IDFWRUV� RI� VOHHS� GHSULYDWLRQ� DUH� GXH� WR� VWXG\LQJ� RU� GRLQJ� KRPHZRUN� IROORZHG� E\� XVDJH� RI� HOHFWURQLF�

GHYLFHV� EHIRUH� VOHHS�� �$PRQJ� WKH� VOHHS� GHSULYHG�PHGLFDO� VWXGHQWV� WKHUH� LV� QR� UHODWLRQVKLS� EHWZHHQ�

VOHHS�GHSULYDWLRQ�ZLWK�JHQGHU�DQG�WKH�DYHUDJH�KRXUV�RI�VOHHS��6OHHS�GHSULYDWLRQ�DOVR�UHVXOWV�LQ�KLQGHUHG�

DFDGHPLF�SHUIRUPDQFH��7KHVH� UHVXOWV�VWURQJO\�VXSSRUW� IXUWKHU� LQYHVWLJDWLRQ�RI� WKH� LPSRUWDQW�DVSHFW�RI�

PHGLFDO�VWXGHQWV¶�OLIH�VXFK�DV�IDFWRUV�WKDW�DIIHFW�WKH�DELOLW\�WR�FRQFHQWUDWH�DV�ZHOO�DV�GLIIHUHQW�DVSHFWV�LQ�

OHDUQLQJ�DQG�QHXURSV\FKRORJ\��0RUH�SDUDPHWHUV�FDQ�EH�XVHG� LQFOXGLQJ�ELRORJLFDO�PDUNHUV� WR�DQDO\VH�

WKH�DVVRFLDWLRQ�LQ�RUGHU�WR�JHW�SUHFLVH�UHVXOWV� 

,1752'8&7,21 
 
6OHHS� GHSULYDWLRQ�� DOVR� NQRZQ� DV� LQVXIILFLHQW VOHHS RU�
VOHHSOHVVQHVV�� LV� WKH� FRQGLWLRQ� RI� QRW� KDYLQJ�
HQRXJK VOHHS�� ,W� FDQ� EH� HLWKHU� FKURQLF� RU� DFXWH� DQG�
PD\�YDU\�ZLGHO\� LQ�VHYHULW\��$�FKURQLF VOHHS-UHVWULFWHG�
VWDWH�DGYHUVHO\�DIIHFWV�WKH�EUDLQ�DQG�FRJQLWLYH�IXQFWLRQ��
6OHHS�GHSULYDWLRQ� �6'�� LV�D�PDMRU�VRXUFH�RI�PRUELGLW\�
ZLWK� ZLGHVSUHDG� KHDOWK� HIIHFWV� LQFOXGLQJ� LQFUHDVHG�
ULVNV� RI� K\SHUWHQVLRQ�� GLDEHWHV�� REHVLW\�� KHDUW� DWWDFN��
DQG�VWURNH�DQG�PDQ\�VOHHS�GHSULYDWLRQ�EHKDYLRXU�WKDW�
EULQJV� WRJHWKHU� YHKLFOH� DFFLGHQWV� DQG� PHGLFDO� HUURUV�
DQG�LV�WKHUHIRUH�DQ�XUJHQW�WRSLF�RI�LQYHVWLJDWLRQ�>�@�� 
 
7KH�FOLQLFDO�VWXG\�RI�VOHHS�GHSULYDWLRQ�LV�VWXGLHG�EDVHG�
RQ� VHYHUDO� WHVWV� LQFOXGLQJ� SHUIRUPLQJ� D� IDFH�QRQ-IDFH�
FDWHJRUL]DWLRQ� SV\FKRPRWRU� YLJLODQFH� WDVN� �397�� DQG�
HOHFWURHQFHSKDORJUDP� �((*��� /DFN� RI� VOHHS� FDQ� EH�
GXH� WR� OLIHVW\OH� KDELWV� DQG� VOHHS� GLVRUGHUV�� ,W� LV� QRW� D�
VHFUHW� WKDW� D� JRRG� QLJKW
V� VOHHS� PDNHV� SHRSOH� IHHO��
EHWWHU�� 6OHHS� JLYHV� \RXU� ERG\� WLPH� WR� UHVW� DQG���������
UHFKDUJH�� DQG� DOVR� EH� FUXFLDO� WR� WKH� EUDLQ
V� DELOLW\� WR�
OHDUQ� DQG� UHPHPEHU�� 'XULQJ� VOHHS�� ZKLOH� WKH� ERG\�
UHVWV��WKH�EUDLQ�LV�EXV\�SURFHVVLQJ�LQIRUPDWLRQ�IURP�WKH�
GD\� DQG� IRUPLQJ� PHPRULHV�� +HQFH�� LI� VOHHS� LV����������

GHSULYHG�� LW� ZLOO� GLVUXSW� WKH� OHDUQLQJ� FHQWUH� DQG����
LPSDLU� WKH� PHPRU\� SURFHVV� WR� LQSXW� QHZ� OHDUQLQJ�
VNLOOV��7KHUHIRUH��HDUO\�GLDJQRVLV�RI�VOHHS�GLVRUGHUV�
LV�HVVHQWLDO�WR�SUHYHQW�GHWULPHQWDO�HIIHFWV�RQ�KHDOWK� 
 
6SHFLILF� REMHFWLYHV� RI� WKLV� VWXG\�ZHUH� WR� GHWHUPLQH�
WKH� SUHYDOHQFH�� IDFWRUV� DQG� HIIHFWV� RI� VOHHS��������
GHSULYDWLRQ�DPRQJ�PHGLFDO�VWXGHQWV�LQ�0DOD\VLD� 
 
7\SHV�RI�VOHHS�SDWWHUQ 
7KH� QDWXUH� RI� VOHHS� GLIILFXOW\� YDULHV� JUHDWO\��������
EHWZHHQ�SHRSOH��0HGLFDO� VWXGHQWV� DUH� FRQVLGHUHG�
D� SRSXODWLRQ� WKDW� LV� SDUWLFXODUO\� SURQH� WR� VOHHS-
UHODWHG� SUREOHPV�� %DVHG� RQ� WKH� DUWLFOH� E\� .U\VWDO�
$'� ������� LQVRPQLD� LV� D� VOHHS� GLVRUGHU� WKDW�������
UHJXODUO\� DIIHFWV� PLOOLRQV� RI� SHRSOH� ZRUOGZLGH��
6RPHRQH� ZLWK� LQVRPQLD� ILQGV� LW� GLIILFXOW� WR� IDOO�
DVOHHS�RU�VWD\�DVOHHS��7KH�6\PSWRPV�RI� LQVRPQLD�
PD\�LQFOXGH�GLIILFXOW\�IDOOLQJ�DVOHHS��WURXEOH�VWD\LQJ�
DVOHHS�� DQG� QRW� IHHOLQJ� UHVWRUHG� E\� VOHHS� >�@������
$OWKRXJK�LW�KDV�QRW�EHHQ�FOHDU�WKDW� LW�LV�SRVVLEOH�WR�
LGHQWLI\�GLVWLQFW�VXEW\SHV�RI�SDWLHQWV�E\�V\PSWRP�RU�
WKDW�GLVWLQJXLVKLQJ�V\PSWRP�W\SH�DIIHFWV�WKH�FRXUVH�
RI� FOLQLFDO� WUHDWPHQW�� 7KLV� LV� WKH� FODVVLILFDWLRQ� RI�
LQVRPQLD� E\� GXUDWLRQ� PRVW� FRPPRQO\� LQYROYHV�
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WKUHH� FDWHJRULHV��7KH� ILUVW� FDWHJRULHV�DUH� WUDQVLHQW�
ZKLFK�LV�QR�PRUH�WKDQ�D�IHZ�GD\V��7KHQ��WKH�VKRUWǦ
WHUP�ZKLFK�XS� WR� ��ZHHNV�DQG� WKH� ODVW� FDWHJRULHV�
DUH� WKH� ORQJǦWHUP� ZKLFK� LV� PRUH� WKDQ� �� ZHHNV����
,QVRPQLD�DOVR�FDQ�EH�FODVVLILHG�LQWR�V\PSWRP�W\SH��
7KHUH� DUH� WKUHH� V\PSWRP� FDWHJRULHV�� ILUVW� LV� WKH�
GLIILFXOW\� RI� IDOOLQJ� DVOHHS�� WURXEOH� VWD\LQJ� DVOHHS�
DQG� QRW� IHHOLQJ� UHVWRUHG� E\� VOHHS� >�@�� 7KHUH� DUH�
VHYHUDO� ZD\V� WKDW� LQVRPQLD� FDQ� EH� FODVVLILHG� WKDW�
DUH�SRWHQWLDOO\� XVHIXO� LQ�FOLQLFDO�SUDFWLFH��7KH�PDLQ�
UHDVRQ� IRU� GLVWLQJXLVKLQJ� LQVRPQLD� IRU� LGHQWLI\LQJ�
WKH�DVVRFLDWHG�FRQGLWLRQV�VR�WKDW� WKRVH�DVVRFLDWHG�
FRQGLWLRQV�FDQ�EH�WUHDWHG�HDVLO\� 
 
