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 SELF-LOCATING BELIEF IN BIG WORLDS: COSMOLOGY'S
 MISSING LINK TO OBSERVATION*

 Sace LV bLg. IW LV YeU\, YeU\ bLg. OQ Whe cXUUeQWO\ PRVW faYRUed
 cRVPRORgLcaO WheRULeV, Ze aUe OLYLQg LQ aQ LQfLQLWe ZRUOd, a
 ZRUOd WhaW cRQWaLQV aQ LQfLQLWe QXPbeU Rf SOaQeWV, VWaUV, gaOa[-

 LeV, aQd bOacN hROeV. ThLV LV aQ LPSOLcaWLRQ Rf PRVW "PXOWLYeUVe
 WheRULeV," accRUdLQg WR ZhLch RXU XQLYeUVe LV MXVW RQe LQ a YaVW
 eQVePbOe Rf Sh\VLcaOO\ UeaO XQLYeUVeV. BXW LW LV aOVR a cRQVeTXeQce Rf
 Whe VWaQdaUd BLg BaQg cRVPRORg\, Lf cRPbLQed ZLWh Whe aVVXPSWLRQ
 WhaW RXU XQLYeUVe LV RSeQ RU fOaW, aV UeceQW eYLdeQce VXggeVWV LW LV. AQ

 RSeQ RU fOaW XQLYeUVe-aVVXPLQg Whe VLPSOeVW WRSRORg\O--LV VSaWLaOO\
 LQfLQLWe aW aQ\ WLPe aQd cRQWaLQV LQfLQLWeO\ PaQ\ SOaQeWV, aQd Whe
 OLNe.2

 * I aP gUaWefXO fRU YaOXabOe cRPPeQWV fURP CUaLg CaOOeQdeU, MLOaQ CLUNRYLc,
 AdaP EOga, CROLQ HRZVRQ, JRhQ LeVOLe, PeWeU MLOQe, DRQ Page, EOOLRWW SRbeU, AOe[
 VLOeQNLQ, aQd RRgeU WhLWe.

 1 ThaW LV, WhaW VSace LV VLPSO\ cRQQecWed. TheUe haV beeQ a UeceQW bXUVW Rf LQWeUeVW
 LQ Whe SRVVLbLOLW\ WhaW RXU XQLYeUVe PLghW be PXOWLSO\ cRQQecWed, LQ ZhLch caVe LW
 cRXOd be bRWh fLQLWe aQd h\SeUbROLc. A PXOWLSO\ cRQQecWed VSace cRXOd Oead WR a
 WeOOWaOe SaWWeUQ cRQVLVWLQg Rf a VXSeUSRVLWLRQ Rf PXOWLSOe LPageV Rf Whe QLghW VN\ VeeQ
 aW YaU\LQg dLVWaQceV fURP EaUWh (URXghO\, RQe LPage fRU each OaS aURXQd Whe
 XQLYeUVe WhaW Whe OLghW haV WUaYeOed). SXch a SaWWeUQ haV QRW beeQ fRXQd, aOWhRXgh
 Whe VeaUch cRQWLQXeV. FRU aQ LQWURdXcWLRQ WR PXOWLSO\ cRQQecWed WRSRORgLeV LQ
 cRVPRORg\, Vee M. LachLb]e-Re\ aQd J.-P. LXPLQeW, "CRVPLc TRSRORg\," Ph\VLcV
 ReSRUWV, CCLIV, 3 (1995): 135-214.
 2 A ZLdeVSUead PLVcRQceSWLRQ LV WhaW Whe RSeQ XQLYeUVe LQ Whe VWaQdaUd BLg BaQg

 PRdeO becRPeV VSaWLaOO\ LQfLQLWe RQO\ LQ Whe WePSRUaO OLPLW. The RbVeUYabOe XQLYeUVe
 LV fLQLWe, bXW RQO\ a VPaOO SaUW Rf Whe ZhROe LV RbVeUYabOe (b\ XV). OQe faOOacLRXV
 LQWXLWLRQ WhaW PLghW be UeVSRQVLbOe fRU WhLV PLVcRQceSWLRQ LV WhaW Whe XQLYeUVe caPe
 LQWR e[LVWeQce aW VRPe VSaWLaO SRLQW LQ Whe BLg BaQg. A beWWeU Za\ Rf SLcWXULQg WhLQgV
 LV WR LPagLQe VSace aV aQ LQfLQLWe UXbbeU VheeW, aQd gUaYLWaWLRQaOO\ bRXQd gURXSLQgV
 (VXch aV VWaUV aQd gaOa[LeV) aV bXWWRQV gOXed RQ WR LW. AV Ze PRYe fRUZaUd LQ WLPe,
 Whe VheeW LV VWUeWched LQ aOO dLUecWLRQV VR WhaW Whe VeSaUaWLRQ beWZeeQ Whe bXWWRQV
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 PhLORVRShLcaO LQYeVWLgaWLRQV UeOaWLQg WR Whe YaVWQeVV Rf Whe cRVPRV
 haYe fRcXVed RQ Whe fLQe-WXQLQg Rf RXU XQLYeUVe. 'FLQe-WXQLQg' UefeUV
 WR Whe aOOeged facW WhaW Whe OaZV Rf Sh\VLcV aUe VXch WhaW, Lf aQ\ Rf
 VeYeUaO Sh\VLcaO cRQVWaQWV had beeQ eYeQ VOLghWO\ dLffeUeQW, WheQ OLfe
 ZRXOd QRW haYe e[LVWed. A ShLORVRShLcaO cRWWage LQdXVWU\ haV aULVeQ
 fURP Whe cRQWURYeUVLeV VXUURXQdLQg LVVXeV, VXch aV ZheWheU fLQe-
 WXQLQg LV LQ VRPe VeQVe "LPSURbabOe," ZheWheU LW VhRXOd be UegaUded
 aV VXUSULVLQg,3 ZheWheU LW caOOV RXW fRU e[SOaQaWLRQ (aQd Lf VR ZheWheU
 a PXOWLYeUVe WheRU\ cRXOd e[SOaLQ LW),4 ZheWheU LW VXggeVWV Za\V LQ
 ZhLch cXUUeQW Sh\VLcV LV LQcRPSOeWe," RU ZheWheU LW LV eYLdeQce fRU Whe
 h\SRWheVLV WhaW RXU XQLYeUVe ZaV deVLgQed."

 HeUe, I ZLVh LQVWead WR addUeVV a PRUe fXQdaPeQWaO SURbOeP: HRZ
 caQ YaVW-ZRUOd cRVPRORgLeV haYe aQ\ RbVeUYaWLRQaO cRQVeTXeQceV aW
 aOO? I VhaOO VhRZ WhaW WheVe cRVPRORgLeV LPSO\, RU gLYe a YeU\ hLgh
 SURbabLOLW\ WR, Whe SURSRVLWLRQ WhaW eYeU\ SRVVLbOe RbVeUYaWLRQ LV LQ
 facW Pade. ThLV cUeaWeV a chaOOeQge: If a WheRU\ LV VXch WhaW fRU aQ\
 SRVVLbOe hXPaQ RbVeUYaWLRQ WhaW Ze VSecLf\, Whe WheRU\ Va\V WhaW WhaW
 RbVeUYaWLRQ ZLOO be Pade, WheQ hRZ dR Ze WeVW Whe WheRU\? WhaW cRXOd
 SRVVLbO\ cRXQW aV QegaWLYe eYLdeQce? AQd Lf aOO WheRULeV WhaW VhaUe WhLV
 feaWXUe aUe eTXaOO\ gRRd aW SUedLcWLQg Whe daWa Ze VhaOO geW, WheQ hRZ
 caQ ePSLULcaO eYLdeQce dLVWLQgXLVh aPRQg WheP?
 I caOO WhLV a "chaOOeQge," becaXVe cXUUeQW cRVPRORgLcaO WheRULeV

 cOeaUO\ dR haYe cRQQecWLRQV WR RbVeUYaWLRQ. CRVPRORgLVWV aUe cRQ-
 VWaQWO\ PRdLf\LQg aQd UefLQLQg WheRULeV LQ OLghW Rf ePSLULcaO fLQdLQgV,
 aQd Whe\ aUe SUeVXPabO\ QRW LUUaWLRQaO LQ dRLQg VR. BXW LW LV a
 ShLORVRShLcaO SURbOeP WR accRXQW fRU hRZ WhLV LV SRVVLbOe.

 OQe OeVVRQ WhaW ZLOO ePeUge LV WhaW Ze PXVW be caUefXO abRXW hRZ
 Ze cRQVWUXe Whe eYLdeQce. We NQRZ QRW RQO\ WhaW VXch-aQd-VXch

 LQcUeaVeV. GRLQg bacNZaUd LQ WLPe, Ze LPagLQe Whe bXWWRQV cRPLQg cORVeU WRgeWheU
 XQWLO, aW "WLPe ]eUR," Whe deQVLW\ Rf Whe (VWLOO VSaWLaOO\ LQfLQLWe) XQLYeUVe becRPeV
 LQfLQLWe eYeU\ZheUe. See, fRU e[aPSOe, J. L. MaUWLQ, GeQeUaO ReOaWLYLW\ (NeZ YRUN:
 PUeQWLce HaOO, 1995).

 3 FRU e[aPSOe, JRhQ EaUPaQ, "The SAP AOVR RLVeV: A CULWLcaO E[aPLQaWLRQ Rf Whe
 AQWhURSLc PULQcLSOe," PhLORVRShLcaO QXaUWeUO\, [[IY, 4 (1987): 307-17; JRhQ LeVOLe,
 UQLYeUVeV (NeZ YRUN: RRXWOedge, 1989).
 4 FRU e[aPSOe, QXeQWLQ SPLWh, "AQWhURSLc E[SOaQaWLRQV LQ CRVPRORg\," AXVWUaOa-

 VLaQ JRXUQaO Rf PhLORVRSh\, LXXII, 3 (1994): 371-82; OaQ HacNLQg, "The IQYeUVe
 GaPbOeU'V FaOOac\: The AUgXPeQW fURP DeVLgQ: The AQWhURSLc PULQcLSOe ASSOLed WR
 WheeOeU UQLYeUVeV," MLQd, LXXVI (1987): 331-40.

 5 FRU e[aPSOe, EUQaQ McMXOOLQ, "IQdLffeUeQce PULQcLSOe aQd AQWhURSLc PULQcLSOe
 LQ CRVPRORg\," SWXdLeV LQ HLVWRU\ aQd PhLORVRSh\ Rf ScLeQce, [[LY, 3 (1993): 359-89.

