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$EVWUDFW�
7KLV� VWXG\� SUHVHQWV� HYLGHQFH� RI� KHWHURJHQHRXV� UHWXUQV� WR� HGXFDWLRQ� RYHU� WKH�ZDJH� GLVWULEXWLRQ��7KH�
DXWKRUV�XVH�LQVWUXPHQWDO�YDULDEOH�TXDQWLOH�UHJUHVVLRQ�DQG�GDWD�IURP�WKH�6ZLVV�/DERU�)RUFH�6XUYH\�WR�
LGHQWLI\� WKH� FDXVDO� OLQN� EHWZHHQ� HGXFDWLRQ� DQG� HDUQLQJV� DW� GLIIHUHQW� TXDQWLOHV� RI� WKH� FRQGLWLRQDO�
GLVWULEXWLRQ�RI�ZDJHV��7KH�UHVXOWV�SURYLGH�HYLGHQFH�WKDW�WKHUH�LV�QR�XQLTXH�FDXVDO�HIIHFW�RI�VFKRROLQJ�
DQG�WKDW�IRU�HDFK�LQGLYLGXDO�WKH�HIIHFW�PD\�EH�DERYH�RU�EHORZ�WKRVH�H[WHQVLYHO\�GRFXPHQWHG�E\�2/6�
RU�76/6��,Q�SDUWLFXODU��ZKLOH�RUGLQDU\�TXDQWLOH�UHJUHVVLRQ�HVWLPDWHV�LQFUHDVLQJ�UHWXUQV�LQ�WKH�TXDQWLOH�
LQGH[�� RQFH� WKH� HQGRJHQHLW\� RI� VFKRROLQJ� LV� WDNHQ� LQWR� DFFRXQW� WKH� DXWKRUV� LQVWHDG� REVHUYH� KLJKHU�
UHWXUQV� DW� ORZHU�TXDQWLOHV�RI� WKH�ZDJH� GLVWULEXWLRQ� ,QWHUSUHWLQJ� WKH� TXDQWLOH� LQGH[� DV� D�PHDVXUH�RI�
XQREVHUYHG�DELOLW\��WKH�ILQGLQJV�VXJJHVW�WKDW�OHVV�DEOH�LQGLYLGXDOV�SURILW�PRUH�IRUP�RQH�DGGLWLRQDO�\HDU�
RI� HGXFDWLRQ�� 7KH� DXWKRUV� DOVR� LQYHVWLJDWH� WKH� SUHVHQFH� RI� KHWHURJHQHLW\� EHWZHHQ� DQG� ZLWKLQ�
HGXFDWLRQDO� SDWKV�� FRPSDULQJ� WKH� UHWXUQV� DFDGHPLF� HGXFDWLRQ� ZLWK� WKH� UHWXUQV� YRFDWLRQDO� HGXFDWLRQ�
RYHU� WKH�ZDJH� GLVWULEXWLRQ�� 7KH� UHVXOWV� LQGLFDWH� WKDW� DFDGHPLF� HGXFDWLRQ� EULQJV� D� VLJQLILFDQW� UHWXUQ�
SUHPLXP�LQ�WKH�XSSHU�SDUW�RI�WKH�ZDJH�GLVWULEXWLRQ��+RZHYHU��VXFK�SUHPLXP�YDQLVKHV�DURXQG�WKH�WKLUG�
GHFLOH�DQG�EHFRPHV�QHJDWLYH�DW�WKH�ERWWRP�RI�WKH�GLVWULEXWLRQ��
�

.H\ZRUGV��5HWXUQV�WR�HGXFDWLRQ��,945���DFDGHPLF�HGXFDWLRQ��YRFDWLRQDO�HGXFDWLRQ��
-(/�&ODVVLILFDWLRQ��,����-����&����&����
�
D�6LPRQH�%DOHVWUD� LV�D� YLVLWLQJ� VFKRODU� DW� WKH�&HQWHU� IRU�(GXFDWLRQ�3ROLF\�$QDO\VLV� DW�6WDQIRUG�8QLYHUVLW\� DQG�D� UHVHDUFK� DVVRFLDWH� DW� WKH�
,QVWLWXWH� IRU� 6WUDWHJ\� DQG�%XVLQHVV� (FRQRPLFV� DW� WKH� 8QLYHUVLW\� RI� =XULFK�� 6ZLW]HUODQG�� &RUUHVSRQGLQJ� DXWKRU�� VLPRQH�EDOHVWUD#X]K�FK��
3RVWDO�$GGUHVV��3ODWWHQVWUDVVH����������=XULFK��6ZLW]HUODQG��7HOHSKRQH�������������������
E�8VFKL�%DFNHV�*HOOQHU�LV�IXOO�SURIHVVRU�DQG�GHSXW\�GHDQ�DW�WKH�IDFXOW\�RI�%XVLQHVV�(FRQRPLFV�DQG�,QIRUPDWLFV�DW�WKH�8QLYHUVLW\�RI�=XULFK��
6ZLW]HUODQG��
7KLV�VWXG\�LV�IXQGHG�E\�WKH�6ZLVV�1DWLRQDO�6FLHQFH�)RXQGDWLRQ��SURMHFW�3%=+3�B��������DQG�E\�WKH�6ZLVV�)HGHUDO�2IILFH�IRU�3URIHVVLRQDO�
(GXFDWLRQ�DQG�7HFKQRORJ\�WKURXJK�LWV�/HDGLQJ�+RXVH�RQ�WKH�(FRQRPLFV�RI�(GXFDWLRQ��)LUP�%HKDYLRU�DQG�7UDLQLQJ�3ROLFLHV��:H�DUH�YHU\�
JUDWHIXO�WR�(ULF�%HWWLQJHU��'DYLG�&DUG��7KRPDV�'HH��*XLGR�,PEHQV��%ULDQ�-DFRE��6LPRQ�-DQVVHQ��6XVDQQD�/RHE��&KULVWLDQ�5XSLHWWD��DQG�(ULF�
7D\ORU� IRU� WKHLU� FRQVWUXFWLYH� FRPPHQWV� DQG� YDOXDEOH� KHOS� WKURXJKRXW� WKH� GHYHORSPHQW� RI� WKLV� VWXG\�� :H� DUH� DOVR� JUDWHIXO� WR� DOO� WKH�
SDUWLFLSDQWV�LQ�WKH�VHPLQDU�RQ�$GYDQFHG�7RSLFV�LQ�4XDQWLWDWLYH�3ROLF\�$QDO\VLV�DW�6WDQIRUG�8QLYHUVLW\�IRU�WKHLU�XVHIXO�IHHGEDFN��:H�ZRXOG�
OLNH� WR� WKDQN� WKH� 6ZLVV� )HGHUDO� 6WDWLVWLFDO�2IILFH� IRU� WKH�GDWD��&KULVWLDQ�=XHQG� IRU� VWXGHQW� DVVLVWDQFH�� DQG�&KULVWLDQ�+DQVHQ� IRU� VRIWZDUH�
SURYLVLRQ�WKURXJK�KLV�ZHESDJH�� �
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:KLOH�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�VFKRROLQJ�DQG�ZDJH�LV�EH\RQG�GRXEW��'LFNVRQ�DQG�

+DUPRQ���������WKH�TXHVWLRQ�ZKHWKHU�HGXFDWLRQ�DIIHFWV�LQGLYLGXDOV�GLIIHUHQWO\�RYHU�WKH�ZDJH�

GLVWULEXWLRQ�LV�PXFK�OHVV�DQDO\]HG��:DQJ���������0RUHRYHU��LQ�WKLV�GLVWULEXWLRQDO�VHWWLQJ��WKH�

H[LVWLQJ�OLWHUDWXUH�KDV�QRW�LQYHVWLJDWHG�ZKHWKHU�GLIIHUHQW�W\SHV�RI�HGXFDWLRQ�UHVXOW�LQ�GLIIHULQJ�

UHWXUQV�� DQG� ZKHWKHU� RQH� W\SH� RI� HGXFDWLRQ²YRFDWLRQDO� RU� DFDGHPLF²EULQJV� D� UHWXUQ�

SUHPLXP� FRPSDUHG� WR� DQRWKHU� DW� VRPH� SRLQWV� RI� WKH� ZDJH� GLVWULEXWLRQ�� 7KLV� LVVXH� LV�

SDUWLFXODUO\� LPSRUWDQW�� EHFDXVH� D� ODFN� RI� LQIRUPDWLRQ� DERXW� HGXFDWLRQDO� WUDFNV� PD\� \LHOG�

FRVWO\�GHFLVLRQV�IRU�WKH�LQGLYLGXDO�DV�ZHOO�DV�IRU�WKH�JRYHUQPHQW��%HWWLQJHU�DQG�%DNHU���������

7R�ILOO� WKHVH�JDSV�� LQ� WKLV�SDSHU�ZH�ILUVW�HVWLPDWH�WKH�UHWXUQV�WR�HGXFDWLRQ�RYHU� WKH�ZDJH�

GLVWULEXWLRQ�� 7KLV� DQDO\VLV� DOORZV� XQFRYHULQJ� WKH� KHWHURJHQHRXV� HIIHFWV� RI� HGXFDWLRQ� RQ�

ZDJHV��DQG�ZKHWKHU�WKH�UHWXUQV�DUH�LQFUHDVLQJ��GHFUHDVLQJ��RU�X�VKDSHG�DFURVV�WKH�TXDQWLOHV��,Q�

D� VHFRQG� VWHS�� ZH� FRPSDUH� WKH� UHWXUQV� WR� RQH� H[WUD� \HDU� RI� DFDGHPLF� HGXFDWLRQ� ZLWK� WKH�

UHWXUQV� WR�RQH� H[WUD� \HDU�RI�YRFDWLRQDO� HGXFDWLRQ�� WR� LQYHVWLJDWH�ZKHWKHU� RQH� WUDFN�EULQJV� D�

UHWXUQ�SUHPLXP�DW�VRPH�SRLQWV�LQ�WKH�ZDJH�GLVWULEXWLRQ��6XFK�D�FRPSDULVRQ�LV�PLVVLQJ�LQ�WKH�

OLWHUDWXUH��JHQHUDOO\�EHFDXVH�PRVW�FRXQWULHV�GR�QRW�KDYH�DQ�H[WHQVLYH�YRFDWLRQDO�HGXFDWLRQ�DQG�

WUDLQLQJ�V\VWHP�WKDW�DOORZV�DFTXLULQJ�WKH�VDPH�TXDOLW\�RI�HGXFDWLRQ�DQG�WKH�VDPH�QXPEHU�RI�

\HDUV�DV�LQ�WKH�DFDGHPLF�WUDFN��RU�EHFDXVH�WKH�DFDGHPLF�WUDFN�LV�PRUH�SUHVWLJLRXV�RU�SUHIHUUHG�

WKDQ�WKH�YRFDWLRQDO�RQH���2QH�QRWDEOH�H[FHSWLRQ�LV�6ZLW]HUODQG���D�FRXQWU\�ZLWK�DQ�H[WHQVLYH�

YRFDWLRQDO� HGXFDWLRQ� V\VWHP� WKDW� DWWUDFWV� WZR� WKLUGV� RI� WKH� LQGLYLGXDOV� LQ� D� FRKRUW� �)HGHUDO�

2IILFH�IRU�3URIHVVLRQDO�(GXFDWLRQ�DQG�7HFKQRORJ\���������7KH�6ZLVV�HGXFDWLRQDO�V\VWHP�OHWV�

VWXGHQWV� DFKLHYH� WHUWLDU\� HGXFDWLRQ� GHJUHHV� IRU� ERWK� DFDGHPLF� DQG� YRFDWLRQDO� WUDFNV��

7KHUHIRUH��D�VWXG\�ZLWK�6ZLVV�GDWD�SHUPLWV�WR�VKHG�OLJKW�RQ�KHWHURJHQHRXV�UHWXUQV�WR�GLIIHUHQW�

                                                        
��$V�IRU�H[DPSOH�LQ�&RORPELD��%HWWLQJHU�et al.��������
��2WKHU�FRXQWULHV�ZLWK�D�VLPLODU�YRFDWLRQDO�V\VWHP�DUH�'HQPDUN�DQG�*HUPDQ\��+DQXVKHN�et al�.��������



��

�

W\SHV� RI� HGXFDWLRQ�� DQG� DOORZV� WR� DQVZHU� WKH� TXHVWLRQ� RI� KRZ� DFDGHPLF� DQG� YRFDWLRQDO�

HGXFDWLRQ�GLIIHU�RYHU�WKH�ZDJH�GLVWULEXWLRQ��

7KH�DQDO\VHV�ZH�SURSRVH�IDFH�WZR�PDMRU�LVVXHV�WKDW�DUH�FRPPRQ�ZKHQ�HVWLPDWLQJ�UHWXUQV�

WR�HGXFDWLRQ��HQGRJHQHLW\�RI�HGXFDWLRQ�DWWDLQPHQW��+DUPRQ�et al.��������DQG�KHWHURJHQHLW\�LQ�

WKH� UHWXUQV� WR� HGXFDWLRQ� �+HQGHUVRQ� et al.�� ������� :KLOH� WKHRU\� FRQVLGHUV� ERWK� LVVXHV�

VLPXOWDQHRXVO\� �&DUG�� ������$ULDV� et al.�� ������� HPSLULFDO� ZRUN� RIWHQ� GHDOV�ZLWK� RQO\� RQH�

LVVXH�DW�D�WLPH��7R�RYHUFRPH�WKH�HQGRJHQHLW\�SUREOHP��WKH�PRVW�XVHG�DSSURDFK�LV�LQVWUXPHQWDO�

YDULDEOH�HVWLPDWLRQ��$QJULVW�DQG�.UXHJHU��������'LFNVRQ��IRUWKFRPLQJ��+DUPRQ�DQG�:DONHU��

������ 7URVWHO� et al.�� ������� &RQYHUVHO\�� ZKHQ� GHDOLQJ� ZLWK� WKH� KHWHURJHQHLW\� LVVXH�� WKH�

OLWHUDWXUH� KDV� QRW� FRQYHUJHG� WR� D� VWDQGDUG�PHWKRG� WR� LQWHJUDWH� LW� LQ� WKH� DQDO\VLV� �/HPLHX[��

�������7KHUHIRUH��UHVHDUFKHUV�XVXDOO\�UHO\�RQ�GLIIHUHQW�PHWKRGV�WR�DFFRXQW�IRU�KHWHURJHQHLW\�

LQ� UHWXUQV� WR� HGXFDWLRQ�� VXE�VDPSOH� DQDO\VLV� �VHH� IRU� H[DPSOH� +DUPRQ� et al.�� �������

QRQSDUDPHWULF�HVWLPDWLRQ��+HQGHUVRQ�et al����������%D\HVLDQ�KLHUDUFKLFDO�PRGHOV��.RRS�DQG�

7RELDV�� ������� DQG� TXDQWLOH� UHJUHVVLRQ� �)DVLK et al.�� ������0DUWLQV� DQG�3HUHLUD�� �������7KH�

ILUVW�WKUHH�PHWKRGV�IRFXV�PDLQO\�RQ�WKH�H[LVWHQFH�DQG�WKH�QDWXUH�RI�KHWHURJHQHLW\��ZKLFK�DUH�

QRW� WKH� IRFXV� RI� WKLV� SDSHU��4XDQWLOH� UHJUHVVLRQ� LV� LQVWHDG�PRUH� DSSURSULDWH� WR� RXU� UHVHDUFK�

TXHVWLRQ�� EHFDXVH� TXDQWLOH� UHJUHVVLRQV� HVWLPDWH� WKH� UHWXUQV� WR� HGXFDWLRQ� RYHU� WKH� ZDJH�

GLVWULEXWLRQ� DOORZLQJ� IRU� KHWHURJHQHLW\� WKURXJK� TXDQWLOH�VSHFLILF� LQWHUFHSWV� DQG� TXDQWLOH�

VSHFLILF�VORSHV��

7KH� XVH� RI� TXDQWLOH� UHJUHVVLRQV� �45�� LQ� UHWXUQV� WR� HGXFDWLRQ� VWXGLHV� KDV� EHHQ� KLQGHUHG�

EHFDXVH� WKH� HQGRJHQHLW\� SUREOHP� LQ�45�PRGHOV� FRXOG� QRW� EH� VROYHG� LQ� WKH� SDVW��+RZHYHU��

UHFHQW� VWXGLHV� E\� &KHUQR]KXNRY� DQG� +DQVHQ� ������� ������ ������ SURSRVH� DQ� LQVWUXPHQWDO�

YDULDEOH� TXDQWLOH� UHJUHVVLRQ� DSSURDFK� �,945�� WKDW� DGGUHVVHV� ERWK� KHWHURJHQHLW\� DQG�

HQGRJHQHLW\� LVVXHV�DW� WKH�VDPH� WLPH��7KH� ,945�PHWKRG�KDV�EHHQ�DSSOLHG� LQ�PDQ\� UHVHDUFK�

ILHOGV��EXW�LW�LV�UDWKHU�QHZ�WR�WKH�UHWXUQV�WR�HGXFDWLRQ�OLWHUDWXUH��7R�RXU�NQRZOHGJH��RQO\�WZR�
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VWXGLHV�LPSOHPHQW�,945�WR�SURSRVH�DOWHUQDWLYH�LQVWUXPHQWV�IRU�VFKRROLQJ��$UDEVKHLEDQL�DQG�

