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 In the ﬂrs’ﬁ pam of ems ‘dtsmartation v hava";nhnwﬁ that
tham 13 ama walatmn i:m mmn wﬁiﬁ i: r{uw besng ta%ht :m the
uaturﬂ of thca uxp@rmntal gailences and that branoh of rational
philosophy eallad dialegtics We: shall now turn $o a nlamil in
the fiold of axperimontal biclagy, written by Cloude: ao:nm

(mwm’- (2) A Ty e wmey ]

‘!ergaon ta hia nlmm&x cmsmm, emamuﬂng tho
hir‘th of Bernard, dealnred thut thﬂ IJTROWOTIQW A L' ?Um 3
LA WEDICINE m.mrw'm xL’?‘ wag far thc :!IX t‘entury, uhat 80
cartent DISOOURS ™ LA wzmom wau far m :WII zmd an Ctm-

turies, (1)

Tha baokyround of $his work 4z worth smasrking. Olauds
Bernurd waa moet familliar with She trndilfions of the laboratorye.
It was in contugs with Liots and thetir manipulation that hiw
ideaa on tha axperinontal method developeds Az & profesaoy a3l
ths Colldge ds France, and later: af. She Sovbonne; Mo introduced
hia coursa $o physiology By a numbor of lagtures on tha theory
of tha oxperimental mthod. bmmmln.ud b:r aialmsua to leave
Paria, ha found time 0 put hia pr'viaua 1@&& in a dtatingt work,
Intzcduotion % 1'Etude de la Nedicine Ezpeimmtala. which ho -

(1) Cf. Homitour Universol, Hova X866 - o
(2) of. Appendix I, for the history of the scientific method.,
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published in 1365, (%) His expyeition. of the experimonyal msthod
13 all the muxe whighty Locnusg. aergnq,rm among . the. greatoat
phywiologiste of all $ima, Ha 20% only made many impoxtant
digooverias on the fmat&an;ng ok Shs 14;;@:, $he ,aamaaa. and
the ysso-notox marves, but aleq, ebeqked $hass. discoverd
mmnly $hat thay seom $o be as. mpﬂ.ﬁu m: as the daar
they ware made.

The Introduction ia «mm “Yhres Mmﬂmﬂrﬂt part
ta an analysia of the general’ glardater{ukid of ¥ne eipertmental
methods I% oxposes. the rolation betwasn: fags and idea, Jpatwean
sxpsrimantation and she mental. Attitude of the experlmmtat.
T‘xia {irst paxt may be ternmsd 'm Aogla of the axnertnenzal
method's ia work (Bernard's) says Lalande, has become kiown as
the qlagsical sxposition of the Sxpaximantal meshed not only in
the aatural aclsnges, but also. in physigal chemigtry. This 1ia
dug %o the glesrneas with whieh ho has put ia yoldief the g axioxs
1:163, and the spirit of iavention, slong #ith gonfidenoe in bioe
logigal determinigm, fidel!ty $o. fagis, oparmass of mind sven in
raapact fo the new formulations. for which one is enthuglastiag
finally, the rsgard fox tho $eghnique of warification, the import-
snoe of the gounter~proof (Lfor axample the use of contxol '
animala)e’ (2)

In the gegond and third parts of the Introduction, Bernard
considers the actual employment of $he axperimental method in

(1) ¢ #nrnsrd, Introducti n % 1'2tude de 13 dodioine Exparmanuala,
Balli.&m 3% Fila, Faris, 1865 also Librairie Delagraws, ©aris,

1537

(2)Lalands, Les Thiuries de 1' Inductign et dg lY:ixuérimentation,
(5oiv1n a8 Cla), Paris, 192 3 DeD




phyuolog and medicine, The umumta; mthod ‘.ts fxmdmenf-
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tauy thm mmn in amd}nngg liviug" or nmh‘living m:antm

(lv ﬁ }' iy

Hmevex, the amdy of 11v1ng m;mxim u maye difﬂmlt dam
to ‘k}m 1ntm~1era. y of 11fa~p}m ' the emlexity ct ‘Mm
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themfom mamaza tha vazrtm mb’.’.m :mzm m m
mntatmn. m:: Parta I and III nu philomhy ot mtm ocun

S 7,‘?

be gathamd. In Part III Bornard mmm a0e af hia amimenta,
and pointe out the m*wuu ot axpawinental mduim.

Ha does not treat dirsgtly the w¥siation of uo:agg._ta.
nilosophy striotly understood, bus remaing in. the fiald of
mathads It 43 & meshod, however, whioh is presaensed i1 such =2
way as to ohnallsnge 'philoaophr proper: He defines such goncepts
ag he thinks nocessary to explain the nature of She sxparimantal
rethod. His exposition of lifs phenomens, of the kinds of reR30n-
ing, of dsterminiem, Lring him nsgossarily tnto philosophical
contreversy, Jarynard at times speakas harshly of mataphysics and
of raligion. Consaquently his Introdugsion is thought to condemm
all soisnow not fundamentally positivigife, Dorolle fsayst "He
mould have one Shink metaphyaleally tn grder ts (nitiate movennnt,
but live and aot chysically and o fashion sclanas ig to live
and %o act*, (1) Bernard disolaims $hat axparimentul wadicira,
masning also 158 methodology, velongs %o any shilosophianl ayston,
Ua worng She axﬁ»ﬁarmentz;list to aul%ivzs:,m the »hilosophieal
spirit, bus o avoid shilosophical zyﬁmg{ (2)

{1} 2.3eraard, - 'Introduction 0%Qsy {Pramibre Purtia), ade
Delagrava, f’ariu. 1937s Pel5s

. . - oo oeed 1 C e -~ 2 . e T i B CC R T , 4,
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In the Sntroduction, Hernard wekes s GIeAT, gondliss, ond
brilltant analysis of Sha.expesimensal mathod. the more mm
ing tn that he eladms Lox A% fywedon Lyom:all. phl-lamphtnﬁ . |
systans and gontrovarsys He aonsends: ¥hat. faxparimental mwmg ke
ne wan ag all the ax;;nrxmm mamn. dnn not faulf‘im ma

phyatu:wgist, as tha.t or cury

U\u?xl

such Or such syatea 9&‘ mnmm m ﬁw aaimtut pnxmina
sclantifiag mvaangaﬂm m aﬂ a mm W Mﬁﬁiﬁiﬁd e
syatem, he mdenw* mtu Mm Zux trom poality, or ihﬁ l?ﬁ&
givaa to his uimi a umd of ta!.m asgurance and an 1»1:1@:1»111@ .
chigh is not in accord with the liberty and flaxibility which the
axparimenter must always retain in hia rosearched. It ia meeasm
therefors %0 avold with care any semblanpe of a eystiam, and the P
roagon (1 give) is that aystems are not in nature, but only in
the minds of mon. Positiviam, whioh in She name of 3cisnos rojects
all »hilosophicel systens, has of they, $he falaiily of being a
system. for, %o find the truth, it suflioes $hat a solentiat pu$
hinmanl? before nature, and t‘mt he ssarch 1% by following the
axparimental method —sﬁ.detl by invmtige.tazr talenta mors or less
perfact, I %thiak that, in Ma gnan, tho bnat amlasaoghiaa:!. ayaten

i3 %o have no eymiem,” (1]

%o may call attention % two rongong jussifying thig gttl
tudo. The scientist must be fyes 3o forsulate thoss hyuothosss

(1) Pernard, Introduction 2toe, Puria, 1865, PP 386=3373
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whtch will beat explain the phsndmena he desls with. No experi-

mental method oan be good uxisgs 1% assureq this Lraodow, As we

- shall ase later, B&zns.rd cim M;' Wp@haﬂia that which 3%,

1

‘rhomn hag alnimd tar tha '_" ronopianl hypo
TR 4T S OO S/ SRS

‘rﬁﬁto, Uno modo ad pxobmdm mrmmnm ali B

iy SR e
clens motus o0 ROEper o

umiformia cg{gaﬂm Aiq‘ix;n modo inducitur ratio,

o non sulfigismBexr probef rudlcem, sod quas
g:gici jon soxitas amn&ftummm ‘eorigequentas

effootuar sicut in astrologi. ponitur radlo excentri-
soTun et epioysloyum &x hoo qum‘ta haa pesitions faot |

gaunt aalvarl spparentia sonsibilia girca motus
ggchstam non tamen ratio havo oat sufficlanter

. probans, quia ctm foxta alia positicne Zaata
g&vm‘mam- ( 3

If we gongidarad theas WMI ima, we would mdaad bo

bound, and the prozysss of 4:93:1&93331 gelonce would be hampered. .
In this 74eld, axparmnce alom qhquld ba oux ﬁ,rst and lagt guide, |

and ¥hatever we goncelve MMMW as .‘mm.ﬂm
To give definita :r&.lue %o ammby" otheuia, howevar Dlausible i’s
may seen duse to prsaent avidanan, :l.a %0 deny e:q;erianae. Ola.m to
fresdom in this field ig tamrei’o:a nﬂ-roundm and indispensitle,

gecondly we gan wn undarstand Bexnnrd?s suspicion of
ohiloesophieal gystoms. If a philosophy hampexs tho froocdom of
experimental solence, i 1t would imposs definite prinoiples of
such a nature that they deny the madm of hy:otheslis, then
suraly 4t is a bad philosoghy ug far a8 the zclentist ia eoncernasd,
and 1 auch ig l}mmre of philomphiqal gystemag amz such, then we

(1} 9%, Thomzs, wmsa Theologica, I, qe32, 2.1, ad 2,
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should have nothing to do RN LT U TR R T
'ﬂm :rmcammm‘s ia laigaiy ai study af tha pxohlem nt

TG T ol w4

oxporimentation in 1wdu1m.mthw. and themmutwn; and
it also desoxibms cartain experiments. mdﬁ by Bornard. Hovar-
theless, ha gives i the fireR.park the me theoxy of tha
expsrndntal nethod. The methed as: mh A8 applicuble, ha eaya,
to the physioal ﬂaia'msa, and to the v:zioun bta!.ogieal miencsn
“The naturalist wh- obasrves sntmafn ¥ iswrt thelr mode of 1iZe
and hebits, the phyaiomgne and the 'doﬁﬁf""ﬁ%‘é wiah ‘to Wtudy

e {nner functicnirq aof ll’vtng bm!ﬁc, thas ohyatotan and the
chemist who detormine the phendmﬂn ot {1¥aYann natéary all ave
in the gsame olass - they have bafoss thew mantfes?ations which
they axe able to interpret only Dy ¥he ald of ‘an ezporimentsl
criterion, the sola atudy of which dacuples is hera.” (Introe
duction p.57) In many places Sernard ussg the fodm ‘fphy slology?
and "hbiologlowl sclencas? intarchangebdbly. (0f. pp.237, 30, 55, 102,
115, 118, 127, etc,) daturally as.a. physielagis® he speaka usually
of tha mathed in ralation $o physiclogy. But he does not constider
shyaiology aa belonging to any Lut $he uielogioal scioncem. Hence
theXe i2 no miatake in cheosing the LiIRQRUCTICH %o give us the
2xpoglition of the axpsrimental method in blology.

fn fict, Dernard saya that the mathod fs the asme in $he
rhyasieal wianeas as well ag in the Mé‘icéié&l saiancas, Unfore

tunalaly, thiz misht woll be gonteary $0 the fraadem which he
5 clafma for the 2xparimantal sotencea, th migs $he method Be the

S



sam'r Should $he. method of mevhemaiteal:physics:he the. same.as
that of exparimental paychology? ¥a:can: ses RO Xoason. tnr aggepting

this a priori rostrighblon. Put:moxe:of "l;h&t-hﬁﬂ&--~

sNa% SR T

Bernard di :agnas with o goimsén oxplmttm that ohservatien
1g the witnessing of phenomsns’ whish nmatirs ordinarily offern,
whereus axperimdntation (s thi-'¥ithessing of pPhmaoena ersated
oy determined by $She sxpsrimenteiri’ n the vowds of Cuviert
“The obsarver listena $o nature; the experimlﬁar queattmm it
and forosa na‘kurs to reveal itul:f,‘ But dnes this man that tha
obaarver is alwnya pasabm, aml tb.at tha axparimnm ia alonn

active?

Bernard olewerly distinguiglies betwesn Whe art of investiga-
tion and the art of raé.soning. T the first place, that obrerva
tion is chnracterized by nature being setive and the wind being
passive 13 not exaatly true. For exsmple, 1f ax splidemic 'mu--;tﬂ
then & dogtor has the opportunity $o abserve the enuses and the
progress of it. But suppose that another apidornig ariaoss in 2
difforent locality, and the same dsoctor takes %o obmwatiou.
agnin nature is revezling hermelf, but is the dootory sip:ply
nassive? Ne, becmiss the obgervation is of a different kind.