 6 FRU e[aPSOe, RLchaUd SZLQbXUQe, "AUgXPeQW fURP Whe FLQe-WXQLQg Rf Whe
 UQLYeUVe," LQ LeVOLe, ed., Ph\VLcaO CRVPRORg\ aQd PhLORVRSh\ (NeZ YRUN: MacPLOOaQ,
 1990), SS. 154-73.
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 RbVeUYaWLRQV aUe Pade (ZhLch I VhaOO VhRZ LV LPSRWeQW aV a baVLV fRU
 eYaOXaWLQg BLg WRUOd WheRULeV): Ze aOVR NQRZ WhaW VXch-aQd-VXch
 RbVeUYaWLRQV aUe Pade b\ XV. ThLV LQde[LcaO de Ve cRPSRQeQW Rf RXU
 eYLdeQce WXUQV RXW WR be cUXcLaO WR cRVPRORg\, aQd UecRgQL]LQg WhLV LV
 Whe fLUVW VWeS WR Whe VROXWLRQ I VhaOO SURSRVe.
 The VecRQd VWeS LV WR fRUPXOaWe a QeZ PeWhRdRORgLcaO SULQcLSOe

 WhaW deVcULbeV Whe SURbabLOLVWLc eYLdeQWLaO beaULQg Rf (SaUWO\) LQde[L-
 caO LQfRUPaWLRQ RQ QRQLQde[LcaO h\SRWheVeV.
 WLWh Whe e[SaQded eYLdeQce baVe aQd Whe QeZ UXOe, Ze caQ e[SOaLQ

 hRZ BLg WRUOd WheRULeV aUe WeVWabOe. I VhaOO aOVR hLQW aW hRZ Whe
 eSLVWePRORgLcaO WheRU\ RXWOLQed heUe LV XVefXO LQ RWheU aUeaV Rf
 ShLORVRSh\ aQd VcLeQWLfLc PeWhRdRORg\.

 BXW fLUVW, OeW XV VWXd\ LQ PRUe deWaLO hRZ WhLQgV gR ZURQg Lf Ze
 cRQVWUXe Whe eYLdeQce QRQLQde[LcaOO\, LQ Whe fRUP 'SXch-aQd-VXch aQ
 RbVeUYaWLRQ LV Pade'. We caQ be geQeURXV aQd WaNe 'aQ RbVeUYaWLRQ'
 LQ a bURad VeQVe WR LQcOXde Whe WRWaO SheQRPeQRORgLcaO cRQWeQW
 SUeVeQW LQ Whe RbVeUYeU'V PLQd. We dR QRW, hRZeYeU, aW WhLV VWage WaNe
 'RbVeUYLQg' aV a VXcceVV YeUb, LPSO\LQg Whe YeUacLW\ Rf RbVeUYaWLRQV;
 bXW UaWheU, Ze aVVXPe aQ LQWeUQaO UeadLQg Rf Whe eYLdeQce. ThLV
 aVVXPSWLRQ ZLOO OaWeU be UeOa[ed.

 I. THE CONUNDRUM

 CRQVLdeU a UaQdRP SheQRPeQRQ, fRU LQVWaQce, HaZNLQg UadLaWLRQ.
 WheQ bOacN hROeV eYaSRUaWe, Whe\ dR VR LQ a UaQdRP PaQQeU VXch
 WhaW, fRU aQ\ gLYeQ Sh\VLcaO RbMecW, WheUe LV a fLQLWe (aOWhRXgh e[-
 WUePeO\ VPaOO) SURbabLOLW\ WhaW LW ZLOO be ePLWWed b\ aQ\ gLYeQ bOacN
 hROe LQ a gLYeQ WLPe LQWeUYaO. SXch WhLQgV aV bRRWV, cRPSXWeUV, RU
 ecRV\VWePV haYe VRPe fLQLWe SURbabLOLW\ Rf SRSSLQg RXW fURP a bOacN
 hROe. The VaPe hROdV WUXe, Rf cRXUVe, fRU hXPaQ bRdLeV aQd hXPaQ

 bUaLQV LQ SaUWLcXOaU VWaWeV.' AVVXPLQg WhaW PeQWaO VWaWeV VXSeUYeQe RQ
 bUaLQ VWaWeV, WheUe LV WhXV a fLQLWe SURbabLOLW\ WhaW a bOacN hROe ZLOO
 SURdXce a bUaLQ LQ a VWaWe Rf PaNLQg aQ\ gLYeQ RbVeUYaWLRQ. SRPe Rf
 Whe RbVeUYaWLRQV Pade b\ VXch bUaLQV ZLOO be LOOXVRU\ aQd VRPe ZLOO be
 WUXWhfXO. FRU e[aPSOe, VRPe bUaLQV SURdXced b\ bOacN hROeV ZLOO haYe
 Whe LOOXVRU\ e[SeULeQce Rf UeadLQg a PeaVXUePeQW deYLce WhaW dReV
 QRW e[LVW. OWheU bUaLQV, ZLWh Whe VaPe e[SeULeQceV, ZLOO be PaNLQg

 7 See, fRU e[aPSOe, S. W. HaZNLQg aQd W. IVUaeO, edV., GeQeUaO ReOaWLYLW\: AQ ELQVWeLQ
 CeQWeQaU\ SXUYe\ (NeZ YRUN: CaPbULdge, 1979): "[I]W LV SRVVLbOe fRU a bOacN hROe WR
 ePLW a WeOeYLVLRQ VeW RU ChaUOeV DaUZLQ" (S. 19). TR aYRLd PaNLQg a cRQWURYeUVLaO
 cOaLP abRXW SeUVRQaO LdeQWLW\, HaZNLQg aQd IVUaeO RXghW WR haYe ZeaNeQed WhLV WR
 "aQ e[acW UeSOLca Rf ChaUOeV DaUZLQ." BXW Vee aOVR GRUdRQ J. BeORW eW aO., "The
 HaZNLQg IQfRUPaWLRQ LRVV PaUadR[: The AQaWRP\ Rf a CRQWURYeUV\," BULWLVh JRXUQaO
 fRU Whe PhLORVRSh\ Rf ScLeQce, L, 2 (1999): 189-229.
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 YeULdLcaO RbVeUYaWLRQV-a PeaVXUePeQW deYLce Pa\ PaWeULaOL]e WR-
 geWheU ZLWh Whe bUaLQ aQd Pa\ haYe caXVed Whe bUaLQ WR PaNe Whe
 RbVeUYaWLRQ. BXW Whe SRLQW WhaW PaWWeUV heUe LV WhaW aQ\ RbVeUYaWLRQ
 Ze cRXOd PaNe haV a fLQLWe SURbabLOLW\ Rf beLQg SURdXced b\ aQ\ gLYeQ
 bOacN hROe.

 The SURbabLOLW\ Rf aQ\WhLQg PacURVcRSLc aQd RUgaQL]ed aSSeaULQg
 fURP a bOacN hROe LV Rf cRXUVe PLQXVcXOe. The SURbabLOLW\ Rf a gLYeQ
 cRQVcLRXV bUaLQ VWaWe beLQg cUeaWed LV WLQLeU VWLOO. YeW eYeQ a ORZ-
 SURbabLOLW\ RXWcRPe haV a hLgh SURbabLOLW\ Rf RccXUULQg Lf Whe UaQ-
 dRP SURceVV LV UeSeaWed RfWeQ eQRXgh. AQd WhaW LV SUecLVeO\ ZhaW
 haSSeQV LQ RXU ZRUOd, Lf Whe cRVPRV LV YeU\ YaVW. IQ Whe OLPLWLQg caVe
 ZheUe Whe cRVPRV cRQWaLQV aQ LQfLQLWe QXPbeU Rf bOacN hROeV, Whe

 SURbabLOLW\ Rf aQ\ gLYeQ RbVeUYaWLRQ beLQg Pade LV RQe.8
 TheUe aUe gRRd gURXQdV fRU beOLeYLQg WhaW RXU XQLYeUVe LV RSeQ RU

 fOaW aQd cRQWaLQV aQ LQfLQLWe QXPbeU Rf bOacN hROeV. TheUefRUe, Ze

 haYe UeaVRQ WR WhLQN WhaW aQ\ SRVVLbOe hXPaQ RbVeUYaWLRQ LV, LQ facW,
 LQVWaQWLaWed LQ Whe acWXaO ZRUOd.9 EYLdeQce fRU Whe e[LVWeQce Rf a
 PXOWLYeUVe ZRXOd RQO\ add fXUWheU VXSSRUW WR WhLV SURSRVLWLRQ.

 IW LV QRW QeceVVaU\ WR LQYRNe bOacN hROeV WR PaNe WhLV SRLQW. AQ\
 UaQdRP Sh\VLcaO SheQRPeQRQ ZRXOd dR. IW VeePV Ze dR QRW eYeQ
 haYe WR OLPLW Whe aUgXPeQW WR TXaQWXP fOXcWXaWLRQV. COaVVLcaO WheUPaO
 fOXcWXaWLRQV cRXOd, SUeVXPabO\, LQ SULQcLSOe Oead WR Whe PROecXOeV LQ
 a gaV cORXd cRQWaLQLQg Whe ULghW eOePeQWV WR VSRQWaQeRXVO\ bXPS
 LQWR each RWheU VR aV WR fRUP a bLRORgLcaO VWUXcWXUe VXch aV a hXPaQ
 bUaLQ.

 The SURbOeP LV WhaW LW VeePV LPSRVVLbOe WR geW aQ\ ePSLULcaO
 eYLdeQce WhaW cRXOd dLVWLQgXLVh beWZeeQ YaULRXV BLg WRUOd WheRULeV.
 FRU aQ\ RbVeUYaWLRQ Ze PaNe, aOO VXch WheRULeV aVVLgQ a SURbabLOLW\ Rf
 RQe WR Whe h\SRWheVLV WhaW WhaW RbVeUYaWLRQ LV Pade. ThaW PeaQV WhaW
 Whe facW WhaW Whe RbVeUYaWLRQ LV Pade LV QR UeaVRQ ZhaWeYeU fRU

 SUefeUULQg RQe Rf WheVe WheRULeV WR Whe RWheUV. E[SeULPeQWaO UeVXOWV
 aSSeaU WRWaOO\ LUUeOeYaQW.'0

 8 IQ facW, WheUe LV a SURbabLOLW\ Rf XQLW\ WhaW LQfLQLWeO\ PaQ\ WRNeQV Rf each
 RbVeUYaWLRQ W\Se ZLOO aSSeaU. BXW RQe Rf each VXffLceV fRU SUeVeQW SXUSRVeV.

 9 I UeVWULcW Whe aVVeUWLRQ WR hXPaQ RbVeUYaWLRQV LQ RUdeU WR aYRLd TXeVWLRQV aV WR
 ZheWheU WheUe Pa\ be RWheU NLQdV Rf SRVVLbOe RbVeUYaWLRQV WhaW SeUhaSV cRXOd haYe
 LQfLQLWe cRPSOe[LW\ RU be Rf VRPe aOLeQ RU dLYLQe QaWXUe WhaW dReV QRW VXSeUYeQe RQ
 VWXff WhaW LV ePLWWed fURP bOacN hROeV-VXch VWXff LV Sh\VLcaO aQd Rf fLQLWe VL]e aQd
 eQeUg\.

