
 RoXndWable

 A gXide Wo incUeaVed cUeaWiYiW\ in UeVeaUch-
 inVSiUaWion oU SeUVSiUaWion?

 heUe aUe foXU UeTXiUemenWV foU
 a VXcceVVfXl caUeeU in Vcience:
 knoZledge, Wechnical Vkill,

 commXnicaWion, and oUiginaliW\ oU cUe-
 aWiYiW\. Man\ VXcceed ZiWh laUgel\ Whe
 fiUVW WhUee. ThoVe Zho aUe meWicXloXV
 and Vkilled can make a conVideUable

 name b\ doing Whe cUiWical e[SeUimenWV
 WhaW WeVW Vomeone elVe'V ideaV oU b\
 meaVXUing VomeWhing moUe accXUaWel\
 Whan an\one elVe. BXW in VXch aUeaV of
 Vcience aV biolog\, anWhUoSolog\,
 medicine, and WheoUeWical Sh\VicV,
 moUe cUeaWiYiW\ iV needed becaXVe She-
 nomena aUe comSle[ and mXlWiYaUiaWe.

 InnoYaWiYe VcienWiVWV aUe held in

 high UegaUd, bXW Whe meanV b\ Zhich
 Whe\ achieYe innoYaWion aUe noW
 VSelled oXW in an\ manXal foU gUadX-
 aWe VWXdenWV. CoXUVeV on Whe VcienWific

 meWhod (Zhich feZ biolog\ VWXdenWV
 Wake an\Za\) do noW menWion Whe
 VXbjecW. PhiloVoSheUV of Vcience aUe
 moUe conceUned ZiWh foUmal WheoU\
 VWUXcWXUe, SUoof, logic, and eSiVWemol-
 og\. KaUl PoSSeU (1963), foU e[am-
 Sle, inYokeV Whe geneUaWion of alWeUna-
 WiYe h\SoWheVeV bXW Va\V noWhing
 aboXW ZheUe one iV Wo geW Whem.

 The SXUSoVe of WhiV aUWicle iV Wo
 SUeVenW ceUWain VWUaWegieV WhaW ma\
 SUomoWe VcienWific cUeaWiYiW\. The
 SUeVVXUeV on VcienWiVWV Woda\ oSSoVe
 WUXl\ cUeaWiYe Whinking. PUeVVXUeV Wo
 ZUiWe gUanWV, Weach, and SXbliVh leaYe
 liWWle Wime foU XndiUecWed Whinking. In-
 dXVWUial laboUaWoUieV Woda\ aUe faU
 moUe diUecWed Whan in Whe SaVW, SaUWic-
 XlaUl\ ZheUe coVWV SeU e[SeUimenW aUe
 high. I alVo ZanW Wo coXnWeU Whe
 Zidel\ held YieZ WhaW cUeaWiYiW\ iV
 VomeWhing one iV eiWheU boUn ZiWh oU
 lackV, ZiWh no hoSe of WUaining.

 ChooVing a SUoblem
 PeUhaSV Whe moVW imSoUWanW Vingle
 VWeS in Whe UeVeaUch SUoceVV iV chooV-
 ing a TXeVWion Wo inYeVWigaWe. WhaW

 b\ CUaig Loehle

 Pa\off-

 MedaZaU
 Zone

 DifficXlW\ -

 FigXUe 1. RelaWionVhiS beWZeen degUee of
 difficXlW\ and Sa\off fUom VolYing a SUob-
 lem. SolYing SUoblemV WhaW aUe Woo eaV\
 doeV noW adYance Vcience, ZheUeaV WhoVe
 WhaW aUe Woo difficXlW ma\ be imSoVVible foU
 oWheU VcienWiVWV Wo XndeUVWand, i.e., Whe\
 aUe SUemaWXUe. The MedaZaU ]one UefeUV
 Wo PeWeU MedaZaU'V (1967) UefeUence Wo
 Vcience aV "Whe aUW of Whe VolXble."

 moVW diVWingXiVheV WhoVe VcienWiVWV
 noWed b\ SoVWeUiW\ iV noW WheiU Wechni-
 cal Vkill, bXW WhaW Whe\ choVe inWeUeVW-
 ing SUoblemV. TheUe iV Vome gXidance
 WhaW ma\ be giYen.

 Picking fighWV. Science iV VXSSoVed Wo
 be an objecWiYe, diVSaVVionaWe bXVi-
 neVV. SWXdenWV aUe adYiVed Wo ZUiWe in

 Whe WhiUd SeUVon. EdiWoUV cXW oXW com-
 menWV WhaW aUe Woo SeUVonal. All WhiV iV
 aSSUoSUiaWe foU Whe SXblic face of
 Vcience, UaWheU like VWiff WXUn-of-
 Whe-cenWXU\ ShoWogUaShV.

 BXW leW'V Va\ \oX Uead a SaSeU WhaW
 makeV \oX fXUioXV. YoXU angeU iV an
 indicaWion WhaW aW Vome leYel \oX Uec-
 ogni]e WhaW heUe iV a SUoblem WhaW
 needV UeVolXWion. The gXW feeling WhaW
 Whe oWheU SeUVon iV ZUong, oU WhaW
 WheUe iV a beWWeU Za\ Wo do iW, iV a good
 gXide Wo chooVing an inWeUeVWing WoSic
 foU \oXUVelf.

 SeWWing oXW ZiWh iUUaWional deWeUmi-
 naWion Wo SUoYe Whe aXWhoU ZUong
 SUoYideV a dUiYe WhaW can alloZ \oX Wo
 bUeak oXW of \oXU SUeconceSWionV.
 SXch baVe emoWionV can be a VWUong
 cUeaWiYe foUce, caXVing \oX Wo dig deeS

 and ZoUk inWenVel\. AfWeU \oX haYe
 finiVhed ZUiWing \oXU SaSeU, \oX can
 go back and UemoYe Whe commenWV
 aboXW ZhaW an imbecile Whe oWheU SeU-
 Von iV. The effoUW Wo UefXWe Vomeone

 can eYen lead Wo eYidence VXSSoUWing
 Whem oU Wo a diffeUenW WoSic alWo-
 geWheU. InWenViYe UiYalUieV, aV in Whe
 Uace Wo diVcoYeU DNA (WaWVon 1968),
 can alVo SUoYide WhiV eVVenWial inWen-
 ViW\. ThXV ZheUeaV Whe finiVhed SUod-
 XcW ma\ aSSeaU diVSaVVionaWe, WUXl\
 cUeaWiYe ZoUk iV ofWen dUiYen b\
 VWUong SaVVionV.

 WheUe WheUe'V Vmoke. A good VWUaWeg\
 foU finding an inWeUeVWing SUoblem iV
 Wo folloZ Whe fiUe WUXckV, becaXVe
 "WheUe WheUe'V Vmoke WheUe'V fiUe."
 When WheUe iV inWenVe debaWe on a
 WoSic, inconclXViYe oU conWUadicWoU\
 e[SeUimenWV, oU WeUminological confX-
 Vion, When WhingV aUe SUobabl\ UiSe foU
 a cUeaWiYe UedefiniWion of Whe SUoblem
 oU aSSlicaWion of a neZ meWhod. If,
 hoZeYeU, \oXU Wendenc\ iV jXVW Wo
 chooVe VideV, When \oX aUe meUel\
 moUe kindling and VhoXld VWa\ aZa\
 fUom Whe fiUe.

