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ABSTRACT

This paper examines the determinants of changes in the US wage structure over the period

1976-2000, with the objective of evaluating whether these changes are best described as the result of

ongoing skill-biased technological change, or alternatively, as the outcome of an adjustment process

associated with a major discrete change in technological opportunities.  The main empirical observation

we uncover is that change in both the level of wages and the returns to skill over this period appear to be

primarily driven by changes in the ratio of human capital (as measured by effective units of skilled

workers) to physical capital.  Although at first pass this pattern may appear difficult to interpret, we show

that it conforms extremely well to a simple model of technological adoption following a major change

in technological opportunities.  In contrast, we do not find much empirical support for the view that

ongoing (factor-augmenting) skill-biased technological progress has been an important driving force over

this period, nor do we find support for the view that physical capital accumulation has contributed to the

increased differential between more and less educated workers (in fact, we find the opposite).
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SUHIHUDEOH WR VLPSO\ DGGLQJ XS D VHW RI KHWHURJHQHRXV FDSLWDO VWRFNV�

��)RU FRPSDULVRQ� ZH FRQVWUXFWHG E\ SHUSHWXDO LQYHQWRU\ PHWKRG DQ DJJUHJDWH FDSLWDO VWRFN XVLQJ 1,3$
GDWD IRU LQYHVWPHQW� 7KH UHVXOWLQJ VHULHV WUDFNHG WKH -RUJHQVHQ�6WLURK VHULHV FORVHO\ XQWLO DERXW �����
+RZHYHU� DIWHU ����� WKH -RUJHQVHQ�6WLURK VHULHV H[KLELWHG PRUH JURZWK� GXH PDLQO\ WR WKHLU WUHDWPHQW
RI VHUYLFHV UHQGHUHG E\ FRPSXWHUV DQG FRPSXWHU VRIWZDUH�

��-RUJHQVHQ 	 6WLURK
V DJJUHJDWH RXWSXW VHULHV GLoHUV VOLJKWO\ IURP WKH 1,3$ VHULHV VLQFH WKH IRUPHU
DSSURSULDWHO\ LQFOXGHV WKH VHUYLFHV UHQGHUHG E\ QRQ�WUDGLWLRQDO IRUPV RI LQYHVWPHQW LQ RXWSXW� $JDLQ IRU
FRPSDULVRQ� ZH FRQVWUXFWHG D 7)3 VHULHV XVLQJ 1,3$ GDWD DQG IRXQG WKH UHVXOWLQJ VHULHV WUDFNHG WKH RQH
ZH XVH KHUH H[WUHPHO\ FORVHO\� 6LQFH WKH 7)3 VHULHV DUH NQRZQ WR H[KLELW UDWKHU ODUJH EXVLQHVV F\FOHV
qXFWXDWLRQV� ZH VPRRWKHG RXU 7)3 VHULHV XVLQJ D IRXUWK RUGHU SRO\QRPLDO� 2XU UHVXOWV DUH QRW VHQVLWLYH
WR ZKHWKHU ZH XVH WKLV VPRRWKHG 7)3 VHULHV RU WKH XQVPRRWKHG VHULHV�

��2QH VKRUWFRPLQJ RI WKH -RUJHQVHQ 	 6WLURK VHULHV LV WKDW WKH\ GR QRW FRYHU WKH \HDUV ���� DQG
����� 7KHUHIRUH� IRU WKHVH WZR \HDUV� ZH XVHG WKH GDWD UHSRUWHG LQ -RUJHQVHQ ������ DQG LQ WKH 1,3$
WR FRQVWUXFW YDOXHV� :H YHULpHG WKDW RXU UHVXOWV ZHUH UREXVW WR GLoHUHQW PHDQV RI LQIHUULQJ WKHVH YDOXHV�
)RU FRPSDULVRQ� WKH JURZWK LQ SK\VLFDO FDSLWDO VHUYLFHV LQ -RUJHQVHQ 	 6WLURK IRU ���� DQG ���� DUH ����
DQG ����� ZKLOH WKH YDOXHV ZH FRQVWUXFWHG IRU ���� DQG ���� DUH ���� DQG �����
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F R Q W H Q W W R W K H Q R W LR Q W K D W W K H G H p Q LQ J IH D W X U H R I W K H P R G H U Q R U J D Q L] D W LR Q LV LW V U H OD W LYH

V NLOO E LD V H G Q H V V � G H p Q LW LR Q � V W D W H V W K D W � D W J LYH Q ID F W R U S U LF H V � W K H P R G H U Q R U J D Q L] D W LR Q

LV K LJ K O\ V NLOO E LD V H G LI LW X V H V U H OD W LYH O\ P R U H V NLOOH G OD E R X U D Q G U H OD W LYH O\ OH V V X Q V NLOOH G

