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C!:lM'APT,ER I. 
INDUCTION. 

I. What is it ? - Supp~se that I desire to buy one 
hundred mangoes for a feast. ' I go to the fruit market •. 
I am sho,vn several heaps and baskets of · mangoes. 
How am I· to decide · which mangoes are the best? I 
cannot merely guide myself bv observing their odour or 

' . 
colour. I must taste some mangoes. !The grocer points 
out one basket which, he says, should · suit me: I taste _ 
some of these mangoes and find them swe:et) I jump to ' 
the conclusion that the remaining mangoes of that basket ~ 
must also be sweet. ft This is an induction, but. a very 
risky and bad induction. \Vhy ? Beca~se. when on my 
return home the mangoes are eaten, several turn out to 
be sour. The grocer had placed the bad mangoes at the 
b.,ottom of the basket ! 

\Vhat should I have done ? I should have mixed al 

the mangoes of' the 'basket thoroughly. -------~ 
have tasted on·e or two man~ frcm the tcE, one or two 

-lro~ -the_g _ntte,_.one .ox. i,~t:_QrnJ.h~jdes, a~ on_~~~o 
from the bottom of the basket. I should thus have select-

-~ ,-;a; ·t;;;~~~;s-:fro~ th;-basket (or the heap). This 1 

selectfon-would have been a very fair samj,le of the lot. If 
on tasting these ten mangoes I had found them all to be 
sweet, I could have ,·ery correctly inferred that the remain­
ing mangoes would also be sweet. - Had l found that eightc 
out · of ten mangoes were sweet I could, again very correct­
ly; have inferred that the percentage of good mangoes in 
th~ basket would be 80. This process would have been 
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a scientific inductioo, and.·~the · probability of the truth of 
'its conclusion would h.ave· been great .. 

What, then is the differenc_e between a good'foduction 
apd a bad -induction, as depicted by the foregoing ex- · 
a!Jlples ? .. It is that the ~mple in the good induction™ 
a_fa~i!Ltb.e . sense that (1) tl)e selection was .. made 
after the mangoes ha<:{_:• been ..thnrqug,hly mixed ; '2) . that 
t~tioo r~~ented all sid~s of tbe bfalp.nc....ha:;k~t ·. 
equally well ; ~ (3)_ that the . selection was rando.J!., (i.e., 
I had picked u.p whatever man~oes oi~e tp

1
my. hands 

from the various. sides). · 

Let us ta"e. . another example of sci.entific . ind~c~ion 
o~-tlie:-6asis.,of, tl1ese .. Jhr:~e __ _ point~ .. _Suppose ,. ;t~at you . 
want to buy . .. wpea;t _on a large .scale . . You go ,to t.he 
market. Wha,t procedure .. mu~~-. you adopt to get . the 
best value for your money? You have _not the time or 

energy to ,ex~mine minutely all the variou~ stocks of 
wheat Jy~ng in ·_the. market. · Ob~iol!sly you .must take' sam

0 

pl~s. Supp9se that you select one '.p~rticular.ly goo_d-look­

icg · h,eap • . .You take. a .handful from the top . . It is gooq~ 

But this is not ~vidence eno_ugb. · Have . anothe~ h_an.dful 

from ~he right, stiU .another from . the l~~t, etc. Now 

thr~st your arm . jru;jde the heap aod being ou.t baodfuls 
<from tne various sides, In short, . try to get a-- · sample 

which may represent all the cubic space occupied by the 
wheat. Now examine the -lot. If. it is still good wheat 

you a~E~~ed in buying: up jp_e,_ 'Y.b~ie,_)je~. This 
-woufd be a goo<ffoduction. - . 

What, then, is induction? . . It is (I) a form of in- '. 
~ We have certain data and from them we derive 
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a certai.n ·conclusion~ ; (2) 't.hiS inference · is cQJ.u;eruaj_ 

wth.:fbe: ob.{ects -~vhieh·,ve ··find jn ·the icio~ld ·of n,atu.re,_ 
arou~·.-·us, . J.e;-t mat:eria:l · phject5 · · ' {3) . The .. distinguish-
ing chacacter. of ~ndtictfon -its · differentia-is that by 

e:i;an.iltitig a few or' I some jpdjyjdµals; U,; q Part qf ,4 

class. we "'::~n infeti, so,ik.,ihing about the ·whole class. 
l:lerein Jies the . great >utility _of induction! .it.: saves our 

time and ·energ.y. simplifies our labour/and enab)es 115tq 
-infer. the: nature_ of the zm[,waim, · 
known. Fr w to the man -th·s · induction. 
HJ The 'concliisio11, ·of an . · nductive inference 'must be a 
1reneral . or a · u~iiversal, propositio'k< This, of course, 
follow,; fi.;pm (3). · · . , ::. 

1n this ·serrse induction ~s a verLC.Q!!!!D.Q!l_form of 
inference foLa11.Qui5,. Our daily · .life ·. supplies scores of 

. ··· -example;;. The only thing that lridu'dtive Logic does·is 
to make this form of · inference systematic· and thorotigh­
going, le tells : us ho,v : to change ··ou:i :bad i,ruluct~<?-~Ji 
into good o es.• · . · · ··: · · ·: · ' ·. · · 

ontrast · with ·Deduction.-(1),¥neductive in­
ere ce 1s formal, almost symbolic. in natureJ \Ve ·say: 

if xis y, and y is z, then 'xis z, ,vhatever · x, y ~nd z may 
be. . Thus it they · be · J oho, man and inortal,' respective­
ly, then the inference is: • John is' a man, and man is 
mortal, therefore; . John is mortal.' This is valid and 
true. · But if x, j,, and .z · be • cats, dogs and apples.' 
respectively, then the inference · is : ' cats are dogs, 
and dogs are apples; therefore, cats are apples.' t This 
inference is also quite • valid (formally), but absurd and 

. false. ~Deductiv·ely considered, both are equally valid. 
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Why? Because the formula is the same, i.e., if x is y, 

and y is z, then x is z, whatever x, y and z may be. 

Now (nduqfiimi must qlsq be formally wlf4 {wt fr ?fkli: 
tion to this, it must ~e true to Natum · i e, ihe statemf'Jlts 
of inductive inference must not be cont~qict~d by facts, 
as we finq th~m around us. / This difference is expressed 
l)y sa}·ing tf-iat " the criterion oL P...edustian . is mtE,e· 
formal._coJ1s.ist..e,ru;y_,--,J.Yhru:.e.as._tbaL.oLlnductjon inyo.J.p:~. _ 
Truth (consisten · r · ition to formal 
- . : "J' 

--11)--Po;-;:;,· I CQtJsistency depends on certain laws and 
postulates, such as the Three Laws of Thought, the 
Dictum of Aristotle, etc. Induction, like e,·er-y other 
science, must conform to th~se laws. (Tqey provide the 
skeleton of a science!. But it must look to Nature for 
facts. These facts of Nature ar.e__its:::rs,s,ubject-mattec _ 

Tna"ifcbon studies these facts from its own point of view. 
It tries to discover what facts are connected wjth what -. ,ensc:·•- • > 

other facts in such a .\l:i!Y that iL tlWJ9fCJ.lt:C QC.!;Ut, the,. 
latter are §Ur£ to follow ~ i,e,. wbat fact1::i!:f cyp,es agd_ 
what ef!ectlb..__ 

(3) One very important form of d~ductive inference 
is the syllogism. It is baseq. on ~ristqtle's Dictum: "What 
is affirmed or denied of a whole class can beaffirnied O£..de­
nied of a part of that class". Can we have a parallel dictum 
or axiom for induction? Here is on~ which does bring out the 

essential nature of inducfo,e r~l!s.oning: " .Igiiat {u;{gue,•h-or-.. 
docs 11qt.Jwlpna ...t.o-all-tlrn <abserw:dl coustitwut P~. 

l!3Jl&s or. does uqt /Jaloug la tlw ~L~'!:te~_ .1!''1ak " 
- The attribute • mort~lity • belongs to observed members 
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of the ciass ' man ' ; hence it also belongs to the whole 
class 'man'. Siniiiarly, the attribute 'rationality' does 
not belong to the observed meinbers ·of the class 'goats'; 
hence it cannot belong to the entire class 'goats.' 

(4) 1t is sometimes said that induction is · analytjg 
in nature wheteas deduction is synthetic ih nature This 
1s not an accurate state~ent. Both induction and 
deduction have to emplo~ilalysis- as- well as synthesis •. 
fa fact, . every science requires the aid of these two pro­
cesses. /_ _ . 

(5) ~tion and Deduction, las form__§ __ Qf inf~~e,, 
-=!e col!:P__!_emetitary to ¢a.ch; oth_er. Qne cannot _do witri- I 
o~t the otfiei-. _Dediictibh gives us the laws w~igb· gover2= 
all formal reasonin~.. Indnctjpg (like every other sciene) . 
must conform to rhese laws. But ii l¥&sdesire....to--1.1s:. 
these laws in the search for Truth we must have reco 
to experience-to Induction. lndtictiori leads to the 

A_iscovery of general .pmµcisifio~+ or universal truths 
· which later o·n fcirtri the basis of ~uerving~ major 
preD?,isses i_n)_ de~~ctive_ syllogis..ID§; Both together would 
form a whole the science of Logic. 