 The MedaZaU ]one. TheUe iV a gen-
 eUal SaUabolic UelaWionVhiS beWZeen
 Whe difficXlW\ of a SUoblem and iWV
 likel\ Sa\off (FigXUe 1). SolYing an
 eaV\ SUoblem haV a loZ Sa\off, be-
 caXVe iW ZaV Zell ZiWhin Ueach and
 doeV noW UeSUeVenW a Ueal adYance.
 SolYing a YeU\ difficXlW SUoblem ma\
 haYe a high Sa\off, bXW fUeTXenWl\ Zill
 noW Sa\ aW all. Man\ SUoblemV aUe
 difficXlW becaXVe Whe aVVociaWed WoolV
 and Wechnolog\ aUe noW adYanced
 enoXgh. FoU e[amSle, one ma\ do a
 bUillianW e[SeUimenW bXW cXUUenW Whe-
 oU\ ma\ noW be able Wo e[Slain iW. OU,
 conYeUVel\, a WheoU\ ma\ Uemain Xn-
 WeVWable foU man\ \eaUV. ThXV, Whe
 Uegion of oSWimal benefiW lieV aW an
 inWeUmediaWe leYel of comSle[iW\,
 ZhaW I call Whe MedaZaU ]one in
 UefeUence Wo SiU PeWeU MedaZaU'V
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 (1967) chaUacWeUi]aWion of Vcience aV
 Whe "aUW of Whe VolXble." TheVe inWeU-
 mediaWe SUoblemV haYe Whe higheVW
 benefiW SeU XniW of effoUW becaXVe Whe\
 aUe neiWheU Woo VimSle Wo be XVefXl noU
 Woo difficXlW Wo be VolYable.

 RobeUW H. MacAUWhXU ZaV a SUom-
 inenW ecologiVW, acWiYe in Whe 1960V
 and 1970V, Zho died \oXng. Mac-
 AUWhXU ZaV knoZn noW foU being UighW
 all Whe Wime, bXW foU haYing an XneUU-
 ing cUeaWiYe inVWincW foU diVcoYeUing
 inWeUeVWing SUoblemV WhaW ZeUe VolY-
 able and foU e[WUacWing Whe eVVence of
 comSle[ SUoblemV Vo WhaW Whe\ be-
 came VolYable. WhaW iV noWable aboXW

 VXch SeoSle iV WhaW eYen Zhen Whe\
 ZeUe ZUong, Whe\ aUe ZUong in an
 inWeUeVWing Za\ and on an inWeUeVWing
 WoSic.

 The iVVXe of ZhaW iV inWeUeVWing and
 ZhaW iV VolYable lieV aW Whe heaUW of

 gUeaW diVcoYeUieV and ZhaW Ze call
 geniXV. Some Zho chooVe Wo gUaSSle
 ZiWh Whe big TXeVWionV fail becaXVe
 Whe\ addUeVV SUoblemV noW UiSe foU
 VolXWion. The moUe common SUoblem
 afflicWV Whe aYeUage VcienWiVW Zho VhieV
 aZa\ fUom Ueall\ inWeUeVWing SUoblemV
 in faYoU of eaVieU oneV. SXch inWellec-

 WXall\ Wimid VcienWiVWV SUodXce Whe
 bXlk of T. S. KXhn'V "noUmal Vci-
 ence" (KXhn 1970).

 WoUking on Woo-eaV\ SUoblemV iV
 diVadYanWageoXV boWh becaXVe no one
 ma\ noWice \oXU UeVXlWV (\aZn!) and
 becaXVe eaV\ SUoblemV ofWen WXUn oXW
 Wo be meUel\ SieceV of a laUgeU SX]]le
 and onl\ VolXble in WhaW conWe[W. FoU
 e[amSle, in Whe fiUVW [-Ua\ SicWXUeV of
 DNA (WaWVon 1968) WZo foUmV (A
 and B, diffeUing b\ ZaWeU conWenW of
 Whe VamSle) of diffUacWion SaWWeUn
 ZeUe eYidenW. JameV WaWVon and
 FUanciV CUick did noW focXV on e[-

 Slaining oU inWeUSUeWing WhiV diffeU-
 ence, bXW UaWheU Whe\ focXVed on Whe
 moUe difficXlW SUoblem of Whe DNA
 VWUXcWXUe. When WhaW SX]]le ZaV
 VolYed, Whe A and B SaWWeUnV ZeUe
 eaVil\ inWeUSUeWed.

 When Vomeone VXcceedV in fUe-
 TXenWl\ hiWWing Whe WaUgeW (Whe Meda-
 ZaU ]one), WhaW SeUVon Zill ofWen aS-
 SeaU Wo be moUe inWelligenW Whan a
 SXUe IQ WeVW ZoXld indicaWe.1 To an
 e[WenW, Whe feel foU inWeUeVWing SUob-
 lemV can be WUanVmiWWed b\ conWacW,
 Zhich jXVWifieV Whe gUadXaWe-VWXdenW-
 aV-aSSUenWice SUacWice and e[SlainV

 1C. Loehle, 1990, manXVcUiSW VXbmiWWed.

 Whe facW WhaW ceUWain laboUaWoUieV feU-
 menW ZiWh neZ ideaV. SXch labV aUe
 ofWen obVeUYed Wo fade aZa\ oU UeWXUn
 Wo ZhaW iV conVideUed noUmal afWeU Whe

 deaWh oU deSaUWXUe of Whe SeUVon oU
 SeUVonV Zho SUoYided Whe cUeaWiYe
 VSaUk.

 The cUeaWiYe VSaUk iV noW eaVil\ ob-
 Wainable WhUoXgh Whe foUmal We[Wbook
 SoUWion of VcienWific WUaining, and iW
 ma\ noW aUiVe VSonWaneoXVl\. FoU e[-
 amSle, RichaUd Fe\nman (1984) Ue-
 coXnWV hiV e[SeUience aV a YiViWing
 facXlW\ membeU in BUa]il in Whe 1960V.
 Ph\VicV in BUa]il ZaV jXVW geWWing
 VWaUWed. To oXWZaUd aSSeaUanceV, Whe
 facXlW\ kneZ Whe facWV. LibUaU\ and
 laboUaWoU\ faciliWieV ZeUe adeTXaWe.
 YeW WheUe ZaV almoVW a comSleWe lack
 of comSUehenVion of Whe SUoceVV of
 innoYaWion and diVcoYeU\. Science
 ZaV a We[Wbook e[eUciVe of leaUning
 definiWionV UaWheU Whan one of diVcoY-
 eU\. EYen in Whe UniWed SWaWeV Woda\,
 enWiUe deSaUWmenWV oU diVciSlineV
 VomeWimeV geW VWXck in VXch a liVWleVV
 VWaWe.

 ReleaVing cUeaWiYiW\

 MoVW SeoSle can leaUn Wo be faU moUe
 cUeaWiYe Whan Whe\ aUe. OXU Vchool
 V\VWem emShaVi]eV Vingle coUUecW an-
 VZeUV and SUoYideV feZ oSSoUWXniWieV
 foU e[SloUaWoU\ leaUning, SUoblem
 VolYing, oU innoYaWion. SXddenl\,
 Zhen one becomeV a gUadXaWe VWX-
 denW, hoZeYeU, iW iV e[SecWed WhaW one
 iV aXWomaWicall\ an indeSendenW
 WhinkeU and a cUeaWiYe SUoblem VolYeU.
 I WhXV ne[W focXV on Za\V of encoXU-
 aging cUeaWiYe aSSUoacheV and UedXc-
 ing blockV Wo cUeaWiYiW\.

 BaUUieUV Wo naYigaWion. In Whe eaUl\
 fifWeenWh cenWXU\, PUince HenU\ Whe
 NaYigaWoU of PoUWXgal VeW oXW Wo e[-
 SloUe AfUica and oSen iW Wo PoUWXgXeVe
 WUade (accoXnW in BooUVWin 1983).
 PoUWXgXeVe e[SediWionV began Wo
 ZoUk WheiU Za\ doZn Whe ZeVWeUn
 coaVW, alZa\V ZiWhin VighW of land.
 USon Ueaching CaSe BojadoU, Whe
 PoUWXgXeVe VailoUV ZoXld ineYiWabl\
 WXUn back, conYinced WhaW WhiV ZaV Whe
 end of land and WhaW no VhiS ZoXld
 eYeU SaVV iW. PUince HenU\ VenW oXW 15
 e[SediWionV beWZeen 1424 and 1434
 XnWil finall\ one VXcceeded b\ Vailing a
 feZ mileV oXW Wo Vea and going VoXWh
 foU a feZ mileV.