OD E R X U W R S U R G X F H R Q H X Q LW R I R X W S X W W K D Q W K D W X V H LQ W K H W U D G LW LR Q D O W H F K Q R OR J \� ZLW K W K H

G LoH U H Q F H LQ W K H X V H R I F D S LW D O E H W ZH H Q W K H W ZR IR U P V R I R U J D Q L] D W LR Q E H LQ J OH V V H [W U H P H �

'HpQLWLRQ �� 7K H P R G H U Q R U J D Q L] D W LR Q LV K LJ K O\ V NLOO E LD V H G U H OD W LYH W R W K H W U D G LW LR Q D O

R U J D Q L] D W LR Q LI

87
S

80
S

!
.7
S

.0
S

!
67S

603

2Q H F D V H ZK LF K D OZD \V V D W LV p H V ' H p Q LW LR Q � LV W K H F D V H LQ ZK LF K W K H W U D G LW LR Q D O R U J D Q �

LV D W LR Q G R H V Q R W X V H V NLOOH G OD E R X U ZK LOH W K H P R G H U Q R U J D Q LV D W LR Q G R H V Q R W X V H X Q V NLOOH G
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W H F K Q R OR J \ D Q G � W K X V � LV D F R P S OH P H Q W W R E R W K W \S H V R I OD E R X U � $ V D U H V X OW � D Q LQ F U H D V H LQ

F D S LW D O LP S OLH V D Q LQ F U H D V H LQ E R W K V NLOOH G D Q G X Q V NLOOH G ZD J H V � 7K H S U R S R V LW LR Q V K R ZV W K D W
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PXOWLIDFWRU IDFWRU &(6 SURGXFWLRQ IXQFWLRQV DQG FHUWDLQ QHVWHG &(6 SURGXFWLRQ IXQFWLRQV H[FOXGH WKH
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� �



: H Q R Z ZLV K W R J R E H \R Q G 3 U R S R V LW LR Q � � W R X Q G H U V W D Q G K R Z W K H Q R W LR Q R I F D S LW D O

V NLOO F R P S OH P H Q W D U LW \ U H V W U LF W V W K H OLQ N E H W ZH H Q ID F W R U V X S S OLH V D Q G ZD J H V � ,Q S D U W LF X OD U �
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�� 7KH UHVXOWV LQ &ROXPQV ��$����%� DQG ��&� DUH EDVHG RQ ZDJH GDWD IRU PDOHV DQG IHPDOHV ZLWK � WR
�� \HDUV RI H[SHULHQFH� 7KH UHVXOWV LQ &ROXPQV ��$�� ��%� DQG ��&� DUH EDVHG RQ ZDJH GDWD IRU PDOHV
DQG IHPDOHV ZLWK � WR � \HDUV RI H[SHULHQFH�
�� &ROXPQV ��$� DQG ��$� DUH GHULYHG IURP HVWLPDWLQJ HTXDWLRQV ��� DQG ��� LPSRVLQJ WKH FURVV�HTXDWLRQ
UHVWULFWLRQ ZKLFK UHVXOWV LQ RXU RQO\ HVWLPDWLQJ aq�� &ROXPQV ��%� DQG ��%� GR QRW LPSRVH WKLV FURVV�
HTXDWLRQ UHVWULFWLRQ DQG WKHUHIRUH ZH REWDLQ XQUHVWULFWHG HVWLPDWHV RI ERWK RI aq� DQG aq��
�� 6WDQGDUG HUURUV RI HVWLPDWHV DUH LQ SDUHQWKHVHV� $OO VWDQGDUG HUURUV DUH DGMXVWHG WR UHqHFW FURVV�
VHFWLRQDO FRUUHODWLRQ LQ HUURUV DFURVV HTXDWLRQV DQG DXWRFRUUHODWLRQ ZKHUH WHVWV VXJJHVW LW LV SUHVHQW�
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�� 7� UHSRUWV WKH HVWLPDWH RI �p� e o� b p� e o��� ,I WKLV WHUP LV VLJQLpFDQWO\ QHJDWLYH� WKHQ LW LQGLFDWHV
WKDW FRQFDYLW\ LV UHMHFWHG�
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�� 7KH UHVXOWV LQ 7DEOH � DUH GHULYHG IURP HVWLPDWLQJ HTXDWLRQV ��� DQG ��� XVLQJ ZDJH GDWD IRU PDOHV
ZLWK � WR �� \HDUV RI H[SHULHQFH� WKDW LV� WKH FRPSDUDWLYH VWDWLWLFV DUH DOO IXQFWLRQV RI WKH FRHrFLHQWV
UHSRUWHG LQ &ROXPQ � RI 7DEOH ��
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5HIHU HQFHV