III. Kinds df Inductive lnference:-Thei:e are two 
mairi forms of inductive inference : - (i) ·itnJ,er/ect and (ii) 
scientific. Imperfect Induction has two sub-forins: (a) iri-

. duction by simple enumeratwtt and analogy. Scientific In­
duction has several · sub-forms: it comprises, for instance, 
the five Ex 'eriine11tal Methods df Mill, the De ,,ctfo 
thod o Scietttf ic hi · i atiott (also called the method of 

~naL.wductian), .. attcLH_,Ujot/u3sis. J m perfect intlu~­
tions t:>~hL.way_f.or..aru:Ltake..ilie-plac.e..Jlf.?.cierltific. 
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..in.guction where tqe latter is .not possible. ' The mpst 
important preliminary process of inductive . investigation 
is ~assijication, by means of which the data (f~ct5' 
are methodically arranged and tabulated and , thus are 
made available for systematic study\A I Classification re · 
quires the. assistance . of scien_tific Nomenclature and 

minology 
\ How . re 1 he fact~- the data · of induction--:: got 

hold of ? B~ mw l')s of Obser.vation and E~,P.eri~1!._e1,}!_n. 
These form the ;,rethod of inductive study . . Th_e facts 
are worked ov~~ ip ' '"'v~t)Qus_y,~~ the inductive _ 
processes mentioped · above and laws oi Lunction 
andsfru~y.re ~duc:ecL Ther~l~~--;re ~ o m~ny 
general propositions .about the events which comprise 
Nature. ~AC.(L~~1~~ 

IV. Inductions Wrongly so-called.-'-There · are· 
certain . processes, however • . which _ look like Induction 
but . are realiy differen.t from i~ · There are three such 
forms of . infere~ce. (i') Perfect Induction, (ii) Parity 

· of Reasoning and (iii) Colligation of Fa,cts; It is neces• _ 
_ sary to distinguish these pmress.e.s..:.fr.c.m inductigo · n.ro­

per because in essence they are entirely. distinct from it, 
A .. Perfect Induction.- Suppose that I have a basket 

of mangoes, say one hundred. I want to judge whether 

the contents of this basket are sweet or not. If, no w, I 
begin to · taste each and every mango and find .it sweet, 

.and judge that all the mangoes in the basket are sweet, 

~the judgment would be called a Perfect Induction;. Per--
Ject Induction, in oth~r words._ js that process gf r~on­
_.!ng, _in which,· after exawjnjn,i ea~h and eye~i roi;mj;,P.r of 
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a · group of objects, ;ve deduce so,:nething about the group 
. a!! a whole, T~_befor~ q~ ar.e. expausted:ari.d noth­
•irg .i,s left to chanc~ or probabili1¥,·-.. The result obtaipre 
has been verified ig eadteod every case. Since in. this 
form of inference the whole evidence is ex~austed, the 
me~val logicians called the process a Perfect Induction,': 

. · :This·. _however, is, not the modern view. (Perfect Io.:.., 
_ ·dtiction, i'nst~d of being perfect is, strictly speaking, . no . 
· induction at all; and for the following reasonst. - . . ' 

(a) The . essence_of indu.c.tion_j s - the.-disoovery of a 
·general law, · or 'i.:miversal proposition as _th_~_ result. ·of 
the exatrtination bf' a certain : lirrlited · number of individuals 
belonging to that class. If ·1 taste, say, ten mangoes ·at 

'ran~6m froTT) the basket, find them sweet;·-and· then -infer 

; that the rem;ining mangoes must also be sweet, I am hav­

ing a true induction. )J_n this case I~ bey~ the ·evidei~e,~ 
_My.. conclusion covers the facts_ stu.d1e.d, _buL.go.ealley.oruL 
them· and embraces the whole 'cb.c;r... This.is not so · in 

Perfect Induction becausej_b_'UYh,Qle_eYjd,ence is ex~ 
and the conclusion tens 'us n)thing new . . The conchisfon 
is·· nothing but'a ftjmm·ari'zed· · statemerit of the facts ob-

served . 
. . (b) Since in a . real induction. th.e._cgxiclus.iQJl always 

goes beyond· the facts studied, _ there is · always.an .element._ 
of risl~ pre~ent. CThe inductive c;riclusion.cari.only .. be-uwb,;, ----=--- . . 
able and not certain. Now in a Perfect Indu.ction-we have 

• I, • 

~m its basis. 
:-- : . .. . Cc) · Iriduction~ proc~eds frorri· .-a - part to · the whole of 
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j a class, bu erfect Induction exh u· · t wh 

:.4nd is_Jimited by i~ I,Chas no ~~n~@iization; · no ·re­
~ fere11te to the future. · It is mere!{ ljmJed-ta-the citje 
' ~ facts whj_c_h..fotmjts b~sis_; 

- B. Parity of. R_easoning. -- Suppose that I have a 
triangle . before me. I find that the su~ ~f !-~-~~o 
t>f its angles is greater than the third. Since I find this to 
be true in the case of ohe triangle, I infer that it shall also 
be true in every at.her triangle: Why ? Because all 
triangleSc cnafarm t()ff and are jllµstrations of, one and 
·the same definition. l!iis definition gives us the essen-------------------- -·. 
_jial attributes of all triangles and the law referred tQ_ a~ 
is merely a corollary frbm t~.a~_ defi~tt~op\ The examina­
tion of only one tr!angle is sufficient to establish and test 
the law. We argue that since the one triangle examined 
established this conclusion, it must be true of all other 
triangles too, simply because they· are triangles and con­
form to, or are illustrations of, the same definition. In 
other. -words, there is a parity in the nat'IBL.QLalltri:.. 

=--- -
angles and what is true of one is for_.thaL£.ecy_te~J~9Jl 
true of all. Now is such reasoning inductive ? No 
------- I I 

because:-
(a) Iq induction we examine several cases out of a 

class of ~bjects. and on the basis of . this examination 
, .. ' 

decide that what is true of these ca~es will .probaoly 
_be true of the remaining unexamined cases. of that 
- ciass. In Parity of Reasoning, · ~n . the other hand, we 
examine only one case and this suffices to establish 

-the resaj_t~~~f a_ doubt._~ -~~c:-~--:;-·. 

<b) In Parity of Reasoning the established conclusion 
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follows from the very;definltion of (the objects) of that 
~ his is not so in : induction where . the_secy nature 
of the class jtselLis-the-areblem-under~discussion. 

(c) The elemeiJ.t....2Ltl$.&-WJich
0 

is inseparab.ie from 
the inductive process is entirely missing in Parity of 
Reasoning. 

C. Colligation of Facts.-Suppose that I want to 
firid out the layout or plan of a cedaio town. One method, 
of course, would be to mount up· into the sky and have 
a bird's-eye view. But when this is not practicable_L. 
shall have to cha-.rt out piecemeal the various · sides of 
the tow ese side-views could then be pie·ced to--

get!_ier and a ene I iew of the whole town o 
_.1d•c -Xhis method is that of Colligation of fasts But 

is it inductive in nature? No, and for the following 
reasons: -

(a) · 1n induction we study some members of a lloup 
or class, and then infer or geperaljse abgit the whole 

-clas:%- In Colligation, on the other hand, we have 
only one fact before us anc;l the ultim~l:e result does not go 
beyond it. ,Jt is entirely limited to it and.by it. 

(b) In induction each member, out of a group, is 
I 

studied as individually complete , but in Colligation the 
one fact before us is hrnken up and studied pieceme5k ~"' 

(c) The elemeflt o~ which is a feature of the in­
ductive inference is absent in Colligation. 

(d) The result of a Colligation is merely the sum­
mation e>f the various parts into a whole; tbece i$. ~~ ­
going from the known to the unknown .• 
~ · · .. _ . 
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Exercises .. 

'f. ·what is the ·' general nature of "Induction ·? ExJ)lnin 
bv menns. of. examples;· .. 
. : .. 2. Irr :what way does . inductive reason_ing differ from 
dedtJctive reasoning? Distinguish between these two! methods 
of inference 

8. Of what use ·is inductive inference? Does:'i:t°perform 
a function which deductive inference cannot perform? . 

4. What, is 'f!)eant by saying that "deduction and indnc­
tion _ar.e continuous operations"? Examine this view. I .. . . .. . 

~: . Discuss: "~q,p.nctipn . i~ . really the inverse proc~~s of 
Deduction." · · •J¥ , · · 

6. Dt>fine induction .and describe its aim. •1 

'l. Na~-; the va.rious-for~s -~~cl suhforms of induction. 
8. What processe~ . look Ji.ke . indt~ction but a.r~ not in-

duC:tions in reality? · 'Give examples.' ' · · · 

9:- Write short notes on :-Perfect Induction·; P~~ity. of 
Reasoning ; and Colligation of Facts. Mention in each case 

'l.\·hy the proces~ is not really an induction. 
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~ : ·FACT;' PHENOMENOt{YAND' THEORY . 
.. · ... : -1 ,-- 1ntroduttory.-The words fact and phenomeno_)i -
~re often used as synony~s·; while fact ' and theory are 
very ofteri ·regarded as opposed'in their significance. It is 
necessary to 'know the: exact scientific connotation of each 
of 'these terms. b·efore entering into ~ detailed discussio.rt , 
of the- problems of ·inducti[>n- . . . 