“This segond cbaervation, made $xwiew of.a Yyrowonosived idsn
an the nature and the cause of the diseane, is one whioch munt

be called a provokeg or mmm' Henge the over-

aimaliﬂcation ai' hoidmg that in ahu.wation naﬁum iw antive

W s

zznd tha ezpezimentor is pamin. In tlm mond plaaa, txparimen-

Mtion ia m::t m.:aply t!m prdvn;q;t#igzi a.nd mantpuiatton qi‘ PHeTOe
mena, A phyaialngut who 1s mm}uzng exparimts on thn factal
uerve 3o lamm its diatributiou mId mmt rith an aoetdxmtal

case of gunpwmmd m whiuk he mad eml:r ohume to oontime hia
expariment, Ha would not, then, bu sotivaly working on nature

to produce oxr to gontrul phshctea;: Tat he would be sxparimenting,

30 nsithar &s the above defini¥ion of emﬂnmtatia#i‘uausfactury.f

In the trus 4m1anation ot bbnmtion a.nd axperianea follow=
ing diannctiona are made. "spnald.ng in thﬂ oamate, om aaya
that he makas an ahaamtian or mriam- Ihcn hs givan hizmgelf
to Yhe inve: d;ig,ati@ anrl m ot faata i‘zom which the mind
cun draw lnaumction. Speaking in thc abnraat, ona says $hat he
depandg upon sbgerv: m.on or 1aam :tram uperienae whan he means
that obasry:tion is the 'mtlta, e pcmk dtappul? for _mw
Fhich zangong, and_mm is the basts of $he mind which
goncludea, or bvetter, that it is the fruit of correct reasoning
auplied to thae intarpretation of Laols. From thia 1t follows that
ona 18 able %o learn from expsriangs without making amarﬁents,
by The sols faot that one resasons agcowding to well asiablished
facts, just ag ons ia able o sxpariment and to obsarve without
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agnquiring expsrience ii ong Mh;-m:nu %o the mers witnessing

e

of facto. S ERICA S o

J' 'ﬁbaarvmion tmmzm is that \l‘hiah u‘hovn thu fac’ug aml

P e . ; o ""i’a

w::perianca 1a thza.t whiuh iﬁutmats cm m tacﬁa and gives tm
exparisnce a relation %0 a thiug. ‘But as this 1nutruotian is
1300831})1. axcept by camparigonand judgenent, that is to say;.
by following a reagoning process, it omlls. $het man alons-

ig aupable of having an expayisnoe and of perfasgting himeelf 1) 4
sxparisnce, * (Intmdncuon p.22} ‘ ~

SRR
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Rernard ia careful %o umnm $wo kinds of instruqgtion
shich are derived fxom sxpariences one shat is smpirigal, the

other $hat 1s sxpsrimental. That of ths empirioal kind is
obtained in a pragtical way from esch thing. and 1%t is accompanied
by a vague, s'{pariment&l mmning. 1t is ihﬁa v:zgue but sponta.-
neoug mental activiiy which “tne uzperincntal method perfach by
nmaking it olear, off-hand, and canuiously di.reatad tourd. an

and. The exparience in a soianue 1: thun alvsya aaquired ’ay virtue
of a preolas reszsoning ars‘kszllshod on an 1:1::& which the obaena.—

tion has snganderasd, and nhlch tha azpuriunca centzola. ( Introduc-

tlom 2 231

Bernard axprasses many times, in sinple language, ths formala |
of the experimental matiods The expeximentsl mathod does no ofher
thing than pass a judgement on the surrounding facta,; by the aid
of a griterion which is another fact uwaad to control ths judgement,
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‘ and %o give the axpariencee Expewiencey sceerding to 3evnard is
" of the graatest imoordance; it ia the unimm sourae of human

et s B wr A ¥ on REEH]

kn:owledye. Tor the mind wmif has only a m (mntzrient}
of & NeGagIATY’ Telation between snings. It can not kna{__tha

| g e LA g ‘\‘; moowk o o

exnot form at th:ln mlatian ntm%mmmn (Iﬁtrﬂ' j.z&)

ix"‘ ,*l‘ k.

Keaping in mmd tha wrr tmtaat mesnct&un bctmm thn
art of Lmastigatim and m m ct wmmntal raauning u

ghould notes S R

ER

1) The axt of inraﬁmtm 1: thn @emmnena of
the axpmrimental sz!ancaa, bacaum it mpp‘l iog
ths facts apon vhi‘nh m axmimntal raa.mning

- :Mtlc

2) Inveaugation m bt mﬁdpm as a trork of

absarvaliion ox 9{ mtrlmntattom In ohlarvai!.on,

the obsexrver atmut pmam which he can not
mnipnlate, hut d:m!.:{ Iako f.rtm naguze.. In
amanmcntuum ﬂn upcxhuntu is ;bls to ,
propars and modity ihe suﬁjm bemg ztud.tud.
This diffezense }.n tlu mmntrul and eontrol
of phanomsna a Lmnuguion ia the foundation

for dintingum l mm.u_e_mam

Loy examnle,

from a Jaiengs o

} i
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3) Puye obaeryation of iSeslf neyer suffices for

PRI L gy g oy i o9
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(1) We ahould take note, howevay, of a vexy ‘.lm;oﬂaﬁt bit of

doatrine co:ing from Rddi nt. *In a ¥egent book, OIENCE
AYD aunan-mxpmn:mncz,ﬁnrégggggt-ulghxn wa what 1 think-

13 a quite unwaxysuted dist hmsl%hpmm the macrosoople

and the wicroscoplic¢ entifies in the Dhysical world, Accorde

ing to him tha latter ave unvorifisbls hycotheses, sxiastencas,
- or sventa whosn unobsexvabi11ty is part of fhelr wassntial

naturs (p. 47). Ho. is contyasting. Shem with ordinary ‘obsez-

vable! Dodiea and svents, and he Wishes to Sonvay that

alegtrons and protons have an asasntiolly diffsrent. status

tn our knowlsdgs fyom the Noye andient denizans of the -

sura that this distination & unlenabls., -

And slog:ron is no move land o isss) nypothetical than a star.

dowadays we can gount fbe slenirons one by in a Ueigex sounter,

ag we gount tha stars dns by one on a photographic plate, In
what sense @an an gleptyon. .g-,nnd-mgam, »geryvable than

& atar? I am not surs whether I dught %o axy I ’

geen an elec:iron, buk I have ihe same doubt as to wethex I
hava seen a diss of light warrdunded by diffraction ringa,
which has not the leoast. yessmsvlangs %0 what a star is supposed
%o bej but I give the mams star $o5 $ha cbfsct whish some
hundrnd years age astarted the ghain of cpusation whigh

has resulted in this curious light-pattern. 3imilarly,

I have gesn a2 wavy trail no% in the lsast rasambling what

an aleatron is auppesed. %o be; buk I give the nane

slectron ta the chieat whicgh aaunsed this trail to

appaar. How oan it possibly be msintained that I am

making a hypothesia in ane case and not in the othor?

I do not think that either the star of the alzotron
should be aalled a hypothatical antity, We maks no
hypothesia by marely giving a nams %o that which is the
origin of gertain impreasions which reagh Our senses.

Aut 1t 1g A12ficult to gapawnta $the name from the
hypothatileal images that aye gommonly aszociatsd with

1%, Ho doubt hypothatiaeal propertlies and characteriatics
have orften been aifxibuted to sleotreons, and some of :
theas have turned out o be. syroneous. Sut I rather $think
that the game thing hag somatimes happened o the starn,*
(5. Zddinzton, PHY3ICS AND PHILOSOPRY, FPhilosophy, ?
Hramillan and Co., London, Vol. VIXI& Ho. 29, Jan. 1933,

ppe 37-38.)
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S __‘kes‘tiﬁaaﬁm pe fa&#ap Fox mﬂ.mﬁﬁc Xnowe .
l.,_vlwlzu thm An alwoyw requirdd saxpoximantal -
- Foaaoning, (m Pl -

Wy S.nvaaﬁgatiou ﬂm éhaarvs: a.nd tha” axpaxiu

 'mentsr Have d admon “and; mtmely. to gt the
£26ts, Tha dn axprsrixétht e notning But 2
‘provoked ‘diservation. The fagts in both cages
are the principal interest. But ia the BXDAT L

naxily ha axpmmax un be invsnt:lgaung

R Ll

in o:da:r %0 gontxcl and vaxify the exparinental

idea., The axpaziment la another obeervation
provoked for ¥ha purpose of a sontyole {Introd.

D-B&o)

5) The tachnique ‘af’ ﬁﬁaaﬁg&ticu, tnoluding obe
sarvition and akbéﬂﬁhﬁaﬁicn; is msiaiized
in azch science. Bernard in the segond and thir:s
parfs of the IFTRODUGTION Hdaecussea $horoughly |
ths problems ¢f ke invesiigztor in the biologies)
selences, and aespegially 4n phyatology,

Prasing to She gonaideration of the exp eximenyal reasonina

in sclsnce, we augt note {ta 'kay poai‘é"ion'iu'fha expserimentsl




mathod. s hiave atraady ‘Hotad

the baafs of an & rlort Ted) o 1S

¥odioe moaning of Gheervibion
and of exparitmw in this’ method. I Ghuervation, the facte ive
'ﬁﬁmﬂw; i a‘aq:aﬂem ‘titon |
L usally foundsd in nn &‘xpamnﬁ; tha faoks are the vaais far
a judzement as %o %h4 valus of ¥ie {dux, IV 1a the precans of
rengoning (62 exbarivsital wnd Hbe v Witirfoal Yeasohing) whton
carries the mind from the Ydan % e Fedgament,’ and wolentitis
knowledgd, {In ‘the next mcﬂtm up:#imtai raaaauing win be
mﬂyw’.’ B S e N U S AP S

. | .
r . < g i S22 0] -

Hemoe bottom all mumng (e amw tho mthmaum
solenues), roason the anme Wy, ¥hag ia, Shay nave the same ph:llo-
sophic mathod. In the sqlencey gf m&.ﬂo man ohsarves {exper~.
imontally) and reasons (experimentally), but he doss no$ experiment,
In the sciences of sxperimentaticn, agatn man obanrves and rensons}
but more, he agts upen the "m:i‘f."eﬁﬁé Beforas him, T expéﬂmenting
he besomes an invantor of phendmern WhidN give the fagts, ™ a
senge then, the axperimentel soi¥ndés are aotive rather $han
pagsiva, Mt in avary sclence, e mind mﬂ be active through

i L

reasoning emrimentany.

Turning o amxmentgtmn, wa ghould remark the two impor-
tant operatisnae "*The Lires qcnq@stﬂg' 1.n Mditmng and '
Teallizing the conditiona of the sqxpeximenyy the second migﬁa
in witnesgsing tho resulia of thg.'mxpg::qunt, I% in in_:;;umi}_;m ta

© @axTy out an expariment without$ a pregonseived idea; to institute

an exparimenty we huve sald, iz %o 2088 3 quagtion; one asver

conceiveg a gueation without the idea whigh golicits thae regponge,
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I gonpider u, tharexezs%u an. abssluts: nz'imimh ﬁhut Yhe. exper-

imant muat always be insédsubed {n view of a preuoncoived ideay 1%
being of 1ittls impoxt whedhex this idea.ism moXe or.lase yagusy
nare or lass well defined, -Ad;ifex: $he witnessing of the results
ox tlm axpez!.nnnt, m::h in Lbeels ?nly » mvnkcd abaamﬂau,
I pqually hold ne prineipley t;n; 1% mash bo made then as fn
aveTy othex ohamatiw, ¥hat 1s to sayy M.thf.mt a m-mmtm
1doa, " (;xn%ma, paYi2) By demanding $hat. $he experimenter slways
observe cavafully the ac‘kual f&ntsg and. t‘hg.t he $nka $he facts
ng ‘nhéy urn au': :# be, Bernard dnmxs -ﬁh;“éharga that %o gtaxt
an experimont with an a m 1dea ig to digeredit the resulls
at tha very stort. Aa he camfullv uotes, ouoa sust dis‘iingui&;
petween $ho {nventiou e:;f I e:q:anmnt with the wiinessing of

the ac tual remﬂ.tsf.

(-.

"The perfeagt sgianbiet- u the one_ !ho ambrwu at $he same
time eaperimentsl $heery and praabties, 1) He wiltueases a fagh,.
2) Tho fact gives riae 3o su {dea in the mind. 3) In view of
thig ldea, he reaxéuzw, iasﬁ&tutéa an axpeximant, lmagines and
reslizes the matexrial conditiocns of ite &) From this axperiment
thexe arise new phenomensm. wnigh he muat oksaxva, and 26 on. The

aind of btas scleniist ls ia a way always plaged between two obser-

vations; ome which servas £or the peink of departurs for reagoning, |

and the other wiich s3rves him as She ¢orwlusion... Tue observer
and tuns experilmentor correspond therefore to differsni phases of

the axperimental zrissaxch. The obsarvsr doeas nof reason, he wilneass|

the axperimenser on the contrary rsasons and relieg on the agmuldred

—— e
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fagts to inagine and to provoke W his maaazng scise other

facta, 3ut, if one in Sheowy wwd: ¥agily can distinguish the

¢bsarver from the azpartmmtar, i% smens im-ossible %o do s0 in
e

pragtise, since we gae thaf ‘ﬁi sams investigator is altumtuy
obaerver and experimenter,* m Mmi

Alms To got & supply of factiy, ﬂﬁ: ey 3 Ao ”ﬂ & eorci
1) Gonorete obasrvation: Yo " - goitng’ fyom :mn w

‘witness acourately and - 7 another fast, - |
without prejudios the - 1) Qbaeyvution: To fm an idea
Tacta mum: m mm. . fzom. a fagt in or gut of an

In the sense that the imw - "P"’im"r An 2 priozd idea

- e o e

zu mmnm %o initin.te and

vastlator mugt Salke the
*c contrel the experiment,

facts 28 given by patupe, - -

he 13 paasive. The guiep- . 2) Zxpexionogt The consious and

g23 2f obagryatiop are the: . sarefid obsarvation of a1 faot

reault, © - - whioh confimg the truth of
2) Zxporimentationt To mani~ - . - the pregonomived idsa. This

pulate nature and to find €xperisnce may goms with of

the Iricta By experiment, - withou exparimentation,’
The investigator 1s actle = .l o ' B

va and provokes nature %o
revesl itself. The rugult Jelensef An expertenas acmuired by

1s the zclences of sxparg. virtue of a precise rezsoning ssta-
mentation. ~ blished on an idoa, whioh the obper-

"rat:an haa engandored, and which
the experiment controls,
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¥e have. sald that the fae8 givés wise Yo in- fdes ‘tn'the
mind, which fdes 'is She $ame as a question demanding a response.
That responae mugh be found An m racﬁl ﬁieh soue 'mll planned
and exaguted sxparimm wﬁ;l mml I'n thnﬁ end tbs expammt

will control tha mea. It ia mportnnt to mke precise thiu pro-
concaived, ax a griori idoa.