�� 'DURQ $FHPRJOX :K\ 'R 1HZ 7HFKQRORJLHV &RPSOHPHQW 6NLOOV" 'LUHFWHG 7HFKQLFDO &KDQJH

DQG :DJH ,QHTXDOLW\� 4XDUWHUO\ -RXUQDO RI (FRQRPLFV� 1RYHPEHU ���� �$�� ����������

�� 'DURQ $FHPRJOX 7HFKQLFDO &KDQJH� ,QHTXDOLW\� DQG WKH /DERU 0DUNHW� 1%(5 :RUNLQJ 3DSHU
1R� Z����� -XO\ �����

�� %DVX� 6XVDQWR DQG 'DYLG :HLO $SSURSULDWH 7HFKQRORJ\ DQG *URZWK� 4XDUWHUO\ -RXUQDO RI
(FRQRPLFV� ������� 1RYHPEHU ����� ��������

�� 3DXO %HDXGU\ DQG 'DYLG *UHHQ� 7KH &KDQJLQJ 6WUXFWXUH RI :DJHV LQ WKH 86 DQG *HUPDQ\�

:KDW H[SODLQV WKH 'LoHUHQFHV"� 1�%�(�5� ZRUNLQJ 3DSHU ����� 0D\ �����

�� 3DXO %HDXGU\ DQG 'DYLG *UHHQ� 3RSXODWLRQ *URZWK� 7HFKQRORJLFDO $GRSWLRQ DQG (FRQRPLF

2XWFRPHV� $ 7KHRU\ RI &URVV�&RXQWU\ 'LoHUHQFHV IRU WKH ,QIRUPDWLRQ (UD 1�%�(�5� ZRUNLQJ
3DSHU ����� 0DUFK �����

�� )UDQFLQH %ODX DQG /DZUHQFH 0� .DKQ ,QWHUQDWLRQDO 'LoHUHQFHV LQ PDOH :DJHV ,QHTXDOLW\�

,QVWLWXWLRQV 9HUVXV 0DUNHW )RUFHV� -RXUQDO RI 3ROLWLFDO (FRQRP\� ������ ����� ��������

�� &�- %OLVV &DSLWDO 7KHRU\ DQG WKH 'LVWULEXWLRQ RI ,QFRPH� 1RUWK +ROODQG� $PVWHUGDP�2[IRUG�
�����

�� *HRUJH -� %RUMDV DQG 9DOHULH 5DPH\� )RUHLJQ &RPSHWLWLRQ� 0DUNHW 3RZHU DQG :DJH ,QHTXDO�

LW\� 4XDUWHUO\ -RXUQDO RI (FRQRPLFV� ���� ����� ����������

�� 7LPRWK\ )� %UHVQDKDQ� (ULN %U\QMROIVRQ� /RULQ 0� +LWW� ,QIRUPDWLRQ 7HFKQRORJ\� :RUNSODFH

2UJDQL]DWLRQ DQG WKH 'HPDQG IRU 6NLOOHG /DERU� )LUP�/HYHO (YLGHQFH� 1%(5 ZRUNLQJ SDSHU
����� 0D\ �����

��� 7LPRWK\ %UHVQDKDQ DQG 0DQXHO 7UDMWHQEHUJ *HQHUDO 3XUSRVH 7HFKQRORJLHV� (QJLQHV RI

*URZWK"� -RXUQDO RI (FRQRPHWULFV� �� ������� SS� �������

��� )UDQFHVFR &DVHOOL� 7HFKQRORJLFDO 5HYROXWLRQV� $PHULFDQ (FRQRPLF 5HYLHZ� 0DUFK ����� ���
����

��� (UZLQ 'LHZHUW DQG $OODQ :RRGODQG )UDQN .QLJKW
V 7KHRUHP LQ /LQHDU 3URJUDPPLQJ 5H�

YLVLWHG� (FRQRPHWULFD �� ������� ��������

��� -RKQ 'L1DUGR� 1LFROH )RUWLQ DQG 7KRPDV /HPLHX[� /DERU 0DUNHW ,QVWLWXWLRQV DQG WKH 'LV�

WULEXWLRQ RI :DJHV (FRQRPHWULFD� ��� 6HSWHPEHU �����

��� &ODXGLD *ROGLQ DQG /DZUHQFH .DW]� 7KH RULJLQV RI 6NLOO &DSLWDO &RPSOHPHQWDULW\� 4XDUWHUO\
-RXUQDO RI (FRQRPLFV� &;,,, ������� ��������

��� 5REHUW (� +DOO DQG 'DOH :� -RUJHQVHQ� 7D[ 3ROLF\ DQG ,QYHVWPHQW %HKDYLRU� $PHULFDQ
(FRQRPLF 5HYLHZ� YRO ��� �� -XQH �����

��� (OKDQDQ +HOSPDQ� *HQHUDO 3XUSRVH 7HFKQRORJLHV DQG (FRQRPLF *URZWK� &DPEULGJH� 0$�
0,7 3UHVV� �����

� �



��� &KDUOHV +XOWHQ� 7RWDO )DFWRU 3URGXFWLYLW\� $ 6KRUW %LRJUDSK\� ZRUNLQJ SDSHU� 8QLYHUVLW\
RI 0DU\ODQG� $XJXVW �������

��� 'DOH :� -RUJHQVHQ ,QIRUPDWLRQ 7HFKQRORJ\ DQG WKH 86 (FRQRP\� $PHULFDQ (FRQRPLF 5H�
YLHZ� ���� � 0DUFK �������

��� 'DOH :� -RUJHQVHQ DQG .HYLQ -� 6WLURK� 5DLVLQJ WKH VSHHG OLPLW� 86 (FRQRPLF *URZWK LQ

WKH ,QIRUPDWLRQ $JH� 2(&' (&2�:.3 �������� �����

��� 'DOH :� -RUJHQVHQ� &DSLWDO 7KHRU\ DQG ,QYHVWPHQW %HKDYLRU� $PHULFDQ (FRQRPLF 5HYLHZ�
YRO ��� �� 0D\ �����

��� /DZUHQFH )� .DW] DQG 'DYLG +� $XWRU� &KDQJHV LQ WKH :DJH 6WUXFWXUH DQG (DUQLQJV ,Q�

HTXDOLW\� LQ +DQGERRN RI /DERU (FRQRPLFV� 2UOH\ &� $VKHQIHOWHU DQG 'DYLG &DUG� HGV�� 1HZ
<RUN� (OVHYLHU� ����� ���� �����

��� /DZUHQFH )� .DW] DQG .HYLQ 0� 0XUSK\� &KDQJHV LQ 5HODWLYH :DJHV� ���������� 6XSSO\

DQG 'HPDQG )DFWRUV� 4XDUWHUO\ -RXUQDO RI (FRQRPLFV� )HEUXDU\ ������� ��^���

��� 3HU .UXVHOO� /HH (� 2KDQLDQ� -RVH � 9LFWRU 5LRV�5XOO� DQG *LRYDQQL /� 9LRODQWH &DSLWDO�6NLOO
&RPSOHPHQWDULW\ DQG ,QHTXDOLW\� $ 0DFURHFRQRPLF $QDO\VLV� (FRQRPHWULFD� ���������������

��� )UDQN /HY\ DQG 5LFKDUG 0XUPDQH� 86 (DUQLQJV /HYHOV DQG (DUQLQJV ,QHTXDOLW\� $ 5HYLHZ

RI 5HFHQW 7UHQGV DQG 3URSRVHG ([SODQDWLRQV� -RXUQDO RI (FRQRPLF /LWHUDWXUH� ��� 6HSWHPEHU
�����

��� /� 0F.HQ]LH� (TXDOLW\ RI )DFWRU 3ULFHV LQ :RUOG 7UDGH� (FRQRPHWULFD� ����� �� ���� ��������

��� -RVHSK =HLUD� :RUNHUV 0DFKLQHV DQG (FRQRPLF *URZWK� 4XDUWHUO\ -RXUQDO RI (FRQRPLFV�
&;,,, ������� ����������

��� $GULDQ :RRG� +RZ 7UDGH +XUW 8QVNLOOHG :RUNHUV� -RXUQDO RI (FRQRPLF 3HUVSHFWLYHV���
6XPPHU ����� ������
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$SSHQGL[ �

,Q RUGHU WR YHULI\ 3URSRVLWLRQ � WKURXJK �� LW LV HDVLHVW WR VWDUW IURP WKH HTXLOLEULXP FRQGLWLRQV
VWDWHG LQ WKHLU GXDO IRUP� 7R WKLV HQG� OHW F7 �ZX� ZV� U� DQG F0�ZX� ZV� U� UHSUHVHQW WKH XQLW FRVW
IXQFWLRQV DVVRFLDWHG ZLWK WKH WUDGLWLRQDO DQG PRGHUQ RUJDQLVDWLRQV� 7KH HTXLOLEULXP FRQGLWLRQV
IRU RXU SUREOHP FDQ WKHQ EH H[SUHVVHG E\ WKH IROORZLQJ � HTXDWLRQV�
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,Q WKH DERYH HTXDWLRQV� < 7 DQG <0 DUH WKH TXDQWLWLHV RI RXWSXW SURGXFHG E\ WKH WUDGLWLRQDO
DQG PRGHUQ RUJDQLVDWLRQV UHVSHFWLYHO\� DQG &L

M LV WKH GHULYDWLYH RI WKH FRVW IXQFWLRQ ZLWK UHVSHFW
WR LWV MWK DUJXPHQW� (TXDWLRQV ��$� DQG ��$� DUH WKH JRRGV PDUNHW HTXLOLEULXP FRQGLWLRQV LQ
WKDW WKH XQLW FRVW IRU HDFK RUJDQLVDWLRQ PXVW EH HTXDO WR WKH SULFH RI WKH SURGXFHG JRRG �ZKLFK LV
QRUPDOL]HG WR ��� (TXDWLRQV ��$�� ��$� DQG ��$� DUH WKH IDFWRU PDUNHW HTXLOLEULXP FRQGLWLRQV�

7KH HoHFWV RI IDFWRU VXSSOLHV RQ IDFWRU SULFHV FDQ EH GHULYHG E\ WRWDOO\ GLoHUHQWLDWLQJ WKH
DERYH V\VWHP� WKDW LV� E\ VROYLQJ WKH V\VWHP RI HTXDWLRQ JLYHQ EHORZ�
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ZKHUH ' LV WKH GHWHUPLQDQW RI WKH OHIW KDQG VLGH PDWUL[� 6LQFH FRQFDYLW\ RI WHFKQRORJLHV
LPSOLHV WKDW ' LV QHJDWLYH LQ WKLV WKUHH IDFWRU FDVH �VHH 'LHZHUW DQG :RRGODQG �������� #Z
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WKHVH FRQGLWLRQV FRUUHVSRQG WR WKH FRQGLWLRQV VWDWHG LQ 3URSRVLWLRQ � DQG KHQFH SURYH WKLV
FRPSDUDWLYH VWDWLF� 7KH VWDWHPHQWV DOO RI WKH RWKHU FRPSDUDWLYH VWDWLFV LQ WKH WKUHH SURSRVLWLRQV
FDQ EH YHULpHG LQ WKH H[DFW VDPH PDQQHU� 1RWH WKDW LQ WKH FDVH RI GHWHUPLQLQJ WKH HoHFWV RQ
UHODWLYH ZDJHV� LW LV XVHIXO WR H[SORLW WKH IDFW WKDW ZX&L
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V&L
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L
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([DPSOH +HUH LV VLPSOH H[DPSOH WKDW KDV WKH SURSHUW\ WKDW WKH VROXWLRQ WR WKH V\VWHP RI
HTXDWLRQ ��$� WR ��$� FDQ EH VROYHG H[SOLFLWO\�
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/HW WKH XQLW FRVW IXQFWLRQ LQ WKH WUDGLWLRQDO RUJDQLVDWLRQ EH F7 �ZX� ZV� U�  ZX � U �WKDW
LV� WKH WUDGLWLRQDO RUJDQLVDWLRQ GRHV QRW XVH VNLOOHG ODERU� DQG OHW WKH XQLW FRVW IXQFWLRQ LQ WKH

PRGHUQ RUJDQLVDWLRQ EH F0�ZX� ZV� U�  �Z6
e U�

�

� �WKDW LV� WKH PRGHUQ RUJDQLVDWLRQ GRHV QRW
XVH XQVNLOOHG ODERU�� 1RWH WKDW WKHVH FRVW IXQFWLRQV LPSO\ D OHRQWLHI WHFKQRORJ\ LQ WKH WUDGLWLRQDO
RUJDQLVDWLRQ DQG D &REE�'RXJODV WHFKQRORJ\ LQ WKH PRGHUQ RUJDQLVDWLRQ�

:LWK WKHVH XQLW FRVW IXQFWLRQV� LI . ! 6 � 8 � WKHQ WKH V\VWHP RI HTXDWLRQV ��$� WR ��$�
KDV D VROXWLRQ ZLWK DOO SRVLWLYH HOHPHQWV� ZKLFK LPSOLHV WKDW ERWK WHFKQRORJLHV DUH XVHG LQ D
FRPSHWLWLYH HTXLOLEULXP� DQG WKLV VROXWLRQ LV JLYHQ E\�
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1RWH WKDW ZKHQ 6 � 8 � . � �6 � 8 � WKH SUHPLVHV RI 3URSRVLWLRQV � WR � DUH VDWLVpHG�
!)URP WKLV H[DPSOH LW LV HDV\ WR YHULI\ DOO WKH FRPSDUDWLYH VWDWLFV VWDWHG LQ WKH SURSRVLWLRQV�

$SSHQGL[ �

7KH GDWD RQ ZDJHV DQG ODERXU TXDQWLWLHV DUH GUDZQ IURP WKH 0DUFK &XUUHQW 3RSXODWLRQ
6XUYH\ �&36�� ,Q PRVW RI WKH ZRUN ZH XVH WKH GDWD \HDUV� ���������� WKRXJK ZH DOVR XVH WKH
\HDUV ��������� LQ VRPH LQVWDQFHV� $V VWDWHG LQ WKH WH[W� ZH DVVRFLDWH D VNLOOHG ZRUNHU ZLWK D
XQLYHUVLW\ JUDGXDWH DQG DQ XQVNLOOHG ZRUNHU ZLWK VRPHRQH ZKR KDV HGXFDWLRQ HTXLYDOHQW WR D
KLJK VFKRRO GLSORPD RU OHVV� 7KH VSHFLpF HGXFDWLRQ JURXSLQJV ZH XVH DUH DV IROORZV� %HIRUH �����
ZH GHpQH WKUHH HGXFDWLRQ FDWHJRULHV XVHG LQ FUHDWLQJ ZDJH DQG TXDQWLW\ LQGH[HV� KLJK VFKRRO
RU OHVV �\HDUV RI FRPSOHWHG VFKRROLQJ OHVV WKDQ RU HTXDO WR ���� VRPH SRVW�VHFRQGDU\ �\HDUV
RI FRPSOHWHG VFKRROLQJ JUHDWHU WKDQ �� DQG OHVV WKDQ ���� DQG XQLYHUVLW\ �\HDUV RI FRPSOHWHG
VFKRROLQJ JUHDWHU WKDQ RU HTXDO WR ���� $IWHU ����� FDWHJRULHV UHODWLQJ WR HGXFDWLRQ OHYHOV OHVV
WKDQ RU HTXDO WR KLJK VFKRRO GLSORPD� FDWHJRULHV UHODWHG WR SRVW�VHFRQGDU\ HGXFDWLRQ OHVV WKDQ
FRPSOHWLQJ D %$� FDWHJRULHV UHODWHG WR D FRPSOHWHG %$ RU PRUH�

$YHUDJH ZHHNO\ ZDJHV DUH FDOFXODWHG DV DQQXDO HDUQLQJV LQ WKH \HDU EHIRUH WKH VXUYH\ ZDV
WDNHQ GLYLGHG E\ WRWDO ZHHNV ZRUNHG LQ WKDW \HDU� ,Q FRQVWUXFWLQJ DYHUDJH ZDJHV� ZH XVH WKH
0DUFK 6XSSOHPHQWDO ZHLJKW IURP WKH &36� :H XVH RQO\ REVHUYDWLRQV IRU ZKLFK HDUQLQJV ZHUH
QRW LPSXWHG DV GHQRWHG RQ WKH 8QLFRQ &36 WDSHV� $QQXDO HDUQLQJV LQFOXGHV ERWK IDUP DQG QRQ�
IDUP VHOI�HPSOR\HG LQFRPH WR FDSWXUH DOO UHWXUQV LQ WKH ODERXU PDUNHW� 7KH HDUQLQJV PHDVXUHV
DUH WRS�FRGHG DQG ZH IROORZ WKH SUDFWLFH �VHH .DW] DQG 0XUSK\������� RI PXOWLSO\LQJ HDFK WRS�
FRGHG HDUQLQJV YDOXH E\ ����� 7KH QRPLQDO ZDJH LQGH[ FUHDWHG LQ WKLV ZD\ LV WUDQVIRUPHG LQWR
UHDO WHUPV XVLQJ D *'3 GHqDWRU�
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,Q FRQWUDVW WR WKH ZDJH LQGH[HV� LQ FRQVWUXFWLQJ WKH ORZ DQG KLJK VNLOO TXDQWLW\ LQGH[HV ZH
ZLVK WR LQFOXGH DOO UHOHYDQW ODERXU HPSOR\HG� ZKHUH RXU PHDVXUH RI ODERXU HPSOR\HG LV WRWDO
ZHHNV ZRUNHG� ,Q SULQFLSOH� WKLV VLPSO\ LQYROYHV DGGLQJ XS ZHHNV ZRUNHG E\ DOO ORZ VNLOOHG �KLJK
VFKRRO RU OHVV HGXFDWHG� ZRUNHUV DQG E\ DOO KLJK VNLOOHG �%$ RU PRUH HGXFDWHG� ZRUNHUV� SURSHUO\
ZHLJKWHG XVLQJ VDPSOLQJ ZHLJKWV UHSRUWHG LQ WKH &36� 7KXV� ZH LQFOXGH ZHHNV ZRUNHG E\ ERWK
PDOHV DQG IHPDOHV RI DOO H[SHULHQFH OHYHOV DQG UHJDUGOHVV RI IXOO \HDU�IXOO WLPH VWDWXV� ,Q IDFW�
WKUHH PDLQ FRPSOLFDWLRQV DULVH LQ FDOFXODWLQJ WKHVH LQGH[HV� )LUVW� LQGLYLGXDOV ZKR KDYH PRUH
WKDQ D KLJK VFKRRO HGXFDWLRQ EXW OHVV WKDQ D %$ FDQ SRWHQWLDOO\ EH VHHQ DV SDUW RI HLWKHU WKH ORZ
VNLOOHG RU WKH KLJK VNLOOHG ODERXU IRUFH IRU WKH SXUSRVHV RI JHQHUDWLQJ YDOXHV RI PDUJLQDO SURGXFWV
DQG KHQFH ZDJHV� 7KXV� ZH QHHG WR FRXQW XS TXDQWLWLHV RI ODERXU IRU DOO WKUHH W\SHV RI ZRUNHUV
�KLJK VFKRRO RU OHVV� SRVW�VHFRQGDU\ OHVV WKDQ %$� DQG %$ RU PRUH� DQG WKHQ DWWULEXWH WKH
ODERXU VXSSOLHG E\ WKRVH ZLWK D SRVW�VHFRQGDU\ HGXFDWLRQ OHVV WKDQ D %$ WR WKH PDLQ FDWHJRULHV
RI LQWHUHVW� 6HFRQG� WKH HGXFDWLRQ FDWHJRULHV XQGHUZHQW VXEVWDQWLDO UHYLVLRQV LQ ���� DQG WKLV
DoHFWV RXU VHULHV� 7KLUG� VLPSO\ DGGLQJ XS ZHHNV ZRUNHG ZLWKLQ HGXFDWLRQDO FDWHJRULHV WUHDWV
ODERXU VXSSOLHG E\ PRUH DQG OHVV H[SHULHQFHG ZRUNHUV DQG E\ PDOHV DQG IHPDOHV DV SHUIHFWO\
VXEVWLWXWDEOH� 7KLV VHHPV LQDSSURSULDWH DQG ZH IROORZ D JHQHUDO PHWKRGRORJ\ RXWOLQHG LQ .DW]
DQG 0XUSK\������ WR DGGUHVV WKLV�

,Q RUGHU WR FUHDWH D FRQVLVWHQW TXDQWLW\ PHDVXUH WKDW GRHV QRW WUHDW DOO ZRUNHUV ZLWK WKH
VDPH HGXFDWLRQ OHYHO DV SHUIHFW VXEVWLWXWHV� ZH UH�ZHLJKW FRQWULEXWLRQV WR WKH HGXFDWLRQ VSHFLpF
TXDQWLW\ LQGH[HV XVLQJ UHODWLYH ZDJHV� ,Q SDUWLFXODU� IRU HDFK RI WKH WKUHH HGXFDWLRQ JURXSV� ZH
GLYLGH LQGLYLGXDOV E\ JHQGHU DQG LQWR �� DJH FDWHJRULHV� (DFK FDWHJRU\ IURP DJH �� WR DJH �� LV
pYH \HDUV ZLGH DQG WKH ODVW FDWHJRU\ LV DJH �� RU PRUH� )RU HDFK HGXFDWLRQ�JHQGHU�DJH JURXS
ZH FDOFXODWH WKH DYHUDJH ZDJH RYHU WKH VDPSOH SHULRG DQG WKH WRWDO ZHHNV ZRUNHG LQ HDFK \HDU�
:H GLYLGH WKH DYHUDJH ZDJH IRU WKH JURXS E\ WKH DYHUDJH ZDJH RI DQ HGXFDWLRQ VSHFLpF EDVH
JURXS DQG WKHQ PXOWLSO\ WKH UHVXOWLQJ UDWLR WLPHV WKH JURXS VSHFLpF WRWDO ZHHNV ZRUNHG� :H
WKHQ DGG XS WKH UHZHLJKWHG WRWDO TXDQWLWLHV IRU HDFK UHOHYDQW HGXFDWLRQDO FDWHJRU\ IRU HDFK \HDU�
:H FKRRVH WKH EDVH JURXSV WR PDWFK WKH ZDJH LQGH[� 7KXV� IRU WKH KLJK VFKRRO HGXFDWHG ZH XVH
PDOHV DJHG �� WR �� DQG IRU ERWK WKH SRVW�VHFRQGDU\ �QRW %$� DQG XQLYHUVLW\ HGXFDWHG ZH XVH
PDOHV DJHG �� WR ��� 7KLV SURFHGXUH WUHDWV UHODWLYH ZDJHV DV PHDVXUHV RI UHODWLYH SURGXFWLYLW\
DQG WKXV JLYHV XV WRWDO TXDQWLWLHV LQ \RXQJ PDOH HTXLYDOHQW ZHHNV� :H QRUPDOL]HG WKH TXDQWLW\
LQGLFHV LQ ���� WR DVVXUH WKDW WKH SURGXFW RI WKH TXDQWLW\ LQGH[ WLPHV ZDJH LQGH[ FRQVWLWXWHG
D ZDJH ELOO HTXDO WR WKDW REVHUYHG LQ WKH QDWLRQDO LQFRPH DQG SURGXFW DFFRXQWV LQ ����� 7KH
IDFWRU VKDUHV IRU WKH UHVW RI WKH VDPSOH DUH WKHQ FRQVWUXFWHG XVLQJ WKH SURGXFW RI WKH TXDQWLW\
PHDVXUH WLPHV WKH ZDJH PHDVXUH� 8VLQJ IDFWRU VKDUHV GHULYHG HQWLUHO\ IURP WKH QDWLRQDO LQFRPH
DFFRXQWV GRHV QRW FKDQJH RXU UHVXOWV�

2QFH WKH LQLWLDO TXDQWLW\ VHULHV ZHUH FRQVWUXFWHG� ZH DGMXVWHG WKHP WR DFFRXQW IRU WKH HG�
XFDWLRQ GHpQLWLRQ FKDQJHV LQ ����� 7KH VKLIW WR XVLQJ HGXFDWLRQDO FDWHJRULHV UDWKHU WKDQ \HDUV
UHVXOWV LQ QRWLFHDEOH MXPSV LQ WKH TXDQWLW\ VHULHV� SDUWLFXODUO\ WKRVH IRU WKH KLJK VFKRRO RU OHVV
DQG VRPH SRVW�VHFRQGDU\ VHULHV� 3ORWWLQJ WKUHH HGXFDWLRQ JURXS TXDQWLW\ VHULHV� RQH QRWLFHV WKDW
WKH GHpQLWLRQ FKDQJHV DSSHDU WR FKDQJH WKH OHYHOV EXW QRW WKH WLPH SDWWHUQV LQ HDFK� 7DNLQJ WKLV
LQWR DFFRXQW� ZH UHJUHVV WKH KLJK VFKRRO HGXFDWHG TXDQWLW\ VHULHV RQ D WLPH WUHQG� WKH WLPH WUHQG
VTXDUHG DQG D GXPP\ YDULDEOH UHSUHVHQWLQJ WKH SRVW����� SHULRG� :H WKHQ DGG WKH FRHrFLHQW
RQ WKH SRVW����� GXPP\ YDULDEOH WR WKH SRVW����� KLJK VFKRRO TXDQWLW\ YDOXHV� :H IRUPHG WKH
VDPH UHJUHVVLRQ IRU WKH XQLYHUVLW\ HGXFDWHG EXW IRXQG WKH SRVW����� GXPP\ GLG QRW HQWHU VLJ�
QLpFDQWO\ DQG VR PDGH QR DGMXVWPHQW WR WKDW VHULHV� )RU WKH SRVW�VHFRQGDU\ �QRW %$� VHULHV� ZH
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VXEWUDFW WKH KLJK VFKRRO HGXFDWHG SRVW����� GXPP\ FRHrFLHQW IURP DOO SRVW����� REVHUYDWLRQV�
7KLV HQVXUHV WKDW ZH GR QRW FUHDWH H[WUD VXSSO\ RI DQ\ NLQG WKURXJK RXU DGMXVWPHQW SURFHVV�
7KH UHVXOWLQJ� FRUUHFWHG VHULHV DUH VXEVWDQWLDOO\ VPRRWKHU WKDQ WKH LQLWLDO� XQFRUUHFWHG VHULHV�

)LQDOO\� ZH QHHG WR DSSRUWLRQ WKH PRYHPHQWV LQ WKH SRVW�VHFRQGDU\�QRW %$� VHULHV EH�
WZHHQ WKH ORZ DQG KLJK VNLOOHG FDWHJRULHV� 7R GR WKLV ZH XVH WKH ZHLJKWV UHSRUWHG LQ .DW]
DQG 0XUSK\������� ZKLFK DUH EDVHG RQ D UHJUHVVLRQ RI SRVW� VHFRQGDU\ ZDJHV RQ WKRVH RI KLJK
VFKRRO DQG XQLYHUVLW\ HGXFDWHG ZRUNHUV XVLQJ 86 GDWD� 7KLV \LHOGV D GLYLVLRQ RI ���� RI WKH
SRVW�VHFRQGDU\�QR %$� TXDQWLWLHV EHLQJ DVVLJQHG WR WKH KLJK VFKRRO TXDQWLW\ PHDVXUH DQG ����
EHLQJ DVVLJQHG WR WKH XQLYHUVLW\ PHDVXUH� 7KH UDWLRQDOH EHKLQG WKLV SURFHGXUH LV WKDW SRVW�
VHFRQGDU\�QR %$� ZRUNHUV DUH OLNH HDFK RI WKH RWKHU HGXFDWLRQ FODVVHV WR WKH H[WHQW WKHLU ZDJH
PRYHPHQWV DUH VLPLODU� :H DOVR WULHG D UDQJH RI GLoHUHQW GLYLVLRQV RI WKH SRVW�VHFRQGDU\ TXDQ�
WLWLHV� 2XU UHVXOWV DUH UREXVW WR WKHVH YDULDWLRQV� :H FKRVH WR XVH WKH .DW] DQG 0XUSK\������
ZHLJKWV LQ RUGHU WR PDNH RXU UHVXOWV PRUH HDVLO\ FRPSDUDEOH ZLWK WKH H[LVWLQJ OLWHUDWXUH�
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