-*To · begin · with, we remind ourselves of the truth 
that · all inductive'-- sciences deal with · Nature (in its 
·various aspects) as revealed tQ us by our experki1ce. Nature 
· does not · come to · ' us ' except through -the channels of 
·sense, viz-., - our sense,organs , These sense-organs are 
themselves . -only outposts of I our . nervous : systemJ . and 

:especially of -that most important part of it, known as 
'the brain'. The sense-organs receive impressions from 
objects outside us ; but every impression that irritates 
a sense-organ -is not received by it: the organ· selects 
some and rejects others. These selected impressions 
~e worked over b~ th~ eotmLnery_q_ys_syst~..tn ,_especiaUy 
the. brain, and · -then in some mysterious . way we have 
a ·se11satio11--i.e., an exceedingly simple or elementary 
mental process. This is . not all ! We do • not · (eceive 
sensatioris -simply and singly: we receive them ' in lump~. 

· by the , gross and arranged in the most diverse patterns' . 
. Our mental ,. processes .'at any single moment are very 
·complex . and have for their elements. not sensations 
-~,. but also feelings an•c;t-.im~ges. ;Ibis vast netwo;rk/ 

" 'liThis paragraph -m11.y be omitted if the cl~ss has. hacl no 

grounding in the elements o~ 
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of simple mental prii'cesses watked over J:i_y . mox!! 
~ complex . proce&ses Ccogoiti¥e--pr.ocessesLlike.assqcjat~o.n, 

___?1emory, im.!!giriation_ and tha1~ghf;.;-r-1cona~iv1: . P.!9.~esses 
like) instinct and will i and (affectixe._pro.c.esses...-1ike). 

emotion-and sentiment,- constitutes our experience. _ 
All this must · be very obscure to the reader un­

acquainted with the elements of Psychology. But even 
without understanding it, one can realise the complexity 
of the processes whi?h go to make up our experience. 

We realise, 1 ~en·, that experience is (1) the 
extrem~complex-snmtetaL.oLdifferent kinds _ of inental -

P.r..oces§.§s.;J2) that it is· i.2,itiated J?y_i~iJu.::e~$.k>!!s.z...§~imµJi 
or irritations receiy~ b ~~°-'!! _§ens_e-org~!!~ from . oqj~cts_ 
outside , ' us'.; • .(3) that your own body (being a material 
object) can give _ _ris.e __ t.Q . .§~nse-impressions which se .e 
to enrich 9ur expe!~~ and (4) that the mental pro­
cesses wh_ich make up experience ate sdJ;ctiw: througl;i and 
through. So far we have considered that experience whose 
origin is in impressions from external objects. But we , 

tfiave .our own (5) spiritital experiences too whose seat is 

'within us '; e.g., the joy of the myst~c in his co~:­
templation o.f~ _ _illxine...;_J}t~_ joy C?! jh~_ai;tist . .Qr. the.poet 
who sees beauty_ where __ others s~_jt n,qt; th~ creative 
impul~~ of_ !i)e_ ge~ius who giy~ ' life an_d fo~m ' to 
a;~--- or bron#_ or marble, or infuses fire and spirit -into 

words, or formulates judgments and laws und~eamt of 
by his duller fellow-mortals, Such ' spiritual experiences ' 

seem to welt up from withhLJ~~ inmost . ~~~~~ses__of 
. out own sou)s; but as they assume the patterns of our ~-------· -~------, 
mental processes, we must call them experiences, ; 
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The selectivity of experience is ~~t illu!'ltrateq qy 
a homely ex~le. \Vgat_lmp__p~h!:j when._l_p~si:; tqrpugh 

~ ·O£d strHt? There· ~re s°'uncJs, . sigM~, Qdour~. 
strains and monments of the {llOSt diy.ers~ ~orts. The}!: 
i.mpinge ~pan-my· . ears,· ·efes,-·nose;-·Hmbs:-i~G: ··"ji~td;-

l give equal attention to all of th~~? C~~h1ly rn~t ! 
I see a frie,;1d, and . pe is l:i~lecte~ out qf 111~ frqw~­
The other objects drop behmd. Do I see eve~ything 
about the person Qf my fi:i~qq.? J\gain, no: I ~qok at 
his face and have the men~st g\apce f~i: ;he rest of 
his body. Do l see his face with care~ ~o, ~ ~m 
far too busy now talking t!=l q\rri to 4P 'So. Do I gi~•e 
equal attentio11 to eyery wprg pf ~is? ~o, s'am~ w~rd~ 
interest me more Jh~n others. In s4ort, there is s~le~-
tion every moment and at ev~ry l:itep. t/ · ' 

Outside ~eality or Nature is more !)r ~ess cQmmo11 

for all- minds._ B~t th_e ~eli~tiq!: ma.de .P.Y ~ch 111.iJ14, 
each personahty, .is different, lE~ch one qf u~ lives in 

a different world of his own cJ~yjsing, ~~d though eacp.. 
of · these ' private worlds' of ours is a glimpse and con­
_struction out _of the ~111e Nat4te in wpich we all 'li~~·a~~ 
move and have our heing', yet the selectors , being 
d~erent, no two such g-limpses- are absolutely a,jke. 
You and I perceiye the same rose and declare that we 

• , • • •• .. • • i ,· 

like i't. Yet the perception and liking of bqth of us 
are different. 

II. J)eflniticms.- We are now in a better positjqn 
to understand .the significance and mut~1al rel~~ionship 
nf- fact, phenomenon anq. theory. Let 4~ ?efine ~ch • . 
Feet: A fact is that which is git•en in exp~rience-a 

. ----
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~ 
d.'(f-tttm of experience. This datu~ ~--~f ·,:experien·cc is 
to be di~inguil)4ecl _·J~om..-.the.. ... ex.pep~.99,e;_ of_ .whi1::h 
it :is · a datJ,im. (l) . In other wor"ds, it j s i11d.epe1uJe11t 

- of' the ml.1!..4 __ ·u~luch .perceives~ ·. it.: it;_~ ::_~ ~~~ctive. 
(2) Secondly, it shbuld be immediate. · ~3) · '.f~irdly ;tqere 
should be nothing fiypotftehcal nr unreal · about it_: it 

sho':]ld oe '. . ~. i.e., sQ!nething e~g k o~ -e_E: 
p~' ·•:· :· , 

· 1n the light ·.flJ what we have:said above-about the 
riatute· ' of experience, it should be ·· evident th~t __ · h_o,~ e~er . 
objective a facL.might .,be, . it is. a·. result .<?f..; .:..!!'e!IY!I 

•· activity_ , 'a mental constructi_~r:i..:' .. .'.The rose on : the ,bush 
is a · fact ; it · exists outside of me ; it is not a figment 
of my · or somebody else's · imagination ; even . if. I and 
every other perceiving mind were: to die it would. exist.; 
etc: ·· All this is very true. · But · it is· also true that if 
every perceiving mind were to disappear, the rose co~lcl 
not -~?!own. _ It' _would ceas·e to be a fact in any­
body's experience. This aspe;::l of the fact is caHed 
Phe1w11ienon. 

G J>h~nomenon js any occurence in nature ,2a'i 

re)Cealed to us by our experienae. ,It is always , .relative 
~- · It is an object or event, in· our_time-a.nd..o.ur._ 

-~.€!,s._e.J_E'ld as.E ch_ we can observe it and describe it. ----.,----~-.... -~•· · .. - -~ ~ ---
We receive it through · the imB{essioos• • bf one -senses.L.. 
and it has no existence a artJ.m..1t_1_...IDlr.....menta.Lactiv.ity. · It 
,is an aspect of realitv~r natm;e in §O·far as nature depends 

•upon · tis, and we distinguish 'it from the thing-in-itself­

i.e., fr~r as it is independe9_t 0L us.. 
and of otir- mental activity: ~ ----:---:-- --- . : , 
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· ]n fine, the same' object or avent in our experie·oce· 

i!'f · a ·/act · wheri w~ iinphasi~~- i1~_Jilii~tiv_eness or ihde'­
~ndenc·e of _our mental activity;· ai:id .·js a pbeug,n:en01t, 
when· we empha~ise· its '. sub;ecti,jjit~es$_1 

:. or · d~penden~e­
~ our mental activj1y£ The· rose~ . in so far as' it 
J~ ts in · its ·'own ' · peculiar reality~its: '_9,vn P-ri~ate 
ri~ht, that is tQ_sa}! is a fact. But in so far as · 'the 
rose is knriicm · tcf rile · or to other perceiving ~inds, 
·i.e., in . so ' far· a; ,:iCstarts certain•· ·hlental processe~ ih 
certain rni:nd~····(and' ·but for · thes~ processesJ wo'fiid not 
exist for those mirtds).:.::'it'. is a piie1uµ1iettQii.· The obje~tive 
Suri ''that we ··au perceive : and· :·refer -to is a '. fact; 
but' ·~y.· perception of the su·n · (different in some slight 
way from your perception· · of it) is a -J,henome,lon. If 

all perceiving -'min'ds were to disappear, the Sun as 
phenomenon would .. also disappear, but as ·fact it would 
remain and continue to ·exist in solitary majesty. 