$QRWKHU�VOHHS�SDWWHUQ� LV�SDUDVRPQLD��3DUDVRPQLDV�
DUH� D� JURXS� RI� VOHHS� GLVRUGHUV� FKDUDFWHUL]HG� E\�
DEQRUPDO�� XQSOHDVDQW�PRWRU� YHUEDO� RU� EHKDYLRXUDO�
HYHQWV� WKDW� RFFXU� GXULQJ� VOHHS� RU� ZDNH� WR� VOHHS�
WUDQVLWLRQV�>�@��3DUDVRPQLDV�FDQ�RFFXU�GXULQJ�QRQ-
UDSLG� H\H� PRYHPHQW� �15(0�� DQG� UDSLG� H\H���
PRYHPHQW� �5(0�� VWDJHV� RI� VOHHS� DQG� DUH� PRUH�
FRPPRQO\� VHHQ� LQ� FKLOGUHQ� WKDQ� LQ� WKH� DGXOW������
SRSXODWLRQ�� 3DUDVRPQLDV� DUH� D� JURXS� RI� VOHHS������
GLVRUGHUV� WKDW� DUH� FKDUDFWHUL]HG� E\� DEQRUPDO�����
XQSOHDVDQW�PRWRU��YHUEDO�RU�EHKDYLRXUDO�HYHQWV�WKDW�
RFFXU� GXULQJ� VOHHS� RU� ZDNH� WR� VOHHS� WUDQVLWLRQV��
3DUDVRPQLDV� FDQ� EH� JURXSHG� E\� WKH� W\SH� RI�������
EHKDYLRXUV�VHHQ�RU�EDVHG�RQ�WKH�VOHHS�VWDJH�IURP�
ZKLFK�WKH\�RFFXU��7KH�PRVW�FRPPRQ�QRQ-UDSLG�H\H�
PRYHPHQW� SDUDVRPQLDV� LQFOXGH� VRPQDPEXOLVP��
FRQIHVVLRQDO�DURXVDOV��DQG�QLJKW�WHUURUV��5DSLG�H\H�
PRYHPHQW� SDUDVRPQLDV�� SDUWLFXODUO\� UDSLG� H\H�
PRYHPHQW� VOHHS� EHKDYLRXUV� GLVRUGHU�� KDYH� EHHQ�
VWXGLHG� PRUH� H[WHQVLYHO\� >�@�� 8VXDOO\�� WKH� SDWLHQW�
ZLWK� UDSLG� H\H�PRYHPHQW� EHKDYLRXUV� GLVRUGHU� ZLOO�
SUHVHQW�ZLWK�DEQRUPDO�EHKDYLRXUV�GXULQJ�UDSLG�H\H�
PRYHPHQW� VOHHS�� ,Q� FRQFOXVLRQ�� LW� LV� FUXFLDO� WR������
XQGHUVWDQG� WKH� FKDUDFWHULVWLFV� RI� YDULRXV�������������
SDUDVRPQLDV� DQG� WKHLU� DVVRFLDWLRQ� ZLWK� PHGLFDO�
DQG� VOHHS-UHODWHG� GLVRUGHUV�� 3DUDVRPQLDV� DUH���
GLVWUHVVIXO� DQG� FDQ� GLVUXSW� WKH� OLIHVW\OH� RI� WKH�����
SDWLHQWV�DQG�RWKHUV��,W�LV�DOVR�FUXFLDO�WR�UHDVVXUH�WKH�
SDWLHQWV�DQG�GLVFXVV�LQ�GHWDLO�WKHLU�VOHHS�KLVWRU\�DQG�
IROORZ� WKH� SRVVLEOH� GLDJQRVWLF� DSSURDFK� IRU� D����
FRPSOHWH�HYDOXDWLRQ͘ 
 
7KH�UHODWLRQVKLS�RI�OHDUQLQJ�SURFHVV�DQG�VOHHS 
6OHHS� KHOSV� OHDUQLQJ� DQG� PHPRU\� LQ� WZR� GLVWLQFW�
ZD\V�� )LUVW�� D� VOHHS-GHSULYHG� SHUVRQ� FDQQRW� IRFXV�
RSWLPDOO\� DQG� WKHUHIRUH� FDQQRW� OHDUQ� HIILFLHQWO\��
6HFRQG��VOHHS� LWVHOI�KDV�D�UROH� LQ�WKH�FRQVROLGDWLRQ�
RI� PHPRU\�� ZKLFK� LV� HVVHQWLDO� IRU� OHDUQLQJ� QHZ���
LQIRUPDWLRQ�� $OWKRXJK� WKH� H[DFW�PHFKDQLVP� LV� QRW�
NQRZQ��OHDUQLQJ�DQG�PHPRU\�DUH�RIWHQ�GHVFULEHG�LQ�
WHUPV� RI� WKUHH� IXQFWLRQV�� $FTXLVLWLRQ� UHIHUV� WR� WKH�
LQWURGXFWLRQ� RI� QHZ� LQIRUPDWLRQ� LQWR� WKH� EUDLQ�����
&RQVROLGDWLRQ�UHSUHVHQWV�WKH�SURFHVVHV�E\�ZKLFK�D�
PHPRU\�EHFRPHV�VWDEOH��5HFDOO�UHIHUV�WR�WKH�DELOLW\�
WR� DFFHVV� WKH� LQIRUPDWLRQ� �ZKHWKHU� FRQVFLRXVO\� RU�
XQFRQVFLRXVO\��DIWHU�LW�KDV�EHHQ�VWRUHG� 
 
(OOHQERJHQ�-0��3D\QH�-'�DQG�6WLFNJROG�5���������
VWXG\� WKH� UROH� RI� VOHHS� LQ� OHDUQLQJ� DQG� PHPRU\��
IRUPDWLRQ� LQ� WZR�ZD\V��7KH� ILUVW�DSSURDFK� ORRNV�DW�
WKH�GLIIHUHQW�VWDJHV�RI�VOHHS� �DQG�FKDQJHV� LQ� WKHLU�
GXUDWLRQ�� LQ� UHVSRQVH� WR� OHDUQLQJ� D� YDULHW\� RI� QHZ�
WDVNV�� 7KH� VHFRQG� DSSURDFK� H[DPLQHV� KRZ� VOHHS�

GHSULYDWLRQ� DIIHFWV� OHDUQLQJ�� 6OHHS� GHSULYDWLRQ� FDQ�
EH� WRWDO� �QR� VOHHS� DOORZHG��� SDUWLDO� �HLWKHU� HDUO\� RU�
ODWH�VOHHS�LV�GHSULYHG���RU�VHOHFWLYH��VSHFLILF�VWDJHV�
RI�VOHHS�DUH�GHSULYHG��>�@� 
 
7KH�HDUOLHVW�VOHHS�DQG�PHPRU\�UHVHDUFK�IRFXVHG�RQ�
GHFODUDWLYH�PHPRU\��ZKLFK�LV�WKH�NQRZOHGJH�RI�IDFW-
EDVHG�LQIRUPDWLRQ��RU�³ZKDW´�ZH�NQRZ��)RU�H[DPSOH��
WKH�FDSLWDO�RI�)UDQFH��RU�ZKDW�\RX�KDG�IRU�GLQQHU�ODVW�
QLJKW��,Q�RQH�UHVHDUFK�VWXG\��LQGLYLGXDOV�HQJDJHG�LQ�
DQ� LQWHQVLYH� ODQJXDJH� FRXUVH� ZHUH� REVHUYHG� WR�
KDYH� DQ� LQFUHDVH� LQ� UDSLG� H\H�PRYHPHQW� VOHHS� RU�
5(0� VOHHS�� 7KLV� LV� D� VWDJH� RI� VOHHS� LQ� ZKLFK��
GUHDPLQJ�RFFXUV�PRVW�IUHTXHQWO\��6FLHQWLVWV�K\SRWK�
HVL]HG� WKDW�5(0� VOHHS� SOD\HG� DQ� HVVHQWLDO� UROH� LQ�
WKH� DFTXLVLWLRQ� RI� OHDUQHG�PDWHULDO�� )XUWKHU� VWXGLHV�
KDYH� VXJJHVWHG� WKDW� 5(0� VOHHS� VHHPV� WR� EH�����
LQYROYHG� LQ� GHFODUDWLYH� PHPRU\� SURFHVVHV� LI� WKH�
LQIRUPDWLRQ�LV�FRPSOH[�DQG�HPRWLRQDOO\�FKDUJHG��EXW�
SUREDEO\� QRW� LI� WKH� LQIRUPDWLRQ� LV� VLPSOH� DQG������
HPRWLRQDOO\�QHXWUDO� 
 