 AV a naYigaWion feaW, WhiV maneXYeU

 ZaV WUiYial. The baUUieU ZaV noW a
 Sh\Vical one bXW a menWal one. Man\
 baUUieUV aUe of WhiV W\Se. An iWem
 becomeV fi[ed in Whe menWal land-

 VcaSe, immXWable. WhaW lieV be\ond
 Whe baUUieU becomeV noW meUel\ Xn-
 knoZn, bXW Xnimaginable. MajoU en-
 hancemenWV in cUeaWiYiW\ can be
 achieYed b\ deYeloSing Whe coXUage Wo
 Uecogni]e and oYeUcome menWal baU-
 UieUV, jXVW aV Whe PoUWXgXeVe VailoUV
 did.

 A VimSle WeVW foU cUeaWiYiW\ inYolYeV
 giYing WeVW VXbjecWV a VeW of objecWV
 and a goal, Wo Vee if Whe\ can XVe
 oUdinaU\ objecWV in XnXVXal Za\V
 (e.g., a Uock aV a hammeU). NoncUe-
 aWiYe indiYidXalV aUe ofWen VWXmSed b\
 WheVe WeVWV. In Vcience, Woo, objecWV
 become fi[ed in meaning. In man\
 caVeV, an aVVXmSWion comeV Wo haYe
 Whe Uock haUdneVV and SeUmanence of
 a facW.

 M\ childUen had been Sla\ing ZiWh
 Vome \aUn foU monWhV, calling iW VSa-
 gheWWi foU WheiU Wo\ kiWchen. When m\
 foXU-\eaU-old daXghWeU VWaUWed WZiUl-
 ing iW aUoXnd Wo Whe mXVic, one Siece
 in each hand like Whe Ol\mSic g\m-
 naVWV, m\ fiYe-\eaU-old daXghWeU be-
 came XSVeW becaXVe \oX do noW WZiUl
 VSagheWWi aUoXnd and dance ZiWh iW.
 TheUefoUe, \oXng VcienWiVWV oU WhoVe
 YenWXUing in fUom oWheU fieldV ofWen
 make Whe moVW UeYolXWionaU\ bUeakV
 ZiWh WUadiWion: Whe\ aUe able Wo aVk,
 "IV WhiV Ueall\ VSagheWWi?"

 ThoVe Zhom Ze noWe aV oXWVWand-
 ingl\ cUeaWiYe haYe ofWen been de-
 VcUibed aV SoVVeVVing a childlike inno-
 cence oU VenVe of ZondeU, and Whe\
 aVk Veemingl\ naiYe TXeVWionV. ThiV
 aWWiWXde conWUibXWeV Wo cUeaWiYiW\ b\
 keeSing Whe mind fle[ible. AmbigXiW\
 and Whe XnknoZn make man\ SeoSle
 neUYoXV, hoZeYeU. IW ZaV noW XnWil Whe
 laWe fifWeenWh cenWXU\ WhaW EXUoSean
 maSmakeUV ZoXld leaYe VecWionV of
 WheiU maSV emSW\. BefoUe WhaW, Whe\
 had filled Whe emSW\ VSaceV of WheiU
 maSV ZiWh Whe GaUden of Eden, Whe
 kingdomV of Gog and Magog, and
 imaginaU\ SeoSleV and geogUaSh\
 (BooUVWin 1983). We do noW eaVil\
 VXffeU blank VSaceV on oXU menWal
 maSV, eiWheU.

 A majoU obVWacle in Vcience iV noW
 ignoUance bXW knoZledge. BecaXVe
 AUiVWoWle ZaV Vo comSUehenViYe, logi-
 cal, and bUillianW, hiV ZUiWingV became
 Whe XlWimaWe VWandaUd of WUXWh. Ga-
 len'V ZoUkV SUoYided a VimilaU baUUieU

 BioScience Vol. 40 No. 2 124

This content downloaded from 128.164.101.41 on Thu, 10 Jan 2019 17:10:55 UTC
All use subject to https://about.jstor.org/terms



 in anaWom\ and medicine. IncUemen-
 Wal imSUoYemenWV Wo VXch a VXbjecW
 aUe difficXlW Wo incoUSoUaWe inWo Whe
 mainVWUeam of WhoXghW, becaXVe Seo-
 Sle keeS UeWXUning Wo Whe oUiginal.
 NeZ facWV become like liWWle SieceV of
 cla\ VWXck onWo a laUge VWaWXe: Whe\
 Wend Wo fall off oU noW VhoZ.

 AnoWheU W\Se of baUUieU of Whe mind
 iV Whe definiWion b\ Whe commXniW\ of
 VcienWiVWV of ZhaW iV a VeUioXV SUoblem
 and ZhaW iV noW. UnWil Whe laWe 1970V,
 Sh\VicianV UegaUded WXUbXlence aV
 laUgel\ be\ond Whe WeUUa fiUma of Zell-
 behaYed Shenomena VXbjecW Wo "Ueal"
 VcienWific VWXd\. The diVcoYeU\ of Whe
 maWhemaWicV and Sh\VicV of chaoV
 (chaoWic aWWUacWoUV, XniYeUValiW\, Uela-
 WionV Wo fUacWalV, and all Whe UeVW) iV
 UighWl\ called a UeYolXWion (Gleick
 1987) becaXVe iW bUoXghW ZiWhin Whe
 Uealm of oUdeUl\ VWXd\ an enWiUe claVV
 of Shenomena SUeYioXVl\ claVVified aV
 "Yoid, and ZiWhoXW foUm."

 In Whe caVe of chaoV, WheUe ZaV a
 Zell-defined Shenomenon, WXUbX-
 lence, WhaW ZaV deemed inWUacWable. A
 moUe common ViWXaWion iV Zhen a

 WoSic iV noW eYen Uecogni]ed aV VXch.
 When DaUZin ZUoWe hiV book on Whe

 oUigin of coUal UeefV (DaUZin 1842),
 oWheU VcienWiVWV did noW eYen Uecogni]e
 WhaW WheUe ZaV a SUoblem Wo be VolYed.
 When DaUZin foXnd eaUWhZoUmV in-

 WeUeVWing enoXgh Wo ZUiWe a book
 aboXW Whem (DaUZin 1881), Whe ZoUld
 of Vcience ZaV TXiWe VXUSUiVed. Recog-
 ni]ing SUoblemV WhaW oWheUV do noW
 eYen Vee can be conVideUed a SUime
 chaUacWeUiVWic of Whe WUXl\ innoYaWiYe.

 BaUUieUV Wo Uecogni]ing a Shenome-
 non oU SUoblem aUe man\, inclXding
 concUeWeneVV, YiVXali]abiliW\, and
 comSle[iW\. BefoUe Riemann, Whe ge-
 omeWU\ of EXclid ZaV idenWified ZiWh
 Whe WhUee dimenVionV and SUoSeUWieV
 of oXU VenVoU\ ZoUld. The a[iomV
 WheUefoUe ZeUe Woo concUeWe foU an\-
 one Wo conceiYe of alWeUing Whem.
 BUeaking WhiV concUeWeneVV baUUieU led
 Wo man\ foUmV of non-eXclidean ge-
 omeWU\.