6WDQHYD��������DQG� WR�H[DPLQH� WKH� LQHTXDOLW\�UHGXFLQJ�HIIHFW�RI�HGXFDWLRQ� LQ�&KLQD� �:DQJ��

�������

([SORLWLQJ�D�PDMRU�UHIRUP�RI�WKH�HGXFDWLRQ�V\VWHP�WKDW� WRRN�SODFH�LQ�6ZLW]HUODQG�LQ�WKH�

\HDUV�IROORZLQJ�WKH�IHGHUDO�FRQFRUGDW�RI�������LQ�WKLV�SDSHU�ZH�FDXVDOO\�HVWLPDWH�WKH�UHWXUQV�WR�

HGXFDWLRQ� RYHU� WKH� ZDJH� GLVWULEXWLRQ� E\� ,945� DQG� ZH� FRPSDUH� WKH� UHVXOWV� ZLWK� VWDQGDUG�

TXDQWLOH�UHJUHVVLRQ�DQG�RUGLQDU\�OHDVW�VTXDUHV�WR�VHH�ZKHWKHU�WDNLQJ�HQGRJHQHLW\�LQWR�DFFRXQW�

FKDQJHV� UHVXOWV� DQG� FRQFOXVLRQV�� ,Q� D� VHFRQG� VWHS��ZH� DOVR� GLVWLQJXLVK� EHWZHHQ� HGXFDWLRQDO�

SDWKV��WR�FRQYH\�D�QHZ�FRPSDULVRQ�EHWZHHQ�DQG�ZLWKLQ�DFDGHPLF�DQG�YRFDWLRQDO�HGXFDWLRQ��,Q�

WKLV� ODWWHU�FRPSDULVRQ�ZH�DUH� LQWHUHVWHG� HVSHFLDOO\� LQ� WKH�SUHVHQFH�RI�KHWHURJHQHLW\�� DQG�ZH�

WKHUHIRUH� SUHVHQW� FRQYHQWLRQDO� 45� PHWKRGV� RQO\�� :H� QHYHUWKHOHVV� SHUIRUPHG� VHYHUDO�

LQVWUXPHQWDO�YDULDEOH��TXDQWLOH��UHJUHVVLRQV�WKDW�DUH�DYDLODEOH�XSRQ�UHTXHVW��

7KH� UHPLQGHU� RI� WKH� SDSHU� SURFHHGV� DV� IROORZV�� 6HFWLRQ� �� JLYHV� DQ� RYHUYLHZ� RI� WKH�

WKHRUHWLFDO�EDFNJURXQG�UHODWHG�WR�RXU�UHVHDUFK�TXHVWLRQV��6HFWLRQ���LQWURGXFHV�WKH�GDWDVHW�DQG�

SUHVHQWV�VRPH�GHVFULSWLYH�VWDWLVWLFV��6HFWLRQ���VKRZV�WKH�HFRQRPHWULF�PRGHOV�LQ�GHWDLO��6HFWLRQ�

��SUHVHQWV�WKH�UHVXOWV��DQG�6HFWLRQ���FRQFOXGHV��

�

�

���%DFNJURXQG�

,Q�WKLV�6HFWLRQ��ZH�EULHIO\�SUHVHQW�VRPH�WKHRUHWLFDO�EDFNJURXQG�DQG�HPSLULFDO�HYLGHQFH�WR�

H[SODLQ�WKH�XQGHUO\LQJ�PHFKDQLVPV�LQ�WKH�LQGLYLGXDO�HGXFDWLRQ�FKRLFH�DQG�SURYLGH�D�VWUXFWXUH�

IRU�RXU�HPSLULFDO�DQDO\VLV��:H�ERUURZ�WKH�WKHRUHWLFDO�PRGHO�GHYHORSHG�E\�&DUG���������ZKRVH�

PRVW�LQWHUHVWLQJ�IHDWXUH�LV�WKDW�LW�FRQVLGHUV�ERWK�KHWHURJHQHLW\�LQ�WKH�UHWXUQV�DQG�HQGRJHQHLW\�

RI�HGXFDWLRQ�DWWDLQPHQW�LQ�WKH�HDUQLQJV�HTXDWLRQ�DW�WKH�VDPH�WLPH��
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)ROORZLQJ�&DUG��ZH�DVVXPH�WKDW�DQ�LQGLYLGXDO�FKRRVHV�KLV�OHYHO�RI�HGXFDWLRQ�WR�PD[LPL]H�

WKH�IROORZLQJ�XWLOLW\�IXQFWLRQ�GHILQHG�RYHU�ZDJH��DQG�\HDUV�RI�HGXFDWLRQ��

> @ ����OQ���OQ���� SfSgSfwSwU � � �

:KHUH� > @��OQ Sg �DQG� ��Sf �DUH� LQFUHDVLQJ� FRQYH[� IXQFWLRQV� WKDW� UHSUHVHQW� WKH� EHQHILWV� DQG�

FRVWV�RI�VFKRROLQJ��UHVSHFWLYHO\��7KH�FRQGLWLRQ� ��Sgw  �FDSWXUHV�WKH�REVHUYDEOH�UHODWLRQVKLS�

RI�ZDJH� WR� VFKRROLQJ�� L�H�� WKH� OHYHO� RI�ZDJHV� DYDLODEOH� DW� HDFK� OHYHO� RI� HGXFDWLRQ��7KH� ILUVW�

RUGHU�FRQGLWLRQ�IRU�RSWLPDO�HGXFDWLRQ�LV��

��

��
��
 Sf

Sg
Sg
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,Q� WKH� RSWLPXP�� WKH� PDUJLQDO� UDWH� RI� UHWXUQ� WR� HGXFDWLRQ� � �����
 SgSg �� HTXDOV� WKH�

PDUJLQDO�FRVW� � ��
 Sf ��� ,QGLYLGXDO�KHWHURJHQHLW\� LQ� WKH�RSWLPDO�HGXFDWLRQ�FKRLFH�DULVHV� IURP�

WZR�VRXUFHV��GLIIHUHQFHV�LQ�WKH�FRVWV�RI�HGXFDWLRQ��UHSUHVHQWHG�E\�WKH�YDULDWLRQ�LQ� ��Sf ��DQG�

GLIIHUHQFHV�LQ�WKH�PRQHWDU\�EHQHILW�RI�HGXFDWLRQ��UHSUHVHQWHG�E\�WKH�YDULDWLRQ�LQ� ������
 SgSg �

7R� FKDUDFWHUL]H� WKH�ZHOO�GRFXPHQWHG� IDFW� WKDW� �ORJ��ZDJH� LV� D� QHDUO\� OLQHDU� IXQFWLRQ� RI�

VFKRROLQJ�WKDW�PD\�YDU\�DFURVV�LQGLYLGXDOV���ZH�LPSRVH�WKH�IROORZLQJ�IXQFWLRQDO�IRUP�WR�WKH�

KHWHURJHQHLW\�FRPSRQHQWV��
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ZKHUH� ib �DQG� ir �DUH� UDQGRP� YDULDEOHV� ZLWK� VRPH� MRLQW� GLVWULEXWLRQ� DFURVV� WKH� SRSXODWLRQ�

������� i �DQG� �k �DQG� �k �DUH�QRQQHJDWLYH�FRQVWDQWV��7KLV�VSHFLILFDWLRQ�LPSOLHV�WKDW�WKH�RSWLPDO�

HGXFDWLRQDO�FKRLFH�LV�OLQHDU�LQ�WKH�LQGLYLGXDO�VSHFLILF�KHWHURJHQHLW\�WHUPV��
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��&DUG�DQG�.UXHJHU���������+HFNPDQ�DQG�3RODFKHN���������DQG�+XQJHUIRUG�DQG�6RORQ��������SUHVHQW�HYLGHQFH�
VXJJHVWLQJ�WKDW�HDUQLQJV�DUH�QHDUO\�ORJ�OLQHDU�ZLWK�UHVSHFW�WR�VFKRROLQJ��

��3DUN��������ILQGV� ORJ�OLQHDULW\� WR�EH�D�JRRG�DSSUR[LPDWLRQ�RI� WKH�HDUQLQJV�VFKRROLQJ�UHODWLRQVKLS�QRW�RQO\�DW�
WKH�PHDQ�EXW�DOVR�IRU�VHYHUDO�TXDQWLOHV�RI�WKH�HDUQLQJV�GLVWULEXWLRQ��
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7R�GHULYH�DQ�HTXDWLRQ�IRU� WKH�QDWXUDO� ORJDULWKP�RI�ZDJH��&DUG� LQWHJUDWHV� WKH�H[SUHVVLRQ�

IRU�WKH�PDUJLQDO�UDWH�RI�UHWXUQ�WR�HGXFDWLRQ�ZLWK�UHVSHFW�WR� iS �DQG�REWDLQV��

�
��

��OQ� iiiii SkSbaw �� �

ZKHUH� ia �LV�DQ�LQGLYLGXDO�VSHFLILF�FRQVWDQW�RI�LQWHJUDWLRQ��

7KLV� ODVW�HTXDWLRQ�LV�D�JHQHUDO�YHUVLRQ�RI�WKH�IXQFWLRQDO�IRUP�DGRSWHG�LQ�0LQFHU���������

+RZHYHU�� WKH� DSSHDOLQJ� IHDWXUH� RI� WKLV� PRGHO� LV� WKDW� LQGLYLGXDO� KHWHURJHQHLW\� SRWHQWLDOO\�

DIIHFWV� ERWK� WKH� LQWHUFHSW� RI� WKH� ZDJH� HTXDWLRQ� �WKURXJK� ia �� DQG� WKH� VORSH� RI� WKH� ZDJH�

HGXFDWLRQ� UHODWLRQ� �WKURXJK� ib ��� 6XFK� IHDWXUH� LQWURGXFHV� WKUHH� LPSRUWDQW� LVVXHV� LQ� WKH�

HPSLULFDO� ZRUN�� )LUVW�� ZH� VKRXOG� H[SHFW� GLIIHUHQW� UHWXUQV� WR� HGXFDWLRQ� IRU� LQGLYLGXDOV� ZLWK�

GLIIHUHQW�OHYHOV�RI�DELOLW\��0RUH�VSHFLILFDOO\��JLYHQ�WKDW�LQGLYLGXDOV�DFTXLUH�HGXFDWLRQ�XS�WR�WKH�

SRLQW� ZKHUH� WKH� PDUJLQDO� FRVW� HTXDOV� WKH� PDUJLQDO� UDWH� RI� UHWXUQ� DQG� WKDW� FRVWV� GHSHQG�

QHJDWLYHO\�RQ�DELOLW\��ZH�VKRXOG�REVHUYH�WKH�UHWXUQV�WR�HGXFDWLRQ�WR�EH�GHFUHDVLQJ�LQ�DELOLW\��

$V� LQGLFDWHG� E\� $VKHQIHOWHU� DQG� 5RXVH� �������� DEOHU� LQGLYLGXDOV� LQGHHG� DFTXLUH� PRUH�

VFKRROLQJ�� EXW� WKLV� LV� EHFDXVH� WKH\� IDFH� ORZHU� PDUJLQDO� FRVWV� DQG� QRW� EHFDXVH� RI� KLJKHU�

PDUJLQDO�EHQHILWV��7KLV�LPSOLHV�WKDW�KLJKHU�DELOLW\�LQGLYLGXDOV�KDYH�RQ�DYHUDJH�KLJKHU�ZDJHV��

EXW�WKH�VORSH�RI�WKHLU�ZDJH�HGXFDWLRQ�SURILOH�LV�IODWWHU�WKDQ�WKDW�IRU�ORZHU�DELOLW\�LQGLYLGXDOV��

6HFRQG��ZH�FDQQRW�DVVHVV�WKH�WUXH�LPSDFW�RI�HGXFDWLRQ�RQ�ZDJH�ZLWKRXW�VROYLQJ�WKH�ELDV�

LQWURGXFHG� E\� WKH� HQGRJHQHLW\� RI� VFKRROLQJ� DWWDLQPHQW�� EHFDXVH� RWKHUZLVH� FURVV�VHFWLRQDO�

HVWLPDWHV� DUH� �PDUJLQDOO\�� XSZDUG� ELDVHG� E\� DQ� RPLWWHG� DELOLW\� YDULDEOH� �+HFNPDQ� et al.��

������� 7KLUG�� LI� ZH� ZDQW� WR� VWXG\� KRZ� HGXFDWLRQ� DIIHFWV� GLIIHUHQW� LQGLYLGXDOV�� ZH� VKRXOG�

DFFRXQW�IRU�ERWK�KHWHURJHQHLW\�DQG�HQGRJHQHLW\�LVVXHV�VLPXOWDQHRXVO\��

7R� LQFRUSRUDWH� WKHVH� IHDWXUHV� LQ�RXU� DQDO\VLV�ZH�XVH� ,945��ZKLFK�HVWLPDWHV� WKH� FDXVDO�

HIIHFW� RI� HGXFDWLRQ�RQ�FRQGLWLRQDO�TXDQWLOHV�RI� WKH�ZDJH�GLVWULEXWLRQ�� DOORZLQJ� IRU�TXDQWLOH�

VSHFLILF�LQWHUFHSWV�DQG�TXDQWLOH�VSHFLILF�VORSHV��*LYHQ�WKDW�,945�LV�D�UDWKHU�QHZ�PHWKRG��WKH�
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YDVW�PDMRULW\�RI�WKH�H[LVWLQJ�OLWHUDWXUH�XVHV�FRQYHQWLRQDO�45�WR�LQYHVWLJDWH�WKH�KHWHURJHQHRXV�

HIIHFWV� RI� HGXFDWLRQ�RQ�ZDJH� �)DVLK� et al.�� ������+DUPRQ�et al.�� ������+DUWRJ�et al.�� ������

0DUWLQV� DQG� 3HUHLUD�� ������� )URP� WKHVH� VWXGLHV�ZH� FRQFOXGH� WKDW� UHWXUQV� WR� HGXFDWLRQ� YDU\�

VXEVWDQWLDOO\� RYHU� WKH�ZDJH� GLVWULEXWLRQ��ZKLFK�PHDQV� WKDW� DYHUDJH� HIIHFWV²ZKLOH� EHLQJ� RI�

LQWHUHVW²ORVH�VRPH�LPSRUWDQW�GLVWULEXWLRQDO�IHDWXUHV�RI�WKH�UHWXUQ�WR�HGXFDWLRQ��7KHVH�VWXGLHV�

DOVR�VXJJHVW�WKDW�UHWXUQV�WR�HGXFDWLRQ�DUH�LQFUHDVLQJ�LQ�WKH�TXDQWLOHV�RI�ZDJH�GLVWULEXWLRQ��$V�

ZH�FDQ� LQWHUSUHW� WKH�TXDQWLOH� LQGH[�DV� D�PHDVXUH�RI� DELOLW\� �$ULDV� et al.�� ������0ZDEX�DQG�

6FKXOW]���������WKLV�ILQGLQJ�FRQWUDVWV�ZLWK�ZKDW�ZH�ZRXOG�WKHRUHWLFDOO\�H[SHFW��+RZHYHU��WKH�

LPSOLFLW� DVVXPSWLRQ� RI� H[RJHQRXV� VFKRROLQJ� LQ� FRQYHQWLRQDO� 45� VWXGLHV� PD\� H[SODLQ� WKH�

GLVFUHSDQF\� EHWZHHQ� WKHRUHWLFDO� H[SHFWDWLRQ� DQG� HPSLULFDO� ILQGLQJV� �&KHUQR]KXNRY� DQG�

+DQVHQ���������

7KH�IHZ�VWXGLHV�DSSO\LQJ�,945�LQ�WKH�UHWXUQ�WR�HGXFDWLRQ�FRQWH[W�SUHVHQW�PL[HG�UHVXOWV��

8VLQJ� VSRXVDO� HGXFDWLRQ� DV� DQ� LQVWUXPHQW� IRU� HGXFDWLRQ�� :DQJ� ������� LQYHVWLJDWHV� WKH�

HYROXWLRQ� RI� WKH� UHWXUQV� LQ� &KLQD� RYHU� WLPH�� WR� H[DPLQH� WKH� LQHTXDOLW\�UHGXFLQJ� HIIHFW� RI�

HGXFDWLRQ��+H�HVWLPDWHV� VOLJKWO\�GHFUHDVLQJ� UHWXUQV� WR� HGXFDWLRQ�RYHU� WKH�ZDJH�GLVWULEXWLRQ��

UDQJLQJ�IURP�����SHUFHQW�DW�WKH�ORZHVW�TXDUWLOH�WR�����SHUFHQW�DW�WKH�KLJKHVW�TXDUWLOH��3URSRVLQJ�

ULVN\� VH[XDO� EHKDYLRU� DW� HDUO\� DJH� DV� D� QHZ� LQVWUXPHQW� IRU� VFKRROLQJ�� $UDEVKHLEDQL� DQG�

6WDQHYD� ������� DSSO\� ,945� WR� 5XVVLDQ� GDWD� DQG� ILQG� LQFUHDVLQJ� UHWXUQV� RYHU� WKH� ZDJH�

GLVWULEXWLRQ�� 6SHFLILFDOO\�� WKH\� HVWLPDWH� D� ��SHUFHQW� UHWXUQ� DW� WKH� ORZHVW� GHFLOH� DQG� D� ���

SHUFHQW� UHWXUQ� DW� WKH� KLJKHVW� GHFLOH�� +RZHYHU�� ERWK� DSSURDFKHV� UHO\� RQ� D� GHPDQG�VLGH�

YDULDWLRQ� LQ�VFKRROLQJ� WR�HVWLPDWH� WKH�FDXVDO� UHWXUQ� WR�HGXFDWLRQ��ZKLFK�PDNHV� LW�GLIILFXOW� WR�

GHIHQG� WKH� RUWKRJRQDOLW\� EHWZHHQ� WKH� LQVWUXPHQWV� DQG� WKH� HUURU� WHUP� RI� WKH�ZDJH� HTXDWLRQ�

�$UFDQG�et al.���������

3XVKLQJ� WKH� DQDO\VLV� IXUWKHU�� UHVHDUFKHUV� DQG� SROLF\PDNHUV� DUH� RIWHQ� LQWHUHVWHG� LQ� WKH�

UHWXUQ� WR� GLIIHUHQW� HGXFDWLRQDO� SDWKV� VXFK� DV� DFDGHPLF� HGXFDWLRQ� DQG� YRFDWLRQDO� HGXFDWLRQ��
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:KLOH� PRVW� VWXGLHV� RQ� UHWXUQV� WR� HGXFDWLRQ� GR� QRW� FRQVLGHU� WKH� FXUULFXOXP� FRQWHQW� RI� WKH�

YDULDEOH� ³\HDUV� RI� HGXFDWLRQ�´� SROLF\PDNHUV²DV� ZHOO� DV� VWXGHQWV� DQG� SDUHQWV²PD\� QHHG�

PRUH�LQIRUPDWLRQ�WKDQ�VLPSO\�WKH�DYHUDJH�UHWXUQ�WR�D�\HDU�RI�HGXFDWLRQ��HVSHFLDOO\�ZKHQ�WKH\�

KDYH� WR� WDNH� GHFLVLRQV� DERXW� GLIIHUHQW� W\SHV� RI� HGXFDWLRQDO� LQYHVWPHQWV�� ,Q� WKLV� FRQWH[W�� D�

W\SLFDO�TXHVWLRQ�WKDW�KDV�DULVHQ�LV�ZKHWKHU�YRFDWLRQDO�HGXFDWLRQ�\LHOGV�D�ORZHU�RU�KLJKHU�UHWXUQ�

LQ�WKH�ODERU�PDUNHW��DV�FRPSDUHG�WR�DFDGHPLF�HGXFDWLRQ�ZLWK�WKH�VDPH�QXPEHU�RI�\HDUV��

*HQHUDOO\��WKH�H[LVWLQJ�OLWHUDWXUH�VXJJHVWV�WKDW�DFDGHPLF�GHJUHHV�KDYH�ODUJHU�EHQHILWV�WKDQ�

YRFDWLRQDO�GHJUHHV��'HDUGHQ�et al.��������SURYLGH�HYLGHQFH�RQ�WKH�UHODWLYH�YDOXH�RI�DFDGHPLF�

DQG� YRFDWLRQDO� TXDOLILFDWLRQV� LQ� WKH�%ULWLVK� ODERU�PDUNHW�� 7KHLU� UHVXOWV� VKRZ� WKDW� WKH�ZDJH�

SUHPLXP� DVVRFLDWHG� ZLWK� DFDGHPLF� TXDOLILFDWLRQV� LV� RQ� DYHUDJH� KLJKHU� WKDQ� WKH� SUHPLXP�

DVVRFLDWHG�ZLWK�YRFDWLRQDO�TXDOLILFDWLRQV�DW�WKH�VDPH�OHYHO��6LPLODUO\��6DQLWHU��������H[DPLQHV�

WKH�UHWXUQV�WR�HGXFDWLRQ�IRU�GLIIHUHQW�HGXFDWLRQDO�JURXSV�LQ�*HUPDQ\��+H�ILQGV�WKDW�WKH�UHWXUQ�

WR� HGXFDWLRQ� LV� ���� SHUFHQW� IRU� WKH� HQWLUH� VDPSOH�� ���� SHUFHQW� IRU� JUDGXDWHV� IURP� WKH� EDVLF�

VFKRRO�WUDFN��YRFDWLRQDOO\�RULHQWHG���DQG����SHUFHQW�IRU�JUDGXDWHV�IURP�D�KLJKHU�VFKRRO�WUDFN�

�DFDGHPLFDOO\�RULHQWHG���)RFXVLQJ�RQ�QRQPRQHWDU\�EHQHILWV�RI�HGXFDWLRQDO� WUDFNV��+DQXVKHN�

et al.��������ILQG�WKDW�JDLQV�LQ�\RXWK�HPSOR\PHQW�IURP�YRFDWLRQDO�HGXFDWLRQ�DUH�RIIVHW�E\�OHVV�

DGDSWDELOLW\� DQG� FRQVHTXHQW� GLPLQLVKHG� HPSOR\PHQW� ODWHU� LQ� OLIH�� 7KXV�� RYHU� WKH� OLIH�F\FOH��

DFDGHPLF� HGXFDWLRQ� VHHPV� WR� KDYH� ODUJHU� QRQPRQHWDU\� EHQHILWV� FRPSDUHG� WR� YRFDWLRQDO�

HGXFDWLRQ��

+RZHYHU�� DOO� WKHVH� VWXGLHV� GR� QRW� DFWXDOO\� DQDO\]H� WKH� UHWXUQ� WR� RQH� H[WUD� \HDU� RI�

DFDGHPLF� HGXFDWLRQ�ZLWK� WKH� UHWXUQ� WR�RQH�H[WUD�\HDU�RI�YRFDWLRQDO� HGXFDWLRQ� WR� LQYHVWLJDWH�

ZKHWKHU� WKH� RQH� WUDFN� EULQJV� D� UHWXUQ� SUHPLXP�� DQG� WKH\� GR� QRW� H[SORUH� WKH� SRVVLELOLW\� RI�

KHWHURJHQHRXV� HIIHFWV� EHWZHHQ� DQG� ZLWKLQ� HGXFDWLRQDO� SDWKV�� 7KH\� UDWKHU� IRFXV� RQ�

TXDOLILFDWLRQV� DQG� QRQPRQHWDU\� EHQHILWV�� SUREDEO\� EHFDXVH�PDQ\� FRXQWULHV� GR� QRW� KDYH� DQ�

HGXFDWLRQ� V\VWHP� WKDW� DOORZV� DFTXLULQJ� XS� WR� WHUWLDU\� GHJUHHV� IRU� ERWK� DFDGHPLF� DQG�
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YRFDWLRQDO�WUDFNV��VR�\HDUV�RI�HGXFDWLRQ�DUH�W\SLFDOO\�YHU\�GLIIHUHQW�LQ�WKH�WZR�WUDFNV��7KLV�LV�

QRW�WKH�FDVH�LQ�6ZLW]HUODQG��DQG�ZH�FRPSOHPHQW�WKH�GLVFXVVLRQ�RQ�DFDGHPLF�YHUVXV�YRFDWLRQDO�

WUDFN�E\� UHYHDOLQJ� WKH�KHWHURJHQHRXV� HIIHFWV� RI� WKH� WZR�HGXFDWLRQDO�SDWKV� DQG�E\� DQDO\]LQJ�

ZKHWKHU²DQG�DW�ZKLFK�SRLQW�RI�WKH�ZDJH�GLVWULEXWLRQ²RQH�WUDFN�KDV�KLJKHU�UHWXUQV�FRPSDUHG�

WR�WKH�RWKHU��

�

�

���'DWD�DQG�'HVFULSWLYH�6WDWLVWLFV�

%HIRUH� LQWURGXFLQJ� WKH� GDWD� DQG� SURYLGLQJ� GHVFULSWLYH� VWDWLVWLFV�� ZH� EULHIO\� SUHVHQW� WKH�

FXUUHQW� 6ZLVV� HGXFDWLRQ� V\VWHP�� 7KH� HGXFDWLRQ� V\VWHP� LQ� 6ZLW]HUODQG� FRQVLVWV� RI� SDUDOOHO�

SDWKV�GLYLGHG�LQWR�YRFDWLRQDO�DQG�DFDGHPLF�HGXFDWLRQ��$IWHU���\HDUV�RI�FRPSXOVRU\�VFKRROLQJ��

DERXW�WZR�WKLUGV�RI�D�\RXWK�FRKRUW�FKRRVH�WR�SXUVXH�YRFDWLRQDO�HGXFDWLRQ�DQG�WUDLQLQJ��)HGHUDO�

2IILFH� IRU�3URIHVVLRQDO� (GXFDWLRQ� DQG�7HFKQRORJ\�� �������PRVWO\�ZLWKLQ� WKH� VR�FDOOHG� GXDO�

V\VWHP�RI� DSSUHQWLFHVKLS� WUDLQLQJ��7KLV� NLQG� RI� WUDLQLQJ� JHQHUDOO\� FRQVLVWV� RI� D� FXUULFXOXP�

EDVHG� RQ�WKH�MRE� WUDLQLQJ� FRPSRQHQW� DQG� D� WKHRUHWLFDO� FRPSRQHQW� WDXJKW� DW� VSHFLDOL]HG�

YRFDWLRQDO�VFKRROV��$IWHU�JUDGXDWLRQ��PRVW�RI�WKHVH�DSSUHQWLFHV�ZRUN�DV�VNLOOHG�ZRUNHUV�ZLWKLQ�

WKHLU� RFFXSDWLRQDO� ILHOGV�� $OWHUQDWLYHO\�� YRFDWLRQDO� JUDGXDWHV� DOVR� KDYH� VHYHUDO� RSWLRQV� WR�

FRQWLQXH�WKHLU�HGXFDWLRQ��7KH\�PD\�FKRRVH�WR�JR�LQWR�KLJKHU�YRFDWLRQDO�HGXFDWLRQ�DQG�DFTXLUH�

D�KLJKHU�YRFDWLRQDO�HGXFDWLRQ�GHJUHH�RU�D�XQLYHUVLW\�RI�DSSOLHG�VFLHQFHV�GHJUHH��

$QRWKHU� SRVVLELOLW\� IRU� VWXGHQWV� DIWHU� FRPSXOVRU\� HGXFDWLRQ� LV� WR� VWD\� LQ� WKH� DFDGHPLF�

VFKRRO� V\VWHP�� DWWHQG� KLJK� VFKRRO�� DQG� REWDLQ� D� 0DWXUD�� 7KLV� GHJUHH� LV� D� QHFHVVDU\� DQG�

VXIILFLHQW�FRQGLWLRQ�WR�DFFHVV�WHUWLDU\�DFDGHPLF�HGXFDWLRQ��ZKLFK�FRQVLVWV�RI�XQLYHUVLWLHV�DQG�

IHGHUDO�LQVWLWXWHV�RI�WHFKQRORJ\��$W�WKHVH�WHUWLDU\�DFDGHPLF�LQVWLWXWLRQV��VWXGHQWV�FDQ�DFTXLUH�D�

EDFKHORU��D�PDVWHU��DQG�RU�D�GRFWRUDWH��
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:H� EDVH� RXU� DQDO\VLV� RQ� GDWD� IURP� WKH� 6ZLVV� /DERU� )RUFH� 6XUYH\� �6/)6��� ZKLFK� LV�

SURGXFHG�DQQXDOO\�E\�WKH�6ZLVV�)HGHUDO�6WDWLVWLFDO�2IILFH��7KH�GDWD�DUH�FROOHFWHG�E\�WHOHSKRQH�

LQWHUYLHZV� DQG� WKH� VDPSOH� LV� UHSUHVHQWDWLYH� IRU� WKH� DGXOW� SRSXODWLRQ� SHUPDQHQWO\� OLYLQJ� LQ�

6ZLW]HUODQG��7KH�PDLQ�SXUSRVH�RI�WKH�6/)6�LV�WR�SURYLGH�LQIRUPDWLRQ�RQ�WKH�VWUXFWXUH�RI�WKH�

ODERU� IRUFH� DQG� HPSOR\PHQW� EHKDYLRU� SDWWHUQV�� 6WULFW� DGKHUHQFH� WR� LQWHUQDWLRQDO� GHILQLWLRQV�

DOORZV� 6ZLVV� GDWD� WR� EH� FRPSDUHG� ZLWK� 2(&'�� (XURSHDQ�� DQG� 8�6�� GDWD�� 7KH� 6/)6� ZDV�

FRQGXFWHG�IRU�WKH�ILUVW�WLPH�LQ������DQG�LW�LV�EDVHG�RQ�D�VDPSOH�RI�VRPH���������LQWHUYLHZV��

:H�VHOHFW�WKH�SHULRG�����������DQG�ZH�SRRO�WKHVH�FURVV�VHFWLRQV�WR�EXLOG�RXU�VDPSOH���

7R�DYRLG�VSHFLDO�FLUFXPVWDQFHV�VXFK�DV�WKRVH�WKDW�PLJKW�DULVH�IURP�UHWLUHPHQW��RXU�VDPSOH�

WDNHV�LQWR�DFFRXQW�RQO\�PDOHV�DJHG��������:H�DOVR�UHVWULFW�WKH�VDPSOH�WR�LQGLYLGXDOV�ZKR�DUH�

HPSOR\HG�WR�DYRLG�PLVVSHFLILFDWLRQV�GXH�WR�SHRSOH�ZKR�DUH�LQ�VFKRRO�RU�QRW�DFWLYH�LQ�WKH�ODERU�

IRUFH��$PRQJ�WKH�HPSOR\HG��ZH�IRFXV�RQ�IXOO\�HPSOR\HG�ZRUNHUV� WR�UHWDLQ�LQGLYLGXDOV�ZLWK�

DWWDFKPHQW�WR�WKH�ODERU�PDUNHW���7KH�ZDJH�YDULDEOH�RI�WKH�6/)6�FRPHV�IURP�WKH�6ZLVV�6XUYH\�

RQ�,QFRPH�DQG�/LYLQJ�&RQGLWLRQV��D�YHU\�SUHFLVH�GDWD�VRXUFH�IRU�LQFRPH�UHVXOWLQJ�IURP�ODERU�

DFWLYLW\��$PRQJ�WKRVH�LQGLYLGXDOV�ZLWK�QR�PLVVLQJ�ZDJH��ZH�H[FOXGHG�����SHUFHQW�RI�HDFK�WDLO�

HQG�RI�WKH�ZDJH�GLVWULEXWLRQ�WR�DWWHQXDWH�WKH�LPSDFW�RI�RXWOLHUV�DQG�UHPRYH�LPSODXVLEOH�YDOXHV��

:DJHV�DUH�H[SUHVVHG�LQ�6ZLVV�)UDQFV��&+)��WKURXJKRXW�WKH�HQWLUH�SDSHU��GHIODWHG�WR�WKH�\HDU�

�������

,Q� WKH� 6/)6�� IRU� HDFK� LQGLYLGXDO�� ZH� FDQ� REVHUYH� WKH� HQWLUH� HGXFDWLRQ� SDWK� IURP�

FRPSXOVRU\�HGXFDWLRQ�WR�GRFWRUDWH��DQG�ZH�GLFKRWRPL]H�WKH�HGXFDWLRQDO�SDWKV�LQWR�DFDGHPLF�

DQG�YRFDWLRQDO�DFFRUGLQJ�WR�WKH�RIILFLDO�GHILQLWLRQ�RI�WKH�6ZLVV�6WDWH�6HFUHWDULDW�IRU�(GXFDWLRQ�

                                                        
��7KH� 6/)6� LV� D� URWDWLQJ� SDQHO��:H� NHHS� RQH� REVHUYDWLRQ� SHU� LQGLYLGXDO� WR� SUHYHQW� SUREOHPV� RI� QRQUDQGRP�
DWWULWLRQ�DQG�FOXVWHULQJ��

��:H�XVH� WKH�RIILFLDO� GHILQLWLRQ�RI� WKH�6ZLVV� )HGHUDO�6WDWLVWLFDO�2IILFH��ZKLFK� FRQVLGHUV� DQ� LQGLYLGXDO� DV� IXOO\�
HPSOR\HG�LI�KH�KDV�DQ�HPSOR\PHQW�RI�DW�OHDVW����SHUFHQW��

��,Q���������&+)� ���86'��
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DQG� 5HVHDUFK� �$SSHQGL[� $��� $IWHU� UHPRYLQJ� PLVVLQJ� YDOXHV�� ZH� DUH� OHIW� ZLWK� �������

REVHUYDWLRQV�LQ�WKH�VDPSOH��7DEOH���SURYLGHV�GHVFULSWLYH�VWDWLVWLFV���

�

^�3ODFH�7DEOH���DERXW�KHUH�`�

�

)URP�WKH�GHVFULSWLYH�DQDO\VLV�RQ�WKH�IXOO�VDPSOH��7DEOH����3DQHO�$���ZH�REVHUYH�WKDW�WKH�

DYHUDJH� ZRUNHU� HDUQV� DQ� DQQXDO� ZDJH� RI� &+)� ������� DQG� KDV� DFTXLUHG� ������ \HDUV� RI�

HGXFDWLRQ�� ,Q� OLQH� ZLWK� WKH� VWDWLVWLFV� DW� WKH� QDWLRQDO� OHYHO� �)HGHUDO� 2IILFH� IRU� 3URIHVVLRQDO�

(GXFDWLRQ� DQG� 7HFKQRORJ\�� ������� LQ� RXU� VDPSOH� ��� SHUFHQW� RI� WKH� LQGLYLGXDOV� IROORZHG� D�

YRFDWLRQDO�SDWK��ZKHUHDV����SHUFHQW�REWDLQHG�DQ�DFDGHPLF�GHJUHH��7KH�UHVW�RI�WKH�VDPSOH�����

SHUFHQW��KDV�FRPSXOVRU\�HGXFDWLRQ�DV�WKH�KLJKHVW�HGXFDWLRQDO�OHYHO��

&RPSDULQJ� GHVFULSWLYH� VWDWLVWLFV� RI� YRFDWLRQDO� JUDGXDWHV� �3DQHO� %�� 7DEOH� ��� ZLWK�

GHVFULSWLYH� VWDWLVWLFV� RI� DFDGHPLF� JUDGXDWHV� �3DQHO� &�� 7DEOH� ����ZH� REVHUYH� WKDW� YRFDWLRQDO�

JUDGXDWHV� HDUQ� RQ� DYHUDJH� OHVV� WKDQ� WKHLU� DFDGHPLF� FRXQWHUSDUW� �&+)� ������� SHU� \HDU�

FRPSDUHG�WR�&+)���������SHU�\HDU���)XUWKHUPRUH��YRFDWLRQDO�JUDGXDWHV�WHQG�WR�DFTXLUH�OHVV�

\HDUV� RI� HGXFDWLRQ� LQ� WRWDO�� DQG� WKLV� GLIIHUHQFH� LV� H[SODLQHG� E\� OHVV� WLPH� VSHQW� LQ� SRVW�

FRPSXOVRU\�HGXFDWLRQ�������\HDUV�FRPSDUHG�WR������\HDUV�IRU�DFDGHPLF�JUDGXDWHV���+RZHYHU��

XQREVHUYHG� KHWHURJHQHLW\� LV� QRW� WDNHQ� LQWR� DFFRXQW� LQ� WKHVH� ILJXUHV�� SDUWLFXODUO\� DELOLW\�

GLIIHUHQFHV�DUH�QRW�FRQVLGHUHG��7KHUHIRUH�GHVFULSWLYH�UHVXOWV�JLYH�QR�LQGLFDWLRQ�RI�FDXVDO�ZDJH�

HIIHFWV�RI�GLIIHUHQW�W\SHV�RI�HGXFDWLRQ��

�

�

                                                        
��6HH�$SSHQGL[�%�IRU�WKH�GHWDLOV�RQ�VDPSOH�FRQVWUXFWLRQ��
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���0HWKRGV�

,Q�WKH�ILUVW�SDUW�RI�WKLV�6HFWLRQ��ZH�LQWURGXFH�WKH�HTXDWLRQV�WR�EH�HVWLPDWHG��:H�XVH�WZR�

GLIIHUHQW�PRGHOV�� RQH� WR� DQDO\]H� WKH� UHWXUQ� WR� HGXFDWLRQ� DQG� RQH� WR� FRPSDUH� WKH� DFDGHPLF�

WUDFN�ZLWK� WKH� YRFDWLRQDO� WUDFN�� ,Q� WKH� VHFRQG� SDUW� RI� WKLV� 6HFWLRQ�� ZH� EULHIO\� GHVFULEH� WKH�

HVWLPDWLRQ�PHWKRGV�ZH� DSSO\��ZKLFK� FRQVLVW� RI� RUGLQDU\� OHDVW� VTXDUHV�� TXDQWLOH� UHJUHVVLRQV��

DQG� LQVWUXPHQWDO� YDULDEOH� HVWLPDWLRQV�� *LYHQ� WKDW� TXDQWLOH� UHJUHVVLRQ� DQG� LQVWUXPHQWDO�

YDULDEOH�TXDQWLOH�UHJUHVVLRQ�DUH�QRW�DV�FRPPRQ�DV�RUGLQDU\�OHDVW�VTXDUHV�DQG�WZR�VWDJH�OHDVW�

VTXDUHV��ZH�JLYH�D�EULHI�RYHUYLHZ�RQ�WKHVH�WZR�PHWKRGV�IROORZLQJ�.RHQNHU�DQG�%DVVHW��������

DQG� &KHUQR]KXNRY� DQG� +DQVHQ� �������� ,Q� WKH� WKLUG� SDUW� RI� WKLV� 6HFWLRQ�� ZH� GHVFULEH� DQG�

GLVFXVV�WKH�LQVWUXPHQWDO�YDULDEOHV�ZH�XVH�IRU�WKH�FDXVDO�HVWLPDWLRQ�RI�WKH�UHWXUQV�WR�HGXFDWLRQ��

�

4.1 The Wage Equations 

7R�HVWLPDWH�WKH�SULYDWH�PRQHWDU\�UHWXUQ�WR�RQH�DGGLWLRQDO�\HDU�RI�HGXFDWLRQ��ZH�FRQVLGHU�

WKH�IROORZLQJ�0LQFHU�OLNH�HTXDWLRQ��

������������������������������OQ� �
��� itiiiSi uAgeAgeSw ����� JGGEG �

,Q�HTXDWLRQ� ����� iw �LV� WKH�DQQXDO�ZDJH�RI� LQGLYLGXDO� i �� iS �UHSUHVHQWV� WKH� \HDUV�RI�HGXFDWLRQ��

iAge �LV�D�SUR[\�IRU� ODERU�PDUNHW�H[SHULHQFH�� LV� tJ �D�VHW�RI� WLPH�FRQWUROV��DQG� iu �LV�DQ�HUURU�

WHUP��$V�IUHTXHQW�LQ�WKH�OLWHUDWXUH��ZH�H[FOXGH�YDULRXV�GHWHUPLQDQWV�RI�HDUQLQJV�VXFK�DV�WHQXUH�

DQG� LQGXVWU\� VHFWRU�� EHFDXVH� VXFK� YDULDEOHV� DUH� SRWHQWLDOO\� HQGRJHQRXV� DQG� GHWHUPLQHG� E\�

HGXFDWLRQ� LWVHOI� �$QJULVW� DQG� 3LVFKNH�� ������:DQJ�� ������� ,Q�PRGHO� ����� WKH� FRHIILFLHQW� RI�

LQWHUHVW�LV�WKH�RQH�RQ�WKH�YDULDEOH�\HDUV�RI�VFKRROLQJ� SE ��ZKLFK�ZH�H[SHFW�WR�EH�SRVLWLYH�DQG�

VLJQLILFDQW��

7R�FRPSDUH�WKH�HIIHFW�RI�RQH�DGGLWLRQDO�\HDU�RI�DFDGHPLF�HGXFDWLRQ� WR�WKH�HIIHFW�RI�RQH�

DGGLWLRQDO�\HDU�RI�YRFDWLRQDO�HGXFDWLRQ��ZH�GHYHORS�D�PRGHO�VLPLODU�WR�WKH�RQH�XVHG�E\�+DUWRJ 

et al.� �������DQG�E\�9DQGHQEXVVFKH et al.� ��������+DUWRJ�et al.� �������PRGLI\� WKH�FODVVLFDO�
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0LQFHU�ZDJH� HTXDWLRQ� DQG� LQFOXGH� D� VSOLQH� LQ� \HDU� RI� HGXFDWLRQ� DW� WKUHH� FDWHJRULHV� RI� WKH�

