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Abstract for ’Transduction: invention, innovation and
collective life’

7KLV�SDSHU�DGGUHVVHV�WKH�SUREOHP�RI�UHSUHVHQWLQJ�WHFKQRORJ\�ZLWKLQ�FROOHFWLYH�OLIH��7KH�IORRG�RI
UHSUHVHQWDWLRQV�RI�WHFKQRORJLFDO�LQQRYDWLRQ�PDNHV�WHFKQLFDO�LQYHQWLRQ�GLIILFXOW�WR�FRPSUHKHQG�
0RUHRYHU��LQ�LPSRUWDQW�ZD\V�WHFKQRORJLFDO�SUDFWLFHV�DOWHU�WKH�FRQGLWLRQV�RI�UHSUHVHQWDWLRQ��7KLV
VXJJHVWV�WKDW�WKH�SUREOHP�RI�UHSUHVHQWLQJ�WHFKQRORJ\�QHHGV�SRVW�UHSUHVHQWDWLRQDO�XQGHUVWDQGLQJV
RI�LQYHQWLRQ�DQG�WHFKQLFDO�SUDFWLFH��'UDZLQJ�RQ�WKH�ZRUN�RI�SKLORVRSKHUV�*LOEHUW�6LPRQGRQ�DQG
*LOOHV�'HOHX]H��WKH�SDSHU�VXJJHVWV�WKDW�WKH�FRQFHSW�RI�WUDQVGXFWLRQ��D�ZD\�RI�WKLQNLQJ�DERXW�KRZ
IRUPV�RI�UHODWLRQQDOLW\�HPHUJH��SURYLGHV�RQH�ZD\�RI�XQGHUVWDQGLQJ�KRZ�LQYHQWLRQ�RFFXUV�DQG
XQGHU�ZKDW�FRQGLWLRQV�LW�EHFRPHV�UHSUHVHQWDEOH��7KURXJK�D�UDQJH�RI�VSHFLILF�H[DPSOHV��DQG
WKURXJK�WKHRUHWLFDO�IUDPHZRUN�FRPSRVHG�RI�FULWLFDO�WKHRU\��SRVWVWUXFWXUDOLVW�XQGHUVWDQGLQJV�RI
FRQWLQJHQF\��VRFLDO�DQG�FXOWXUDO�VWXGLHV�RI�WHFKQRORJ\��WKH�SDSHU�VXJJHVWV�VRPH�DOWHUQDWLYH�ZD\V
RI�VLWXDWLQJ�WHFKQLFDO�LQYHQWLRQ�ZLWKLQ�FRQWHPSRUDU\�FROOHFWLYH�OLIH�
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Transduction: invention, innovation and collective life

$��KDSSHQLQJ�LQ�WKH�ZRUOG��LV�ZKDW�QHHGV�WR�EH�XQGHUVWRRG��)URP�WLPH�WR�WLPH��DQG�DOZD\V�LQ
WLPH��QHZ�IRUPV�HPHUJH�WKDW�FDWDO\]H�SUHYLRXVO\�H[LVWLQJ�DFWRUV��WKLQJV��WHPSRUDOLWLHV��RU
VSDWLDOLWLHV�LQWR�D�QHZ�PRGH�RI�H[LVWHQFH��D�QHZ�DVVHPEODJH��RQH�WKDW�PDNHV�WKLQJV�ZRUN�LQ�D
GLIIHUHQW�PDQQHU�DQG�SURGXFHV�DQG�LQVWDQWLDWHV�QHZ�FDSDFLWLHV��$�IRUP�HYHQW�PDNHV�PDQ\�RWKHU
WKLQJV�PRUH�RU�OHVV�VXGGHQO\�FRQFHLYDEOH���5DELQRZ������������
(YHU\�HYHQW��RI�ZKDWHYHU�NLQG��FDUULHV�FRQGLWLRQV�RI�DQRPDO\��7KHUH�LV�DOZD\V�D�UHDOO\�SHUFHLYHG
PLVV�LQ�HYHU\�FRQWH[W������1R�DQRPDO\��QR�WKLVQHVV��LW·V�DV�VLPSOH�DV�WKDW���0DVVXPL������������

I: Introduction

$PLGVW�VKLIWV�IURP�UHSUHVHQWDWLRQDO�WR�SHUIRUPDWLYH�XQGHUVWDQGLQJV�RI�VXEMHFWLYLW\�DQG
LGHQWLW\��%XWOHU���������IURP�XQGHUVWDQGLQJV�RI�VRFLDO�SRZHU�EDVHG�RQ�QDUUDWLYH�RU
PHDQLQJ�WR�DFFRXQWV�EDVHG�RQ�RSHUDWLRQDOLW\��/DVK��������RU�FRPSOH[LW\��8UU\��������
IURP�DFFRXQWV�RI�NQRZOHGJH�EDVHG�RQ�HSLVWHPRORJLFDO�DXWKRULW\�WR�WKRVH�EDVHG�RQ�HYHQW
DQG�UHODWLRQDOLW\��+DUDZD\��������/DWRXU��������6WHQJHUV��������0DVVXPL����������LW
VRPHWLPHV�VHHPV�WKDW�WHFKQRORJLHV�DORQH��VXUSULVLQJO\��UHWDLQ�D�GHJUHH�RI�VROLGLW\�RU
VXEVWDQWLDOLW\�QR�ORQJHU�WHQDEOH�HOVHZKHUH��
%RWK�WKH�UHSUHVHQWDWLRQ�DQG�UHSUHVHQWDELOLW\�RI�WHFKQRORJLHV�SOD\�D�NH\�UROH�KHUH�
7HFKQRORJLFDO�FKDQJH�LV�FRQVLVWHQWO\�DQG�HPSKDWLFDOO\�UHSUHVHQWHG�LQ�WKH�IRUP�RI�QHZ
DUWHIDFWV�RU�REMHFWV��UDWKHU�WKDQ�SUDFWLFHV��DUUDQJHPHQWV�DQG�HQVHPEOHV��7KH�IRFXV�LV
XVXDOO\��IL[HG�RQ�QHZ�DQG�KLJKO\�FRPPRGLILHG�REMHFWV�VXFK�DV�GLJLWDO�QHZ�PHGLD�RU
ELRWHFKQRORJLHV��UDWKHU�WKDQ�WKH�SURFHVVHV�RU�HYHQWV�ZKLFK�SHUPLW�FHUWDLQ�REMHFWV�WR
PDWHULDOLVH�RU�VROLGLI\�DQG�QRW�RWKHUV��7KH�UHSUHVHQWDWLRQV�RI�
WHFKQRORJLFDO�UHYROXWLRQV

WKDW�DERXQG�LQ�SRSXODU�VFLHQFH�DQG�WHFKQRORJ\�PDVV�PHGLD�VXFK�DV�7HFKQRORJLFDO
5HYLHZ��6FLHQWLILF�$PHULFDQ�DQG�:LUHG�DOPRVW�H[FOXVLYHO\�FRQFHUQ�6WDWH�RU�FRUSRUDWH�
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GULYHQ�UHVHDUFK��7KH�DUHDV�GHVLJQDWHG�IRU�LQYHVWPHQW�VXFK�DV�QDQRWHFKQRORJ\�
HOHFWURQLF�FRPPXQLFDWLRQV��ELRWHFKQRORJ\�DQG�ELRPHGLFLQH�DUH�VHHQ�DV�FUXFLDO�LQ
WUDQVQDWLRQDO�FRQWHVWV�RYHU�LQQRYDWLRQ��3URJUDPV�RI�LQQRYDWLRQ�RIWHQ�VHHN�WR�OLPLW�RU
HYHQ�WKZDUW�UDGLFDO�FKDQJH�RU�LQYHQWLRQ��HVSHFLDOO\�LQYHQWLRQ�E\�RWKHUV��%DUU\�������
������:LWKLQ�WKLV�IUDPLQJ��WHFKQRORJLFDO�FKDQJH�EHFRPHV�QRUPDO�DQG�QRUPDWLYH��,W�OLQNV
IRUPV�RI�ILQDQFLDO�DQG�6WDWH�LQYHVWPHQW�WR�RQJRLQJ�WHFKQRORJLFDO�LQQRYDWLRQ��,QWHQVH
DFWLYLW\�LQ�FRUSRUDWH��PLOLWDU\�DQG�XQLYHUVLW\�UHVHDUFK�ODERUDWRULHV��DQG�ILQDQFLDO
VSHFXODWLRQ�RQ�WHFKQRORJLFDO�LQQRYDWLRQV�ZRUN�RQ�WKH�DVVXPSWLRQ�WKDW�WHFKQRORJLFDO
LPDJLQLQJV�FDQ�EH�VXFFHVVIXOO\�WUDQVODWHG�LQWR�VDOHDEOH�FRPPRGLWLHV��LQWR�WKLQJV�ZKRVH
SULPDU\�UHODWLRQ�WR�SHUVRQV�ZLOO�WDNH�WKH�IRUP�RI�RZQHUVKLS��,QGHWHUPLQDF\�DVVRFLDWHG
ZLWK�WKHVH�LQQRYDWLRQV�LV�TXLWH�RIWHQ�OLPLWHG�WR�PDUNHW�FRPSHWLWLRQ�EHWZHHQ�FRPSHWLQJ
SURGXFWV�RU�SURYLGHUV��5HODWLRQV�EHWZHHQ�SHRSOH�DQG�WHFKQRORJ\�LV�ILJXUHG�DFFRUGLQJ�WR
QRUPV�RI�RZQHUVKLS�DQG�FRQVXPSWLRQ�
,Q�DGYHUWLVLQJ��LQ�SRSXODU�VFLHQFH�SUHVV��LQ�IXQGLQJ�SURJUDPV�DQG�VWUDWHJLHV��LQ�VHFXULW\
DQG�PDQDJHPHQW�SURWRFROV��DQG�LQ�FULWLFDO�WKHRU\��WHFKQRORJ\�ILJXUHV�DV�VRPHWKLQJ�WKDW
UHGXFHV��FRYHUV�RYHU�DQG�QRUPDOLVHV�FRQWLQJHQW�SURFHVVHV� � �)RU�LQVWDQFH��WKH�1DWLRQDO
0LVVLOH�'HIHQFH�V\VWHP��10'��FXUUHQWO\�XQGHU�GHYHORSPHQW�E\�WKH�8�6��'HSDUWPHQW�RI
'HIHQFH�LV�SUHGLFDWHG�RQ�D�UHGXFWLRQ�RI�FRQWLQJHQF\�LQ�UHODWLRQ�WR�ORQJ�UDQJH�PLVVLOHV
ILUHG�E\�HQHP\�URJXH�QXFOHDU�VWDWHV��0RUH�JHQHUDOO\��WKH�UHSUHVHQWDWLRQ�RI�WHFKQRORJ\
DV�UHGXFLQJ�FRQWLQJHQF\�UHQGHUV�XQUHSUHVHQWDEOH�RWKHU�SRVVLELOLWLHV�DVVRFLDWHG�ZLWK
WHFKQRORJ\��
7KLV�SDSHU�DVNV��GRHV�WHFKQRORJ\�VROHO\�GULYH�WRZDUGV�WKH�UHGXFWLRQ�RI�FRQWLQJHQF\�WR
QDWXUDOLVHG�QRUPV"��,I�UHFHQW�WKHRULHV�RI�DJHQF\�KDYH�VRXJKW�WR�KLJKOLJKW�KRZ
UHODWLRQDOLW\��VLQJXODULW\�DQG�JHQHUDWLYLW\�FRPH�IURP�VLWHV�RI�XQUHSUHVHQWDELOLW\
�DVVRFLDWHG�ZLWK�FRUSRUHDOLW\�IRU�LQVWDQFH� � � ��ZKHUH�GR�WHFKQRORJLHV�VWDQG�ZLWK�UHVSHFW
WR�WKDW"�$UH�WKHUH�VLWHV�RI�XQUHSUHVHQWDELOLW\�DVVRFLDWHG�ZLWK�WHFKQRORJLHV"�7KH�FRQFHSW
RI�WUDQVGXFWLRQ�LQWURGXFHG�KHUH�DGGUHVVHV�WKH�SUREOHP�RI�D�SRVW�UHSUHVHQWDWLRQDO
DFFRXQW�RI�WHFKQRORJLHV��,W�VXJJHVWV�D�ZD\�RI�WKLQNLQJ�DERXW�WHFKQRORJLHV�SURFHVVXDOO\�
WKDW�LV��DV�HYHQWV�UDWKHU�WKDQ�REMHFWV��DV�FRQWLQJHQW�WKH�ZKROH�ZD\�GRZQ��UDWKHU�WKDQ
FRYHULQJ�RYHU�RU�UHGXFLQJ�FRQWLQJHQF\��'UDZLQJ�RQ�WKH�ZRUN�RI�SKLORVRSKHUV�*LOEHUW
6LPRQGRQ�DQG�*LOOHV�'HOHX]H��LW�SURSRVHV�WKDW�ERWK�QRUPDOLVLQJ�DQG�JHQHUDWLYH
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FDSDFLWLHV�RI�WHFKQRORJLHV�FDQ�EH�XQGHUVWRRG�DV�D�SURFHVV�RI�LQGLYLGXDWLRQ��DV�DQ
RQWRJHQHWLF�SURFHVV�ZKLFK�UHVXOWV�LQ�LQGLYLGXDWHG�WKLQJV��DQG�ZKLFK�LQYROYHV�ERWK
RUGLQDU\�DQG�VLQJXODU�HYHQWV��0XFK�RI�ZKDW�LV�UHSUHVHQWHG�DV�WKH�
QHZ
�LV�LQ�IDFW�WKH
FDSWXUH�DQG�FRQWDLQPHQW�RI�WKH�SURFHVVXDO�PRGH�RI�H[LVWHQFH�RI�WHFKQRORJ\��
7KHUH�DUH�WKUHH�VHFWLRQV�WR�WKH�SDSHU��*LYHQ�WKH�FRQWH[W�,�KDYH�MXVW�VNHWFKHG��WKH�ILUVW
SDUW�GHVFULEHV�WKH�EDVLF�SUREOHP�,
P�DGGUHVVLQJ��WKDW�LV��WKH�SUREOHP�RI�WKLQNLQJ�DERXW
WHFKQRORJ\�WRGD\��%ULHIO\�SXW��WKDW�SUREOHP�LV��KRZ�FDQ�ZH��ZKRHYHU�
ZH
�DUH��UHSUHVHQW
RU�WKLQN�WHFKQRORJLHV��DQG�KRZ�FDQ�ZH�WKLQN�WKHP�ZLWKRXW�
VXEVWDQWLDOLVLQJ
�WKHP�DV