There · is, then, the d1stinctloa--0f ~b-jective aod 
subjective -' between fact aod e!ienomenon. · In .the.rest 
of this book, · however, we shall use these terms inter::­
chan~xcept, of course, where it might be necessary 

to distinguish between_!~~-~~ 7 oN- Al/"'V""d~ ~ ~-
Theory:-Fii.cts or phenomena roust be explained. 

In themselves they do not mean ,r;nuch. . Only when 
brought into relati~ns~ip with other'. facts or phenomena 
do they become s1gmficant and scientifically impgrtant . .. 

- Explanation- ·consists ·m thus linking facts with .· other 
f~s or with laws. · · Now the principle or formula 
.;hich is devised for the purpose of explaining facts, 
is c~lled a theory. Should this · explanatory prmc1ple--
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·or form:41~ be very provisional w~_i_t_!I_l>asis, 
it is sqrµe~,m~ _called an hyj,oth~si.s. . ~ theory is qis­
tiqg4i~hed· in the sense that iLlas a l~rger me~_~re 

qf p}~usib1lity, i.e., ~~~ - <!- greater prob!!-qHiiy qf being 

true. f.urth~r, ·a tpeqry which ~as stood tp~ test qf 

c,:i~icism !~~-· ~~ _p_r.!11!~ ~stabJi~i!«:?., .. _ls . §.C>JJlfil.iin~s-~ .cl 

~ 
~P~ a thepry is ~ntirely tpe wor}s of the /n!ellect. 

Ip tpis sense, i ·• qtjjte.: subjs~~Y.S '_u, it!i nature. , .. 

HJ. F~c:.i JUI~ Th~~ry ; m"9l1'~l r~~,~~~psl}Jp.­
The pusip~s qf, -~cieJ1t~ is twpfqld : W to ftp~ fa~ts ; 
and (2) to expiaio them by sati~fl!,ctory theories. ~ts 
an~ the raw material of science ;_theory is the architect 
that gi~·es .shape to jt and grrarn:;es it in .. the 
form of a scientific struct~- Bo~h h~pg t9gether. 
Facts, by themselves, are meaningless and valueles~; 
but when systematized by means of a theory, tqey assµme 
significance and their hidden import is revealed. ~imi~ 
larly, .a theory divorced from facts is the idle l.a.):..oL 

__fu~magination, a -~~r~ __ fo~ .. ~vith_~ut __ content. ~ach 
· i~ nece~!?ary for the other. · - -

Since a theory is vised to explajn tpe facts o( 

I!-' certain cl~s. it fol\ows ti}.cy_,when ~ts cou...6.i.~tl\.'ith_ 
it, it should Qe modified.! _ or if . thl!-t ,is i:i9t _pgs~iblr:, 
entirel~ -~~j~c..te.d. Pacts have primary import~oce and 
' scf;;~-tific honesty' -;nsists not only . in inces~n~ search 
f~ ~nt .facts, but also in attachi!'lg ~!:!~. yal:ue 

-~~,~~~Jact ,2~n_ tJ:loqgb..Jt .hip~e.~ t~L ~.9nfli~t ~\'ith 
_o:ur most cheri~lted the~ry. 

Every . fact has a many-sided reference. A piece of 



FACT, PHENO::\IENON · AND THEORY 17 

paper is a fact : it exists. But it is white ;. it has ,veight_;_ 
it has val'!..e ; it . is <?~stibl~_; .it is.a -man.ufactured _article_;_ 
it is meant to write · on; __ etc. There are 5o many 
aspe~ts·- ·of its exi;t~c~ and every aspect . is . important 
from some point of view. _Now it is impossibie for an~ 
single theory to satisfy ever~ ture ot .J.be factuv.ith­
which it deals. Hence a theory must ··needs be more sim/J}&L 
than .the/acts on which it is based; and which , it tries 

to explain. One should, the'refore, be very cautious 
in drawing the extreme consequences of even the best 
theory. 

For this very reason •~~cro~e~ry;E__;t/i~u;qSiMlr~y~ii1,·s,,._~st~t~{l1.1i£11iet'!'-•"'.to--.... ~ 
critic~ It ~not satisfy all demands. But facts 
are in_ckp__e.pdeQ.L ..Qf_ criticism___ru:id aie there to accept .... 
systematise and explain. Hence it is easier to find 

..:f.:ac_t_s_t-.h_a_n-;t-o-:t~h-e-:-o-n-;--_ S~ hem. · 

There is another difficulty. It is not always possible 
to distinguish between facts and tbeocy Both being 

· mental c_onstructions ', the~e may be no special attr~butes 
to mark off the one from the other. \Vhewell says, 
"Facts · are phenomena apprehended by the aid of · 
~tions a~d , mental ·acts:, as....:::c:b.e.cuii;:,s also a.e.- . We 
commonly call our observations Facts, whe~ 

witho~_ori: or c_onsciousness, copc;eptians perfectly­
familiar to us.., while we speak of Theories, wbeo 1¥8-

have· previously contemplated the Facts...aod tbe cQJlJl.e.X­
i~ on separately a·od ~ad.e the cannexjon 
~sci.aU§__ mental act." -:. Is it_ a Fact or a Theory 
that the planet . Mars· revolves in an ellipse about the 
Sun ,? · To Kepler, employed in endeavouring to combine 
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the sepa~ observ~tiot1s by the cno.ception- oLan..Ellipse, 
~to Newton, engaged · in infeffin_g__JillL 

Jaw of force ~Ltb..e __ ellip.ticaLmotign, 
it is a Fact." * 

IV. Kinds of Facts.-All facts are n·ot o{the same 
kind. \Ve have already said that one and the same fact 
may have a manifold reference. ,.Different sciences have_ 
_ili!Iei:ent- pein-ts-of-view- ITT11t-seleet--t-h0se-.facts.aod those 

&Speds- -of- ~whidrare-r-ela.vant to their speci~l 
point of view. ' 
/ Facts may b~oadly be classified . into two great 
groups:-

(A) Material, and (B) l\'011-111aterial. The latter are 
psychical, ~entai and spiritual phenomena: .Material 
{acts can be sub-divided into three chief classes:~ 
(1) Physical facts which d~al with matter, its laws and 
properties and such facts ~s those of '. mechanics. dyn.a~ 
~ heat, sound, electricity · and mag~tifiln~. 
(2) Chemical facts which deal with the ' different kinds 

of matter of which the globe is composed, and the 
nature, laws of combination, aod..mutuaL actions of the 
p~rties of matter,. and-the--proper-ties-of- the··-com­
pounds they form'. (3) Bio/oaicalfiacts, i.e., facts which 
~ 0 ' 

deal with ~ phenomena of life nr of living matter ; 
or _§f!s pertaining to the life of animals and plants 
and other living organisms . generally, ,· their morphology...!-,. 
physiology, origin, develoQ!!!_ent and distribution.' 
_. Non-mat~rial facts are either (4) ,Psychical in so 

far as they involve some mental processe~, c~,~ 

* Novmn Ogcmon Renovatum-p. 116. 
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sub-conscious, unconscious, etc.; (5) mental when the 
processes are of a clearly conscious or self-conscious 
and mpr.e . or less normal . character; (6) spiritual when 
the processes, in addition to . being mental, involve un­
mistak.able_.attrihutes_af..aw.e.J'evecence, burniJity, prayer.,.. -etc., towards a Diety or any Mysterious Power which is be-
lieved to_ be divine and the basis, life and goal of all that is 
highest and noblest in man.----~-

.. ---··)t is evident that no one science can concern jtselL 
with all of .these facts or all aspects of an}' one fact. The 
different sciences are based on the working principle of a 
dtvision of labour. Each science must needs . have a one-
. sided outlook and its results, being confessedly partial and 
limited, can never have the 6.Dality of ultimate tmtb 
Only when the results of different scientific disciplines are 
brought together to form a systematic whole, i.e., only when 

__a compr.ehensive System of Philosophy takes up the threads 
of investigation where they ar~ left hanging by the vari­
ous sciences_ and weaves them into the pattern of a hi~r 
synthesis, do we come near to a truer vision of Reality. 
But we should not forget that the noblest and most com­
prehensive System of Philosophy is also a ' human con-

..§_trprtico ' a.Ad suffers from the limitations of the intellect. 
Man cannot jump out of his own s~adow. 

Exercises. 
l. Whnt is meant by e:rperience? How does 'it grow? 
2. W11at part; do our sense-organs play in the growth of 

onr experience? 
8. What is meant by saying that experience is sel,ctii:e 

through and through ? Illustrate by reference to your own ex-
perience. • 
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4. What ill meant by Naturn or Outside Reality? 
5. Can two people perceive the snme object in the same 

way ~t, ~by not? 
~ Disting~1ish carefully between Fact . and Phenomenon. 

Give examples. . Define both. _ 
7. Wha,t _is the relationship between a pltenomeuon and the 

mi-nd which perce1ves it? · 
v · 8. 'Facts are objective bnt phenomena are subjective in na­
ture'. What does this statement mean? 

9. What is meant by Theory 'I 
10. What is the mutual relationship between ' facts ' and 
• • ~ ' r . 

•·theory ,?' Expl fully. 
11. What would yon do if some pi.eta conflict ,with a, 

_good theory? . 
. 12. Can one· and ~.l;i~ same theory explain facts in all their 

asper.ts? If not, why not? 
l . ' 

13. What is meant by saying that the theory is simpler 
than the facts on which it is bas,ed i' 

14. What is meant by ii. me1dat constructio1'? 
15. Is it always possibie to distinguish between a fact 

and a theory? Give examples to suppo;tt, your iinswer. 
16. Mention with examples the various kinds of facts 

enumerated in this chapter. 