 10 SRPe cRVPRORgLVWV aUe UeceQWO\ becRPLQg aZaUe Rf Whe SURbOePaWLc WhaW WhLV
 SaSeU deVcULbeV-fRU e[aPSOe, A. VLOeQNLQ, "UQaPbLgXRXV PURbabLOLWLeV LQ aQ
 EWeUQaOO\ IQfOaWLQg UQLYeUVe," Ph\VLcaO ReYLeZ LeWWeUV, LXXXI (1998): 5501-04; A. LLQde
 aQd A. Me]hOXPLaQ, "OQ RegXOaUL]aWLRQ SchePe DeSeQdeQce Rf PUedLcWLRQV LQ
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 We caQ Vee WhLV fRUPaOO\ aV fROORZV. LeW B be Whe SURSRVLWLRQ WhaW Ze
 aUe LQ a BLg WRUOd, defLQed aV RQe WhaW LV bLg eQRXgh aQd UaQdRP
 eQRXgh WR PaNe LW hLghO\ SURbabOe WhaW eYeU\ SRVVLbOe hXPaQ RbVeU-
 YaWLRQ LV Pade. LeW T be VRPe WheRU\ WhaW LV cRPSaWLbOe ZLWh B, aQd
 OeW E be VRPe SURSRVLWLRQ aVVeUWLQg WhaW VRPe VSecLfLc RbVeUYaWLRQ LV
 Pade. LeW P be aQ eSLVWePLc SURbabLOLW\ fXQcWLRQ. Ba\eV'V WheRUeP
 VWaWeV WhaW

 P(TIE&B) = P(EI T&B)P(TIB)/P(EIB)

 IQ RUdeU WR deWeUPLQe ZheWheU E PaNeV a dLffeUeQce WR Whe SURbabLO-
 LW\ Rf T (UeOaWLYe WR Whe bacNgURXQd aVVXPSWLRQ B), Ze Qeed WR
 cRPSXWe Whe dLffeUeQce P( TIE&B) - P( TIB). B\ VRPe VLPSOe aOgebUa
 LW LV eaV\ WR Vee WhaW

 P( TIE&B) - P( TIB) * 0 Lf aQd RQO\ Lf P(EM T&B) - P(E B)

 ThLV PeaQV WhaW E ZLOO faLO WR gLYe ePSLULcaO VXSSRUW WR T (PRdXOR B)
 Lf E LV abRXW eTXaOO\ SURbabOe gLYeQ T&B aV LW LV gLYeQ B. We VaZ abRYe
 WhaW P(EM T&B) - P(EIB) a 1. CRQVeTXeQWO\, ZheWheU ELV WUXe RU faOVe
 LV LUUeOeYaQW fRU ZheWheU Ze VhRXOd beOLeYe LQ T, gLYeQ Ze NQRZ B.

 TR LOOXVWUaWe, OeW T2 be VRPe SeUYeUVe SeUPXWaWLRQ Rf aQ aVWURSh\V-
 LcaO WheRU\ T1 WhaW Ze acWXaOO\ ePbUace. T2 dLffeUV fURP Whe T1 b\
 aVVLgQLQg a dLffeUeQW YaOXe WR VRPe Sh\VLcaO cRQVWaQW. TR be VSecLfLc,
 OeW XV VXSSRVe WhaW T, Va\V WhaW Whe WePSeUaWXUe Rf Whe cRVPLc
 PLcURZaYe bacNgURXQd UadLaWLRQ LV abRXW 2.7 KeOYLQ (ZhLch LV Whe
 RbVeUYed YaOXe), ZheUeaV T2 Va\V LW LV, Va\, 3.1 K. SXSSRVe fXUWheUPRUe
 WhaW bRWh T1 aQd T2 LPSO\ WhaW Ze aUe OLYLQg LQ a BLg WRUOd. OQe

 ZRXOd haYe WhRXghW WhaW RXU e[SeULPeQWaO eYLdeQce faYRUV T1 RYeU T2.
 YeW Whe abRYe aUgXPeQW VeePV WR VhRZ WhaW WhLV YLeZ LV PLVWaNeQ. OXU
 RbVeUYaWLRQaO eYLdeQce VXSSRUWV T2 MXVW aV PXch aV T1. We UeaOO\ haYe
 QR UeaVRQ WR WhLQN WhaW Whe bacNgURXQd UadLaWLRQ LV 2.7 K UaWheU WhaQ
 3.1 K.

 II. IT IS NOT THE OLD POINT ABOUT UNDERDETERMINATION

 OF THEORY BY DATA

 AW fLUVW bOXVh, LW cRXOd VeeP aV Lf WhLV VLPSO\ UehaVheV Whe OeVVRQ, Pade
 faPLOLaU b\ PLeUUe DXheP aQd W. V. QXLQe," WhaW LW LV aOZa\V SRVVLbOe
 WR UeVcXe a WheRU\ fURP faOVLfLcaWLRQ b\ PRdLf\LQg VRPe aX[LOLaU\
 aVVXPSWLRQ, VR WhaW VWULcWO\ VSeaNLQg QR VcLeQWLfLc WheRU\ eYeU LPSOLeV

 IQfOaWLRQaU\ CRVPRORg\," Ph\VLcaO ReYLeZ D, LIII (1996): 4267-74. See aOVR LeVOLe,
 "TLPe aQd Whe AQWhURSLc PULQcLSOe," MLQd, cI, 403 (1992): 521-40.
 11 DXheP, The ALP aQd SWUXcWXUe Rf Ph\VLcaO TheRU\, PhLOLS P. WLeQeU, WUaQV. (PULQce-

 WRQ: UQLYeUVLW\ PUeVV, 1955); QXLQe, "TZR DRgPaV Rf EPSLULcLVP," PhLORVRShLcaO
 ReYLeZ, LX (1951): 20-43.
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 aQ\ RbVeUYaWLRQaO cRQVeTXeQceV. The abRYe aUgXPeQW ZRXOd WheQ
 PeUeO\ haYe SURYLded aQ LOOXVWUaWLRQ Rf hRZ WhLV geQeUaO UeVXOW aSSOLeV
 WR cRVPRORgLcaO WheRULeV. BXW WhLV ZRXOd be WR PLVV Whe SRLQW.

 If Whe aUgXPeQW gLYeQ abRYe LV cRUUecW, LW eVWabOLVheV a PXch PRUe
 UadLcaO cRQcOXVLRQ. IW SXUSRUWV WR VhRZ WhaW aOO BLg WRUOd WheRULeV aUe
 QRW RQO\ ORgLcaOO\ cRPSaWLbOe ZLWh aQ\ RbVeUYaWLRQaO eYLdeQce, bXW
 Whe\ aUe aOVR SeUfecWO\ SURbabLOLVWLcaOO\ cRPSaWLbOe. The\ aOO gLYe Whe VaPe
 cRQdLWLRQaO SURbabLOLW\ (QaPeO\, RQe) WR eYeU\ RbVeUYaWLRQ VWaWePeQW
 E defLQed aV abRYe. ThLV eQWaLOV WhaW QR VXch RbVeUYaWLRQ VWaWePeQW

 caQ haYe aQ\ beaULQg, ZheWheU ORgLcaO RU SURbabLOLVWLc, RQ ZheWheU Whe
 WheRU\ LV WUXe. If WhaW ZeUe Whe caVe, LW ZRXOd QRW VeeP ZRUWhZhLOe WR
 PaNe aVWURQRPLcaO RbVeUYaWLRQV Lf ZhaW Ze aUe LQWeUeVWed LQ LV deWeU-

 PLQLQg ZhLch BLg WRUOd WheRU\ WR faYRU. The RQO\ UeaVRQV Ze cRXOd
 haYe fRU chRRVLQg beWZeeQ VXch WheRULeV ZRXOd be eLWheU a SULRUL
 (VLPSOLcLW\, eOegaQce, aQd Whe OLNe) RU SUagPaWLc (VXch aV eaVe Rf
 caOcXOaWLRQ).

 NRU LV Whe aUgXPeQW PaNLQg Whe aQcLeQW VWaWePeQW WhaW hXPaQ
 eSLVWePLc facXOWLeV aUe faOOLbOe, WhaW Ze caQ QeYeU be ceUWaLQ WhaW Ze
 aUe QRW dUeaPLQg RU aUe bUaLQV LQ a YaW. NR, Whe SRLQW heUe LV QRW WhaW
 VXch LOOXVLRQV cRXOd RccXU, bXW UaWheU WhaW Ze haYe UeaVRQ WR beOLeYe

 WhaW Whe\ dR RccXU, QRW MXVW VRPe Rf WheP bXW aOO SRVVLbOe RQeV. IQ
 RWheU ZRUdV, Ze caQ be faLUO\ cRQfLdeQW WhaW Whe RbVeUYaWLRQV Ze
 PaNe, aORQg ZLWh aOO SRVVLbOe RbVeUYaWLRQV Ze cRXOd PaNe LQ Whe
 fXWXUe, aUe beLQg Pade b\ bUaLQV LQ YaWV aQd b\ hXPaQV WhaW haYe
 VSRQWaQeRXVO\ PaWeULaOL]ed fURP bOacN hROeV RU fURP WheUPaO fOXcWX-
 aWLRQV. The aUgXPeQW ZRXOd eQWaLO WhaW WhLV abXQdaQce Rf RbVeUYa-
 WLRQV PaNeV LW LPSRVVLbOe WR deULYe dLVWLQgXLVhLQg RbVeUYaWLRQaO
 cRQVeTXeQceV fURP cRQWePSRUaU\ cRVPRORgLcaO WheRULeV.