VFKRRO� V\VWHP�� QDPHO\� SULPDU\�� VHFRQGDU\�� DQG� WHUWLDU\� HGXFDWLRQ��:LWK� WKLV� VSHFLILFDWLRQ��

WKH\� LQYHVWLJDWH� WKH� GLIIHUHQW� HIIHFWV� RI� HGXFDWLRQ� RQ� ZDJHV� DPRQJ� GLIIHUHQW� OHYHOV� RI�

HGXFDWLRQ�� :LWK� D� VLPLODU� VSHFLILFDWLRQ�� 9DQGHQEXVVFKH� et al.� ������� VWXG\� WKH� HIIHFW� RI�

WHUWLDU\� HGXFDWLRQ� RQ� FRXQWULHV¶� JURZWK� UDWH�� 7KH\� VHSDUDWH� WKH� HIIHFW� RI� WHUWLDU\� HGXFDWLRQ�

IURP� SULPDU\� DQG� VHFRQGDU\� HGXFDWLRQ� WR� VKRZ� WKDW� VNLOOHG� ODERU� KDV� D� KLJKHU� JURZWK�

HQKDQFLQJ�HIIHFW�IRU�FRXQWULHV�FORVHU�WR�WKH�WHFKQRORJLFDO�IURQWLHU��,Q�RXU�FDVH��ZH�GHFRPSRVH�

WKH�HGXFDWLRQ�YDULDEOH�DV�GHILQHG�LQ�PRGHO�����LQ�LWV�WKUHH�FRPSRQHQWV��&RPSXOVRU\�HGXFDWLRQ�

�C ���YRFDWLRQDO�HGXFDWLRQ��V ���DQG�DFDGHPLF�HGXFDWLRQ�� A ���7KXV��ZH�FDQ�UHZULWH�HTXDWLRQ�

����DV�IROORZV��

�������������������OQ� �
��� itiiiAiViCi uAgeAgeAVCw ������� JGGGGGG �

,Q�PRGHO������WKH�SDUDPHWHUV�RI�LQWHUHVW�DUH� VG �DQG� AG ��:LWK�WKLV�VHFRQG�VSHFLILFDWLRQ��ZH�

ZDQW�WR�FRPSDUH�WKH�UHWXUQ�SUHPLXP�RI�RQH�DGGLWLRQDO�\HDU�RI�YRFDWLRQDO�HGXFDWLRQ�ZLWK�WKH�

SUHPLXP�RI�RQH�DGGLWLRQDO�\HDU�RI�DFDGHPLF�HGXFDWLRQ���:KLOH�LW�LV�UHDVRQDEOH�WR�H[SHFW�ERWK�

SDUDPHWHUV�WR�EH�VLJQLILFDQW�DQG�SRVLWLYH��EXLOGLQJ�H[SHFWDWLRQV�DERXW�WKH�FRPSDULVRQ�EHWZHHQ�

WKH�WZR�LV�QRW�VWUDLJKWIRUZDUG�IRU�WZR�UHDVRQV��)LUVW��SUHYLRXV�OLWHUDWXUH�RQ�WKH�WRSLF�LV�UDWKHU�

VFDUFH��7KH�H[LVWLQJ�VWXGLHV�HLWKHU�FRPSDUH�KLJKHU�WUDFNV�ZLWK�ORZHU�WUDFNV��6DQLWHU���������RU�

IRFXV�RQ�QRQPRQHWDU\�UHWXUQV��+DQXVKHN�et al.��������DQG�UHWXUQV�WR�TXDOLILFDWLRQV��'HDUGHQ 

et al.�� ������� 6HFRQG�� LQVHUWLQJ� WKLV� WRSLF� LQ� D� GLVWULEXWLRQDO� IUDPHZRUN� EULQJV� DGGLWLRQDO�

FKDOOHQJH�� EHFDXVH²DV� LQ� WKH� FDVH� RI� UHWXUQV� WR� HGXFDWLRQ� LQ� JHQHUDO²WKH� UHWXUQV� WR� WKH�

YRFDWLRQDO��DFDGHPLF��SDWK�PD\�EH�KHWHURJHQHRXV�RYHU�WKH�ZDJH�GLVWULEXWLRQ��

�

                                                        
��7R�WHVW�ZKHWKHU�WKH�WZR�FRHIILFLHQWV�DUH�GLIIHUHQW�ZH�SHUIRUP�DQ�)�WHVW��ZKRVH�QXOO�K\SRWKHVLV�LV�� �ÖÖ  � AV GG ��
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4.2 Quantile Regression (QR) and Instrumental Variable Quantile Regression (IVQR) 

7KH� YDVW� PDMRULW\� RI� DSSOLHG� HFRQRPHWULFV� IRFXVHV� RQ� DYHUDJHV�� DQG� VXFK� IRFXV� SDUWO\�

UHIOHFWV�WKH�IDFW�WKDW�LW�LV�KDUG�HQRXJK�WR�SURGXFH�FUHGLEOH�DYHUDJH�FDXVDO�HIIHFWV�$V�ORQJ�DV�WKH�

GHSHQGHQW� YDULDEOH� LV� ELQDU\�� WKH� PHDQ� GHVFULEHV� WKH� HQWLUH� GLVWULEXWLRQ�� +RZHYHU�� PDQ\�

YDULDEOHV� OLNH� HDUQLQJV� KDYH� FRQWLQXRXV� GLVWULEXWLRQV�� DQG� WKHVH� GLVWULEXWLRQV� FDQ� FKDQJH� LQ�

UHVSRQVH�WR�WUHDWPHQWV�LQ�ZD\V�QRW�IXOO\�UHYHDOHG�E\�DYHUDJHV��45�SURYLGHV�D�VWUDLJKWIRUZDUG��

SRZHUIXO� WRRO� IRU� PRGHOLQJ� GLVWULEXWLRQDO� HIIHFWV�� HYHQ� LI� WKH� XQGHUO\LQJ� PHFKDQLVP� LV�

FRPSOH[�DQG�PXOWLGLPHQVLRQDO��$QJULVW�DQG�3LVFKNH���������

7R� DOORZ� IRU� KHWHURJHQHRXV� HIIHFWV� RI� HGXFDWLRQ� RQ� ZDJHV�� ZH� FRQVLGHU� WKH� WKW �

FRQGLWLRQDO�TXDQWLOH�ZDJH�IXQFWLRQ�KHUHDIWHU��

> @ �������������������������������������_�OQ� SXSXQ w WEWDW � �

ZKHUH� X �GHQRWHV� DOO� H[SODQDWRU\� YDULDEOHV� RWKHU� WKDQ� WKH� HGXFDWLRQDO� YDULDEOHV�

������ �
tii AgeAge J �� � �WD �LV�WKH�UHWXUQ�WR� X �DW�WKH� WKW �TXDQWLOH�� � �WE �LV�WKH�UHWXUQ�WR�HGXFDWLRQ�

DW�WKH� WKW �TXDQWLOH��DQG� � � SX ������� WEWDW �� � �LV�VWULFWO\�LQFUHDVLQJ�LQ�W ��,Q�HTXDWLRQ�����

WKH�UHWXUQV�WR�HGXFDWLRQ�DUH�IXQFWLRQ�RI�W ��DOORZLQJ�IRU�KHWHURJHQHRXV�HIIHFWV�RI�HGXFDWLRQ�RQ�

HDUQLQJV��

$VVXPLQJ�WKH�HUURU�WHUP�LQ�WKH�ZDJH�HTXDWLRQ�WR�EH�LQGHSHQGHQW�RI� X �DQG� S ��.RHQNHU�

DQG�%DVVHW� �������SURSRVH� WR� ILQG� WKH�EHVW�SUHGLFWRU�RI� ORJ�ZDJH�JLYHQ� X �DQG� S �XQGHU� WKH�

DV\PPHWULF� OHDVW� DEVROXWH� GHYLDWLRQ� ORVV��7KLV�PHDQV� HVWLPDWLQJ� � �WD �DQG� � �WE �LQ� HTXDWLRQ�

����E\�VROYLQJ�WKH�IROORZLQJ�PLQLPL]DWLRQ�SUREOHP��

> @ � �> @SXwSXQ w �����OQ��PLQDUJ�_
�����

�OQ� WEWDUW W
WEWD

��( �

ZKHUH� � �iuWU �LV� WKH� ³FKHFN� IXQFWLRQ´� GHILQHG� DV� � �> @ iii uuu ����� d� WUW �� ,Q� SUDFWLFH�� WKH�

PLQLPL]DWLRQ�SUREOHP�LV�VROYHG�YLD�OLQHDU�SURJUDPPLQJ�DQG�LPSOHPHQWHG�LQ�PDQ\�VWDWLVWLFDO�

SDFNDJHV��
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$V� DOUHDG\� GLVFXVVHG�� DVVXPLQJ� LQGHSHQGHQFH� EHWZHHQ� WKH� HGXFDWLRQ� YDULDEOH� DQG� WKH�

HUURU� WHUP� PD\� EH� WRR� VWULQJHQW� EHFDXVH� RI� SRWHQWLDO� XQREVHUYHG� ZDJH� GHWHUPLQDQWV� �L�H���

DELOLW\� ELDV��� 7R� DFFRXQW� IRU� SRWHQWLDO� GHSHQGHQFH� EHWZHHQ� S �DQG� u �LQ� D� GLVWULEXWLRQDO�

IUDPHZRUN�� ZH� DSSO\� WKH� ,945� PHWKRG� GHYHORSHG� E\� &KHUQR]KXNRY� DQG� +DQVHQ� �������

������� $V� LQ� WKH� FDVH� RI� WZR�VWDJH� OHDVW� VTXDUHV�� WKH� LGHQWLILFDWLRQ� RI� WKH� ,945� DSSURDFK�

UHOLHV�RQ�WKH�H[LVWHQFH�RI�D�YHFWRU�RI�LQVWUXPHQWDO�YDULDEOHV� Z �WKDW�LV�VWDWLVWLFDOO\�UHODWHG�WR� S �

EXW� LQGHSHQGHQW� RI� WKH� HUURU� WHUP� u �� $GGLWLRQDOO\�� ZH� KDYH� WR� DVVXPH� WKDW�� JLYHQ� WKH�

LQIRUPDWLRQ� � �ZX � �� WKH� GLVWULEXWLRQ� RI� WKH� VWUXFWXUDO� HUURU� GRHV� QRW� YDU\� DFURVV� WKH�

HQGRJHQRXV�VWDWH� S �³UDQN�VLPLODULW\´�����7KH�VWUXFWXUDO�HUURU�LV�UHVSRQVLEOH�IRU�KHWHURJHQHLW\�

RI�SRWHQWLDO�RXWFRPHV�DPRQJ�LQGLYLGXDOV�ZLWK�WKH�VDPH�REVHUYHG�FKDUDFWHULVWLFV��DQG�WKLV�HUURU�

WHUP� GHWHUPLQHV� WKH� UHODWLYH� UDQNLQJ� RI� REVHUYDWLRQDOO\� HTXLYDOHQW� LQGLYLGXDOV� LQ� WKH�

GLVWULEXWLRQ� RI� SRWHQWLDO� RXWFRPHV� JLYHQ� WKH� LQGLYLGXDOV
� REVHUYHG� FKDUDFWHULVWLFV��

&KHUQR]KXNRY�DQG�+DQVHQ�VKRZ�WKDW�DVVXPLQJ�UDQN�VLPLODULW\�LPSOLHV�WKH�IROORZLQJ�PRPHQW�

FRQGLWLRQ��

� � WW  d5 @��_��_��OQ��>� �OQ� ZXZXQw w �

DQG�WKXV��LQ�RXU�FDVH��

> @ ���������������������������_������OQ�� WWEWD  d��5 ZXSXw �

7KH�PRPHQW� FRQGLWLRQ� JLYHQ� LQ� ����SURYLGHV� D� VWDWLVWLFDO� UHVWULFWLRQ� WKDW� FDQ�EH�XVHG� WR�

HVWLPDWH� WKH� SDUDPHWHUV� � �WD �DQG� � �WE �� 3RLQWLQJ� RXW� WKDW� HTXDWLRQ� ���� LV� HTXLYDOHQW� WR� WKH�

VWDWHPHQW�WKDW���LV�WKH� WKW �TXDQWLOH�RI�WKH�UDQGRP�YDULDEOH� ��_��OQ� �OQ� SXQw w W� �FRQGLWLRQDO�

RQ� � �ZX � �� &KHUQR]KXNRY� DQG� +DQVHQ� IRUPXODWH� WKH� SUREOHP� DV� ILQGLQJ� > @����� WEWD �VXFK�

WKDW� ]HUR� LV� WKH� VROXWLRQ� WR� WKH� VWDQGDUG� TXDQWLOH� UHJUHVVLRQ� RI� > @SXw �����OQ� WEWD �� �RQ�

� �ZX � ��

                                                        
��� ������a�_ UniformZXu ��ZKLFK�PHDQV�WKDW�IRU�HDFK� S �DQG� 
S �JLYHQ� ��� ZX �� 
a SS UU ��
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� �> @ �������������������������������OQ��PLQDUJ� ZXfSXw
Ff

���( 
�

WEWDUW �

ZKHUH� F �LV�WKH�FODVV�RI�PHDVXUDEOH�IXQFWLRQV�RI� � �ZX � ��,Q�HPSLULFDO�DSSOLFDWLRQV�� F �ZLOO�EH�

UHVWULFWHG�HLWKHU�WR�WKH�YDOXHV�RI� iZ �RU�WR�WKH�SUHGLFWHG�YDOXH�IURP�D�OHDVW�VTXDUHV�SURMHFWLRQ�RI�

iS �RQ� ii ZX � ��7R�REWDLQ�DQ�HVWLPDWH�IRU� � �WE ��ZH�ORRN�IRU�D�YDOXH� E �WKDW�PDNHV�WKH�HVWLPDWHG�

FRHIILFLHQW� RQ� WKH� LQVWUXPHQWDO� YDULDEOH� ���Ö EWJ �LQ� HTXDWLRQ� ���� DV� FORVH� WR� ]HUR� DV� SRVVLEOH�

XVLQJ�FRQYHQWLRQDO�TXDQWLOH�UHJUHVVLRQ��

,Q�SUDFWLFH��WKH�,945�HVWLPDWRU�FRQVLVWV�RI�D�WZR�VWHS�SURFHGXUH��IRU�D�JLYHQ�YDOXH�RI� ��WE j ��

ZH� ILUVW� UXQ� WKH� RUGLQDU\� 45� RI� i
j

i Sw ���OQ� WE� �RQ� iX �DQG� iZ �WR� REWDLQ� WKH� HVWLPDWHV�

�����Ö������Ö WWEJWWED jj �� 6HFRQG�� ZH� WHVW� ������Ö  WWEJ j �DQG� VDYH� WKH� FRUUHVSRQGLQJ� )�

VWDWLVWLF�� jF ��:H�WKHQ�UHSHDW� WKHVH�WZR�VWHSV�IRU�DOO� WKH�YDOXHV�LQ�D�SUH�VSHFLILHG�VXSSRUW�IRU�

��WE j �DQG�WKH�YDOXH�WKDW�PLQLPL]HV�WKH�)�VWDWLVWLF�LV�WKH�,945�HVWLPDWRU IVQR��Ö WE ��2QFH�ZH�

KDYH� IVQR��Ö WE ��ZH�UHWULHYH�WKH�FRUUHVSRQGHQW� � �WDÖ ����

1RWH� WKDW� WKH� ,945� DSSURDFK� DOORZV� LQWHUSUHWDWLRQ� RI� WKH� IVQR��Ö WE �DV� DFWXDO� HIIHFWV� RQ�

LQGLYLGXDOV� KDYLQJ� IL[HG� WKHLU� OHYHO� RI� XQREVHUYHG� KHWHURJHQHLW\� DW� D� JLYHQ� TXDQWLOH��

7KHUHIRUH��WKH�HIIHFW�LV�QRW�RQO\�LGHQWLILHG�IRU�WKH�VHW�RI�LQGLYLGXDOV�ZKRVH�WUHDWPHQW�LV�DOWHUHG�

E\� VZLWFKLQJ� WKH� LQVWUXPHQW� IURP� ]HUR� WR� RQH� DV� LQ� WKH� FDVH� RI� WKH� ,9� TXDQWLOH� WUHDWPHQW�

HVWLPDWRU� SURSRVHG� E\� $EDGLH� et al.� �������� )XUWKHUPRUH�� WKH� ,945� PHWKRG� SXWV� QR�

UHVWULFWLRQ�RI�WKH�IRUP�RI�WKH�HQGRJHQRXV�YDULDEOHV�DQG�LQVWUXPHQWV��L�H���WKH\�FDQ�EH�ELQDU\��

GLVFUHWH��RU�FRQWLQXRXV���

�

�

                                                        
���:H�XVH�ERWK�WKH�6WDWD�FRPPDQG�ivqreg�DQG�WKH�0DWODE�IXQFWLRQ�inv_qr�WR�REWDLQ�WKH�SRLQW�HVWLPDWHV�DQG�
VWDQGDUG�HUURUV��ZLWK�DOPRVW�QR�GLIIHUHQFH�EHWZHHQ�WKH�WZR�DSSURDFKHV��
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4.3 The Instruments 