1) Origin of the Idea, Mils fdesd is not somathing innate,
ag for exwmple $he § pridrt fommié of Xant., The idea
mugt gome from the fad¥. The wind may at the time be
making a simpls chssrvation, or a provoked obssyvation,
Womotinds the fdesa te forwed Crew a ¥heory, whisk fn
turile taken frow faotk. (pS7.) - -

The =ind forms the fdew from fasling { *sentiment ‘)

or intuition; that s, when the wind 1s faced with
fagts 1% maturally tends %o form s Ldea that things
aTe 80 and 8o, or that thig effeet fe dus %o $hat caunae,
(pPe57,: 61.) But as eoming f¥em an individus) mind,

the praconoaived {deas hag $ta mliu'itiaa; it 1a

& guid proprium. Minde diffey ag to $heir power to

find ideas in facts that are obsouve,’ {ps 61.)

2) Hotura of the ;Qg&. conudcrud mg;iggm;x:

a) As coning feom f'mt At 1s uot a mexre figmenk of
the imagination. b) is in the e:rufarimanual mathad, i%
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i3 not something totally lnprnbabla. The satensiet
phan;ﬁiéﬁiféi B‘inalig, e '§&§a"f’f ‘nok of sich a
fornm that 1t 13 mm&m ﬂxpaziummﬁm. Au

o

3 pxiozd ;dsn ag. wq:i{}able tn af B8, mm&fin
value (p’ 2 SE AR

Considared mﬁmﬁo {dei {¥ no$ what the sohow
1agtios cail a concept; but Tather & propoeision,
This seoms %0 be evigen®’ fxom the words of Bernard; -
Tha experimentar boses hiw fdea sm a question, as
an interpretation ant¥uipatud from naturs, and mors
or less probable, Frew$t 4he experimentesy deduces
lagically carmm _gonasquanaes whioh he checks each
ingtant with malitx b} magns of the ezneriment...
The  axpsrisenial. maa u ﬁhgraxoxa alsa an 3 m
tdea, but it 13 an idea nioh msenta naa}: undex
the form ol an hyothesls vheaa conssqusncea rust be
submittied to Zhe aritenon et mrimantaticon in order
to Jjudge itas valus.* gp. %,) n 13 'claar then that
Barnard meana Ly ﬁha - &-REloxd 1de& a dialecﬁcal
propeaition or a 'problm' vmiah may ba fomad into

a ‘positlon' or thesis. fhm thaau 13 uged in a
dedugtion which with i%s gonasaguences forms an hypo-
thaais, the latter in turn haing a dialegtical propo=
gition or 1:1*533:03&1;!0& 30 be teatod. This is why he
uses idea and hy othasid intershangeablyi *Pseling
{tzantiment?) sngenders the idea, or the axparimental
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N T hypethéile, $hat R7867 iy ¥he ditlotpated -
C*/\) R tn‘”m*&“lhf‘“ “ﬁ&%ﬁﬁﬁm B Gf uaﬁm W tﬁvﬂa
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Hegagsity of $he xingd. Idss, wa han Alrsady
.rcma:kad that tho mm Lg,aanqum in ﬂm - 4Xpaz i~