7HFKQRORJ\
��D�PLUDJH�RI�IXOO\�RSHUDWLRQDO�IXQFWLRQLQJ"�7KH�VHFRQG�SDUW�RI�WKH�SDSHU
LQWURGXFHV�WKH�FRQFHSW�RI�WUDQVGXFWLRQ�IRXQG�LQ�WKH�ZRUN�RI�*LOEHUW�6LPRQGRQ��,W
SURSRVHV�VRPH�ZD\V�RI�WKLQNLQJ�DERXW�JHQHUDWLYLW\��HYHQWIXOQHVV��DQRPDO\�DQG��LQ
SDUWLFXODU��SURFHVVHV�RI�LQGLYLGXDWLRQ��ZD\V�WKDW�OHDYH�RSHQ�WKH�SRVVLELOLW\�RI
XQGHUVWDQGLQJ�ERWK�WHFKQRORJLFDO�QRUPDOLVDWLRQ�DQG�LQYHQWLRQ��7KH�WKLUG�SDUW�RI�WKH
SDSHU�GLVFXVVHV�VRPH�LPSOLFDWLRQV�RI�WKLQNLQJ�WUDQVGXFWLYHO\�LQ�UHODWLRQ�WR�WHFKQRORJ\�
7KHUH��WHFKQLFLW\��D�FRQFHSWXDO�HODERUDWLRQ�RI�WKH�WUDQVGXFWLYLW\�RI�WHFKQRORJ\��VXJJHVWV
KRZ�WKH�FRQFHSW�RI�WUDQVGXFWLRQ�GLIIHUV�IURP�RU�DXJPHQWV�H[LVWLQJ�FRQWHPSRUDU\�FULWLFDO
FRQFHSWV�RI�WHFKQRORJ\��
II: The problem of thinking about technology

:LWK�VRPH�QRWDEOH�H[FHSWLRQV�VXFK�DV�:DOWHU�%HQMDPLQ��FULWLFDO�UHVSRQVHV�WR
WHFKQRORJ\��VXFK�DV�+HLGHJJHU��WKH�)UDQNIXUW�6FKRRO�WKLQNHUV��DQG�SRVWVWUXFWXUDOLVW
WKHRU\��PDLQWDLQ�D�UDGLFDO�VHSDUDWLRQ��HYHQ�DQ�RSSRVLWLRQ�EHWZHHQ�WHFKQRORJLFDO�DFWLRQ
DQG�UHIOHFWLYH�RU�FULWLFDO�WKRXJKW��&ULWLFDO�WKRXJKW�ZDV�SUHGLFDWHG�RQ�WKH�DVVXPSWLRQ
WKDW�WKH�FRQGLWLRQV�RI�SHUFHSWLRQ��UHSUHVHQWDWLRQ��FRQFHSWXDOLVDWLRQ�DQG�MXGJPHQW�DUH
WKHPVHOYHV�VHSDUDWH�RU�GHWDFKHG�IURP�WKH�WHFKQRORJLFDO�SUDFWLFHV�DQG�FRQWH[WV�LQ�ZKLFK
WKH\�ZHUH�ORFDWHG��6XFK�DQ�DVVXPSWLRQ�SHUVLVWV�LQ�PXFK�FRQWHPSRUDU\�FULWLFDO�WKHRU\�RI
WHFKQRORJ\��)HHQEHUJ��������3RVWHU��������DQG�LQ�PDQ\�DWWHPSWV�WR�UHJXODWH
WHFKQRORJ\��UDQJLQJ�IURP�DGYHUWLVLQJ�WR�JRYHUQPHQW�OHJLVODWLRQ��
5HFHQW�DQG�LQIOXHQWLDO�FULWLFDO�DSSURDFKHV�WR�WKH�SUREOHP�RI�KRZ�WR�WKLQN�WHFKQRORJ\
VWLOO�GHSDUW�IURP�WKLV�DVVXPSWLRQ��)RU�LQVWDQFH��3DXO�9LULOLR�DQG�-HDQ�)UDQFRLV�/\RWDUG
V
ZRUN�RQ�WHFKQRORJ\�GLIIHUV�IURP�HDFK�RWKHU�LQ�VLJQLILFDQW�ZD\V��/\RWDUG�������
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9LULOLR��������������������+RZHYHU��WKH\�VKDUH�D�FRPPRQ�VWURQJO\�IHOW�SUHVHQWLPHQW
WKDW�WHFKQRORJ\�DWWDFNV�ERWK�WHPSRUDOLW\�DQG�WKH�ERG\��:LWKRXW�ZDQWLQJ�WR�RYHUORRN
YHU\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKHP��ZH�FRXOG�VD\�WKDW�ERWK�VHH�WHFKQRORJ\�DV
FRUURGLQJ�WKH�YHU\�SRVVLELOLW\�RI�FULWLFDO�WKRXJKW�EHFDXVH�LW�XQGHUFXWV�WKH�SRVVLELOLW\�RI
FOHDU�DQG�GLVWLQFW�UHSUHVHQWDWLRQV�RI�WHFKQRORJ\��,Q�ERWK�FDVHV��FRQWHPSRUDU\
WHFKQRORJ\�LV�FRQFHLYHG�PRQROLWKLFDOO\��UDWKHU�WKDQ�DV�WHFKQRORJLHV���DQG�LWV�G\QDPLFV
DUH�UHJDUGHG�DV�GULYHQ�E\�D�NLQG�RI�LPSODFDEOH�DQG�YLUWXDOO\�XQVZHUYHDEOH�ORJLF�WKDW
LQYROYHV�LQFUHDVLQJO\�ILQH�JUDLQHG�DQG�LQWLPDWH�V\QWKHVHV�RI�ERGLHV��WHFKQLFDO�REMHFWV
DQG�WLPH��7KHVH�V\QWKHVHV�DUH�VHHQ�DV�WR�D�OHVVHU�RU�JUHDWHU�H[WHQW�LQLPLFDO�WR�FXOWXUDO
OLIH�DQG�FULWLFDO�WKRXJKW��7KH�VSHFLILF�REMHFWV�RI�FULWLFLVP�KHUH�DUH�VR�FDOOHG�
QHZ
PHGLD
��WKDW�LV��GLJLWDO�DXGLR�YLVXDO�FRPPXQLFDWLRQ�DQG�PHGLD�WHFKQRORJLHV��LQIRUPDWLRQ
QHWZRUNV�DQG�LQIUDVWUXFWXUHV��DQG�ELRWHFKQRORJLFDO�SURFHVVHV�DQG�WHFKQLTXHV�WKDW
PDQLSXODWH�OLYLQJ�ERGLHV��)RU�LQVWDQFH��LQ�/\RWDUG
V�
&DQ�WKHUH�EH�WKRXJKW�ZLWKRXW�WKH
ERG\"
��/\RWDUG���������WKH�SURFHVVHV�RI�WHFKQRORJLVDWLRQ�DVVRFLDWHG�ZLWK�LQIRUPDWLFV�
PDWHULDO�VFLHQFH��WUDQVSRUW�DQG�JHQHWLFV�DUH�UHJDUGHG�DV�VR�LQWHQVH�WKDW�WKRXJKW�LWVHOI
DSSHDUV�DV�DQ�DOPRVW�LQDUWLFXODEOH��XQUHSUHVHQWDEOH�SRVVLELOLW\��:DQWLQJ�WR�UHVLVW�WKH
VHYHULW\��LQWHQVLW\�DQG�LQWLPDF\�RI�WKLV�DWWDFN��WKH\�ERWK�VHDUFK�IRU�D�SODFH�IURP�ZKLFK
WR�JURXQG�MXGJHPHQW�RU�HYDOXDWLRQ�RI�WHFKQRORJ\��,Q�ERWK�FDVHV��DOWKRXJK�/\RWDUG
V
DFFRXQW�LQ�7KH�,QKXPDQ�WDNHV�D�YHU\�GLIIHUHQW�DSSURDFK��WKH�TXHVWLRQ�SRVHG�LV��IURP
ZKDW�SRVLWLRQ�FDQ�WKLV�DWWDFN�RU�FRORQLVDWLRQ�EH�SROLWLFDOO\�RU�FXOWXUDOO\�UHVLVWHG"
1HHGOHVV�WR�VD\��LI�FRQWHPSRUDU\�WHFKQRORJ\�ZRUNV�VR�LQVLGLRXVO\�DQG�LQYDVLYHO\��DQ\
FULWLFDO�SRVLWLRQ�EHFRPHV�YHU\�WHQXRXV�E\�FRPSDULVRQ��&ULWLFDO�WKRXJKW�ORVHV�WUDFWLRQ�
7KH�VHSDUDWLRQ�EHWZHHQ�WKLQNLQJ�VXEMHFW�DQG�WKH�REMHFW�RI�WKRXJKW��WHFKQRORJ\�
HYDQHVFHV��
6WLOO�PRUH�UHFHQWO\��WKH�ZRUN�RI�%HUQDUG�6WLHJOHU��6WLHJOHU��������������������������DQG
VRPH�RWKHU�GHFRQVWUXFWLYH�DFFRXQWV�RI�WHFKQRORJ\��&ULWFKOH\��������%HDUGVZRUWK��������
SRVLWV�DQ�HYHQ�GHHSHU�LQWHUQDOLVLQJ�RI�WHFKQRORJ\��ZLWKLQ�WKRXJKW��:RUNLQJ�ZLWK�WKH
GHFRQVWUXFWLYH�FRQFHSW�RI�WKH�VXSSOHPHQW�RU�SURVWKHVLV��6WLHJOHU
V�DFFRXQW�SUHGLFDWHV