7KLV�VWXG\�KDV�DOVR�IRFXVHG�RQ�VOHHS�DQG�LWV�UROH�LQ�
SURFHGXUDO�PHPRU\�ZKLFK� LV�UHPHPEHULQJ�³KRZ´� WR�
GR� VRPHWKLQJ�� )RU� H[DPSOH�� ULGLQJ� D� ELF\FOH� RU��
SOD\LQJ� WKH� SLDQR�� 5(0� VOHHS� VHHPV� WR� SOD\� D����
FULWLFDO� UROH� LQ� WKH� FRQVROLGDWLRQ� RI� SURFHGXUDO�
PHPRU\�� 2WKHU� DVSHFWV� RI� VOHHS� DOVR� SOD\� D� UROH��
PRWRU� OHDUQLQJ�VHHPV� WR�GHSHQG�RQ� WKH�DPRXQW�RI�
OLJKWHU�VWDJHV�RI�VOHHS��ZKLOH�FHUWDLQ�W\SHV�RI�YLVXDO�
OHDUQLQJ�VHHP�WR�GHSHQG�RQ�WKH�DPRXQW�DQG�WLPLQJ�
RI� ERWK� GHHS�� VORZ-ZDYH� VOHHS� �6:6�� DQG� 5(0�
VOHHS� 
 
7KLV�VWXG\�DOVR�IRFXVHV�RQ�WKH�LPSDFW�WKDW�D�ODFN�RI�
DGHTXDWH�VOHHS�KDV�RQ�OHDUQLQJ�DQG�PHPRU\��:KHQ�
ZH� DUH� VOHHS� GHSULYHG�� RXU� IRFXV�� DWWHQWLRQ�� DQG�
YLJLODQFH� GULIW�� PDNLQJ� LW� PRUH� GLIILFXOW� WR� UHFHLYH��
LQIRUPDWLRQ��:LWKRXW�DGHTXDWH�VOHHS�DQG�UHVW��RYHU-
ZRUNHG� QHXURQV� FDQ� QR� ORQJHU� IXQFWLRQ� WR� FRRUGL�
QDWH�LQIRUPDWLRQ�SURSHUO\��DQG�ZH�ORVH�RXU�DELOLW\�WR�
DFFHVV�SUHYLRXVO\�OHDUQHG�LQIRUPDWLRQ��%HVLGHV��RXU�
LQWHUSUHWDWLRQ� RI� HYHQWV� PD\� EH� DIIHFWHG��:H� ORVH�
RXU�DELOLW\�WR�PDNH�VRXQG�GHFLVLRQV�EHFDXVH�ZH�FDQ�
QR� ORQJHU� DFFXUDWHO\� DVVHVV� WKH� VLWXDWLRQ�� SODQ���
DFFRUGLQJO\��DQG�FKRRVH�WKH�FRUUHFW�EHKDYLRXU� 
� 
 
0(7+2'2/2*< 
 
6WXG\�GHVLJQ 
7KLV�VWXG\�LV�D�GHVFULSWLYH�DQG�TXDOLWDWLYH�VWXG\�WR� 
D�� 7KH� JHQHUDO� HIIHFW� RI� VOHHS� GHSULYDWLRQ� DPRQJ�

PHGLFDO�VWXGHQWV� 
E��7KH�PDLQ�VOHHS�FRPSODLQV�DPRQJ�PHGLFDO�����VWX�

GHQWV� 
F�� 7KH� IDFWRU� RI� VOHHS� GHSULYDWLRQ� DPRQJ� PHGLFDO�

VWXGHQWV�� )RU� H[DPSOH�� XS� ODWH� VWXG\LQJ�� H[WUD�
FXUULFXODU� DFWLYLWLHV�� YLGHR� JDPH� DGGLFWLRQ�� DQG�
PRUH� 

G�� 7KH� HIIHFW� RI� VOHHS� GHSULYDWLRQ� DPRQJ� PHGLFDO�
VWXGHQWV�� )RU� H[DPSOH�� ZHDN� LPPXQH� V\VWHP��
VKRUW-WHUP� PHPRU\�� XQVWDEOH� HPRWLRQ�� DQG�
PRUH� 

 
6DPSOH 
6DPSOH� SRSXODWLRQ� ZHUH� PHGLFDO� VWXGHQWV� IURP��
XQLYHUVLWLHV� LQFOXGLQJ� 8QL6+$06�� 8QL6=$�� 80��
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830��8.0��8L70�DQG�PRUH� 
 
6WXG\�SHULRG 
5HVHDUFK� ZDV� GRQH� LQ� D� PRQWK�� LQFOXGLQJ� GLVFXV�
VLRQ�RQ�KRZ�WKH�UHVHDUFK�ZLOO�EH�FRQGXFWHG��PHGLFDO�
VWXGHQWV� RQ� DQVZHULQJ� TXHVWLRQV�� GDWD� FROOHFWLRQ�
IURP�TXHVWLRQQDLUHV��JHWWLQJ� UHVXOW� IURP�6366��DQG�
UHSRUW�ZULWLQJ� 
 
5HVHDUFK�WRROV�DQG�PDWHULDOV 
4XHVWLRQQDLUH� 
&RQVLVW� RI� �� GLIIHUHQW� VHFWLRQ�� 6HFWLRQ� $�� 'HPR�
JUDSKLF�GHWDLO��6HFWLRQ�%��6OHHS�SDWWHUQ��6HFWLRQ�&��
6OHHS�%HKDYLRXU��6HFWLRQ�'��(IIHFWV�RI�6OHHS�'HSUL�
YDWLRQ� 
 
'DWD�FROOHFWLRQ 
4XHVWLRQQDLUH�WKURXJK�*RRJOH�)RUP��/LQN�RI�*RRJOH�
)RUP�ZDV�VHQW�WKURXJK�:KDWV$SS��,Q�GDWD�DQDO\VLV��
$SSOLHG� &KL-6TXDUH�PRGHO� DQG� 3HDUVRQ¶V� &RUUHOD�
WLRQ� WR� GHWHUPLQH� WKH� DVVRFLDWLRQ�� $OO� VWDWLVWLFDO��
DQDO\VHV� ZHUH� FRQGXFWHG� E\� XVLQJ� WKH� 6WDWLVWLFDO�
3DFNDJH�IRU�6RFLDO�6FLHQFH��6366��YHUVLRQ���� 
 
 
5(68/76 
 
$� WRWDO� RI� ���� PHGLFDO� VWXGHQWV� ������� PDOH� DQG�
������ IHPDOH�� ZHUH� UHFUXLWHG� LQ� WKH� VWXG\�� 7KH����

GHPRJUDSKLF�GDWD� LV� WDEXODWHG� LQ�7DEOH����7KH�DJH�
UDQJHG�IURP����WR����\HDUV�ROG�ZLWK�WKH�PDMRULW\�RI�
WKH�SDUWLFLSDQWV�EHLQJ����\HDUV�ROG����������0RVW�RI�
WKH�SDUWLFLSDQWV�ZHUH�VLQJOH���������DV�FRPSDUHG�WR�
WKH� PDUULHG� SDUWLFLSDQWV� �������� 3DUWLFLSDQWV� ZHUH�
YDULHG� IURP� SULYDWH� DQG� SXEOLF� XQLYHUVLWLHV� LQ�������
0DOD\VLD�� 7KH� UHVXOWV� FRYHULQJ� VHFWLRQ� %-'� ZDV�
VKRZQ�LQ�7DEOH������	��� 
 
)RU� GHVFULSWLYH� DQDO\VLV�� WKHUH� LV� QR� UHODWLRQVKLS�
EHWZHHQ�VOHHS�GHSULYDWLRQ�ZKHQ�FRPLQJ� WR� FROOHJH�
DQG�DYHUDJH�KRXUV�RI�VOHHS��%XW�WKHUH�LV�D�UHODWLRQ�
VKLS� DQG� VLJQLILFDQW� DVVRFLDWLRQ� EHWZHHQ� VOHHS-
GHSULYHG� ZKHQ� FRPLQJ� WR� FROOHJH� DQG� DFDGHPLF�
SHUIRUPDQFH� KLQGHUHG�� DQG� VWUHVV� LQWHUIHUHV� DELOLW\�
WR�IDOO�DVOHHS�� 
 