17. Can any theo1'y explain all possible facts? If not, 
why not? 

18. Can any thl!ory be finally true ~ 



CHAPTER Ill. 
METHOD OF INDUCTIO~: OBS,e_R.._V__A.T.lQN, 9 ~ 

EXPERIMENT AND TESTIMONY. ·----- -----
I. lntroductory.-Induction, as we have seen, is con 

cerned in a way with the discovery of Truth. Now, Truth 
is not to be had for the asking. Like grains of gold in a 
mine which are mingled with -clods of earth, Truth comes 
to us all-enmeshed· in a mass of irrelevant facts. The , 
method by which Truth can be sifted out of this irrelevant ' 
m·ass is Scientific Observation. 

It must not be supposed, however, that observation 
alone can suffice in the search aft~r Truth. Besides obser­
vation (and Experiment, which is only another form of ob­
servation) we require the processes of Inference and Hy.22,-. 

~is, These processes enable us to arrange the facts in 
a pro~ way so that-we-can examine them in the light oJ 
a possible Explanation. .;__ .M I e__,., k..:-- + t t.J\ c.0 f v0 

II. _ What is Observation°1-0bservation is a form o( 
experience. We can observe that which our senses reveal 
to \JS• In this sense, _obs~rvation is a form of Perceptio11. 
Now, what is Perception ? 

\Ve may roughly defin~erception as the process, oL 
obtaining knowledge of an object in the outside world 

_?Y the help of all the sense or-;n~ that might b'; nt c~ sa,r_y_ 
Jcr this purpose. Suppose that a child sees an orange for 

the first time. The orange is ta~en up in the hand, _smelt, 
tasted, felt, etc.-in short, ,Perceived. After the exper_ience 
of some · oranges, let t,he'. chilcr enter a.,room where, on a­
tab!e, he sees ay._~-<:>~~t\;U \.\~JtJb.,MJ/;J»t~ ·a{! orange. At 

•/ , X .. .-=::__l_~ ~ ,. 
( / ' , , , '\ (/ I 

'(:$" / ,. Acc. No. • · ·· ~ -· 
' ..._: I ~ ('.). '-I 
•
1
1 o _ '- _ . _ _ I • I.: , _ · 
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o~ce he makes for it. But alas ! it is only a clay orange­
a toy. The child was deceived in his judgment that the 
object was an orange. Why was he deceived ? Simply be­
cause he had pronounced his judgment on the basis of only 
one kind of sensations- 'lliz., sight sensations. He bad not 
waited to supplement this knowledge by using his other 
sense-organs. He took a short-cut to ~now ledge and he 
was deceived. This misleading short-cut to knowledge re­
sulted, not in a ~tit~m a]alse P~ceP.!!_on-T;:;-T~-~rL 

..ijl usion. 
:r•, h .d The good observer is one w o avoi s such mislead-

i ng short-cuts ; ·i.e., ~ doe~ot p_mo.ounce his--judgments . 
.. ~_!!fil_he.is-sur.e of his ground,- --··· 

III. Difficulties of Observation. - Correct observa-
- tion of phenomena (natural events) is nbt an easy affair. 

Observation is !!!!. art. One must have _tb~ _gift_.__ Mere 

practice cannot create it though it certainly does perfect it. 
The ordinary man is liable to be misled in his observa­
tions for the followin~ reasons : -

·- 1. Observa_tion · rt}qu,wes effort, .a..nd_.~Jl.tEitis>.11. __ B.ut 
most of us are disinclined to d_o i;o. A good observer be­
comes ~ood ·afte·r years of ha;ci work and practice. I Even_ 

a Sherlock H9lmes or an Houdini would require years of 

apprenticeship before he can perform the wonders of his 
trade. Houdini, for example, had trained himself to ob­
serve more than a hundred objects at a glance. At first he 
could not observe even twenty . .,. / 

2. W~~-~~ - <?b!?~ITe. ~qri@_hiogjn_whi~~re iD­

. ter~~~-~-~ e are sure to hav~ .~Jlci~ g,r. P.~JJtdice _jtJ.f.f.!..'l?..9;; 
~I H o~_a_JJ~Ti~--ff~---to be goJd_~~d r_:)ia~!e o~~~rvers, w.; 
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should first purge our minds of these prejudices. And this 
isno~ ~i~~y .th·i~g to .. d~~ .. B-~t~~liu;, ti;; ··great . Dutch 
chemist, once told his students that not one of them was 
a good observer. The students protested and challanged 

him to examine them. J:Ie told them that in order to ob­
serve a chemical substance, say, they had not roeceJy to 
.!.Qok at it, but also to sme) l it, taste it, touch.. it, etc. As 
an example, he took hold of a bottle containing a liquid, 
removed the stopper, smelt -the - liquid, thr,ust one finger 
into it, and licked it. Next he asked each student to come 
up to the table and do exactly what he had observed him 
do. Each student came in turn,_ looked at 'the liquid, 
smelt it, tasted it, and went back spitting and disgusted. 
The liquid seemed to :have an evil taste but Betzelius had 
not suffered at all. When all had had their turn, he dec­
lared that his contention was proved because not one of 
the students· had proved himself a good observer. \Vhat 
lie had done' was to dip one finger and lick another . The 
students had licked the same finger that they had dipped . . 
The reason wa,s _t.l;1at their minds were so .full of their 

teacher's remarks about tasting that they had mis~observe.d..._ 
him. 

3. AE_other diftiGul.ty is that very oft_en we do /Wt_ 

k1ww what to observe. The habit d fixing one's atten-
ti9_n·-~-~ ;~l~v~nt;~d import~facts "takes]ungtp·-~acq~-
Her_!: -al~;·· th~---~!1.flU~D.f~l. ou~_E!"eviq!}sJy_ ~orrpei \iew~ __ 
and intentions pecomes apparen_t. If our aims are diff~m.._ 
· ·- . - ---··---- -
tte same fact which in one case_g;_ pf .. the g~eates~ im,pgr~. · 
fa~·ce· ·miglif dwindle f nto ins_ignificance in an.other. ~ 
deci~,e wh""°at ·fo look·f?r depends to a great extent on the 



24 CAUTIONS TO HEAH TN MIND 

~ve why are w~_!pql:;ing_ fo_r,lt._ The appearance of a 

cornet might be quite irrelevant as the c~use of the sudden 
death of a king, but it might have a great deal to do with 
the atmospheric disturbances which appeared at the same 
time as that event. 

This difficulty niakes itself felt in anoth~r ,,:ay -foo~ · 

Ask a young student to observe a drop of water under a 

microscope. He is confu£ed. H5L straiQs _ _his •.. eyes bJ.J.L 
_gQ~. n<?,t seem ..!o~ibl_e__r§sul5!.. Only ~vhen 
the instructer tells him 1.C'h.at to look for and 'Where to loq!5_, 
,!Q.ci.t.-.d.2.ts he get anything out of 1ii,s--.Qb.sm~ The 
trained observer would feel quite at home in the presence 

of a __!gngle.d..ma.ss....oLp_benomena .,.,_.hich _ ~~ter_!y_ bewilder .. a-
beginner. · 

4. Lastly, observation becomes extremely difficqJt 
when one ha~·t-;· deaf -not ,~ing~- but ,vith P.!...Qp,.e_fl§,~S. 

Thing;;~~ relati~·ely st;bl~-~n_d_u_~~h~~gi!1g, ;nd ca!}Jle-ob­
served .iit~ieisure. One· c--;~-o-bse~~,e now one sid~ an_d tb.en 

the-other, Repeated ·acts of observation help to fill in the 

~sketch we' are forming. But processes change every 
moment. \Vhen we have·noticed._Q!!~_g§p.ec.t, several -others~· 

have pa~s~ J:?y ~!l.n.oticed. Cgutinyqus ava rqhid chqpqe 
bewilders 1/S. - All of these difficulties qrn be o,·ercome. 'Patience 
and practi~ ', as Titchener says, help a lot in doing so-:' 

I . Cautions to bear in mind. -The following 
points are ~b_n9ting : - _ 

1. · Obsen~~~1! .. -~Lw__gy_s~ demands active _attention. 
Now, a~{(J_1JLU!.~l is al~t•~ys s~lective, When we a1tend to a 
phenomenon we note ~nly som"'e aspects or qualities and 



METHOD OF INDUCTION 25 

by that very act we over-look others. We note, say, quali­
ties a, b, c, because at the time these qualities are useful 
for our purpose. Had our inquiry been of a different order, 
qualities p, q, r,-also present in the same phenomenon - · 

mi~ht have been attended to instead of a, b, c. ~ 
means that our observation is always guided by the pur­
p~se or aim of our inq11.iJ:J1

• Now, what determines our 
purpose? Obviously; t~_h..y.p_othesi~ __ or,J~ory .. that~~\'.e-­
are tryj pg _t.9 test. --- -- - --- -.... 
- 2. \iVhen we observe a group of_~~• w~ shoul~ _ 
try to make --~~r,~ that m~r investigation is as exhausti'Ve 
..,--·· · · - ---- -- - "i .. - · - · · -·- ·· - , , -- - - ·--- -·-----+ 
as possible. As Welton says,· ,non-observation does not 
12rove the non~ex,istence of a ph~nomenon unless its e~is,;. 