montal mthod, Yo exporimgnt, 47 1% 1s to. be worth
'anygmg, g be_ {ngtituted without She Ades, The
‘axperiment rogg.«aq itg Whola dirsetion from the .
idea, (of, Pe P54) Houce ihs experinentar muat ged
an idaa aékém ‘.{f he lacka one. Let him avan
obsarve o¥ experiment until he gets the rirst maa
How mo ever mmm [0S m ﬁc. (p. 37.

~~~~~

4) Mm.m_yu. m«: m ma. or hmmm.
initlates the experimsnt, A% in turn must be mhnit-‘
ted %o what the axparimant. reveald. is.She fagts
#}e obaa'rmd,‘ aﬁm qz in a.provoked obsarv.iion,
the 3}‘;}0@11881: is vex ' sed, changed, or entirely .
rejectads (pp. M1, 49.) mmmzma.man

28 dowween the fagige Laker.¥e ghall sec that the
attitude of the mind $oward $he idea, avan as

varified, remaine ons of doubtd. (pe. 70.) Hence 1%
is nevor more than an. tnat@moemt,

Do Roagoning,

This proconceived 4dea, as we noted, 1: ugsd by reason, or
in the process of reasoning, Acoording to Zarnard: *The forna

e e
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- interrogative;

of raasoming are twa: 1) The Snveatizative
mxmz.mwapnmmmmm,mumtua

laarn. 2} The mm.m. or aftimtsn* ‘vhich is und hy

ot ‘
.,),i: .,i,‘..,:-, '--1' '.oa,n-- £

the perzaem who kﬁm or thinku 'hﬂ mvl, and !ﬁo ﬂms ta

""" . '.? ,, .,k ;-'-

1nstruct atheru.' (m 77.) narmrdthan mtn thnt aﬁaarding to.

] I
1 f'& aan T

ms phuosophers tha immaugatin ta ouu.ed mduettve ‘mamn-

X} ~‘1’.’- 2 r‘ ""ﬁ’f g«‘ -c)c'l"p..‘t-

mg, and ‘cha demonatrativa. dsduuttvn. He mten thﬁt Mhsrt

,» u % A

hold for two mianﬂﬁc methadm ths inductive, whinh in prcpar

‘9»:":

%o the axparimcnm wimss; a.rd the dnduotiva wh!.oh is prcper

IR E R
to the mthmatioal wiemaa.?

rpp t L b
TEN . A MR- S

wWith this latier conuepticn ef acientific methods Bernard
disagrees, All sciencss, both mathenmatioal and physical,
aqually use indugtion and dodusiione Thexdfors they can nod he
atriotly divided as sciences of dedustion ag apposed $o sgisnces
of fnduction. *The mathematistan and fhe naturalist da nok
4i4Zfexr in their search fox principles. The one, as the ather,
{nducts, makes hypothoses and axpeximentap that is %o say, strxives
%o verify the axagtitude of his tdeas. But when $he mathematician
and the naturalist have seaured Sheiy pringiples they ara then
goaplataly d41fferent. In i’wﬁ, as I have Md almady in another

N RLE AN ol
P ?i' EhE -4 :

placa, the prinoiple af the Mthenaticim begomes absolute, bacauss
he doeg not SPPL¥ 1% o objsutive ranlity much ag 1t is, but to

the relations of things considered (n axtyemely simple conditions,
which the mathematician choses and orsates in some gort in his
mind., But, thus having the certitude that no other conditiona
tham thoms determined csn enter in¥s the reasoning, the prinaiple
13 absolute, oonscious, adequate for the mind, and the logical

T T Y
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dodugtion is aqually absolute and certain; thexs ia no longex
K "'*&75:; ’*1‘}1

used for oxparmma& variﬁaatiam Beoauss ihe 'mgic mxﬂwut-

w8 s ERLY amb o gw |
‘Wthe aituation oF ¥he natursiiss. is gittexmv tha gawai
proposition as whigh he mivea, or the p:incipl.u on which he
suppaxts hls raeasoning, rsminnﬁ aniw and preﬂu&om bagause
it represents gomplex nlaﬂm" n:;n; wMoh ke Gan mr be |
certain that he ia able to knew m. %m his primiﬂs in.
uncertaln, eincs it ise umanzctoua, and imdaquata tn ﬁhn mind}
hsnge the doducti.cm, hrmmm iogiaa‘!, “yomafnia «:mmzuz alwaysy
and it {s negesasxy than ta 1nvoxa expﬂrincntation in amr to
control $ha concluaion of yhe dednotive raasoning, mu
differencs bBetween the mathumatiaisn and tha natuzalist is onpital
in viow of the Caidituds of thete pyingipla and of the gonglusions
that $hey draw; bBus fhe meghanism of $he dedugtive ::aaaoning ias
cractly the amme for both of them. Both slard from a proposuion;

| saly the malhemasician aays: :'hia point of departure glven, such

r$iculaxr anme nocasaaruy ranltu. ‘The naturalist says: IX
this point of departure m mxranﬁ, fich a particular case
would result from it ag a oonmequcnm.’ oy S1-82, }

Barnard haxz ssams to appose demcnatrative reasoning to a
hypethatical proposition. }iast mmm lugiaiam gommit the
apror, The resson presquiably is th&t 311 eondi tional propositions
virsually inolude a vonsaguence, as in $he statemant; *If thig |
voint of deparfure ware correct, sish a particular cass would
regult from 1t 38 & consequencges.® But for hypethetical rsssoning
wa muat then add: “Buf such is ths gonsascuence. Thersfore the
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point of departure is sorrsgt;”:Heowever; thut ok n particular
cas? io the faat, i pxvoisely what we must be established
vefore we hive hypothetios) gemseminge i~ -

Again, the utatmant *n' thu point or depnﬂure xm |
correut, guch a parﬂnular eau nonld ramlt from ﬂ an a
consaguenae* mi@t be t:ms m! probablc. It muld thurefm hs
wrong %o oppens oartam rcuonina to hypothutiaal raaming,
for the latter ag a form of reasoning prescinds from ‘the matter.
The division of reasoning into certain and probable or dialecti-
gal is taken {rom the mattews

Haither 1s dialectiocal reasoning tntmaggt:n gmpt in
the senas that ite propostitions are mﬂmogﬁﬁve. ‘Daleatic
ia ianterrogntive not ovﬁy 9!‘ thﬁ onnelu:imu bud of t}m

arinciples ag mn.

liotwithatanaling thaaé'éum.mﬁsq'ﬁing logle, wa do graop
what deriard maans 10 2AYe Ialur .tatcfairly that he insands
0 oppoeass what we qull smiénﬁﬁé éaauoning 0 dialeatioal

Teagoninge

According %o Bernard, then, the following iumporitant aof
doatrine nay be stated relativa to ssleantific kmowladge in

zeneral.

1} Sciences are not atrictly diatingu&ahablu as
inductive oy mmzva; hacmaa all scisnces uae
both inductive and deductive ragsoning, Yat i a

person wishes to use mduc’cive and deduoctive %o
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Cufgnify the diZfayendein $he:priveiples used by
satheustioy and. the ‘sxperinental saisncas, and

| nat the A arioyiitdes {peinstple) in the expers-.

, ’mmtal naianrmc mast be oamidared um:exmin anx:

S0 EaGate, T3 oot T wmeson ey g e

.....

bet‘mz 1. iuduatim m:d dtdue#iva aommaa .tn mma»

aible, ’1”19; foma af mawmng ‘are diﬂdﬁ& a‘
follmrm ,

4 PR X W EE T e .
Dt e P S L e R o I T I L0 L W
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I mﬂ “Ong e i

1) Invasﬂgattvs Raasoniag: Beed by oneself in
oxder %o laarn,

14) Nemonstrative Reagoning: Used hy ons %o
S e et s AR giruas gthers,

II Divisiong
1) Reasontiag in the w Jgtengen:
a) Inveast fve (%nduotim) umd to
find na!.ﬂlm

b) Demgmutrasive {defustive) uned %o
draw gonolusiona from the given
-pringiples.

Tede In the axparimental scienoesg the

principles and esonglusions remain
ummﬂain. ‘

11) %zzsoning iu iatgm ;g t

a) Investigative (mduouva) uaed to find
principies; whish are certasin.

B} Demonstrative. (deductive) ussd so draw
cartain and meaamy truthm

2) Al grinciploa mo ultimta!.y from indnatzon,
that 13, from the mﬂaoﬁgatian of somthing inaide

or cutride ouraalvea. (p. 80.)
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3) Otwan prinoiplsy; 446 ind Klwayd dediices ox ressons
m the saus wy. It g; onl;r }ha Aubject exaatad fhat

constitutes ‘yaz {_’et;an' fq;j:;émn&- (2ps. 78-794)

B) is we dhall ssa mter, in” 1l Feasoning, puralar
methematiocal oy sxpariuentai tms kﬂmrledga would

Mo imasuima withaud Ana nednetnts _; &fz_gmm
{Qt ?9*, " M

In regard to W@awm fox

examnle in axperimental blolagy, the doatrine may be restated

guggingtlyy

1) The 3 priory ldsas (prinetples) are taken from fagta
direetly or indiveotly by she mind, his entails
inductlva rexzoning.

2) Deductive roasoning ‘consists in drawing . gunsequences
from %he g oriorj 1des, and thereby conatituting 'a
maﬁhﬁm:

3} Boosuse tho recsoning im nnosrsafn, (za dased on
unesrtain, nosnseious pringiples,) 1t cust be
submittad to axperimental veriffcation. Thus the
expariment gontyols the idea, Inm the meagura that
the sotantist aesembles the fagtw, hia pringiples
begone more and more gemeral and mors qertaing Shug

hs sgmulres $he gertifuds which he deduces, In $he
axperimental szoisness, the ca-titude ’4 alvays pro=
viaional Bacsuss the assientifig mind ig limited 3o

e
1



sextain fagke. MM&M (mb.‘ Mﬁ’?
ot L ARE L AR Dy iR L Y
rinany, ihera is nvmi of mi ntsy-proat 1n m cmxz-
G B kTd KE kot B aaee
nainka) mkhod. ‘ﬂm ‘xym#heﬁ i nv:n an mriﬂod m uc unmrtain
e A T S R
and provisi oxmi, thnt the w

fiention mnt be rechamd. Thia
gammgg; is not a uimp?n mannm of phannmum Iﬂ ia |

S AT &R LSS R &
5@ el Yk

the appliantton ot tha pﬂmmﬂ‘ *maa mn, tenﬂur

et‘foatu:.' The qxparinenhr mut m thni 1!: thc abm of

""‘1‘.«." -f“ ~ e “_7:*!& "f..f

the cause. whzch ha think: ht hu tuacannd. Atha effm (phana-

menon) doeg not oncur. In tha cmzmm minmu dnaepticn A
1g »0 @aay. th,at thia co\mtar-—proet :s uunnal to the msthcd'

To douz:‘ tha vartnad aanaaquamd‘nt‘a hypothuis h to mry
philomphical doubt to tha propor m (pp. 97-100 )

¥hen Bernsrd uges the term ‘gaues!, obwiously 1t s not to
be undersgtood fommally, but Eather. ss. the texn af a relation,
Which term im L%self but a sigmy - . .: o

Emg e
2T

o Induotion.

Bernard speaks of the 1nducnon or principlaa both for the
axperimental acionces an:i for mthmatiau. Bafore ammnmg the
naturs of thia induction ‘uged, vé :hould uote ths ﬁhraa ‘uges of
the word *induotion’. Taken in ﬂm tirs' mae, lnﬁuotien
signifies the a.b't:mzon af m Mmm Oouoapt from 8 sinpular

objeot. A1l our hmaan mnn«m knoﬁcdgn dnpend: upon thig
typs of i{nduction for ita acnuma, um man hﬁgﬂu 1ife in

pure notancy to Rnovlodge. m mand typc of mduction signifiaeg
tha inowledge of a p_q_:g J. 1] g_lg__g pmpanttion; £t 1s kwﬂed@e of




)

a prinoipla whtnhmmmmunﬁhucxmmm,mwm R

{0 15eelf ia fmmediately: insalligtbleicInduction: fn-Yae Ahird
sofige gignifisw an srgument; wt: 4548 ss-euoh thal indugtion

REIRTY prasgniniom from singulaeky. suffigiently enumerated, to

an universal”. Fox mma, $o sxperiance mem tiuu that

e *j&‘\.«(ﬁ. L’\‘:"S"“'}“* "}T“‘ ﬁ*'l ‘j.:
firs is hot, md thm tu woml.udp ﬂhat all zm 1: not, is %o
AT G 2 i A%t Tnd £ s N Cw
maks an nmucuon. zsnd inductiun 13 mad.d %o be W when

7,"73,”_:-& . ;‘w.g LT L

it ta ordainud tn em disoavarr of miwrasﬁ 'mxt‘!m ex gmarnli-

rv \w‘ $

aatxom. Thaaa mt‘xs ars uninzm only ta the ax'aanf that
singulars have baan e:aamint& md }ound %o prova thzst hm prsdi-
eate balongs to ‘&}m sinsulams which the univeraal degignated,

The conclusiom of such an indugtion is only probabls. (1)
Desgending induction progeeds from the universel to She singulars
it 1= used te demanstrate the Lalsity of sthe universal, az an
universal, in some particulax instanas. Bus suppoesing the truth
of the uiversal found by Ascending indnation, the desocending
induction can sarvs to show the gorrsspindencs of tha univarsal
$o the aingulars entainsd undeyr th, In both ascending anad

desosnding industion; the argument laaks a perfact mean, {2)

(1) =% induotio, guantum ad aseansum, cmunatur ad tuvenisndaa
8% probandag veritates univeraales, ut univarsalea aunt§

id ost, in guantus Mﬂiﬂ! %&l
“leg anim Dotast provar % iquid un wrm:%i

tale, nisl quia stum ai auns: talia. * (John of

3t. Thomas, uogic, 1, Li v III, oap. 2y Da 60y Ratser edition.)

(2) *Inductic auter non asmmit mdium xmianﬂ extrams ad probandus

exirema uniri inter as, ssd probaf saxtyemum: geu prasdicatum
ali:uod convenirs alicui aubiucto cormuni, gquin gonvenit
singularibuag, aud singularibus gonvenire, quia gonvenit
commmuni. ¢ {John of at. L‘hma. op. et loco cit.)
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What 13 the ¥ind nt‘ i o, g ‘
The method usew ascemding’ hud’ duniwnc 1’!1&(1#17& raasﬂning.
Bernard, however, Gonfuben ¥hé Varlous k1nde 52 {aduséion.’ an
descending induction widh'

m.ﬁ, 3 n SUREL: PN

S A TS NN 43 ¢

1) 'rha amr:.mntal method ms mdnation alw .‘..n the
firat-wende, tha¥ (4. e Nbstrag som s
by the mind hae éSncepks (um.mmxa) which ra;maane
objeate. And Bernsvd {s correst whan he says that "
all sciances use md‘uetion. £f ha mans mductim
in thig semm. o

2) Doeg tha mrmmmm wes indugtion te find
par se nota 'prilg,,c;p'lqa! Zo say Ahat 1§ never does,
but Bern:zed says thaf the mind. in knowlng the
sxterior world. has an. iaﬁuitica of the prinoiple of
deternint am, Ittua Woxe' m., and £ $he kaaizg of
the axperimntal mt&o&t 1& thc pzina!ph of
determini am, then vo eonld. lay ihat the ‘method usea
induction in this segond ssnsa. But asida from thias
one principle, all athera n axpermental scisnca,
acoording to Hernard, are only pmvistanal, relative
true, eta, Honocs we my ssy that ’vaamard woulad 1nduot
one pex se noty yrinalp!a, and onl:.r one. Hot aven
the principlos of mathematian are a.baalutaly true, or
gelfeavident bacauae of any induct.ton. *The orinociple

of the mathemati;im_bomn absolute, bmcaise 2 doag

20T 2pply it %o sbiective resmlity, wuch as 1t is, but
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to the razaticmt ?f th&m gonsideyed in dxtremely
uimpln aanditix;n;, mm Jhe matherntician oliowes

and cmatea 13 somg sort. in his-mind.® (0f. p.61,)
%o wculd haidlt mc xﬂh Aeraaxd shad suoh. prin.

et

Giplﬁl m Rhml%ttm tm&. oA TR ET

L w3 4G