 III. THE CONCLUSION IS A REDUCTIO

 I WUXVW WhaW PRVW UeadeUV ZLOO fLQd WhLV cRQcOXVLRQ XQacceSWabOe.
 CRVPRORgLVWV ceUWaLQO\ aSSeaU WR be dRLQg e[SeULPeQWaO ZRUN aQd
 PRdLf\ WheLU WheRULeV LQ OLghW Rf QeZ ePSLULcaO fLQdLQgV. The COBE
 VaWeOOLWe, Whe HXbbOe SSace TeOeVcRSe, aQd RWheU deYLceV aUe VhRZeU-
 LQg XV ZLWh daWa WhaW haYe beeQ caXVLQg VRPeWhLQg Rf a UeQaLVVaQce LQ
 Whe ZRUOd Rf aVWURSh\VLcV LQ UeceQW \eaUV. YeW Whe aUgXPeQW deVcULbed
 abRYe ZRXOd VhRZ WhaW Whe ePSLULcaO LPSRUW Rf WhLV LQfRUPaWLRQ cRXOd
 QeYeU gR be\RQd Whe hXPbOe UROe Rf SURYLdLQg VXSSRUW fRU Whe
 h\SRWheVLV WhaW Ze aUe OLYLQg LQ a BLg WRUOd-fRU LQVWaQce, b\ VhRZLQg
 WhaW Whe XQLYeUVe LV RSeQ. NRWhLQg aSaUW fURP WhLV RQe facW cRXOd be
 OeaUQW fURP VXch RbVeUYaWLRQV. OQce Ze haYe eVWabOLVhed WhaW Whe

 XQLYeUVe LV RSeQ aQd LQfLQLWe, WheQ aQ\ fXUWheU ZRUN LQ RbVeUYaWLRQaO
 aVWURQRP\ ZRXOd be a ZaVWe Rf WLPe aQd PRQe\.
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 WRUVe VWLOO, Whe OeaN\ cRQQecWLRQ beWZeeQ WheRU\ aQd RbVeUYaWLRQ
 LQ cRVPRORg\ VSLOOV RYeU LQWR RWheU dRPaLQV. SLQce QRWhLQg hLQgeV RQ
 hRZ Ze defLQed TLQ Whe deULYaWLRQ abRYe, Whe aUgXPeQW caQ eaVLO\ be
 e[WeQded WR SURYe WhaW RbVeUYaWLRQ dReV QRW haYe a beaULQg RQ aQ\
 VcLeQWLfLc TXeVWLRQ VR ORQg aV Ze aVVXPe WhaW Ze aUe OLYLQg LQ a BLg
 WRUOd.12

 ThLV cRQVeTXeQce LV abVXUd, VR Ze VhRXOd ORRN fRU a Za\ WR PeQd
 Whe PeWhRdRORgLcaO SLSeOLQe aQd UeVWRUe Whe fORZ Rf WeVWabOe RbVeU-
 YaWLRQaO cRQVeTXeQceV fURP BLg WRUOd WheRULeV. HRZ caQ Ze dR WhaW?

 IV. GIVING UP THE INTERNAL CONSTRUAL OF 'OBSERVATION'

 DOES NOT SAVE US

 SXSSRVe Ze gLYe XS Whe LQWeUQaO cRQVWUXaO Rf 'RbVeUYaWLRQ' aQd LQ-
 VWead WaNe Whe WeUP aV a VXcceVV YeUb, VR WhaW RbVeUYLQg, Va\, a bOXe
 WabOe LPSOLeV WhaW WheUe LV a bOXe WabOe WhaW LV caXVaOO\ UeVSRQVLbOe fRU
 Whe RbVeUYaWLRQ. SXSSRVe fXUWheU WhaW Ze cRXSOe WhLV ZLWh Whe SRVWX-
 OaWLRQ WhaW Ze aUe eQWLWOed (aQd SeUhaSV eYeQ UeTXLUed) WR haYe a
 SULRU cUedeQce fXQcWLRQ WhaW VWURQgO\ faYRUV Whe h\SRWheVLV WhaW Ze fRU
 Whe PRVW SaUW UeaOO\ dR RbVeUYe (LQ Whe VXcceVV VeQVe) ZhaW LW VeePV WR
 XV WhaW Ze aUe RbVeUYLQg. TheQ LW PLghW aSSeaU aV Lf Ze haYe aQ e[LW
 fURP RXU SUedLcaPeQW. (AOWeUQaWLYeO\, Ze cRXOd fRUPXOaWe WhLV eVcaSe
 SOaQ b\ VWLcNLQg WR Whe RULgLQaO LQWeUQaO defLQLWLRQ Rf 'RbVeUYaWLRQ'
 aQd addLQg Whe SRVWXOaWe WhaW RXU SULRU cUedeQce fXQcWLRQV VhRXOd
 VWURQgO\ faYRU Whe YeULdLcaOLW\ Rf RXU RbVeUYaWLRQV.)
 EYeQ VeWWLQg aVLde fRXQdaWLRQaOLVW VcUXSOeV, hRZeYeU, Whe SURSRVed

 VROXWLRQ dReV QRW geW XV RXW Rf Whe SLcNOe.
 TR Vee WhLV, cRQVLdeU WhaW RbVeUYeUV aUe QRW Whe RQO\ WhLQgV WhaW

 haYe a fLQLWe SURbabLOLW\ Rf beLQg geQeUaWed LQ UaQdRP V\VWePV. OQ
 Whe VaPe gURXQd WhaW Ze VhRXOd e[SecW hXPaQ RbVeUYeUV LQ aOO
 SRVVLbOe VWaWeV WR be eMecWed fURP bOacN hROeV RU WR fRUP fURP YaVWO\
 LPSURbabOe WheUPaO fOXcWXaWLRQV, Ze VhRXOd aOVR e[SecW aOO Sh\VLcaOO\
 SRVVLbOe ORcaO eQYLURQPeQWV WR VSULQg fRUWh. SR QRW RQO\ aUe WheUe
 RbVeUYeUV haYLQg aOO VRUWV Rf LOOXVLRQV (Rf VeeLQg a bOXe WabOe RU Rf
 UeadLQg a PeaVXUePeQW aSSaUaWXV) bXW addLWLRQaOO\ WheUe aUe RbVeUY-
 eUV PaNLQg aOO VRUWV Rf YeULdLcaO RbVeUYaWLRQV (acWXaOO\ VeeLQg a bOXe
 WabOe RU UeadLQg Rff LQVWUXPeQWV LQ each Rf WheLU SRVVLbOe RXWSXW
 VWaWeV). CRQVeTXeQWO\, eYeQ Lf Ze aVVXPe RXU RbVeUYaWLRQV WR be
 YeULdLcaO, Ze aUe VWLOO OefW ZLWh Whe SURbOeP WhaW RXU cXUUeQW beVW
 WheRULeV gLYe SURbabLOLW\ RQe WR Whe e[LVWeQce Rf aOO SRVVLbOe VXch

 12 AQd ZeUe LW UeaOO\ WUXe WhaW Ze haYe QR PeaQV Rf WeVWLQg BLg WRUOd WheRULeV,
 WheQ LW ZRXOd QRW eYeQ be cOeaU WhaW Whe ePSLULcaO VXSSRUW Ze cXUUeQWO\ haYe fRU
 VXch WheRULeV cRXOd be PaLQWaLQed. SXch WheRULeV ZRXOd VeeP VeOf-XQdeUPLQLQg LQ
 WhaW Whe\ ZRXOd Va\ Rf WheLU RZQ eYLdeQce, LQ effecW, WhaW LW ZaV QRW WR be WUXVWed.
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 TI T2

 A A B B

 Ab 5

 ___acLL?
 FLgXUe 1: EYeQ Lf Ze dLVUegaUd LOOXVRU\ RbVeUYaWLRQV RU aVVXPe WhaW RXU
 RbVeUYaWLRQV aUe YeULdLcaO, RXU RbVeUYaWLRQ a (VeeLQg Whe bacNgURXQd UadLa-
 WLRQ aV 2.7 K) LV SeUfecWO\ cRPSaWLbOe ZLWh bRWh T1 (ZhLch LPSOLeV WhaW CMB
 LV 2.7 K eYeU\ZheUe (A) e[ceSW ZheUe aQ XQXVXaO fOXcWXaWLRQ haV RccXUUed
 (B)) aQd T, (ZhLch LPSOLeV WhaW CMB LV geQeUaOO\ 3.1 K e[ceSW fRU fOXcWXa-
 WLRQV).

 RbVeUYaWLRQV WRgeWheU ZLWh WheLU WUXWh-PaNLQg ORcaO eQYLURQPeQWV. (See
 FLgXUe 1.) We caQ eYeQ SUeVV RQ WR Whe cRQcOXVLRQ WhaW fRU aQ\
 SRVVLbOe hXPaQ RbVeUYaWLRQ, WheUe Pa\ be habLWaWV LQ ZhLch WhaW
 RbVeUYaWLRQ LV aSSURSULaWeO\ caXVed b\ Whe RbVeUYed RbMecW aQd LQ
 ZhLch Whe RbVeUYeU'V SeUceSWLRQV LQ geQeUaO WUacN heU VXUURXQdLQgV.'"

 A TXaOLfLcaWLRQ LV dXe. WhLOe VPaOO-VcaOe eQYLURQPeQWV-fRU e[aP-
 SOe, RQeV WhaW LQcOXde WabOeV aQd PeaVXULQg aSSaUaWXVeV-aUe RQ a
 SaU ZLWh hXPaQ bRdLeV, LW LV QRW cOeaU WhaW YeU\ OaUge V\VWePV VXch aV
 gaOacWLc VXSeUcOXVWeUV cRXOd be SURdXced b\ aQ\ Rf Whe UaQdRP
 SURceVVeV WhaW Ze haYe dLVcXVVed. If Ze VWLSXOaWe WhaW Ze aUe PaNLQg
 YeULdLcaO RbVeUYaWLRQV Rf WheVe Pega-VcaOe eQWLWLeV, Ze cRXOd WhXV
 VaOYage Whe WeVWabLOLW\ Rf VRPe aVSecWV Rf cRVPRORgLcaO WheRULeV WhaW
 cRQceUQ WheVe OaUge-VcaOe eQWLWLeV. YeW WhLV ZRXOd be Rf OLWWOe aYaLO VLQce
 LW ZRXOd QRW UeVcXe Whe UeVW Rf RXU eSLVWePLc SUacWLceV, ZhLch deaO
 ZLWh PedLXP-VL]ed aQd VPaOO WhLQgV. ObVeUYaWLRQV Rf VXch LWePV

 13 I ZaQW WR ePShaVL]e WhaW Whe SURbOeP LV QRW WhaW WheUe LV VRPe PaVVLYe
 LQcRQVLVWeQc\ Rf cRQWUadLcWRU\ RbVeUYaWLRQV. TR aVVeUW Whe e[LVWeQce Rf aOO SRVVLbOe
 hXPaQ RbVeUYaWLRQV LV QRW LQcRQVLVWeQW, VLQce Whe RbVeUYaWLRQV Pa\ be LOOXVRU\.
 MRUeRYeU, eYeQ Lf aOO Whe RbVeUYaWLRQV ZeUe aVVeUWed WR be YeULdLcaO, LW ZRXOd VWLOO be
 QR LQcRQVLVWeQc\, VLQce Whe YaULRXV dLYeUVe SURSeUWLeV WhaW aUe beLQg RbVeUYed Pa\
 be LQVWaQWLaWed aW dLffeUeQW SOaceV, MXVW aV a WLe caQ be bRWh bOXe aQd \eOORZ
 (aOWhRXgh QRW aW Whe VaPe VSRW aW Whe VaPe WLPe). RaWheU, Whe SURbOeP LV hRZ WR
 deULYe WeVWabOe SUedLcWLRQV gLYeQ RXU LQabLOLW\ WR RbVeUYaWLRQaOO\ ORcaWe RXUVeOYeV LQ
 a BLg WRUOd, ZhLch LV UaWheU aQaORgRXV WR VeeLQg a \eOORZ VSRW WhURXgh a PLcURVcRSe
 aQd QRW NQRZLQg ZhLch SaUW Rf Whe h\SRWheVL]ed WLe Ze aUe ORRNLQg aW.
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 ZRXOd VWLOO be VXbMecW WR Whe chaUge Rf beLQg UadLcaOO\ LUUeOeYaQW WR RXU
 WheRULeV abRXW Whe ZRUOd, PRdXOR Whe BLg WRUOd h\SRWheVLV.14
 A fXUWheU VhRUWcRPLQg Rf Whe SURSRVaO (aSaUW fURP Whe facW WhaW LW

