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� 1DSULHN�WRPX��ŀH�ŀLMHPH�YR�YHGHFNR�WHFKQLFNRP�YHNX��QHXVW£OH�VD�VWUHW£YDPH�
V�QHSRFKRSHQ¯P�YHGHFNHM�SU£FH�D�V�QHVFKRSQRVħRX�MDVQH�D�SU¯VWXSQH�IRUPXORYDħ�
RGSRYHGH�QD�RW£]N\�]£VDGQHM�G¶OHŀLWRVWL��DN«�VL�NODGLH�DM�DXWRU�UHFHQ]RYDQHM�NQLK\�
Xŀ�Y�SUHGKRYRUH��؊ÎR� MH�YHGD"�ÎR�MH�YHGHFN£�PHWµGD"�9�ÏRP�MH�YHGD�YHGHFN£"؈��
�V��YL���9]KĀDGRP�QD�DXWRURY�GDU�Y\MDGURYDħ�Q£URÏQ«�P\ģOLHQN\�MHGQRGXFK¿P�MD�
]\NRP�V�SRXŀLW¯P�QHQ£URÏQ¿FK�LOXVWU£FL¯�]�NDŀGRGHQQ«KR�ŀLYRWD�VD�PX�SRGĀD�Q£V�
SRGDULOR�QD�WLHWR�RW£]N\�RGSRYHGDħ�VS¶VRERP��NWRU¿�ÏLWDWHĀ�RFHQ¯��
� 3U£FD�A Summary of Scientific Method��3UHKĀDG�YHGHFNHM�PHWµG\��MH�NU£VQ\P�
RSLVRP�WRKR��ÏR�URE¯�YHGX�YHGHFNRX��6DPR]UHMPH��MH�QD�ÏLWDWHĀRYL��DE\�SRV¼GLO��
GR� DNHM� PLHU\� NRUHģSRQGXM¼� MHKR� Q£]RU\� VR� VNXWRÏQ¿P� Y¿NRQRP� YHGFRY�
D�V�W¿P��ÏR�URELD��NHÑ�URELD�YHGX��.QLKD�MH�YģDN�QDS¯VDQ£�MDVQ¿P�D�ÏLVW¿P�ģW¿�
ORP��NWRU¿�MH�SU¯VWXSQ¿�D�LQIRUPDW¯YQ\�SUH�YHGFRY�D�ģWXGHQWRY�YHG\��DNR�DM�SUH�
ILOR]RIRY��7£WR�UR]VDKRP�VNURPQ£�SU£FD�MH�G¶ND]RP�PRŀQRVWL�Y\MDGULħ�PQRKR�
QD�PDORP� SULHVWRUH��0£� �� ]UR]XPLWHĀQ¿FK� NDSLWRO�� ]�NWRU¿FK� NDŀG£� REMDVĊXMH�
MHGHQ�]�DVSHNWRY�YHGHFNHM�PHWµG\��.DŀG£�NDSLWROD�VD�]DÏ¯QD�DEVWUDNWRP�D�NĀ¼ÏR�
Y¿PL�VORYDPL��ÏR�XĀDKÏXMH�SU£FX�V�WH[WRP��1D�]£YHU�DXWRU�HģWH�UD]�]KėĊD�Y¿VOHG�
N\�D�XY£G]D�]£VDGQ«�SU£FH�DNR�RGSRU¼ÏDQ¼�OLWHUDW¼UX�NX�NDŀGHM�NDSLWROH��
� 9�SUYHM�NDSLWROH� �Science and Common Sense��Q£V�3HWHU�.RVVR�RER]QDPXMH�
V�P\ģOLHQNRX�VSHNWUD�PHG]L�LVWRWRX�D�GRKDGRP��NWRU£�SRGĀD�QHKR�]DVW£YD�Y¿]�
QDPQ¼�UROX�YR�YHGHFNHM�PHWRGLNH��2EY\NOH�YHGD�SUDFXMH�V�HQWLWDPL�DOHER�SUR�
FHVPL��NWRU«�QLH�V¼�SULDPR�SR]RURYDWHĀQ«��G¶ND]�MH�WHGD�QHSULDP\�D�WHRUHWLFN«�
Y¿VOHGN\� QLH� V¼� LVW«� QD� ������7R� YģDN� QH]QDPHQ£�� ŀH� WHµULH� V¼� Ï¯UH� GRKDG\��
'¶OHŀLW«�MH�SU£YH�VSHNWUXP�PHG]L�LVWRWRX�D�GRKDGRP���ORKRX�YHGHFNHM�PHWµG\�
MH�ORNDOL]RYDħ�NRQNU«WQX�WHµULX�Y�WRPWR�VSHNWUH��3R�]KURPDŀGHQ¯�G¶ND]RY�P¶ŀH�
WHµULD� ]PHQLħ� VYRMH�SRVWDYHQLH� Y�VSHNWUH� D�EXÑ� VD�SULEO¯ŀLħ�N�LVWRWH�� DOHER�QD�
RSDN�N�GRKDGX��3UH�YHGHFN¼�PHWµGX�MH�WHGD�G¶OHŀLW¿�VWXSHĊ�G¶ND]X�D�HIHNW¯YQH�
SRXŀLWLH�HYLGHQFLH��DNR�XYLG¯PH�QHVN¶U��$N�WHGD�H[LVWXM¼�VWXSQH�ÏL�¼URYQH�G¶�
ND]X�D� VSHNWUXP�PHG]L�GRKDGRP�D� LVWRWRX��SRWRP�PXVLD�E\ħ�G¶OHŀLW«�GHWDLO\�
D�QXDQV\� YHGHFNHM� PHWµG\�� NWRU«� PDM¼� YSO\Y� QD� VWXSHĊ� D� ORNDOL]£FLX� WHµULH�
Y�VSHNWUH��3RFKRSHQLH�W¿FKWR�VWXSĊRY�ÏL�¼URYQ¯�G¶ND]X�MH�SRGĀD�DXWRUD�QDMG¶OH�
ŀLWHMģ¯�D�QDMQ£URÏQHMģ¯�DVSHNW�SRUR]XPHQLD�YHGHFNHM�PHWµGH���
� 'UXK£�NDSLWROD��(PSLULFDO�)RXQGDWLRQV��QDÏUW£YD��Y�DNRP�Y]£MRPQRP�Y]ħD�
KX�VD�YRÏL�VHEH�QDFK£G]DM¼�SR]RURYDQLH�D�WHµULD��1D�]DÏLDWNX�NDSLWRO\�VD�GHILQX�
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M¼�SRMP\�WHµULH��K\SRW«]\�D�]£NRQD��NWRU«�V¼�QHY\KQXWQ«�QD�SRFKRSHQLH�YHGHF�
NHM�PHWµG\��$XWRU�]DVW£YD�Q£]RU��ŀH�WHµULD�RSLVXMH�DVSHNW\�SU¯URG\��NWRU«�QLH�V¼�
GRVWXSQ«�QDģHM�]P\VORYHM�VN¼VHQRVWL��QHPRŀQR�LFK�WHGD�SR]RURYDħ�SULDPR��,GH�
SULWRP�R� DVSHNW\�� NWRU«� VD� GDM¼� SRXŀLħ� QD� Y\VYHWOHQLH� SR]RURYDQ«KR�� 6¼ÏDVQ£�
YHGD� SUDFXMH� V�HQWLWDPL�� DNR� V¼� VXEDWRP£UQH� ÏDVWLFH�� ]DNULYHQ¿� ÏDVRSULHVWRU� ÏL�
HOHPHQW£UQH�VWUXQ\��D�SU£YH�WLH�V¼�]£NODGRP�WHµUL¯��NWRU«�GQHV�YHGD�UR]Y¯MD�QD�
SULHN�QHPRŀQRVWL�LFK�SULDPHKR�SR]RURYDQLD��=�WRKRWR�G¶YRGX�V¼�SRGĀD�DXWRUD�
WHRUHWLFN«��QLH�YģDN�QHUH£OQH��7HµULD�VD�XND]XMH�E\ħ�SUDYGLY£��DN�SUHVQH�RSLVXMH�
QHSR]RURYDWHĀQ«��NWRU«�VNXWRÏQH�H[LVWXMH��D�]KRGXMH�VD�WHGD�V�IDNWRP��NWRU¿�MH�
VNXWRÏQ¿P�VWDYRP�YHF¯�Y�SU¯URGH��؊)DNW\�V¼��WHµULH�RSLVXM¼؈��V������
� =D�QDMYģHREHFQHMģLH� WHµULH� DXWRU�SRYDŀXMH� YHGHFN«� ]£NRQ\�� ؊,Q¿PL� VORYDPL��
]£NRQ\�V¼�WHµULH�]YO£ģWQHKR�GUXKX��NWRU«�LGHQWLILNXM¼�FHO«�NDWHJµULH�YHF¯�D�RSL�
VXM¼�LFK�Y]ħDK\�Y�QDMYģHREHFQHMģ¯FK�SRMPRFK؈��V������
� +\SRW«]\�SRGĀD�DXWRUD�SUHGVWDYXM¼�P£OR�WHVWRYDQ«�WHµULH��NWRU¿FK�VSRMHQLH�
V�IDNWRP�QLH�MH�]Q£PH�DOHER�MH�QHMDVQ«��([LVWXMH�YģDN�G¶YRG�YHULħ��ŀH�QRY«�G¶�
ND]\� SRP¶ŀX� Y\WYRULħ� WRWR� SUHPRVWHQLH� D�SRVXQ¼� K\SRW«]X� Y�VSHNWUH� EOLŀģLH�
N�LVWRWH��.Ā¼ÏRY£�RW£]ND�]QLH��DNR�VD�WR�GHMH��6DP«�LQGXNW¯YQH�]RYģHREHFĊRYDQLH�
SR]RURYDQ¯�QHLPSOLNXMH�WYUGHQLD�R�QHSR]RURYDQRP�ÏL�QHSR]RURYDWHĀQRP��D�WDN�
YHGHFN£�PHWµGD�VD�QHP¶ŀH�UHGXNRYDħ�OHQ�QD�LQGXNFLX��DOH�PXV¯�E\ħ�Ï¯PVL�YLDF��
NHÑŀH�YHGD�SUHNUDÏXMH�SR]RURYDWHĀQ«��=�ÏLVW«KR�SR]RURYDQLD�E\�VPH�QLNG\�QH�
PRKOL�GRVSLHħ�N�]DNULYHQ«PX�ÏDVRSULHVWRUX�ÏL�HOHPHQW£UQ\P�VWUXQ£P��ÐDOģ¯P�
G¶YRGRP�QHGRVWDWRÏQRVWL�LQGXNFLH�MH�SUHGSRNODG�ÏLVW«KR��QLÏ¯P�QHNRQWDPLQR�
YDQ«KR�WRNX�LQIRUP£FL¯�]�YRQNDMģLHKR�VYHWD�N�Q£P��$N«NRĀYHN�YHGHFN«�SR]RUR�
YDQLD� ÏL� H[SHULPHQW\� V¼�RYSO\YQHQ«�YHGHFN¿PL� WHµULDPL��(LQVWHLQ� WR� MDVQH�Y\�
MDGULO�Xŀ�Y�URNX������Y�UR]KRYRUH� V�+HLVHQEHUJRP�� ؊7HµULD� UR]KRGXMH�R� WRP��
ÏR�VD�G£�SR]RURYDħ؈��+HLVHQEHUJ������������
� $XWRU�XY£G]D�ģW\UL�G¶YRG\��QD�NWRU¿FK�GHPRQģWUXMH�]£YLVORVħ�YHGHFN«KR�SR�
]RURYDQLD�RG�WHµULH�D�WHGD�QHPRŀQRVħ�MHKR�QHXWUDOLW\�����1LNG\�QHPRŀQR�SR]R�
URYDħ�YģHWNR��3RWUHEQ£�MH�VHOHNFLD��NWRU£�QHP¶ŀH�E\ħ�Q£KRGQ£��2�WHMWR�VHOHNFLL�
UR]KRGXMH�YŀG\�WHµULD��NWRU£�XUÏXMH��ÏR�MH�D�ÏR�QLH�MH�UHOHYDQWQ«�����3R�XVNXWRÏ�
QHQ¯�SR]RURYDQLD�VD�WUHED�YHQRYDħ�Y¿VOHGNRP�D�]DPHUDħ�¼VLOLH�QD�WR�SRGVWDWQ«��
R�ÏRP�RS¦ħ�UR]KRGXMH�XUÏLW£�]QDORVħ�� VSURVWUHGNRYDQ£� WHµULRX�D�YODVWQRX�VN¼�
VHQRVħRX�YHGFD��XPRŀĊXM¼FD�PX�QLHNWRU«�DVSHNW\�LJQRURYDħ�����3RGPLHQN\��]D�
NWRU¿FK�VD�SR]RURYDQLH�XVNXWRÏĊXMH��PXVLD�E\ħ�NRQWURORYDQ«��.DŀG¿�SU¯VWURM�VL�
Y\ŀDGXMH�XUÏLW«�WHRUHWLFN«�SRUR]XPHQLH��NWRU«�XPRŀĊXMH� MHKR�VSU£YQH�QDVWDYH�
QLH�����1DPHUDQ«�Y¿VOHGN\�VL�Y\ŀDGXM¼�LQWHUSUHW£FLX��NWRU£�YŀG\�SUHGSRNODG£�WH�
RUHWLFN¿�NRQWH[W��%H]�QHKR�E\�VPH�QHEROL�VFKRSQ¯�VSU£YQH�SRUR]XPLHħ�EXEOL�
Q£P� Y�EXEOLQRYHM� NRPRUH� D�QHPRKOL� E\� VPH� LFK� LQWHUSUHWRYDħ� DNR�GU£KX� DOID�
ÏDVWLFH��PDOL�E\�VPH�SUHG�VHERX�OHQ�RGGHOHQ«�EXEOLQN\��9HGHFN£�PHWµGD�VD�XND�
]XMH� DNR� G\QDPLFN¿� SURFHV�� Y�NWRURP� LQIRUP£FLH� SU¼GLD� RG� VYHWD� N�Q£P� D�RG�
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Q£V�VS¦ħ�N�VYHWX��RG�WHµUL¯�N�SR]RURYDQLDP�D�YLFH�YHUVD��.ODGLHPH�SU¯URGH�RW£]N\�
D�SU¯URGD�RGSRYHG£��SULÏRP�MHM�RGSRYHGH�Q£V�YHG¼�VW£OH�N�QRY¿P�RW£]NDP��
� $EVWUDNW�WUHWHM�NDSLWRO\��Empirical Testing��]DÏ¯QD�YHWRX��؊(PSLULFN«�WHVWR�
YDQLH�YHGHFN¿FK�K\SRW«]� MH�YŀG\�QHSULDPH؈� �V�������7¼WR��SUL�SUYRP�SUHÏ¯WDQ¯�
SUHNYDSLY¼�P\ģOLHQNX�DXWRU�G¶VOHGQH�GRND]XMH�SRPRFRX�WUKOLQ\��NWRU¼�QDFK£�
G]D�Y�3RSSHURYRP�IDO]LILNDÏQRP�PRGHOL��3RGĀD�WRKRWR�PRGHOX�SUHGVWDYXMH�IDO�
]LILN£FLD�SUHGLNFLH�Y\YU£WHQLH�K\SRW«]\��/RJLFN£�ģWUXNW¼UD�VNXWRÏQ«KR�HPSLULF�
N«KR�WHVWRYDQLD�YģDN�QD]QDÏXMH�RSDN��=�QHSRWYUGHQHM�SUHGLNFLH�QHPRŀQR�QHY\�
KQXWQH�XVXG]RYDħ�QD�IDO]LILN£FLX�K\SRW«]\��-HGQRGXFK¿�K\SRWHWLFNR�GHGXNW¯YQ\�
�+�'��PRGHO�WHVWRYDQLD�WUHED�UR]ģ¯ULħ�R�H[SHULPHQW£OQH�SRGPLHQN\��&׿��Expe-
rimental Conditions�� D�SRPRFQ«� WHµULH� ��Auxiliary Theories���SUHGVWDYXM¼FH׿�$�
VS¶VRE\� WHVWRYDQLD� K\SRW«]\� D� ]DNODGDM¼FH� VD� QD� ]£NODGQ¿FK� ]QDORVWLDFK�� NWRU«�
YHGFL�]¯VNDYDM¼�SRÏDV�GOKRURÏQ«KR�ģW¼GLD��9�MHGQRGXFKRP�+�'�PRGHOL�Y\WY£�
UDPH�]�K\SRW«]\�GHGXNFLRX�SUHGLNFLH��NWRU«�V¼�SUHGPHWRP�WHVWRYDQLD��3ODW¯�WH�
GD��DN�H��K\SRW«]D���WDN�p��SUHGLNFLD���9�PRGHOL�URģ¯UHQRP�R��$��D��&��]YDŀX�
MHPH� DM� WHRUHWLFN«� GHWDLO\� VS¶VREX� Y\WY£UDQLD� SUHGLNFL¯� D� SUDNWLFN¿FK� GHWDLORY�
XVNXWRÏĊRYDQLD� H[SHULPHQWX��NWRU«�SUHGVWDYXM¼� ]£VDGQ«�SUYN\�NDŀG«KR�YHGHF�
N«KR�WHVWRYDQLD��9�WDNRP�SU¯SDGH�S�QDGRE¼GD�SRGREX��؊S� �DN�&��D�&��D�&��D�ؒ��
WDN�(؈��V�������NGH�(�SUHGVWDYXMH�RÏDN£YDQ¿�Y¿VOHGRN�H[SHULPHQWX�D�+�'�SUH�
PLVD�VD�PHQ¯�QD��؊DN�+�D�$��D�$��D�$��D�ؒ��WDN�S؈��V�������'HILQLW¯YQD�SRGRED�
+�'�SUHPLV\�P£�SRWRP�IRUPX��

� $N��+�D�$��D�$��D�$��D�ؒ���WDN��DN�&��D�&��D�&��D�ؒ��WDN�(���

�VXGRN�]DFK\W£YDM¼FL�WHVWRYDQLH�SUHGLNFLH��NWRU£�VD�XN£ŀH�QHSUDYGLY£��P£�IRUPX��

� $N��+�D�$��D�$��D�$��D�ؒ���WDN��DN�&��D�&��D�&��D�ؒ��WDN�(�� �+�'�SUHPLVD��
� QLH�(� � � �HPSLULFN£�SUHPLVD��
� ������������������������
� QLH��+�D�$��D�$��D�$��Dؒ�&��D�&��D�&��D�ؒ��

� /RJLFN£�ģWUXNW¼UD�WHMWR�¼VXGNRYHM�VFK«P\�XND]XMH��ŀH�QDSULHN�QHSUDYGLYRVWL�
SUHGLNFLH�QHP¶ŀHPH�SRYDŀRYDħ�K\SRW«]X�]D�GHILQLW¯YQH�Y\YU£WHQ¼��NHÑŀH�FK\ED�
PRKOD�QDVWDħ�NGHNRĀYHN�Y�GOKRP�UHħD]FL�SRPRFQ¿FK�WHµUL¯�D�H[SHULPHQW£OQ\FK�
SRGPLHQRN��0XV¯PH�EUDħ�GR�¼YDK\�DM�]£VDGQ¿�UR]GLHO�PHG]L�H[SHULPHQW£OQ\PL�
SRGPLHQNDPL� D� SRPRFQ¿PL� WHµULDPL�� NHÑŀH� SUY«� ]�QLFK� P¶ŀHPH� SR]RURYDħ��
D�WDN�SRGURELħ�NRQWUROH�LFK�VSOQHQLD��N¿P�VNXWRÏQRVWL�RS¯VDQ«�SRPRFQ¿PL�WHµ�
ULDPL� V¼� QHSR]RURYDWHĀQ«� D� LFK� SUDYGLYRVħ� P¶ŀHPH� RYHULħ� MHGLQH� QHSULDPR��
3UHWR�K\SRW«]\�QHP¶ŀHPH�WHVWRYDħ�SULDPR��ÏR�SRWYUG]XMH�YHWX�FLWRYDQ¼�Y�¼YR�
GH��(PSLULFN«�WHVWRYDQLH�WHGD�QHSUHGVWDYXMH�GRVWDWRÏQ¿�Q£VWURM�QD�XUÏHQLH�SUDY�
GLYRVWL�K\SRW«]\��5R]KRGQH�YģDN�QLH�MH�]E\WRÏQ«��SU£YH�QDRSDN��XPRŀĊXMH�Q£P�
SUHKRGQRWLħ�YģHWN\�DVSHNW\��NWRU«�PRKOL�]O\KDħ�D�XVLORYDħ�VD�R�LFK�Q£SUDYX��3H�
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WHU�.RVVR�Y�]£YHUH�NDSLWRO\�Y¿VWLŀQH�NRQģWDWXMH��؊9HGHFN£�PHWµGD�MH�]DORŀHQ£�QD�
HYLGHQFLL�D�ORJLNH��DOH�GHWDLO\�HPSLULFN«KR�WHVWRYDQLD�XND]XM¼��ŀH�DQL�HYLGHQFLD��
DQL�ORJLND�VDP\�QHULHģLD�RW£]NX��NWRU«�WHµULH�V¼�SUDYGHSRGREQH�SUDYGLY«�D�NWRU«�
QHSUDYGLY«��2�ÏR�LQ«�WHGD�LGH"؈��V������
� .DSLWROD�V�Q£]YRP�6LHħ�SR]QDQLD��7KH�1HWZRUN�RI�.QRZOHGJH��Y\VYHWĀXMH�DX�
WRURYX�]£NODGQ¼�P\ģOLHQNX�R�NRKHUHQFLL�HPSLULFN«KR�D�WHRUHWLFN«KR�YR�YHGHF�
NRP�SR]QDQ¯��%HŀQH�MH�]Q£PH��ŀH�YHGHFN£�PHWµGD�VD�PXV¯�]DNODGDħ�QD�H[SHUL�
PHQW£OQHM�ÏLQQRVWL�DM�WHRUHWLFNHM�SU£FL��2ELGYH�PXVLD�E\ħ�Y�V¼ODGH�D�QHWROHUXM¼�
VD�ŀLDGQH�UR]SRU\��؊1DM]£NODGQHMģLD�SRŀLDGDYND�V¼GUŀQRVWL� MH� ORJLFN£�NRQ]LVWHQ�
FLD��6LHħ�YHGHFN¿FK�SR]QDWNRY�QHP¶ŀH�WROHURYDħ�UR]SRUؒ�5R]SRU�QHPRŀQR�LJ�
QRURYDħ؈��V�������
� 2NUHP�NRQ]LVWHQFLH�YHGHFN¿FK�WYUGHQ¯� MH�QXWQ£�DM� LFK�NRRSHU£FLD��1HVWDÏ¯��
ŀH� V¼� YR� Y]£MRPQHM� ]KRGH�� ]£VDGQ¿PL� V¼� DM� Y]ħDK\�� NWRU«�PHG]L� VHERX�PDM¼��
3RPRFRX�WHRUHWLFN¿FK�Y¿SRYHG¯�Y\VYHWĀXMHPH�QDģH�SR]RURYDQLD�DM�LQ«�WHRUHWLFN«�
WYUGHQLD��DNR�MH�XYHGHQ«�Y�SUHGFK£G]DM¼FHM�NDSLWROH��NGH�SRPRFQ«�WHµULH�]RKU£�
YDOL�Y¿]QDPQ¼�¼ORKX�SUL�]¯VNDYDQ¯�HYLGHQFLH�LQHM��WHVWRYDQHM�WHµULH��
� .RQH[LH�PHG]L�YHGHFN¿PL�LGHDPL�PDM¼�UR]OLÏQ¼�SRYDKX�D�FKDUDNWHU�D�V¼�QH�
Y\KQXWQ¿P� SUHGSRNODGRP� IXQJRYDQLD� YHG\� DNR� NRPSOH[QHM� ģWUXNW¼U\�� 2� WHMWR�
VNXWRÏQRVWL�VYHGÏ¯�DM�IDNW��QD�NWRU¿�DXWRU�XSR]RUĊXMH��ŀH�YHGHFN«�SXEOLN£FLH�PDM¼�
VSUDYLGOD�YLDF�QHŀ�MHGQ«KR�DXWRUD��3RNLDĀ�PQRŀVWYR�RGERUQ¿FK�]QDORVW¯�NRQYHUJX�
MH�N�VSRORÏQ«PX�]£YHUX��GLVSRQXMHPH�GREU¿P�G¶YRGRP��DE\�VPH�WDN«PXWR�]£YH�
UX�G¶YHURYDOL��9HGHFN¿�SRVWXS�MH�G\QDPLFN¿�SURFHV�PHG]L�WHµULDPL�QDY]£MRP�ÏL�
WHµULRX�D�SR]RURYDQ¯P��$N�VD�K\SRW«]D�XVW£OL�Y�VLHWL�؊YHGHFN«KR�SR]QDQLD��P£�
PH�VW£OH�OHSģ¯�G¶YRG�YHULħ��ŀH�MH�SUDYGLY£��7RWR�MH�YHGHFN£�PHWµGD؈��V�������
� 9�SUHGSRVOHGQHM�NDSLWROH��Scientific Change��DXWRU�YHQXMH�SR]RUQRVħ�]PHQ£P�
YR�YHGH��9R�YģHREHFQRVWL�PRŀQR�NRQģWDWRYDħ��ŀH�.RVVR�V¼KODV¯�V�.XKQRYRX�NRQ�
FHSFLRX��SUHGVWDYHQRX�SUHGRYģHWN¿P�Y�MHKR�VO£YQHM�SXEOLN£FLL�ĢWUXNW¼UD�YHGHFN¿FK�
UHYRO¼FL¯��1D�GUXKHM�VWUDQH�YSO\Y�SDUDGLJP\�SRGĀD�QHKR�.XKQ�SUHFHĊXMH��=G¶UD]�
QLOL�VPH�Xŀ�WR��ŀH�YHGD�QLH�MH�VWDWLFN¿��DOH�G\QDPLFN¿��QHXVW£OH�VD�Y\Y¯MDM¼FL�V\VW«P��
ÏRKR�VL�MHM�DNW«UL�SOQH�XYHGRPXM¼��$E\�EROR�PRŀQ«�XGUŀDħ�SURJUHV�YHG\��PXV¯�MHM�
PHWµGD� REVDKRYDħ� PHFKDQL]PXV� XPRŀĊXM¼FL� ]PHQX� VS¶VRERP�� NWRU¿� ]Y\ģXMH�
SUDYGHSRGREQRVħ�SUDYGLYRVWL�MHM�Y¿VOHGNRY�D�QLH�QDRSDN��9�GHMLQ£FK�YHG\�VD�RGR�
KUDOR�Xŀ�QLHNRĀNR� Y¿]QDPQ¿FK�NYDOLWDW¯YQ\FK� ]PLHQ�� NWRU«�SUHGVWDYRYDOL� ]PHQX�
MHGQHM� SDUDGLJP\�QD� LQ¼��7R�� ÏR�.XKQ�QD]¿YD�SDUDGLJPRX�� MH� ؊VLHħ� ]£NODGQ¿FK�
]QDORVW¯��RSLVQ¿FK�NDWHJµUL¯��RGERUQ«KR�MD]\ND��H[SHULPHQW£OQ\FK�]£VDG�DWÑؒ؈��V��
����� %H]� WRKR� YHGD� QHP¶ŀH� H[LVWRYDħ�� 3UHGSRNODG� VWDELOQ«KR� ]£NODGX� MH� QHY\�
KQXWQ¿�Xŀ�OHQ�]�G¶YRGX�Y]£MRPQHM�NRPXQLN£FLH�YHGHFN¿FK�SUDFRYQ¯NRY�D�LFK�VSR�
OXSU£FH��3RNLDĀ�E\�VPH�QHKRYRULOL�URYQDN¿P�MD]\NRP��GLVSRQRYDOL�RGOLģQ¿PL�WHR�
UHWLFN¿PL� ]QDORVħDPL� D� VN¼VHQRVħRX��QHPRKOL�E\� VPH�YHGX�Y¶EHF�SHVWRYDħ��3UL�
SRKĀDGH�]�RSDÏQHM�SHUVSHNW¯Y\�؊QHP¶ŀHPH�LJQRURYDħ�QHXUÏLWRVħ�V¼ÏDVQ¿FK�YHGHF�
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N¿FK�SUHVYHGÏHQ¯؈��V�������0XV¯PH�PDħ�YŀG\�QD�SDP¦WL��ŀH�QDģH�SR]QDQLH�QLH� MH�
GHILQLW¯YQH�D�E\ħ�QHXVW£OH�RWYRUHQ¯� MHKR�PRŀQHM� UHY¯]LL� VS¶VRERYDQHM�SHUPDQHQ�
WQ¿P�Q£UDVWRP�UR]VDKX�Q£ģKR�SR]QDQLD���
� 9�]£YHUHÏQHM�NDSLWROH� �Scientific Understanding�� VD�SR]RUQRVħ�YHQXMH�YHGHF�
N«PX�FK£SDQLX��3R]QDQLH�VDP«�HģWH�QLH� MH�]£UXNRX�SRUR]XPHQLD�IDNWRP��NWR�
U¿PL� GLVSRQXMHPH�� $N� FKFHPH� SU¯URGH� UR]XPLHħ��PXVLD� YģHWN\� MHM� WHRUHWLFN\�
RS¯VDQ«�ÏDVWL�Y\WY£UDħ�DN¼VL�PR]DLNX��.RVVR�Y\FK£G]D�]�SRURYQDQLD�YHG\�D�XPH�
QLD��.U£VD� XPHOHFN«KR�GLHOD� WRWLŀ� QHVSRÏ¯YD� Y�GRNRQDORP�SUHYHGHQ¯� MHKR� MHG�
QRWOLY¿FK�ÏDVW¯��DOH�Y�LFK�Y]£MRPQHM�V¼KUH��+DUPRQLFN«�]ODGHQLH�ÏDVW¯�Y�FHORN�MH�
NULW«ULRP�NU£V\�� ,QDN� WRPX�QLH� MH�DQL�YR�YHGH�� ؊ؒYHGHFN«�SRUR]XPHQLH� V¼YLV¯�
V�NU£VRX��2EH�VD�GRVDKXM¼�LED�Y�VWDURVWOLYRP�]Y£ŀHQ¯�Y]ħDKRY�D�V¼ODGRP�PHG]L�
ÏDVħDPL؈� �V�� ����� 1DSULHN� WRPX�� ŀH� V�SRUR]XPHQ¯P� VD� VWUHW£YDPH� ÏDVWHMģLH�
Y�VSRORÏHQVN¿FK�YHG£FK��Y\Xŀ¯YDM¼FLFK�DNR�VYRMX�PHWµGX�QD�WHQWR�¼ÏHO�KHUPH�
QHXWLNX��NRQFHSWX£OQH�GRFK£G]D�N�REGREQ«PX�SURFHVX�DM�Y�SU¯URGQ¿FK�YHG£FK��
SUREOHPDWL]XM¼FLFK�RGOLģQ«�SUHGPHW\�ÏL�DVSHNW\�VYHWD��.DŀG¿�MHGQRWOLY¿�V\PERO��
P\ģOLHQND�ÏL� DNW�P£�Y¿]QDP� OHQ�Y�ģLUģRP�NRQWH[WH��GR�NWRU«KR�KR�VLWXXMHPH��
2VYH�V¼�YģHWN\�EH]�Y¿]QDPX��SUHWRŀH�EH]�Y]ħDKX�N�LQ«PX�LFK�QHPRŀQR�Y\PH�
G]Lħ�DQL�GHILQRYDħ��؊3RUR]XPHQLH�]£YLV¯�RG�NRKHUHQFLH؈��V�������=QDNRP�SRUR�
]XPHQLD� MH� NRUHģSRQGHQFLD� WHRUHWLFN¿FK� WYUGHQ¯� ]DSDGDM¼FLFK�GR� VLHWH� XWNDQHM�
]�PQRŀVWYD�SUHGFK£G]DM¼FLFK�SR]QDWNRY��
� $N�WR�]KUQLHPH��3HWHU�.RVVR�YQ¯PD�YHGX�DNR�XFHOHQ¼��QR�IOH[LELOQ¼�VLHħ�SR�
]QDWNRY��VSRORÏHQVN¿�IHQRP«Q�D�]£OHŀLWRVħ�UR]VLDKOHM�VNXSLQ\�ģSHFL£OQH�WHRUHWLFN\��
DOH� DM� SUDNWLFN\� Y\EDYHQ¿FK� MHGLQFRY�� ]�NWRU¿FK� NDŀG¿� SULVSLHYD� VYRM¯P� N¼VNRP�
SU£FH�N�FHONRYHM�Y¿VWDYEH�S¿FK\�]£SDGQHM�FLYLOL]£FLH��1LHNWR�VFKRSQRVħRX�Y\WY£UDħ�
K\SRW«]\��LQ¿�LFK�WHVWRYDQ¯P�D�ÑDOģ¯�SRFK\ERYDQ¯P�D�Q£VOHGQ¿P�XVNXWRÏĊRYDQ¯P�
SRWUHEQ¿FK�UHY¯]L¯�QD�VSXVWHQLH�RS¦WRYQ«KR�SURFHVX�WHVWRYDQLD��7DNWR�VW£OH�GRNR�
OD��DE\�VPH�EROL�]DNDŀG¿P�R�NURN�EOLŀģLH�N�RGSRYHGLDP�QD�RW£]N\��NWRU«�Y\YVW£YDM¼�
V�NDŀGRX� QRYRX� VN¼VHQRVħRX�� 9HGD� QHSRVN\WXMH� GHILQLW¯YQH� SR]QDQLH�� MH� SURFH�
VRP��DOH�G£YD�Q£P�GREU«�G¶YRG\��DE\�VPH�YHULOL�MHM�]£YHURP��0\VO¯PH�VL��ŀH�WDN¿WR�
SRVWRM� MH� Y]KĀDGRP�QD� V¼ÏDVQ¿�� DOH� DM�PLQXO¿� VWDY� YHG\� DNFHSWRYDWHĀQ¿� D� YÑDND�
ģW¿OX�� DNR� VD� Y�SU£FL� DUWLNXOXMH��SUHGVWDYXMH�SXEOLN£FLD� MHGHQ� ]�P£OD�SU¯VWXSQ¿FK��
QR� ]£URYHĊ� RGERUQH� IXQGRYDQ¿FK� Y¿NODGRY� R�PHWµGH� XSODWĊRYDQHM� YR� YHGHFNHM�
SUD[L�SUH�QH]DLQWHUHVRYDQ«KR�ÏLWDWHĀD� DM� ģWXGHQWD�NWRUHMNRĀYHN�SU¯URGQHM� YHG\�ÏL�
ILOR]RILH� �YHG\��� 3XEOLN£FLX� RGSRU¼ÏDPH� QDMP¦� ]DÏ¯QDM¼FLP� ģWXGHQWRP� GRNWR�
UDQGVN«KR�ģW¼GLD�VR�]£XMPRP�R�WHRUHWLFN«�DVSHNW\�YHG\��
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