 ViVXali]abiliW\ can alVo be a limiW-
 ing facWoU. Once PoincaUe VecWionV of
 Whe oUbiWV of VWUange aWWUacWoUV ZeUe
 SXbliVhed, iW became eYidenW Wo eYeU\-
 one WhaW WheUe ZaV Vome kind of Ueg-
 XlaUiW\ Wo WXUbXlenW Shenomena. FoU-
 mal SUoofV of WhiV facW ZeUe faU leVV
 inflXenWial Wo Whe geneUal VcienWific
 commXniW\ becaXVe Whe\ aUe mXch
 leVV acceVVible (Gleick 1987).

 PUoSoVal of C. DaUZin

 ThiV SUoSoVal iV foU Whe P.I., a geologiVW b\
 WUaining, Wo VolYe Whe SUoblem of VSeciaWion.

 MeWhod: CollecW eYeU\ SoVVible facW and foU-
 mXlaWe an all-inclXViYe WheoU\.

 DXUaWion:  20 \eaUV.

 PUoSoVal of A. EinVWein

 ThiV SUoSoVal iV foU Whe VWXd\ of Whe naWXUe
 of VSace and Wime.

 MeWhod: CondXcW WhoXghW e[SeUimenWV in
 aUmchaiU, VXSSoUWed b\ abVWUacW maWh-
 emaWicV.

 DXUaWion: 1 lifeWime.

 FigXUe 2. WhaW ZoXld haYe haSSened if DaUZin and EinVWein aV \oXng men had needed
 Wo aSSl\ foU goYeUnmenW VXSSoUW? TheiU SUobabiliW\ of geWWing SaVW Whe gUanW UeYieZeUV
 ZoXld be VimilaU Wo a VnoZball VXUYiYing in Hell.

 ComSle[iW\ and heWeUogeneiW\ aUe
 alVo majoU baUUieUV Wo Uecogni]ing
 SUoblemV. The geniXV of NeZWon ZaV
 in Uecogni]ing WhaW a ball WhUoZn in
 Whe aiU and a SlaneW ciUcling Whe VXn
 aUe "Whe Vame" ZiWh UeVSecW Wo gUaY-
 iW\. He made Whe fXUWheU cUXcial ab-
 VWUacWion of WUeaWing hiV objecWV aV
 SoinW maVVeV, UedXcing Whe comSle[-
 iW\ Wo a minimXm. TheVe abVWUacWionV
 and VimSlificaWionV of NeZWon aUe, in
 UealiW\, VimSle, bXW onl\ afWeU Whe facW.

 IW iV chaUacWeUiVWic of menWal baUUi-

 eUV WhaW once oYeUcome Whe\ aUe neYeU
 giYen a Vecond WhoXghW. The PoUWX-
 gXeVe naYigaWoUV neYeU conVideUed
 CaSe BojadoU a VeUioXV SUoblem once
 iW ZaV SaVVed. Of coXUVe, man\ Vcien-
 Wific achieYemenWV Ueall\ aUe comSle[.
 The maWhemaWicV neceVVaU\ Wo gUaVS
 TXanWXm mechanicV iV TXiWe difficXlW
 and iV noW jXVW a menWal baUUieU. NeY-
 eUWheleVV, a VcienWiVW mXVW alZa\V be
 aleUW foU baUUieUV WhaW can be ciUcXm-
 YenWed.

 A VignificanW baUUieU Wo naYigaWion
 iV Whe VeW of VWUXcWXUeV Ze haYe eUecWed
 Wo faciliWaWe oXU ZoUk: namel\, aca-
 demic deSaUWmenWV. The cXUUenW V\V-
 Wem VeekV Wo fill all Whe VTXaUe holeV
 ZiWh VTXaUe SegV. The biolog\ deSaUW-
 menW ZanWV one geneWiciVW, one Sh\V-
 iologiVW, and one ecologiVW, bXW Whe\
 don'W ZanW WhUee geneUaliVWV Zho
 ZoUk in all WhUee aUeaV. In ZhaW de-

 SaUWmenW ZoXld one SXW DaUZin: ge-
 neWicV, geolog\, Wa[onom\, oU ecol-
 og\? DaUZin conVideUed himVelf a
 geologiVW, bXW Whe ZoUld UemembeUV
 laUgel\ hiV biolog\. ShoXld GoeWhe be
 in Whe liWeUaWXUe, biolog\, Sh\VicV, oU
 ShiloVoSh\ deSaUWmenW? He acWXall\
 ZaV moVW SUoXd of hiV ZoUk on oS-
 WicV, WhoXgh WhaW ZoUk ZaV laUgel\
 flaZed. WoXld NeZWon oU FiVheU find
 comfoUWable academic nicheV Woda\?
 The cXUUenW Uigid deSaUWmenWal V\V-
 Wem iV confining Wo Whe WUXl\ cUeaWiYe
 SeUVon and diVcoXUageV Whe YiWall\ im-
 SoUWanW cUoVV-feUWili]aWion of modelV,
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 daWa, WechniTXeV, and conceSWV be-
 WZeen diVciSlineV.

 Don'W be an e[SeUW. All gUadXaWe VWX-
 denWV aUe WaXghW WhaW iW iV eVVenWial Wo
 become an e[SeUW. AV a VhoUW-WeUm
 goal iW iV, of coXUVe, Yalid. Academic
 VeaUch commiWWeeV aUe alVo looking
 foU e[SeUWV. AV a lifeVW\le, hoZeYeU,
 becoming an e[SeUW can inhibiW cUe-
 aWiYiW\.

 Wh\ iV WhiV? AfWeU all, iW VeemV WhaW
 an e[SeUW haV moUe WoolV aW hiV oU heU
 diVSoVal foU VolYing SUoblemV. The
 SUoblem UeYolYeV aUoXnd oXU menWal
 conVWUXcWV. In leaUning a VXbjecW, Ze
 cUeaWe a neWZoUk of facWV, aVVXmS-
 WionV, and modelV. Once Ze Whink Ze
 XndeUVWand VomeWhing, iW iV linked XS
 Wo an e[SlanaWion and VXSSoUWing
 ideaV. ThiV conVWUXcW ma\ noW be WUXe,
 bXW iW comeV Wo Veem Ueal neYeUWheleVV.

 AV one becomeV moUe of an e[SeUW, a
 laUgeU and moUe comSle[ neWZoUk of
 facWV and e[SlanaWionV accXmXlaWeV
 and VolidifieV, making iW difficXlW Wo
 enWeUWain Uadical alWeUnaWiYe ideaV oU

 Wo Uecogni]e neZ SUoblemV.
 The e[SeUW iV in dangeU of deYeloS-

 ing Whe Vmall cage habiW. Zoo animalV,
 Zhen moYed Wo a laUgeU cage, ma\
 conWinXe Wo Sace aboXW an aUea Whe
 Vi]e and VhaSe of WheiU old VmalleU
 cage (Biondi 1980). An AUiVWoWle oU
 FUeXd ma\ cUeaWe a VeW of baUV ZiWhin
 Zhich moVW SeoSle Sace Uigidl\, neYeU
 noWicing clXeV fUom oXWVide Whe cage.
 The dangeU in becoming an e[SeUW iV
 WhaW one WendV Wo bXild one'V oZn

 cage oXW of Whe ceUWainWieV and facWV
 Zhich one gUadXall\ comeV Wo knoZ.
 DogmaWiVm bXildV cageV in Zhich Whe
 dogmaWic When liYe and e[SecW eYeU\-
 one elVe Wo liYe alVo.