1R� DVVRFLDWLRQ� ZDV� IRXQG� EHWZHHQ� JHQGHU� DQG�
VOHHS�GHSULYDWLRQ�ZKHQ�FRPLQJ�WR�FROOHJH� 
 
5HVXOWV� RI� WKH� 3HDUVRQ� FRUUHODWLRQ� LQGLFDWHG� WKDW�
WKHUH�ZDV�D�VLJQLILFDQW�SRVLWLYH�DVVRFLDWLRQ�EHWZHHQ�
WKH� UHVXOWV� VFRUHG� RQ� WKH� $FDGHPLF� SHUIRUPDQFH�
KLQGHUHG�DQG�6WUHVV� LQWHUIHUHV�DELOLW\� WR� IDOO�DVOHHS��
5HVXOWV� RI� WKH� 3HDUVRQ� FRUUHODWLRQ� LQGLFDWHG� WKDW�
WKHUH� ZDV� D� VLJQLILFDQW� ZHDN� QHJDWLYH� FRUUHODWLRQ�
EHWZHHQ� WKH� UHVXOWV� VFRUHG� RQ� WKH� VOHHS-GHSULYHG�
ZKHQ�FRPLQJ�WR�FROOHJH�DQG�6WUHVV�LQWHUIHUHV�DELOLW\�
WR�IDOO�DVOHHS� 

'HPRJUDSKLF�GHWDLO )UHTXHQF\ 3HUFHQWDJHV���� 
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&KDUDFWHULVWLFV )UHTXHQF\ 3HUFHQWDJH���� 

6/((3�'(35,9('�:+(1�&20,1*�72�&2/�
/(*( 

    

<HV ��� ���� 
1R �� ���� 

6/((3�1(('('�72�)81&7,21�:(//�,1�7+(�
1(;7�'$<��+2856� 

    

����KRXUV � ��� 

��-���KRXUV �� ���� 

��-���KRXUV �� ���� 

!���KRXUV � ��� 

+$5'�72�67$<�$:$.(�$1'�72�)2&86('�,1�
&/$66 

    

<HV ��� ���� 

1R �� ���� 

$9(5$*(�+2856�2)�6/((3��+2856�     

����KRXUV �� ��� 

��-���KRXUV ��� ���� 

������-���KRXUV �� ���� 

!���KRXUV � ��� 

/(66�(1(5*<�$1'�027,9$7,21     

<HV �� ���� 

1R � ��� 

6RPHWLPHV�GHSHQGV ��� ���� 

1(*$7,9(�022'6�$1'�%(+$9,25$/�
&+$1*(6 

    

<HV ��� ���� 

1R �� ���� 

',6&866,21 
 

,Q�WKLV�VWXG\��DERXW������������RI�PHGLFDO�VWXGHQWV�
GLG� QRW� H[SHULHQFH� LQVRPQLD� ZKLOH� RWKHUV�� DERXW�
�����������VWXGHQWV�KDYH�GLIILFXOW\�VOHHSLQJ�GXH�WR�
PLQG� GLVWXUEDQFH�ZKHQ� WU\LQJ� WR� VOHHS�� 7KLV� UHVXOW�
ZDV� VXSSRUWHG� E\� D� VWXG\� PHQWLRQHG� WKDW� XS� WR�
����RI�VWXGHQWV�VXIIHU�IURP�SRRU�VOHHS�TXDOLW\�DQG�
����� DUH� KDYLQJ� LQVRPQLD� >�@�� 7KH� KRXUV� RI��������
VWXGHQWV� VOHHS� DOVR� OHDG� WR� WKH� TXDOLW\� WR� IXQFWLRQ�
ZHOO� RQ� WKH� QH[W� GD\�� EDVHG� RQ� WKH� UHVXOW� RI� WKLV�
VWXG\�� ������ ����� VWXGHQWV� QHHG� �� WR� �� KRXUV� RI�
VOHHS� WR� IXQFWLRQ� ZHOO� DQG� VXIIHUHG� IURP� PRUQLQJ�
WLUHGQHVV�DQG�RQO\������RI�VWXGHQWV�QHHG�OHVV�WKDQ�
�� KRXUV�� ,Q� DQRWKHU� VWXG\�� ���� RI� DOO� VWXGHQWV�����
VXIIHUHG� IURP� PRUQLQJ� WLUHGQHVV� DIWHU� KDYLQJ�
HQRXJK�VOHHSLQJ�KRXUV�>�@�� 

7KLV� VWXG\� IRXQG� D� VLJQLILFDQW� GLVFUHSDQF\��������
EHWZHHQ� VOHHS� GHSULYDWLRQ� DQG� WKH� HIIHFWV� RQ���
KXPDQ� IXQFWLRQLQJ� DPRQJ� PHGLFDO� VWXGHQWV� LQ�
WHUPV� RI� DOHUWQHVV� DQG� DFDGHPLF� SHUIRUPDQFH��
7KH� VOHHSLQJ� KRXUV� QHHGHG� IRU� D� VWXGHQW� WR����
IXQFWLRQ�ZHOO�DOVR� LQWHUIHUH�ZLWK� WKH�VWXGHQW�DELOLW\�
WR� VOHHS� WKURXJK� WKH� QLJKW�� 2YHUDOO�� WKH� UHVXOW� LQ�
WKLV�UHVHDUFK�KLJKOLJKWV�PRUH�RQ�WKH�HIIHFW�RI�VOHHS�
GHSULYDWLRQ�� 
 
6OHHS� GLVWXUEDQFHV� LQ� XQGHUJUDGXDWH� PHGLFDO�
VWXGHQWV�DUH�RI�SDUWLFXODU� LQWHUHVW�EHFDXVH�RI�WKH�
NQRZQ� UHODWLRQVKLS� EHWZHHQ� VOHHS� DQG� PHQWDO�
KHDOWK� DQG� WKH� FRQFHUQ� WKDW� WKH� DFDGHPLF�������
GHPDQGV� RI� PHGLFDO� WUDLQLQJ� FDQ� FDXVH� VLJQLIL�
FDQW�VWUHVV�>�@��$Q\�DGGLWLRQDO�XQGLDJQRVHG�VOHHS�
SUREOHP� FDQ� SUHVXPDEO\� H[DFHUEDWH� PHQWDO�

7DEOH����6OHHS�SDWWHUQ�DQDO\VLV� 
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&KDUDFWHULVWLF )UHTXHQF\ 3HUFHQW���� 

0DLQ�6OHHS�&RPSODLQWV     

7URXEOH�IDOOLQJ�DVOHHS �� ���� 

7URXEOH�UHPDLQLQJ�VOHHS �� ���� 

([FHVVLYH�VOHHSLQHVV�GXULQJ�WKH�GD\ �� ���� 

6QRULQJ � ��� 

8QZDQWHG�EHKDYLRXUV�GXULQJ�VOHHS �� ���� 

%UHDWKLQJ     

,�KDYH�EHHQ�WROG�WKDW�,�VQRUH�ORXGO\ �� ��� 

,�VZHDW�D�JUHDW�GHDO�DW�QLJKW � ��� 

,�VOHHS�LQ�QRUPDO�EUHDWKLQJ ��� ���� 

,�KDYH�EHHQ�WROG�WKDW�,�VWRS�EUHDWKLQJ�ZKLOH�
DVOHHS" 

� ��� 

,�KDYH�EHHQ�WROG�WKDW�,�VQRUH�RQO\�ZKHQ�
VOHHSLQJ�RQ�P\�EDFN 

� ��� 

,�DZDNHQ�DW�QLJKW�FKRNLQJ�RU�JDVSLQJ�IRU�DLU � ��� 

,�KDYH�WURXEOH�EUHDWKLQJ�ZKHQ�IODW�RQ�P\�
EDFN 

� ��� 

,�KDYH�WURXEOH�EUHDWKLQJ�ZLWK�P\�QRVH � ��� 

,�KDYH�PRUQLQJ�KHDGDFKHV �� ��� 

3DUDVRPQLDV     

,�DFW�RQ�P\�GUHDPV�ZKLOH�DVOHHS �� ��� 

,�KDYH�IUHTXHQW�QLJKWPDUHV �� ���� 

,�WDON�LQ�P\�VOHHS �� ���� 

,�KDYH�VOHHS�ZDONHG�DV�DQ�DGXOW � ��� 

,�GLG�QRW�H[SHULHQFH�SDUDVRPLDV�DW�DOO ��� ���� 

,QVRPQLD     

,�KDYH�WURXEOH�IDOOLQJ�DVOHHS �� ��� 

7KRXJKWV�VWDUW�UDFLQJ�WKURXJK�P\�PLQG�
ZKHQ�,�WU\�WR�IDOO�DVOHHS 

�� ���� 

,�KDYH�WURXEOH�UHPDLQLQJ�DVOHHS � ��� 

,�DZDNHQ�IUHTXHQWO\�GXULQJ�WKH�QLJKW �� ��� 

,�KDYH�GLIILFXOW\�UHWXUQLQJ�WR�VOHHS�LI�,�DZDN�
HQ�GXULQJ�WKH�QLJKW 

� ��� 

,�GLG�QRW�H[SHULHQFH�LQVRPQLD �� ���� 

7DEOH����6OHHS�%HKDYLRXU�$QDO\VLV� 
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&KDUDFWHULVWLF )UHTXHQF\ 3HUFHQW 