Induction in the hird smm, as a pmgraasi.an frcn
partioculars %o $he general, and vice veran, is the
indugtion wmch 51?3: only. probnbnuy. and aRATel-.
torizen the axparmntaz m&cms. An sacending,
this induction &g the buis of gcnuralimtian. 1%
1s a distine® ‘typs af rengoning, whuh m orly
probabil ny. e— caﬂa&ﬁly alaims 1'6 for the
axparimental maﬁ!ﬂ&; azthaugh he doow mi uan ta
diatinguish 1‘3 fm in&mun of tha ﬁ.rﬁ k!ad.
*The utusnon of the naturaliat i

differont; $he fgggm
at which Be arrivaes, ox hn m-imp‘xe

on whick hw' mpputn hia reasoning,
renaing relativa and provisgional

bacuuse 4% Yoprasants gomplex :aiations
about which he cun never ke certain
that he is able to know all.*(cf, Peb2.)

Ascending induotison s not umed by all aaienoaa.
Thera ars such soisnces, ag p‘hﬁuanphy smci mathmn.-

tics, which have ne need of ascending induction,
gince they are dealing with rure 1’ntalligiblna, The
per as nota pringiples of Tphnbsnphy coﬁe throizgh
induation in the sesomd sense,’ | |

But 1% 13 deggending induotion that Bernard eapmeially
gonfuges, by failing to distinpuish it “rom deduction.
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sniven principiés,” Y56 mind’ Mways déduses or -
roamons in the. adnd ways: € 4a"oily the wibfect
‘Aroeted that eoniti¥isd Veidlatlast of reasoning,*
(Gf. pe 63.) Thin #hatemant, 8f courss, la'far
fyom Hrus. Thi# 1 arfdént f7om"an analysis of the
examplos whioh Sﬁiﬁarﬂ”éiﬁﬁu”df’ﬁbduﬁttvé'féﬁndﬁé”
ing, - axamples whiuh happen %b ba’ daaaen&ing

p-};-‘gi'

s S 5-- AT, RPN o e
sy R 4,“ Frnigiamy agant

....‘.'. . :. - ,_.1,,,... sepn L

e oan now turn to an. anulrcis e! thqu exxxmylas. having

clariﬁad the nature ot Qhe mdnﬂtqn 9: vntoh Bernaxd speaks.

a

a) *The urine of darniverds is dofdy

b)

Sut the rabbita befora me have 2ocid m‘img } ,
Therafore thay srs émzmea, that 13. fansting, ¢

{Nate: Darnard caf¥d iy an “rarscning,
only in the sengg that the pr pie (major) is
probable;, and'no¥ absclutely certain. We does not .
uaeiiz)xductivo as oppossd to deductive. (ofe p. 6B,
%a,

hite e‘x le iz dus %o the emulsion of futy

Pt in the rabift the chyle forms in the Fezion
whern the pancreaot$ic 3ugar enters the intastine;

Therafors pansreatic mu epulsifiog fat, and
forms whi"bu ohyleet (Introde Pe 370)

In the analysis of the first examplas of axperimental reasone
ing, wa aan aasily find the nscending and descsnding {nduations,
The major is s generalization whioh has bBesn made by sxpsridenta~
tion on a number of animals giwm fleah as food. By testing the
urine of thesa aoymta aninlu, the aaiontist hog discovered
that all of them hava a uriao M is aaid. He has pmmudad to
meke %he genaralizatiomy s.u em!.mes hwm aelid urine, Bernard

1
T
!
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‘Thas acoepted this seientific generalizstion, whish is clearly

the rmault of au M;W The mim of the reagoning

S alb PETENS LIS iladrat R g
ia an :natanaa put undar thin gmmlimticn. 'men tailan the
P }Ml& S ad

canulnqian vmmh 13 on?.y ;:écbub&e.; 1% says m um than: thu

a 5
WYY LOamnis w

rqhhit wi,*b mid uﬁ.m ia m‘fmbly . cs_mimm. '.ma m:ntr of
wrine 19 'wt zm 111'33.13.&}.& sign that an antual 18 a carmwro,
heaase all eamim*n m»r«s “4dentified with thig phsmmn,
ninply by making a seuamnﬂa tnn mm paﬁtmmﬂ. And
a0 the vmavs.nmtian ’.:al.ds ms.n.'qr for 03.7 ihu-a partiouiar
antmal s x?.*aadr aminatu mﬂ rmtnt the amrimntal work %o
provs that the :ahbin m mmwxsn. &ma:ﬁ un ablae
to prove by expormnt tha.t th«t' abbtta Ilum tu'una rm tha
herbs they ordinariw hm !o:r M bee;.‘.u s di.a'asﬁ ﬂxmlvaa;
that is, benam auaiman m mm hag mads a daaanding
induction, and hau Bil"’am 11 m a mﬂ mmglm. This -tstake
gan ba quite ensily mdh(!}

Thage actions on industion 1% 10 woy enatradiot what we
hevae sadd choud Dermardts use of hypothesis, The gonolusion of
hig descandiwgy inducition remainz a hyvothasia vhich =izt be
vgrifigd. The aointifo panoenlisation unds By ascending
fnduction serves asx 3 pvomikfcn: or thesing ut 4% in 2411 a.
dialeotienl prouesition whose twush ts mct definitely known,

& o

(1 i’gﬁé‘a- %ﬁngﬁ é:’égangd thsy 5‘%“@3" 313'3 dngt ins¥
to the othez. The mean of the m.logim is a true universal
whereas Hhe mean of $he induative argument L a collective
universal, that 1z, 11 stands for a numbar of singulara
inmatiga%nd. Rance Shasy Twe shomld uot be ac}nmmd aven

though they may appeayr alike iy axtermal form.
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worthy of ;w*.;g, nn‘othasia {a aven Loant
of minde In z.iacussing the m::&awn wmtou
af hyvothsmis JeniLL oz mn

3o
B TR e Ve,

*Thig (the nmhlm} will naturalil
a conglderatien gi hypothesis
hensive senamy u AL 11
- agtivity. Fex-4%. ia
diffarmon ues

raflcetion of
diregot relotion to rogl

Ayvothenis ta o 30%%
:f_ntfmzw* makéh itw:,
st on ayhand,
mediotas between th ocm
%o hyeak down She mporfl
$he thmoratic and the .
soientist ouk. of khe gufelf remﬁin “
and oakes him a doer o

e hove already a!ml.}'sad amf;xnv the nature o£
hypothesia, but 1t is alpo an hypothesis in the broad
peing that whigh the saientiat pses %o pesneirate the o
that surrounds the most ovwious ‘pitencamna of nature, m
3ehillar says Shat She hypomm s uend to auﬂaipata '
by a guess, %o guastion &t, o axperiment, to di ztrury and

doubt appearandes, %0 raarrange the woarxld at loast in ghmghi," ’

ha is axpraaging almogt axaotly

(1) T.0.3. “%chillaw, *H ihcztu“‘ Btudmn in the History and
setaod of 3aisnus. Oharlaa Singer, oxford, 1921, vole IIy
p. 418, hagdizo. y

—p—
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what Barnard sonsiders $0 he Aha m 8¢ his hyoothesis.

‘s“*r"'

mrnm. honvez, mtn mm gﬁup‘ gn gﬂuinntian ﬁmn

_ The experimenter prmm fmn ﬁnz%ial tmtha ‘ha mora
general oneg, but aithmﬁ;'aﬁa’ duhe tﬂ pzatend that he halda

the absolute truth. (p. 1@.} Wit iw the resuls of $his 3 priord

and provisional ressoning? IS is 80 knew gaither the hegimiing,
nor the end, out only the middle, ($hat is, ¥ho phenomena,) of
thingse But the fzqat that the acisntist 1s Raver ia a position

%o xnow moEe 3han the middla ia. a0 desp conocerm $9 him, If he

were aver to have absolute. truih:on any point, he would inow
31l txush about the extarnal wovlde There would he oo experi-
mental science. (pp. 88, 49.)

Barnard ners supposes on $he pard of naturs s dessrminies
s0 aamplese that the poasc;t&ﬂu Qf absolute szuth on ene single
soint, would imply knmledg& o ihn whola, eanh pazt of the
univarsa being therefors a mﬁmlmt ot the whole, Wo uha‘.ll
pee later on how this xouou tm hu fales Lntarpratatian of
the prineipls of datsminim -

“Yhen wa fashion a gensyal theory in our scienses,
the mole thing of whioh we are certain, is that

all thess theoriss are; absolutely epeaking, falge.

They are merely parsial and proviasicnal truths
which are necassary as steps upon whioh #a reat
in our advancing investigationg Shey revrssent




. only Sha- aotual Atat dﬁta
gonssquently tlmy mnt ho mcu.fiad ﬂ the

(j 2ot prowth ool seledomg: AR $NS MOXe - glten -
as the aciaenges gn h“ mmmcad 1:1 thai.r
-gwolutione® AP BO3ediming fwver iadnion oo

- #hg thanriag thed 2aprssent the- mumhleu af - -
our acientifia tdmu ars without doubt indise
penandbla in: a:::r epragext. 2eienge.. They sugs
gorve as the gin ot naw idsaa of irxvestigaﬂon.

- Byt these thegrive and thesa idaas not haing
unchangsably trus, ona must d2 recdy alwgg

- abandon, to modify, to change them when they no
longar ropresent zulity. In a woxd, 1%t is nocon-
aaxy to mdu? a theory in oxder to adapt 4t to
nature, and-not modify natuwe to adapt it S0 a
theory. Py 70.)

,,,,, > PUTT R A
PR £ 5. S @ale

3ol at

That all general thnar:at:mr.«ah:cluhly- apaaking falee
ta not to be taken striotly, They:menld be: false 1f they waxes
held $o de tyus. But when hypetihesis er supposisions awa held
frr the .m:a of a~ving appsarancsey when we kunow thom to be

() neither irus noy falae, bu$ provisionally plausible and au:ﬁ-
cient, then our attitude 18 tRuoes AS 8%, Thomas sayer

111 cendum lmod ad aliqzm*’: rom duplicitar im uoitur
2&'&:0. no modo ad probandum sufficientar ali. I Y]
wwicmm yMeut 4o z20fentia naturall inducitur ratio

ricions ad probandum motua gaali seuper ait
cuas mon Baffigtenter probet roaloon, sod s
quAs non sy ny sed quas
radicl fap pealitas:batimdat. congruers oonseguontas
effantuns sigut. 1 agtyelogl, ponitur ratio excene
tricorun at spioyolomm: ex hog quoil, hao posttione
facta, possunt mm appayenii: sansibilis giren
motus:; coeloatas) Bon tomen ratio haeg aat sullicisontar
proband, ouisx @ Mta alia positions facta
mvm posm.ﬁ ( m Mﬂ.g m. I. q.}&, 2el,ade &

Furthamzore ws mat mmiet Bn-md't atatamt that all
thaoriag sre falae, heoauge. e:t tm Mm m: the zaxperim which

yorifiaa wyontheses, Yhat 13 tba mzming of wn*iman al varlfi.-
() cation? Let ua nmots that in vigld dsmonatration thare i3 no nsed
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of axyuriueutal vnrifﬁaattonavthy onaotu:iau~£n'truc negasearily
by roason of the prnntm mm mmmm remtng m
conclusion is unly mmln; u m&ag M !.Muetad ganamnm-—
tien, or pure auppnattioa; ﬂ;;;iﬁit t- nnt turpr!aing to rind the
experimentoy loaking for a say to ahcak again his reagoning. It
iz in nesd of reatification; which reuSification he muig$ find in

axperimentation,

| ﬂmt ia the aignifiemc az' a aamlmimx boiug aupportad
by new sxporimntal fagted Evidcnuy. tha m facts aan not make
the hypethnuaal reasoning mmamur truc. Borna.rd u aontusmg
when he gays that the mimﬁtat mm w& !m deduces.
(300 page 64.0 He ia not apéatzns atrictly of a@rtitudn, boaauso
he oonsiders his certitudes as provisional. Ai most, ‘the sxperie
mental faots gan support the probability, and may reveal naw
helpfyl fagta. Un the new factl di!ﬂovarud. the experimonter may
form anothsr hypotheais. ﬁchiliar vexy alearly axplaina the
aganing of verificaticn,

Wor rerifd icaticm ‘neither m, nor oan it ever
begoms, proof absoluta. It i wmmittad by its
mtemd %0 the formal flaw of Affirming %

Conssqusnt: when 1t arguss Shat a hyuathaun

is true bscause the fagts that follow from i3

are abesrvad, $his lasks gogrnoy because thega
aams facts, Sogother with others still unknewn,
might follow s%ill better from anothor hypotheais
ot yet formulatad. And we gannos$ lay it down

that a hypothesis shall enly ba sccountad true
vhen 1% alons g¢an accouns$ for the facta... All
tha$ gan be said thersfore for a hypothesis which
suggesafully holds she field im that, shough it

13 not zhsclutsly proved and cannot olaim abaoluta
truth, 1% gan be scgapted as true ggﬂg%and
donse gorxrigatur. And ia not thias after all, %
mogt gensible thing to do? I8 ia to held it ag
good zg Lrue, and tc give it all the prictical




)

irilagon %Mn is all the umma
g:. prmtica% nnd, out encouraging a grounds

1nns nop ct.r & %o . an aby th possi-
bility tgu s notg? t;ﬁuppoﬂ. iny e Tagerve
our right o vm ﬂamg hr mnuu Zox a batiar,

ahould ons begome avail and are perhaps &
ashade mozxs :wzu:g t&%m out Loy it. But what harm
u thera 1::

Yot there is, in a vary p;mm a00A8, tzuth in the
axparimental mathod. The work gf werifying the hypothesls may
lead to the digeovery of new fagte. -The disgaversd tasts gan
sartainly be galled rus. Bus the ixulh of these :&a,t_i. is not.
the sams am $he truth of a r).gt.&qxl%ﬂl; 9x the prababllity
of a dialecotigal reagoning. And 4% 1s only by extrinsic denomina-
tion that the txuih of the £:0%s can he satd af the hypothesis,
This is the meaning of the u.tatmnt; ¥hat $he hypothesis ia
rarifie d..

There is more implied in the sxperimaental method than

intuition of an 3 priori idsa whigh ig uged by rsason and gubait vad |

o axperiment. Sarnard, in spite of kis glaim that he avoids all
shilesaphical aystome, states the broad priaciples of solence
upon which $he axpurimental md¥hod: rasta,

*The human mind hoa pasm méc“sivaly through thres stage:;
namsly those of zentiment, raatcn. exparisnco. Firat, geatiment
imposing 1tsels an tha rnind area.tod tha *‘rutha of faith, that ig

to asay, thaology. "taaaon, or ahuoacphy, ooming next ag the

(1) schillez, loG. cit., D 4H2lhe

e



teagher; produced the scholas¥ie..Thiydly, eiperience, that is
ta say the study of natural nhaaansna, tought man that the
truthas of the axtarior wcrid are nat fcrmulatcd fxum the staxﬁ

,~§ 1‘HL‘ R 2w

by taaling, or by raasan. These twn arn enly eur indispenaabla i
guidaa; beaauadmta flnd téggﬁa;ﬂit 13 naaesaary ﬁa duacund inﬂa
the objecﬁive raality of thinga; {n which ihsse truths hidn with
thair ahenomsnal fﬂrm * (po 50.) % {4 ihe exceliancé af the
e:perimantﬁl methed ta ambrace and to porfent the pravioua twu
stages of knauiedge. prarlanse and a:perimant as 1n tha axperi-
mantal method eonstituta a nav sdisnca tbr ?he hnman mind. In mo
desoribing the advanoe of knouledga Bcrnard ;;b;cribes to the
'law of thrase stages' taught by ths pasltivist. Auguat Guuta (1)

It is tha third atagw that Berna:d analyzc: and expoaes according
%o hia pesuliar theory.

Sedondly, Eernard sxplaing ultimately how the experimental
methed attains relative trushs: about resl sxternal objeats. In
doing sc he borrows an important prineiple from Descartes.. "Just
