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VHHPV�XVHIXO³DQG�LW·V�IXQ�
.HHS�LQ�PLQG��KRZHYHU��WKDW�,·P�

QRW� DUJXLQJ� WKDW� WKLV� VFHQDULR� LV�

When the Economy 
Transcends Humanity
What will our economy, workplaces, and society look like 
when we can copy our brains and build virtual workers to do 
our jobs? An economist looks at the next great era, a world 
dominated by robots.

By Robin Hanson
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ZRUOG� ORRNV�DQG� IHHOV� WR�XV��6RPH�
WLPHV� WKH\� VHH� WKH� VDPH� SK\VLFDO�
ZRUOG�WKDW�ZH�VHH��$W�RWKHU�WLPHV��WKH\�
VHH�DQ�HQWLUHO\�YLUWXDO�ZRUOG�UXQQLQJ�
RQ�FRPSXWHU�KDUGZDUH�
$V�LQ�DGYDQFHG�HFRQRPLHV�WRGD\��

PRVW�HP�MREV�ZRXOG�EH�´GHVNµ�MREV��
7KH\�ZRXOG� VROYH� FRPSOH[� SURE�
OHPV��GHYHORS�VWUDWHJLHV��SXEOLFL]H��
DQG�VR�RQ��8QOLNH� WRGD\��KRZHYHU��
PRVW�HP�RIILFHV�ZRXOG�VLW�LQ�YLUWXDO�
UHDOLWLHV��6RPH�HPV��OLNH�SOXPEHUV��
ZRXOG�QHHG�SK\VLFDO�ERGLHV� WR�GR�
WKHLU� MREV��7KH\�PD\�VSHQG�SDUW�RI�
WKHLU�GD\�LQKDELWLQJ�D�SK\VLFDO�URERW�
VKHOO��EXW�WKH\�ZRXOG�VSHQG�PRVW�OHL�
VXUH� WLPH� LQ� YLUWXDO� UHDOLWLHV�� ,W�
VKRXOG�EH�FKHDS�WR�JLYH�HPV�YLUWXDO�
UHDOLWLHV�WKDW�DUH�VSHFWDFXODUO\�FRP�
IRUWDEOH��HQJDJLQJ��EHDXWLIXO��DQG�LQ�
VSLULQJ��(PV�DOVR�QHHG�QHYHU�H[SHUL�

HQFH�KXQJHU��SDLQ��RU�GLVHDVH��XQOHVV�
WKH\�ZDQW�WR�GR�VR��,Q�YLUWXDO�UHDOLW\��
QRWKLQJ�QHHGV�FOHDQLQJ�RU�UHSODFLQJ��
VLQFH� WKHUH� LV�QR�JULPH�RU�ZHDU�� ,W�
ZRXOG�RIWHQ�EH�JRRG�WR�EH�DQ�HP�
2Q�WKH�GRZQVLGH��KRZHYHU��HPV�

ZRXOG�VSHQG�PRVW�RI�WKHLU�ZDNLQJ�
KRXUV� ZRUNLQJ�� %HFDXVH� FRS\LQJ�
HPV�LV�HDV\��D�VLQJOH�JRRG�HP�ZRUNHU�
FRXOG�WDNH�DOO� WKH� MREV� LQ�D�SURIHV�
VLRQ��$V�ZH�ZLOO�VHH��WKLV�PDNHV�HP�
ODERU�PDUNHWV�YHU\�FRPSHWLWLYH��$�
IHZ�YHU\�SURGXFWLYH� HP�ZRUNHUV��
HDFK�ZLOOLQJ�WR�ZRUN�ORQJ�KRXUV�DW�
QHDU�VXEVLVWHQFH�ZDJHV��ZRXOG�HDFK�
EH�FRSLHG�ELOOLRQV�RI�WLPHV��)XUWKHU�
PRUH��PRVW�HPV�ZRXOG�EH�WHPSRUDU\�
FRSLHV�FUHDWHG� WR�GR�D� WDVN� ODVWLQJ�
VHYHUDO�KRXUV��DQG�WKHQ�HQG�RU�UHWLUH�
:KHQ�FKRRVLQJ�ZKLFK�KXPDQV�WR�

VFDQ��RU�ZKLFK�HPV�WR�WUDLQ�DQG�FRS\�
IRU�QHZ�WDVNV��ILUPV�ZRXOG�VHOHFW�WKH�
VPDUWHVW�� KDUGHVW� ZRUNLQJ�� PRVW�
IOH[LEOH��DQG�FRRSHUDWLYH�IRONV�ZLWK�
WKH�EHVW�PDWFKHG�DWWLWXGHV��7KH\·G�

VFDQQHG�EUDLQ��WKHQ�LI�WKH�FHOO�PRGHOV�
DUH�JRRG�HQRXJK�WKH�ZKROH�PRGHO�
PXVW�DOVR�EH�JRRG�HQRXJK��7KDW�LV��LW�
PXVW� KDYH� WKH� VDPH� LQSXW�RXWSXW�
VLJQDO�EHKDYLRU�DV�WKH�RULJLQDO�EUDLQ��
6R��LI�\RX�KRRNHG�LW�XS�WR�DUWLILFLDO�
H\HV��HDUV��KDQGV��HWF���\RX�FRXOG�DVN�
LW�WR�GR�D�MRE�DQG�KRSH�LW�PLJKW�FRRS�
HUDWH�DQG�GR�WKH� MRE�PXFK�OLNH�WKH�
RULJLQDO�KXPDQ�
1RZ��LW�LVQ·W�FOHDU�MXVW�KRZ�PXFK�

FHOO�GHWDLO�ZH·OO�QHHG�LQ�RUGHU�WR�HP�
XODWH� EUDLQV�� 7KH�PRUH�GHWDLO�� WKH�
PRUH� FRPSXWLQJ� KDUGZDUH� ZH·OO�
QHHG��DQG�WKH�ORQJHU�LW�ZRXOG�WDNH�
EHIRUH�FRPSXWHUV�DUH�FKHDS�HQRXJK�
WR� HPXODWH� EUDLQV� FRVW�HIIHFWLYHO\��
7KH� EHVW� DQDO\VLV� VR� IDU³$QGHUV�
6DQGEHUJ�DQG�1LFN�%RVWURP·V������
SDSHU�´:KROH�%UDLQ�(PXODWLRQ��$�
5RDGPDSµ³VXJJHVWV� WKDW�� LI� FRP�

SXWHU� KDUGZDUH� FRQWLQXHV� WR� LP�
SURYH� DW� SDVW� UDWHV��ZH�ZLOO� KDYH�
FKHDS�HPXODWLRQV�LQ�DERXW����WR����
\HDUV��$QG� LI� FRPSXWHU� KDUGZDUH�
JDLQV�VORZ�GRZQ�E\�D�IDFWRU�RI�WZR��
LW�ZLOO�WDNH����WR�����\HDUV�
5RERWV�DUH�OLNHO\�WR�DUULYH�ILUVW�LQ�

WKH�IRUP�RI�EUDLQ�HPXODWLRQV��EHIRUH�
VPDUW�VRIWZDUH�ZULWWHQ�E\�KXPDQV��
%HFDXVH�WKH\·G�EH�GLJLWDO�FRSLHV�RI�
KXPDQV��ZH�FDQ�VD\�D�ORW�DERXW�ZKDW�
WKHLU�ZRUOG�ZLOO�EH�OLNH��,·OO�FDOO�WKHP�
´HPVµ�IRU�VKRUW�

Not All Robots Are Robotic. 
Ems Feel Human

:KHQ�,�VD\�WKDW�HPV�DUH�SV\FKRORJL�
FDOO\�KXPDQ��,�PHDQ�WKDW�WKH\�UHPHP�
EHU�D�KXPDQ�OLIH�DQG�UHWDLQ�WKH�XVXDO�
KXPDQ�LQFOLQDWLRQV��(PV�ORYH��ODXJK��
ILJKW��FU\��MRNH��HQY\��ZRUN��SOD\��DQG�
WDNH�SULGH��7KH\�KDYH�IULHQGV��ORYHUV��
ERVVHV��DQG�FROOHDJXHV��7KHLU�ZRUOG�
ORRNV�DQG�IHHOV�WR�WKHP�PXFK�OLNH�RXU�

JRRG�� ,·P� MXVW�DSSO\LQJ�EDVLF�HFR�
QRPLFV�WR�PDNH�EHVW�JXHVVHV�DERXW�
ZKDW�WKLQJV�ZRXOG�DFWXDOO\�EH�OLNH��
:KLOH�PRVW�RI�\RX�KDYH�SUREDEO\�
VHHQ�PRYLHV�GHSLFWLQJ�ZRUOGV�ZLWK�
VPDUW�URERWV��DV�DQ�HFRQRPLVW�,� LQ�
WHQG� WR� VKRZ�\RX�ZH� FDQ�GR�D� ORW�
EHWWHU� E\� XVLQJ� FDUHIXO� HFRQRPLF�
DQDO\VLV��:H�FDQ�DFWXDOO\�VD\�TXLWH�D�
ORW�DERXW�WKLV�QHZ�ZRUOG�

Rise of the Em

7KHUH�LV�D�YDVW�YDULHW\�RI�SRVVLEOH�
URERW�PLQGV��DQG�D�URERW�ZRUOG�ZLOO�
GHSHQG�JUHDWO\�RQ�ZKLFK�PLQGV�LQ�
KDELW� LW��:LOO�WKHVH�URERWV�ORRN�OLNH�
WKH�7HUPLQDWRU�RU�5�'�"�:LOO� WKH\�
NLOO�OLNH�+$/�LQ�������$�6SDFH�2G\V�
VH\"�7KHVH�LPDJHV�RI�DUWLILFLDO�LQWHOOL�
JHQFH�DUH�URRWHG�LQ�VFLHQFH�ILFWLRQ��
EXW�WKH\�GRQ·W�UHSUHVHQW�ZKDW�,�WKLQN�
LV�WKH�PRVW�OLNHO\�IRUP�WKDW�IXWXUH�$,�
ZLOO�WDNH�
3LFWXUH� D� URERWLF� PLQG� RI� WKH�

IXWXUH� DV� WKRXJK� LW�ZHUH� D�GLJLWDO�
YHUVLRQ�RI�D�UHJXODU�KXPDQ��LQKDELW�
LQJ�D�ZRUOG�WKDW� ORRNV�H[DFWO\� OLNH�
WKH�RQH�LQ�ZKLFK�\RX�DFWXDOO\�OLYH��
7KH�$,��LQ�D�YHU\�UHDO�VHQVH��LV�\RX�
:LWK�FRPSXWHUV� WRGD\��ZH�RIWHQ�

´SRUWµ�VRIWZDUH�UXQQLQJ�RQ�ROG�PD�
FKLQHV�WR�JHW�VRIWZDUH�WKDW�FDQ�UXQ�
RQ�QHZ�PDFKLQHV��7R�SRUW�VRIWZDUH��
ZH�ZULWH�DQ�´HPXODWRUµ�WR�PDNH�WKH�
QHZ�PDFKLQH�ORRN�OLNH�WKH�ROG�PD�
FKLQH� WR� WKH� VRIWZDUH�� ,QVWHDG� RI�
ZULWLQJ�QHZ�VRIWZDUH�IRU�URERW�FRP�
SXWHUV��ZH�FRXOG�LQVWHDG�WU\�WR�SRUW�
VRIWZDUH�IURP�WKH�ROG�FRPSXWHU�WKDW�
LV�WKH�KXPDQ�EUDLQ�
+RZ�FRXOG�ZH�WDNH�WKH�PHPRULHV��

VNLOOV��KRSHV��GUHDPV��DQG�SHUVRQDO�
LW\� WKDW� DUH� LQ� D�KXPDQ�EUDLQ�DQG�
WXUQ�LW�LQWR�VRIWZDUH�IRU�D�FRPSXWHU"�
)LUVW��ZH�QHHG� WR� WDNH�D�SDUWLFXODU�
KXPDQ� EUDLQ� DQG� VFDQ� LW� LQ� JUHDW�
VSDWLDO�DQG�FKHPLFDO�GHWDLO��VHHLQJ�
ZKLFK� FHOO� W\SHV� DUH�ZKHUH�� FRQ�
QHFWHG�WR�ZKDW��DQG�ZLWK�ZKDW�UHOH�
YDQW�LQWHUQDO�VWDWHV��6HFRQG��ZH�QHHG�
DGHTXDWH�PRGHOV�RI�HDFK�W\SH�RI�KX�
PDQ�EUDLQ�FHOO³PRGHOV�VD\LQJ�KRZ�
LQSXW�VLJQDOV�DUH�WUDQVODWHG�LQWR�RXW�
SXW� VLJQDOV� DQG� LQWHUQDO� VWDWH�
FKDQJHV��7KLUG��ZH�QHHG�ORWV�RI�SDU�
DOOHO�FRPSXWHU�KDUGZDUH�
,I�ZH�ILOO�XS�WKDW�FRPSXWHU�KDUG�

ZDUH�ZLWK�HPXODWLRQV�RI�HDFK�FHOO��
HPXODWLRQV�WKDW�DUH�W\SHG�DQG�FRQ�
QHFWHG�MXVW�OLNH�WKH�UHDO�FHOOV�LQ�WKH�

“Picture a robotic mind of the future as though it were a digital 
version of a regular human, inhabiting a world that looks exactly 
like the one in which you actually live. The AI, in a very real 
sense, is you.”
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PHHW�WRJHWKHU�YLUWXDOO\�EXW�DFWXDOO\�
KDYH�EUDLQV�RQ�RSSRVLWH�VLGHV�RI�D�FLW\��
ZRXOG�QRWLFH�VLJQDO�GHOD\V�GXH�WR�WKH�
VSHHG�RI�OLJKW��2Q�WKH�RWKHU�KDQG��IRU�
HPV�VORZHU�WKDQ�NLOR�HPV��WKHLU�VXE�
MHFWLYH�FHQWXU\�RU�VR�FDUHHUV�ZRXOG�
KDYH�KDUGO\�VWDUWHG�EHIRUH�MRE�SUDF�
WLFHV�FKDQJH��ZDVWLQJ�WKHLU�MRE�WUDLQLQJ�
LQYHVWPHQWV��7RJHWKHU��WKHVH�GHOD\�DQG�
FDUHHU�HIIHFWV�VXJJHVW�WKDW�NLOR�HPV�DUH�
QHDU�WKH�W\SLFDO�HP�VSHHGV�
<RX�PLJKW�ZRQGHU��ZRXOG� WKHVH�

YLUWXDO�SHRSOH�HYHU�GLH"�$QG�LI�QRW��
KRZ� ORQJ�ZRXOG� WKH\�ZRUN"�:K\�
QRW�NHHS�WKHP�ZRUNLQJ�IRUHYHU"
,�HVWLPDWH�WKDW�DQ�HP�FDUHHU�ZRXOG�

ODVW�RQO\�D�VXEMHFWLYH�FHQWXU\�RU�VR��
$IWHU� WKDW�� WKH� HP�ZRXOG� ´UHWLUHµ�
DQG�VSHQG�WKH�UHVW�RI�KLV�RU�KHU�YLU�
WXDO� GD\V� SOD\LQJ� YLUWXDO� VKXIIOH�
ERDUG��RU�GRLQJ�DQ\WKLQJ�HOVH�KH�RU�
VKH�OLNHG���:K\�VXFK�D�ORZ�MRE�KDOI�
OLIH"�+XPDQ�PLQGV� DUH� OLNH�PRVW�
FRPSOH[�DGDSWLQJ�V\VWHPV��$V�WKH\�
DGDSW� WR�DQ�HQYLURQPHQW�� WKH\�JHW�
PRUH�FRPSOH[�DQG�IUDJLOH��DQG�OHVV�
DEOH�WR�DGDSW�ODWHU�WR�YHU\�GLIIHUHQW�
HQYLURQPHQWV��:H�VHH�WKLV�HIIHFW�LQ�
VRIWZDUH� ´URW�µ� LQ� PDQXIDFWXUHG�
SURGXFWV��LQ�ELRORJLFDO�FHOOV�DQG�VSH�
FLHV��DQG�LQ�KXPDQ�PLQGV�WRGD\��6R�
ZH�H[SHFW� WKLV�SDWWHUQ� WR�FRQWLQXH�
ZLWK�HP�PLQGV��(YHQ�WKRXJK�WKH\�
FRXOG� ODVW� IRUHYHU�� ROG� HP�PLQGV�
ZRXOG�VWLOO�EHFRPH�REVROHWH�
)DVWHU�HPV�ZRXOG�KDYH�PDQ\�IHD�

WXUHV�ZH�DVVRFLDWH�WRGD\�ZLWK�KLJKHU�
VWDWXV��7KH\�ZRXOG�WHQG�WR�EH�ULFKHU��
EH� ERVVHV�� ZLQ� DUJXPHQWV�� KRVW�
PHHWLQJV��DQG�VLW�DW�FHQWUDO�ORFDWLRQV��
(P�VSHHGV�ZRXOG�DOVR� FOXPS��EH�
FDXVH� HPV� UXQQLQJ� DW� GLIIHUHQW�
VSHHGV�FRXOGQ·W� LQWHUDFW�QDWXUDOO\��
XQOHVV�RQH�RI�WKHP�WHPSRUDULO\�UDQ�
DW� WKH� RWKHUV·� VSHHGV�� 7KXV�� HPV�
ZRXOG�EH�UDQNHG�LQWR�D�GLVFUHWH�KLHU�
DUFK\�RI�VRFLDO�FODVVHV�UXQQLQJ�DW�GLI�
IHUHQW�VSHHGV�

The Copy Economy and Runaway 
Economic Growth

7KH�PRVW�LPSRUWDQW�IHDWXUH�WKDW�DOO�
WKHVH�DUWLILFLDO�EUDLQV�VKDUH�LV�EHLQJ�
HDV\�WR�FRS\��7KLV�KDV�PDQ\�ELJ�LP�
SOLFDWLRQV��)LUVW�� LW�PDNHV� WUDLQLQJ�
PXFK�FKHDSHU��<RX�FDQ�WUDLQ�RQH�UR�
ERW�DQG�WKHQ�PDNH�PLOOLRQV�RI�FRSLHV�
KDYLQJ�WKDW�VNLOO��6HFRQG��HDV\�FRS\�
LQJ�ZRXOG�JUHDWO\�UHGXFH�WKH�ZDJHV�
RI� URERWV� DQG�RI� WKH�KXPDQV�ZKR�

VSHHG�ZRUNV�HVSHFLDOO\�ZHOO�ZKHQ�
FDOFXODWLRQV�FDQ�EH�GRQH�LQ�SDUDOOHO��
ZLWK�PDQ\�SURFHVVRUV�UXQQLQJ�DW�WKH�
VDPH�WLPH��)RU�SDUDOOHO�FDOFXODWLRQV��
LW� FRVWV�DERXW� WZLFH�DV�PXFK� IRU�D�
PDFKLQH�WKDW�FDOFXODWHV�WZLFH�DV�IDVW�
7KH�IDFW�WKDW�WKH�KXPDQ�EUDLQ�FDO�

FXODWHV� LQ� SDUDOOHO� LPSOLHV� D� YHU\�
ZLGH�UDQJH�RI�VSHHGV�ZKHUH�HPXOD�
WLRQ�FDOFXODWLRQV�FDQ�EH�GRQH�WZLFH�
DV�IDVW� LI�RQH�XVHV�D�FRPSXWHU�WKDW�
FRVWV�WZLFH�DV�PXFK��7KLV�UDQJH�LQ�
FOXGHV�NLOR�HPV�DQG�PLOOL�HPV��ZKR�
WKLQN�DQG�H[HFXWH�WDVNV�D�WKRXVDQG�
WLPHV�IDVWHU�RU�VORZHU�WKDQ�KXPDQV��
DQG� PD\� LQFOXGH� PHJD�HPV� DQG�
�PLFUR�HPV��ZKR�UXQ�D�PLOOLRQ�WLPHV�
IDVWHU�RU�VORZHU�
+XPDQ� EUDLQV� KDYH� D� UHDFWLRQ�

WLPH�RI�DERXW�D�WHQWK�RI�D�VHFRQG��EH�
FDXVH� KXPDQ� ERG\� SDUWV� FDQ·W�
FKDQJH� SRVLWLRQ� IDVWHU� WKDQ� WKDW��
6LQFH�ERG\�SDUWV�KDOI�DV�ORQJ�RVFLO�
ODWH� WZLFH� DV� IDVW�� \RX·G� QHHG� D�
�GRXEOH�VSHHG� HP� WR� UHDFW� IDVW�
HQRXJK�IRU�D�ERG\�WKDW� LV�KDOI�RI�D�
KXPDQ·V�KHLJKW��)RU�D�ERG\���PLOOL�
PHWHUV�WDOO��\RX·G�QHHG�D�NLOR�HP�
0RVW�HPV��KRZHYHU��ZRXOG�OLYH�LQ�

YLUWXDO� UHDOLW\�ZLWKRXW� D� SK\VLFDO�
ERG\��6XFK�HPV�FRXOG�PHHW� LQ� WKH�
VDPH�YLUWXDO�URRP�HYHQ�ZKHQ�WKHLU�
EUDLQV��L�H���HPXODWLRQ�KDUGZDUH��DUH�
IDU� DSDUW�� 7KLV�ZRXOG� JUHDWO\� FXW�
WUDYHO��DQG�KHQFH�WUDYHO�FRQJHVWLRQ��
ZKLFK�LV�WKH�ELJJHVW�OLPLW�WR�FLW\�VL]H�
WRGD\��7KXV��HP�FLWLHV�PD\�EH�PXFK�
ELJJHU�DQG�GHQVHU��SHUKDSV�KROGLQJ�
SRSXODWLRQV�LQ�WKH�WULOOLRQV��(P�FLWLHV�
PD\�LQVWHDG�EH�OLPLWHG�LQ�VL]H�E\�GLI�
ILFXOWLHV�LQ�FRROLQJ�ORWV�RI�GHQVH��IDVW�
FRPSXWHU�VHUYHUV��6XFK�FLWLHV�PLJKW�
ORRN�VRPHZKDW�OLNH�WKH�GHQVH�WDOO�FLW�
LHV�RI�7KH�)LIWK�(OHPHQW�RU�6WDU�:DUV��
(SLVRGH�,,³$WWDFN�RI�WKH�&ORQHV�
(P�PLQGV�ZRXOG� UXQ� DW� VSHHGV�

PDWFKHG� WR� WKH� MREV� WKH\�SHUIRUP��
(PV�FRQWUROOLQJ�IDVW�PDFKLQHV��OLNH�
QDQRWHFK� IDFWRULHV��PXVW� UXQ� IDVW��
ZKLOH� WKRVH� FRQWUROOLQJ� VORZ�PD�
FKLQHV�� OLNH� ERDWV�� FDQ� UXQ� PRUH�
VORZO\��(PV�LQ�SURGXFW�GHYHORSPHQW�
UDFHV�PLJKW�UXQ�DV�IDVW�DV�SRVVLEOH��
ZKLOH�SRRU�HP�UHWLUHHV�PLJKW�UXQ�DV�
VORZO\�DV�SRVVLEOH��(PV�ZKR� WDNH�
WKHLU�OHLVXUH�WLPH�PXFK�IDVWHU�WKDQ�
ZRUN�FDQ�RIIHU�QHDU������VHUYLFH�WR�
FOLHQWV��DQG�ERVVHV�ZKR�UXQ� IDVWHU�
WKDQ�VXERUGLQDWHV�FDQ�EHWWHU�FRRUGL�
QDWH�ELJ�RUJDQL]DWLRQV�
(PV�IDVWHU�WKDQ�NLOR�HPV��DQG�ZKR�

DOVR� VHOHFW� WKH� PRVW� SURGXFWLYH�
´WZHDNVµ�WR�WKH�HPXODWLRQ�SURFHVV�LW�
VHOI�� WR�PDNH�HPV�HVSHFLDOO\�DWWHQ�
WLYH��LQVSLUHG��HQHUJHWLF��HWF�
6R��ZKLOH�HPV�ZRXOG�EH�UHFRJQL]�

DEO\�KXPDQ� LQ�KDYLQJ�PHQWDO� IHD�
WXUHV�WKDW�IDOO�QHDU�WKH�XVXDO�UDQJH�RI�
KXPDQ�YDULDWLRQ��HPV�ZRXOG�EH�GLV�
WULEXWHG�TXLWH�GLIIHUHQWO\�ZLWKLQ�WKRVH�
UDQJHV��7KH�W\SLFDO�HP�ZRXOG�EH�PRUH�
SURGXFWLYH�WKDQ�WKH�EHVW�KXPDQV�WR�
GD\��(PV�PLJKW�V\PSDWKL]H�ZLWK��DQG�
EH�JUDWHIXO�WR��WKHLU�KXPDQ�DQFHVWRUV��
EXW�HPV�ZRXOG�IHHO�DQG�EH�VXSHULRU�LQ�
PRVW�ZD\V�WKH\�FDUH�DERXW�
7KH�KXPDQ�WR�HP�VHOHFWLRQ�SURFHVV�

ZRXOG�EH�KLJKO\�XQHTXDO��:KLOH�WKH�
HP�HFRQRP\�ZRXOG�TXLFNO\�JURZ�WR�
KDYH�ELOOLRQV�DQG�WKHQ�WULOOLRQV�RI�HPV�
�VLQFH�YLUWXDO�VSDFH�LV�OLPLWHG�RQO\�E\�
FRPSXWHU� PHPRU\� VL]H��� PRVW� RI�
WKHVH�ZRXOG�EH�FRSLHV�RI�D�GR]HQ�WR�D�
WKRXVDQG�RI� WKH�PRVW�VXLWDEOH�KX�
PDQV��:KLOH�WKRVH�EHVW�KXPDQV�FRXOG�
HDFK�KDYH�D�´FODQµ�RI�ELOOLRQV�RI�HP�
FRSLHV��PRVW�KXPDQV�ZRXOG�JLYH�ULVH�
WR�MXVW�D�IHZ�HPV��7KHVH�FODQV�ZRXOG�
UHSUHVHQW� WRZQV� RU� QDWLRQV� RI� WKH�
VDPH�HPV��WKLQN�$JHQW�6PLWK�LQ�7KH�
0DWUL[��EXW�QLFHU��
7KH�FRS\�FODQ�ZRXOG�EH�D�QDWXUDO�

XQLW� RI� HP� RUJDQL]DWLRQ�� %HFDXVH�
FRSLHV�DUH�VLPLODU�DQG�VKDUH�PDQ\�
LQWHUHVWV�� HPV�ZRXOG� WHQG� WR� WUXVW�
WKHLU�FODQ·V�DGYLFH�RQ�ORYH��ZRUN��IL�
QDQFHV��DQG�VR�RQ��(DFK�HP�PLJKW�
IHHO�OLNH�D�YLVLWRU�IURP�D�SODQHW�IXOO�RI�
IRONV�MXVW�OLNH�KHU��-XVW�DV�SROLWLFV�LQ�
DQFLHQW�FLWLHV�RIWHQ�FRQVLVWHG�RI�VKLIW�
LQJ�FRDOLWLRQV�RI�JUHDW�IDPLOLHV��HP�
SROLWLFV�PLJKW�FRQVLVW�RI�VKLIWLQJ�FR�
DOLWLRQV�RI�FRS\�FODQV�
:LWK�RQO\�D�IHZ�KXQGUHG�LPSRU�

WDQW�FODQV�� WKH�HP�VRFLDO�ZRUOG�EH�
FRPHV�PRUH�OLNH�WKH�VRFLDO�ZRUOG�RI�
RXU�IRUDJHU�DQFHVWRUV��ZKHUH�SHRSOH�
RQO\�HYHU�PHW�RQH�RU�WZR�KXQGUHG�
SHRSOH�LQ�D�OLIHWLPH�DQG�NQHZ�HDFK�
RQH�YHU\�ZHOO��$Q�HP�PHHWLQJ�ZLWK�D�
*HRUJH�PLJKW�NQRZ�*HRUJH·V�EDVLF�
SHUVRQDOLW\�DQG�VW\OH�ZHOO��HYHQ� LI�
VKH�KDG�QHYHU�PHW� WKLV� SDUWLFXODU�
*HRUJH�EHIRUH�

Slow Human Computers and 
Fast Em People

&RPSXWHUV� FDQ� EH� IDVW� RU� VORZ��
IDVWHU� FRPSXWHUV� DUH�PRUH� H[SHQ�
VLYH��EXW�GR�PRUH�FDOFXODWLRQV�SHU�
VHFRQG��7KLV�DELOLW\�WR�SD\�PRUH�IRU�
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TXDUWHU�PLOOLRQ�\HDUV��6WDUWLQJ�DERXW�
�������\HDUV�DJR��IDUPHUV�OHDUQHG�WR�
VKDUH�LQQRYDWLRQV�PXFK�IDVWHU��SHU�
KDSV�YLD�ORQJ�GLVWDQFH�WUDGLQJ�QHW�
ZRUNV��7KH�IDUPLQJ�HFRQRP\�GRX�
EOHG�HYHU\�WKRXVDQG�\HDUV�
)LQDOO\��D�IHZ�KXQGUHG�\HDUV�DJR��

ZH� OHDUQHG� WR� VKDUH� LQQRYDWLRQV�
HYHQ� IDVWHU�� YLD� FRPPXQLFDWLRQ�
DPRQJ� QHWZRUNV� RI� WHFKQLFDO� H[�
SHUWV��2XU� LQGXVWULDO�HFRQRP\�KDV�
VLQFH�GRXEOHG�DERXW�HYHU\����\HDUV��
7KLV� JURZWK�KDV� EHHQ� IDVWHU� HYHQ�
WKDQ�RXU�SRSXODWLRQ�JUHZ��DOORZLQJ�
D�JUHDW�LQFUHDVH�LQ�ZHDOWK�SHU�SHUVRQ�
IRU�WKH�ILUVW�WLPH�LQ�KLVWRU\��(DFK�QHZ�
HUD�JUHZ�IDVWHU�EXW�ODVWHG�D�VKRUWHU�
WLPH��WR�HQFRPSDVV�D�VLPLODU�DPRXQW�
RI� WRWDO�JURZWK��(DFK�HUD�KDV�VHHQ�
VHYHQ�WR�QLQH�GRXEOLQJV�LQ�FDSDFLW\��
DQG�VLPLODU� MXPSV� LQ�JURZWK�UDWHV�
UHODWLYH�WR�SUHFHGLQJ�HUDV�
,I�ZH�WU\�WR�H[WHQG�WKLV�SDWWHUQ�WR�

HUDV�EHIRUH�KXPDQV��ZH�ILQG�VRPH�
WKLQJ�WKDW�URXJKO\�ILWV��$QLPDO�EUDLQV�
GRXEOHG�URXJKO\����WLPHV�HYHU\����
PLOOLRQ�\HDUV��VWDUWLQJ�D�KDOI�ELOOLRQ�
\HDUV�DJR��0LJKW�WKLV�SDWWHUQ�DOVR�H[�
WHQG�LQWR�WKH�IXWXUH"�,I�DQRWKHU�HUD�
FRPHV�DIWHU�RXUV��DQG�ILWV�WKLV�KLVWRUL�
FDO�SDWWHUQ�� LW�ZRXOG�DSSHDU�VRPH�
WLPH�LQ�WKH�QH[W�FHQWXU\�RU�VR��ZLWKLQ�
D� IHZ� \HDUV�� LWV� HFRQRP\� ZRXOG�
�GRXEOH�HYHU\�IHZ�ZHHNV��7KDW�QHZ�
HFRQRP\�PLJKW�EH�D�URERW�HFRQRP\�
,�ZDUQHG�DW�WKH�VWDUW�RI�WKLV�DUWLFOH�

WKDW�,·P�MXVW�DSSO\LQJ�EDVLF�HFRQRP�
LFV�WR�PDNH�EHVW�JXHVVHV�DERXW�ZKDW�
D�IXWXUH�URERW�ZRUOG�ZRXOG�DFWXDOO\�
EH�OLNH��,·P�QRW�VD\LQJ�WKLV�VFHQDULR�
LV�JRRG�RU�EDG�
,I�WKLV�IXWXUH�DFWXDOO\�KDSSHQV��LW�

ZLOO��RI�FRXUVH��EH�YHU\�LPSRUWDQW�WR�
WKLQN�FDUHIXOO\�DERXW�ZKLFK�DVSHFWV�
RI�WKLV�VFHQDULR�DUH�JRRG�DQG�WR�EH�
HQFRXUDJHG��DQG�ZKLFK�DUH�ODPHQ�
WDEOH�DQG�WR�EH�PLQLPL]HG��6XUHO\��
WKH�ILUVW�WDVN�LV�WR�ILJXUH�RXW�ZKDW�LV�
OLNHO\�WR�KDSSHQ�LI�ZH�GR�QRWKLQJ��
7KLV�LV�WKH�WDVN�,�KDYH�EHJXQ�� !
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1RWH��KRZHYHU�� WKDW� WKLV�QHHG�QRW�
LPSO\� SKLORVRSKLFDO�� SROLWLFDO�� RU�
PLOLWDU\�FRQIOLFW�ZLWK�KXPDQV��5H�
PHPEHU� WKH� W\SH�RI� URERWV�ZH�DUH�
WDONLQJ�DERXW�KHUH��3V\FKRORJLFDOO\�
VSHDNLQJ��HPV�IHHO�KXPDQ�
$Q� HFRQRP\� WKDW� JURZV� IDVWHU�

ZRXOG�EH�GLIIHUHQW�LQ�VRPH�SUHGLFW�
DEOH�ZD\V��)RU�H[DPSOH��IDVWHU�HFR�
QRPLF�JURZWK�LPSOLHV�KLJKHU�LQWHUHVW�
UDWHV��ZKLFK�LV�EDG�IRU�SURMHFWV�DQG�
DFWLYLWLHV� WKDW� WDNH� D� ORQJ� WLPH� WR�
SURGXFH�DQ�HFRQRPLF�UHWXUQ��7KHVH�
PD\�LQFOXGH�KXJH�FRQVWUXFWLRQ�SURM�
HFWV��VSDFH�WUDYHO��RU�VKLSSLQJ�JRRGV�
ORQJ� GLVWDQFHV��$� IDVWHU� HFRQRP\�
ZRXOG�WKXV�KDYH�IDVWHU�FRQVWUXFWLRQ��
OHVV�VSDFH�WUDYHO��DQG�PRUH�ORFDO�SUR�
GXFWLRQ�� /RQJ� UHJXODWRU\� GHOD\V�
ZRXOG�DOVR�EH�H[SHQVLYH��IDVW��DJLOH�
JRYHUQDQFH�ZRXOG�EH�QHFHVVDU\�
$� IDVW�JURZLQJ� HFRQRP\�ZRXOG�

TXLFNO\�JURZ�ELJ��DQG�ELJJHU�HFRQR�
PLHV�DUH�DOVR�GLIIHUHQW�LQ�SUHGLFWDEOH�
ZD\V��)RU�H[DPSOH��WKH\�KDYH�PRUH�
URRP� IRU� VSHFLDOL]DWLRQ�� DQG� WKH\�
FRXOG�SD\�IRU�EHWWHU�DQG�PRUH�YDULHG�
PRYLHV��PXVLF�� QRYHOV�� DQG� DUW��$�
ODUJHU�WRWDO�SRSXODWLRQ�FDQ�KROG�ELJ�
JHU� YHUVLRQV� RI� RUJDQL]DWLRQV� OLNH�
ILUPV�DQG�FLWLHV�
$�ELJJHU�IXWXUH�HFRQRP\�FDQ�DOVR�

FRQWDLQ�PRUH�LQHTXDOLW\��ELJJHU�GLI�
IHUHQFHV�LQ�QDWLRQV��ILUPV��DQG�FLWLHV��
EHWZHHQ�WKH�ULFKHVW�DQG�SRRUHVW��DQG�
EHWZHHQ�WKH�ODUJHVW�DQG�VPDOOHVW�

How the Previous Eras of Man 
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,V�WKH�GDZQLQJ�RI�D�URERW�HFRQRP\�
DW�DOO�EHOLHYDEOH� LQ� WKH� IRUHVHHDEOH�
IXWXUH"�,W�PD\�EH�LI�ZH�FRQVLGHU�WKH�
URERW�HFRQRP\�WR�EH�WKH�QH[W�VWHS�LQ�
D�SDWWHUQ�RI�SUHYLRXV�HUDV�RI�KXPDQ�
DFWLYLW\��IROORZLQJ�WKH�HUDV�RI�IRUDJHUV��
IDUPHUV��DQG�LQGXVWU\��)LUVW��IRUDJHUV�
ZDQGHUHG�WKH�ODQG�LQ�VHDUFK�RI�IRRG��
WKHQ�IDUPHUV�JUHZ�WKHLU�IRRG�ZKLOH�
VWD\LQJ�LQ�RQH�SODFH��DQG�ILQDOO\�LQ�
GXVWULDO�IRONV�KDG�PDFKLQHV�WR�KHOS�
WKHP�PDNH�IRRG�DQG�PXFK�PRUH�
7KHVH� HUDV� DUH�GLVWLQJXLVKHG�E\�

KRZ� IDVW�ZH�JUHZ� LQ�RXU� FDSDFLW\�
DQG�SRZHU��(DFK�HUD�LV�FKDUDFWHUL]HG�
E\�WKH�VSHHG�DW�ZKLFK�LQQRYDWLRQV�
FRXOG� EH� VKDUHG�� 6WDUWLQJ� DERXW�
��PLOOLRQ�\HDUV�DJR��IRUDJHUV�OHDUQHG�
WR�VKDUH� WKHLU� LQQRYDWLRQV�YLD�FXO�
WXUH��WKHLU�HFRQRP\��ZKLFK�WUDFNHG�
WKHLU� SRSXODWLRQ�� GRXEOHG� HYHU\�

FRPSHWH�ZLWK�WKHP��7KLV�LV�VLPSO\�D�
PDWWHU�RI�VXSSO\�DQG�GHPDQG��:KHQ�
DQ\RQH� FDQ� HDVLO\�PDNH�PDQ\� UR�
ERWV��WKH�FRVW�WR�UHQW�URERW�ZRUNHUV�
PXVW�IDOO�WR�QHDU�WKH�FRVW�RI�UHQWLQJ�
URERW�KDUGZDUH�
+XPDQ�ZRUNHUV�FRPSHWLQJ�ZLWK�

YHU\� FKHDS�DQG�SURGXFWLYH� URERWV�

FRXOG� QRW� OLYH� RQ� WKH� UHVXOWLQJ�
ZDJHV��+XPDQV�ZLOO�QHHG� LQFRPH�
IURP�FKDULW\��RU�IURP�VWRFNV��ERQGV��
DQG�UHDO�HVWDWH��ZKRVH�YDOXHV�ZRXOG�
VN\URFNHW��2WKHUZLVH��WKH\·G�VWDUYH��
7RGD\��ZH�GRQ·W�NLOO�XQSURGXFWLYH�
UHWLUHHV�DQG�WDNH�WKHLU�VWXII��SDUWO\�
IURP�IHDU�RI�GHVWUR\LQJ�WKH�ILQDQFLDO��
OHJDO��DQG�SROLWLFDO� LQVWLWXWLRQV�ZH�
UHO\�RQ�WR�NHHS�WKH�SHDFH�DPRQJ�WKH�
UHVW�RI�XV��+XPDQV�PLJKW�VLPLODUO\�
KRSH�WR�VXUYLYH�DV�PDUJLQDOL]HG�´UH�
WLUHHVµ�LQ�D�URERW�HFRQRP\�
+RZ�PXFK�IDVWHU�FRXOG�DQ�HFRQ�

RP\�RI�HDVLO\�FRSLHG�URERWV�JURZ"�
6WDQGDUG�HFRQRPLF�WKHRU\�VD\V�WKDW�
HYHQ�D�RQH�ZHHN�GRXEOLQJ�WLPH�LVQ·W�
FUD]\�� ,W� WDNHV� ERWK� ZRUNHUV� DQG�
WRROV� WRJHWKHU� WR�PDNH� WKLQJV��EH�
FDXVH�ZH�DUH�VORZ�DW�JURZLQJ�DQG�
LPSURYLQJ�ZRUNHUV�� RXU� HFRQRP\�
QRZ�JURZV�PDLQO\�E\�LQYHQWLQJ�EHW�
WHU� WRROV��:KLOH� RXU� IDFWRULHV� FDQ�
PDNH�PRUH�WRROV�TXLFNO\��WKRVH�GRQ·W�
KHOS�PXFK�ZLWKRXW�PRUH�ZRUNHUV�WR�
XVH� WKHP��$� URERW� HFRQRP\��KRZ�
HYHU�� FDQ� TXLFNO\� DGG� ERWK�PRUH�
WRROV�DQG�PRUH�ZRUNHUV�WR�XVH�WKHP�
&RPSDUHG�WR�JURZWK�WRGD\��URERW�

JURZWK�GHSHQGV�OHVV�RQ�LQFUHDVLQJ�
TXDOLW\� DQG� PRUH� RQ� LQFUHDVLQJ�
TXDQWLW\��7KH�SRSXODWLRQ�RI�URERWLF�
PLQGV�PLJKW�TXLFNO\�UHDFK�WULOOLRQV��
JUHDWO\� RXWQXPEHULQJ� KXPDQV��

“The population of 
robotic minds might 
quickly reach trillions, 
greatly outnumbering 
humans. ”
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