WKH�KXPDQ
�DV�H[LVWLQJ�LQ�GHIDXOW��DV�FRQVWLWXWLYHO\�ODFNLQJ��7HFKQRORJLHV��ZKLFK�DUH
DSSDUHQWO\�VXSSOHPHQWDU\�WR�RU�DGGHG�RQWR�WKH�KXPDQ��WXUQ�RXW�WR�EH�D�FRQVWLWXWLYH
SDUW�RI�LW��7HFKQRORJ\��SDUWLFXODUO\�LQ�WKH�IRUP�RI�FRQWHPSRUDU\�DXGLRYLVXDO��LQIRUPDWLF
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DQG�ELRWHFKQRORJLHV��SURYH�WR�EH�DZNZDUG�DQG�HYHQ�XQUXO\�SURVWKHVHV�IRU�WKHLU�EHDUHUV�
7HFKQRORJ\�FRQVWDQWO\�UXQV�DKHDG�RI�WKH�PHDQLQJ�PDNLQJ�SURFHVVHV�WKURXJK�ZKLFK
FXOWXUDO�OLIH�LGHQWLILHV�DQG�UHSUHVHQWV�LWV�RZQ�OLPLWV��$W�WKH�VDPH�WLPH��WHFKQLFDO
SURFHVVHV�FRQVWDQWO\�FRYHU�RYHU�WKHLU�PHGLDWLF�DQG�WHFKQLFDO�VSHFLILFLW\��6WLHJOHU�UHJDUGV
WHFKQLFLW\�DV�D�KLVWRULFDOO\�PDWHULDOLVHG�VXSSOHPHQW�RU�SURVWKHVLV�RI�WKH�KXPDQ��$V�D
FRQVHTXHQFH��WHFKQRORJ\�EHFRPHV�DOPRVW�XQUHSUHVHQWDEOH�EHFDXVH�LW�VXEVXPHV�RU
FRQWDPLQDWHV�WKH�YHU\�JURXQG�RI�UHSUHVHQWDWLRQ�WKRXJKW��
2WKHU�SRVW�FULWLFDO�DFFRXQWV�PRYH�EH\RQG�DQ�FULWLFDO�VWDQFH�ZKRVH�YHU\�JURXQG�LV�XQGHU
DWWDFN�E\�7HFKQRORJ\��5DWKHU�WKDQ�HPEUDFLQJ�WKH�MXJJHUQDXW�LPDJH�RI�WHFKQRORJ\��WKH\
DQDO\VH��XVXDOO\�E\�PHDQV�RI�FDVH�VWXGLHV�RI�SDUWLFXODU�WHFKQRORJLHV�ZLWKLQ�VRFLDO
FXOWXUDO�FRQWH[WV��KRZ�WKH�HIIHFWV�RI�WHFKQLFDO�SHUIRUPDQFH��HIILFLHQF\��VSHHG�DQG
XQVWRSSDELOLW\�DULVH��6WXGLHV�RI�YHU\�VSHFLILF�WHFKQRORJLHV�VXFK�DV�D�IDLOHG�LQQHU�3DULV
PDVV�WUDQVLW�SURMHFW��/DWRXU���������WKH�SUDFWLFHV�DQG�WHFKQLTXHV�RI�SUH�JHQHWLF
GLDJQRVLV�RI�HPEU\RV�IHUWLOLVHG�LQ�YLWUR�LQ�DVVLVWHG�KXPDQ�UHSURGXFWLRQ��WKH�GLIILFXOWLHV
RI�YHULI\LQJ�WKH�RSHUDELOLW\�RI�LQWHUFRQWLQWHQWDO�EDOOLVWLF�PLVVLOH�WHFKQRORJ\��&ROOLQV�	
3LQFK���������RU�WKH�ZRUOG�PDNLQJ�SUDFWLFHV�RI�HOHFWURQLF��UHDOWLPH�VKDUH�DQG�GHULYDWLYH
WUDGLQJ�V\VWHPV��.QRUU�&HWLQD�	�%UXHJJHUV���������LQVLVW�RQ�WKH�VLWH�VSHFLILF�FRPSOH[LW\
RI�WKHLU�REMHFWV��6XFK�DFFRXQWV��SURGXFHG�LQ�FXOWXUDO��VRFLDO�DQG�IHPLQLVW�VWXGLHV�RI
WHFKQRORJ\��GLVSODFH�WKH�TXHVWLRQ�RI�KRZ�WR�WKLQN�WHFKQRORJ\�JHQHULFDOO\�RU�LQ�UHODWLRQ
WR�D�JHQHULF�WHUP��
WKH�KXPDQ
��E\�DVNLQJ��ZKDW�FRXQWV�DV�7HFKQRORJ\�LQ�D�JLYHQ�VRFLDO�RU
SROLWLFDO�QH[XV"��7KDW�TXHVWLRQ�LV�FHQWUDO�WR�WKH�VRFLDO�VWXGLHV�RI�VFLHQFH�DQG�WHFKQRORJ\
�IRU�LQVWDQFH�+DUDZD\��������/DWRXU��������EXW�DOVR�LQ�HWKQRJUDSKLHV�RI�LQIRUPDWLRQ�DQG
QHZ�PHGLD��0LOOHU�	�6ODWHU���������%URDGO\�VSHDNLQJ��VXFK�ZRUN�UHJDUG�WHFKQRORJLHV�DV
HQPHVKHG�ZLWK�FRPSHWLQJ�VRFLDO��KLVWRULFDO��FXOWXUDO��HFRQRPLF�DQG�SROLWLFDO�RUGHULQJ
SURFHVVHV��7KHVH�RUGHULQJ�SURFHVVHV�WHQG�WR�UHQGHU�FRQWH[WV�SUHGLFWDEOH�E\�VHWWLQJ�XS
UHODWLYHO\�VWDEOH�QHWZRUNV�IRU�WKH�FLUFXODWLRQ�DQG�UHSURGXFWLRQ�RI�ZD\V�RI
FRPPXQLFDWLQJ�DQG�DFWLQJ��7HFKQRORJLHV�DUH�SDUWLFXODUO\�SRWHQW�LQ�PHGLDWLQJ�DQG
VWDELOLVLQJ�FRQWH[WV�EHFDXVH�WKH\�DUH�QRW�H[SOLFLWO\�UHSUHVHQWHG�DV�SROLWLFDO�RU�VRFLDO
DFWRUV��
,Q�WKHVH�SRVW�FULWLFDO�DFFRXQWV��WKH�FULWLFDO�LQWHUYDO�EHWZHHQ�WKLQNLQJ�VXEMHFW�DQG
WHFKQRORJLFDO�REMHFW�GLVDSSHDUV�EHFDXVH�KXPDQ�DQG�QRQ�KXPDQ�DFWRUV�DUH�HQWZLQHG�RU
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QHWZRUNHG�ZLWK�HDFK�RWKHU��7KDW�GLVDSSHDUDQFH�LV�QR�ORQJHU�FDWDVWURSKLF�EHFDXVH�WKH
FULWLFDO�LQWHUYDO��WKH�GLVWDQFH�EHWZHHQ�VXEMHFW�DQG�REMHFW��LW�LV�DUJXHG��ZDV�QHYHU�UHDOO\
ZKDW�LW�VHHPHG�WR�EH��7KHLU�VHSDUDWLRQ�ZDV�DQ�RXWFRPH�RI�D�IDLOXUH�WR�DGHTXDWHO\
UHSUHVHQW�WHFKQLFDO�PHGLDWLRQV�ZLWKLQ�VRFLDO�SROLWLFDO�OLIH��7R�WKH�WLWOH�RI�/DWRXU
V�:H
+DYH�1HYHU�%HHQ�0RGHUQ��/DWRXU��������FRXOG�EH�DSSHQGHG�
:H�KDYH�QHYHU�EHHQ
KXPDQ
��,Q�WKH�ZDNH�RI�WKLV�PRYH��WKH�SUREOHP�RI�UHSUHVHQWLQJ�WHFKQRORJ\��VKLIWV�DQG
DOWHUV��DQG�ILQDOO\�UH�HPHUJHV�LQ�D�WUDQVIRUPHG�DQG�GLVWULEXWHG�PRGH�RI�H[LVWHQFH��1R
ORQJHU�LV�UHSUHVHQWDWLRQ�VLPSO\�WKUHDWHQHG�RU�LQILOWUDWHG�E\�WHFKQRORJ\��WHFKQRORJLHV�DUH
DFWXDOO\�XQGHU�UHSUHVHQWHG�LQ�WKHLU�VSHFLILFLW\�DQG�VLWXDWLRQ��6XFK�ZRUN�HIIHFWV�D�VKLIW
IURP�WKH�YLHZ�RI�WHFKQRORJ\�DV�DQ�XQUXO\�REMHFW�RI�UHJXODWLYH��FULWLFDO�WKRXJKW�WR�D�PRUH
HPEHGGHG�FRQWH[WXDO�XQGHUVWDQGLQJ�RI�WHFKQRORJLHV�DV�QHWZRUNV�RI�KXPDQV��QRQ�
KXPDQV��VSDFLQJV��WLPLQJV��FRQWH[WV��DQG�LPDJLQLQJV��
+RZHYHU��WKUHH�LQWHUFRQQHFWHG�SUREOHPV�UHPDLQ��)LUVW��LI�ZH�DGPLW�WKH�LQWHQVLW\�DQG
FRPSOH[LW\�RI�FRQWHPSRUDU\�RUGHULQJ�DQG�FRQQHFWLQJ�SURFHVVHV�LQ�PDQ\�GRPDLQV��,7�
PHGLD�SURGXFWLRQ�DQG�FLUFXODWLRQ��ELRWHFKQRORJ\��WUDQVSRUW��HWF���WKH�TXHVWLRQ�RI�KRZ
WKH\�FDQ�EH�XQGHUVWRRG�RWKHU�WKDQ�WKURXJK�UHSUHVHQWDWLRQDO�WKRXJKW�UHPDLQV��,�DP
VXJJHVWLQJ�WKDW�FRQFHSWV�RI�WKH�HYHQWV��VLQJXODU�DQG�RUGLQDU\��FDQ�EH�RUGHU�WR�DUWLFXODWH
WKH�FRQWLQJHQF\�RI�WKHVH�RUGHULQJV� � � � �&OHDUO\�WKH�SUREOHP�RI�XQGHUVWDQGLQJ�JHQHUDWLYLW\
LQ�UHODWLRQ�WR�RUGHU�LV�QRW�VSHFLILF�WR�WKH�SUREOHP�RI�WHFKQRORJ\��$V�(OL]DEHWK�*URV]
VXJJHVWV��LW�DSSOLHV�WR�DOO�SROLWLFDO��FXOWXUDO��HFRQRPLF��VFLHQWLILF�DQG�SKLORVRSKLFDO
GRPDLQV��*URV]�������������,URQLFDOO\��WHFKQRORJLFDO�REMHFWV�DQG�SUDFWLFHV�DUH�D�KDUG
FDVH�IRU�HYHQW�EDVHG�DFFRXQWV�RI�FRQWLQJHQF\�LQ�VRPH�ZD\V��SUHFLVHO\�EHFDXVH�WKH\�DUH
VR�FDXJKW�XS�LQ�WKH�FODVVLILFDWRU\�PDFKLQHU\�RI�WKH�
QHZ�YHUVXV�ROG
�DQG�EHFDXVH�RI�WKH
PHVPHULVLQJ�HIIHFWV�RI�IXOO�WHFKQRORJLFDO�RSHUDELOLW\�
6HFRQG��ZD\V�WKLQNLQJ�RI�WHFKQRORJLHV�DV�QHWZRUNV�RI�VRFLDO�PDWHULDO�LQWHUDFWLRQV�UDWKHU
WKDQ�DV�VLPSO\�UHIOHFWLRQV�RI�KXPDQ�FDSDFLWLHV�RU�LQQDWHO\�DOLHQ�REMHFWV�KDYH�EHHQ
IRXQG��<HW�WKH�GLIIHUHQW�NLQGV�RI�UHODWLRQDOLW\�LQKDELWLQJ�WKHVH�QHWZRUNV�DUH�VWLOO�QRW
ZHOO�DUWLFXODWHG�LQ�FHUWDLQ�UHVSHFWV��+RZ�GR�ZH�GLIIHUHQWLDWH��IRU�LQVWDQFH��EHWZHHQ
VLQJXODU�DQG�RUGLQDU\�UHODWLRQV"�0XFK�WHFKQRORJLFDO�SUDFWLFH�FRQVWLWXWHV�FKDQQHOV�RI
QRUPDOLVDWLRQ��2FFDVLRQDOO\��VRPHWKLQJ�GLIIHUHQW�RFFXUV���0LFKDHOV��������ZULWHV�RI
SURGXFWLRQ�DQG�DXGLHQFLQJ�SUDFWLFHV�DVVRFLDWHG�ZLWK�$ERULJLQDO�VDWHOOLWH��WHOHYLVLRQ�LQ



�

&HQWUDO�$XVWUDOLD�GXULQJ�WKH�ODWH�����V��:KDW�ORRNHG�OLNH�
EDG�WHOHYLVLRQ
�WR�PDQ\�RXWVLGH
REVHUYHUV�FRXOG�DOVR�EH�XQGHUVWRRG�DV�D�VLQJXODU�DUWLFXODWLRQ�RI�NLQVKLS��LGHQWLW\�DQG
LPDJHV�ZKHQ�YLHZHG�IURP�ZLWKLQ���3XW�GLIIHUHQWO\��KRZ�DQG�ZKHQ�GRHV�WHFKQRORJ\�HQG
XS�RQ�WKH�VLGH�RI�QRUPDWLYLW\�ZKHUH�LW�WHQGV�WR�VWDELOLVH�VRFLDO�RUGHU�DQG�FROOHFWLYH�OLIH
UDWKHU�WKDQ�RQ�WKH�VLGH�RI�UDGLFDO�FRQWLQJHQF\�DQG�JHQHUDWLYLW\"
7KLUG��IROORZLQJ�RQ�IURP�WKLV��WKH�HPSKDVLV�KDV�EHHQ�RQ�DFFRXQWLQJ�IRU�WKH�HIIHFWV�RI
WHFKQRORJLFDO�SHUIRUPDQFH�LQ�WHUPV�RI�RUGHULQJ�SUDFWLFHV�ZLWKLQ�FRQWH[WV��HYHQ�YHU\
EURDGO\�GHILQHG�FRQWH[WV�VXFK�DV�
WKH�KXPDQ
��7HFKQRORJ\�VWDELOLVHV�VLWXDWLRQV�DV
FRQWH[WV��8QVWDEOH�RU�XQSUHGLFWDEOH�OLQNDJHV�EHWZHHQ�FRQWH[WV�RU�EHWZHHQ�QHWZRUNV
HVVHQWLDOO\�UHPDLQ�SUREOHPDWLF��:KDW�KDSSHQV�EHWZHHQ�FRQWH[WV�RU�DW�WKH�LQWHUIDFHV
EHWZHHQ�FRQWH[WV"�$UH�WKHUH�WUDQVFRQWH[WXDO�OLQNDJHV�ZKLFK�HVFDSH�WKH�FRQWH[WXDO
RUGHULQJ�ZRUN�DQG�LQWHUDFWLYH�VWDELOLVDWLRQ�WKDW�ZH�KDYH�EHFRPH�IDPLOLDU�ZLWK"�)RU
LQVWDQFH��GR�WHFKQLFDO�PHGLDWLRQV�VXFK�DV�FORFNWLPH�FRQVWLWXWH�WUDQVFRQWH[WXDO�HYHQWV"
III: The concept of transduction

7KHVH�WKUHH�UHODWHG�VXE�SUREOHPV�²�WKH�SUREOHP�RI�HYHQWIXOQHVV��GLIIHUHQWLDWLQJ�NLQGV�RI
UHODWLRQV��DQG�UHVLVWLQJ�UHGXFWLRQ�WR�FRQWH[W�²�VXJJHVW�WKH�QHHG�IRU�D�GLIIHUHQW�ZD\�RI
DUWLFXODWLQJ�WKH�SUREOHP�RI�WHFKQRORJ\��3UHYDLOLQJ�FRQFHSWV�RI�WHFKQRORJ\�LQ�PRVW�FDVHV
UHJDUG�WHFKQLFDO�REMHFWV�DQG�HQVHPEOHV�DV�H[FOXVLYHO\�RULHQWHG�WRZDUGV�RUGHULQJ
SURFHVVHV��%\�FRQWUDVW��WKH�FRQFHSW�RI�WUDQVGXFWLRQ�LV�D�ZD\�RI�WKHRULVLQJ�DQG�ILJXULQJ
WKLQJV�SULPDULO\�LQ�WHUPV�RI�UHODWLRQDOLW\��DV�SURFHVVHV�RI�UHFRQWH[WXDOLVDWLRQ�DQG�LQ
WHUPV�RI�JHQHUDWLYLW\��$V�D�FRQFHSW��LW�RSHQV�XS�ZD\V�RI�WKLQNLQJ�DERXW�PHWDVWDELOLW\�RU
WKH�RSHQQHVV�RI�FRQWH[WV�WR�HYHQWV��,W�DOVR�GHVLJQDWHV�D�VW\OH�RI�WKLQNLQJ�WKDW�LQYROYHV
IROORZLQJ�DQG�SDUWLFLSDWLQJ�LQ�RQWRJHQHVLV�RU�LQGLYLGXDWLRQ�RI�WKLQJV�LQ�D�JLYHQ�GRPDLQ��
1. An operation which modulates structures repeatedly

7KH�VRFLRORJLVW�6FRWW�/DVK�KDV�UHFHQWO\�VXJJHVWHG�WKH�QHHG�WR�VKLIW�RXU�XQGHUVWDQGLQJ�RI
FROOHFWLYH�OLIH�IURP�D�UHJLVWHU�RI�PHDQLQJ�DQG�QDUUDWLYH�WR�D�UHJLVWHU�RI�RSHUDWLRQDOLW\�LQ
RUGHU�WR�HQJDJH�ZLWK�WKH�DFWXDO�SRZHU�UHODWLRQV�DW�ZRUN�LQ�LQIRUPDWLRQ�QHWZRUNV��/DVK�
�����������2SHUDWLRQV�FRQFHUQ�VWUXFWXUH��$Q�RSHUDWLRQ�FKDQJHV�D�VWUXFWXUH�E\�DOWHULQJ
UHODWLRQV��3XW�GLIIHUHQWO\��LW�PRGXODWHV�D�VWUXFWXUH�RU�FKDQJHV�WKH�UHODWLRQV�EHWZHHQ
HOHPHQWV�RI�D�VHW��
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:KDW�LV�WUDQVGXFWLRQ"�$�WUDQVGXFWLRQ�LV�D�NLQG�RI�RSHUDWLRQ��,W�LV�DQ�RSHUDWLRQ�LQ�ZKLFK�D
SDUWLFXODU�GRPDLQ�XQGHUJRHV�D�FHUWDLQ�NLQG�RI�RQWRJHQHWLF�PRGXODWLRQ��7KURXJK�WKLV
PRGXODWLRQ�LQ�IRUPDWLRQ�RU�LQGLYLGXDWLRQ�RFFXUV��7KDW�LV��LW�LQYROYHV�D�GRPDLQ�WDNLQJ�RQ�
IRUP��VRPHWLPHV�UHSHDWHGO\��,Q�WUDQVGXFWLYH�SURFHVVHV��WZR�GLIIHUHQW�RUGHUV�RI�VFDOH
FRPH�LQWR�UHODWLRQ��6LPRQGRQ�GHVFULEHV�WKH�SURFHVV�DV�IROORZV�

7KLV�WHUP�>WUDQVGXFWLRQ@�GHQRWHV�D�SURFHVV���EH�LW�SK\VLFDO��ELRORJLFDO��PHQWDO�RU�VRFLDO���LQ�ZKLFK
DQ�DFWLYLW\�JUDGXDOO\�VHWV�LWVHOI�LQ�PRWLRQ��SURSDJDWLQJ�ZLWKLQ�D�JLYHQ�GRPDLQ��E\�EDVLQJ�WKLV
SURSDJDWLRQ�RQ�D�VWUXFWXUDWLRQ�FDUULHG�RXW�LQ�GLIIHUHQW�]RQHV�RI�WKH�GRPDLQ��HDFK�UHJLRQ�RI�WKH
FRQVWLWXWHG�VWUXFWXUH�VHUYHV�DV�D�FRQVWLWXWLQJ�SULQFLSOH�IRU�WKH�IROORZLQJ�RQH��VR�PXFK�VR�WKDW�D
PRGLILFDWLRQ�SURJUHVVLYHO\�H[WHQGV�LWVHOI�DW�WKH�VDPH�WLPH�DV�WKLV�VWUXFWXULQJ�RSHUDWLRQ������7KH
WUDQVGXFWLYH�RSHUDWLRQ�LV�DQ�LQGLYLGXDWLRQ�LQ�SURJUHVV��LW�FDQ�SK\VLFDOO\�RFFXU�PRVW�VLPSO\�LQ�WKH
IRUP�RI�SURJUHVVLYH�LWHUDWLRQ��+RZHYHU��LQ�PRUH�FRPSOH[�GRPDLQV��VXFK�DV�WKH�GRPDLQV�RI�YLWDO
PHWDVWDELOLW\�RU�SV\FKLF�SUREOHPDWLFV��LW�FDQ�PRYH�IRUZDUG�ZLWK�D�FRQVWDQWO\�YDULDEOH�VWHS��DQG
H[SDQG�LQ�D�KHWHURJHQHRXV�ILHOG��6LPRQGRQ���������������

$�UHODWLRQ�OLQNV�]RQHV�ZLWKLQ�D�GRPDLQ�EHWZHHQ�ZKLFK�QR�SUHYLRXV�FRPPXQLFDWLRQ
H[LVWHG��7KDW�SURFHVV�RI�LQ�IRUPDWLRQ��WKDW�LV��DQ�RSHQ�HQGHG�WDNLQJ�RQ�IRUP���UHVWV�RQ
RU�LQKHULWV�VRPHWKLQJ�SUH�LQGLYLGXDO��7UDQVGXFWLRQ�QDPHV�D�SURFHVV�RI�LQGLYLGXDWLRQ�RI
ZKDW�ZDV�SUH�LQGLYLGXDO��RU�LQ�'HOHX]H
V�WHUPLQRORJ\��YLUWXDO���'HOHX]H���������
,QGLYLGXDWLRQ�SURGXFHV�WUDQVGXFHV�LQGLYLGXDO�WKLQJV�LQ�WKHLU�WKLVQHVV�DQG�LQ�WKHLU
VLQJXODULW\��7KURXJK�WUDQVGXFWLRQ��D�GRPDLQ�VWUXFWXUHV�LWVHOI�DV�D�SDUWLDO��DOZD\V
LQFRPSOHWH�VROXWLRQ�WR�D�UHODWLRQDO�SUREOHP��1RW�DOO�GRPDLQV�DUH�DOZD\V�E\�WKHPVHOYHV
FDSDEOH�RI�IXUWKHU�LQGLYLGXDWLRQ��EXW�DOO�FDQ�EH�VHHQ�DV�UHVXOWLQJ�IURP�WUDQVGXFWLYH
LQGLYLGXDWLRQV�
$V�H[DPSOHV�KHUH��ZH�FRXOG�WKLQN�RI�WKH�LQYHQWLRQ�RI�UHJJDH�
VRXQG�V\VWHPV
�GXULQJ�WKH
HDUO\�����V�LQ�:HVW�,QGLDQ�SDUWV�RI�/RQGRQ��,Q�KLV�VWXG\�RI�VXEFXOWXUDO�VW\OH��'LFN
+HEGLJH�ZURWH�RI�WKH�VRXQG�V\VWHP�

7KH�
VRXQG�V\VWHP
��SHUKDSV�PRUH�WKDQ�RWKHU�LQVWLWXWLRQ�ZLWKLQ�ZRUNLQJ�FODVV�:HVW�,QGLDQ�OLIH��ZDV
WKH�VLWH�DW�ZKLFK�EODFNQHVV�FRXOG�EH�PRVW�WKRURXJKO\�H[SORUHG��PRVW�FOHDUO\�DQG
XQFRPSURPLVLQJO\�H[SUHVVHG��7R�D�FRPPXQLW\�KHPPHG�LQ�RQ�DOO�VLGHV�E\�GLVFULPLQDWLRQ��KRVWLOLW\�
VXVSLFLRQ�DQG�EODQN�LQFRPSUHKHQVLRQ��WKH�VRXQG�V\VWHP�DSSHDUHG�WR�UHSUHVHQW��SDUWLFXODU�IRU�WKH
\RXQJ��D�SUHFLRXV�LQQHU�VDQFWXP��XQFRQWDPLQDWHG�E\�DOLHQ�LQIOXHQFHV��D�EODFN�KHDUW�EHDWLQJ�EDFN
WR�$IULFDQ�RQ�D�VWHDG\�SXOVH�RI�GXE���+HEGLJH�����������
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%HFDXVH�UHJJDH�PXVLF�ZDV�YLUWXDOO\�H[LOHG�IURP�UDGLR�DLUZDYHV��LW�
FRXOG�OLYH�RQO\�LQ�DQG
WKURXJK�WKH�FXPEHUVRPH�QHWZRUN�RI�FDELQHWV�DQG�ZLUHV��YDOXHV�DQG�PLFURSKRQHV�ZKLFK
PDNH�XS�WKH�
V\VWHP


������$�FROOHFWLYH�LQGLYLGXDWLRQ�RU�LGHQWLILFDWLRQ�WKURXJK�WKH

VWHDG\�SXOVH�RI�GXE
�UHOLHG�RQ�FROOHFWLYH�UHODWLRQV�UXQQLQJ�WKURXJK�WKH�
V\VWHP
��$�VLPLODU
H[DPSOH�PLJKW�EH�IRXQG�LQ�WKH�HQVHPEOH�RI�WXUQWDEOHV��'-
V�
VFUDWFKLQJ
�WHFKQLTXHV�DQG
UHFRUG�FROOHFWLRQV��VRXQG�V\VWHPV��PLFURSKRQHV��DQG�0&
V�UDSSLQJ�EURXJKW�WRJHWKHU�LQ
%URQ[�LQ�WKH�ODWH�����V�DV�
KLS�KRS
��,Q�ERWK�H[DPSOHV��WKH�UHODWLRQV�ZKLFK�HPHUJH
EHWZHHQ�GLIIHUHQW�]RQHV�RI�WKH�GRPDLQ�LQYROYH�SURSDJDWLQJ�VWUXFWXUHV�DQG�LQ�IRUPLQJ
SURFHVVHV��2JJ�	�8SVKDO��������
2. A relation which individuates things

7KH�FRQFHSWXDO�SUREOHP�KHUH�LV�KRZ�WR�WKLQN�DERXW�KRZ�LQGLYLGXDWLRQ�RFFXUV�ZLWKRXW
EDVLQJ�LW�RQ�WKH�H[LVWHQFH�RI�VHSDUDWH�VXEVWDQFHV�WKDW�FRQWLQJHQWO\�FRPH�LQWR�UHODWLRQ�
,I�ZH�WKLQN�DERXW�WKH�UHODWLRQDOLW\�DV�VLPSO\�EULQJLQJ�GLIIHUHQW�W\SHV�RI�WKLQJV�DFWRUV�RU
DJHQWV�LQWR�UHODWLRQ��DV�FRQQHFWLQJ�WKLQJV�XS��ZH�UXQ�WKH�ULVN�RI�WUHDWLQJ�WKRVH�DFWRUV�RU
WKLQJV�DV�SUH�FRQVWLWXWHG�VXEVWDQFHV�RU�W\SHV�WKDW�FRQWLQJHQWO\�KDSSHQ�WR�FRPH�LQWR
UHODWLRQ��%\�FRQWUDVW��WKH�QRWLRQ�RI�WUDQVGXFWLRQ�VHHV�WKH�UHODWLRQQDOLW\�DV�SULPDU\�7KH
HQWLWLHV�DUH�WKHPVHOYHV�VHFRQGDU\�LQ�UHODWLRQ�WR�WKH�LQGLYLGXDWLRQ�RFFXUULQJ�LQ�WKH�JLYHQ
GRPDLQ��
+RZ�FRXOG�LQGLYLGXDO�WKLQJV�EH�XQGHUVWRRG�DV�HIIHFWV�RI�UHODWLRQDOLW\"�%\�EHJLQQLQJ�IURP
WKH�UHODWLRQ��%ULDQ�0DVVXPL�ZULWHV�

&DOO�WKH�RSHQQHVV�RI�DQ�LQWHUDFWLRQ�WR�EHLQJ�DIIHFWHG�E\�VRPHWKLQJ�QHZ�LQ�D�ZD\�WKDW
TXDOLWDWLYHO\�FKDQJHV�LWV�G\QDPLF�QDWXUH�UHODWLRQDOLW\��5HODWLRQDOLW\�LV�D�JOREDO�H[FHVV�RI
EHORQJLQJ�WRJHWKHU�HQDEOHG�E\�EXW�QRW�UHGXFLEOH�WR�WKH�EDUH�IDFW�RI�KDYLQJ�REMHFWLYHO\�FRPH�
WRJHWKHU��5HODWLRQDOLW\�FDQQRW�EH�DFFRXQWHG�IRU�E\�WKH�REMHFWLYH�SURSHU�WLHV�RI�WKH�DFWXDO
LQJUHGLHQWV�LQ�SOD\�FRQVLGHUHG�DV�GLVFUHWH�HOHPHQWV��,W�FDQQRW�HYHQ�EH�UHGXFHG�WR�WKH�LQWHUDFWLRQV
WKDW�PLJKW�ORJLFDOO\�EH�SUHGLFWHG�DFFRUGLQJ�WR�WKRVH�SURSHU�WLHV���0DVVXPL������������

:KHUH�GRHV�WKLV�JOREDO�H[FHVV�RI�EHORQJLQJ�WRJHWKHU�FRPH�IURP"�,W�FRPHV�IURP
UHODWLRQDOLW\�EHWZHHQ�]RQHV�RI�WKH�GRPDLQ��:KLOH�6LPRQGRQ
V�DFFRXQW�RI�WUDQVGXFWLRQ
GRHV�QRW�PDS�SRLQW�IRU�SRLQW�RQWR�0DVVXPL
V�GHILQLWLRQ�RI�UHODWLRQDOLW\��0DVVXPL
V
UHIHUHQFH�WR�WKH�
JOREDO�H[FHVV�RI�EHORQJLQJ�WRJHWKHU
�GRHV�UHVRQDWH�ZLWK�6LPRQGRQ
V
HPSKDVLV�RQ�WKH�QHFHVVLW\�RI�HQJDJLQJ�ZLWK�WKH�RQWRORJLFDO�LPSRUW�RI�WKH�SUH�LQGLYLGXDO��
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7KH�SDUDGLJPDWLF�FDVH�RI�WUDQVGXFWLRQ�IRU�6LPRQGRQ�LV�WKH�SURFHVV�RI�FU\VWDOOLVDWLRQ�
&U\VWDO�IRUPDWLRQ�LV�D�SK\VLFDO�LQGLYLGXDWLRQ��6LPRQGRQ���������,W�LV�D�SURFHVV�VHW�LQ
PRWLRQ�ZLWKLQ�D�GRPDLQ�E\�VLQJXODU�FRQGLWLRQV�VXFK�DV�WKH�SUHVHQFH�RI�LPSXULWLHV�RU�D
FKDQJH�LQ�WHPSHUDWXUH��:KHQ�WKH�WHPSHUDWXUH�GURSV��IRU�LQVWDQFH��WKH�VROXELOLW\�RI
GLVVROYHG�PROHFXOHV�FKDQJHV��$�WULJJHU�IRU�FU\VWDO�JURZWK��VXFK�DV�WHPSHUDWXUH�FKDQJH�
GRHV�QRW�LPSRVH�WKH�VKDSH�RU�IRUP�RI�WKH�FU\VWDO��$V�D�FU\VWDO�JURZV��WKH�VWUXFWXUH�RI
WKH�GRPDLQ�²�WKH�VROXWLRQ�²�FKDQJHV��7KH�IDFHV�RI�WKH�FU\VWDO�DFW�DV�VLWHV�RI�IXUWKHU
FU\VWDO�IRUPDWLRQ��7KH�VWUXFWXUH�RI�FU\VWDO�LQWHUQDOO\�UHPDLQV�UHODWLYHO\�IL[HG�DV�QHZ
OD\HUV�DUUDQJH�WKHPVHOYHV�WKURXJK�SURJUHVVLYH�LWHUDWLRQ��+HQFH�WKH�WUDQVGXFWLYH�SURFHVV
RFFXUV�DW�VRPH�NLQG�RI�OLPLW�RU�LQWHUIDFH�EHWZHHQ�GLIIHUHQW�RUGHUV��,Q�WKLV�FDVH��WKH�WZR
RUGHUV�ZRXOG�EH�WKH�JHRPHWULFDOO\�UHJXODU�SODQHV�RI�WKH�VXUIDFH�RI�WKH�FU\VWDO�DQG�WKH
XQERXQG�PROHFXOHV�LQ�VROXWLRQ��7KH�JURZWK�RI�WKH�FU\VWDO�LQ�VROXWLRQ�FRQVWLWXWHV�D
SDUWLDO�VROXWLRQ�WR�WKH�SUREOHP�RI�KRZ�WR�VWUXFWXUH�D�GRPDLQ�JLYHQ�WKH�SUHYDLOLQJ
HQHUJHWLF�FRQGLWLRQV�ZKLFK�KDYH�FKDQJHG�WKH�VROXELOLW\�RI�WKH�VROXWLRQ��)URP�WKH�SURFHVV
RI�LQGLYLGXDWLRQ�UHVXOWV�ERWK�D�QHZ�NLQG�RI�LQGLYLGXDO�²�WKH�FU\VWDO�²�DQG�DQ�DVVRFLDWHG
PLOLHX��D�WHUP�WKDW�'HOHX]H�	�*XDWWDUL�ODWHU�SLFN�XS��'HOHX]H�	�*XDWWDUL��������²�WKH
QRZ�VRPHZKDW�GLOXWHG�VROXWLRQ�ZLWK�D�GLIIHUHQW�VROXELOLW\�
7R�UHQGHU�WKLV�FRQFHSWXDO�GHVFULSWLRQ�PRUH�FRQFUHWH�LQ�UHODWLRQ�WR�WHFKQRORJLHV��WKH
H[DPSOH�RI�SXEOLF�NH\�FU\SWRJUDSK\�LV�XVHIXO��7KLV�WHFKQRORJ\�DGGUHVVHV�WKH��SUREOHP�RI
FRPPXQLFDWLRQ�EHWZHHQ�SDUWLHV�ZKHQ�ERWK�WKH�FRPPXQLFDWLRQ�LWVHOI�FDQ�EH�UHDGLO\
LQWHUFHSWHG��H�J��2Q�WKH�LQWHUQHW��DQG�ZKHQ�WKH�FRPPXQLFDWLQJ�SDUWLHV�FDQQRW�PHHW�XS
WR�DJUHH�RQ�KRZ�WR�HQFRGH�WKHLU�PHVVDJHV��,Q�WKH�FRQWH[W�RI�JUHDWO\�LQFUHDVHG�FRPSXWHU
QHWZRUN�FRQQHFWLYLW\�GXULQJ�WKH�����V��WKH�SUREOHP�RI�PDLQWDLQLQJ�SULYDF\�ORRPHG�HYHU
ODUJHU��HVSHFLDOO\�LQ�QDWLRQV�ZLWK�VWURQJO\�GHYHORSHG�WUDGLWLRQV�RI�LQGLYLGXDO�ULJKWV�VXFK
DV�WKH�8�6�$��7KHUH�WKH�SUREOHP�FHQWUHV�RQ�UHODWLRQV�EHWZHHQ�WKH�6WDWH�DQG�SULYDWH
LQGLYLGXDOV��3XEOLF�NH\�FU\SWRJUDSK\��WKH�EDVLV�RI�PRVW�FRQWHPSRUDU\�GLJLWDO�VLJQDWXUH�
DXWKHQWLFDWLRQ�DQG�GLJLWDO�SULYDF\�SURWHFWLRQ�WHFKQRORJLHV��UHVWUXFWXUHG�WKRVH�UHODWLRQV
LQ�QDUURZO\�GHILQHG�EXW�LPSRUWDQW�ZD\V��7KH�WHFKQRORJ\UHYROYHV�DURXQG�WKH�LGHD��WKDW�D
SRWHQWLDO�UHFLSLHQW�RI�PHVVDJHV�ZLGHO\�SXEOLVKHV�D�FU\SWRJUDSKLF�NH\�²�WKH��VHTXHQFH�RI
QXPEHUV�XVHG�WR�HQFU\SW�PHVVDJHV����VR�WKDW�DQ\RQH�HOVH�FDQ�HQFRGH�D�PHVVDJH�GHVWLQHG
IRU�WKDW�UHFLSLHQW��7KH�UHFLSLHQW�DORQH�SRVVHVVHV�WKH�SULYDWH�NH\�WR�GHFLSKHU�LW��7KH
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PDWKHPDWLFDO�UHODWLRQ�EHWZHHQ�WKH�SXEOLF�DQG�WKH�SULYDWH�NH\�LV�FUXFLDO�KHUH��7KH
QRWLRQ�RI�PDNLQJ�D�FU\SWRJUDSKLF�NH\�SXEOLF�UDQ�FRXQWHU�WR�DOPRVW�DOO�DFFHSWHG
FU\SWRORJLFDO�H[SHUW�NQRZOHGJH��:LWKRXW�JRLQJ�LQWR�WKH�UDPLILFDWLRQV�RI�WKLV�VROXWLRQ�WR
WKH�SUREOHP�RI�LQWHU�LQGLYLGXDO�UHODWLRQV��E\�
VSOLWWLQJ�WKH�NH\
�DV��/HY\��������SXWV�LW�
SXEOLF�NH\�FU\SWRJUDSK\�PDGH�SRVVLEOH�WKH�HPHUJHQFH�RI�TXDOLWDWLYHO\�GLIIHUHQW�NLQGV�RI
UHODWLRQV��7UXVWHG�WUDQVDFWLRQV�DQG�H[FKDQJHV�FRXOG�RFFXU�EHWZHHQ�SHRSOH�ZKR�DFWXDOO\
UHPDLQHG�VWUDQJHUV�WR�HDFK�RWKHU��,W�VKLIWHG�UHODWLRQV�RI�SRZHU�EHWZHHQ�6WDWH�DQG
LQGLYLGXDOV��
3. A partial, provisional and metastable solution to a problem

7UDQVGXFWLRQV�DUH�QRW�OLPLWHG�WR�SK\VLFDO�FDVHV�OLNH�FU\VWDO�JURZWK��7KH�LQ�IRUPLQJ
RSHUDWLRQV�EHFRPHV�PRUH�FRPSOLFDWHG�ZKHQ�WKH�GRPDLQ�FRQWDLQV�OLYLQJ�WKLQJV��WKLQJV
WKDW�UHSURGXFH��IRUP�FROOHFWLYHV��FRQVWUXFW�VLJQ�V\VWHPV��IHHO��SHUFHLYH�RU�RFFXS\
VLWXDWLRQV�ZKHUH�ZKROH�PLOLHX[�RU�HYHQ�ZRUOGV�IRUP�DQG�FKDQJH��*LYHQ�WKLV�JHQHUDOLW\�
XQGHU�ZKDW�FRQGLWLRQV�GRHV�DQ\�SDUWLFXODU�WUDQVGXFWLRQ�RFFXU"�7UDQVGXFWLRQ�LV�DQ
RSHUDWLRQ�ZKLFK�SDUWLDOO\�DQG�SURYLVLRQDOO\�VROYHV�D�SUREOHP�SRVHG�E\�LQWHUDFWLRQV
EHWZHHQ�GLIIHUHQW�]RQHV�ZLWKLQ�D�GRPDLQ��,Q�WKH�PRUH�FRPSOLFDWHG�FDVH�RI�OLYLQJ�WKLQJV�
WKH�OLPLW�RU�LQWHUIDFH�ZKHUH�VWUXFWXUDWLRQ�RFFXUV�ZLOO�EH�WRSRORJLFDOO\�DQG�SHUKDSV
WHPSRUDOO\�FRPSOLFDWHG��$�SODQW�PLJKW�EH�VHHQ��DOEHLW�VRPHZKDW�FUXGHO\��DV�D�VROXWLRQ
SRVHG�WR�WKH�UHODWLRQDO�SUREOHPV�RI�D�GRPDLQ�FKDUDFWHULVHG�E\�FHUWDLQ�IOX[HV�RI�VRODU
HQHUJ\��DWPRVSKHULF�FRPSRVLWLRQ��PLQHUDO�DQG�RUJDQLF�PROHFXOHV��DQG��LPSRUWDQWO\�
SRSXODWLRQV�RI�V\PELRQW�EDFWHULD��7KH�HYROXWLRQDU\�GLYHUVLW\�RI�SODQWV�VXJJHVWV�WKDW�WKH
UHODWLRQQDOLW\�RI�D�GRPDLQ�FDQ�EH�VWUXFWXUHG�RU�
VROYHG
�LQ�PDQ\�GLIIHUHQW�ZD\V��7KDW
SOHWKRUD�RI�VROXWLRQV�DOVR�SURYLGHV�WKH�FRQGLWLRQV�IRU�WKH�WKH�FRQWHPSRUDU\�ELRSROLWLFDO
PDQDJHPHQW�RI�OLIH�IRUPV��,I��DV��5DELQRZ��������DQG��$JDPEHQ��������KDYH�DUJXHG�LQ
GLIIHUHQW�EXW�UHODWHG�ZD\V��WKH�FROOHFWLYH�PDQDJHPHQW�RI�LQGLYLGXDO�DQG�VSHFLHV�OLIH�LV
EHLQJ�NQRWWHG�LQWR�WKH�PRVW�HOHPHQWDU\�UHODWLRQV�RI�FROOHFWLYH�OLIH��DQ�XQGHUVWDQGLQJ�RI
KRZ�UHODWLRQQDOLW\�FDQ�WULJJHU�GLIIHUHQW�VROXWLRQV�RU�DOWHUQDWLYH�LQ�IRUPDWLRQV�EHFRPHV
FUXFLDO�
7KH�FDVH�RI�WKH�FU\VWDO�VXJJHVWV�WKDW�RQFH�LQGLYLGXDWLRQ�KDV�RFFXUUHG��WKHQ�WKH�SUREOHP
LV�VROYHG��DQG�LQ�D�FHUWDLQ�VHQVH�FRPSOHWH��$�VLQJXODU�FU\VWDO�KDV�IRUPHG�DORQJ�ZLWK�LWV
DVVRFLDWHG�PLOLHX��%XW�LQ�PDQ\�GRPDLQV��RQJRLQJ�LQGLYLGXDWLRQV�RFFXU��7KH�REYLRXV
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H[DPSOH�KHUH�ZRXOG�EH�OLYLQJ�WKLQJV��WKH\�HQWDLO�PXOWLSOH�DQG�RQJRLQJ�SURFHVVHV�RI
LQGLYLGXDWLRQ��)RU�OLYLQJ�WKLQJV��LQ�FRQWUDVW�WR�VLPSOHU�SK\VLFDO�LQGLYLGXDWLRQV��WKH�VLWHV
RI�RQJRLQJ�VWUXFWXUDWLRQ�DUH�QRW�VLWXDWHG�SXUHO\�RQ�WKH�LQWHUIDFH�RU�RQ�D�JURZLQJ�HGJH�
6WUXFWXULQJ�SURFHVVHV�DUH�WRSRORJLFDOO\�GLVWULEXWHG�WKURXJKRXW�GLIIHUHQW�]RQHV�RU�LQWHULRU
PLOLHXV�VXFK�DV�RUJDQV��FHOOV��RU�LQWUD�FHOOXODU�RUJDQHOOHV��7KH\�DUH�DOVR�WHPSRUDOO\
GLVWULEXWHG�DQG�FR�RUGLQDWHG�EHWZHHQ�GLIIHUHQW�LQGLYLGXDO�OLYLQJ�WKLQJV�LQYROYHG�LQ
FROOHFWLYH�OLIH�WKURXJK�F\FOHV�RI�UHSURGXFWLRQ�DQG�JURZWK��6\PELRQWV��EUHHGLQJ
SRSXODWLRQV�DQG�OLIH�F\OHV�PD\�EH�DOO�HQWHU�LQWR�DQ�RQJRLQJ�HPHUJHQFH�DQG�PRGXODWLRQ
RI�IRUP� � � �
)RU�FROOHFWLYH�SURFHVVHV�ZKLFK�LQYROYH�SHUFHSWXDO�DQG�DIIHFWLYH�FRPSRQHQWV��RU�SV\FKLF
OLIH��GLIIHUHQW�NLQGV�RI�SUREOHPV�HPHUJH��DQG�RWKHU�WRSRORJLFDO�DQG�WHPSRUDO
FRPSOLFDWLRQV�DUH�LQYROYHG��$Q�LQGLYLGXDWLRQ�PD\�LQYROYH��IRU�LQVWDQFH��IHHOLQJV�DQG
VLJQLILFDWLRQ��DV�ZHOO�DV�UHWURDFWLYH�DQG�DQWLFLSDWRU\�LQWHULRULVHG�PLOLHX�VXFK�DV
LPDJLQDWLRQ�DQG�PHPRU\��'XH�WR�WKHLU�UHODWLRQQDOLW\��FHUWDLQV�GRPDLQV�PD\�FRQWLQXDOO\
JHQHUDWH�IXUWKHU�SUREOHPV��)RU�LQVWDQFH��IRU�DQ�DQLPDO�WKDW�PRYHV�VXFK�DV�D�IHUDO�GRJ�
QHZ�SUREOHPV�RFFXU�DOO�WKH�WLPH��7KH�GRJ
V�PRELOLW\�FRQVWDQWO\�FKDQJHV�KLV�RU�KHU
UHODWLRQ�EHWZHHQ�WR�WKHLU�WHUULWRULDO�PLOLHX��7KRVH�FKDQJHV�SRVH�QXPHURXV�RUGLQDU\
SUREOHPV��3HUFHSWLRQ��DQG�SHUFHSWXDO�FDSDFLWLHV�RI�GLIIHUHQW�NLQGV�SURYLGH�RQH�ZD\�RI
FRQVWDQWO\�UH�VWUXFWXULQJ�WKH�UHODWLRQ�EHWZHHQ�WKH�RUJDQLVP�DQG�LWV�PLOLHX��3HUFHSWLRQ�
SXW�VLPSO\��LV�DQ�RQJRLQJ�UHODWLRQ�QH[XV�ZKLFK�LQ�IRUPV�WKH�PRELOLW\�DQG�PHWDEROLVP�RI
DQLPDOV�LQ�H[WUD�RUGLQDU\�GLYHUVH�ZD\V��,Q�WKH�FR�FRQVWLWXWLRQ�RI�KXPDQ�VRFLHWLHV�DQG
GRPHVWLF�GRJV��PRELOLW\�DQG�PHWDEROLVP�GHWRXU�WKURXJK�FRPSOH[�VHPLRWLF�DQG�DIIHFWLYH
FLUFXLWV��VHH�+DUDZD\��������
2QJRLQJ�LQGLYLGXDWLRQ�RFFXUV�EHFDXVH�WUDQVGXFWLYH�RSHUDWLRQV�DUH�QHVWHG�RU�FRQYROXWHG
ZLWKLQ�HDFK�RWKHU��$Q�RUGLQDU\�SHUFHSWLRQ�RU�DFWLRQ�PD\�SURYLVLRQDOO\�VROYH�D�ORFDO
SUREOHP�ZLWKLQ�D�GRPDLQ��7KDW�RFFXUV�DOO�WLPH��%XW�RUGLQDU\�SHUFHSWLRQV�PD\�EH�VZHSW
XS�ZLWKLQ�DQG�VXERUGLQDWH�WR�RWKHU�RQJRLQJ�PRUH�VLQJXODU�SUREOHPV��,QGHHG�WKH\�PD\�EH
VLWXDWHG�LQ�UHODWLRQ�WR�SUREOHPV�ZKRVH�RQJRLQJ�SURFHVV�RI�VROXWLRQ�LQYROYHV�YHFWRUV
ZRUNLQJ�DW�QDWLRQDO�RU�WUDQVQDWLRQDO�VFDOHV��,QGLYLGXDWLRQ�VWUXFWXUHV�VRPHWKLQJ�SUH�
LQGLYLGXDO�LQ�UHODWLRQ�WR�WKH�VSHFLILF�LQGLYLGXDWLRQ�LQ�TXHVWLRQ��:KLOH�D�JLYHQ�GRPDLQ�PD\
EHDU�WKH�WUDFHV�RI�PDQ\�SUHYLRXV�LQGLYLGXDWLRQV���IRU�LQVWDQFH��D�FLW\�LQFOXGHV�PDQ\
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LQGLYLGXDO�HQWLWLHV���LW�DOVR�VWD\�RSHQ�WR�IXUWKHU�LQGLYLGXDWLRQV��7R�WKDW�H[WHQW�WKDW�LW
UHWDLQV�RSHQQHVV�RU�UHODWLRQDOLW\��LW�FDQ�EH�VDLG�WR�FRQWDLQ�SUH�LQGLYLGXDO�UHVHUYHV���
3XW�GLIIHUHQWO\��WKH�H[LVWHQFH�RI�SXUH�SRWHQWLDOV�RU�YLUWXDOLW\�KDV�WR�EH�DVVXPHG�LQ�RUGHU
WR�XQGHUVWDQG�WKH�HPHUJHQFH�RI�DQ�DFWXDO�RUGHU�RU�VWUXFWXUH�DV�D�SDUWLDO��SURYLVLRQDO
VROXWLRQ�WR�D�SUREOHP��<HW�ZLWKRXW�WKH�HPHUJHQFH�RI�WKDW�DFWXDO�LQGLYLGXDWHG�RUGHU�
WKRVH�SRWHQWLDOV�FRXOG�QRW�EH�VDLG�WR�H[LVW�DV�VXFK��7R�FLWH�0DVVXPL�DJDLQ�

$�SRWHQWLDO�GRHV�QRW�SUH�H[LVW�LWV�HPHUJHQFH��,I�LW�GRHVQ·W�HPHUJH��LW·V�EHFDXVH�LW�ZDVQ·W�UHDOO\
WKHUH��,I�LW�GRHV��LW�UHDOO\�RQO\�MXVW�DUULYHG��3RWHQWLDO�LV�DQ�DGYHQW��,W�LV�WKH�FRQWLQJHQF\�RI�DQ
HYHQW�LQ�WKH�IXWXUH�LPSHUIHFW�¶ZLOO�KDYH·��SUHFHVVLYH�SURFHVVLQJ���,W�MXVW�ZLOO�KDYH�FRPH��WKDW·V�DOO
WKHUH�LV�WR�LW���0DVVXPL������������

2Q�WKLV�UHDGLQJ��D�GRPDLQ�LV�PHWDVWDEOH�WR�WKH�H[WHQW�WKDW�D�UDQJH�RI�GLIIHUHQW
VWUXFWXUHV�FRQVWLWXWH�SRWHQWLDO�VROXWLRQV�WR�WKH�SUREOHP�SRVHG�E\�VRPH�GLIIHUHQFH�RU
GLIIHUHQWLDO�ZLWKLQ�WKH�GRPDLQ��+HQFH�WKH�VWUXFWXUH�WKDW�UHVXOWV�ZLOO�DOZD\V�EH�VLQJXODU�
DV�WKH�FDVH�RI�FU\VWDOOLVDWLRQ�VXJJHVWV��HYHU\�VQRZIODNH�LV�GLIIHUHQW�HWF���7KURXJK�WKH
SURFHVV�RI�LQGLYLGXDWLRQ��VRPH�DVSHFW�RI�WKDW�GRPDLQ�EHFRPHV�LQGLYLGXDWHG��EXW�RWKHU
SRWHQWLDOV�UHPDLQ��7KH�FRUROODU\�RI�WKLV�UHVHUYH�RI�SUHLQGLYLGXDO�SRWHQWLDOV�LV�WKDW�VRPH
GRPDLQV�H[KLELW�GLYHUVH�SKDVHV�DQG�PXOWLSOH�LQGLYLGXDWLRQV��
4. A mode of thought that conceives events

8QWLO�QRZ��,�KDYH�EHHQ�FKDUDFWHULVLQJ�WUDQVGXFWLRQ�DV�D�SURFHVV�LQYROYLQJ�RQWRJHQHVLV�
WKH�SURFHVV�ZKHUHE\�WKLQJV�FRPH�LQWR�EHLQJ��7UDQVGXFWLRQ�LV�DQ�RSHUDWLRQ�WKURXJK�ZKLFK
D�GRPDLQ�VWUXFWXUHV�LWVHOI�WKURXJK�LQGLYLGXDWLRQV��7KH�FRQFHSW�RI�WUDQVGXFWLRQ�FDUULHV
LPSOLFDWLRQV�IRU�WKRXJKW�LWVHOI��7KRXJKW�LWVHOI��FRQFHLYHG�WUDQVGXFWLYHO\��RFFXUV�DV�DQ
LQGLYLGXDWLRQ��,W�IROORZV�WKDW�QR�WKRXJKW�FDQ�FRPSUHKHQG�DQ�HQWLW\�LQ�JHQHVLV�ZLWKRXW�DQ
DFFRPSDQ\LQJ�RU�DQDORJRXV�LQGLYLGXDWLRQ��7HFKQLFDO��DV�ZHOO�DV�DUWLVWLF��SROLWLFDO�
RUJDQLVDWLRQDO��UHOLJLRXV�RU�SKLORVRSKLFDO�WKRXJKW�HQWDLOV�DQ�LQGLYLGXDWLRQ��(YHQ�RUGLQDU\
SHUFHSWLRQ�LV�DQ�LQGLYLGXDWLRQ�VLQFH�LW�PRGXODWHV��DOEHLW�RIWHQ�PLQXWHO\��UHODWLRQV
EHWZHHQ�WKH�SHUFHLYHU�DQG�WKHLU�PLOLHX��1RW�DOO�SHUFHSWLRQV�RU�HYHQWV��KRZHYHU��DUH
VLQJXODU��0RVW�DUH�RUGLQDU\��,I�LQGLYLGXDWLRQ�LV�VLQJXODU��DQ�REVHUYHU�UHFHSWLYH�WR�LWV
VLQJXODULW\�XQGHUJRHV�D�NLQG�RI�JHQHVLV�FRQQHFWHG�WR�WKDW�RFFXUULQJ�LQ�WKH�GRPDLQ�LQ
TXHVWLRQ��7R�WKH�H[WHQW�WKDW�WKLQNLQJ�WUDQVGXFWLYHO\�HQWDLOV�LQGLYLGXDWLRQ�IRU�WKH
WKLQNHU��WUDQVGXFWLRQV�KDYH�QR�SUH�FRQVWLWXWHG�REVHUYHUV��
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7UDQVGXFWLRQ�FRQWUDVWV�ZLWK�ERWK�LQGXFWLRQ�DQG�GHGXFWLRQ�DV�VW\OHV�RI�WKRXJKW�LQ�WKH
ZD\�LW�UHODWHV�WR�LWV�GRPDLQ��7KH�ZKROH�SRLQW�RI�WKLQNLQJ�WUDQVGXFWLYHO\�FRQVLVWV�LQ�EHLQJ
RSHQ�WR�WKH�DGYHQW�RI�DQRPDOLHV��%\�FRQWUDVW��GHGXFWLRQ�DQG�LQGXFWLRQ�GHWHFW�WKH
LPSOLFLW�SUHVHQFH�RI�RUGHU�LQ�D�GRPDLQ��5DWKHU�WKDQ�IRFXV�RQ�RSHUDWLRQV�FKDUDFWHULVHG
E\�WKHLU�SUHGLFWDELOLW\��WUDQVGXFWLRQ�DV�D�ZD\�RI�WKLQNLQJ�IRFXVHV�RQ�PDNLQJ�HYHQWV
FRQFHLYDEOH��$V�FRQWUDVWHG�ZLWK�ERWK�LQGXFWLRQ�DQG�GHGXFWLRQ��WUDQVGXFWLYH�WKRXJKW
PHDQV�IRUPV�SDUW�RI�WKH�UHODWLRQDOLW\�LQ�TXHVWLRQ��7KH�RSHQQHVV�RI�D�VLWXDWLRQ�WR�WKH
DGYHQW�RI�VRPHWKLQJ�QHZ�IORZV��DV�ZH�VDZ��IURP�LWV�UHODWLRQDOLW\��$�FU\VWDO�LQ�IRUPDWLRQ
ERWK�UHVXOWV�IURP�WKH�SURFHVV�RI�LQGLYLGXDWLRQ�RFFXUULQJ�LQ�WKH�GRPDLQ�DQG�DFWV�LWVHOI
ZLWKLQ�WKDW�SURFHVV��6R�WRR��WUDQVGXFWLYH�WKRXJKW�UHVXOWV�IURP�DQG�DFWV�ZLWKLQ�WKH
LQGLYLGXDWLRQ�XQGHU�ZD\�
IV: Technicity : a transductive conception of technology

7UDQVGXFWLRQ�SHUWDLQV�WR�UHODWLRQDOLW\��VLQJXODULW\��DQG�JHQHUDWLYLW\�ZLWKLQ�GRPDLQV��+RZ
GR�WKRVH�JHQHUDO�IHDWXUHV�WUDQVODWH�LQWR�VRPHWKLQJ�UHOHYDQW�LQ�WKH�GRPDLQ�RI
WHFKQRORJLHV"�+RZ�FRXOG�WKLV�JHQHUDO�FRQFHSWXDO�DSSURDFK�FKDQJH�WKH�ZD\�ZH�DSSURDFK
WHFKQRORJLHV"�'R�WKH\�VROYH�WKH�SUREOHPV�RI�WKH�UHSUHVHQWDWLRQ�DQG�WKH�UHSUHVHQWDELOLW\
RI�WHFKQRORJ\�GLVFXVVHG�HDUOLHU"�:KDW�YDOXH�ZRXOG�WKHUH�EH��IRU�LQVWDQFH��LQ�WU\LQJ�WR
WKH�WHFKQLTXH�RI�3&5��3RO\PHUDVH�&KDLQ�5HDFWLRQ���QRZ�XVHG�H[WUHPHO\�ZLGHO\�WR
SURGXFH�FRSLHV�RI�VHOHFWHG�SLHFHV�RI�'1$�RU�51$��WUDQVGXFWLYHO\"
7KH�QRWLRQ�RI�WHFKQLFLW\�VWDQGV�DW�WKH�FHQWUH�RI�6LPRQGRQ
V�ILUVW�SXEOLVKHG�ERRN��D�ZRUN
HQWLWOHG�7KH�0RGH�RI�([LVWHQFH�RI�7HFKQLFDO�2EMHFWV��6LPRQGRQ���������6RPHZKDW
SDUDGR[LFDOO\�JLYHQ�WKH�ERRN
V�WLWOH��WHFKQLFLW\�UHIHUV�WR�WKH�PRGH�RI�H[LVWHQFH�RI
WHFKQLFDO�REMHFWV�LQVRIDU�DV�WKH\�QRW�REMHFWV��WKDW�LV�REMHFWV�IRU�VXEMHFWV��)UDPHG�LQ�WKH
WHUPV�,�KDYH�MXVW�EHHQ�XVLQJ��WHFKQLFLW\�UHIHUV�WR�WKH�WUDQVGXFWLYH�GLPHQVLRQ�RI
WHFKQLFDO�REMHFWV��,W�GHVFULEHV�WKH�RQWRJHQHVLV�DVVRFLDWHG�ZLWK�WHFKQLFDO�REMHFWV��DQG�LQ
SDUWLFXODU�KRZ�PRYH�EHWZHHQ�DEVWUDFWLRQ�WR�FRQFUHWHQHVV��RU�IURP�YLUWXDOLW\�WR
DFWXDOLW\��
1. Technical objects as norms