<8 in the human bedy thars ave twe orders of functione, those
that are donscicus and the gthers that are not conaclious, go in
the mind there ars $wo ordars a! t:uﬁh or of noticna. thosge that
are gonseoloua, interior or aﬁbjsativs. and tha othera that are
unaonaaioun, axterior or~ahjeot!vc. Tha subjective truth are
theso that flow from princiglas of nhiah the mind hzg consofouge
nasa, and whigh bring with themselvos the 3entiment of an abaow
lute and necesaary evidencd. In Iaa#, $he great truths are in

(1) cf. Turner, History of Philosephy, Beston, 1903, pp.égs.oog.
for brief dezcription of the 'law of three stagea®,
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reality only & sentiment ai#;hg mind; that iadyhgﬁtpgﬁggxtas' _
understood by his rwoua apharimn.

*¥a have. aaid, on. thﬂ pﬁhﬂxhand,_thnz man aould nsver kna'

the first causes or kha essenge of Jghinga, aensequﬂﬁtly truth

navey appears to. the mind. uagar ihn ﬂqrm or an ahsalute and ‘%.
negosaATy relauon or gonpnegtion, Hoxeqver, thu aonneoﬂon ean
not be absolute exoept in s far as fhe nondi'ﬁions of n ave
simple and aubiactiva. that ia ta'sax ﬁhﬂ& the mind haa the roa~
lization of Knowing all. xathsmatios repraaents tha qonnegtion of
things in conditions of ideal stzplicity. ,gmweaul* 1s that these
prineiples or g¢onnegtions, ance tound, are aaonpted by the mlnd
as abgolute truth, that 1z %o sayy gndapondnnz of :ealtty. One
understands consequently thnt alx tho logic&l deductiona of mathe
matical reasoning are as cortain AR their principins, and thsy
have no nsed of being verifiad by experience. Otherwise, cne
would be putting the senan;J;pgveiﬁhg4:eason;.It would be absuril
to try to prove what ia absolutaly frue fér the mind, or what is
not able to be gonceived aotherwiss,

“Syt when, in place of studying subjective connegctions of
which the mind craates the sonditions, man wighes %o know the
ocbjective relations of naturs which he has nct. greated, the
interior and conacious criterion fails him, ®e im always consoious,
without doubt, that in the obfegtive or exterior world, truth is
also constituted by necessary gonnegtions, but that the knowledge
of the conditions of these gomections escape him. It would, in

aet, be necesasary for him fto create these gonditions in order to
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possasns an absolute knmvladmmd»mmtmn of tham.* ,.(.ple-SE.) |

Desoartes in his DISCOURS DE LA WETHONE took a position of
universsl doubty, with the indentiomp of systematically rssonstrucs.

4ng a1l human knowledgs after the fdeal Mgor of mathemstiga. It

fa the three fundamental rulas.of Ale gartesian mothod which
Barnard especially borrows and modifies foxr explaining the basis
of the axpsrimental msthod. Demsarisa' painy of departuzre was a
gleay fdes definsd as: *Quas qum glara si%, ab omnibus aliis

1ta sejuncta est et praeciss, wt mihil. plane aliud, quam qued
glarum est, in se coniineat.” He Ansiated upon rigorous dedugtion
Ifrom these firat intuiiive and consequently gerxtain ideas. He
gongiderad dsdugtion a sugcessive inkuition. Thirdly, $he. univer—
gal griterion of %rue knowledgm was the ntuitive evidence of the
clesar and distinot idesas. Demcartes in LA HETHODE proposad ta put
in evidencs the veritable richmess of the souli he would open to
each one the means of {inding in oneself, and without Borrowing
from another, all the science that is necessary for him in the
eonduct of his 1life., It 18 not hard ta detegt the influence of
cartesian shilosophy on Bemard'l d.ec’trins. He emphagizes the
importance of the mind, of I.ta riohmss 1:1 the experimental
method. He speaks of feeling am.i ; ﬂ;on of ‘;_c;g___ (a prioyd and
othervize); of mathematical prﬂ.rmiplaa which ars absolute, gonacious
adgquate, and therefore mtui‘kivaly cnﬂam- af othaer idsas that
lack intermrity and canaciouapeyu, ihgt is real;y to say, clear-

negs; of rigorous deduction in 'ma’shaaaﬁam and even of, (as we

vshan now aee, ) shilozephiag doubt, "Hmmr Bernard does not sver




furm fmm hia nrimary conndsmtion& to cxposs axpezimsnta;

wid fﬁk,j'@ Lo wx“ﬂ T RS "}

reaaaning and ﬁhe axper;meuta; method, which give sczanaa.

%A% £% S Abgmd T e ww
| f“!!nnlly'ﬁ&are‘amuftsaxﬁhiﬁ!ﬁh&thﬂCﬂta“uﬁtaari&:wzgnthetwcwp
Trality of the exiterisl wdrld fu ns¥ -quedtionsd by Bernared. It -
ig cleay o She aind., Hor is 'ibe: Necessary Mminle of detey.
minige, whish is fundamsntal:-tx:Semswdts Science, ever defendsd,
Infnis‘uimpliaity'hcfatatalas!l&lwil:arlmﬁn'duultiau:gﬁltihnui-
doub$y tha¥ iz ¥he objegtive aw: exterier woxld tzuth is equally
conatituted by negessary connsations; but_thn knowladga of the
conditions of these gomnegtions escaps Bime? (p. 524) Secondly,
the mathematloal scisnces as intarior and pnrtbcﬁly cengpiuaa

- } oy s

are absolntm.y true and mtain. chd 1u :gugaavar 'caz.;atul te
note that ag soon as mthmntical prinaiplou ;i'a anplied 'ea nature,
then expﬁrmental yeriZication is requimdu (ppa 5 2m5lty ) 1 ta '
begauze the eﬁterion of reasoning ig no longer purely interior
and conszglous. Hence the trdth ofithe deductions ia no longer

ce#tain and absolude,

Thia showa claarly emmgh that hn rerutea his ccntanﬂon

Y o e
72 l- ~ae 'h-‘« -

that the axperimantal method, ag ha éoncaiws 11: 13 1ndapcndards
of any phuosophiaal systam.x By thir«u do not mean 'eha’c he ia

\‘7 1,. v ‘m * -‘ ot

| wrong m hia stfurt to s‘ntu thn neeonary condi'ciona of axpa:i—

mental lcienae, oonditions mch lie bayond thc raanh of the
method itsel,;. 3ut what he sayu hem shova that ha does adhcre
to phil osophical syatams, %o a miztm et Damarten. ‘Kant and

Compte. 'nxia was entirely suparﬁum-’
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not on the preciss: gause ef {3 3§ 1is indeed $ho. scisnve mest
propartionate %o our mindusltinsedy: nocvarifioation in eaperie
ence. Buf what: is importanS fn- Bernaydis: continual rsqurrence o

- Wa agree to whay he sayx-en fhe:gertainiy of nathematios, -

-mathemation; 18 the: necossisy:af making ¥lear the nature of

axperimental goience vy soupaxing % Witk some Lfdeal -golences

- of whigh the formexr falle: aliors. I% $4 in fact frue $hat dia

lagtic presupposes forwal Imc and mmmxra Logie. -

1t 1a naoeamy to olariq' th:ae apparentir aonﬁradiatory
principlem namely, that the scianf:iat 1s certain of dataminim,

but that he iag alae eertain that hu posttian 13 always onas of
philosophic deuht.

S

_ a. Datersintagm.

4@ have gean thal Bernard elatms man is gertainly conscious
that in the experiox world twush: £z likewise sonstituted by
negessary connegiions, that ix desermined, Without this princi-
ple there gould be no goiengs. ¥The abgoluta prineiple of the
axparimental  agiences is & nspemsQry and conscicus determinimm

in the conditiona of the phencessna, TE ig of muok n gort that

a natural phencmenon, whateves:i% im, being given, the &xpori.
menter can never admit that fhkere ia a variation in the expreg.
sion of $hia phenomenon, unless at the same time there be the

intarvention of new gonditions i{n its manifestation; moTEOVAT,
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he has an 3 pRioxd gexfitudg that ﬁugo vaxi&tions axs dnwm:lmd
by rigorous and mathematigal ggmw.ém. Exparisnce ss.mp:.y ‘shows
us tba form of the Fhenoman Jbut fhe ?guglcuan af t‘m phemm-
non . to a deesrmined cause. 1.; mgg Q"f&?ﬁf mdapandant at axpa-
riengs, and 1t 1a nocsuarﬂy mtnemaﬂqal and abeu'tuta. _!'e

thus see $hak the principle. 9! t}m atitorien et thc exparimmtai
rgisnces ig 1n rsality idemt.tcal wuh that a:t the mthcmatical
soienges, gince in each of them th!a principle 13 azpmmcd

by. a necegsary and absolute relation m‘.‘ thingui‘ enlf, in the
axperimental sclenqss theae mmactiom m surroun&ad by TP
rous, complex, and inﬁnitaly miac phmnm, which hide the
connsctions Ifrom our view. By the aid of experienca we a.nslyze,

wa diggooiate the phenomena, in order %ta reduce them to ralations

and conditions mors and mors simpYte. We 3o wish %8 asigae the
fopm of sotantifis trutl, Hha-i# to-sayy 40 find the law which
should sive us the key %o a¥% $he yariatisns of She phenomena.
This experimental analysis §% $hé énly means that we have for
searshing out the truths in the dxperimantal soclences; and the
sbmolute doterminism of the plitnomenz, ¢f which we have an a
prior! conseiousnoass, is the sble aritorion or the aole prinsiple
which dizScts and supporfs us. In #ipfte of our aeffoxta, we aye
gt{11l very far from this abesolule Swuthi and i% is probable,
egpecislly in the biclogical solsnces, that wa shall never see
14 in 1ta maAity® (549Y.) Jotines theyefore has for ita end,
the banighment of indeterminisa, or fn othew words, to find

proximate causes.




)

It is gleaxr $hal aome k;nd af dezeminim 13 ‘nacsasary

5 4
Alegest

fox the gcienilat working mm mfpral? ﬁlggmgm. Ha haa to

fake for granted that the same otfm:l h:n thn m nauuu,
and $hab onge he has Maﬁxqgg e gonditions of a shenome-
non, he may cause {t to oogur again, If there were abaolute
indeterninims &n nature, Cen $hey wexld bs sinply prims ..
matter, whick by 1tself L@ fnéxtasent, as wsll as matmz...
gible, In fact, thers {& ho' abdluke indwtermination in
nature, for nafural beings swe dotermined by $heir form, and
aot acoording to this formi” As eonsSifuted by mattex and
form, they aot orderly. No oné Xnows this: hetter than thae

aoienti st

However, when Bernard elxm thst 'tha experimanter haas
an g prioxi cextitude tha’t ihl miatlmt of phenmam are
determined by rigorous nathamtual reht.tondupa. " and that
one should extend this dotcrlinim %o all obuarvable ohenomena,
then ona e¢an sk from what. wxxea &on: thia aertituﬁe spring?
and if 23 he saya “the dnubtsr is the trus acient 13t* whence
aomss this evidence foxr tiw mﬁ??brm! nppumtion of abmolubtas
determiniam to gLl phenmof mmr ‘.!he true solentish 4z
said to be consoious of it g m n mat ha admitted more~
over that if sxperimental soim u an absolute sciance, 1%
muat be squally frus that its mmneu and t!m material bastis
of these principles are absslute.” But how do ws know that exper-
fmentzl seisnce is an abgclute soisnce? This 1s a problem which
one should noi presume to Pesoive in an g priori menner, The




t#ue Nelentist sédrches fur $he abesolute whers: e gan £ind 1%,
He" nead heve b’ doubt aw t& ¥he Sklwkemoe of soiente; but he
migt agk himsalf 1L the maltion Nt IR atumng gonfoyme ttgell
te the demends of an shatlote m:& Lo “ SR

. .
: 7 ‘\

. Suppesmg that there ta m:t abwluta dstemiui.m .m natuye,

then detaminiam oan be adoptad ag a methodologlioal pﬂmip‘l 8

In praotize The' safantist will dNeYd that ¥he ovents in his -

scientific world are knowabls snly {i se far as thoy wrs deter-

mined, The futurs Will Ye adequa¥ely krowable only in se far

ar 1Y 18 alyeady’ deterningd T the preasent. Accordingiy he will

considey all indetarmination sw provisional, and will afrive to

resolve 1t as mush asm possibls, Determinism will thus be a

1imit townrd which Mis dectrines will move, Buf he can never

hope 3o arrive at abeolute determiniagm. Neither will the

experimental ssientist care to, for then Nis scientific work

would coms o an end. ¥Yernard sedms to grasp the methodologionl

ghauractar of hisz prideipls of Qetemmiaim when he sayst
*Gdartainly we eNall Mever arrive at the absolute
detsrminigm of everythl h:gi man would no longer be
able to exist. Theve s Always be, tho:a?on,
indetarminism in all solences, and in nmedicine more
than in the othey  soiensas., But the intellectual
conquast of man cmminm in diminishing and pushing
baolk indeftermintim, tn-proportion that by the uelp
of the nxperimnntai method 1% zrains ground on
determinien. That alone must satisfy man'a ambition,

because 1% is by this mathod that man can and will
axtend more and woye Nis power over nature.* (p.2H6)

b. Philoscphisal Deads,’
Beesiuss the seiontiast has the pringiple of determinism, he

- ———earnot be 3 azesptic: he must believe in sciences The seeptic
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belisves in no seienca whajsgevez. Qn ghe othex hand, the
scisntist imowa that his a prierl ides is.20% absolutely
gartain, and fhat nigthegqv%mnrpgmmm an Spprexis-.
mation. In faat, all thaories are ahwlntalj' lpeuking talsa.‘
Qansaquently, he mmt mtaia altart a mental atiitude of

philcganhical &ﬂuht' JEY s periimn e Semaess e i 0w

: z-.i--ug.wg

- e

"The graat quarimnm mmm, tm:afm, xa dauat,

- init.iatm. and Lrom 'h;ch;,gm&m quaus-a thq mgt _;praci.m

in an: investigater in physiology. and in.medigine. One should
nelieve in oux observations and our. theoTinsg, hus with the
right of verifying them oxperimensally. If. one helievzs. %oo
wuch, the mind is $ied and yegiyigtad by the. GONneeqUences of
hie own rezsoning; he has his libexiy ¢f agtion no longer, and
lacke consequently the. 1n1£1utt.u vhich one poagesses who
knows how %o fres himeelf from hlind faith in $heories, which
s in reality scliontific superstition.* (Introd. p.66.}

Certain Gonsequenges follow from thig memtal aititude of
philosophic doubt, Firat the ascientist gives %o the sxperimental
method an independent character. I¥ ias never that he shinks is