 HoZ doeV one noW become an e[-

 SeUW? AVWUoSh\ViciVW S. ChandUaVekhaU
 gaYe a UemaUkable WeleYiVion inWeUYieZ
 a feZ \eaUV ago. He haV led a VcienWific
 caUeeU noWable foU a UaWe of SUodXcWiY-
 iW\ WhaW haV noW VloZed doZn aW all inWo
 hiV 70V. When aVked hoZ he haV
 aYoided Whe dUoS in cUeaWiYiW\ and SUo-
 dXcWiYiW\ WhaW SlagXeV man\ VcienWiVWV,
 he UeSlied WhaW aSSUo[imaWel\ eYeU\
 VeYen \eaUV he WakeV XS a neZ WoSic.
 He foXnd WhaW he ZoXld UXn oXW of
 neZ ideaV afWeU ZoUking in an aUea foU
 Woo long. ThiV SaWWeUn led him Wo Wackle
 VXch WoSicV aV Whe d\namicV of VWellaU
 V\VWemV, ZhiWe dZaUfV, UelaWiYiW\, and
 UadiaWiYe WUanVfeU. AlWhoXgh all WheVe
 VXbjecWV aUe in aVWUoSh\VicV, Whe\ aUe

 diffeUenW enoXgh Wo SUeVenW XniTXe
 SUoblemV.

 We need onl\ WXUn Wo DaUZin Wo
 find a WUXl\ UemaUkable e[amSle of
 Whe YalXe of changing WoSicV. He
 ZUoWe bookV on Whe oUigin of coUal
 aWollV, Whe geolog\ of SoXWh AmeUica,
 SollinaWion of oUchidV, ecolog\ of
 eaUWhZoUmV, eYolXWion, hXman emo-
 WionV, Whe Wa[onom\ of Whe ZoUld'V
 baUnacleV, and moYemenW in SlanWV.
 When he decided WhaW a WoSic ZaV
 inWeUeVWing, he ZoXld delYe inWo iW in
 deSWh foU a SeUiod of \eaUV, ZUiWe XS
 hiV UeVXlWV, and moYe on. AfWeU hiV
 eaUl\ bookV on geolog\, he onl\ Ue-
 WXUned Wo Whe WoSic a feZ WimeV dXUing
 Whe UemaindeU of hiV caUeeU. In Woda\'V
 aWmoVSheUe, he ZoXld haYe been en-
 coXUaged Wo folloZ XS on hiV eaUl\
 VWXd\ of coUalV oU geolog\ foU Whe UeVW
 of hiV caUeeU. Imagine him in a mod-
 eUn geolog\ deSaUWmenW Welling hiV de-
 SaUWmenW head WhaW he Slanned Wo
 VSend Whe ne[W 20 \eaUV ZoUking on
 eYolXWion, eaUWhZoUmV, and oUchidV
 (Vee FigXUe 2).

 IW iV eaV\ Wo SUoWeVW WhaW leaUning a
 neZ VXbjecW iV Woo haUd and WakeV Woo
 long. I am noW VXggeVWing WhaW eYeU\-
 one can oU VhoXld VWUiYe foU Whe diYeU-

 ViW\ of ChaUleV DaUZin. Taking XS
 neZ VXbjecWV ZiWhin a diVciSline oU
 linking XS ZiWh UelaWed diVciSlineV aS-
 SeaUV moUe difficXlW, hoZeYeU, Whan in
 facW iW iV. IW iV mXch leVV difficXlW Whan

 Whe oUiginal gUadXaWe Vchool e[SeUi-
 ence, becaXVe Whe maWXUe VcienWiVW haV
 an aUVenal of WoolV, WeUmV, and Wech-
 niTXeV WhaW aUe WUanVfeUable beWZeen
 WoSicV. I aVVeUW WhaW Whe YalXe of cUoVV-
 feUWili]aWion faU oXWZeighV Whe coVW of
 leaUning neZ VkillV and facWV. SWXdieV
 haYe VhoZn WhaW a Zide VSecWUXm of
 inWeUeVWV iV W\Sical of highl\ cUeaWiYe
 VcienWiVWV and helSV accoXnW foU WheiU
 cUeaWiYiW\ (SimonWon 1988).

 PUacWical SUoblemV beVeW Whe bUaYe
 VoXl Zho eVcheZV Whe e[SeUW label.
 GeWWing gUanWV foU UeVeaUch in a neZ
 aUea Zill be difficXlW. DeSaUWmenW
 headV Zill fUoZn. E[SloUing neZ WeU-
 UiWoU\ ineYiWabl\ eYokeV Whe ColXm-
 bXV UeVSonVe: Vhaking of headV and
 mXWWeUing aV \oX diVaSSeaU oYeU Whe
 hoUi]on and a heUo'V Zelcome Zhen

 (if) \oX UeWXUn. A VWUaWeg\ Vome Ue-
 VeaUcheUV emSlo\ iV Wo mainWain a
 home baVe of e[SeUWiVe in a naUUoZ
 aUea Wo keeS deSaUWmenW headV and
 deanV haSS\, ZiWh fUeTXenW e[cXU-
 VionV Wo diYeUVe WoSicV Wo VWa\ fUeVh.

 Don'W Uead Whe liWeUaWXUe. When VWX-
 denWV aVk hoZ Wo geW VWaUWed in Vci-
 ence, Whe\ aUe ineYiWabl\ Wold Wo Uead
 Whe liWeUaWXUe. ThiV adYice iV fine foU
 VWXdenWV, becaXVe Whe\ aUe XVed Wo
 looking XS Whe anVZeUV in Whe back of
 Whe book an\Za\ and UeSeaWing Whe
 e[amSleV Whe\ haYe Veen. FoU Whe
 SUacWicing VcienWiVW WhiV fiUVW VWeS iV
 deVWUXcWiYe, hoZeYeU. FiUVW, iW chan-
 nelV \oXU WhoXghWV Woo mXch inWo
 Zell-ZoUn gUooYeV. Second, a geUm of
 an idea can eaVil\ Veem inVignificanW
 in comSaUiVon Wo finiVhed VWXdieV.
 ThiUd, Whe VheeU YolXme of maWeUial Wo
 Uead ma\ inWimidaWe \oX inWo aban-
 doning an\ ZoUk in a neZ aUea.
 MedaZaU (1979) alVo adYiVeV againVW
 Ueading Woo mXch, aUgXing WhaW VWXd\
 can be a VXbVWiWXWe foU UeVeaUch.

 M\ UecommendaWion foU Whe fiUVW
 VWeS (afWeU geWWing Whe geUm) iV Wo SXW
 \oXU feeW XS on Whe deVk and VWaUe oXW
 Whe ZindoZ. TU\ Wo elaboUaWe Whe idea
 aV mXch aV SoVVible. Do Vome calcX-
 laWionV oU TXick lab e[SeUimenWV.
 WUiWe a feZ SageV. Onl\ afWeU Whe idea
 haV incXbaWed and deYeloSed Zill iW be
 UobXVW enoXgh Wo comSaUe iW Wo e[iVW-
 ing liWeUaWXUe. GiYen a ceUWain leYel of
 knoZledge in a VXbjecW, \oX knoZ
 geneUall\ ZhaW iV going on, Vo \oX aUe
 noW likel\ Wo be UeinYenWing Whe Zheel.
 When \oX go Wo Whe liWeUaWXUe, \oX
 ma\ find WhaW Vomeone haV SUeemSWed
 \oX oU WhaW \oXU idea iV inYalid, bXW aW
 Whe UiVk of onl\ a feZ da\V oU ZeekV of
 ZoUk. The coVW of good ideaV killed
 off Woo Voon iV mXch higheU Whan Whe
 coVW of Vome ZaVWed effoUW.

 WoUk habiWV

 LeW'V geW boUed. BoUedom oU inacWiYiW\
 iV a VeUioXVl\ XndeUUaWed SaUW of being
 cUeaWiYe. I do noW, of coXUVe, mean
 WhaW being cUeaWiYe iV boUing, oU WhaW
 boUing SeoSle aUe cUeaWiYe, bXW WhaW
 Vlack Wime, TXieW Wime, iV a YalXable
 SaUW of Whe WoWal cUeaWiYe SUoceVV.
 ConVideU an aUWiVW. If he Zalked inWo

 Whe VWXdio and immediaWel\ began Wo
 dab on SainW and did Vo foU eighW
 VWUaighW hoXUV, I ZoXld noW anWiciSaWe
 Veeing an\Whing of Ueal beaXW\. NoY-
 eliVWV ma\ go foU monWhV oU \eaUV
 collecWing facWV, WUaYeling, and VeaUch-
 ing foU inVSiUaWion. PoeWV aUe noWoUi-
 oXV foU ZoUking onl\ Zhen inVSiUed.