 dReV QRW ZRUN) LV WhaW LW dReV QRW WeOO XV aQ\WhLQg abRXW Whe defeaVL-
 bLOLW\ cRQdLWLRQV Rf Whe SXUSRUWed SULQcLSOe WhaW \RX VhRXOd be
 VWURQgO\ bLaVed LQ faYRU Rf Whe YeULdLcaOLW\ Rf \RXU RbVeUYaWLRQV.
 COeaUO\, WheUe aUe caVeV ZheUe LW ZRXOd be XQUeaVRQabOe WR beOLeYe
 WhaW RQe'V RbVeUYaWLRQV aUe YeULdLcaO. FRU e[aPSOe, Lf \RX NQeZ WhaW
 aOPRVW aOO RbVeUYeUV LQ \RXU cXUUeQW VLWXaWLRQ (WXcNed LQ, OeW XV Va\,
 beWZeeQ Whe bedVheeWV LQ a deWR[ XQLW ZLWh Whe VeQVaWLRQ Rf bXgV
 cUaZOLQg XQdeU \RXU VNLQ) ZeUe haOOXcLQaWLQg, WheQ \RX VhRXOd QRW
 beOLeYe WhaW \RXU cXUUeQW RbVeUYaWLRQV aUe YeULdLcaO, XQOeVV \RX had
 addLWLRQaO LQfRUPaWLRQ defeaWLQg WhaW cRQcOXVLRQ. A VaWLVfacWRU\ ac-
 cRXQW Rf Whe BLg WRUOd caVe RXghW WR haYe aW OeaVW VRPeWhLQg WR Va\
 abRXW Zh\ Whe SUeVeQce Rf ORWV Rf haOOXcLQaWLQg aQd RWheUZLVe PLVOed
 RbVeUYeUV LQ BLg WRUOdV dReV QRW XQdeUPLQe RXU cRQfLdeQce LQ Whe
 UeOLabLOLW\ Rf RXU RZQ RbVeUYaWLRQV ZhLOe Whe cRQWUaU\ hROdV VSecLfL-
 caOO\ fRU cOLeQWV LQ Whe PeWhadRQe cOLQLc aQd RWheU VXch VSecLaO
 VLWXaWLRQV.

 SR, Lf aQ e[WeUQaOLVW cRQVWUXaO Rf Whe eYLdeQce LV QRW Whe aQVZeU,
 ZhaW LV?

 V. RESTORING THE FLOW OF TESTABLE CONSEQUENCES VIA A LIMITED
 INDIFFERENCE PRINCIPLE OVER DE SE STATEMENTS

 IW Pa\ VeeP aV Lf RXU WURXbOeV RULgLQaWe fURP Whe VRPeZhaW "WechQL-
 caO" SRLQW WhaW LQ a OaUge eQRXgh cRVPRV, eYeU\ RbVeUYaWLRQ ZLOO be
 Pade b\ VRPe fUeaNLVh RbVeUYeUV heUe aQd WheUe. IW UePaLQV Whe caVe,
 hRZeYeU, WhaW WhRVe RbVeUYeUV aUe e[ceedLQgO\ UaUe aQd faU beWZeeQ.
 FRU eYeU\ RbVeUYaWLRQ Pade b\ a fUeaN RbVeUYeU VSRQWaQeRXVO\ PaWe-
 ULaOL]LQg fURP HaZNLQg UadLaWLRQ RU WheUPaO fOXcWXaWLRQV, WheUe aUe
 WULOOLRQV XSRQ WULOOLRQV Rf RbVeUYaWLRQV Pade b\ UegXOaU RbVeUYeUV ZhR
 haYe eYROYed RQ SOaQeWV OLNe RXU RZQ aQd ZhR PaNe YeULdLcaO RbVeU-
 YaWLRQV Rf Whe XQLYeUVe. Wh\ caQ Ze QRW VROYe Whe SURbOeP, WheQ, b\
 Va\LQg WhaW aOWhRXgh aOO WheVe fUeaN RbVeUYeUV e[LVW aQd aUe VXffeULQg

 14 We Pa\ aOVR QRWe WhaW WheUe aUe VRPe (VSecXOaWLYe) WheRULeV accRUdLQg WR ZhLch
 eYeQ Whe OaUgeVW VWUXcWXUeV WhaW Ze Vee aUe QRW OaUge eQRXgh WR eVcaSe Whe SURbOeP
 (fRU e[aPSOe, M. TegPaUN, "DReV Whe UQLYeUVe LQ FacW CRQWaLQ AOPRVW NR IQfRU-
 PaWLRQ?" FRXQdaWLRQV Rf Ph\VLcV LeWWeUV, I[, 1 (1996): 25-42). MRUeRYeU, WheUe aUe
 PaQ\ PXch OeVV e[WUePe WheRULeV, VXch aV chaRWLc LQfOaWLRQ WheRU\ (Vee, fRU e[aP-
 SOe, A. LLQde, "IQfOaWLRQ ZLWh VaULabOe OPega," Ph\VLcV LeWWeUV B, CCCLI (1995):
 99-104), accRUdLQg WR ZhLch RbVeUYeUV aUe RbVeUYLQg a ZLde UaQge Rf dLffeUeQW YaOXeV
 Rf VRPe Sh\VLcaO cRQVWaQW aQd SaUaPeWeUV, QRW becaXVe Whe RbVeUYeUV haYe LOOXVLRQV
 RU OLYe LQ habLWaWV WhaW RULgLQaWe fURP bOacN hROeV RU Whe OLNe, bXW becaXVe Whe
 "cRQVWaQWV" aQd SaUaPeWeUV YaU\ RYeU YaVW cRVPLc dLVWaQceV RU eSRchV.
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 fURP YaULRXV LOOXVLRQV (RU aUe PaNLQg YeULdLcaO bXW XQUeSUeVeQWaWLYe
 RbVeUYaWLRQV), LW LV hLghO\ XQOLNeO\ WhaW Ze aUe aPRQg WheLU QXPbeUV?
 TheQ Ze VhRXOd WhLQN, UaWheU, WhaW Ze aUe YeU\ SURbabO\ RQe Rf Whe
 UegXOaU RbVeUYeUV ZhRVe RbVeUYaWLRQV UefOecW UeaOLW\. We cRXOd VafeO\
 LgQRUe Whe fUeaN RbVeUYeUV aQd WheLU LOOXVLRQV aQd PLVOeadLQg SeUceS-
 WLRQV LQ PRVW cRQWe[WV ZheQ dRLQg VcLeQce.

 IQ P\ YLeZ, WhLV UeVSRQVe VXggeVWV Whe ULghW Za\ WR SURceed. Be-
 caXVe Whe fUeaN RbVeUYeUV aUe LQ VXch a WLQ\ PLQRULW\, WheLU RbVeUYa-
 WLRQV caQ be dLVUegaUded fRU PRVW SXUSRVeV. IW LV SRVVLbOe WhaW Ze aUe
 fUeaN RbVeUYeUV-Ze VhRXOd aVVLgQ WR WhaW h\SRWheVLV VRPe fLQLWe
 SURbabLOLW\, bXW VXch a WLQ\ RQe WhaW LW dReV QRW PaNe aQ\ SUacWLcaO
 dLffeUeQce.

 If Ze ZaQW WR UXQ ZLWh WhLV Ldea, LW LV cUXcLaO WhaW Ze cRQVWUXe RXU

 eYLdeQce dLffeUeQWO\ WhaQ Ze dLd abRYe. If RXU eYLdeQce LV VLPSO\
 'SXch-aQd-VXch aQ RbVeUYaWLRQ LV Pade', WheQ Whe eYLdeQce haV SURb-
 abLOLW\ RQe gLYeQ aQ\ BLg WRUOd WheRU\-aQd Ze UaP RXU headV
 VWUaLghW LQWR Whe SURbOePV I deVcULbed. BXW Lf Ze cRQVWUXe RXU eYL-
 deQce LQ Whe PRUe VSecLfLc fRUP 'We aUe PaNLQg VXch-aQd-VXch Rb-
 VeUYaWLRQV' WheQ Ze haYe a Za\ RXW. FRU Ze caQ WheQ Va\ WhaW aOWhRXgh
 BLg WRUOd WheRULeV PaNe LW SURbabOe WhaW VRPe VXch RbVeUYaWLRQV be
 Pade, Whe\ Qeed QRW PaNe LW SURbabOe WhaW Ze VhRXOd be Whe RQeV
 PaNLQg WheP.

 LeW XV WheUefRUe defLQe:

 E' := "SXch-aQd-VXch RbVeUYaWLRQV aUe Pade b\ XV."

 E' cRQWaLQV aQ LQde[LcaO de Ve cRPSRQeQW WhaW Whe RULgLQaO eYLdeQce-
 VWaWePeQW Ze cRQVLdeUed, E, dLd QRW. E' LV ORgLcaOO\ VWURQgeU WhaQ E.
 The UaWLRQaOLW\ UeTXLUePeQW WhaW RQe VhRXOd WaNe aOO UeOeYaQW eYL-
 deQce LQWR accRXQW dLcWaWeV WhaW LQ caVe E' OeadV WR dLffeUeQW cRQcOX-

 VLRQV WhaQ dReV E, WheQ LW LV E' WhaW deWeUPLQeV ZhaW Ze RXghW WR
 beOLeYe.

 A TXeVWLRQ WhaW QRZ aULVeV LV hRZ WR deWeUPLQe Whe eYLdeQWLaO
 beaULQg WhaW VWaWePeQWV Rf Whe fRUP Rf E' haYe RQ cRVPRORgLcaO
 WheRULeV. UVLQg Ba\eV'V WheRUeP, Ze caQ WXUQ Whe TXeVWLRQ aURXQd
 aQd aVN: HRZ dR Ze eYaOXaWe P(E'I T&B), Whe cRQdLWLRQaO SURbabLOLW\
 WhaW a BLg WRUOd WheRU\ gLYeV WR XV PaNLQg ceUWaLQ RbVeUYaWLRQV? The
 aUgXPeQW LQ Whe fRUegRLQg VecWLRQV VhRZed WhaW, Lf Ze hRSe WR be abOe
 WR deULYe aQ\ ePSLULcaO LPSOLcaWLRQV fURP BLg WRUOd WheRULeV, WheQ
 P(E' IT&B) VhRXOd QRW geQeUaOO\ be VeW WR XQLW\ RU cORVe WR XQLW\.
 P(E'[ T&B) PXVW WaNe RQ YaOXeV WhaW deSeQd RQ Whe SaUWLcXOaU WheRU\
 aQd Whe SaUWLcXOaU eYLdeQce WhaW Ze aUe cRQVLdeULQg. SRPe WheRULeV T
 aUe VXSSRUWed b\ VRPe eYLdeQce E'; fRU WheVe chRLceV P(E'I T&B) LV
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 UeOaWLYeO\ OaUge. FRU RWheU chRLceV Rf E' aQd T, Whe cRQdLWLRQaO SURb-
 abLOLW\ ZLOO be PXch VPaOOeU.