true, or what another scientisgé thinks is the corzect Lheory,
it i3 what the axperimental method proves. And so, all due
cradit to great solentists past ar prasent, authoriiy must yield
t0 the method. Uecondly, 1f philosophiqal doubt leaves the mind
free, 1t also leaves i1t in a continual state of changs, of

movemsent. 3clence iz no longer something fixad, esrtain, and




£inal. This is what Bernaryd. aaxdl ¢ be true. *In the exper-
{mental eciences the truths boi.ng mmr relntive, science is

. able %e advanae gnly by revalutiom aad shsorption of the older

truths umier a nmr miantxzm Lorm.* (mmmxan. p.?z.)

@ amrerd ey nd

Understanding the. diffgrenge hetweon demonsizative sqlonge
and dialestis, Barnard'a dootyine -gn Wie plage of doubt in the
saperimental methed is eastly admitted. Using dislectfoal
reasoning, ezperimental hiclogy: gemsed give & goxtainty which
will rest the mind. Hence i$% imy Ahat the sqiantist no sooner
formalates his thearies ¥han he heging 0. doubt Sheir worty,
in view of the new {scts nhtimnut Fregoniing thenselves.
This doubs is an imporstant part of the method, because L} ia
a noceasary condition for uermani on tn bﬂm thmioa.
#hils liberty, indapende:wa, und m.uatm cf mind axrs Attrie
butaed by ?ernard to this pri.naip!.o u: d.oubt, they actually
derive from the dialsetical ehatmar of ﬁha method itaself,
abd the doubt is but a doclars&im c:t‘ onos right to sugh
dispositions of mind,




O

$ional texta that ﬂu memaa rAnent Lology: i
tigal, But ths,n aampa:iscm hara mmv en pmpoaiuam ana.
digeourse, It now: rm&im for ui-to Ahow ek the vory dst!,.

ﬁm..—«..‘.,h_,_‘,_w,

nitiong and the terms umm ie signify Méne daﬁnitians are
dizleaticsl. If ws do no¥ edrnbtiinde $i this chapter %o compare
our pogition with texts frmaoémnthn ont the subiedt,
L% is becouse the "a.tta: h nq‘? h'm!‘kod ﬂxlt mb;oct in

m cpwoed k

explicit encugh taﬂhmn. T PR e

-

1. Cn the namc ot MMM mﬁmuon.

We here take definition as 'ora.tm naturan xed exponengy *
and which ia divided {nto ¥he nominal definition and into the
raal definition. “The real (quid’ yef) definition is divided
into essential, dsmrip‘kiw, and mw

1) 'l'hs tat ve dstinition 13
nf hrough {ts parts
. er ausanﬂal icates, an- *Man {8 2 rational
snimal.* Xoreovery “gines Ahe physical parite in
eagh thing are mnsidued ng mattsr and fowmg

and $the mtapbh partg a3 zenug and A1ffe-
renge, the Mﬂw definttion iz twofold;

namely,

a) The rea‘i deﬁnitien which a
AdNposed o ma*l ex and form; and

B) The real metanh @al definition which
3d by :he genus and differencs,

Although 111 a phy'sical definition matter
holds the plage of $he genus, and the fom
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Whnt ws maﬂ. %0 rauambur is "'ji in iim nnimlﬂc mthod there

s.a an mtezplmr of faatn a.nd mwdtim. :tt EY) them ‘two factors
thm -m s}« emld absem and mlaﬁa in 'thé aom'au o:t our hiata:y.

ad ' ‘
o5 N SR ST, W

L

| a. amsiani sciama,

A AT

¥ P . N
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. The blologiocnl solenaeny SwRg tht Gresks, waxo ﬁr-t
studted in connection with-madicine: Hippoaxates (599- B.c.).
callad the father of madiginey.end ether ancients have lait
un regords whioh instzuct us on the nsfura ef early medigal
aclience., *If wa wazxe %0 axsming fheea saxly uedlionl workm, we:
ahould {ind Shas whole deopartments of knowlsdgne,whigh are now
c)nsiderad necegsary for a doutar are antirely absent frem them,.
Thus, for instance, they betray '{ittio or no anatmwical, phyaiow
logleal, or ohenical knowle&gs “the dootor ‘of those tinem hed no
inafrumsntﬁ for *xaminiﬂg patinnta; aunh a8 lisﬂanlng tubaa, there
ﬁometﬂrs, or magnifying glaasaa‘ ‘He had enly his own sanses to
guids him and he had very littlo mcord of what thoaz whe had
zons bafore had sesn af a4 aam. On ‘k’!m athex hand, his ssnses
wars well trainad and he observad oarafully and wall, and put

down what he saw with a smndnz!.xn eya fow -zha*s wnn asszential. (1)

Thers wag, tharefore, A early scisnce a great Seliance on
gareful observance of thea nlain fas$gs Mhile mod without his
theory as to the ocnuae of disenae, Wippocrates was gontsnding

azningt guperatition which attributed glokness to the zoda oF

(1) o Zingez, 29 cife, Pele
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to $he dencna. Thera Was an.affo¥y %o yeach pecple Ahad
diseasss wore dus %o natuxal. amm.‘?huampmm agaﬁxing
was not without i%s influsngs. 08 ancjanty mppoasd hat

all mattex wag. gomposed of fouy. o:.mtnx anxthy a&r, fi:m,
and wator, Follewing thie idea, %Wutn mppnaod th&t a1l
human bodies Are composed.of four RumOTSE bleedy y‘enew bue,
black bile, and phlegm. Thess four hmwrn had a spenial rola-
ticnship o the four clcmn‘kn anuh dapomiad on t.he carmct
propartion between these humayss. ana mioul dispmportims of
them accounted for various :nmx»a. In mita of the crudeneas
of this axplanation ¥hers & aw gdwance over t’tm balfef that

dismaaa ware caumd Yy ths mdﬂ.

..L‘.

~ #Tha method aof ftha mea:ntm mma u that knmm today,
ag induative, Thass men remained for $he wogt part __patient
observers of fagt, saeptim qt. m Mallcm an;d .‘um'eﬁfmbla,
hesitating S0 thaorize Neyond the data, yet segex alwayas to
generalize from actual amaﬁm; calm, faithful efre:;ivc
aarvants of the sick. There 48 a.lm\st no. t.‘ma of *xentﬁ activity
kxnown to ug that was 2ot axhimm > 4 }h& areeks and cannot be
parnilsled from their writings§ but garaful and const‘mt roturn
%o verification from mmarima, uxprassed in a reostdof actusl
obaervation, the habitual mathod adopted in modern solentific
departments, i3 rare among them sxoépt in these carly medical

authors.* (1)

During the development of | the Coan medical achool, cenlered
arouad Hippocrates and his writings, nedioine in the wastern

"A(il:)——u. Singer, freek Slology and. rack “tmicim», nxford, 1922,

0610




Gréak world was being mﬂuma‘by% ghitodophy of

tmpsdoclea of Agrigentun (B30 BaleYe fis dpoke of the um

a8 the seat of the “tinnnte Nead?y “yhbil was fdantified

with the umain “goul. Wis tonching Tad ko 'a Balief {1 ¥ha hears

ag the entar ‘o’ the ‘waseniay mm““mm tha ‘Ehiet a‘rgan of

tha tpnewsal which was | dateivabed By “the Blood waéail. The

p’mm wes dquivalsnt to Lakh seul and Y1fa, bub 1t was ’
omatimes identified with air and bra@ath., Soms of these torms

wore uged in medicins for twy gwmd yﬂm

wedigins, of course, advancsd ai”ﬁéié'ﬁaﬁmﬂad wol
given to anatony, pwaicloy ‘and the xindred seizmnsa. ’ape-—
cially fomous is the Ale:awiaﬂ mos] (300 8.C.) to which
crodit 13 given for arganistag mmna‘i ‘$endhing. Finally
thers i3 the great figure of galen fIMO A.De)e The works of
nalan alona form about half of the ‘magd of surviving Greek
medieal writings, and occupy, n the dtandaxd adition, twanty-
two thick, slosly yrintad yolumése These QoOveT avery dapartment
of nnadicine, zmatumr, shy sinléy, paﬁholagy, madical ‘.:haox?,
tharapoutics, as well Ag diinicai mndialne And SUTZOTY.

, the general atandpotnt of the Galauio writings ia not
unlike thas of the Hippocratis writinga, but the noble visien
of the lofty-mindsd, pure-sculed phystuisn hng passed away.
aalen was an ingaunioua physiologist, a poyn axperimesataer and
an axpert anatomiat, He pogssased a good imowladge of the
human skelaton and sn acourats asquaintange with the intexnal
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par‘kn 80 far as this can 1 b derives ﬁ'm huaﬁting mms.
Yo poirnlls

He was equippm with 311 tha :umminc ot %ha mhaola ‘ot Pargmn,

g3 ...,.‘,x 1"'4,,:,

gmyrns, and Alex:mdria; e nad r "-‘.ud in Rm. b3 is %o hu
oredit that he repentedly acknowiedged his: debl %o B.,tmm:m&a
writings. Galen-is oriticissd foy puAting ¥elsological. sxplans.
tiong in many of Ris wrilingse Stnger: s.ys Shay dalen did not
hesitate to intyude his religlous: heliefs iato Wiy seientific

» ) * N &, . . ~ . -
- p .o b : F i S A Tty R 2 A P o “hare
Wor}(a‘ e . S . B IR R

Lo, BT

Tming to iristotle (3&’&3& BJJ.), e hava wndey study"
one who is pmbamy %ha gxsateas puﬁosapmr and ’aialngist of

'all tmes. His biology a.ppas:;u in mni{m{ty with nis philcmphy.’

This has already been spoken-of whem.we.disgugeed $he movement
of gunoretion in tha study of living ml;mg’,‘-ﬁ!ﬁ page 3.)
Aristotla's chier biological warks aps him Paxva Katuralia,
1isterin inimaliws, De Partibus Auimaliwms, Do Kotu et De Ingaseu
Animalium, and De Genaratione Animplium. Quly Shose who care—
fully sorutinize these varlqua WIKs 'm;,mauza thn graat work
done by him. They goniain a prodighows mumbar of firast-hand
obaervaiions. It haa always beon- paxd: 0 undsxrstand how one
{nvestizator gould gollegt all the Lagts $has he did. It is olaimed
that ilexonder ths Great had thousanda of man inevexy part of
the then known wozld amiﬁing hi;& in conpesing nis Histeria
Animalium. The la.ﬁor work yxmmn tha“‘ M was 2t his best in the
department of nasural histoxye Re. alw mza on $he organas and
parts of the body, that is anatm “And “shysiology, but with

lass agourney. Aristotls lackimy the instruments used today in
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paiencs ia aommm maxae. 0% - m ahsmz ﬂum a.n umrs.mter.
‘ﬂ i %,
Howsver, ha mw £m!iuﬂ !ﬁh 48 & _tﬂln nﬂhﬁd ax ‘hia s day,

1;,, oy | 5" ,.,v) Sk
and sertainly ex;wrimmtn& T 3. tha taahim Q:t hu times,
% : :'2’1:4 ﬁ’“? 5-3 Sk vl B AN AR

Wy

In the begﬂ.nning of ba Partibusg Animalium Aristotle gives
what he callad the oangns to.be-follesad {n $he Sntellizent study
of biolagicol. problems. They £fall in line with what has baen
gtated kafore in hia Physias‘ He m::at&s tlmt one t:eat gnna:wi
proparties of bady aad m tm&n m ﬂm}? ﬂf u.vins things.
In this way mnqtitian d M m« eaa ba awxdad as ons
trsats sach animal er tnmttm mmm mm;, nayamsa
apecies and thedx pewltaz ‘;, 3 ! m be maua. (1)

#4th the mature and tha mnher Qf- miml pa:ta damibad in
the Higtorin mmalmm, Ari.atntaa mﬁ tnqulxu vmnt are the
causes which have in mah am dﬂie:mm m Wattmn of
anch mart. (2) “hich ate tlm primtmi mua :rur ‘$he natioral
sclentiat %o determins? He. &ammm shat Shewe are twoj mamely,
fianl cauve, and afﬁniant mmm m Qistpg thess two caugen

tha orincipal one. of aW; m Maﬁoha matior im dispossd in
thig or that manner in a thimm hampc e.f tha £inal cmuge,

“The causes. wnmmd m tha genexation of the
worke of nature. ars, ag Ws 8¢, mora than one.
Thera is final aausa and thazre 1a motor cnULG...
Plainly Shat caune is firet which we call the
final ona. Jor this is fhe. rezson, and rz2agon
forma the starting peind alike in' the works of
art and in the mks cf mtura... For zx 2 house

7(~2)’§j:§tif};a‘ ’)}5¢ jcii%.' &. II’ 1 6}‘6 b3
’ &

{1) Ariztatla, Ta Partibua lnimaiimn, G&mbridgn, 1937, (Loab
Classical Library), Bk. I, chap.l, 639a, 15, .

-
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_appasY s W%hﬁ day“ “u’

SN .1 V5 4 | $he und. $o
L goegn %‘aﬁ-"%«.‘ Wlondet cenaturas,
e - 1% u Srue, - g0y hut. no SRB gma
C Ink 8 Tivhr iy the Wouros
3 mmozm gm a?{:ﬁ“ ,gﬁgaemm
SRR, i1y finiahed
g 2t

modarn snas BY that vosd, Y ﬁ&i ¥ ABEHAE which Wonta
LT m, A¥LREGELe th Nlo work -
anted quantions vory g v Vb (h¥eraut of tue Hodern’
biolagtat who Ya msidom tntekbived 1 the Ulttmats niburs and
afigiir of Yifa. *The bustreed 5€ the wodb e viclogtat ta

meinly with vital phenomovi s he sndbimSars thes add ha is

not goncerned with ths Aweps¥ philoedphibal proulems.” 'The man

of aclence gonsiders a part af the Univarss whera ¥he’ nhilssopher
uakes 1% hix Business to regard the \maia ¥ith Aristotls thia
modern saleniifiq procsss of faking a part of the senaible
Universe, such aa a periioulay, geoup af animsls or the partioular
2gtion of a partioular organ, and ganaddering it ia and by and
for i%sels without ralerance. $o uﬁgp;g;gp;nga, had not 2ully
anergeds fhllosopty and solenge aye atill insxtricadly linked

ond theve 18 no cloar demorcation batwesn them,* (2)

Y 4.-—-.&;"

e~ ?mndatim ?micd of. Modern :as.olazry.

Aftor Malen (130-200) thave wnd %o period of rennt Blologtoal

(1) isiensls, oo, oi%,, SR.III, B, 66%5, o000,

Ty i




ot the Wlood in the twman, The Wm of his work is

‘fomous men sm Versalius, Dustachi, Fallopio, Fabricius of Aquae

activity mm} m uimam Gentiry. e taaahinga oL

AT R PRy

Hippamtem and Ga.'iexz wera agoapted mnm 'bls.ndiy wztil

-gc!ﬁl’

the Mna of f{m (1573_4%51’* o b

thig imzarin 1z attributed by aingu: ¥ the mental attitudes
of the wult Lng class 11 ¥he Reman Tipire. The Homans veing
practical minded did nok ‘donsiter the ihebFationt inveatigation
of saturs important. Iz $he mzad of doholaktiols, philosaphy
and theology absorbad the tnterest of the leamned. Yet wa munt
menﬁiih the nanes of noge’r' wn mt of" m:'crf? the ma. Bnoan
work 4o the field of bmlm.. Albert $is oreat is Yamous for

hia works on animals and plants. Yhils 1o is tridlcised by Singer
for following Aristotle %60 slavisnly, he i@ neverthelass ‘
recognized ag remarkable for nig per{sd, begause he porsonally 1
made oaraful obsarvationd. Mad too, He 8t times gorrects the
atasementa of Aristotle. T¥ s deldom tha¥ Jaint Albert receivos
from histortans of saieuqe the full gredi$ that ia due him,

w4ll4am lazvey muy ba sonsidéred 4ho precursor of modarn