7KH�WHFKQLFLW\�RI�WHFKQLFDO�REMHFWV�LQ�6LPRQGRQ
V�DFFRXQW�FDQ�EH�UHDG�LQ�WZR�YHU\
GLIIHUHQW�ZD\V��$�PRUH�FRQVHUYDWLYH�LQWHUSUHWDWLRQ�KDV�SUHYDLOHG�LQ�PRVW�UHDGLQJV�RI
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6LPRQGRQ
V�ZRUN�RYHU�WKH�ODVW�WZR�GHFDGHV��+RWWRLV��������'XPRXFKHO���������$FFRUGLQJ
WR�WKHVH�UHDGLQJV���WHFKQLFLW\�UHIHUV�WR�D�QRUPDWLYH�DOPRVW�WHOHRJLFDO�DVSHFW�RI�WHFKQLFDO
REMHFWV��$V�WHFKQLFDO�REMHFWV�HYROYH�RYHU�WLPH��WKH\�WHQG�WR�FRQFUHWLVH��7KDW�LV��WKH\
EHFDPH�PRUH�DQG�PRUH�GHQVHO\�LQWHUODFHG�ZLWK�RU�JUDIWHG�RQWR�D�JLYHQ�FRQWH[W��$V�WKH\
PRYH�IURP�DEVWUDFW�WR�FRQFUHWH��PRUH�DQG�PRUH�UHODWLRQV�EHWZHHQ�GLIIHUHQW�SDUWV�RI
WKH�WHFKQLFDO�REMHFW�FRPH�LQWR�PXWXDOO\�LQWHUDFWLYH�UHODWLRQV��7KDW�PRYH�IURP�DEVWUDFW
WR�FRQFUHWH�GHILQHV�WKH�WHFKQLFLW\�RI�WKH�WHFKQLFDO�REMHFW��7KLV�QRUPDWLYH�DVSHFW�LV
LQGHSHQGHQW�RI�VRFLDO�QRUPV�RU�XVHV�RI�WHFKQRORJ\��
6LPRQGRQ
V�H[DPSOHV�UDQJH�IURP�VSHFLILF�DVSHFWV�RI�WHFKQLFDO�REMHFWV�VXFK�DV�WKH
FXWWLQJ�HGJH�RI�D�IRUJHG�VWHHO�VZRUG��WKH�FKDQJLQJ�VKDSH�RI�FRROLQJ�ILQV�RQ�PRWRUELNH
DQG�WKH�FKDQJLQJ�GHVLJQ�RI�HOHFWURQLF�YDOYHV��QRQH�RI�ZKLFK�VHHP�SDUWLFXODUO\�FUXFLDO�DV
VLWHV�RI�FXOWXUDO�FRQWHVWDWLRQ��<HW�DOO�RI�KLV�PXQGDQH�H[DPSOHV�KDYH�VRPHWKLQJ�VLPLODU
DW�VWDNH�²�WKH�JURZLQJ�WRJHWKHU�RU�FRQFUHWLRQ�RI�SUHYLRXVO\�GLYHUJHQW�UHDOLWLHV��,W�ZRXOG
EH�SRVVLEOH�WR�H[WHQG�KLV�DQDO\VLV�WR�FRQWHPSRUDU\�H[DPSOHV�VXFK�DV�FKDQJHV�LQ�WKH
DUFKLWHFWXUH�RI�,QWHO�&38�FKLSV�VLQFH�WKH�HDUO\�����V�DV�WKH\�LQWHJUDWH�ERWK�VHFXULW\
IHDWXUHV�DQG�JUDSKLFV�SURFHVVLQJ��.LWWOHU���������$QRWKHU�H[DPSOH�IURP�ELRPHGLFDO�DQG
ELRWHFKQRORJLFDO�UHVHDUFK�LV�WKH�FORQLQJ�RI�VHOHFWHG�IUDJPHQWV�RI�'1$�RU�51$��7KH
SUDFWLFHV�RI�SURGXFLQJ�'1$�RU�51$�KDYH�FKDQJHG�PDVVLYHO\�RYHU�WKH�ODVW�WZR�GHFDGHV
GXH�WR�GHYHORSPHQW�RI�3&5��3RO\PHUDVH�&KDLQ�5HDFWLRQ��VHH��5DELQRZ��������ZKLFK
DEVWUDFWV�FRS\LQJ�RI�'1$�IURP�D�OLYLQJ�PLOLHX��VXFK�DV�EDFWHULD��DQG�UHLQVWDQWLDWHV�LW
ZLWKLQ�DQ�QRQ�OLYLQJ�FKHPLFDO�RU�LQ�YLWUR�HQYLURQPHQW��,Q�DOO�WKHVH�H[DPSOHV��WHFKQLFLW\
GHVLJQDWHV�D�GHJUHH�RI�FRQFUHWLVDWLRQ�ZKLFK�FRPHV�DERXW�DV�D�UHVXOW�RI�WKH�DUWLFXODWLRQ
RI�GLYHUJHQW�IDFHWV�RU�UHDOLWLHV�WRJHWKHU��%\�YLUWXH�RI�LWV�WHFKQLFLW\��D�WHFKQLFDO�SURFHVV
LQFUHDVLQJO\�SURGXFHV�WKH�VDPH�HIIHFWV�DW�GLIIHUHQW�WLPHV�DQG�SODFHV��7KRVH�HIIHFWV
LQFOXGH�VORZLQJ�GRZQ�RU�VWDELOLVLQJ�LQWHUDFWLRQV�DV�ZHOO�DV�DFFHOHUDWLRQV��DQG�FDWDO\WLF
LQFUHDVHV�LQ�WKH�UDWH�RI�LQWHUDFWLRQV��$�KLJK�GHJUHH�RI�WHFKQLFLW\�FKDUDFWHULVHV�WKRVH
REMHFWV�ZKRVH�LQWHUDFWLRQV�UHPDLQ�PRUH�LQYDULDQW�DFURVV�GLIIHUHQW�FRQWH[WV��
2. Technicity exceeds objects

2I�QHFHVVLW\��WHFKQLFLW\�RYHUIORZV�DQ\�SDUWLFXODU�WHFKQLFDO�REMHFW��(YHQ�RQ�WKH
FRQVHUYDWLYH�UHDGLQJ��WHFKQLFLW\��DV�WKH�WHPSRUDO�PRGH�RI�H[LVWHQFH�RI�WHFKQRORJLHV�
FRQVLVWV�QRW�VR�PXFK�LQ�WKH�FRQFUHWH�UHDOLW\�RI�D�WHFKQLFDO�REMHFW�EXW�LQ�WKH�SURFHVV�RI
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WKH�JURZLQJ�WRJHWKHU�RU�FRQFUHVFHQFH��7KH�WHFKQLFLW\�RI�DQ�REMHFW�UHIHUV�WR�WKH�GHJUHH
RI�FRQFUHWLVDWLRQ�LQ�ZKLFK�WKH�DEVWUDFW�FKDUDFWHU�RI�D�WHFKQLFDO�HQVHPEOH�LV�JUDGXDOO\
UHQGHUHG�PRUH�FRQFUHWH�RYHU�WLPH��,Q�RWKHU�ZRUGV��WHFKQLFDO�REMHFWV�PDWHULDOLVH�ZLWKLQ
HQVHPEOHV��7KH\�HPHUJH�WKURXJK�D�SURFHVV�RI�LQGLYLGXDWLRQ��:H�KDYH�VHHQ�DOUHDG\�WKDW
LQGLYLGXDWLRQ�QHHG�QRW�H[KDXVW�WKH�FDSDFLW\�RI�D�GRPDLQ�IRU�IXUWKHU�LQGLYLGXDWLRQV�
+HQFH��DV�6LPRQGRQ�ZULWHV��
WHFKQLFLW\�GRHV�QRW�H[KDXVW�LWVHOI�LQ�REMHFWV�DQG�LV�QRW
HQWLUHO\�FRQWDLQHG�ZLWKLQ�WKHP
��6LPRQGRQ��������������7KLV�ODWWHU�GLPHQVLRQ���UHIHUHQFH
EH\RQG�DQ\�SDUWLFXODU�WHFKQLFDO�REMHFW�²�RSHQV�WKH�ZD\�IRU�D�OHVV�FRQVHUYDWLYH�UHDGLQJ
RI�WHFKQLFLW\��DQG�RI�ZKDW�LV�DW�VWDNH�LQ�WHFKQLFDO�REMHFWV�DQG�SUDFWLFHV��
,I�WHFKQLFLW\�LV�QRW�HQWLUHO\�FRQWDLQHG�ZLWKLQ�REMHFWV��ZKHUH�GRHV�LW�H[LVW"�,W�H[LVWV�DV�WKH
UHWLFXODWLRQ�RI�WHFKQLFDO�REMHFWV�RU�HOHPHQWV�ZLWK�HDFK�RWKHU�LQ�D�JLYHQ�GRPDLQ��$
VRPHWLPHV�H[WHQGV�DFURVV�VRFLDO�²�LQVWLWXWLRQDO��QDWLRQDO��FXOWXUDO��LQIUDVWUXFWXUDO��
FRQWH[WV��%H\RQG�WHFKQLFDO�REMHFWV��WHFKQLFLW\�LQKHUHV�ZLWKLQ�WKH�UHODWLRQDOLW\�RI�WKH
HQVHPEOHV�RU�DVVHPEODJHV�FRPSRVHG�RI�ERGLHV��LQVWLWXWLRQV��FRQYHQWLRQV�
UHSUHVHQWDWLRQV��PHWKRGV�DQG�SUDFWLFHV��5HDG�WUDQVGXFWLYHO\��WHFKQLFDO�REMHFWV�HYROYH
RYHU�WLPH�E\�DUWLFXODWLQJ�GLYHUVH�UHDOLWLHV�ZLWK�HDFK�RWKHU��7HFKQLFLW\�LV�D
WUDQVFRQWH[WXDO�OLQNDJH�ZKLFK�FDQ�EH�REMHFWLILHG�LQ�FRQWH[W�OLPLWHG�ZD\V��EXW�DOVR
SRWHQWLDOO\�H[FHHGV�LWV�REMHFWLILFDWLRQ��VWDELOLVDWLRQ�RU�LPPXWDELOLVDWLRQ��$V�WKH�PRGH�RI
EHLQJ�RI�VRPHWKLQJ�WKURXJK�PXOWLSOH�LQGLYLGXDWLRQV��WHFKQLFLW\�ZRXOG�H[KLELW�DOO�WKH
VLQJXODULW\��DQRPDO\�DQG�H[FHVV�RI�WUDQVGXFWLYH�SURFHVVHV�PRUH�JHQHUDOO\��3DUDGR[LFDOO\
WKHQ��WKH�PRUH�DQ�REMHFW�ZRUNV�HIIHFWLYHO\�DFFURVV�GLIIHUHQW�FRQWH[WV
�WUDQVFRQWH[WXDOO\���WKH�PRUH�LW�DUWLFXODWHV�GLYHUVH�UHDOLWLHV�WRJHWKHU��WKH�KLJKHU�LWV
WHFKQLFLW\��
([DPSOHV�RI�WKLV�HQVHPEOH�RU�GRPDLQ�VSDQQLQJ�PRGH�RI�H[LVWHQFH�RI�WHFKQLFDO�REMHFWV
DUH�DJDLQ�OHJLRQ��6RPH�NLQGV�RI�FRPSXWHU�VRIWZDUH�H[KLELW�WKH�UHODWLRQDO�PRGH�RI
H[LVWHQFH�SDUWLFXODUO\�FOHDUO\��0XFK�KDV�EHHQ�ZULWWHQ�DERXW�RSHQ�VRXUFH�VRIWZDUH�VXFK
DV�WKH�/LQX[�RSHUDWLQJ�V\VWHP�RU�WKH�$SDFKH�ZHEVHUYHU�SURJUDPV��0RRG\���������7KHVH

REMHFWV
�FRQVWDQWO\�FKDQJH��1HZ�FRPSOLFDWLRQV�RU�DWWULEXWHV�DUH�FRQVWDQWO\�DGGHG�WR
WKHP��$W�WKH�VDPH�WLPH��WKH\�PRYH�DFURVV�DQG�FRQQHFW�GLIIHUHQW�FRQWH[WV��/LQX[
FRQQHFWV�FRUSRUDWH�VRIWZDUH�SURGXFWLRQ�ZLWK�SROLWLFDO�DFWLYLVP�DQG�QHWZRUNV�RI
DFDGHPLF�FRPSXWLQJ�UHVHDUFK��/LQNLQJ�WKRVH�FRQWH[WV��/LQX[�PRGHVWO\�FKDQJHV�WKHP�LQ
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VLJQLILFDQW�ZD\V��$QRWKHU�H[DPSOH�LV�SXEOLF�NH\�FU\SWRJUDSK\��D�WHFKQLTXH�WKDW�DOORZV
VHFXUH�FRPPXQLFDWLRQ�EHWZHHQ�SDUWLHV�ZKRVH�FKDQQHO�RI�FRPPXQLFDWLRQ�LV�SXEOLFDOO\
DFFHVVLEOH��IRU�LQVWDQFH��RQ�WKH�LQWHUQHW��HPHUJHG�LQ�WKH�86�GXULQJ�WKH�����V��$JDLQVW
VWUHQXRXV�DWWHPSWV�WR�VXSSUHVV�LW�E\�WKH�JRYHUQPHQW�DJHQFLHV��SXEOLF�NH\�FU\SWRJUDSK\
FKDQJHG�UH�PHGLDWHG�FRPPHUFLDO�DQG�QRQ�FRPPHUFLDO�UHODWLRQV�FDUULHG�RXW�RQOLQH�
3. To act technically?