$&$'(0,&�3(5)250$1&(�+,1'(5('     

<HV �� ���� 

1R �� ���� 

6RPHWLPHV�GHSHQGV ��� ���� 

27+(5�)$&7256�'(0,1,6+�48$/,7<�$1'�
48$17,7<�2)�6/((3 

    

1RW�WLUHG�DW�QLJKW��D��QLJKW�RZO� �� ��� 

8S�ODWH�VWXG\LQJ���GRLQJ�KRPHZRUN �� ���� 

2XW�ZLWK�IULHQGV���VRFLDOL]LQJ �� ��� 

,QYROYHPHQW�LQ�H[WUD-FXUULFXODU�DFWLYLWLHV��FOXEV�
ZRUN�VRURULW\�WHDP�VSRUWV�HWF�� 

�� ��� 

8QFRPIRUWDEOH�VOHHSLQJ�HQYLURQPHQW �� ���� 

8VDJH�RI�HOHFWURQLF�GHYLFHV�EHIRUH�VOHHS��PRELOH�
SKRQHV�ODSWRSV�PS��HWF�� 

�� ���� 

0HGLFDO�FRQGLWLRQV��GHSUHVVLRQ�VOHHS�DSQRHD� � ��� 

9LGHR�JDPH�DGGLFWLRQ � ��� 

,�GRQ
W�IHHO�WKDW�P\�VOHHS�TXDOLW\�TXDQWLW\�LV�GLPLQ�
LVKHG 

�� ��� 

675(66�,17(5)(5(6�$%,/,7<�72�)$//�
$6/((3 

    

1RW�RIWHQ����-���GD\V�D�ZHHN� ��� ���� 

6RPHZKDW�RIWHQ����-���GD\V�D�ZHHN� �� ���� 

2IWHQ����-���GD\V�D�ZHHN� �� ���� 

9HU\�RIWHQ��DW�OHDVW���GD\V�D�ZHHNͿ � ��� 

VWUHVV� LQ� WKHVH� VWXGHQWV� ZLWK� SRWHQWLDO� ORQJ-WHUP��
FRQVHTXHQFHV� IRU� ERWK� LQGLYLGXDO
V� KHDOWK� DQG� WKH�
RYHUDOO�SHUIRUPDQFH�RI�WKH�KHDOWK�FDUH�V\VWHP��6OHHS�
GLVWXUEDQFH� FRXOG� EH� HLWKHU� D� FDXVH�� V\PSWRP� RU�
FRPRUELGLW\�ZLWK�VWUHVV�RU�ZLWK�D�SV\FKLDWULF�GLVRUGHU�
>�@�� 6WUHVV�PD\� FDXVH�PDQ\� VOHHS� GLIILFXOWLHV�� VXFK�
DV� UHVWOHVV� VOHHS��PLG-VOHHS�DZDNHQLQJ�DQG�ZDNLQJ�
XS� WRR� HDUO\�� 0HGLFDO� VWXGHQWV� DUH� VXEMHFW� WR� KLJK�
OHYHOV� RI� VWUHVV� DQG� ZRUN� KDUG� WR� LQFUHDVH� DQG���
PDLQWDLQ� WKHLU� JUDGH� SRLQW� DYHUDJH� �*3$�� DW� WKH���
H[SHQVH�RI�VOHHS�>��@� 
 
7KLV� VWXG\� DOVR� IRXQG� WKDW� DQRWKHU� IDFWRU� WKDW���������
GLPLQLVKHV� WKH� TXDOLW\� DQG� TXDQWLW\� RI� VOHHS� LV� WKH��
XVDJH�RI� HOHFWURQLF�GHYLFHV�EHIRUH� VOHHS�ZLWK� ������
DERXW����PHGLFDO�VWXGHQWV��$�VWXG\�LQ�$PHULFD�IRXQG�
WKDW�����SHUVRQ�EULQJ�FHOO�SKRQHV�LQWR�WKHLU�EHGURRP�
DQG�XVH� WKHP�ZKHQ� WU\LQJ� WR�VOHHS�DQG�����SHUVRQ�
OHDYH� WKHLU� SKRQHV� EHIRUH� VOHHS� >��@�� %DVHG� RQ������
UHVHDUFK�GRQH�RQ�PHGLFDO�VWXGHQWV��������RI� WKH����

VWXGHQWV�DWWHQGLQJ�WKH�VDPH�VFKRRO�VFKHGXOH�KDG�D�
SRRU�VOHHS�TXDOLW\�DFFRUGLQJ�WR�WKH�3LWWVEXUJK�6OHHS�
4XDOLW\� ,QGH[� �364,�� WKURXJK� WKH� TXHVWLRQQDLUH�
>��@�� $� FRUUHODWLRQ� EHWZHHQ� VOHHS� RQVHW�� VOHHS����
LUUHJXODULW\� DQG� VOHHS� OHQJWK� FDQ� EH� LGHQWLILHG�����
WRJHWKHU� ZLWK� DFDGHPLF� SHUIRUPDQFH�� 'HVSLWH���
VWD\LQJ� XS� IRU� DFDGHPLF� SXUSRVHV�� LW� GLVUXSWV� WKH�
TXDOLW\�RI�VOHHS-ZDNH�F\FOH�ZKHUH� LW� GRHV�QRW�RQO\�
LQFUHDVH� IDWLJXH� DQG� VOHHSLQHVV� EXW� DOVR� ZRUVHQV�
FRJQLWLYH� SHUIRUPDQFH�� 7KLV� VWXG\� LV� VXSSRUWHG� E\�
UHFHQW�UHVHDUFK�SURYLQJ�WKDW�SRRU�TXDOLW\�RI�VOHHS�LV�
GXH� WR� VWXGHQWV� DIUDLG� RI� PLVVLQJ� RXW� KHQFH� WKH\�
DUH� UHSRUWHG� WR� DVVHVV� WHFKQRORJ\� XVH� EHIRUH�
VOHHS�� WHFKQRORJ\� XVH� GXULQJ� VOHHS� DQG� VRFLDO����
PHGLD� XVH� IRU� ERWK� DFDGHPLF� DQG� QRQ-DFDGHPLF�
SXUSRVHV� >��@�� 6WXGHQWV� QHHG� WR� KDYH� D� QRUPDO�
VOHHS�F\FOH�DQG�WKLV�DFW�FDQ�EH�GRQH�E\�UHVHDUFK�
HUV�RU�KLJKHU�DXWKRULW\�WR�WHDFK�WKH�VWXGHQWV�KRZ�WR�
HIIHFWLYHO\� PDQDJH� VOHHS� FDQ� LPSURYH� WKHLU� ZHOO-
EHLQJ� 

7DEOH����(IIHFW�RI�VOHHS�GHSULYDWLRQ� 
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6OHHS�GHSULYDWLRQ�ZLOO�OHDG�WR�D�ZHDN�LPPXQH�V\VWHP�
E\� PRGLILHV� YDULRXV� FRPSRQHQWV� RI� WKH� LPPXQH����
V\VWHP� >��@��2QH� RI� WKHP� LV� D� GHFUHDVH� LQ� F\WRNLQH�
OHYHOV�� ,Q� D� QRUPDO� QLJKW-WLPH� VOHHSLQJ� KDELW�� WKHUH�
ZLOO� EH� DQ� LQFUHDVH� RI� F\WRNLQHV� DQG�PHODWRQLQ� DQG�
GHFUHDVH�RI�FRUWLVRO��&\WRNLQHV�DIIHFW�WKH�JURZWK�RI�DOO�
EORRG� FHOOV� DQG� RWKHU� FHOOV� WKDW� KHOS� WKH� ERG\
V������
LPPXQH�DQG�LQIODPPDWLRQ�UHVSRQVHV��7KH\�DOVR�KHOS�
WR� ERRVW� DQWL-FDQFHU� DFWLYLW\� E\� VHQGLQJ� VLJQDOV� WKDW�
FDQ� KHOS�PDNH� DEQRUPDO� FHOOV� GLH� DQG� QRUPDO� FHOOV�
OLYH�ORQJHU� 
 