plological acisnge, Ha &a fmn for his work on the ciroulation

atianted by such a iant, $hat he émimd the hanrt aotion of
over forty ofher animal Qéﬁaiml', bagidas that of man, In the
uge sad study of upacimens, iud in iha amploywsnt of diaaeﬁtion,
Harvey i¢ not umlque. He was but following the method of such

pandanta, and otheraz. Yet Hurvey seems %o hava grasped the impors-
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tanee of expsmm. Howayor simple thege gxparimonta wers,
they counmad his ‘theozies off ﬁmtiﬁim; Thoy wers mo.n:r

partomd for tha ‘ake o!' mrii‘faaﬁan, ‘Wwats - Enoagh: the
net haw 'boen unmd.

oxast ai.gniﬁcama of. veri_ximts.na )

i .—'._“

Mozaovsr, in axgaing 0T aonts.mm gt:mlaﬂaafg% tm?’}.uyaﬁ |
aimple mathanatigse Ganeidar, he Ayl Sha Mgagaqi t_r eaf the haserd
dupposa thad hs vanixiole haldq..hut Wy unees, Lf ths pulse |
neats maventy~twe {imns in.a m;mtq x man in ans hanr t}m tmft
vantricla ¥ill fores iunko tha 30rha. no legs than ?2 x 60 x 23 |
4, 640 ouncas} 4T 540 pounds. of, };;Lg@d., whiah }.a t"xma tims t}m.
woight of méne Jharsa dan, a‘n m; hlmd cons mm ﬂhare aan 11:
zo! Thers must de A cimulauan of hlaad. In ramaoning thuc,
Harvey is probably ona of the firxat %o uss uamsmatica in biology.
fta usa prosages the usa of other aolsnges in studying biologleal
phsnomna. for it times, sume ‘dspastmenis of blology havae Bean

praagtically raduced to mechanios, phyeiad, ar ar chemistxye.

Py Tarvay, $hen, b@lon;:ﬂ tha arﬂdit of ziving ta physioal
tesma, an ~deruata axplanation of a Mdﬁy proasss. “iis work
ia not only %the starting oemt cf modnm nhyslulcgy, but it i3
alsn the firgt milestons on e, zaad m thc umm rationali-
zation of bialcgical thought. ™ (1) !ﬂh thia pational ization such
goncepts as !inuate haeatl, Vanimad, apirita’, 'tm-mmno forea'
ware zradually abandoned. In thedx plase wers tmbs* stuted simpler
coneants of the new Biologys of physica and of uhemistry. As pard
of tris movement Harvey balongs. wigh, the modnrns. 43 still remain-
ing conssrvatilive, adhering to Ariatotls and %o Oalenic sesching,

('.L) ¢.Singer, The Story of Living Things, p.115.
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9 Harvoy ‘heloriz 4o the o4 cwdas vt
J %ﬁiﬁg Q; A wzguuraam af.modarn riumnta? bialngy..w:iigA,.

) Ll WDV . -.A.uv:é a7

. In thae rmnmn pqua Shange s: alee gacurred in. regaxd

, 30, golentific. 1a08a, which Wo-have 9ndd are.sn important alement
ol the. manmm uathody; If W axaept. Ariatesls, m A8 8aid %o
hava had thousands of other men helping him to inmlttm‘u
arture; bBiolegiste. of the sarly aenturies wern ag muck AN need
of faata, as of theoxies $o: explatn fagie. Bow fagty. begene so
numarous 28 %o ovexshals: ths. investigators, For cxampxa, the
s0lsndific work of Thomas Houfes. (1590) shows a natuxaligt
Uasbls 0 handls the waalth.of matexial enllsoted from many
countﬂet.

) Ao deacription or gmthopé@ié and 1aépatn reveals hig

conmaion:

ahgn e

"Somz ars EY®en, aome hlm, soma Llue, Jome
zith sne pair of wingz, othere F1th mors; *"zoﬁy

~ that have no: wings § :Sﬂ those that’ oannot
sither 1y or laeap, th@y some havs longay
shanks, some shorter. dJome thare 2rs that ging,
gthers ars silent. And there are many kindag of
ﬁ?:ﬁ in naturs, so theiw. ngmgg were er{a? infi.
alte, whigh th nuqh glec Haturzliasts are.
grown qut of (15

Briefly, the gaumasz of the new 'aaxth in faots areg an
fallows. Pirst, thers vz the Bumanistiac movemsnt \miah w23
raviﬂng the lsarning of antiquity., Thare wers the seisnkifia

voyages which brouzht information from aXl perta of the world.
And %oog thers waw the new interaat of men in the Aztural things

(3-) Ce 3’-11.'»’:51',_023,., ,,,Q’.;,of’vfp.—lfa;e' : oo T
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Shat surroundsd. thom. Sesnndly, not anly ware A maliitude of j
fagis dlsgoversd, bub they wexse sl asde #3e gommon property
of biolegistee In addition 4o Aue. new gk of printing thers
were athor vary imporisnt qhtannals of eommmigation. Thewe -
were the newly fammed acadmeies, $he Sollestione, the misewss,
and. dhe salonsifie journalsme Fhege ware powarful ergaizing .
forcas far biclogioal atudy snd progvesss TMiwdly, thexe was
the tnvention of $he grestess.of biological: tuetrumcntt; nemely,
the miorozoeps. By itself, 4% opened up a world of mystaries to
the bioicgist. which will nmvar he conpletaly'undarataod scisn~
tigieally. mne the m:t mimmpiata ha,a no «-ffaatim C
follovers until the ninetatath cnnxnzy, thera works were nﬁt
withcut in:luence. "The gansrnl tanu of tha biologictl writingg
thatl ’hliownd them 15 vory di!farsnt from that whioh precedss
them, Variety and sonplaxity now bagin 1o overawe tho naturaliagt,
‘midst the mul$iplicity of phencwana, erder must be sought if
knowledgs 1s not to losa fisalf in detail, S0 L% i3 what in
the ags thnt follows, ths importanae of gQlosgifiontion Besomas
grcatly caphagiseds® (1)

s wueﬁ 1ot ¥hink ﬁhﬂt faats alona aan oows%ituﬁn 9013nza.
3agon himealf in }¢Vﬂ0&viﬂg the qaarﬂh and cauegorizing of faagss
goemed $0 thin? thut faota migﬁz na nassa& thranbh a msort of
loxioal mill. ”h4 truth 1a that the p*pazimmnter wmiat meat faols
with the antivlty of the mlnd; a 3udiciaus ahcicn Qf faota muat
be madd ta vhe zclentific mathed. Vbry aftan wiology has failad

(1) >.3inger, op. cit., 9.171.
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to supply this necqsmazy BeREL SeLvALE, 204 12 Yhese persode

biology has resained Aot puFaly dosariptave. Yoz axumple, the
use. o gna..aqom#%im; madhad. dounnded 1kl &kore Wt
rocording of abaezved. g webarisgklon: in planis and aninals, The
zathod, hawever, did. Suzg Guk:30. he ol value chiefly h«mn 1%
prepared tha way. for the am-;g_g_,mamxm %a gt inqnir%
therefors, what chunge, iz anyy gcourred in the eXperimental .
methed by way of a shaugg in. the paxt played Uy the zind 4in thig
methade | -

. Fe find a distisct alma@a T the part SXaysd b7 %ha wind,
%8 suw Ghat Hippewrstuy used . bhe. ludugiiva sewhod in hig PEGe~
Yesalony that ia, e genaralised tan. disgoveriss that he sade by
alzple ohsarvation, dexsain Ahysioal eigas wesat a certain type
OF sicknesa, which would end in auch a0l sugh way..

™ later es?fﬁzx‘ism, o hove the ganerslisations of dalen,
Vezarliug, and Haswey, Thay " ‘6ftan "en»augh oonfirmed by simple
obeareation or agpariment, But now ws begin to ges the aind, in
the preaence af sugh a ahgdiic mags of materia), mgg 2 provie
alonel prinoinle of sxder) Thiz 15 fo sny that tne blologiet
without realinfng 1t began o use suppomition, or hypothesis)
For sxample, one of the gxeakeit pxoblm facing the biologist

Problem, by Ohal, comlpini, .and' Mi&i'who ahoae,, eagh for
himgels, 3 pPrinciple of ulaaniﬁaaﬁé‘n.“obel used the leaf ag the




bashe of grouping: Cegalpind, Whe: flowers: and fwuits Bauhgn, - ¢
the twofold distingtion.af gemun and. apagies, Lutier, Jung Rayy -
tournstort, Linnaeus, and Opwiay .perféated a syatew whioh hasg .
a plade for avery known astmel mit plank. Sanoe we have evidenss
0f a mathod in which fasts:aye.manipulated by tha ixma*“m:ng
agcording $o proviatonsl peisgiples,.ox hypetisses, In ke
wthed iha provlem i3 nok nolvad for all $ime. Por, tmy syatan
of clarsifioation 19 open 4o oMangas;, as. wo well nowy-foom the
theoriea of avolutiun, embryology, and nersdisy, But the a9 thod
doen give the feeling that: something s being mmpliahed;i

To tmea the hintory oi' hinlogiual aathod *m tha xim of
onsairwrzat.{ syqﬁme te tha mrﬂannt rx;zy pmb'ums asn not bhe

-undartakan hers, Tat thern ﬂ...‘f'ﬂ m other faehs of higtory which

bring oul Lthe 1:@mrtmce of ths qumtlun of verifieaiion, The
rian of the am;mr,uim metmd, ‘lme g:mwing irterest in palasonto-
logy, the atudy of the distridation of YLiving things in APass
and time, all prepored $he woy for-+he probles of evclution. From
certnin fo:fm, the bilologist hug mipposcd th:t 1ivicg things

have evolved genstically cne fyem the osher, This is the Ry Dt
thesis of evoluiion., In mia nmothssia the ressecasdancas rather

- than the differengoes (-m in el:mni.timztlan) are considered the

wors importent. Having wcsad evolubion us though it ware a faat,
the biolopist rust then find uthax fa.eta, ez fcmulate other
hypothepes to =xplain the caua@ 51 this svolution. Thus the
*heoriea of Buffon, of Lmaink,. arwin, and many others antored
inte biolagical hiastory, Whatcm the one-time greatnosa of theaze
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theorios ga o Hhe guises of avoluklony the theorias $housclves

WoXY Rever utriuﬁ}.v Wri.uiabla by Am‘ﬂ&t&m B'w mluﬁm

iz a problem ol race mlm&rﬁ; m tm wﬂ.ﬁ.y nawpcad mesning
i he term. 1‘!:0 zm ol tha ¥OR , BO6RE ta emla:.n why

e ok #

pani like swdgur am&mr sm ‘_m m‘ m awralmmnt "o:‘
AdeEe m;,nx-m& msz w mw a ( Un t‘w ﬁ*&lwr mnd,
ii wwolublen a.;; mud..aa i a piviag pmmem. whusm wluuon

wity L bidésa in the problem of heryedisy, then 1% is m;tainly'
e 1o£ wadesft ammeritengel Bioldgys Then She deusnd for verifie
vaelOn Gai alto be wile FuiXing to meet thie dsand, a hypo-
bheuia st be rejecied as pdlentifloaily usslesn; 1% nust be -
consicersd sterile f0r soishus. Yo what sxbent modeyn bioleygy
veriZies is studied in ¥he thesiss

Be Covisppornry i3o)logy

In sontasmorpry Sio’.!;agﬁr the proliism of syelutisam ne longer
holds tha nlpes of honor, Thare are s handful of croblans,
aonmidered Xny prodblans, which open $he docr %e the imrastigation

X wany assoeisded pnrovlemn, These key problems are as followa:

1) The Gell and the Oxpanimm,
This provlam ta the first cnrrv.owsr Lrom the
foundasion neyiod af wmodern biology., T3 is oonoerned
with the gonatitution af livinz setter, the construck-
ton of ovlant and anieal oryond sms, the painre éf

prrowth and reAnairve

(1) z.7c0dgsr, 3Ztologieal Principles, Londoa, 929, sel2d.




W garge o

“mons o emistryg.. p&yﬂhﬁ', e Tiwg of mrggtmt
dgstatn thew fully? Bhis 1 the droblem ¥ ntel

s1clogy aagily ‘Baaoman Jonfunad w#i$y prifodophy.

dther prgblama “aré thnas ‘ot musauzar, ne*vauu. atc;

Mi?f:?-

peeey

3) ‘The Prablen of stegantg&aa e U
1% includes 25t enly ¥he gueglion oi’ tha cm.{;in af
11f3, but 2lso tho questions of infegilion; dlsease,
and imounity, Thees axe Yhe gubjees matier of
bagtoriologye

4) e Pyoblam of Individual Develaopment.
fhat ars the steps oy whaigh an individusl davelopast?
Thiz 1a a préhlm that xedaived the atisatlon af guch
wan as fabriciug and Harwey. Hengs 1% 12 an ald
probluwm. The study af develogmené ix 0% nown as

5) xachanism of Mersdify and Tariation,
4% wrogant iz ;:mm'm 43 in the gosition of fLivor,
£t imaxludss the apseinl nroblems of the zsrm plamm,
~ 38%, the I endalian laws of inheritance, and mutation.
Theoriss of hers diw axe baing offared tc 2xplain

es'ralu‘non.

It would be wrong %e think that these provlems are lending

- ——— R S
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thmmlma ta quﬁm eamr mxutwn, begause of thn msmt advance

“adh TSR .“‘ R B} LA

of binlorvy. m the m,uin.‘xrm af u.ﬂ?tzs Gmﬁ?"ﬁww who "tz'e z%udying
g% Mhe weE e ’

llita phenomana ara as men ln-t gghgﬂjungiug iu & fnfﬂaﬁlihsru
{nmumarable trala ahange ﬂantinununty {n plada and Lo, Horew
over, thege studﬁn&s toal ‘humaaxvaa burt&d under a masa of

ragte whish they dan deadribey Bul’ wnion mey s¥e. Bt: cbh %0
nn’ino Yy m!gnhzziurfarmuxaa« Thiv in'dxinpnainttnsftd sose polone
zidks who would 1ike to do in Biclogy whwe: indone in-¥hess
calanges treshing insrt matter. Thess latter sgianang; vemely,
c«trnnamy, meghanidn, and . oNysion,. lmve: aw thely hages gonoepis
deh ara -ev-::raemd i sraolaos nxthenatical languswge. Thelr
A4 sgoyartes oan hHe muymed up 1a a mathemationl 5&1"&1&&. But

ship te not tmme %7 the aome axtant of biolm: {1)

Indeed biology haa, in studylsg 1ts subjegt, tuxnsd to
other scisngas for help. This la agpscially noticeable in
nhysiology, in which biologlista have uesd concepts of phyalcs,
chemiziry, and neghenigs %o J:XXY dn thelr inveati.:ilong snd
tn axpreas She reeults. Liebig used chemiatry %0 axplore vitanl
notivityy Karl Ludwig ralled on physics end ahemiatry} othses,
~uch np Yaxwell, smployed the laws ef energetics. But shathox
tha nartitioning of blology among other solences iag 2 good
thing is disputed. Thare ara smch wall~knowm bioloninta a3
‘1alrene angd Carrvel, and writers oun tha theory and nistory of
atntory, such ag Meodger and Hngar, who dsmand that biology
he auboncmous, &nd free to formulate ite own basia concepta,

(1) A.tarral, L'YHomns, Cet Ingonnu, Paria, 1935, Librairie Flon,
pﬁolﬂ'a.
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Ancording to carz-al thn re m o m m in littls

known today begause the mamw M; 20t beon mdxinz man
= x pars, a.nd m his m m?.a‘ﬂannw |
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atth tha extm.ar mid. ‘ e
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. suoh mnmzom iiiz Quiliumon u nm an n wm
‘thoorstiont bialm, and that we m m tu ﬂ.mu m m:.yun

of tha mathodology of biolagy an m m, m xm.mu boLore
ua the problsm of the natura of the solentifis method in

'hiolcsr. only th:m:gh mm&rdm xm.u nathud mw m

'Itxo natm of hmmm
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