, tence would,certainly involve its observation.;,: For this -reason, our n~gative evidence, i e .. evidence which would 
_!end to prove ~ non.=.1~~i.st.e.a..c.e...0La .cecta.i.n.._phe,DOin.en8n-, 

or of some of its qna)it.ies,sbould be as exhaustive as pos­
sible. The non-discovery (till very recent times) of the {r 
gas Argon as_ a constituent of the atmospheric air is a casef 
in point. 

3. Observatio'ri is carried on by m~ns c,f _our sense-

~ But the sense organs ?,C~- a_f~e_r all, very imoerfect. 
We can seef or hear ordinary objects and sounds. ' But 
anythin"g out of the way, thing_s very bi~ or very small_ 
very near or very far away, are beyond the iren of our sense~ 
organs. In such cases the organs require artificial hele_ 

. b..Y._ means of 'instruments. _ Telescopes and microscopes, 

e.g., are such artificial aids to our sense-organs. ThE:L 
in~~ease . their,. efficacy and rangepl But tl;te use of such 
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instruments does not mean that we are performing ex-
periments: they are different in nature. . 

4. Again, every scientific i11striiment embodies the 

results of previous investigations. ~owled!e .E:~~1ously 
g-;Tned gets crystalised in thes~ _ _j1_1sti:ument~,~ 

t~~i!.1:ve~J.»x fl}~ns of a thermo­
meter I _:3-n ~~~~~--4~gr~e o~ !:~t_a~ !~.f-~ Otnent . . 
But· the thermometer itself is a record of the discovery 

that .!?£at is a measurable quantity and that mercury and 
temperatJre vary togetbor. · -"trhus, not only the matte[ 
which is observed, but the accuracy of the observatio 
depends on previous knowledge i and such accuracy is 
~n.ferenGe.]romJ:he..-appliGation-of-such I· 
knowled~." (Welton). t 

(5) ~tly'._._i~ ... !"1:1'-!~t. ~~ n.:m::n_h~~~that gooci ob­
servers are b~, not made. r Given a knack fur the thing. 
,)[act~::::t:1:afoiRg cao pei:ieet- it. But they cannot 
create it out of nothing. Correct .observation is an art, 
not a science. The good observer must know what he 
~nts and have the ski11, tnek~~;~h for it in the 
rigfit place:- FurlJie,-~h~-should have the ability to put ------ -- - . . ··-- -. . --- -
the observed facts together and infer something new about 
the~. This element oc-in'ferenceist,;-thi~- ·1;j~e <le­
ve!opm~~t 2f ~~'.§~~;;~~gg_~.:·· -~IITlions had~oticed the 
ebb-~;rd" flow of tides, the fall of ~nsupported bodies, e_tc. 

But it was left to Newton to infer the Law·of Gravitation, 
· and thus to explain them all. '' The true · seer' indeed -

is the rare§t oLall.giscoverers; but th-£ true §f,,t:Lis O!t .,,, 
~ bring§, to h-i~ · <JJuie.,i::ua.tiQJJ...UW4 th,w.~ s i . 
The drudgery of the patient interrogato.r . .Qf nature is ffif!Q~-



.~iY!!lLQnly_when_jLj~pired.~bich..at~ot 
pbi~ts of.observatirul,:'.! ("l'JJ~~ 

V. Observation and Experiment.-Exberiment is 

observation under artificial and staty:lard 
1
conditiq75§ . i G~ 

conditions controlled and determined by us (and not for ' 

us -by--naturEtl:_ Observation is more or less accurate ins-
pection of phenomena under nature's con it' But· 
nature oes not always, or even often, give us phenomena 

carefully delimitt!d from _imtl,ev.agt.circ.umstances. -Again, 
many mrtural processes are so slow and minute that they 

altog~ther esc.aB,e ·:ordji}aj;y observation, For this reason 
• we r~quire observation where the conditions are entirely 
determined by us in . order that we can rfiPPb:ol Yfff'!:= 

or ttmdi:'31 thew assording to our reau"irements. I ~ 
,.cqntrollpd wiservatiou is called E;§perjmegt. f L--

Experiment and Obs~rvation, then, differ from each 
other not in kind but in-degr~e. The latter is only carried 
to its farthest limit under self-imposed condjtians Both 
are forms of experience. But (1) observation is rather . . 

passitlre>tperience· as contrasted with experiment which is 
acti-r:e both in its inception and in its executjOA\ (2) In 
observation we study .phenomena under nature's condi-

• t·ions, whereas in exReriment we brebarg QllF own , J@1j:= 
tions. (3) Obs~rvatiog, thus, is (ivdi11g a fact, while 
experimept is making a fact. 

"While ordinary observation is more or less, casual◄ 

perception, experimental perception is planned, designed, 
and deliberate, and therefore, of superior value . as -'d " ' ev1 . e~e. 

" *Mackenzie: Social Philosophy. - r· 
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tJ""'\ Rtdative Merits.- Experiment has certain advant-
ages over ordinary observation : - , 

(I) By exper;ment the phenomenon under considera­
tion can be reproduced as often as we like; whereas· in 
observation we have to y,·;i.it until nature presents it before 
us. In experiment tru;._phenomenon is under our control. 