 TR be cRQcUeWe, cRQVLdeU Whe WZR ULYaO WheRULeV abRXW Whe WePSeU-
 aWXUe Rf Whe cRVPLc PLcURZaYe bacNgURXQd, T1 aQd T2. LeW E' be Whe
 SURSRVLWLRQ WhaW Ze haYe Pade WhRVe RbVeUYaWLRQV ZhLch cRVPRORgLVWV
 LQQRceQWO\ WaNe WR VXSSRUW T1. E' LQcOXdeV UeadLQgV fURP UadLR WeOe-

 VcRSeV, aQd Whe OLNe. IQWXLWLYeO\, Ze ZaQW P(E'I Ta&B) > P(E' T2&B). ThaW LQeTXaOLW\ PXVW be Whe UeaVRQ Zh\ cRVPRORgLVWV beOLeYe WhaW Whe
 bacNgURXQd UadLaWLRQ LV LQ accRUdaQce ZLWh T1 UaWheU WhaQ T,, VLQce
 a SULRUL WheUe LV QR gURXQd fRU aVVLgQLQg T, a VXbVWaQWLaOO\ gUeaWeU
 SURbabLOLW\ WhaQ T2.

 A QaWXUaO Za\ WR achLeYe WhLV UeVXOW LV b\ SRVWXOaWLQg WhaW Ze VhRXOd
 WhLQN Rf RXUVeOYeV aV beLQg LQ VRPe VeQVe "UaQdRP" RbVeUYeUV. HeUe,

 Ze XVe Whe Ldea WhaW Whe eVVeQWLaO dLffeUeQce beWZeeQ T1 aQd T2 LV WhaW
 Whe fUacWLRQ Rf RbVeUYeUV WhaW ZRXOd be PaNLQg RbVeUYaWLRQV LQ agUee-
 PeQW ZLWh E' LV eQRUPRXVO\ gUeaWeU RQ T, WhaQ RQ T2. If Ze UeaVRQ aV
 Lf Ze ZeUe UaQdRPO\ VeOecWed VaPSOeV fURP Whe VeW Rf aOO RbVeUYeUV, RU
 fURP VRPe VXLWabOe VXbVeW WheUeRf, WheQ Ze caQ e[SOLcaWe Whe cRQdL-
 WLRQaO SURbabLOLW\ P(E' I T&B) LQ WeUPV Rf Whe e[SecWed fUacWLRQ Rf aOO
 RbVeUYeUV LQ Whe UefeUeQce cOaVV WhaW Whe cRQMXQcWLRQ Rf T aQd B Va\V
 ZRXOd be PaNLQg Whe NLQd Rf RbVeUYaWLRQV WhaW E' Va\V WhaW Ze aUe
 PaNLQg. AV Ze VhaOO Vee, WhLV SRVWXOaWe eQabOeV XV WR cRQcOXde WhaW
 P(E'I T1&B) > P(E'1T,&B).

 LeW XV caOO WhLV SRVWXOaWe Whe VeOf-VaPSOLQg aVVXPSWLRQ:

 (SSA) ObVeUYeUV VhRXOd UeaVRQ aV Lf Whe\ ZeUe a UaQdRP VaPSOe fURP
 Whe VeW Rf aOO RbVeUYeUV LQ WheLU UefeUeQce cOaVV.

 The geQeUaO SURbOeP Rf hRZ WR defLQe Whe UefeUeQce cOaVV LV cRPSOL-
 caWed, aQd I VhaOO QRW addUeVV LW heUe. FRU Whe SXUSRVeV Rf WhLV
 dLVcXVVLRQ, Ze caQ WhLQN Rf Whe UefeUeQce cOaVV aV cRQVLVWLQg Rf aOO
 RbVeUYeUV ZhR ZLOO eYeU haYe e[LVWed. We caQ aOVR aVVXPe a XQLfRUP

 VaPSOLQg deQVLW\ RYeU WhLV UefeUeQce cOaVV. MRUeRYeU, LW VLPSOLfLeV
 WhLQgV Lf Ze VeW aVLde cRPSOLcaWLRQV aULVLQg fURP aVVLgQLQg SURbabLO-
 LWLeV RYeU LQfLQLWe dRPaLQV b\ aVVXPLQg WhaW B eQWaLOV WhaW Whe QXPbeU
 Rf RbVeUYeUV LV fLQLWe, aObeLW VXch a OaUge fLQLWe QXPbeU WhaW Whe
 SURbOePV deVcULbed abRYe RbWaLQ. TheVe aVVXPSWLRQV heOS XV fRcXV
 RQ baVLc SULQcLSOeV.

 HeUe LV hRZ SSA VXSSOLeV Whe PLVVLQg OLQN Qeeded WR cRQQecW
 WheRULeV OLNe TO aQd T2 WR RbVeUYaWLRQ. OQ T2, Whe RQO\ RbVeUYeUV ZhR
 RbVeUYe aQ aSSaUeQW WePSeUaWXUe Rf Whe cRVPLc PLcURZaYe bacN-
 gURXQd CMB - 2.7 K aUe WhRVe ZhR eLWheU haYe YaULRXV VRUWV Rf UaUe
 LOOXVLRQV (fRU e[aPSOe, becaXVe WheLU bUaLQV haYe beeQ geQeUaWed b\
 bOacN hROeV aQd aUe WheUefRUe QRW aWWXQed WR Whe ZRUOd Whe\ aUe OLYLQg
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 LQ) RU haSSeQ WR be ORcaWed LQ e[WUePeO\ aW\SLcaO SOaceV (ZheUe, fRU
 e[aPSOe, a WheUPaO fOXcWXaWLRQ haV Oed WR a ORcaOO\ eOeYaWed CMB
 WePSeUaWXUe). OQ T,, b\ cRQWUaVW, aOPRVW eYeU\ RbVeUYeU ZhR PaNeV
 Whe aSSURSULaWe aVWURQRPLcaO PeaVXUePeQWV aQd LV QRW deOXded ZLOO

 RbVeUYe CMB - 2.7 K. A PXch gUeaWeU fUacWLRQ Rf Whe RbVeUYeUV LQ Whe
 UefeUeQce cOaVV RbVeUYe CMB a 2.7 K Lf T1 LV WUXe WhaQ Lf T2 LV WUXe. B\
 SSA, Ze cRQVLdeU RXUVeOYeV aV UaQdRP RbVeUYeUV; VR LW fROORZV WhaW RQ

 T, Ze ZRXOd be PXch PRUe OLNeO\ WR fLQd RXUVeOYeV aV RQe Rf WhRVe
 RbVeUYeUV ZhR RbVeUYe CMB 2.7 K WhaQ Ze ZRXOd RQ T2. TheUefRUe,

 P(E'I T&B) > P(E'] T2&B). SXSSRVLQg WhaW Whe SULRU SURbabLOLWLeV Rf
 T1 aQd T2 aUe URXghO\ Whe VaPe, P( T1) - P(T2), LW LV WheQ WULYLaO WR
 deULYe YLa Ba\eV'V WheRUeP WhaW P(T1IE'&B) > P(T2IE'&B). ThLV
 YLQdLcaWeV Whe LQWXLWLYe YLeZ WhaW Ze dR haYe ePSLULcaO eYLdeQce WhaW
 faYRUV T1 RYeU T2.

 The MRb WhaW SSA LV dRLQg LQ WhLV deULYaWLRQ LV WR eQabOe Whe VWeS
 fURP a SURSRVLWLRQ abRXW fUacWLRQV Rf RbVeUYeUV WR SURSRVLWLRQV abRXW
 cRUUeVSRQdLQg SURbabLOLWLeV. We geW Whe SURSRVLWLRQV abRXW fUacWLRQV
 Rf RbVeUYeUV b\ aQaO\]LQg T1 aQd T2 aQd cRPbLQLQg WheP ZLWh UeOe-
 YaQW bacNgURXQd LQfRUPaWLRQ B; fURP WhLV Ze cRQcOXde WhaW WheUe
 ZRXOd be aQ e[WUePeO\ VPaOO fUacWLRQ Rf RbVeUYeUV RbVeUYLQg CMB
 2.7 K gLYeQ T2 aQd a PXch OaUgeU fUacWLRQ gLYeQ T1. We WheQ cRQVLdeU
 Whe eYLdeQce E', ZhLch LV WhaW Ze aUe RbVeUYLQg CMB - 2.7 K. SSA
 aXWhRUL]eV XV WR WhLQN Rf Whe 'Ze' aV a NLQd Rf UaQdRP YaULabOe UaQgLQg
 RYeU Whe cOaVV Rf acWXaO RbVeUYeUV. FURP WhLV LW WheQ fROORZV WhaW E' LV

 PRUe SURbabOe gLYeQ T1 WhaQ gLYeQ T2. BXW ZLWhRXW aVVXPLQg SSA, aOO
 Ze caQ Va\ LV WhaW a gUeaWeU fUacWLRQ Rf RbVeUYeUV RbVeUYe CMB a 2.7
 K Lf T1 LV WUXe, aQd aW WhaW SRLQW Whe aUgXPeQW ZRXOd gULQd WR a haOW.
 We cRXOd QRW Ueach Whe cRQcOXVLRQ WhaW T1 LV VXSSRUWed RYeU T2. FRU
 WhLV UeaVRQ I SURSRVe WhaW SSA, RU VRPeWhLQg OLNe LW, be adRSWed aV a
 PeWhRdRORgLcaO SULQcLSOe.