6OHHS� GHSULYDWLRQ� KDV� D� JUHDW� LPSDFW� RQ� WKH� FDUGLR�
YDVFXODU�V\VWHP��7KH�VOHHS�GXUDWLRQ� LV�DQ�LQGHSHQG�
HQW�SUHGLFWRU�IRU�PRUELGLW\�DQG�PRUWDOLW\�RI�WKH�FDUGLR�
YDVFXODU� GLVHDVH� >��@�� &DUGLRYDVFXODU� GLVHDVH� LV� D�
QRQ-FRPPXQLFDEOH� GLVHDVH� DQG� LV� GHILQHG� DV� D����
FRQGLWLRQ� WKDW� LQYROYHG� QDUURZLQJ� RU� EORFNLQJ� EORRG�
YHVVHOV� ZKLFK� PD\� OHDG� WR� KHDUW� DWWDFN�� DQJLQD� RU�
VWURNH�� $FFRUGLQJ� WR� 'HSDUWPHQW� RI� 6WDWLVWLF� RI������
0DOD\VLD�� FDUGLRYDVFXODU� GLVHDVHV� KDYH� EHHQ� WKH�
OHDGLQJ� FDXVH� RI� GHDWK� LQ�0DOD\VLDQ� VLQFH� WKH� HDUO\�
����V�XQWLO� WRGD\� >��@��$� IHZ�VWXGLHV�VXJJHVWHG� WKDW�
VOHHS�GHSULYDWLRQ�KDV�EHHQ�UHODWHG� WR�D�JUHDW� ULVN�RI�
P\RFDUGLDO� LQIDUFWLRQ�DQG�KHDUW� IDLOXUH�>��-��@��6OHHS�
GHSULYDWLRQ�FDQ�DOVR�LQFUHDVH�WKH�V\PSDWKHWLF�RXWIORZ�
WR�WKH�KHDUW�RU�SHULSKHU\�WKURXJK�LQFUHDVLQJ�FDWHFKRO�
DPLQH� OHYHO�� FRURQDU\� YDVRPRWRU� WRQH�� EORRG� SUHV�
VXUH� DQG� KHDUW� UDWH�� WKXV� DOWHU� WKH� EDODQFH� EHWZHHQ�
GHPDQG�DQG�VXSSO\�RI�R[\JHQ�>��-��@��+HQFH��VRPH�
VWXGLHV� UXOHV� RXW� DV� EORRG� SUHVVXUH� LV� VLJQLILFDQW� WR�
OHDG�WR�K\SHUWHQVLRQ�WKDW�ZLOO�GHGXFH�LQ�KLJK�DIWHUORDG�
SUHVVXUH�� H[DFHUEDWLQJ� FHOO� GHDWK� DQG� LQFUHDVH� WKH�
ULVN�WR�KDYH�FDUGLRYDVFXODU�GLVHDVH�>��-��@� 
 
6OHHS� GHSULYDWLRQ� ZDV� DOVR� IRXQG� WR� EH� DVVRFLDWHG�
ZLWK� PRRG� GHILFLW� HVSHFLDOO\� WKRVH� WKDW� WULJJHU� DQ�
HPRWLRQDO�UHVSRQVH��6OHHS�ZDV�DFWXDOO\�KDV�D�UROH�LQ�
UHJXODWLQJ�HPRWLRQDO�EUDLQ-VWDWHV�>��@��$�VWXG\�IRXQG�
RXW� VOHHS� GHSULYDWLRQ� DVVRFLDWHG� ZLWK� UHGXFHG�����
IXQFWLRQDO� FRQQHFWLYLW\� EHWZHHQ� WKH� DP\JGDOD� DQG�
WKH�PHGLDO� SUHIURQWDO� FRUWH[� �P3)&��� $� VWXG\� IRXQG�
WKDW� UHIOHFWLQJ� VOHHS� GHSULYDWLRQ� FDQ� LQGXFHG���������
GLVUXSWLRQ� RI� WRS-GRZQ� FRQWURO� RI� HPRWLRQ� DV� LW� ZDV�
FODLPHG� WR� UHGXFH� SUHIURQWDO-DP\JGDOD� IXQFWLRQDO�
FRQQHFWLYLW\� >��@�� 6OHHS� GHSULYDWLRQ� FDQ� OHDG� WR�����
VHULRXV�FKDQJHV� LQ�PRRG�VWDWHV�DQG� WKHLU� UHJXODWLRQ�
>��-��@�� 
 
6OHHS� GHSULYDWLRQ� FDQ� DOVR� OHDG� WR� REHVLW\�������������
,QVXIILFLHQW� VOHHS� LV� D� SRVVLEOH� FDXVH� RI�ZHLJKW� JDLQ�
DQG� REHVLW\� DQG� KDYH� EHHQ� UHVHDUFKHG� E\� PDQ\���
VFLHQWLILF� ZRUNV� RI� OLWHUDWXUH� >��@�� 6OHHS� DQG� REHVLW\�
DVVRFLDWLRQ� KDV� SURYHG� WKDW� LQVXIILFLHQW� VOHHS� ZLOO��
LQFUHDVH�WKH�IRRG�LQWDNH�GXULQJ�WKH�QLJKW��,Q�DGGLWLRQ��
VKRUW� VOHHS� GXUDWLRQ�� SRRU� VOHHS� TXDOLW\�� DQG� ODWH��
EHGWLPHV�DUH�DOO�DVVRFLDWHG�ZLWK�H[FHVV� IRRG� LQWDNH��
SRRU� GLHW� TXDOLW\�� DQG� REHVLW\� LQ� WKH� PRGHUQ����������
REHVRJHQLF� HQYLURQPHQW�� 7KRVH� SHRSOH� DOVR� QRW����
SUHIHU� WR� GR� VRPH� H[HUFLVHV� GXULQJ� WKH� GD\� WKDW����
LQFUHDVH� WKH� ULVN� WR� EHFRPH� REHVH�� $� VWXG\� IRXQG�
WKDW� IDWLJXH� DQG� WLUHGQHVV� RI� VOHHS� GHSULYDWLRQ������
SHRSOH�� WKH\� WHQG� WR� FXW� WKHLU� SK\VLFDO� DFWLYLW\� DQG�
LQFUHDVH�VHGHQWDU\�EHKDYLRXU�>��@� 
 
6OHHS� GHSULYDWLRQ� ZLOO� LQFUHDVH� WKH� ULVN� WR� KDYH������
GLDEHWHV��6OHHS�GXUDWLRQ�RI�HLWKHU���KRXUV�RU�OHVV�RU���
KRXUV� RU� PRUH� ZDV� DVVRFLDWHG� ZLWK� LQFUHDVHG������

SUHYDOHQFH� RI� GLDEHWHV� RU� JOXFRVH� LQWROHUDQFH��
FRPSDUHG� ZLWK� �� WR� �� KRXUV� RI� VOHHS� SHU� QLJKW����
DGMXVWHG� DQ\� FRQIRXQGHUV� >��@�� $FFRUGLQJ� WR�������
DQRWKHU� VWXG\�� VOHHS� ORVV� FRQWULEXWHV� WR� WKH��������
GHYHORSPHQW� RI� LQVXOLQ� UHVLVWDQFH� DQG� W\SH� ������
GLDEHWHV� WKURXJK� PXOWLSOH� SDWKZD\V�� LQFOXGLQJ� D�
GHOHWHULRXV� HIIHFW� RQ� JOXFRVH� KRPHRVWDVLV���������
LQFUHDVHG� LQIODPPDWLRQ�� DQG� DGYHUVHO\� DIIHFWLQJ�
DSSHWLWH� UHJXODWLRQ�� OHDGLQJ� WR� LQFUHDVHG� IRRG����
LQWDNH��ZHLJKW�JDLQ��DQG�XOWLPDWHO\�REHVLW\�>��@� 
 