(2) In experiment we ca~ ___ y_a,ry_ _~h~ eh~_nomenon ~ 
often as we like. In this way new light is thrown ~n the 
problem. New results 
Further· we can 
we require. ,,This is not possible in observation ; e.g., 
observation can tell rne that.quinine cures malaria. ~ 
bow :nuch of it would be necessary for a child, 9.!'. Jg_~ : :1n 
~t. or what shoulcl° be the dose· ~~d~r-.different cir-

~~~m~aj -- th~s~ ar~ questions that require exact and 
quantitative variations which only experiment can give. 

D (3) §lii.iifuation of irrelevant circumstances is ren­

;.., dered much~i_~- ~I- _e.~P.~dmen t. I solat~t he 
phenomenon under consideration from others which might 

. accidentally be found present along with it, enables us to 
·ud e exactl and definite! what conditions or causes are 
r~pons!ble f~ which :.~:cts., For -- ins ance, mcantat:Tons 
or magia.formulas and a littlearsenic occuring together are 
found to have· resulted in the death-of a man. But experi­
ment tells us that arsenic alone is sufficient to kill a livrng 
being. Incantations, therefore, were useless and irrelevant. 
Mere observation could not have eliminated the irrelevant 

f~ctors. 
(4) Since an experiment depends co our owo efforts. 

.,,, rra ·-·· · 
_and not on the courtesy pf oature, and since, further, we 

. • . t 
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r , . ,'r-~ ( h-jP Mlj.,..,..,- 'j 

c~!LJl~)1L!.~ _at it in c~ _of . necessity.i. it follows th~ 
we can study the phenotmr.on uith far greater coolness, 
accuracy a11d rccision· than can be ossible with observa­
tion alone. In the latte~· cas·e orielias° to hurry the pace, 

C . j 

since at. an>; m.cn:e.ntJ1.~ture might.snatch~the -inter.e-st-ing--
o12ject away from us·. In sciences like Astronomy, which 

:-=do not allow of experimentation. this defect of observation 
is .made mcst manifest. Witness the prolonged prepara­
tions, years ahi:act of the event, for a three or four 

minutes' view of . the Solar Eclipse,. The consequent ·agita­
tion at the critical time does A,Otmak.e.fur thebest res~lts.--

(5) Lastly, an experiment. can always be rG/Jeated by, 
o!h~r• !nvestigatOISt/ This en~operation and com­
munity of work. Results can be verified ·or corrected, if 

--~~~ry. C/J -c£__ ~ ~ ~ ~ 
. . . ~ .... ~ .t.~ g.,..L ~l.,.., 

. The above cons1derat1ons should not be taken w·-
mtan th~t pu~e ·obser:vadon .piays -nopart ·aiaIT in sci~;tilic ' 
investigation. It has its own advant~ges .. :·_:- .... ·----·- -·. -"· . 

- llJ Observation is the sol~ ~nstJ:_ument ot j_{_qowledge 
in sciences which, do not allow . of experimentation. 
A~nomy~ -Metereofogy ,-_- Geology lto . a. great . ext~~t), 

Sociology, Economics, etc., are observational sciences. 
One cannot experiment upon the,heavenly bodies, nor, can 
one control en the tides, the winds1 or the strata of tb.e­
earth, Even the tacts oL social and economic life are. 
to ~t extent, beyond our control. 

< Cl) Observatlo~-lielp;° both ~n the, ~sea~r--. ......... ......,.=~ 
as well as f ect • ;x er1ment can only hel 
~tter case. .Gjyen an e.f(_ect, to go ba<:.k to the cause i ~ 
only possible by patient observation. . 

,r .,_ I - - • • ., . • 
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Both observation and ex er· ent therefore. a_~­
ful in the seareh after The two methods are 
comp 1mentary and not antagonistic. Each has its proper 
~in-the investigation of pheno11ena. But \Vherever 
observation can be chariged into or suppJ.em.ented witb 
experiment, we should do so. Sometimes nature herself 
performs an experiment. A s::>lar or lunar eclipse, for 
example, is a natural experiment. .The study pf such 
phenomena might be -,egarded as a S')rt of intermedia1e 
~e hehyeen pnre observafton and pure experiment. ·81// 
~VI. Testimony: . What is it ?-All that~ know 
':.-not the_r.§yJt of ~ur own ·i'nvestig~tions. It wou Id be 
no exaggeration to say that 99"9% of the avemge human 
being's knowledge is based on the reports and records (oral 
as well as written) of others. ~uch reports andrecords 

·· form testimony. J Now these 'others' on. whose records 
and reports we b,ise our knowledge are not all alive : the 

'. great majority of them died long ago. Their testimony has 

tf oine down to us, not at second-hand but at hundredth or 
,..V,ousandth hand. Vle should. therefore, have s0me 
,_~erion or· standard of judgme~t 1:)y means of which we 
can decid~ i n every case what. part of a certain record or 
report is to be accepted as trne and accurate, and what 
part is to be rejected as false and inaccurate. 

f Shon Id-the person whose testimony is received by -~s 
be alive and thejacts tepoded by bim be such as can he 

repeated. it wonldbe possible for · us to verify the · truth 

or otherwise of the report. But when neither the facts are 
available nor is the reporter alive, the necessity of a ver:y 

thorough sifting of the testimony becomes urgent. The 
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best of us do commit serious errors of observation. How. 
much greater is the pro babil-ity-of such errors in "the case of 
those observers who had- no ~cieritific training in- metlrcds 
of observation ; or whose good faith as honest reporters 
ca,nnot be established ; or whose competence to report 
accurately was doubtful; or whose poetic flights of imagina­
tion made it well-nigh impossible for them to separate truth 
from fiction ! The risk of error becomes overwhelming when 
we consider that _!be records of the earliest times have been 
transmitted to us by persons whose very names are not 

~ And yet it is on such' flimsy fotindaQons that the 
so-called sclence of Ancient Rist~ based./ · 

The risk of error in the ~mil transmission of a report 
is very well illustrated by a popular parlour game. Seat 
some people in a circle. Write out a story and whisper 
it accurately to your righthand neighbour. He should 
next repeat it to his neighbour and so on until your left­
hand neighbour relates it to you. The story is altered 
almost beyond recognition! \Ve can well imagine the 
modifications which a tradition must suffer when pass;ed 
micritically from generation to generation. 

VII. How shouldTeifi~ critically ex-- ' 
amined before it is accepted as true ?- \Ve have seen ( 
ab:>ve that any and every testim~ny cannot be accepted . 

. \ '.Ye should first subject it to severe tests. The_ repor~er 
whose testimony is to be accepted should be (1) ,mf,arlial 
i.e., free from bias; (2) he should give his testimony in 
good faith; (3) he· should be c<mipete1it to obsen,,e ; W he, 
shou Id 'be a contemporary of the events reported ; (5) he 
should have written down his record immediately after the 
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occurrence of the event; and (6) his record should he 
accurate and precise. Very rarely are all of these condi­
tions rigidly satisfied, but they give us the criteria in terms. 
of which ·we .should determine the. value or otherwise of 
any particular case of-testimony. \Ve shall now say a few 
words about each of these conditions. ✓ 

- (1) Impartiality.--This condition has already been 
explained and illustrated in the discussion of observation. 
Our prejudices are any and very seldom are we even 

I , 

conscious of them. Modern P:;ychology has thrown a 
flood of light on the workings of the -' sub-conscious' mind 
and we now know that our ·real motives to ac.tiQl!..JI.J.:e_oit.eo_ 
quite obscure and unre~!!l.ed. Hence a man may be pre­
TllCliced~ut kn~ Qg_.illaLhe..is, The best-intentioned 
parent who happens to witness his son's mix-up in _a street 
brawl, wi!l. not be .able to confess that the boy was really to 
blam.~: In fact, too much of conscientiousness in such 
a case may .make the parent's report really unjust to the 
boy : in t;_Xing !.~ to be partial to the boy_ p{; may end 

by~ng pattia) · agaiPBf him!.. The Caliph Omar was 
once . distrib_uting booty, consisting of pearls, among 

his soldiers. To , each · person was given a handful. 
Hundreds were served like that, but his own son who 
had lo~g been waiting for his share was continually 
overlooked. A soldier who had just got his share· ex­
claimed, " Omar! you are unj~st to your own son I Why 
do you not give him his share ? He was one of the first 

· to come." Omar answered that he was ·afraid lest his 

handful become: unconsciously larger when he plunged 
it .. into the heap . for his son's sake. " Let him have my 
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share," retorted the Arab soldier, "and now give me a 
handful for mine." 

(2) Good Faith., The repo~ shou )d believe io the,.. 
accuracy and trnthfnlvess pf hjs own , account. _ He 
should be sincere in his assertions. The reader may 

· perhaps wonder why shou I n 1 1 n be specifically 
mentioned. There is greal need for it, however, especially 
in these days of ne\vspaper · reporters. So-called eye­
witnesses or ' special correspondents ' are supposed to 
contribute reports of the · various happenings of the day. 
Yet the reporter may not have been an eye-witness at all or 
may have written his repbrt even before the event actually 
occurred r When the testimony is unsupported by other 
witnesses or records, the question_ol.sin..~~ is imp.octant_ 
\1/e should then ask "whether falsehood would appe.ar 
to bring any personal advanta@...tn.J:he....witaess, whether 

71eTs" likely to b .. ~y.ed by fear. vanil:.)!, sywpatbJc, 
~tagonism, the desice.ta..pl~.m:..!~ yish to ast.QllisL 
or amuse. We should be inclined to suspect all rhe­
torical . flourishes, all . _ dramatic de tail, _ _exp.e_cially-!Y.h~!L 
any considerable time has elapsed between the occurrence 
of the event and the record of it."* Mere good faith or 
sincerity, however, would not suffice to make the testirr{ony 
valuable. Good faith should also be supported by 
ace II racy _<?is~co rd. 

(3) Competence 'to observe. - The historian, for instance, 
may be a bad observer of chemical changes in a test tube; 
and conversely, the chemist may be unfit tQ.unravel an~ __ _ 
rep~ft the complexity of motjves which create a social or 

*Welton:, Logical Basis of Education-p. 157. 
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political upheaval.· Briefly, only the expert in a certain 
line is competent enough to report with any accuracy the 

events of his particular department. _.Ag_~in,_Qne may be . 
-~nough..9bsei:v.er ,b,ut.a.bad reporter. People '':'ith 
vivid imaginations (unless, of course, when they subJect 

themselves to the most rigorous discipline) are prone to 
exaggeration. Pq_ets, orators, politicians, etc., are often 

very bad reporters. Historians with strong 'litel.!!_ry_ _~ ~ •­
can seldom give u~ accounts free from the figments of 

I 

their own vivid imaginations. The good reporter, in ,short, 

is he who gives us..a.:J1JOrd:pho.tJJgr.aph, of the event reported 
and not a ~ --it.- Here we must also refer 

to the gross exaggerations and actual falsehood of much 

of so-called propaganda,.~the broadcasting of untruths 

on the principle that a false}:i:>od oft-repeated comes to 
be believed in by the people. This principle is, unfor·· 
tunately, only too true . 

. (4) Contem,Pvraneousness.-ln the last resort, all testi­

mony should be based on the account of an eye~witne~s. 