$�PDMRU�TXHVWLRQ�UHPDLQV��ZKDW�UROH�GRHV�KXPDQ�DJHQF\��FROOHFWLYH�RU�LQGLYLGXDO��SOD\
LQ�UHODWLRQ�WR�WHFKQLFLW\"�7KLV�TXHVWLRQ�EULQJV�XV�EDFN�WR�WKH�SUREOHP�,�VWDUWHG�ZLWK�
IURP�ZKDW�SRVLWLRQ�FDQ�ZH�WKLQN�WHFKQRORJLHV"�)URP�D�WUDQVGXFWLYH�VWDQGSRLQW��WKH
VWDWXV�RI�WHFKQRORJLHV�DV�REMHFWV�LV�OHVV�LPSRUWDQW�WKDQ�WKH�FDSDFLW\�RI�D�WHFKQLFDO
HQVHPEOH�IRU�IXUWKHU�UHWLFXODWLRQV�RU�LQGLYLGXDWLRQV�LQ�ZKLFK�QHZ�UHODWLRQV�PDWHULDOLVH�
)URP�WKLV�VWDQGSRLQW��FROOHFWLYH�OLIH�FDQ�EH�UHWKRXJKW�LQ�WHUPV�RI�D�WUDQVGXFWLYH
RSHUDWLRQ�WKDW�VRPHWLPHV�LQYROYHV�WHFKQLFDO�GRPDLQV� � �7KH�WHFKQLFLW\�RI�D�WHFKQLFDO
HQVHPEOH��XQGHUVWRRG�DV�D�WUDQVGXFWLYH�RSHUDWLRQ�XQIXUOLQJ�DW�VLQJXODU�SRLQWV�DQG
PRPHQWV�LQ�D�GRPDLQ��PLJKW�DOWHU�RXU�XQGHUVWDQGLQJ�RI�FROOHFWLYH�OLIH�LQ�WZR�GLIIHUHQW
ZD\V�
$�QRUPDWLYH�UHDGLQJ�RI�WHFKQLFLW\�ZRXOG�UHJDUG�LW�DV�WHQGLQJ�WR�VWDELOL]H�VRFLDO�UHODWLRQV�
)URP�WKLV�SHUVSHFWLYH��
WHFKQRORJ\�LV�VRFLHW\�UHQGHUHG�GXUDEOH
���7R�WKH�H[WHQW�WKDW
UHODWLRQV�DUH�VXFFHVVIXOO\�WUDQVODWHG�LQWR�RU�WKURXJK�D�WHFKQLFDO�HQVHPEOH��WKH�HQVHPEOH
EHFRPHV�OHVV�YLVLEOH�DQG�OHVV�HYHQWIXO��6WDEOH�LQIUDVWUXFWXUHV��RI�FRPPXQLFDWLRQ�
VDQLWDWLRQ��WUDQVSRUW�VRPHWLPHV��WHQG�WR�EHFRPH�DOPRVW�LQYLVLEOH��%RZNHU�	�6WDU��������
7KH�FRQVHUYDWLYH�UHDGLQJ�RI�WHFKQLFLW\�ORRN�IRU�D�NLQG�RI�QRUP�LQWULQVLF�WR�WHFKQLFDO
REMHFWV��RULHQWLQJ�WKHLU�HYROXWLRQ�RYHU�WLPH��7HFKQRORJLHV�RU�LQIUDVWUXFWXUHV�EHFRPH
RUGLQDU\�ZKHQ�WKH�ZD\�WKH\�RUGHU�DFWLRQV�KDV�VWDELOLVHG�DURXQG�WKDW�QRUP��%\�WKDW�WLPH�
KXPDQ�DFWRUV�WDNH�RQ�WKH�SHUIRUPDQFH�RI�LQGLYLGXDWHG�DQG�RIWHQ�KLJKO\�QRUPDOLVHG
IXQFWLRQV��WKH\�RSHUDWRUV��XVHUV��SRZHU�XVHUV��DIIOXHQW�FRQVXPHUV��H[HFXWLYH�HWF�RI
VWDEOH�WHFKQLFDO�REMHFWV� � �7KHLU�DFWLRQV��FKDQQHOOHG�WKURXJK�VWDEOH�SDWWHUQV�RI
UHODWLRQDOLW\��WHQG�PRUH�DQG�PRUH�WRZDUGV�DQ�LGHDO�LPSRVLWLRQ�RI�IRUP�RQ�PDWWHU��$FWLQJ
FDQ�WKHQ�EH�XQGHUVWRRG�DV�WKH�LPSRVLWLRQ�RI�D�IRUP�RQ�VRPH�NLQG�RI�PDWHULDO�
+HQFHIRUWK��DFWV�FDQ�EH�MXGJHG�DFFRUGLQJ�WR�WKHLU�FRQIRUPLW\�RU�GHYLDWLRQ�IURP�VRPH
�
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QRUP��
+RZHYHU��D�WUDQVGXFWLYH�HYHQW�DOVR�LPSOLHV�D�GLIIHUHQW�XQGHUVWDQGLQJ�RI�DFWLRQ���%\
YLUWXH�RI�WKH�SUH�LQGLYLGXDO�UHVHUYHV�LPSOLFLW�WR�WHFKQLFLW\��DQ�DFW�PD\�DOVR�EH�SDUW�RI�D
EHFRPLQJ�RU�HYHQW�WKDW�UHVWUXFWXUHV�WKDW�GRPDLQ��DQG�FROOHFWLYH�OLIH�PRUH�JHQHUDOO\��,W
PD\�OLQN�GLIIHUHQW�]RQHV�RU�RUGHUV��5DWKHU�WKDQ�DFWLQJ�E\�LPSRVLQJ�D�IRUP��DFWLQJ�FDQ�EH
UHWLFXODWRU\�RU�WUDQVGXFWLYH��/LNH�RWKHU�GRPDLQV��WHFKQLFDO�HQVHPEOHV�FRQWDLQ�SULYLOHJHG
VLWHV�DQG�PRPHQWV�ZKHUH�D�SRZHU�RI�DFWLQJ�DQG�DQ�RSHQQHVV�WR�EHLQJ�DFWHG�XSRQ�DUH
FRQFHQWUDWHG��6LPRQGRQ��������������3ULYLOHJHG�PRPHQWV�DQG�VLWHV�H[LVW�EHFDXVH�RI�WKH
UHWLFXODWHG�RU�GLVWULEXWHG�FKDUDFWHU�XQGHUJRLQJ�LQGLYLGXDWLRQ�WKHUH��$W�WKRVH�SRLQWV�
SHUFHSWLRQV��IHHOLQJV�DQG�DFWLRQ�FDQ�EHFRPH�HOHPHQWV�RI�VLQJXODU�WUDQVGXFWLYH
RSHUDWLRQV��,Q�WKRVH�VLWHV�DQG�PRPHQWV��DV�LQ�DOO�WUDQVGXFWLRQV��DQ�LQGLYLGXDWLRQ�RI�WKH
GRPDLQ�UDWKHU�WKDQ�MXVW�RQH�DFWRU�RFFXUV��/LYLQJ�DFWRUV�SDUWLFLSDWH�LQ�DQ�LQGLYLGXDWLRQ�
7HFKQLFDO�LQGLYLGXDWLRQV�RZH�WKHLU�SDUWLFXODU�WH[WXUH�WR�WKH�DUWLFXODWLRQV�EHWZHHQ�OLYLQJ
DQG�QRQ�OLYLQJ�HOHPHQWV�WKH\�HVWDEOLVK��:H�FRXOG�WKLQN�IRU�H[DPSOH�RI�WKH�DUWLFXODWLRQV
WKDW�HPHUJHG�EHWZHHQ�SRSXODU�PXVLF�DQG�GUXJV�RYHU�WKH�ODVW�GHFDGH��$�KHWHURJHQHRXV
WUDQVGXFWLRQ�RFFXUUHG�EHWZHHQ�WKH�FRPSXWHU�GULYHQ�VDPSOLQJ�DQG�ORRSLQJ�SUDFWLFHV�RI
GDQFH�PXVLF�DQG�WKH�SHUFHSWXDO�PRGLILFDWLRQV�DVVRFLDWHG�ZLWK�WKH�GUXJ�0'0$�RU
(FVWDV\��$V�6DGLH�3ODQW�GHVFULEHV�WKH�UHODWLRQ��
WKH�GUXJ�ZDV�WKH�PXVLF��DQG�WKH�PXVLF
ZDV�D�PHDQV�RI�HQJLQHHULQJ�DQG�H[SORULQJ�LWV�DIIHFWV
��3ODQW��������������6RXQG�DQG
UK\WKP��UDWKHU�WKDQ�PHORG\�RU�OLQJXLVWLF�PHDQLQJ��SURJUHVVLYHO\�UH�RUJDQLVHG�DQG�UH�
VWUXFWXUHG�ERGLO\�PRYHPHQW�FROOHFWLYHO\��
6R�OLYLQJ�WKLQJV�LQGLYLGXDWH�WKHPVHOYHV�LQ�ZD\V�WKDW�DUH�WRSRORJLFDOO\�DQG�WHPSRUDOO\
YDULDEOH��7KH\�FDUU\�ZLWK�WKHP�LQWHUQDO�PLOLHXV�RI�LQGLYLGXDWLRQ�VXFK�DV�SHUFHSWLRQ�
LPDJLQDWLRQ�DQG�PHPRU\�ZKLFK�VORZ�GRZQ�RU�VXVSHQG�SK\VLFDO�LQGLYLGXDWLRQV��7KH\
FRPSOLFDWH�WKH�UHODWLRQDOLW\�RI�WKH�GRPDLQV�WKH\�LQKDELW�E\�LQYROXWLQJ�LQWHULRU�PLOLHX[�RU
SUH�LQGLYLGXDO�UHVHUYHV��:KHQ�SV\FKLF�FROOHFWLYH�OLYHV�LQYROYH�DIIHFWLYH�UHODWLRQV��WKH
WHPSRUDO�DQG�WRSRORJLFDO�SRWHQWLDOV�LQ�SOD\�EHFRPH�YHU\�FRPSOH[��:KHQ�KXPDQ�DFWRUV
SHUFHLYH��DFW�DQG�IHHO�ZLWKLQ�GRPDLQV�RI�WHFKQLFDO�WUDQVGXFWLRQ��WHPSRUDO�FRPSOLFDWLRQV
VXFK�DV�UHWURDFWLRQ�DQG�DQWLFLSDWLRQ�ZLOO�EH�SURPLQHQW��7KH�HPHUJHQFH�DQG�SUROLIHUDWLRQ
RI�SKRWRJUDSK\�LQ�(XURSH�DQG�1RUWK�$PHULFD�IURP�WKH�����V�RQZDUGV�FDQ��IRU�LQVWDQFH�
FDQ�EH�XQGHUVWRRG�DV�D�WUDQVGXFWLYH�LQGLYLGXDWLRQ�VLWHG�RQ�WKH�HQVHPEOH�RI�YLVXDO�VFHQH�
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FDPHUD��OLJKW�VHQVLWLYH�SODWH�ILOP�DQG�VWXGLR��,W�FKDQJHV�WKH�FRQGLWLRQV�RI�YLVXDO
SHUFHSWLRQ��PHPRU\�DQG�LGHQWLW\��%DUWKHV���������:KDW�WHFKQLFDO�REMHFWV�FDUU\�RI
FROOHFWLYH�OLIH�ZLWK�WKHP�LV�QRW�QHFHVVDULO\�VSHFLILF�WR�VRPH�YHUVLRQ�RI�KXPDQ�RU�VRFLDO�
LQ�WKH�VHQVH�RI�VSHFLILF�VRFLDO�UHODWLRQV�RU�KXPDQ�FDSDFLWLHV�GHOHJDWHG�RU�WUDQVODWHG�LQWR
WHFKQLFDO�PHGLDWLRQV��:KDW�LV�LQGLYLGXDWHG�LQ�WHFKQLFDO�HQVHPEOHV�LV�SUHFLVHO\�VRPHWKLQJ
WKDW�ZDV�YLUWXDO�RU�SUH�LQGLYLGXDWHG�LQ�FROOHFWLYH�OLIH��,Q�WKDW�VHQVH��VWULFWO\�VSHDNLQJ��LW
ZDV�SUHFLVHO\�ZKDW�ZDV�QRW�KXPDQ�RU�VRFLDO�
V: Conclusion 

,�EHJDQ��E\�IUDPLQJ�WKH�SUREOHP�RI�WHFKQRORJ\�LQ�WHUPV�RI�UHSUHVHQWDWLRQ�DQG
UHSUHVHQWDELOLW\��8QGHUVWRRG�UHSUHVHQWDWLRQDOO\��WHFKQRORJ\�LV�GLIILFXOW�WR�WKLQN
SUHFLVHO\�EHFDXVH�LW�VHHPV�WR�DOWHU�WKH�FRQGLWLRQV�RI�UHSUHVHQWDWLRQ�LQ�LPSRUWDQW�ZD\V�
7KH�TXHVWLRQ�RI�WKH�UHSUHVHQWDELOLW\�RI�WHFKQRORJ\�FHQWUHV�RQ�WKLV�SUREOHP��
7UDQVGXFWLRQ�LV�D�VWUXFWXULQJ�RU�DUWLFXODWLQJ�SURFHVV�ZKLFK�DUWLFXODWHV�GLYHUJHQW�UHDOLWLHV
WRJHWKHU�ZLWKLQ�D�JLYHQ�GRPDLQ��%\�DSSURDFKLQJ�WHFKQRORJ\�WUDQVGXFWLYHO\��ZH�PRYH
WHFKQRORJLHV�DZD\�IURP�WKH�QRUPDWLYH�IUDPHZRUN�HPEHGGHG�LQ�PRVW�UHSUHVHQWDWLRQV�RI
WHFKQRORJ\��7HFKQLFLW\�XQGHUVWRRG�WUDQVGXFWLYHO\�GRZQSOD\V�WKH�QRUPDWLYH��VWDELOLVLQJ
RU�FRQWH[W�ELQGLQJ�IDFHWV�RI�WHFKQRORJLFDO�REMHFWV�LQ�IDYRXU�RI�DQ�RSHQQHVV�WR�VLWHV�RI
XQUHSUHVHQWDELOLW\�
7KH�FRVW�RI�WKLV�PRYH�LV�DQ�DOWHUDWLRQ�LQ�WKH�FKDUDFWHU�RI�WKLQNLQJ�DQG�RXU�FRQFHSWV�RI
DFWLQJ��7UDQVGXFWLYH�WKRXJKW�DQG�DFWLRQ�PHDQV�IROORZLQJ�DQG�RU�EHFRPLQJ�LQYROYHG�LQ
SURFHVVHV�RI�RQWRJHQHVLV�ZKLFK�FDQ�H[FHHG�WKHLU�RZQ�FRQWH[WV��(YHQWIXOQHVV�DQG
JHQHUDWLYLW\�GRHV�QRW�RULJLQDWH�LQ�LQGLYLGXDO�KXPDQ�VXEMHFWV��QRU�HYHQ�IURP�VRPH�LQQDWH
FDSDFLW\�RI�OLYLQJ�WKLQJV�EXW�IURP�WKH�XQGHWHUPLQHG�UHODWLRQQDOLW\�RU�SRWHQWLDOV�SUHVHQW
LQ�DQ\�GRPDLQ��,W�LV�SUHFLVHO\�LQVRIDU�DV�WKH\�DUH�QRW�FRQILJXUHG�DV�VXEMHFWV��XVHUV�
FRQVXPHUV��RSHUDWRUV�WKDW�OLYLQJ�DFWRUV�SOD\�D�WUDQVGXFWLYH�UROH��
7UDQVGXFWLRQ�DQG�WHFKQLFLW\�WRJHWKHU�VXJJHVW�GLIIHUHQW�ZD\V�RI�XQGHUVWDQGLQJ�WKH
FRPSRVLWLRQ�RI�FROOHFWLYH�OLIH��:KLOVW�DFNQRZOHGJLQJ�WKH�SUHVHQFH�RI�QRUPV�DQG
GLIIHUHQWLDWHG�VWUXFWXUHV�DQG�SDWWHUQV�ZLWKLQ�FROOHFWLYH�OLIH��WKH�WUDQVGXFWLYH�DSSURDFK
VXJJHVWV�WKDW�D�FROOHFWLYH�OLIH�WUDQVSLUHV�DV�DQ�RQJRLQJ�SURFHVV�RI�LQGLYLGXDWLRQ��7KDW�LV�
DV�DQ�RSHUDWLRQ�LQ�ZKLFK�GLIIHUHQWLDWLRQ�FRPHV�DERXW�DV�D�UHVXOW�RI�WKH�VWUXFWXULQJ�RI
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ZKDW�LV�QRW�\HW�GHWHUPLQHG��\HW�FDUULHG�E\�LQGLYLGXDO�REMHFWV�DQG�VXEMHFWV�
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