,Q� VXPPDU\�� UHVHDUFK� RQ� WKH� HIIHFW� RI� VOHHS�������
GHSULYDWLRQ� LV� VLJQLILFDQW� EHFDXVH� PDQ\� SHRSOH�
KDYH� GLIIHUHQW� VLGH� HIIHFWV� RI� VOHHSLQJ� GHSULYDWLRQ�
GHSHQGLQJ�RQ�WKHLU�UHDVRQV��7KHUH�KDV�EHHQ�PXFK�
UHVHDUFK� DQG� GLVFXVVLRQ� FRQGXFWHG� RQ� WKHVH���
RSLQLRQV� RI� WKHVH� FRPPXQLW\� WKDW� DUH� VOHHS��������
GHSULYHG�� LQFOXGLQJ� WKHLU� IDFWRUV�� FXOWXUH�� VOHHS���
F\FOH� EHKDYLRXU� UHVXOWLQJ� LQ� FRQIOLFWV� ZLWK� DQ������
LPSDLUHG� OHDUQLQJ�VNLOO��0RVW�RI� WKH�UHVHDUFK�IRXQG�
ZDV�RQ�WKH�PHGLFDO�VWXGHQWV�DQG�WKHLU�FRPSRQHQWV�
LQ�DFDGHPLF�SHUIRUPDQFHV�� 
 
 
&21&/86,21 
 
7KLV�UHVXOWV�VWURQJO\�VXSSRUW�IXUWKHU�LQYHVWLJDWLRQ�RI�
WKH� LPSRUWDQW�DVSHFW�RI�PHGLFDO�VWXGHQWV¶� OLIH�VXFK�
DV�� VOHHS� GHSULYDWLRQ� VLQFH� FRPLQJ� WR� WKH�����������
XQLYHUVLW\�� VOHHS� QHHGHG� WR� IXQFWLRQ� ZHOO�� DYHUDJH�
KRXUV�RI� VOHHS�SHU�QLJKW� DQG�VOHHS� EHKDYLRXU�DQG�
PDLQ� VOHHS� FRPSODLQWV�� 7KHVH� FRXOG� HQFRPSDVV�
WKH� DELOLW\� WR� FRQFHQWUDWH� DV� ZHOO� DV� GLIIHUHQW������
DVSHFWV� LQ� OHDUQLQJ�DQG�QHXURSV\FKRORJLFDO�� ,Q� WKH�
IXWXUH� VWXG\�� LW� LV� GHPDQGHG� WR� LQFOXGH� PRUH������
SDUDPHWHUV�� %LRORJLFDO� PDUNHU� VXFK� DV� FRUWLVRO��
OHYHO� GHWHFWLRQ�FDQ� EH� LPSOHPHQWHG�DV�RQH�RI� WKH�
WRROV� RI� SUHFLVH� LQGLFDWRU� RI� PHDVXUHPHQW� VOHHS�
GHSULYDWLRQ��)XUWKHU� LQYHVWLJDWLRQ�VKRXOG�IRFXV�DQG�
VWXG\� DOVR� WR� RWKHU� VXEJURXSV� WKDW� KDYH� PRUH���
SV\FKRORJLFDO� G\VIXQFWLRQ�� WKH� QDWXUH� RI�������������
G\VIXQFWLRQ� DQG� DVVRFLDWHG� ULVN� DQG� SURWHFWLYH��
IDFWRUV�� 7KH� LPSURYHPHQW� LQ� WKH� VOHHS� YDULDEOHV�
PD\� OHDG� WR� VOHHS� SUREOHPV� VXFK� DV� LQVRPQLD���
SDUDVRPQLD� DQG� EUHDWKLQJ� SUREOHP� GXULQJ� VOHHS�
DQG�D�EHWWHU�OLIH�TXDOLW\��ZKLFK�VKRXOG�EH�DVVHVVHG�
LQ�IXWXUH�VWXGLHV� 
 
 
5()(5(1&(6 
 
�� <XYDO� 1LU�� 7KRPDV� $QGULOORQ�� $PLW� 0DUPHO�

VKWHLQ�� 1DQWKLD� 6XWKDQD�� &KLDUD� &LUHOOL�� *LXOLR�
7RQRQL�� ,W]KDN� )ULHG������� 6HOHFWLYH� QHXURQDO�
ODSVHV�SUHFHGH�KXPDQ�FRJQLWLYH�ODSVHV�IROORZ�
LQJ�VOHHS�GHSULYDWLRQ��1DWXUH�0HGLFLQH���������
����-����� 

�� .U\VWDO�$'��7KH� HIIHFW� RI� LQVRPQLD�GHILQLWLRQV��
WHUPLQRORJ\�� DQG� FODVVLILFDWLRQV� RQ� FOLQLFDO�
SUDFWLFH�� -� $P� *HULDWU� 6RF�� ����� -XO������
6XSSO��6���-���� GRL�� ��������M�����-
����������������[��30,'����������� 

�� 6LQJK� 6�� .DXU� +�� 6LQJK� 6�� .KDZDMD� ,�� 3DUD�
VRPQLDV�� $� &RPSUHKHQVLYH� 5HYLHZ�� &XUHXV��
����� 'HF� ����������H������ GRL�� ��������
FXUHXV������� 30,'�� ���������� 30&,'��
30&�������� 



�� 

 

�� .��3DYORYD��0���	�/DWUHLOOH��9����������6OHHS�'LV�
RUGHUV�� 7KH� $PHULFDQ� -RXUQDO� RI�0HGLFLQH�� ���
����� ���–����� KWWSV���GRL�RUJ���������
M�DPMPHG������������ 

�� (OOHQERJHQ�-0��3D\QH�-'��6WLFNJROG�5��7KH�UROH�
RI� VOHHS� LQ� GHFODUDWLYH� PHPRU\� FRQVROLGDWLRQ��
SDVVLYH�� SHUPLVVLYH�� DFWLYH� RU� QRQH"�&XUU� 2SLQ�
1HXURELRO�� ����� 'HF����������-���� (SXE� �����
1RY��� 

�� 6FKODUE�� $�� $��� )ULHGULFK�� $��� 	� &OD�HQ�� 0��
�������� 6OHHS� SUREOHPV� LQ� XQLYHUVLW\� VWXGHQWV� -�
DQ� LQWHUYHQWLRQ� 1HXURSV\FKLDWULF� GLVHDVH� DQG�
WUHDWPHQW� ���� ����–������ KWWSV���
GRL�RUJ���������1'7�6������ 

�� %XEROW]�:&�-U��%URZQ�)��6RSHU�%��6OHHS�KDELWV�
DQG� SDWWHUQV� RI� FROOHJH� VWXGHQWV�� D� SUHOLPLQDU\�
VWXG\�� -�$P�&ROO�+HDOWK�� �����1RY����������-���
GRL�� ��������������������������� 30,'��
���������� 

�� $]DG� 0&�� )UDVHU� .�� 5XPDQD� 1�� $EGXOODK� $)��
6KDKDQD�1�� +DQO\� 3-�� 7XULQ� 7&�� �������� 6OHHS�
GLVWXUEDQFHV� DPRQJ�PHGLFDO� VWXGHQWV�� D� JOREDO�
SHUVSHFWLYH��-RXUQDO�RI�&OLQLFDO�6OHHS�����������–
����KWWSV���GRL�RUJ���������MFVP����� 

�� $OPRMDOL��$��,���$OPDONL��6��$���$ORWKPDQ��$��6���HW�
DO�� �������� 7KH� SUHYDOHQFH� DQG� DVVRFLDWLRQ� RI�
VWUHVV� ZLWK� VOHHS� TXDOLW\� DPRQJ� PHGLFDO� VWX�
GHQWV�� -RXUQDO� RI� (SLGHPLRORJ\� DQG� *OREDO�
+HDOWK�� ������ ���-����� KWWSV���GRL�RUJ���������
M�MHJK������������ 

��� $OVDJJDI�� 0�� $���:DOL�� 6�� 2��� 0HUGDG�� 5�� $��� 	�
0HUGDG��/��$����������6OHHS�TXDQWLW\��TXDOLW\��DQG�
LQVRPQLD� V\PSWRPV� RI� PHGLFDO� VWXGHQWV� GXULQJ�
FOLQLFDO� \HDUV��5HODWLRQVKLS�ZLWK� VWUHVV�DQG�DFD�
GHPLF� SHUIRUPDQFH�� 6DXGL� PHGLFDO� MRXUQDO�� ��
����� ���–����� KWWSV���GRL�RUJ����������
VPM������������� 