 YeW becaXVe a VcienWiVW'V Wime iV
 YalXable, Ze Veem Wo e[SecW an eighW-
 hoXU da\. ThiV da\ iV fine if \oX aUe
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 doing UoXWine Vcience (e.g., VcUeening
 100 chemicalV in mice foU canceU UiVkV

 XVing VWandaUd meWhodV), bXW noW
 good foU Vcience WhaW UeTXiUeV deeS
 WhoXghW. To TXoWe JameV D. WaWVon
 (1968), "mXch of oXU VXcceVV ZaV dXe
 Wo Whe long XneYenWfXl SeUiodV Zhen
 Ze Zalked Whe collegeV oU Uead Whe
 neZ bookV," noW e[acWl\ Whe facWoU\
 VW\le of doing Vcience. AV John CaiUnV
 VWaWed (1988) on UeYieZing FUanceV
 CUick'V aXWobiogUaSh\, "Man\ Uead-
 eUV Zill be VWUXck b\ Whe WhoXghW WhaW
 CUick belongV Wo a b\gone age, Zhen
 biologiVWV ZeUe giYen Wime Wo Whink.
 WhaW gUanWing agenc\ Woda\ ZoXld
 giYe VeYeUal \eaUV of VXSSoUW Wo a
 \oXng VcienWiVW Zho jXVW ZanWed Wo
 bXild modelV? WhaW 30 \eaU old
 ZoXld noZ daUe Wo embaUk on VXch a

 SeUiloXV SXUVXiW?"
 In comSaUiVonV of VWXdenW SUoblem

 VolYing (Whimbe\ and Whimbe\
 1975), iW ZaV WhoXghW WhaW Whe beWWeU
 VWXdenWV ZoXld be foXnd Wo Uead a

 difficXlW SUoblem faVWeU and VolYe iW
 faVWeU. In facW, Whe good VWXdenWV Wook
 mXch longeU Wo Uead Whe SUoblem,
 becaXVe Whe\ ZeUe Whinking aboXW iW,
 bXW When Wook leVV Wime Wo anVZeU Whe

 TXeVWionV oU do Whe maWh. The SooU
 VWXdenWV ofWen ZeUe jXmSing ahead
 and VolYing Whe ZUong SUoblem. On
 VimSle SUoblemV, WheUe ZaV liWWle dif-
 feUence in SeUfoUmance.

 ThiV habiW of jXmSing ahead leadV
 Woo ofWen in Vcience alVo Wo VolYing Whe
 ZUong SUoblem. The Sace of aca-
 demic life and UeVeaUch haV become Vo

 fUeneWic WhaW acWiYiW\ and moWion haYe
 come Wo UeSlace WhoXghW. The need foU
 caUefXl WhoXghW and Slanning iV SaU-
 WicXlaUl\ acXWe foU VWXdieV on comSle[
 V\VWemV ZheUe laboUaWoU\ WechniTXe
 doeV noW dominaWe, VXch aV eSidemi-
 olog\, ecolog\, and SV\cholog\.
 TheUe iV a VimSle WeVW foU fUeneWiciVm;
 meUel\ aVk Vomeone, "Wh\ aUe \oX
 collecWing WhiV daWa?" If Whe\ aUe Woo
 bXV\ Wo anVZeU oU cannoW e[Slain iW,
 Whe UaWio of WhoXghW Wo acWiYiW\ iV Woo
 loZ.

 TheUe aUe Vome UeVeaUch WechniTXeV
 WhaW haYe fallen oXW of faYoU in UecenW
 decadeV aV being inefficienW bXW Zhich
 VhoXld be UeinWUodXced. One of WheVe

 iV Whe highl\ VoShiVWicaWed SiSe-
 Vmoking WechniTXe. ThiV inVWUXmenW
 haV iWV XWiliW\ in Whe almoVW inceVVanW
 and highl\ UiWXali]ed caUe iW demandV,
 Zhich keeSV Whe handV bXV\ Zhile Whe
 mind conWemSlaWeV Vome SUoblem,

 Zhile aW Whe Vame Wime leading a SaVV-
 eUb\ inWo belieYing WhaW Whe VmokeU iV
 acWXall\ doing VomeWhing (foU deWailed
 inVWUXcWionV, Vee McManXV 1979). In
 conWUaVW, an XnfocXVed ga]e ZiWh
 handV behind Whe head iV immediaWel\
 inWeUSUeWed aV goofing off. Of coXUVe, I
 do noW Uecommend Vmoking, bXW
 Vome VXbVWiWXWe foU Whe SiSe iV VoUel\
 needed.

 An eTXall\ effecWiYe WechniTXe,
 good foU deeSeU conWemSlaWion, iV Whe
 Zalk. ThiV WechniTXe iV looked doZn
 on Woda\ aV being Woo loZ-Wech. Be-
 VideV, Vomeone Zalking iV obYioXVl\
 noW ZoUking. DaUZin XVed Wo Wake an
 hoXU Zalk eYeU\ da\ aUoXnd a coXUVe
 he had laid oXW (FigXUe 3). He ZoXld
 become engUoVVed in hiV WhoXghWV;
 WheUefoUe he SXW Vome Vmall VWoneV aW
 Whe VWaUW, kicking one off aW each
 UoXnd Vo WhaW he did noW haYe Wo keeS
 WUack of hoZ man\ ciUcXiWV he had
 made oU ZoUU\ aboXW Wime. IW ZaV
 dXUing WheVe ZalkV WhaW he ZUeVWled
 ZiWh Whe deeSeVW TXeVWionV.

 The SUacWice of Waking long ZalkV
 aV an acWiYe SaUW of inWellecWXal acWiY-
 iW\ XVed Wo be a common SaUW of
 academic life in EXUoSe. PUofeVVoUV
 ZoXld Wake WheiU gUadXaWe VWXdenWV on
 ZalkV Wo debaWe, diVcXVV, and TXeV-
 Wion. TheVe da\V gUadXaWe VWXdenWV
 aUe lXck\ Wo eYen Vee WheiU SUofeVVoU in
 Whe hallV. OXU idea of a Zalk iV going
 Wo Whe coS\ machine. Some SV\cholo-
 giVWV haYe foXnd WhaW Waking SaWienWV
 foU a Zalk iV YeU\ effecWiYe in geWWing
 Whem Wo oSen XS and e[SUeVV Whem-
 VelYeV. WiWh oXU VhoUW aWWenWion VSanV
 WheVe da\V, iW ZoXld no doXbW UeTXiUe
 SUacWice Wo be able Wo come Wo conclX-
 VionV oU foUmXlaWe comSle[ WhoXghWV
 Zhile Zalking and UemembeU Whem
 back in Whe office, bXW iW can be done
 and ZoXld be beneficial.

 If \oX can'W Zalk, WU\ UXnning. I haYe
 been a UecUeaWional joggeU foU 15
 \eaUV. I VomeWimeV find WhaW a Sain in
 m\ ankle WhaW I feel Zhen Zalking oU
 jogging Zill go aZa\ if I VZiWch Wo a
 VSUinW. ThiV cXUe VXggeVWV a VWUaWeg\ Wo
 oYeUcome ZUiWeU'V block, Zhich af-
 flicWV man\ VcienWiVWV. The VcenaUio I
 ofWen obVeUYe iV WhaW Vomeone finiVheV
 an e[SeUimenW oU field VWXd\ and When
 ViWV doZn Wo "ZUiWe XS Whe UeVXlWV." IW
 UemindV me of Whe PeanXWV comic VWUiS
 in Zhich SnooS\ iV WU\ing Wo ZUiWe a
 gUeaW noYel and keeSV geWWing VWXck on
 "IW ZaV a daUk and VWoUm\ nighW."