*LYHQ� WKH� ZLGHO\� DFNQRZOHGJHG� HQGRJHQHLW\� RI� HGXFDWLRQDO� DWWDLQPHQW� LQ� WKH� ZDJH�

HTXDWLRQ�� LW� LV� LPSRUWDQW�WR�ILQG�YDOLG�LQVWUXPHQWV�WR�FRQWURO�IRU� WKLV�SKHQRPHQRQ��+RZHYHU��

FKRRVLQJ� VXLWDEOH� LQVWUXPHQWV� LV� VWLOO� D� WRSLF� RI� JUHDW� GHEDWH� LQ� WKH� OLWHUDWXUH� RQ� UHWXUQV� WR�

HGXFDWLRQ��$UFDQG et al.��������'LFNVRQ��IRUWKFRPLQJ��+HFNPDQ et al.���������,Q�WKLV�VHWWLQJ��

DQ�LGHDO�LQVWUXPHQW�VKRXOG�EH�FRUUHODWHG�ZLWK�HGXFDWLRQDO�DWWDLQPHQW�EXW�XQFRUUHODWHG�ZLWK�WKH�

XQREVHUYHG�GHWHUPLQDQWV�RI�WKH�ZDJH��

7KH� OLWHUDWXUH�RQ�UHWXUQV� WR�HGXFDWLRQ�XVHG�VHYHUDO� LQVWUXPHQWV� IRU�HGXFDWLRQ��TXDUWHU�RI�

ELUWK� �$QJULVW� DQG� .UXHJHU�� ������� HDUO\� VPRNLQJ� KDELWV� �(YDQV� DQG� 0RQWJRPHU\�� �������

SUHVHQFH� RU� VH[� RI� VLEOLQJV� �$QJULVW� DQG� (YDQV�� ������ %XWFKHU� DQG� &DVH�� ������� FROOHJH�

SUR[LPLW\��&DUG���������SDUHQWDO�HGXFDWLRQ��+DUPRQ�DQG�:DONHU���������DQG�VSRXVH�HGXFDWLRQ�

�7URVWHO et al.�� ������� ,Q� WKH� ODVW� \HDUV�� WKH� OLWHUDWXUH� KDV� EHHQ� LQYHVWLJDWLQJ� HGXFDWLRQDO�

UHIRUPV�DV�D�VRXUFH�RI�H[RJHQRXV�YDULDWLRQ�LQ�HGXFDWLRQDO�DWWDLQPHQW����,Q�SDUWLFXODU��FKDQJHV�

LQ� VFKRRO� OHDYLQJ� DJH� �'LFNVRQ�� IRUWKFRPLQJ�� +DUPRQ� DQG�:DONHU�� ������ DQG� FRPSXOVRU\�

HGXFDWLRQ�H[SDQVLRQV��%UXQHOOR et al.��������)DQJ et al.��������0HJKLU�DQG�3DOPH��������KDYH�

EHHQ�DWWUDFWLQJ�UHVHDUFKHV¶�LQWHUHVW��)ROORZLQJ�WKLV�ODVW�VWUDQG�RI�OLWHUDWXUH��ZH�H[SORLW�D�PDMRU�

UHIRUP�LQ�WKH�6ZLVV�HGXFDWLRQDO�V\VWHP�WR�EXLOG�RXU�LQVWUXPHQWV�DQG�HVWLPDWH�WKH�WUXH��FDXVDO��

HIIHFW�RI�HGXFDWLRQ�RQ�HDUQLQJV��

,Q� 6ZLW]HUODQG�� WKH�PDLQ� UHVSRQVLELOLW\� IRU� HGXFDWLRQ� DQG� FXOWXUH� OLHV�ZLWK� WKH� FDQWRQV��

DQG� WKH\� ORRVHO\� FRRUGLQDWH� WKHLU� ZRUN� DW� WKH� QDWLRQDO� OHYHO�� 7KH� ��� FDQWRQDO� PLQLVWHUV� RI�

HGXFDWLRQ�WRJHWKHU�IRUP�D�SROLWLFDO�ERG\�QDPHG�WKH�6ZLVV�&RQIHUHQFH�RI�&DQWRQDO�0LQLVWHUV�

RI� (GXFDWLRQ� �('.��� 7KH� ('.� LV� UHVSRQVLEOH� IRU� HGXFDWLRQDO� UHIRUPV�� SROLFLHV�� DQG�

FRRUGLQDWLRQ� DW� WKH� QDWLRQDO� OHYHO�� ,Q� ������ WKH� ('.� SURGXFHG� DQ� LPSRUWDQW� HGXFDWLRQDO�

FRQFRUGDW��ZKRVH�DLP�ZDV�KDUPRQL]LQJ�WKH�6ZLVV�HGXFDWLRQ�IURP�FRPSXOVRU\�VFKRRO�WR�KLJK�

                                                        
���)RU�D�UHFHQW�VWXG\�RQ�WKH�LPSDFW�RI�HGXFDWLRQDO�UHIRUPV�RQ�HGXFDWLRQDO�DWWDLQPHQW�VHH�%UDJD et al.��������



���
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VFKRRO��7KLV�FRQFRUGDW�EHFDPH�RIILFLDO�RQ�2FWREHU�����������DQG�WRRN�D�FRXSOH�RI�\HDUV�WR�EH�

LPSOHPHQWHG� LQ� WKH� ILUVW� FDQWRQV�� %HIRUH� WKLV� FRQFRUGDW�� FDQWRQV� KDG� GLIIHUHQW� FRPSXOVRU\�

VFKRRO� GXUDWLRQ� ���� ��� RU� �� \HDUV��� GLIIHUHQW� VFKRRO� \HDU� VWDUW� �HLWKHU� VSULQJ� RI� IDOO��� DQG�

GLIIHUHQW�GXUDWLRQ�IURP�FRPSXOVRU\�HGXFDWLRQ�WR�KLJK�VFKRRO�JUDGXDWLRQ��IURP������\HDUV�WR�

�����\HDUV���

7KH�FRQFRUGDW�VHW���\HDUV�RI�FRPSXOVRU\�HGXFDWLRQ�IRU�DOO�FDQWRQV�� DQG�GHFLGHG�WKDW� WKH�

VFKRRO�\HDU�KDV�WR�VWDUW�LQ�IDOO��*LYHQ�WKDW�VRPH�FDQWRQV�ZHUH�DOUHDG\�LQ�OLQH�ZLWK�WKLV�UHIRUP��

RQO\�DERXW�RQH�KDOI�RI�WKHP�KDG�WR�FKDQJH�WKHLU�HGXFDWLRQ�V\VWHP��)XUWKHUPRUH��FDQWRQV�GLG�

QRW� LQWURGXFH� DOO� UHIRUPV� LPPHGLDWHO\� DIWHU� ������ 7KH\� LQVWHDG� KDG� WLPH� WR� DGDSW� WKHLU�

HGXFDWLRQ�V\VWHPV�LQ�WKH�\HDUV�IROORZLQJ�WKH�FRQFRUGDW�DQG�FRQVWDQWO\�IHHGEDFN�WKH�('.�RQ�

WKH�UHIRUP�VWDWXV��7KDQNV�WR�WKDW��ZH�DUH�DEOH�WR�NHHS�WUDFN�RI�WKH�LQWURGXFWLRQ�RI�WKH�UHIRUP�LQ�

HDFK�FDQWRQ��$GGLWLRQDOO\��ZH�DOVR�FRQWDFWHG�HDFK�FDQWRQ¶V�HGXFDWLRQDO�PLQLVWU\� WKDW�KDG� WR�

PRGLI\� WKH� HGXFDWLRQDO� V\VWHP� WR� GRXEOH�FKHFN� WKHLU� UHIRUP� VWDWXV�� $SSHQGL[� &� JLYHV� DQ�

RYHUYLHZ� RI� WKH� UHIRUPV� IRU� HDFK� FDQWRQ�� ZKHQ� WKH\� LQWURGXFHG� WKH� UHIRUPV�� DQG� KRZ� WKH�

UHIRUP�PRGLILHG�D�FDQWRQ¶V�HGXFDWLRQ�V\VWHP��

:H�XVH�WKH�FRPSXOVRU\�HGXFDWLRQ�H[SDQVLRQ�DV�DQ�LQVWUXPHQW�IRU�\HDUV�RI�HGXFDWLRQ��7KH�

HPSLULFDO�OLWHUDWXUH�VXJJHVWV�WKDW�SRVWSRQLQJ�WKH�DOORFDWLRQ�RI�SXSLOV�WR�WUDFNV�\LHOGV�SRVLWLYH�

HIIHFWV�RQ�DYHUDJH�HGXFDWLRQDO�DWWDLQPHQW��EHFDXVH�VWXGHQWV�VWD\�LQ�VFKRRO�ORQJHU�DQG�GURS�RXW�

OHVV��%UDJD et al.���������6LPLODU�WR�%UXQHOOR�et al���������DQG�)DQJ�et al.���������ZH�H[SORLW�

WKH� VHULHV� RI� QDWXUDO� H[SHULPHQWV� FUHDWHG� E\� WKH� VWDJJHUHG� LPSOHPHQWDWLRQ� RI� 6ZLW]HUODQG¶V�

HGXFDWLRQ�UHIRUP�DV�LQVWUXPHQW�IRU�HVWLPDWLQJ�HDFK�LQGLYLGXDO¶V�FRPSOHWHG�\HDUV�RI�VFKRROLQJ��

7KLV� DSSURDFK� REYLDWHV� WKH� SUREOHP� RI� HQGRJHQHLW\� GXH� WR� XQREVHUYDEOH� YDULDEOHV� WKDW� DUH�

FRUUHODWHG�ZLWK�ERWK�HGXFDWLRQ�DQG�HDUQLQJV��

*LYHQ� WKDW� WKH� HIIHFWLYH� GDWH� RI� WKH� VKLIW� LQ� VFKRRO�\HDU� VWDUW� DOVR� FRQVWLWXWHV� D� �VPDOO��

H[RJHQRXV�FKDQJH�LQ�\HDUV�RI�HGXFDWLRQ��ZH�PLJKW�EH�ZLOOLQJ�WR�XVH�WKLV�FKDQJH�DV�D�VHFRQG�
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LQVWUXPHQW� IRU�\HDUV�RI�HGXFDWLRQ�FRPSOHWHG�� ,Q�$SSHQGLFHV�'�DQG�(�ZH�SUHVHQW�76/6�DQG�

,945�HVWLPDWHV�IRU�D�VHULHV�RI�RYHULGHQWLILHG�PRGHOV�XVLQJ�ERWK�LQVWUXPHQWV��EXW�ZH�EDVH�RXU�

PDLQ� DQDO\VLV� RQ� WKH� FRPSXOVRU\� HGXFDWLRQ� H[SDQVLRQ� UHIRUP�� EHFDXVH� LW� LV� DQ� LQVWUXPHQW�

DOUHDG\� NQRZQ� WR� WKH� OLWHUDWXUH� DQG� EHFDXVH� WKH� UHVXOWV� DUH� TXDOLWDWLYHO\� VLPLODU� WR� WKH�

RYHULGHQWLILHG�FDVHV��

�

�

���5HVXOWV�DQG�'LVFXVVLRQ�

5.1 Returns to Education over the Wage Distribution 

7DEOH� �� VKRZV� WKH� UHJUHVVLRQ� RXWSXWV� IRU� PRGHO� ����� ZKLFK� IRFXVHV� RQ� WKH� UHWXUQV� WR�

HGXFDWLRQ�� 0HDQ� UHJUHVVLRQ� �FROXPQ� ��� 7DEOH� ��� HVWLPDWHV� D� UHWXUQ� WR� HGXFDWLRQ� RI� �����

SHUFHQW��ZKLFK�LQGLFDWHV�WKDW�HDUQLQJV�ULVH�E\������SHUFHQW�RQ�DYHUDJH�ZLWK�HDFK�H[WUD�\HDU�RI�

HGXFDWLRQ��7KH�HIIHFW�LV�KLJKO\�VLJQLILFDQW�DQG�QRW�IDU�IURP�WKH�IHZ�SUHYLRXV�VWXGLHV�RQ�UHWXUQV�

WR�HGXFDWLRQ�LQ�6ZLW]HUODQG��ZKLFK�HVWLPDWH�UHWXUQV�RI�DERXW�����SHUFHQW��:HEHU�DQG�:ROWHU��

�������

$OORZLQJ�IRU�KHWHURJHQHRXV�HIIHFWV�RI�HGXFDWLRQ�RQ�ZDJH��DQ�LQWHUHVWLQJ�SLFWXUH�HPHUJHV��

45� HVWLPDWHV� �FROXPQV� ������ 7DEOH� ��� VKRZ� WKDW� UHWXUQV� WR� HGXFDWLRQ� LQFUHDVH� RYHU� WKH�

TXDQWLOHV�RI�WKH�ZDJH�GLVWULEXWLRQ��7KH�UHWXUQ�WR�HGXFDWLRQ�LV������SHUFHQW�DW�WKH�ERWWRP�GHFLOH��

LQFUHDVLQJ�WR������SHUFHQW�DW�WKH�PHGLDQ�� ��� W ���DQG�UHDFKLQJ������SHUFHQW�DW�WKH�WRS�GHFLOH�

RI� WKH� ZDJH� GLVWULEXWLRQ�� 7KHVH� UHVXOWV� XQGHUOLQH� WKDW� DYHUDJH� HIIHFWV� PD\� KLGH� XVHIXO�

LQIRUPDWLRQ� DERXW� WKH� UHVW� RI� WKH� GLVWULEXWLRQ�� DQG� WR� IXUWKHU� XQGHUOLQH� WKH� KHWHURJHQHRXV�

HIIHFWV�RI�HGXFDWLRQ�RQ�ZDJH��)LJXUH���UHSRUWV�WKH�TXDQWLOH�VSHFLILF�UHWXUQV�WR�HGXFDWLRQ�IURP�

��� W �WR� ��� W ��ZLWK� DQ� LQWHUYDO� RI� ������� 2XU� HVWLPDWHG� UHWXUQV� SDWWHUQ� RYHU� WKH� ZDJH�

GLVWULEXWLRQ�LV�YHU\�VLPLODU�WR�WKRVH�IRXQG�E\�WKH�H[LVWLQJ�OLWHUDWXUH�IRU�RWKHU�FRXQWULHV��)DVLK�

et al.��������+DUPRQ�et al.��������+DUWRJ�et al.���������
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�

^�3ODFH�7DEOH���DERXW�KHUH�`�

^�3ODFH�)LJXUH���DERXW�KHUH�`�

�

7DEOH���SUHVHQWV�76/6�HVWLPDWHV�RI�PRGHO������$V�DQ�LQVWUXPHQW�IRU�\HDUV�RI�HGXFDWLRQ�ZH�

XVH� WKH�H[SDQVLRQ� LQ�FRPSXOVRU\�HGXFDWLRQ� WKDW� WRRN�SODFH� LQ�VRPH�FDQWRQV�DIWHU�������7KH�

UHWXUQV�WR�HGXFDWLRQ�HVWLPDWHG�E\�76/6�DUH�VOLJKWO\�KLJKHU�WKDQ�2/6�HVWLPDWHV��ZLWK�D�SRLQW�

HVWLPDWH� �VWDQGDUG�HUURU��RI������SHUFHQW� ���������7KLV� LV�D� W\SLFDO� UHVXOW� LQ� WKH� OLWHUDWXUH�RQ�

UHWXUQV� WR� HGXFDWLRQ�� DQG� LW� LV� XVXDOO\� PRWLYDWHG� E\� PHDVXUHPHQW� HUURU� LQ� WKH� HGXFDWLRQ�

YDULDEOHV� �VHH� IRU� H[DPSOH�&DUG�������� DQG� ORFDO� DYHUDJH� WUHDWPHQW� HIIHFWV� �,PEHQV�� �������

8VLQJ�D�GLIIHUHQW�LQVWUXPHQW�DQG�D�FRPELQDWLRQ�RI�WZR�LQVWUXPHQWV��VHH�$SSHQGL[�'��GRHV�QRW�

DIIHFW�WKH�HVWLPDWHG�UHWXUQ�ODUJHO\��EXW�WKHUH�LV�D�JDLQ�LQ�SUHFLVLRQ�RI�WKH�HGXFDWLRQ�FRHIILFLHQW�

DQG�5�VTXDUHG�ZKHQ�XVLQJ�PXOWLSOH�LQVWUXPHQWV��

7KH�FRHIILFLHQW�RQ�WKH�LQVWUXPHQWDO�YDULDEOH�LQ�ERWK�WKH�UHGXFHG�IRUP�DQG�ILUVW�VWDJH�KDV�

WKH�H[SHFWHG�VLJQ�DQG�LW�LV�KLJKO\�VLJQLILFDQW��,Q�WKH�ILUVW�VWDJH�PRGHO��FROXPQ���RI�7DEOH�����

RXU�LQVWUXPHQW�KDV�D�SRVLWLYH�DQG�VLJQLILFDQW�HIIHFW�RQ�\HDUV�RI�HGXFDWLRQ��7KLV�LV�LQ�OLQH�ZLWK�

WKH�H[SHFWDWLRQV�GLVFXVVHG� LQ�6HFWLRQ������ DQG�FRQVLVWHQW�ZLWK� WKH�H[LVWLQJ� VWXGLHV� WKDW�XVHG�

VLPLODU� LQVWUXPHQWV� �%UDJD et al.�� ������ %UXQHOOR et al.�� ������ )DQJ et al.�� ������� ,Q� RXU�

VSHFLILF�FDVH��WKH�UHIRUPV�LQFUHDVHG�HGXFDWLRQDO�DWWDLQPHQW�E\������\HDUV�RQ�DYHUDJH��ZKHUHDV�

SUHYLRXV�VWXGLHV�HVWLPDWHG�DQ�HIIHFW�RI�DERXW�KDOI�D�\HDU��7KH�WHVW�IRU�H[FOXGHG�LQVWUXPHQWV�KDV�

DQ�)�VWDWLVWLF�RI��������ZKLFK�LV�ZHOO�EH\RQG�WKH�FDQRQLFDO�����6WDLJHU�DQG�6WRFN���������:H�

DUH�WKHUHIRUH�FRQILGHQW�DERXW�WKH�VWUHQJWK�RI�WKH�LQVWUXPHQWDO�YDULDEOH��:H�DOVR�UHMHFW�WKH�QXOO�

K\SRWKHVHV� RI� XQGHU�LGHQWLILFDWLRQ� DQG� ZHDN� LGHQWLILFDWLRQ� IRU� RXU� LQVWUXPHQW� �.OHLEHUJHQ�

3DDS�VWDWLVWLF���

�
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^�3ODFH�7DEOH���DERXW�KHUH�`�

�

7DEOH���VKRZV�WKH�,945�HVWLPDWHV�RI�PRGHO������:LWK�WKLV�UHJUHVVLRQ�DQDO\VLV�ZH�FDXVDOO\�

HVWLPDWH�WKH�LPSDFW�RI�HGXFDWLRQ�RQ�ZDJH�DW�D�JLYHQ�TXDQWLOH�RI�WKH�ZDJH�GLVWULEXWLRQ��6LPLODU�

WR�45� HVWLPDWHV�� ,945� UHVXOWV� DOVR� VXJJHVW� WKDW� WKH� UHWXUQV� WR� VFKRROLQJ� YDU\� VXEVWDQWLDOO\�

RYHU� WKH�ZDJH� GLVWULEXWLRQ�� DQG� WKLV� KHWHURJHQHLW\� LV�PRVW� DSSDUHQW� LQ� WKH� ,945� HVWLPDWHV��

:KLOH�ERWK�45�DQG� ,945�DSSURDFKHV� LQGLFDWH� WKDW� UHWXUQV� WR� HGXFDWLRQ�DUH�KHWHURJHQHRXV��

WKH�VKDSHV�RI�WKH�HVWLPDWHG�UHWXUQV�RYHU�WKH�TXDQWLOHV�DUH�YHU\�GLIIHUHQW��$V�VHYHUDO�SUHYLRXV�

VWXGLHV��45�HVWLPDWHV�H[KLELW�LQFUHDVLQJ�UHWXUQV�WR�HGXFDWLRQ��LQGLFDWLQJ�WKDW�UHWXUQV�DUH�KLJKHU�

DW�KLJKHU�TXDQWLOHV�RI�WKH�ZDJH�GLVWULEXWLRQ��+RZHYHU��LI�HGXFDWLRQ�LV�HQGRJHQRXV�WR�WKH�ZDJH�

HTXDWLRQ� RI�PRGHO� ����� FRQYHQWLRQDO�45� GRHV� QRW� FRQVLVWHQWO\� HVWLPDWH� WKH� FDXVDO� HIIHFW� RI�

HGXFDWLRQ�RQ�ZDJH��,945�HVWLPDWHV�DUH�LQVWHDG��DV\PSWRWLFDOO\��FRQVLVWHQW�XQGHU�HQGRJHQHLW\�

DQG�VKRZ�WKDW�UHWXUQV�DUH�GHFUHDVLQJ�RYHU�WKH�ZDJH�GLVWULEXWLRQ��

,Q� SDUWLFXODU�� WKH� UHWXUQ� WR� HGXFDWLRQ� HVWLPDWHG� E\� ,945� LV� ������ SHUFHQW� DW� WKH� ILUVW�

GHFLOH�� GHFUHDVLQJ� WR� ����� SHUFHQW� DW� WKH�PHGLDQ�� DQG� JRLQJ� GRZQ� WR� DQ� LQVLJQLILFDQW� ������

SHUFHQW�DW�WKH�ODVW�GHFLOH�RI�WKH�ZDJH�GLVWULEXWLRQ��7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�ODUJHVW�JDLQV�

WR�DGGLWLRQDO�\HDUV�RI�HGXFDWLRQ�DFFUXH�WR�LQGLYLGXDOV�DW�WKH�ORZ�HQG�RI�WKH�ZDJH�GLVWULEXWLRQ��

)LJXUH� �� SURYLGHV� D� JUDSKLFDO� LOOXVWUDWLRQ� RI� WKHVH� UHVXOWV� IURP� ��� W �WR� ��� W �ZLWK� DQ�

LQWHUYDO�RI�������E\�FRPSDULQJ�45�HVWLPDWHV�ZLWK�,945�HVWLPDWHV��,QWHUHVWLQJO\��WKH�UHGXFHG�

IRUP� TXDQWLOH� ,9� DSSURDFK� SURGXFHV� TXDOLWDWLYHO\� VLPLODU� SRLQW� HVWLPDWHV� DQG� GLVWULEXWLRQDO�

SDWWHUQ�WR�WKH�VWUXFWXUDO� ,945�DSSURDFK��ZKLFK�LQGLFDWHV�WKDW�RXU�VXEVWDQWLYH�UHVXOWV�DUH�QRW�

VHQVLWLYH�WR�WKH�HVWLPDWLRQ�SURFHGXUH��

7KH� ,945� HVWLPDWHV� DUH� FRQVLVWHQW� WR� WKH� WKHRUHWLFDO� H[SHFWDWLRQV� ZH� IRUPXODWHG�

SUHYLRXVO\�� $V� WKH� TXDQWLOH� LQGH[�W �FDQ� EH� YLHZHG� DV� D�PHDVXUH� RI� XQREVHUYHG� LQGLYLGXDO�

DELOLW\��,945�UHVXOWV�DUH�LQ�OLQH�ZLWK�WKH�DUJXPHQW�WKDW�LQGLYLGXDOV�DFTXLUH�HGXFDWLRQ�XS�WR�WKH�
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SRLQW�ZKHUH�WKH�FRVW�HTXDOV� WKH�UDWH�RI�UHWXUQ��DQG�FRVWV�GHSHQG�QHJDWLYHO\�RQ�DELOLW\� �&DUG��

������� ,Q� WKLV� VHWWLQJ��ZH�ZRXOG� H[SHFW� WKH� UHWXUQV� WR� HGXFDWLRQ� WR�EH�GHFUHDVLQJ� LQ� DELOLW\��

ZLWK�WKH�ORZHU�DELOLW\�LQGLYLGXDOV�KDYLQJ�WKH�KLJKHVW�UHWXUQ�WR�HGXFDWLRQ²ZKLFK�LV�H[DFWO\�WKH�

SDWWHUQ�HVWLPDWHG�E\�,945��0RUHRYHU��LQWHUSUHWLQJ�WKH�TXDQWLOH�LQGH[�DV�DQ�DELOLW\�PHDVXUH�LV�

DOVR� FRQVLVWHQW� ZLWK� WKH� QRWLRQ� WKDW� LQGLYLGXDOV� ZLWK� KLJKHU� DELOLW\� ZRXOG� JHQHUDWH� KLJK�

HDUQLQJV� UHJDUGOHVV� RI� WKHLU� HGXFDWLRQDO� OHYHO�� 2Q� WKH� RWKHU� KDQG�� LQGLYLGXDOV� ZLWK� ORZHU�

XQREVHUYHG�DELOLW\�ZRXOG�JDLQ�PRUH�IURP�WKH�WUDLQLQJ�SURYLGHG�E\�IRUPDO�HGXFDWLRQ��

�

^�3ODFH�7DEOH���DERXW�KHUH�`�

^�3ODFH�)LJXUH���DERXW�KHUH�`�

�

5.2 Returns to Education over the Wage Distribution between Types of Education 

:H�QRZ�IRFXV�RQ�WKH�FRPSDULVRQ�EHWZHHQ�HGXFDWLRQDO�SDWKV��7DEOH���JLYHV�DQ�RYHUYLHZ�

RI�WKH�2/6�DQG�45�HVWLPDWHV�RI�PRGHO������&ROXPQ���RI�7DEOH���SUHVHQWV�2/6�UHJUHVVLRQV��

ZKLFK� HVWLPDWH� D� UHWXUQ� WR� YRFDWLRQDO� HGXFDWLRQ� RI� ����� SHUFHQW� DQG� D� UHWXUQ� WR� DFDGHPLF�

HGXFDWLRQ�RI������SHUFHQW��7KHVH�FRHIILFLHQWV�JDWKHU�WKH�HIIHFW�RI�DQ�H[WUD�\HDU�RI�YRFDWLRQDO�

�DFDGHPLF�� HGXFDWLRQ� RQ� ZDJH�� ILOWHULQJ� RXW� WKH� HIIHFW� RI� FRPSXOVRU\� VFKRROLQJ�� %\�

SHUIRUPLQJ� DQ� )�WHVW��ZH� UHMHFW� WKH� QXOO� K\SRWKHVLV� RI� HTXDO� FRHIILFLHQWV� �S�YDOXH�  � ��������

7KLV�PHDQV�WKDW��DW�WKH�PHDQ��WKH�HIIHFW�RI�RQH�DGGLWLRQDO�\HDU�RI�DFDGHPLF�HGXFDWLRQ�RQ�ZDJH�

LV� ODUJHU� WKDQ� WKH� HIIHFW� RQ� RQH� DGGLWLRQDO� \HDU� RI� YRFDWLRQDO� HGXFDWLRQ�� 7KH� TXHVWLRQ� LV�

ZKHWKHU�PRGHOLQJ�RQ�DYHUDJH�ORVHV�VRPH�LPSRUWDQW�IHDWXUHV�RI�WKLV�FRPSDULVRQ��DQG�ZH�WKXV�

EULQJ�WKH�GLVFXVVLRQ�LQWR�D�GLVWULEXWLRQDO�IUDPHZRUN��

&ROXPQV�����RI�7DEOH���SUHVHQW�WKH�45�HVWLPDWHV�IRU�PRGHO�����DW�YDULRXV�TXDQWLOHV�RI�WKH�

ZDJH� GLVWULEXWLRQ�� 7KH� ILUVW� UHVXOW� LV� WKDW�� DV� LQ� 7DEOH� ��� UHWXUQV� WR� ERWK� YRFDWLRQDO� DQG�

DFDGHPLF� HGXFDWLRQV� DUH� LQFUHDVLQJ� LQ� WKH� TXDQWLOHV� RI� WKH�ZDJH� GLVWULEXWLRQ��+RZHYHU�� WKH�
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LQFUHDVLQJ�SDWWHUQ�DQG�WKH�PDJQLWXGH�RI�WKH�HVWLPDWHG�HIIHFWV�DUH�VLJQLILFDQWO\�GLIIHUHQW��$W�WKH�

ORZHU� TXDQWLOHV� RI� WKH�ZDJH� GLVWULEXWLRQ�� YRFDWLRQDO� HGXFDWLRQ� KDV� D� VWDWLVWLFDOO\� VLJQLILFDQW�

UHWXUQ�SUHPLXP�LQ�FRPSDULVRQ�WR�DFDGHPLF�HGXFDWLRQ��)URP�WKH�IRXUWK�GHFLOH�RQ��WKH�VLWXDWLRQ�

LV�UHYHUVHG��DFDGHPLF�HGXFDWLRQ�KDV�KLJKHU�UHWXUQV�IRU�RQH�DGGLWLRQDO�\HDU�RI�VFKRROLQJ��7KXV��

LQ� WKH�XSSHU�SDUW�RI� WKH�ZDJH�GLVWULEXWLRQ��DFDGHPLF�HGXFDWLRQ�EULQJV�D�VLJQLILFDQW�SUHPLXP�

FRPSDUHG�WR�YRFDWLRQDO�HGXFDWLRQ��

,Q�SDUWLFXODU��DW�WKH�ERWWRP�GHFLOH�WKH�UHWXUQ�WR�RQH�H[WUD�\HDU�RI�YRFDWLRQDO�HGXFDWLRQ�LV�

����� SHUFHQW��ZKHUHDV� WKH� UHWXUQ� WR� RQH� DGGLWLRQDO� \HDU� RI� DFDGHPLF� HGXFDWLRQ� LV� RQO\� �����

SHUFHQW��:H�UHMHFW� WKH�QXOO�K\SRWKHVLV�RI�HTXDO�FRHIILFLHQWV�DW�HDFK� OHYHO�RI�VLJQLILFDQFH� �S�

YDOXH� ���������$W�WKH�WKLUG�GHFLOH�WKH�VLWXDWLRQ�LV�GLIIHUHQW��ZLWK�DQ�HVWLPDWHG�UHWXUQ�RI�DERXW�

���� SHUFHQW� IRU� ERWK� DFDGHPLF� DQG� YRFDWLRQDO� WUDFNV� �S�YDOXH�  � �������� $W� WKH�PHGLDQ�� WKH�

UHWXUQV�WR�YRFDWLRQDO�DQG�DFDGHPLF�HGXFDWLRQV�DUH������SHUFHQW�DQG������SHUFHQW��UHVSHFWLYHO\��

6LPLODUO\�WR�2/6��DW�WKH�PHGLDQ�ZH�UHMHFW�WKH�QXOO�K\SRWKHVLV�RI�HTXDO�FRHIILFLHQWV��ZLWK�D�S�

YDOXH�RI��������$W� WKH�WRS�GHFLOH��DFDGHPLF�HGXFDWLRQ�EULQJV�D� UHWXUQ�RI������SHUFHQW��ZKLOH�

YRFDWLRQDO� HGXFDWLRQ� KDV� DQ� HVWLPDWHG� UHWXUQ� RI� ����� SHUFHQW�� 7KH� GLIIHUHQFH� EHWZHHQ� WKH�

HVWLPDWHG�FRHIILFLHQWV�LV�VWDWLVWLFDOO\�VLJQLILFDQW��S�YDOXH� ���������)LJXUH���SURYLGHV�JUDSKLFDO�

VXSSRUW� FRPSOHPHQWLQJ� WKH� UHVXOWV� RI�7DEOH� ��ZH� MXVW� GLVFXVVHG�� FRPSDULQJ�2/6� HVWLPDWHV�

ZLWK� 45� HVWLPDWHV� DFURVV� WKH� HQWLUH� ZDJH� GLVWULEXWLRQ�� HVWLPDWHG� IURP� ��� W �WR� ��� W �

�ZLWK�DQ�LQWHUYDO�RI��������

�

^�3ODFH�7DEOH���DERXW�KHUH�`�

^�3ODFH�)LJXUH���DERXW�KHUH�`�

�

7R� KDYH� D� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� DFDGHPLF� SUHPLXP�� ZH� UHZULWH� PRGHO� ���� DV� D�

IXQFWLRQ�RI� WKH�GLIIHUHQFH�EHWZHHQ� WKH� WZR�HGXFDWLRQDO� WUDFNV��ZLWK�YRFDWLRQDO� HGXFDWLRQ�DV�
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UHIHUHQFH�FDWHJRU\��:KLOH�GRLQJ�VR�LPSHGHV�XV�WR�VHH�WKH�SDWWHUQ�RI�YRFDWLRQDO�DQG�DFDGHPLF�

HGXFDWLRQV� VHSDUDWHO\�� WKH� WUDQVIRUPDWLRQ� DOORZV� HVWLPDWLQJ� FRQILGHQFH� LQWHUYDOV� IRU� WKH�

DFDGHPLF�SUHPLXP��)LJXUH���SORWV� WKH�DFDGHPLF�SUHPLXP�RYHU� WKH�ZDJH�GLVWULEXWLRQ��DORQJ�

ZLWK�LWV����SHUFHQW�FRQILGHQFH�LQWHUYDOV��

�

^�3ODFH�)LJXUH���DERXW�KHUH�`�

�

2QH� SRWHQWLDO� H[SODQDWLRQ� EHKLQG� WKHVH� UHVXOWV� LV� WKH� VNLOO� IRUPDWLRQ� RI� YRFDWLRQDO� DQG�

DFDGHPLF�HGXFDWLRQV�� ,Q� IDFW��ZKLOH�YRFDWLRQDO�HGXFDWLRQ�V\VWHP�SURYLGHV�D�VHW�RI�VNLOOV� WKDW�

DUH�UDWKHU�VSHFLILF�WR�WKH�MRE�WKH�DSSUHQWLFHV�DUH�OHDUQLQJ��%XVHPH\HU�DQG�7UDPSXVFK���������

LQ�WKH�FDVH�RI�DFDGHPLF�HGXFDWLRQ�WKH�H[SORLWDWLRQ�RI�WKH�DFTXLUHG�VNLOOV�VWURQJO\�GHSHQGV�RQ�

WKH� W\SH� RI� MRE�ZRUNHUV� DUH� GRLQJ� �'HDUGHQ� et al.�� ������� %HVLGHV�� YRFDWLRQDO� HGXFDWLRQ� LV�

SUREDEO\� D� EHWWHU� ILW� IRU� VWXGHQWV� DW� WKH� ORZHU� SDUW� RI� WKH�ZDJH� GLVWULEXWLRQ�� EHFDXVH� WKRVH�

VWXGHQWV� OHDUQ�FRQWHQWV� WKDW�EHWWHU�PDWFK�DQG� FRPSOHPHQW� WKHLU� LQQDWH� DELOLWLHV� �5RVHQEDXP�

DQG� 5RVHQEDXP�� ������� $V� D� FRQVHTXHQFH�� DW� WKH� ORZHU� TXDQWLOHV� RI� WKH�ZDJH� GLVWULEXWLRQ�

YRFDWLRQDO� HGXFDWLRQ� EULQJV� D� UHWXUQ� SUHPLXP�� EHFDXVH� LQGLYLGXDOV� ZLWK� DQ� DFDGHPLF�

HGXFDWLRQ� LQ� WKLV� SDUW� RI� WKH� GLVWULEXWLRQ� KDYH� D� UHODWLYH� GLVDGYDQWDJH� LQ� WKH� MRE� WKH\� DUH�

SHUIRUPLQJ�� &RQYHUVHO\�� DW� VRPH� SRLQW� LQ� WKH� ZDJH� GLVWULEXWLRQ� �LQ� RXU� FDVH� ��� W ���

DFDGHPLF�HGXFDWLRQ�VWDUWV�JHQHUDWLQJ�D�UHWXUQ�SUHPLXP�LQ�FRPSDULVRQ�WR�YRFDWLRQDO�HGXFDWLRQ�

EHFDXVH�ZRUNHUV�KDYH�WKH�FDSDFLW\�RI�IXOO\�H[SORLW�WKHLU�VNLOOV�LQ�WKH�ODERU�PDUNHW��

*LYHQ�WKDW�ZH�DUH�PRUH�LQWHUHVWHG�LQ�WKH�SUHVHQFH�RI�KHWHURJHQHLW\�DQG�EHFDXVH�ZH�GLG�QRW�

ILQG�DSSURSULDWH�LQVWUXPHQWDO�YDULDEOHV�IRU�ERWK�DFDGHPLF�DQG�YRFDWLRQDO�HGXFDWLRQ��ZH�GR�QRW�

FODLP� WKDW� WKH� HVWLPDWHG� HIIHFWV� LQ� WKH� EHWZHHQ�ZLWKLQ� SDWK� FRPSDULVRQ� DUH� FDXVDO�� :H�
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QHYHUWKHOHVV�SHUIRUPHG�VRPH�VLPSOH�WZR�VWDJH�TXDQWLOH�UHJUHVVLRQV���WKDW�VKRZ�ORZHU�UHWXUQV�

WR� DFDGHPLF� HGXFDWLRQ� DW� WKH� ERWWRP� RI� WKH�ZDJH� GLVWULEXWLRQ� DQG� D� UHWXUQ� SUHPLXP� RI� WKH�

DFDGHPLF�SDWK�LQ�WKH�XSSHU�SDUW�RI�WKH�ZDJH�GLVWULEXWLRQ��

�

�

���&RQFOXVLRQV�

,Q� WKLV� SDSHU�ZH�SUHVHQW� HYLGHQFH� RI� KHWHURJHQHRXV� UHWXUQV� WR� HGXFDWLRQ� RYHU� WKH�ZDJH�

GLVWULEXWLRQ��:H�XVH�LQVWUXPHQWDO�YDULDEOH�TXDQWLOH�UHJUHVVLRQ�DQG�GDWD�IURP�WKH�6ZLVV�/DERU�

)RUFH�6XUYH\�WR�LVRODWH�WKH�FDXVDO�OLQN�EHWZHHQ�HGXFDWLRQ�DQG�HDUQLQJV�DW�GLIIHUHQW�TXDQWLOHV�

RI�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI�ZDJHV��2XU�UHVXOWV�SURYLGH�VLJQLILFDQW�HYLGHQFH�WKDW�WKHUH�LV�

QR�XQLTXH�FDXVDO�HIIHFW�RI�VFKRROLQJ�DQG�WKDW�IRU�HDFK�LQGLYLGXDO�WKH�HIIHFW�PD\�EH�DERYH�RU�

EHORZ�WKH�HVWLPDWHV�H[WHQVLYHO\�GRFXPHQWHG�XVLQJ�2/6�RU�76/6��GHSHQGLQJ�RQ�KLV�SRVLWLRQ�

LQ�WKH�ZDJH�GLVWULEXWLRQ�DQG�KLV�XQREVHUYDEOH�ZDJH�GHWHUPLQDQWV��DELOLW\���,Q�SDUWLFXODU��ZKLOH�

RUGLQDU\� TXDQWLOH� UHJUHVVLRQ� UHVXOWV� LQGLFDWH� WKDW� UHWXUQV� WR� HGXFDWLRQ� DUH� LQFUHDVLQJ� LQ� WKH�

TXDQWLOH� LQGH[��RQFH� WKH�HQGRJHQHLW\�RI� VFKRROLQJ� LV� WDNHQ� LQWR� DFFRXQW�ZH� LQVWHDG�REVHUYH�

KLJKHU�UHWXUQV�DW�ORZHU�TXDQWLOHV�RI�WKH�ZDJH�GLVWULEXWLRQ��,QWHUSUHWLQJ�WKH�TXDQWLOH�LQGH[�DV�D�

PHDVXUH�RI�XQREVHUYHG�DELOLW\��RXU�ILQGLQJV�VXJJHVW�WKDW�OHVV�DEOH�LQGLYLGXDOV�SURILW�PRUH�IRUP�

RQH�DGGLWLRQDO�\HDU�RI�HGXFDWLRQ��+LJKHU�DELOLW\�LQGLYLGXDOV�KDYH�RQ�DYHUDJH�KLJKHU�ZDJHV��EXW�

WKH�VORSH�RI�WKHLU�ZDJH�HGXFDWLRQ�SURILOH�LV�IODWWHU�WKDQ�WKDW�IRU�ORZHU�DELOLW\�LQGLYLGXDOV��7KLV�

ZRXOG�LQGLFDWH��DV�GLVFXVVHG�E\�$VKHQIHOWHU�DQG�5RXVH���������WKDW�DEOHU�LQGLYLGXDOV�DFTXLUH�

PRUH�VFKRROLQJ�EHFDXVH�WKH\�IDFH�ORZHU�PDUJLQDO�FRVWV��DQG�QRW�EHFDXVH�RI�KLJKHU�PDUJLQDO�

EHQHILWV��

)URP� D� PHWKRGRORJLFDO� SRLQW� RI� YLHZ�� D� QRWHZRUWK\� UHVXOW� RI� RXU� DQDO\VLV� LV� WKDW� D�

UHGXFHG�IRUP� TXDQWLOH� ,9� DSSURDFK�� DNLQ� WR� 76/6�� SURGXFHV� TXDOLWDWLYHO\� VLPLODU� SRLQW�
                                                        
���5HVXOWV� DYDLODEOH� XSRQ� UHTXHVW�� ZH� GR� QRW� UHSRUW� WKHP� EHFDXVH� WKH� LQVWUXPHQWV� ZH� XVH� DUH� RQO\� arguably�
H[RJHQRXV��:H� XVHG� WKH� WZR�VWDJH� TXDQWLOH� UHJUHVVLRQ� DSSURDFK� RI�&KHQ� DQG� 3RUWQR\� �������� EDVHG� RQ� WKH�
HDUO\�ZRUN�E\�3RZHOO���������
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HVWLPDWHV� WR� WKH� VWUXFWXUDO� ,945� DSSURDFK�� ZKLFK� LV� EDVHG� RQ� VWURQJHU� DVVXPSWLRQV��

5HDVVXULQJO\�� WKH� FRPSDUDELOLW\� RI� WKHVH� HVWLPDWHV� LQGLFDWHV� WKDW� RXU� FRUH� UHVXOWV� DUH� QRW�

VHQVLWLYH�WR�WKH�HVWLPDWLRQ�SURFHGXUH��

,Q� WKLV� VWXG\� ZH� DOVR� LQYHVWLJDWH� WKH� SRWHQWLDO� KHWHURJHQHLW\� LQ� WKH� UHWXUQV� ZLWKLQ� DQG�

EHWZHHQ�GLIIHUHQW� HGXFDWLRQDO�SDWKV��([SORLWLQJ� WKH�XQLTXH� IHDWXUH�RI� WKH�6ZLVV� HGXFDWLRQDO�

V\VWHP� WKDW� DOORZV� VWXGHQWV� DFKLHYH� WHUWLDU\� HGXFDWLRQ� GHJUHHV� IRU� ERWK� DFDGHPLF� DQG�

YRFDWLRQDO� WUDFNV�� ZH� FRPSOHPHQW� WKH� H[LVWLQJ� OLWHUDWXUH� E\� FRQILUPLQJ� WKDW�� DW� WKH� PHDQ��

DFDGHPLF�HGXFDWLRQ�EULQJV�KLJKHU�UHWXUQV��+RZHYHU��LI�ZH�H[DPLQH�WKH�UHWXUQV�RYHU�WKH�ZDJH�

GLVWULEXWLRQ��ZH� REVHUYH� WZR� UHOHYDQW²DQG� XQWLO� QRZ� XQNQRZQ²IHDWXUHV� RI� WKH� UHWXUQV� WR�

YRFDWLRQDO� DQG� DFDGHPLF� HGXFDWLRQ�� )LUVW��ZH� XQFRYHU� VLJQLILFDQW� KHWHURJHQHLW\�ZLWKLQ� HDFK�

HGXFDWLRQDO�SDWK��ZLWK�ERWK�YRFDWLRQDO�DQG�DFDGHPLF�HGXFDWLRQV�SUHVHQWLQJ�LQFUHDVLQJ�UHWXUQV�

RYHU� WKH� ZDJH� GLVWULEXWLRQ�� 6HFRQG�� D� FRPSDULVRQ� EHWZHHQ� WKH� WZR� WUDFNV� UHYHDOV� WKDW�

DFDGHPLF� HGXFDWLRQ� QRW� DOZD\V� \LHOGV� KLJKHU� UHWXUQV��:KLOH� LQ� WKH� XSSHU� SDUW� RI� WKH�ZDJH�

GLVWULEXWLRQ� LQGLYLGXDOV�ZLWK� DQ� DFDGHPLF� EDFNJURXQG� KDYH� D� UHWXUQ� SUHPLXP� FRPSDUHG� WR�

LQGLYLGXDOV�ZLWK�D�YRFDWLRQDO�EDFNJURXQG��DW�ORZHU�TXDQWLOHV�YRFDWLRQDO�HGXFDWLRQ�KDV�KLJKHU�

UHWXUQV� WKDQ� DFDGHPLF� HGXFDWLRQ�� 7KHVH� UHVXOWV� LPSO\� WKDW� DQVZHULQJ� WKH� TXHVWLRQ� ZKHWKHU�

DFDGHPLF�HGXFDWLRQ�\LHOGV�KLJKHU�UHWXUQV�LQ�WKH�ODERU�PDUNHW�FRPSDUHG�WR�DFDGHPLF�HGXFDWLRQ�

LV� QRW� DV� HDV\� DV� LW� PLJKW� KDYH� VHHPHG� LQ� WKH� SDVW� IURP� GHVFULSWLYH� VWDWLVWLFV� RU� PHDQ�

UHJUHVVLRQ�� ,Q� IDFW�� WKH�DQVZHU�GHSHQGV�RQ� WKH� LQGLYLGXDO¶V�SRVLWLRQ� LQ� WKH�FRQGLWLRQDO�ZDJH�

GLVWULEXWLRQ��

7KHUH� DUH� D� QXPEHU� RI� ZD\V� LQ� ZKLFK� RXU� ZRUN� FDQ� EH� H[WHQGHG�� )LUVW�� LW� ZRXOG� EH�

LQWHUHVWLQJ� WR�DQDO\]H� WKH�HYROXWLRQ�RYHU� WLPH�RI� WKH�TXDQWLOH� UHWXUQV� WR�HGXFDWLRQ��DQG�ZKDW�

LPSDFW�WKH�UHWXUQV�KDYH�RQ�WKH�VWUXFWXUH�RI�ZDJHV��$FFRUGLQJ�WR�RXU�UHVXOWV��HGXFDWLRQ�VKRXOG�

KDYH� DQ� LQHTXDOLW\�UHGXFLQJ� HIIHFW� RYHU� WLPH�� EHFDXVH� LQGLYLGXDOV� ZLWK� ORZHU� DELOLW\� �L�H���

WKRVH� DW� WKH� ORZHU� TXDQWLOHV� RI� WKH� ZDJH� GLVWULEXWLRQ�� VHHP� WR� SURILW� PRUH� IRUP� IRUPDO�



���

�

HGXFDWLRQ��:KLOH�DSSHDOLQJ��VXFK�LQTXLU\�LV�FRPSOLFDWHG�E\�WKH�IDFW�WKDW�WKH�HQGRJHQHLW\�DQG�

PHDVXUHPHQW� HUURU� ELDVHV� DUH� OLNHO\� WR� FKDQJH� RYHU� WLPH�� 6HFRQG�� UHVHDUFKHUV� DQG� SROLF\�

PDNHUV�PLJKW�EH�LQWHUHVWHG�LQ�D�FURVV�FRXQWU\�FRPSDULVRQ�WR�VWXG\�KRZ�WKH�FDXVDO�UHWXUQV�WR�

HGXFDWLRQ�FKDQJH�ZLWK�GLIIHUHQW�ZDJH�GLVWULEXWLRQV�DQG�HGXFDWLRQ�V\VWHPV��

7KLUG�� RQH� FRXOG� H[SORUH� WKH� SRWHQWLDO� QRQ�OLQHDU� UHODWLRQVKLS� EHWZHHQ� HGXFDWLRQ� DQG�

ZDJHV� E\� DOORZLQJ� WKH� UHWXUQV� WR� GLIIHU� QRW� RQO\� EHWZHHQ� HGXFDWLRQDO� SDWKV� EXW� DOVR� DFURVV�

HGXFDWLRQ� OHYHOV�� DV� IRU� H[DPSOH� LQ� %XFKLQVN\� ������� DQG� +DUWRJ� et al.� �������� $� ODVW�

FRPSHOOLQJ� H[WHQVLRQ� WR� RXU� ZRUN� FRXOG� EH� HYDOXDWLQJ� WKH� LPSDFW� RI� FKDQJHV� LQ� WKH�

GLVWULEXWLRQ�RI�HGXFDWLRQ�RQ�TXDQWLOHV�RI� WKH�XQFRQGLWLRQDO� �PDUJLQDO��GLVWULEXWLRQ�RI�ZDJHV��

7KLV�ZRXOG�KHOS�WR�HVWLPDWH�WKH�HIIHFW�RI�RQH�DGGLWLRQDO�\HDU�RI�VFKRROLQJ�RQ�WKH�HQWLUH�ZDJH�

GLVWULEXWLRQ�DQG�QRW�DW�D�JLYHQ�TXDQWLOH�RQO\��+RZHYHU��WR�VKHG�OLJKW�RQ�WKLV�WRSLF��ZH�ZRXOG�

QHHG�DQ�DGDSWDWLRQ�RI� WKH�XQFRQGLWLRQDO�TXDQWLOH� UHJUHVVLRQ�DSSURDFK� �)LUSR�et al.�������� WR�

LQVWUXPHQWDO�YDULDEOHV²DQ�DGDSWDWLRQ�WKDW�LV�FXUUHQWO\�QRW�DYDLODEOH��

7R� FRQFOXGH�� WKLV� VWXG\� VKRZV� WKDW� W\SLFDO� HVWLPDWHV� RI� WKH� PHDQ� UHWXUQ� WR� HGXFDWLRQ�

SURYLGH� D� UDWKHU� LQFRPSOHWH� FKDUDFWHUL]DWLRQ� RI� WKH� LPSDFW� RI� HGXFDWLRQ� RQ� ODERU� PDUNHW�

RXWFRPHV�DQG�DUH�WKXV�D�ZHDN�JXLGH�IRU�SXEOLF�SROLF\��6LPLODUO\��GLVWULEXWLRQDO�DQDO\VHV�XVLQJ�

RUGLQDU\� TXDQWLOH� UHJUHVVLRQ� DUH� DOVR� DQ� LQDSSURSULDWH� WRRO� WR� GHVFULEH� WKH� WUXH� LPSDFW� RI�

HGXFDWLRQ� RQ�ZDJHV�� EHFDXVH� WKH\� GR� QRW� FRQWURO� IRU� XQREVHUYHG� KHWHURJHQHLW\��2XU� UHVXOWV�

VXJJHVW� WKDW� WKH� QHW� LPSDFW� RI� HGXFDWLRQ� RQ� WKH� ORQJ�UXQ� GLVWULEXWLRQ� RI� LQFRPH� GRHV� QRW�

QHFHVVDULO\�GHSHQG�RQ�WKH�LQLWLDO�GLVWULEXWLRQ�RI�DELOLW\�DFURVV�WKH�SRSXODWLRQ��DQG�ZH�VXSSRUW�

HPSLULFDOO\�WKH�DUJXPHQW�WKDW�IRUPDO�HGXFDWLRQ�SDUWLDOO\�FRPSHQVDWHV�IRU�GLIIHUHQFHV�LQ�LQQDWH�

DELOLWLHV�DQG�HDUO\�OLIH�FRQGLWLRQV��

�

� �
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$EDGLH��$���$QJULVW��-�'���,PEHQV��*���������,QVWUXPHQWDO�YDULDEOHV�HVWLPDWHV�RI�WKH�HIIHFW�RI�

VXEVLGL]HG�WUDLQLQJ�RQ�WKH�TXDQWLOHV�RI�WUDLQHH�HDUQLQJV��(FRQRPHWULFD�������������

$QJULVW�� -�'��� (YDQV��:�1��� ������ &KLOGUHQ� DQG� WKHLU� SDUHQWV
� ODERU� VXSSO\�� HYLGHQFH� IURP�

H[RJHQRXV�YDULDWLRQ�LQ�IDPLO\�VL]H��$PHULFDQ�(FRQRPLF�5HYLHZ�������������

$QJULVW��-�'���.UXHJHU��$��%���������'RHV�FRPSXOVRU\�VFKRRO�DWWHQGDQFH�DIIHFW�VFKRROLQJ�DQG�

HDUQLQJV"�4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV����������������

$QJULVW�� -�'��� 3LVFKNH�� -�6��� ������ 0RVWO\� +DUPOHVV� (FRQRPHWULFV�� $Q� (PSLULFLVW
V�

&RPSDQLRQ��3ULQFHWRQ�8QLYHUVLW\�3UHVV��3ULQFHWRQ��

$UDEVKHLEDQL��*��5���6WDQHYD��$���������5HWXUQV�WR�HGXFDWLRQ�LQ�5XVVLD��ZKHUH�WKHUH�LV�ULVN\�

VH[XDO�EHKDYLRU�WKHUH�LV�DOVR�DQ�LQVWUXPHQW��,=$�'LVFXVVLRQ�3DSHU�6HULHV��:RUNLQJ�3DSHU�

1R��������

$UFDQG�� -��� '¶+RPEUHV�� %��� *\VHOLQFN�� 3��� ������ ,QVWUXPHQW� FKRLFH� DQG� WKH� UHWXUQV� WR�

HGXFDWLRQ��QHZ�HYLGHQFH�IURP�9LHWQDP��/DERU�DQG�'HPRJUDSK\�����������(FRQ:3$��

$ULDV��2���+DOORFN��.�)���6RVD�(VFXGHUR��:���������,QGLYLGXDO�KHWHURJHQHLW\�LQ�WKH�UHWXUQV�WR�

VFKRROLQJ�� LQVWUXPHQWDO� YDULDEOHV� TXDQWLOH� UHJUHVVLRQ� XVLQJ� WZLQV� GDWD�� (PSLULFDO�

(FRQRPLFV�����������

$VKHQIHOWHU��2���5RXVH��&���������,QFRPH��VFKRROLQJ��DQG�DELOLW\��HYLGHQFH�IURP�D�QHZ�VDPSOH�

RI�LGHQWLFDO�WZLQV��4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV���������������

%HWWLQJHU�� (�� 3��� .UHPHU�� 0��� 6DDYHGUD�� -�� (��� ������ $UH� HGXFDWLRQDO� YRXFKHUV� RQO\�

UHGLVWULEXWLYH"�7KH�(FRQRPLF�-RXUQDO���������������

%HWWLQJHU��(��3���%DNHU��5���������7KH�HIIHFWV�RI�VWXGHQW�FRDFKLQJ�LQ�FROOHJH��DQ�HYDOXDWLRQ�RI�

D� UDQGRPL]HG�H[SHULPHQW� LQ�VWXGHQW�PHQWRULQJ��1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK�

:RUNLQJ�3DSHU�6HULHV��:RUNLQJ�3DSHU�1R���������

%UDJD�� 0��� &KHFFKL�� '��� 0HVFKL�� (��� ������ (GXFDWLRQDO� SROLFLHV� LQ� D� ORQJ�UXQ� SHUVSHFWLYH��

(GXFDWLRQDO�3ROLFLHV�-DQXDU\���������������

%UXQHOOR�� *��� )DEEUL�� '��� )RUW�� 0��� ������ 7KH� FDXVDO� HIIHFW� RI� HGXFDWLRQ� RQ� ERG\� PDVV��

HYLGHQFH�IURP�(XURSH��-RXUQDO�RI�/DERU�(FRQRPLFV��������������

%XFKLQVN\�� 0��� ������ &KDQJHV� LQ� WKH� 8�6�� ZDJH� VWUXFWXUH� ����������� DQ� DSSOLFDWLRQ� RI�

TXDQWLOH�UHJUHVVLRQ��(FRQRPHWULFD��������������

%XVHPH\HU�� 0�� 5��� 7UDPSXVFK�� &��� ������ 7KH� 3ROLWLFDO� (FRQRP\� RI� &ROOHFWLYH� 6NLOO�

)RUPDWLRQ��2[IRUG�8QLYHUVLW\�3UHVV��1HZ�<RUN��

%XWFKHU��.��� &DVH��$��� ������ 7KH� HIIHFW� RI� VLEOLQJ� FRPSRVLWLRQ� RQ�ZRPHQ¶V� HGXFDWLRQ� DQG�

HDUQLQJV��4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV���������±�����



���

�

&DUG�� '��� ������ (DUQLQJV�� VFKRROLQJ�� DQG� DELOLW\� UHYLVLWHG�� 1DWLRQDO� %XUHDX� RI� (FRQRPLF�

5HVHDUFK�:RUNLQJ�3DSHU�6HULHV��:RUNLQJ�3DSHU�1R��������

&DUG�� '��� ������ 7KH� FDXVDO� HIIHFW� RI� HGXFDWLRQ� RQ� HDUQLQJV�� ,Q�� $VKHQIHOWHU�� 2��� &DUG�� '��

�(GV����+DQGERRN�RI�/DERU�(FRQRPLFV��(OVHYLHU��5RWWHUGDP��SS�������������

&DUG��'���������(VWLPDWLQJ�WKH�UHWXUQV�WR�VFKRROLQJ��SURJUHVV�RQ�VRPH�SHUVLVWHQW�HFRQRPHWULF�

SUREOHPV��(FRQRPHWULFD����������������

&DUG�� '��� .UXHJHU�� $�%��� ������ 'RHV� VFKRRO� TXDOLW\� PDWWHU"� 5HWXUQV� WR� HGXFDWLRQ� DQG� WKH�

FKDUDFWHULVWLFV�RI�SXEOLF�VFKRROV�LQ�WKH�8QLWHG�6WDWHV��-RXUQDO�RI�3ROLWLFDO�(FRQRP\������

������

&KHQ��/���3RUWQR\��6���������7ZR�VWDJHG�UHJUHVVLRQ�TXDQWLOHV�DQG�WZR�VWDJHG�WULPPHG�OHDVW�

VTXDUHV� HVWLPDWRUV� IRU� VWUXFWXUDO� HTXDWLRQ�PRGHOV��&RPPXQLFDWLRQ� LQ�6WDWLVWLFV��7KHRU\�

DQG�0HWKRGV����������������

&KHUQR]KXNRY��9���+DQVHQ��&���������,QVWUXPHQWDO�TXDQWLOH�UHJUHVVLRQ�LQIHUHQFH�IRU�VWUXFWXUDO�

DQG�WUHDWPHQW�HIIHFW�PRGHOV��-RXUQDO�RI�(FRQRPHWULFV���������������

&KHUQR]KXNRY�� 9��� +DQVHQ�� &��� ������ ,QVWUXPHQWDO� TXDQWLOH� UHJUHVVLRQ�� D� UREXVW� LQIHUHQFH�

DSSURDFK��-RXUQDO�RI�(FRQRPHWULFV���������������

&KHUQR]KXNRY��9���+DQVHQ��&���������4XDQWLOH�PRGHOV�ZLWK�HQGRJHQHLW\��$QQXDO�5HYLHZ�RI�

(FRQRPLFV��'2,����������DQQXUHY�HFRQRPLFV����������������

'HDUGHQ�� /��� 0F,QWRVK�� 6��� 0\FN�� 0��� 9LJQROHV�� $��� ������ 7KH� UHWXUQV� WR� DFDGHPLF� DQG�

YRFDWLRQDO�TXDOLILFDWLRQV�LQ�%ULWDLQ��%XOOHWLQ�RI�(FRQRPLF�5HVHDUFK��������������

'LFNVRQ��0���IRUWKFRPLQJ��7KH�FDXVDO�HIIHFW�RI�HGXFDWLRQ�RQ�ZDJHV�UHYLVLWHG��2[IRUG�%XOOHWLQ�

RI�(FRQRPLFV�DQG�6WDWLVWLFV��'2,����������M�����������������������[��

'LFNVRQ��0���+DUPRQ��&��� ������ (FRQRPLFV� UHWXUQV� WR� HGXFDWLRQ��ZKDW�ZH� NQRZ��ZKDW�ZH�

GRQ¶W�NQRZ��DQG�ZKHUH�DUH�JRLQJ²VRPH�EULHI�SRLQWHUV��(FRQRPLFV�RI�(GXFDWLRQ�5HYLHZ�

���������������

(YDQV��:��1���0RQWJRPHU\��(���������(GXFDWLRQ�DQG�KHDOWK��ZKHUH�WKHUH¶V�VPRNH�WKHUH¶V�DQ�

LQVWUXPHQW�� 1DWLRQDO� %XUHDX� RI� (FRQRPLF� 5HVHDUFK� :RUNLQJ� 3DSHU� 6HULHV�� :RUNLQJ�

3DSHU�1R��������

)DQJ��+��� (JJOHVWRQ��.�1���5L]]R�� -�$���5R]HOOH�� 6��� =HFNKDXVHU��5�-��� ������ 7KH� UHWXUQV� WR�

HGXFDWLRQ�LQ�&KLQD��HYLGHQFH�IURP�WKH������FRPSXOVRU\�OHGXFDWLRQ�ODZ��1DWLRQDO�%XUHDX�

RI�(FRQRPLF�5HVHDUFK�:RUNLQJ�3DSHU�6HULHV��:RUNLQJ�3DSHU�1R���������

)DVLK��7���.LQJGRQ��*���3DWULQRV��+�$���6DNHOODULRX��&���6RGHUERP��0���������+HWHURJHQHRXV�

UHWXUQV�WR�HGXFDWLRQ�LQ�WKH�ODERU�PDUNHW��7KH�:RUOG�%DQN�+XPDQ�'HYHORSPHQW�1HWZRUN��

:RUNLQJ�3DSHU�1R��������
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)HGHUDO�2IILFH�IRU�3URIHVVLRQDO�(GXFDWLRQ�DQG�7HFKQRORJ\��������9RFDWLRQDO�DQG�SURIHVVLRQDO�

HGXFDWLRQ� DQG� WUDLQLQJ� LQ� 6ZLW]HUODQG�� )HGHUDO� 2IILFH� IRU� 3URIHVVLRQDO� (GXFDWLRQ� DQG�

7HFKQRORJ\��)HGHUDO�'HSDUWPHQW�RI�(FRQRPLF�$IIDLUV��%HUQ��

+DQXVKHN��(��$���:RHVVPDQQ��/���=KDQJ��/���������*HQHUDO�HGXFDWLRQ��YRFDWLRQDO�HGXFDWLRQ��

DQG� ODERU�PDUNHW�RXWFRPHV�RYHU� WKH� OLIH� F\FOH��1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK�

:RUNLQJ�3DSHU�6HULHV��:RUNLQJ�3DSHU�1R���������

+DUPRQ�� &��� :DONHU�� ,��� ������ 7KH� PDUJLQDO� DQG� DYHUDJH� UHWXUQ� WR� VFKRROLQJ� LQ� WKH� 8.��

(XURSHDQ�(FRQRPLF�5HYLHZ��������±�����

+DUPRQ��&���:DONHU� ,���������5HWXUQV�WR� WKH�TXDQWLW\�DQG�TXDOLW\�RI�HGXFDWLRQ��HYLGHQFH�IRU�

PHQ�LQ�(QJODQG�DQG�:DOHV��(FRQRPLFD������������

+DUPRQ�� &��� 2RVWHUEHHN�� +���:DONHU�� ,��� ������ 7KH� UHWXUQV� WR� HGXFDWLRQ�� PLFURHFRQRPLFV��

-RXUQDO�RI�(FRQRPLF�6XUYH\V��������������

+DUWRJ�� -���3HUHLUD��3��7���9LHLUD�� -��$��&��� ������&KDQJLQJ� UHWXUQV� WR� HGXFDWLRQ� LQ�3RUWXJDO�

GXULQJ� WKH� ����V� DQG� HDUO\� ����V�� 2/6� DQG� TXDQWLOH� UHJUHVVLRQ� HVWLPDWRUV�� $SSOLHG�

(FRQRPLFV����������������

+HFNPDQ��-�-���3RODFKHN��6���������(PSLULFDO�HYLGHQFH�RQ�WKH�IXQFWLRQDO�IRUP�RI�WKH�HDUQLQJV�

VFKRROLQJ�UHODWLRQVKLS��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��������������

+HFNPDQ�� -�-��� /RFKQHU�� /�-��� 7RGG�� 3�(��� �������� (DUQLQJV� IXQFWLRQV�� UDWHV� RI� UHWXUQ� DQG�

WUHDWPHQW� HIIHFWV�� ,Q�� +DQXVKHN�� (���:HOFK�� )�� �(GV���� +DQGERRN� RI� WKH� (FRQRPLFV� RI�

(GXFDWLRQ��(OVHYLHU��$PVWHUGDP��SS�����������

+HQGHUVRQ��'��-���3RODFKHN��6��:���:DQJ��/���������+HWHURJHQHLW\�LQ�VFKRROLQJ�UDWHV�RI�UHWXUQ��

(FRQRPLFV�RI�(GXFDWLRQ�5HYLHZ����������������

+XQJHUIRUG�� 7��� 6RORQ�� *��� ������ 6KHHSVNLQ� HIIHFWV� LQ� WKH� UHWXUQ� WR� HGXFDWLRQ�� 5HYLHZ� RI�

(FRQRPLFV�DQG�6WDWLVWLFV��������������

,PEHQV�� *�:��� ������ %HWWHU� /$7(� WKDQ� QRWKLQJ�� VRPH� FRPPHQWV� RQ� 'HDWRQ� ������� DQG�

+HFNPDQ�DQG�8U]XD���������-RXUQDO�RI�(FRQRPLF�/LWHUDWXUH��������±�����

.RHQNHU��5���%DVVHWW��*�6���������5HJUHVVLRQ�TXDQWLOHV��(FRQRPHWULFD�������±����

.RRS��*���7RELDV��-��/���������/HDUQLQJ�DERXW�KHWHURJHQHLW\�LQ�UHWXUQV�WR�VFKRROLQJ��-RXUQDO�RI�

$SSOLHG�(FRQRPHWULFV��������������

/HPLHX[��7���������7KH�FKDQJLQJ�QDWXUH�RI�ZDJH�LQHTXDOLW\��-RXUQDO�RI�3RSXODWLRQ�(FRQRPLFV�

�����������

0DUWLQV�� 3�� 6��� 3HUHLUD�� 3�� 7��� ����� 'RHV� (GXFDWLRQ� UHGXFH� ZDJH� LQHTXDOLW\"� 4XDQWLOH�

UHJUHVVLRQ�HYLGHQFH�IURP����FRXQWULHV��/DERXU�(FRQRPLFV��������������
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0HJKLU��&��� 3DOPH��0��� ������$VVHVVLQJ� WKH� HIIHFW� RI� VFKRROLQJ� RQ� HDUQLQJV� XVLQJ� D� VRFLDO�

H[SHULPHQW��,)6�:RUNLQJ�3DSHU�6HULHV��:RUNLQJ�3DSHU�1R��:�������

0LQFHU�� -�$��� ������6FKRROLQJ��([SHULHQFH�� DQG�(DUQLQJV��&ROXPELD�8QLYHUVLW\�3UHVV��1HZ�

<RUN��

0ZDEX�� *��� 6FKXOW]�� 3�$��� ������ (GXFDWLRQ� UHWXUQV� DFURVV� TXDQWLOHV� RI� WKH� ZDJH� IXQFWLRQ��

DOWHUQDWLYH� H[SODQDWLRQV� IRU� UHWXUQV� WR� HGXFDWLRQ� E\� UDFH� LQ� 6RXWK� $IULFD�� $PHULFDQ�

(FRQRPLF�5HYLHZ���������������

3RZHOO��-���������7KH�DV\PSWRWLF�QRUPDOLW\�RI�WZR�VWDJH�OHDVW�DEVROXWH�GHYLDWLRQV�HVWLPDWRUV��

(RQRPHWULFD����������������

5RVHQEDXP�� -�(��� 5RVHQEDXP�� -��� ������ %H\RQG� %$� EOLQGHUV�� OHVVRQV� IURP� RFFXSDWLRQDO�

FROOHJHV� DQG� FHUWLILFDWH� SURJUDPV� IRU� QRQWUDGLWLRQDO� VWXGHQWV�� -RXUQDO� RI� (FRQRPLF�

3HUVSHFWLYHV��������±�����

6DQLWHU��1���������(VWLPDWLQJ�KHWHURJHQHRXV�UHWXUQV�WR�HGXFDWLRQ�LQ�*HUPDQ\�YLD�FRQGLWLRQDO�

KHWHURVNHGDVWLFLW\��',:�'LVFXVVLRQ�3DSHUV��'LVFXVVLRQ�3DSHU�1R��������

6WDLJHU�� '��� 6WRFN�� -�� +�������� ,QVWUXPHQWDO� YDULDEOHV� UHJUHVVLRQ� ZLWK� ZHDN� LQVWUXPHQWV��

(FRQRPHWULFD��������±�����

7URVWHO��3���:DONHU��,���:RROOH\��3���������(VWLPDWHV�RI�WKH�HFRQRPLF�UHWXUQ�WR�VFKRROLQJ�IRU�

���FRXQWULHV��/DERXU�(FRQRPLFV����������

9DQGHQEXVVFKH�� -��� $JKLRQ�� 3��� 0HJKLU�� &��� ������ *URZWK�� GLVWDQFH� WR� IURQWLHU� DQG�

FRPSRVLWLRQ�RI�KXPDQ�FDSLWDO��-RXUQDO�RI�(FRQRPLF�*URZWK�������������

:DQJ��/��� ������+RZ�GRHV� HGXFDWLRQ�DIIHFW� WKH� HDUQLQJV�GLVWULEXWLRQ� LQ� XUEDQ�&KLQD������

����"�2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV��������������

:HEHU�� %��� :ROWHU�� 6��� ������ :DJHV� DQG� KXPDQ� FDSLWDO�� HYLGHQFH� IURP� 6ZLW]HUODQG�� ,Q��

$VSOXQG�� 5��� 3HUHLUD�� 3�� �(GV���� 5HWXUQV� WR� +XPDQ� &DSLWDO� LQ� (XURSH²$� /LWHUDWXUH�

5HYLHZ��(7/$��+HOVLQNL��SS�����������

�
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7DEOHV�DQG�)LJXUHV�

�
7DEOH����'HVFULSWLYH�6WDWLVWLFV�
�
Panel A: Full sample � � � � � � � �
� 0HDQ� 6WG��GHY�� 0LQ� 0D[� � � � �
$QQXDO�ZDJH� ������� ������� ������� �������� � � � �
/Q��DQQXDO�ZDJH�� ������ ����� ����� ������ � � � �
<HDUV�RI�HGXFDWLRQ� ������ ����� ����� ������ � � � �
&RPSXOVRU\�HGXFDWLRQ� ����� ����� ����� ����� � � � �
9RFDWLRQDO�HGXFDWLRQ� ����� ����� ����� ����� � � � �
$FDGHPLF�HGXFDWLRQ� ����� ����� ����� ����� � � � �
$JH�� ������ ������ ������ ������ � � � �
$JH������ ������ ����� ����� ������ � � � �
1� �������    � � � �
�
�
�
�
�

� � � � � � � �
� Panel B: Vocational education sample  Panel C: Academic education sample �
� 0HDQ� 6WG��GHY�� 0LQ� 0D[� 0HDQ� 6WG��GHY�� 0LQ� 0D[�
$QQXDO�ZDJH� ������� ������� ������� �������� �������� ������� ������� ��������
/Q��DQQXDO�ZDJH�� ������ ����� ����� ������ ������ ����� ����� ������
<HDUV�RI�HGXFDWLRQ� ������ ����� ������ ������ ������ ����� ������ ������
<HDUV�RI�FRPSXOVRU\�HGXFDWLRQ� ����� ����� ����� ����� ����� ����� ����� �����
<HDUV�RI�YRFDWLRQDO�HGXFDWLRQ� ����� ����� ����� ����� ����� ����� ����� �����
<HDUV�RI�DFDGHPLF�HGXFDWLRQ� ����� ����� ����� ����� ����� ����� ����� ������
$JH� ������ ������ ������ ������ ������ ����� ������ ������
$JH������ ������ ����� ����� ������ ������ ����� ����� ������
1� �������    ������    �

6RXUFH��6ZLVV�/DERU�)RUFH�6XUYH\��$XWKRUV
�FDOFXODWLRQV��
� �
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7DEOH����5HWXUQV�WR�(GXFDWLRQ��2/6�DQG�45�(VWLPDWHV�
�

� 2/6� ��� W � ��� W � ��� W � ��� W � ��� W �
� ���� ���� ���� ���� ���� ����

<HDUV�RI�HGXFDWLRQ� ������***� ������***� ������***� ������***� ������***� ������***�

� �������� �������� �������� �������� �������� ��������
$JH� �����***� �����***� �����***� �����***� �����***� �����***�

� �������� �������� �������� �������� �������� ��������
$JH������ ������***� ������***� ������***� ������***� ������***� ������***�

� �������� �������� �������� �������� �������� ��������
&RQVWDQW� �����***� �����***� �����***� �����***� �����***� �����***�

� �������� �������� �������� �������� �������� ��������
<HDU�GXPPLHV� <(6� <(6� <(6� <(6� <(6� <(6�

�3VHXGR��5�VTXDUHG� ������ ������ ������ ������ ������ ������
1� ������� ������� ������� ������� ������� �������

�

*�3���������**�3���������***�3��������
6WDQGDUG�HUURUV�LQ�SDUHQWKHVLV��UREXVW�VWDQGDUG�HUURUV�IRU�2/6��ERRWVWUDSSHG�VWDQGDUG�HUURUV�IRU�45���
7KH�GHSHQGHQW�YDULDEOH�LV�WKH�QDWXUDO�ORJDULWKP�RI�WKH�DQQXDO�ZDJH��
6RXUFH��6ZLVV�/DERU�)RUFH�6XUYH\��$XWKRUV
�FDOFXODWLRQV���
� �
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7DEOH����5HWXUQV�WR�(GXFDWLRQ��76/6�(VWLPDWHV�
�

� 2/6� 5HGXFHG�)RUP� )LUVW�6WDJH� 6HFRQG�6WDJH�
� ���� ���� ���� ����

<HDUV�RI�HGXFDWLRQ� ������***� � � ������***�

� �������� � � ��������
$JH� �����***� �����***� �����***� �����***�

� �������� �������� �������� ��������
$JH������ ������***� ������� ������***� ������***�

� �������� �������� �������� ��������
&RQVWDQW� �����***� �����***� ������***� �����***�

� �������� �������� �������� ��������
,9�±�(GXFDWLRQ�H[SDQVLRQ� � �����***� �����***� �
� � �������� �������� �
<HDU�GXPPLHV� <(6� <(6� <(6� <(6�

5�VTXDUHG� ������ ������ ������ ������
1� ������� ������� ������� �������
7HVW�IRU�H[FOXGHG�LQVWUXPHQWV� � � � �
)�VWDWLVWLF� � � �����***� �

8QGHU�LGHQWLILFDWLRQ�WHVW� � � � �
.OHLEHUJHQ�3DDS�UN�/0�VWDWLVWLF� � � � �����***�

:HDN�LGHQWLILFDWLRQ�WHVW� � � � �
.OHLEHUJHQ�3DDS�UN�)�VWDWLVWLF� � � � �����***�

�

*�3���������**�3���������***�3��������
5REXVW�VWDQGDUG�HUURUV�LQ�SDUHQWKHVLV��
,Q�FROXPQV����������DQG�����WKH�GHSHQGHQW�YDULDEOH�LV�WKH�QDWXUDO�ORJDULWKP�RI�WKH�DQQXDO�ZDJH��LQ�FROXPQ�����WKH�GHSHQGHQW�YDULDEOH�LV�\HDUV�RI�HGXFDWLRQ��
6RXUFH��6ZLVV�/DERU�)RUFH�6XUYH\��$XWKRUV
�FDOFXODWLRQV��
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7DEOH����5HWXUQV�WR�(GXFDWLRQ��,945�(VWLPDWHV�
�

�
76/6� ��� W � ��� W � ��� W � ��� W � ��� W �

� ���� ���� ���� ���� ���� ����
<HDUV�RI�HGXFDWLRQ� ������***� ������***� ������***� ������***� ������***� ��������

� �������� �������� �������� �������� �������� ��������
$JH� �����***� ������ �����***� �����***� �����***� �����***�

� �������� �������� �������� �������� �������� ��������
$JH������ ������***� ������ ������***� ������***� ������***� ������***�

� �������� �������� �������� �������� �������� ��������
&RQVWDQW� �����***� �����***� �����***� �����***� �����***� �����***�

� �������� �������� �������� �������� �������� ��������
<HDU�GXPPLHV� <(6� <(6� <(6� <(6� <(6� <(6�

5HGXFHG�)RUP�(VWLPDWHV� �����***� �����***� �����***� �����***� �����***� �������
� �������� �������� �������� �������� �������� ��������
1� ������� ������� ������� ������� ������� �������

 
*�3���������**�3���������***�3�������� �
6WDQGDUG�HUURUV�LQ�SDUHQWKHVLV��7KH�GHSHQGHQW�YDULDEOH�LV�WKH�QDWXUDO�ORJDULWKP�RI�WKH�DQQXDO�ZDJH��
6RXUFH��6ZLVV�/DERU�)RUFH�6XUYH\��$XWKRUV
�FDOFXODWLRQV��

�
� �
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7DEOH����9RFDWLRQDO�(GXFDWLRQ�&RPSDUHG�WR�$FDGHPLF�(GXFDWLRQ��2/6�DQG�45�(VWLPDWHV�
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$QDO\WLF�VDPSOH� �������
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$SSHQGL[�&��6XPPDU\�RI�WKH�&RQFRUGDW�RI������
�
� � Expansion in compulsory education Change in school year start 

&DQWRQ� 6FKRRO�
HQWU\�DJH�

5HIRUP�
DGRSWHG�

$FWXDO�\HDU�
RI�UHIRUP�

<HDUV�EHIRUH�
UHIRUP�

<HDUV�DIWHU�
UHIRUP�

)LUVW�FRKRUW�
DIIHFWHG�

5HIRUP�
DGRSWHG�

$FWXDO�\HDU�
RI�UHIRUP�

6HPHVWHU�
VWDUW�EHIRUH�

6HPHVWHU�
VWDUW�DIWHU�

)LUVW�FRKRUW�
DIIHFWHG�
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