��� *UDGLVDU�� 0��� :ROIVRQ�� $�� 5��� +DUYH\�� $�� *���
+DOH�� /��� 5RVHQEHUJ�� 5��� 	� &]HLVOHU�� &�� $��
��������7KH�VOHHS�DQG�WHFKQRORJ\�XVH�RI�$PHUL�
FDQV�� ILQGLQJV� IURP� WKH�1DWLRQDO� 6OHHS� )RXQGD�
WLRQ
V������6OHHS�LQ�$PHULFD�SROO� -RXUQDO�RI�FOLQL�
FDO�VOHHS�PHGLFLQH���-&60���RIILFLDO�SXEOLFDWLRQ�RI�
WKH�$PHULFDQ�$FDGHP\�RI�6OHHS�0HGLFLQH� �������
����–������KWWSV���GRL�RUJ���������MFVP����� 

��� $QD� /LJLD� '�� 0HGHLURV�� 'HQLVH� %�)�� 0HQGHV��
3DWUtFLD� )�� /LPD� 	� -RKQ� )�� $UDXMR� �������� 7KH�
5HODWLRQVKLSV� EHWZHHQ� 6OHHS-:DNH� &\FOH� DQG�
$FDGHPLF�3HUIRUPDQFH�LQ�0HGLFDO�6WXGHQWV��%LR�
ORJLFDO� 5K\WKP� 5HVHDUFK�� ������ ���-����� '2,��
��������EUKP��������������� 

��� 5RJHUV��$��DQG�%DUEHU��/���������$GGUHVVLQJ�)R�
02�DQG�WHOHSUHVVXUH�DPRQJ�XQLYHUVLW\�VWXGHQWV��
&RXOG�D� WHFKQRORJ\� LQWHUYHQWLRQ�KHOS�ZLWK�VRFLDO�
PHGLD� XVH� DQG� VOHHS� GLVUXSWLRQ"��&RPSXWHUV� LQ�
+XPDQ�%HKDYLRU������SS����-���� 

��� (OL]DEHWK�*��,EDUUD-&RURQDGR��$QD�0D��3DQWDOH�
yQ-0DUWtQH]�� -DYLHU� 9HOD]TXp]-
0RFWH]XPD�2VFDU� 3URVSpUR-*DUFtD�� 0yQLFD�
0pQGH]-'tD]��0D\UD�3pUH]-7DSLD��/HQLQ�3DYyQ��
-RUJH� 0RUDOHV-0RQWRU�� �7KH� %LGLUHFWLRQDO� 5HOD�
WLRQVKLS� EHWZHHQ� 6OHHS� DQG� ,PPXQLW\� DJDLQVW�
,QIHFWLRQV��� -RXUQDO� RI� ,PPXQRORJ\� 5HVHDUFK��
YRO��������$UWLFOH�,'������������SDJHV������� 

��� &KHQJ�72��(IIHFW�RI�VOHHS�GHSULYDWLRQ�RQ�FDUGLR�
YDVFXODU�KHDOWK��,QW�-�&DUGLRO����������������� 

��� 'HSDUWPHQW� RI� 6WDWLVWLF� RI� 0DOD\VLD��
�����6WDWLVWLF�RQ�FDXVHV�RI�'HDWK�LQ�0DOD\VLD��
KWWSV���ZZZ�GRVP�JRY�P\�Y��LQGH[�SKS"
U FROXPQ�
FWKHPH%\�
&DW	FDW ���	EXOBLG 478�7�G.4�J�0+<[G
�=S0]K(0]G5G]��	PHQXBLG /�SKH8��1:
-Z5:96=NO:G]4�7OK887����$FFHVVHG�RQ���
1RYHPEHU������ 

��� 6LQJK� 5%�� 3HOOD� '�� 1HNL� 16�� HW� DO�� 0HFKD�
QLVPV� RI� DFXWH� P\RFDUGLDO� LQIDUFWLRQ� VWXG\�
�0$0,6��� %LRPHG� 3KDUPDFRWKHU� ������ ���
6XSSO����6���-� 

��� 7RILHOG�$��,QVRPQLD�OLQNHG�WR�LQFUHDVHG�ULVN�RI�
KHDUW�IDLOXUH��(XU�+HDUW�-���������������� 

��� 0XOOLQJWRQ�-0��+DDFN�0��7RWK�0，HW�DO��&DUGL�
RYDVFXODU��LQIODPPDWRU\��DQG�PHWDEROLF�FRQVH�
TXHQFHV� RI� VOHHS� GHSULYDWLRQ�� 3URJ� &DUGLR�
YDVF�'LV��������������-��� 

��� $OPHLGD�)5��3HUU\�-&��)XWXUR-1HWR�+$��HW�DO��
&DUGLRYDVFXODU�IXQFWLRQ�DOWHUDWLRQV�LQGXFHG�E\�
DFXWH� SDUDGR[LFDO� VOHHS� GHSULYDWLRQ� LQ� UDWV��
&OLQ�([S�+\SHUWHQV��������������-�� 

��� &DOYLQ�$'��&DSOHV�60��*HWWLQJ�WR�WKH�KHDUW�RI�
VOHHS�GHSULYDWLRQ��6OHHS��������������-�� 

��� 0R]DIIDUL� 06�� 6FKDIIHU� 6:�� (IIHFW� RI� K\SHU�
WHQVLRQ� DQG� K\SHUWHQVLRQ-JOXFRVH� LQWROHUDQFH�
RQ� P\RFDUGLDO� LVFKHPLF� LQMXU\�� +\SHUWHQVLRQ�
��������������-�� 

��� <RR��6��6���*XMDU��1���+X��3���-ROHV]��)��$���	�
:DONHU�� 0�� 3�� �������� 7KH� KXPDQ� HPRWLRQDO�
EUDLQ� ZLWKRXW� VOHHS--D� SUHIURQWDO� DP\JGDOD�
GLVFRQQHFW��&XUU�%LRO����������5���-���� 

��� )HQJ� 3��� )HQJ� 7��� &KHQ� =��� /HL� ;�� ��������
0HPRU\� FRQVROLGDWLRQ� RI� IHDU� FRQGLWLRQLQJ��
%LVWDEOH� DP\JGDOD� FRQQHFWLYLW\� ZLWK� GRUVDO�
DQWHULRU�FLQJXODWH�DQG�PHGLDO�SUHIURQWDO�FRUWH[��
6RFLDO� &RJQLWLYH� DQG� $IIHFWLYH� 1HXURVFLHQFH��
�����������–�� 

��� +DDFN�� 0��� 	� 0XOOLQJWRQ�� -�� 0�� �������� 6XV�
WDLQHG�VOHHS�UHVWULFWLRQ�UHGXFHV�HPRWLRQDO�DQG�
SK\VLFDO�ZHOO-EHLQJ��3DLQ�������-������-�� 

��� 'UDNH��&��/���5RHKUV��7��$���%XUGXYDOL��(���%R�
QDKRRP��$���5RVHNLQG��0���	�5RWK��7����������
(IIHFWV� RI� UDSLG� YHUVXV� VORZ� DFFXPXODWLRQ� RI�
HLJKW� KRXUV� RI� VOHHS� ORVV�� 3V\FKRSK\VLRORJ\��
����������-���� 

��� 6HOYL�� <��� *XOHF�� 0��� $JDUJXQ�� 0�� <��� 	� %H�
VLURJOX�� /�� �������� 0RRG� FKDQJHV� DIWHU� VOHHS�
GHSULYDWLRQ� LQ� PRUQLQJQHVV–HYHQLQJQHVV�
FKURQRW\SHV� LQ� KHDOWK\� LQGLYLGXDOV�� -RXUQDO� RI�
VOHHS�UHVHDUFK������������-���� 

��� &KDSXW�-3��7UHPEOD\�$��,QVXIILFLHQW�VOHHS�DV�D�
FRQWULEXWRU� WR� ZHLJKW� JDLQ�� DQ� XSGDWH�� &XUU�
2EHV�5HS������������–��� 

��� .OLQJHQEHUJ�/��6M|GLQ�$��+ROPElFN�8��$VWUXS�
$�� &KDSXW� -3�� 6KRUW� VOHHS� GXUDWLRQ� DQG� LWV�
DVVRFLDWLRQ� ZLWK� HQHUJ\� PHWDEROLVP�� 2EHV�
5HY�������������–��� 

��� ,S��0���	�0RNKOHVL��%����������6OHHS�DQG�*OX�
FRVH� ,QWROHUDQFH�'LDEHWHV� 0HOOLWXV�� 6OHHS�
PHGLFLQH� FOLQLFV�� ������ ��–���� KWWSV���
GRL�RUJ���������M�MVPF������������ 

��� .QXWVRQ� .�� 6SLHJHO� .�� 3HQHY� 3�� HW� DO�� 0HWD�
EROLF� FRQVHTXHQFHV� RI� VOHHS� GHSULYDWLRQ��
6OHHS�0HG�5HY��LQ�SUHVV� 