 IW Pa\ VeeP P\VWeULRXV hRZ SURbabLOLWLeV Rf WhLV VRUW caQ e[LVW-
 HRZ caQ Ze SRVVLbO\ PaNe VeQVe Rf Whe Ldea WhaW WheUe ZaV VRPe
 chaQce WhaW Ze PLghW haYe beeQ RWheU RbVeUYeUV WhaQ Ze aUe? WhaW
 I aP VXggeVWLQg heUe, hRZeYeU, LV QRW Whe e[LVWeQce Rf VRPe RbMecWLYe,
 RU Sh\VLcaO, chaQceV. I aP QRW VXggeVWLQg WhaW WheUe LV a Sh\VLcaO
 UaQdRPL]aWLRQ PechaQLVP, a cRVPLc fRUWXQe ZheeO aV LW ZeUe, WhaW
 aVVLgQV VRXOV WR bRdLeV LQ a VWRchaVWLc PaQQeU. RaWheU, Ze VhRXOd
 WhLQN Rf WheVe SURbabLOLWLeV aV eSLVWePLc. The\ aUe SaUW Rf a SURSRVaO
 e[SOLcaWLQg Whe eSLVWePLc UeOaWLRQV WhaW hROd beWZeeQ WheRULeV (VXch
 aV T1 aQd T2) aQd eYLdeQce (VXch aV E') cRQWaLQLQg a de Ve cRPSR-
 QeQW. We caQ YLeZ SSA aV a NLQd Rf UeVWULcWed LQdLffeUeQce SULQcLSOe
 WhaW aSSOLeV WR cUedeQceV RYeU de Ve SURSRVLWLRQV, RU VeWV Rf ceQWeUed
 SRVVLbOe ZRUOdV LQ Whe QXLQeaQ WeUPLQRORg\. The VWaWXV Rf SSA cRXOd
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 aOVR be UegaUded aV LQ VRPe UeVSecWV aNLQ WR WhaW Rf Whe DaYLd
 LeZLV'V'5 "SULQcLSaO SULQcLSOe," ZhLch e[SUeVVeV a cRQQecWLRQ be-
 WZeeQ Sh\VLcaO chaQce aQd eSLVWePLc cUedeQce. CUXdeO\ SXW, Whe
 SULQcLSaO SULQcLSOe Va\V WhaW, Lf \RX NQRZ WhaW Whe RbMecWLYe (Sh\VLcaO)
 chaQce Rf VRPe RXWcRPe A LV [%, WheQ \RX VhRXOd aVVLgQ a cUedeQce
 Rf [% WR A (XQOeVV \RX haYe addLWLRQaO "LQadPLVVLbOe" LQfRUPaWLRQ).
 AQaORgRXVO\, SSA caQ be Uead aV Va\LQg WhaW, Lf \RX NQRZ WhaW a
 fUacWLRQ [% Rf aOO RbVeUYeUV LQ \RXU UefeUeQce cOaVV aUe LQ VRPe W\Se
 Rf SRVLWLRQ A, WheQ \RX VhRXOd aVVLgQ a SULRU cUedeQce Rf [% WR beLQg
 LQ a W\Se-A SRVLWLRQ. ThLV SULRU cUedeQce PXVW, Rf cRXUVe, be cRQdL-
 WLRQaOL]ed RQ aQ\ RWheU UeOeYaQW LQfRUPaWLRQ \RX haYe LQ RUdeU WR geW
 Whe SRVWeULRU cUedeQce, WhaW LV, Whe degUeeV Rf beOLef \RX VhRXOd
 acWXaOO\ haYe gLYeQ aOO \RX NQRZ. ThXV, afWeU cRQdLWLRQaOL]LQg RQ Whe
 RbVeUYaWLRQ WhaW CMB - 2.7 K, \RX geW, WULYLaOO\, a SRVWeULRU fXQcWLRQ
 WhaW aVVLgQV ]eUR cUedeQce WR Whe h\SRWheVLV WhaW \RX aUe aQ RbVeUYeU
 ZhR RbVeUYeV CMB - 3.1 K. BXW LW LV Whe hLgheU cRQdLWLRQaO SULRU
 cUedeQce (accRUdLQg WR SSA) Rf RbVeUYLQg WhaW CMB - 2.7 K gLYeQ T,
 WhaQ gLYeQ T2 WhaW UeQdeUV LW Whe caVe WhaW cRQdLWLRQaOL]LQg RQ WhLV
 RbVeUYaWLRQ SUefeUeQWLaOO\ VXSSRUWV T1.

 VI. AN ILLUSTRATION

 We caQ LOOXVWUaWe hRZ SSA ZRUNV b\ a VLPSOe WhRXghW e[SeULPeQW.

 BOacNbeaUdV aQd WhLWebeaUdV.

 IQ aQ RWheUZLVe ePSW\ ZRUOd WheUe aUe WhUee URRPV. GRd WRVVeV a faLU
 cRLQ aQd cUeaWeV WhUee RbVeUYeUV aV a UeVXOW, SOacLQg WheP LQ dLffeUeQW
 URRPV. If Whe cRLQ faOOV headV, He cUeaWeV WZR RbVeUYeUV ZLWh bOacN beaUdV
 aQd RQe ZLWh a ZhLWe beaUd. If LW faOOV WaLOV, LW LV Whe RWheU Za\ aURXQd: He
 cUeaWeV WZR ZhLWebeaUdV aQd RQe bOacNbeaUd. AOO RbVeUYeUV aUe aZaUe Rf

 WheVe cRQdLWLRQV. TheUe LV a PLUURU LQ each URRP, VR RbVeUYeUV NQRZ Whe
 cRORU Rf WheLU RZQ beaUd. YRX fLQd \RXUVeOf LQ RQe Rf Whe URRPV aQd \RX
 Vee WhaW \RX haYe a bOacN beaUd. WhaW cUedeQce VhRXOd \RX gLYe WR Whe
 h\SRWheVLV WhaW Whe cRLQ feOO headV?

 The VLWXaWLRQ LV deSLcWed LQ FLgXUe 2.
 BecaXVe Rf Whe dLUecW aQaORg\ WR Whe cRVPRORg\ caVe, Ze NQRZ WhaW

 Whe aQVZeU PXVW be WhaW \RX VhRXOd aVVLgQ a gUeaWeU cUedeQce WR HeadV
 WhaQ WR TaLOV. LeW XV aSSO\ SSA aQd Vee hRZ Ze geW WhLV UeVXOW.

 FURP Whe VeWXS, Ze NQRZ WhaW Whe SULRU SURbabLOLW\ Rf HeadV LV 50%.
 ThLV LV Whe SURbabLOLW\ \RX VhRXOd aVVLgQ WR HeadV befRUe \RX haYe

 15 PhLORVRShLcaO PaSeUV, VROXPe II (NeZ YRUN: O[fRUd, 1986), aQd "HXPeaQ SXSeU-
 YeQLeQce DebXgged," MLQd, cLXLL, 412 (1994): 473-90. A VLPLOaU SULQcLSOe had eaUOLeU
 beeQ LQWURdXced b\ HXgh MeOORU LQ The MaWWeU Rf ChaQce (NeZ YRUN: CaPbULdge,
 1971).
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 HeadV

 TaLOV

 FLgXUe 2: The "BOacNbeaUdV aQd WhLWebeaUdV" WhRXghW e[SeULPeQW.

 ORRNed LQ Whe PLUURU aQd WhXV befRUe \RX NQRZ \RXU beaUd cRORU.
 ThaW WhLV SURbabLOLW\ LV 50% fROORZV fURP Whe SULQcLSaO SULQcLSOe
 WRgeWheU ZLWh Whe facW \RX NQRZ WhaW Whe cRLQ WRVV ZaV faLU. We WhXV
 haYe

 P(HeadV) = P(TaLOV) = /2

 Ne[W Ze cRQVLdeU Whe cRQdLWLRQaO SURbabLOLW\ Rf \RX RbVeUYLQg WhaW
 \RX haYe a bOacN beaUd gLYeQ a VSecLfLc RXWcRPe Rf Whe WRVV. If Whe cRLQ
 feOO headV, WheQ WZR RXW Rf WhUee RbVeUYeUV RbVeUYe WhePVeOYeV haYLQg
 a bOacN beaUd. If Whe cRLQ feOO WaLOV, WheQ RQe RXW Rf WhUee RbVeUYe

 haYLQg a bOacN beaUd. B\ SSA, \RX UeaVRQ aV Lf \RX ZeUe a UaQdRPO\
 VaPSOed RbVeUYeU, gLYLQg

 P(BOacNOHeadV) = 2/3 P(BOacNO TaLOV) = '?

 UVLQg Ba\eV'V WheRUeP, Ze caQ WheQ caOcXOaWe Whe cRQdLWLRQaO SURb-
 abLOLW\ Rf HeadV gLYeQ WhaW \RX haYe a bOacN beaUd:

 P (BOacNI HeadV) P (HeadV) P (HeadV BOacN) =
 P (BOacNOHeadV)P(HeadV) + P(BOacNI TaLOV)P( TaLOV)

 2/3 "/2

 2/3. '/2 + 1/3? 1/2

 AfWeU ORRNLQg LQ Whe PLUURU aQd OeaUQLQg WhaW \RXU beaUd LV bOacN, \RX
 VhRXOd WheUefRUe aVVLgQ a cUedeQce Rf ? WR HeadV aQd V/3 WR TaLOV.

 ThLV UeVXOW PLUURUV WhaW Rf Whe cRVPRORg\ e[aPSOe. BecaXVe RQe
 WheRU\ (T,, HeadV) eQWaLOV WhaW a gUeaWeU fUacWLRQ Rf aOO RbVeUYeUV aUe
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 RbVeUYLQg ZhaW \RX aUe RbVeUYLQg (E', BOacN) WhaQ dReV aQRWheU
 WheRU\ (T,, TaLOV), Whe fRUPeU WheRU\ RbWaLQV SUefeUeQWLaO VXSSRUW
 fURP \RXU RbVeUYaWLRQ.

 VII. SUMMARY: WE NEED A METHODOLOGY FOR EVIDENCE

 WITH A DE SE COMPONENT

 BLg WRUOd WheRULeV, SRSXOaU LQ cRQWePSRUaU\ cRVPRORg\, eQgeQdeU a
 SecXOLaU PeWhRdRORgLcaO SURbOeP: becaXVe Whe\ Va\ Whe ZRUOd LV YeU\
 bLg aQd VRPeZhaW VWRchaVWLc, Whe\ LPSO\ (RU PaNe LW hLghO\ SURbabOe)
 WhaW eYeU\ SRVVLbOe hXPaQ RbVeUYaWLRQ LV Pade. The dLffLcXOW\ LV WhaW
 LW LV XQcOeaU hRZ Ze cRXOd eYeU haYe ePSLULcaO UeaVRQV fRU SUefeUULQg
 RQe VXch WheRU\ WR aQRWheU, VLQce Whe\ aOO VeeP WR fLW eTXaOO\ ZeOO ZLWh
 ZhaWeYeU Ze RbVeUYe. ThLV VNeSWLcaO WhUeaW LV dLffeUeQW fURP aQd PXch
 PRUe UadLcaO WhaQ Whe SURbOeP Rf XQdeUdeWeUPLQaWLRQ Rf WheRU\ b\
 daWa aVVRcLaWed ZLWh DXheP aQd QXLQe. AQd Lf OefW XQfL[ed, Whe
 bURNeQ cRQQecWLRQ beWZeeQ RbVeUYaWLRQ aQd WheRU\ VSLOOV RYeU fURP
 cRVPRORg\ LQWR RWheU dRPaLQV.
 We VaZ WhaW Whe OeaNage caQQRW be VWRSSed eYeQ b\ bORcNLQg aOO