 FigXUe 3. ChaUleV DaUZin engaged in Whe
 aUcane and almoVW loVW aUW WhaW Woda\ Ze
 ZoXld label Whinking. IllXVWUaWion b\ Rich-
 aUd Loehle.

 SWaUWing aW Whe fiUVW ZoUd Wo ZUiWe
 XS Whe enWiUe VWXd\ iV UaWheU inWimidaW-
 ing. The Zalking ZUiWeU, like SnooS\,
 iV noWicing Whe Sain in hiV ankle aW
 eYeU\ VenWence and iV likel\ Wo VWoS
 and maVVage each VoUe VSoW, WhXV Ue-
 SeaWedl\ geWWing VWXck. SXch jeUk\ mo-
 Wion iV alVo anaWhema Wo cUeaWiYe

 WhoXghW. SSUinWing can VomeWimeV
 cXUe boWh SUoblemV. SiW doZn ZiWh a
 cXS of coffee (oSWional) and define a
 VhoUW Siece Wo be ZUiWWen in a defined
 inWeUYal, Va\ Whe meWhodV VecWion in
 one hoXU. Then VSUinW ZiWhoXW ZoUU\-
 ing aboXW gUammaU oU VW\le, Zhich
 can be coUUecWed laWeU. LeaYe blankV
 ZheUe Whe UefeUenceV VhoXld go. OfWen
 WhiV Slan Zill geW one off Whe maUk and
 ZUiWing ma\ conWinXe foU VeYeUal
 hoXUV. If iW WXUnV oXW noW Wo be a good
 da\, Whe VSUinWing WechniTXe aW leaVW
 alloZV foU an hoXU oU WZo of Volid

 ZoUk. The XWiliW\ of WhiV aSSUoach
 deSendV on Whe VW\le of Whe UeVeaUcheU
 and iV moVW XVefXl foU h\SeUacWiYe
 indiYidXalV Zho do noW like Wo ViW VWill
 and foU SeUfecWioniVWV like SnooS\
 Zho geW VWXck on Whe fiUVW VenWence.
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 Be XnUealiVWic. IW iV a faWal miVWake Wo

 haYe a UealiVWic eVWimaWion of \oXU
 menWal caSaciWieV. Someone Zho iV
 UealiVWic Zill neYeU aWWemSW SUoblemV
 WhaW Veem haUd, becaXVe feZ of XV aUe
 NeZWonV. On Whe oWheU hand, cUeaWiY-
 iW\ iV onl\ maUginall\ UelaWed Wo IQ.
 ThaW iV, aboYe a ceUWain SoinW VXch aV
 120 oU Vo, IQ iV noW SUedicWiYe of
 eiWheU SUodXcWiYiW\ oU innoYaWion2 (Si-
 monWon 1988).

 AV Ze look back on gUeaW VcienWific
 diVcoYeUieV, man\ of Whem Veem child-
 iVhl\ VimSle Wo XV. The gUeaW innoYa-
 Wion of Galileo ZaV Wo aYoid WU\ing Wo
 e[Slain Zh\ objecWV fall (aV AUiVWoWle
 had) in faYoU of TXanWif\ing hoZ Whe\
 fall. When NeZWon WUeaWed objecWV aV
 SoinW maVVeV iW ZaV bUillianW, bXW in
 UeWUoVSecW iW iV a VimSle conceSW. The
 gUeaW innoYaWion of VeValiXV ZaV Wo
 do diVVecWionV himVelf and baVe hiV

 anaWom\ book on ZhaW he acWXall\
 VaZ UaWheU Whan on Whe aXWhoUiW\ of
 Galen (BooUVWin 1983). HiV fXUWheU
 innoYaWion ZaV Wo XVe medical dia-

 gUamV in hiV book. All of WheVe aUe
 elemenWaU\ ideaV.

 Some ma\ deVSaiU WhaW all Whe eaV\
 ideaV haYe been foXnd, bXW WhiV aVVeVV-
 menW iV faU fUom WUXe. In Whe laVW WZo
 decadeV, fUacWalV and chaoV haYe WUanV-
 foUmed Whe foXndaWionV of Vcience, \eW
 Whe baVic conceSWV and eYen Vome of
 Whe foUmal maWh aUe inWXiWiYel\ obYi-
 oXV and VimSle once leaUned. OfWen Whe
 VolXWion Ze Veek Zill WXUn oXW Wo be
 VimSle and Zell ZiWhin Whe Ueach of
 oXU inWelligence. IW iV SX]]ling Zh\
 VcienWific diVcoYeU\ iV Vo haUd Zhen Whe
 final UeVXlW can ofWen be demonVWUaWed

 Wo an eighWh gUade claVV.

 InYeUVe SUocUaVWinaWion. The fiUVW SUi-
 oUiW\ of Whe innoYaWoU iV SUocUaVWina-
 Wion. Onl\ b\ SXWWing off UoXWine
 dXWieV and aYoiding commiWWee aV-
 VignmenWV can one find Wime Wo da\-
 dUeam and bUoZVe in Whe liWeUaWXUe. I
 do noW belieYe iW iV faiU Wo call WhiV

 SUocUaVWinaWion and aYoidance iUUe-
 VSonVible behaYioU. RaWheU, iW haV Wo
 do ZiWh lead WimeV being moUe imSoU-
 WanW Whan deadlineV. The geVWaWion
 Wime foU ideaV, meWhodV, and modelV
 iV ofWen TXiWe long. The EXUeka! She-
 nomenon iV XVXall\ Whe Wail end of a
 long SUoceVV of SX]]ling oYeU a SUob-
 lem, Ueading aboXW iW, and diVcXVVing
 iW ZiWh colleagXeV.

 2See fooWnoWe 1.

 FoU e[amSle, eYeU Vince m\ WeenV I
 haYe been faVcinaWed ZiWh Whe abiliW\
 of Vome WUeeV Wo liYe foU WhoXVandV of

 \eaUV. I Uead accoXnWV of WUee lifeVSanV
 and coXnWed UingV on VWXmSV ZiWhoXW
 an\ goal in mind foU man\ \eaUV. BXW
 eYenWXall\ WhiV infoUmaWion led me Wo
 a neZ aSSUoach Wo Whe SUoblem of Whe
 eneUgeWic coVWV of achieYing gUeaW age
 (Loehle 1988).

 I belieYe WhaW moVW cUeaWiYe Vcien-

 WiVWV haYe a long liVW, oU ]oo, if \oX
 Zill, of SeUhaSV onl\ SaUWiall\ aUWicX-
 laWed TXeVWionV and SX]]leV WhaW Whe\
 mXll oYeU and WhaW gXide Whem. The
 need Wo feed Whe inmaWeV of WhiV ]oo aW

 UegXlaU inWeUYalV iV VWUong, becaXVe
 WheVe ideaV Zill bloVVom inWo Whe ne[W
 VeW of UeVeaUch SUoblemV. ThiV dUiYe
 leadV Wo ZhaW I call "The FiUVW LaZ of

 InYeUVe PUocUaVWinaWion": alZa\V SXW
 off Vome of ZhaW \oX VhoXld be doing
 Woda\ Vo \oX can do VomeWhing WhaW
 mighW be UeleYanW laWeU.