 cRQVLdeUaWLRQ gLYeQ WR Whe SRVVLbLOLW\ Rf LOOXVRU\ RbVeUYaWLRQV, becaXVe
 Whe PaYeULcN RbVeUYaWLRQV Pade LQ BLg WRUOdV LQcOXde YeULdLcaO RQeV
 aV ZeOO aV LOOXVLRQV. IQVWead, Ze SURSRVed WR UeSaLU PeWhRdRORg\ b\
 PeaQV Rf a QeZ eSLVWePLc SULQcLSOe, Whe VeOf-VaPSOLQg aVVXPSWLRQ,
 ZhLch WaNeV LQWR accRXQW Whe de Ve cRPSRQeQW Rf RXU eYLdeQce. ThLV
 SULQcLSOe cRQQecWV BLg WRUOd WheRULeV WR RbVeUYaWLRQ LQ aQ LQWXLWLYeO\
 SOaXVLbOe Za\ aQd YLQdLcaWeV Whe SUacWLceV Rf cRVPRORgLVWV ZhR WeVW
 h\SRWheVeV agaLQVW e[SeULPeQWaO fLQdLQgV.
 The VeOf-VaPSOLQg aVVXPSWLRQ haV LPSOLcaWLRQV LQ RWheU SURbOeP

 aUeaV LQ VcLeQce aQd ShLORVRSh\. IW caQ be VeeQ aV aQ e[SOLcaWLRQ Rf
 Whe aQWhURSLc SULQcLSOe, XQdeUVWRRd LQ Whe RULgLQaO VSLULW Rf BUaQdRQ
 CaUWeU,'" a WheRUeWLcaO Sh\VLcLVW ZhRVe VePLQaO ZRUN RSeQed Whe dRRU
 WR a V\VWePaWLc e[SORUaWLRQ Rf RbVeUYaWLRQ VeOecWLRQ effecWV. ObVeUYa-
 WLRQ VeOecWLRQ effecWV aUe a NLQd Rf bLaV ZhLch Pa\ be SUeVeQW LQ RXU
 daWa ZhLch LV QRW dXe WR OLPLWaWLRQV LQ RXU PeaVXUePeQW aSSaUaWXVeV
 bXW WR Whe facW WhaW RXU daWa aUe SUecRQdLWLRQed RQ Whe e[LVWeQce Rf
 a VXLWabO\ SRVLWLRQed RbVeUYeU WR "haYe" Whe daWa (aQd WR bXLOd Whe
 LQVWUXPeQWV LQ Whe fLUVW SOace). CaUWeU LQYeVWLgaWed Whe UeOeYaQce Rf
 RbVeUYaWLRQ VeOecWLRQ effecWV fRU aWWePSWV WR eYaOXaWe Whe beaULQg Rf

 16 "LaUge NXPbeU CRLQcLdeQceV aQd Whe AQWhURSLc PULQcLSOe LQ CRVPRORg\," LQ
 M. S. LRQgaLU, ed., CRQfURQWaWLRQ Rf CRVPRORgLcaO TheRULeV ZLWh DaWa (BRVWRQ: ReLdeO,
 1973), SS. 291-98; "The AQWhURSLc SeOecWLRQ PULQcLSOe aQd Whe UOWUa-DaUZLQLaQ
 S\QWheVLV," LQ F. BeUWROa aQd U. CXUL, edV., The AQWhURSLc PULQcLSOe (NeZ YRUN:
 CaPbULdge, 1989), SS. 33-63.
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 RXU cXUUeQW eYLdeQce RQ TXeVWLRQV VXch aV hRZ LPSURbabOe LW LV fRU
 cRPSOe[ OLfe fRUPV WR eYROYe RQ a gLYeQ EaUWh-OLNe SOaQeW RU hRZ PaQ\

 cULWLcaO LPSURbabOe VWeSV ZeUe LQYROYed LQ RXU eYROXWLRQ."7 TR LOOXV-
 WUaWe, WaNe RQe Rf Whe VLPSOeVW SRLQWV CaUWeU Pade: eYeQ Lf a WheRU\
 Va\V WhaW Whe SURbabLOLW\ fRU aQ EaUWh-OLNe SOaQeW gLYLQg ULVe WR LQWeO-
 OLgeQW OLfe LV VPaOO, Whe WheRU\ ZLOO VWLOO SeUfecWO\ fLW RXU RbVeUYaWLRQ Rf
 LQWeOOLgeQW OLfe haYLQg eYROYed RQ WhLV SOaQeW SURYLded WhaW Whe WRWaO
 QXPbeU Rf EaUWh-OLNe SOaQeWV LV OaUge eQRXgh fRU LW WR haYe beeQ
 SURbabOe, accRUdLQg WR Whe WheRU\, WhaW LQWeOOLgeQW OLfe VhRXOd aULVe
 VRPeZheUe.

 SLPLOaU PRdeV Rf UeaVRQLQg aUe LQYRNed LQ VRPe dLVcXVVLRQV Rf
 QR-cROOaSVe YeUVLRQV Rf TXaQWXP PechaQLcV'8 aQd, aV hLQWed aW LQ Whe
 LQWURdXcWLRQ, Whe\ SOa\ a ceQWUaO UROe LQ Whe debaWe abRXW Whe VLgQLf-
 LcaQce Rf Whe aSSaUeQW fLQe-WXQLQg Rf RXU XQLYeUVe aQd Whe caSacLW\ Rf
 PXOWLYeUVe WheRULeV WR e[SOaLQ LW. EYeQ aQ aSSOLcaWLRQ WR WUaffLc SOaQ-
 QLQg haV beeQ dLVcRYeUed.'9 OQ Whe PRUe WheRUeWLcaO VLde, Ze haYe
 gaPe WheRUeWLc SURbOePV LQYROYLQg LPSeUfecW UecaOO, VXch aV Whe
 AbVeQW-PLQded DULYeU SURbOeP20 aQd LWV ShLORVRShLcaO, PRUe SXUeO\
 eSLVWePLc aQaORgXe, Whe SOeeSLQg BeaXW\ SURbOeP.21

 WhaW WheVe YaULRXV WRSLcV haYe LQ cRPPRQ LV WhaW Whe\ LQYROYe Whe
 aVVLgQPeQW Rf cRQdLWLRQaO cUedeQceV WR VWaWePeQWV Rf Whe fRUP 'I
 PaNe VXch-aQd-VXch RbVeUYaWLRQV gLYeQ WhaW Whe ZRUOd LV VXch aQd
 VXch'.22 IQ RWheU ZRUdV, Whe\ LQYROYe Whe eYaOXaWLRQ Rf a de Ve cRP-
 SRQeQW Rf RXU eYLdeQce: RXU NQRZOedge WhaW Ze aUe Whe RQeV PaNLQg
 a ceUWaLQ RbVeUYaWLRQ RU WhaW Ze aUe Whe RQeV ZhR haYe a ceUWaLQ SLece
 Rf (RWheUZLVe QRQLQde[LcaO) eYLdeQce. OXU dXW\ WR RbMecWLYLW\ PXVW
 QRW be PLVXQdeUVWRRd aV a OLceQVe WR LgQRUe de Ve cOXeV. The cRQVLd-
 eUaWLRQV adYaQced heUe LPSRVe cRQVWUaLQWV RQ ZhaW caQ cRXQW aV a

 17 "The AQWhURSLc PULQcLSOe aQd IWV IPSOLcaWLRQV fRU BLRORgLcaO EYROXWLRQ," PhLO-
 RVRShLcaO TUaQVacWLRQV Rf Whe RR\aO SRcLeW\ A, ccc[ (1983): 347-63.

 1V See, fRU e[aPSOe, D. N. Page, "CaQ QXaQWXP CRVPRORg\ GLYe ObVeUYaWLRQaO
 CRQVeTXeQceV Rf MaQ\-WRUOdV QXaQWXP TheRU\?" LQ C. P. BXUgeVV aQd R. C. M\eUV,
 edV., GeQeUaO ReOaWLYLW\ aQd ReOaWLYLVWLc AVWURSh\VLcV, ELghWh CaQadLaQ CRQfeUeQce, MRQ-
 WUeaO, QXebec (NeZ YRUN: APeULcaQ IQVWLWXWe Rf Ph\VLcV, 1999), SS. 225-32.

 19 M\ "CaUV LQ Whe Ne[W LaQe ReaOO\ DR GR FaVWeU," PLUS, [YII (2001).
 20 See, fRU e[aPSOe, MLcheOe PLccLRQe aQd AULeO RXbLQVWeLQ, "OQ Whe IQWeUSUeWa-

 WLRQ Rf DecLVLRQ PURbOePV ZLWh IPSeUfecW RecaOO," GaPeV aQd EcRQRPLc BehaYLRXU, [[
 (1997): 3-24; RRbeUW J. AXPaQQ, SeUgLX HaUW, aQd MRWW\ PeUU\, "The FRUgeWfXO
 PaVVeQgeU," GaPeV aQd EcRQRPLc BehaYLRXU, [[ (1997): 117-20.

 21 FRU e[aPSOe, AdaP EOga, "SeOf-ORcaWLQg BeOLef aQd Whe SOeeSLQg-BeaXW\ PURb-
 OeP," AQaO\VLV, L[, 266 (2001): 143-47; LeZLV, "SOeeSLQg BeaXW\: ReSO\ WR EOga,"
 AQaO\VLV, LXI, 271 (2001): 171-75.

 22 OU LQ VRPe caVeV, Whe aQaORgRXV WePSRUaO cRQVWUXcWLRQ: "I PaNe VXch-aQd-VXch
 RbVeUYaWLRQV QRZ gLYeQ WhaW Whe ZRUOd LV VXch aQd VXch."
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 VaWLVfacWRU\ PeWhRdRORg\ fRU faVhLRQLQg NQRZOedge RXW Rf WhLV LQde[L-
 caO SaUW RXU eSLVWePLc UaZ PaWeULaO. SXch a PeWhRdRORg\, a geQeUaO
 WheRU\ Rf RbVeUYaWLRQ VeOecWLRQ effecWV aQd LWV YaULRXV VcLeQWLfLc aQd
 ShLORVRShLcaO aSSOLcaWLRQV, LV VRPeWhLQg I haYe aWWePSWed WR VeW fRUWh
 eOVeZheUe.23

 NICK BOSTROM

 O[fRUd UQLYeUVLW\

 23 AQWhURSLc BLaV: ObVeUYaWLRQ SeOecWLRQ EffecWV LQ ScLeQce aQd PhLORVRSh\ (NeZ YRUN:
 RRXWOedge, 2002). A WheRU\ Rf RbVeUYaWLRQ VeOecWLRQ effecWV PXVW ZaON a fLQe OLQe LQ
 RUdeU WR caWeU WR OegLWLPaWe VcLeQWLfLc QeedV ZhLOe aYRLdLQg ShLORVRShLcaO SaUadR[eV,
 Rf ZhLch a gUeaW QXPbeU OLe LQ aPbXVh. IQcLdeQWaOO\, Whe VeOf-VaPSOLQg aVVXPSWLRQ
 LV, LQ P\ YLeZ, a PeUe deULYaWLYe Rf a PRUe SRZeUfXO SULQcLSOe, aQd LW LV RQO\ YaOLd LQ
 VSecLaO caVeV.
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