 SXUfing. If I Va\ WhaW cUeaWiYe ZoUk iV
 like VXUfing, \oX Zill Whink I am fUom
 CalifoUnia. B\ WhiV analog\, hoZeYeU,
 I mean WhaW good ideaV come VSoUad-
 icall\ and XnSUedicWabl\ and VhoXld
 be SXUVXed aV Whe\ SaVV b\, jXVW aV Whe
 VXUfeU SXUVXeV Whe ZaYe. Some ZaYeV
 aUe Vmall, Vome laUge. Some da\V Whe
 VXUf iV XS, and Vome da\V iW iV noW. FoU
 Whe Ueall\ big ZaYeV, iW can Wake Ueal
 effoUW Wo VWa\ on Whe cUeVW. The liWWle
 ZaYeV can be caXghW b\ joWWing doZn
 noWeV ZheUeYeU \oX aUe. When Whe
 VXUf iV XS, iW iV cUXcial Wo Uecogni]e iW,
 and, like Whe CalifoUnia hoW-doggeU,
 cXW claVVeV if neceVVaU\ Wo hang Wen. AW
 VXch WimeV, one VhoXld VhXW Whe dooU
 and diVconnecW Whe Shone. In VXch a
 cUeaWiYe ZaYe, VomeWimeV enWiUe fiUVW
 dUafWV of SaSeUV can be Uidden in a
 conWinXoXV bXUVW of ZUiWing. SXch
 ZoUk iV ofWen of Whe higheVW TXaliW\
 eYen WhoXgh hXUUiedl\ done.

 DoeV VXch an aSSUoach mean one
 VhoXld be a SUima donna, onl\ ZoUk-
 ing Zhen Whe mood VWUikeV? CeUWainl\
 noW. On da\V WhaW aUe noW good foU
 VXUfing, WheUe aUe aUWicleV Wo Uead,
 manXVcUiSWV Wo UeYiVe, eTXiSmenW Wo
 oUdeU, SaSeUV Wo UeYieZ, Shone callV,
 meeWingV, and Vo on and on. The
 SoinW iV noW Wo be mood\ bXW Wo be
 UeceSWiYe Wo Whe cUeaWiYe mXVe (Wo be
 mXVe\, if \oX Zill). DeVignaWing a
 Wime of da\ foU UeVeaUch oU folloZing
 Woo Uigid a SaWWeUn of ZoUk iV deWUi-
 menWal Wo cUeaWiYe WhoXghW.

 SXUfing aSSlieV Wo WoSicV SoSSing
 XS, aV Zell aV Wo being inVSiUed in
 geneUal. To ciWe B. F. SkinneU (1959),
 "a fiUVW SUinciSle noW foUmall\ Uecog-
 ni]ed b\ VcienWific meWhodologiVWV:
 Zhen \oX UXn onWo VomeWhing inWeU-
 eVWing, dUoS eYeU\Whing elVe and VWXd\
 iW."

 ThiV SUinciSle SoinWV oXW WZo fXn-
 damenWal SUoblemV ZiWh Whe cXUUenW
 SeeU UeYieZ gUanW-giYing SUoceVV.
 FiUVW, UeYieZeUV ma\ noW concXU ZiWh
 \oXU aVVeVVmenW of ZhaW iV inWeUeVW-
 ing. Second, Whe cXUUenW UeYieZ V\V-
 Wem UeTXiUeV one Wo la\ oXW, in Vome
 deWail, Whe VWeSV and SUocedXUeV one iV
 going Wo folloZ WhUoXgh VeYeUal \eaUV
 and ZhaW Whe e[SecWed oXWcome iV
 going Wo be. E[ceSW foU obVeUYaWional
 oU YeU\ e[SenViYe VWXdieV, WhiV de-
 mand iV comSleWel\ XnUealiVWic, be-
 caXVe UeVeaUch iV a conWingenW SUoceVV.
 IW alVo SUeclXdeV folloZing XS inWeU-
 eVWing leadV. E[amining FaUada\'V
 noWebookV, one VeeV WhaW he did VeY-
 eUal e[SeUimenWV SeU da\ in an iWeUa-
 WiYe, WinkeUing W\Se of UeVeaUch. HoZ
 coXld he haYe Slanned WhiV UeVeaUch in
 adYance oU SUeVenWed iW Wo a UeYieZ
 Sanel?

 To enVXUe VXUYiYal, man\ UeVeaUch-
 eUV SUacWice a foUm of deceSWion b\
 VTXee]ing inWeUeVWing SUojecWV be-
 WZeen Whe cUackV of oWheU gUanWV. M\
 aUgXmenW iV WhaW fXnding, e[ceSW foU
 YeU\ laUge VWXdieV, VhoXld be in laUgeU
 amoXnWV oYeU longeU SeUiodV Whan iW iV
 Woda\, and fXnding VhoXld be diUecWed
 moUe WoZaUd bUoad lineV of inTXiU\
 UaWheU Whan Whe cXUUenW naUUoZ focXV.

 Toda\'V highl\ comSeWiWiYe climaWe
 haV led Wo Whe miVconceSWion WhaW Whe
 TXaliW\ of SUoSoVed ZoUk and iWV oXW-
 come iV SUedicWable fUom a deWailed
 gUanW SUoSoVal. FeZ if an\ Ueall\ VXU-
 SUiVing diVcoYeUieV geW e[SliciWl\
 fXnded WhiV Za\. AV KoeVWleU (1964)
 noWed, "The hiVWoU\ of diVcoYeU\ iV
 fXll of aUUiYalV aW Xne[SecWed deVWina-
 WionV, and aUUiYalV aW Whe UighW deVWi-
 naWion b\ Whe ZUong boaW." A mXch
 beWWeU SUacWice iV Wo fXnd inYeVWiga-
 WoUV, aV doeV Whe HoZaUd HXgheV
 Medical FoXndaWion, foU WhUee- Wo
 fiYe-\eaU SeUiodV baVed on Whe indiYid-
 XalV'V WUack UecoUd UaWheU Whan Wo fXnd

 a deWailed SUoSoVal. ThiV SUacWice
 fUeeV XS Whe WUXl\ SUodXcWiYe fUom Whe
 hXge oYeUhead of chaVing gUanWV (aV
 mXch aV 30% of one'V Wime) and fUom
 making oYeUl\ Uigid UeVeaUch SlanV.
 One cannoW SUedicW oU conWUol ZhaW
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 Whe cUeaWiYe SeUVon Zill do, bXW he oU
 Vhe can be encoXUaged b\ adeTXaWe
 VXSSoUW.

 ConclXVionV

 The SaWh of cUeaWiYiW\ iV VWUeZn ZiWh
 Whe boneV of WhoVe conVXmed b\ Whe
 YXlWXUeV of mediocUiW\, accoXnWabil-
 iW\, and UeVSonVibiliW\. One cannoW
 VchedXle cUeaWiYe bUeakWhUoXghV,
 bXdgeW foU Whem, oU SUoYe Whem in
 adYance Wo a UeYieZ Sanel. An enWiUel\
 diffeUenW, fle[ible aSSUoach Wo Vcience
 iV neceVVaU\ Wo encoXUage cUeaWiYiW\.
 The conceSW WhaW Wime iV Woo YalXable
 foU VWaUing oXW Whe ZindoZ oU Ueading
 foU SleaVXUe iV eTXiYalenW Wo doing lab
 ZoUk Zhile VWanding on one'V head.
 FUee and XndiUecWed WhoXghW and Ue-
 VeaUch aUe eVVenWial. ScienWiVWV of Whe
 ZoUld, WhUoZ off \oXU chainV! YoX
 haYe noWhing Wo loVe bXW \oXU "noU-
 mal Vcience"!
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 AmeUica'V GUeaW OXWdooUV, I'll
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 The NaWional FoUeVWV, oXU FoUeYeU
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 WemSW a WUoXW Wo Wake \oXU line.
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 Uela[ and lean back againVW a WUee
 and liVWen Wo Whe biUdV Ving.
 To find oXW moUe aboXW Whe NaWional

 FoUeVWV and all Whe benefiWV Whe\
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 foUeVWV foU \oXUVelf.
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