' Personal obs~ ~~ _} o~!-2-'~'!-.. o~ .. -~gm:ebody _~-!§~~s.) j~~ 
j he ultimate foundation of all inductive sciences. ,vhen 

this condition is not satisfied, we can have no criterion 
to distinguish fact from fiction. Hence anonymous testi­

mony cannot be accepted, for when the reporter is un~!1own 
one cannot jud e his impartiality, ood ith,-..CQ01petence._ 

etc. Many ancient historical records on which vast 

structures of history are based suffer from this defect, 

And the legends of a country belong to the same category. 

Their great value is that " they embody a people's ideas, - ---------
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but they cannot be _appealed to as records a£.£a.Gi:s."* 
(5) Immediacy of record.-Tn.e_ob~witoess -y hould have written dow..o_.his._c.epad.i11un.WJ1.Lcl.Y-i1.&t 

._,the_ev.ent. .. This condition is necessary in view of the fact 

that our, memory and imagination pla~ all_ sorts o! tricks o,n 
us. We often believe what we wish to _behev~. \,\ e 

- · -. -----,---~--'tend to forget unpleasant experiences especially when we 
do not slio~-~ off w~Jl '{n ·-the:rn .. ~.-~~We~ ~~·ffe;~i~;;lapses 
of memory and these are later on filled in by imagioation­
ancLin.forence.. Recent developments in the psychology 
of the 'unconscious or subconscious mind/ and especially 
the perfection of the methods of hypnotism, p·sycho-ana­
lysis. and free-association in the study and cure of mental 
diseases, other abnormal mental states, dreams, etc., have 
made it impossible to overrate the part played by 

:_rn~roo~T ~ncl, imagination ' . in _ the .healt.h _a,nd Qygjene gL 
.~!!~lrul.- -Most of the dreams of the night, for instance, 
are forgotte~ in the morning. And it is now a rule with 
psychologists to consider no record of a dream as accurate 
which was not written down a few minutes after its 
occurrence. Records of historical events, written years 
after their occurrence are therefore, more than suspect. 

' ----Here again we see revealed the shaky foundation ' on 

which most 'history' is based. 
(6) The accuracy and precision of the record.-.This 

poin~abearing over. Accuracy and pre­

cision are of the essence of scientific honesty. 
1 
Only the 

trained observer, however, can fulfil this conditio,n. To 
be ·accurate he should know whi s are relevant tC!_fu~_ 

*Welton: ibid-p. 164. 
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record and which are not; whilej:Q be precise he should be 
_;.~~enced in the,,,ri~b.L clJ.Oice.-ow v.ords._:-T,he o~seryer . 

should kno,v what to recor,d and also hg_w to record ~!: 
VIII. The Interpretation of Testimony.-So far 

we have been concerned with those conditions which every 
witness should fulfil before his testimony· can be accepted. 
But granted the fulfilment of all these conditions, does 
it follow that the testimony is going to· be properly 
eval~at~ Qy the p~ n....:.~~~iying it ? Certainly not. The 
interprete.!__.oJJ!!_e testimm1y . is __ e~§i - to a,_n __ jmportant 

~~ ~lf!~f ~ ~!!.~Y,..,!_.e<f.d..inta. ~tlu .. testim.011.y~what -i,s__ onlJ i~i 
· - ~ in4.:.Jhe probability of the occurrence of this 

error of interpretation is the greater the farther removed 
_jnjimejs..the...w.tl!ess\vhere testimony i~ be interpreted; 

. - -- - --, -- -··· ···-- ... 
We are said to live, for instance, in an age of democracy.' 
NO\v suppose that we read that a certain an'ci~nt society 
had a _democratic form of govern·ment. We are liable to 
jump to the false conclusion that the ' de~ocracy ' of 
to-day is exactly similar to the ' democracy' of that 

ancient people. Identity of words may mislead us to · 

ascribe_ to them an jdentity of significance and b_ack~ 

~~.uries- stand- betw.een-the..ancient 
writer 'and his • resent-day interpreter. 

The difficuities o m er~~~ease manifold when 
one has to deal with anonymous do.cu.ments.._and ~ficient 
hj§_torica.l-~rds._ab::rut whose authors verylittfe is. 
known. In such cases, we should rely on the following 

m~thods·:--(1} There should be a cross-examination of 
documents in the light of one another, . This is p~ssible 

only in those cases where different documents deal with 
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the same event or events. lf they are \vritten by people 
of different_ tet:!}pe_r.aments,_different--prejudices or.different . 
walks . of Jife, and still th.ey. agree :.in certain general . 
features and details, then it is very probable that the 
facts on which th~y- ~11 ~gree did happen. (2) Historical 
documents w~authentidty is do-ubtful should als::> be 
tested by m~ns 0U 1yer1_:al critic..(~1u,_i,e., a detailed and· 

internal examination · of_ t_}je p~~Y.liacities_of style and 
..§_tructure of the text. If, for exarnp_le, we are told that 
a certain document was written by a certain historian 
(who lived, say, in the 12th C~- A. DJ, and if we further 
find that the document contains words, expressions, 
~• idioms or metaphe~ which originated in the 

13th Cen., then we may be sure that the do:ument in 
question is not genuine. (3) Should different ancient 

documents reporting the same events _!"eveal simil3C mis.:_ 

takes, we may infer with great probability that their ..___, -- • . . - . - . -- . . - · ··· - -- ·-·-
origm was the same, and that thty are not really inde-
pendent documents, but the work Qf different scribes who 
copied from a common source. · - --·-·-·· 

. ----1:x.:·--T~~;-~-;~-\cesuiooy is indispensi 

often full of errors. These errors multiply as we go back 

i!_lto Pll§.t ages. · fThe value of testimony deue~n1~d=s!-' ~ 114 

_ only_~n the reliabili_ty of th~ orter but also 
. lru~ll1g,e,nGe--of.-tb.~er+-.1•or both of these pur­
poses we should have rigid tests. But when all 
is said and done, the fact remains that much of what we 

know about the remote past is based on extremely flimsy 
foundations ; that much of what we are supposed to know 

·clthe occurrences ""otto-day is itself full of errors, thanks 
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to the frailties of human observation and the powers of 
propaga!,d<f:. j__ at1d_ that the real sifting of testimony is 
possihleon\y in scientific circles where nothing is ace~~: __ 
( d which has not been subjected to the severest tests . . 

To these difficultit:S must be added another, viz., that 

what .~ow about the past is as n<lthi!!_g_~t~ _:~qat 
we do not kno,~• many events ~ust~ occinTed-­
of which we have no records? How many facts may, 

have existed in the ~ t and may still exist about which 
we have nobody's testimony ? To make sure that an 
event simply did not take place in the past, we should 
first make sure that it should certainly have been observ­
ed and recorded by some- -one in ,.s:>me .. place had it 

actually occurred. "1n all other cases we can only suspend 
judgment and confess o~g~~n"~.-,-,* - ·- · - ··- . -- .. 

-_,. -- . ·- ---- . -·, 
Exercises. 

1. Define observation and explain it!, nature. 
2. Observation is difficult. Why? How would you oYer­

come tJicee rlifficultiee? 
3. "\Vhat cautions would you bear in mind to ensure 

accuracy of observation ? 

4. What is meant by E.-.::periment? Explain its natnre. How 
,loes it differ from Observation? 

5. Mention the relative advantages and defects of obse1·rn­
tion and experiment. 

G. 'What is mennt by Te11timony':' Why t.lo we require 
testimony? 

7. How should Testimoi1y be critically examined befon, 
it is accepted as true? Discuss in detail. 

8. Give examples to show how Testim.,nr can be false. 

"'"
7elton: Op. Cit.-]). lGo. 
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!l. How should testimony be il1terpreted ?M 

10. In what way· is observation helped by the use of 
instruments? 

11. Would the mere use of instruments change an observa­
tion into an experiment? If not,, why not? 

12. Compare observation and experiment as means for the 
collection of data for scientific investigation. (P. U. 29). 

13. In what way does experiment differ from observation? 
,vhy is experiment more useful in science than observation? 
(P. U. 28). 

14. Distinguish between observation and experiment .. 
).lention and illustrate some of the fallacies incident to observa­
tion. What are the advantages of experiment over observation? 
(P. U. 231. 

15. How does experiment differ from observation? Expe­
t·iment is always preferable to observation. Why? What 
precautions must be taken in observation and experiment to 
avoid error? (P. U. 34). 

H;. Define and discuss the value of Testimony. ls all 

Testimony reliable? If not, why not? ~{ention with illustrn­
tious the principles of its criticism. 

li. Discuss the place of Ob.,serva.tion in Inductive Logic, 
and the a.cl vantage of Experiment over Observation in certain 
s_ciences. In those sciences where Experiment is difficult or 

impos~il,le, what methods nre nRed? Gh•c ·exn.mples. (P. U. 8,j), 



CHAPTER IV, 

POSTULATES OF INDUCTION (I). 

THE UNITY AND UNIFORMITY OF NATURE. \ 

I. _ Introductory: What is meaWJt by Nature's 
U~ity and Uniformity ?- Is there order or disorder in 
n~e? To the primitive man, the savage, the child, 
sometimes even to the rustic, nature very of ten seems to 
be C ~. ~. bloonii'J buzzing, confusion,' i.e., with no 
regularities, and no order. Everything looks freakish and 

· strange. The world for them is a c/JgQs, disordered and -
1puzzling. f If there is a thuriaercloud, the rafri..iod is angry 

and must be appeased by sacrifice and offering. If his shaft 
of lightning sears a tree or a hill-side, the god is very angry 
indeed. ' Why should the god _ be angry at all ' ? is a 
question which may not arise. The brut_e fact is that he 
jolly well is, and tha~ one has got to mollify htm. ~ry 

day of the savage's life is passe<l. _ in t~~~-~ o~ te~ror, 
perplexity and · iosecucity. The gods who rule his httle 
world are more .. ~ and tyrannical than any human 

ruler that he has experience of. 
· \But even in the midst of this seeming disorder he 

begins t~ be dimly aware of some events w~ich happen 
again and again, events whose appearance he can~ 

,,,times predict. The seasons follow one another in a 
certam order. The stars shift their places with a regt;ilar­
ity which can be observed night . after night. The sun-
god, dear fellow, is so very regular in . his appearance 
and exit, morning and evening. In short, even for the 

most prirnitive savage there is no such thing as pure 
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- (.I 
disorder. That is only possible in a badly managed lunatic 

asylum. 
When the primitive man settles down to a parti­

cular locality, and, most especially, when he takes up 
agriculture for his means of livelihood, the regular course 
of the little world in which he ' lives and moves and has 
his being' becomes patent. At this stage his mind gets 
so used. to --the regularity in the events of nature /that the 
irreg,darities alone upset and terrify him./ When . the 
expected rain does not .. materialize i when his seed does 

not spropt ; ~hen he wakes up.from his sleep with what 
we -;u a cramp or . a chill due to a damp grass-bed, but 
what to him is .oniy "the wor~f an evil spirit; when the 
lightning suddenly kills his comrade or child; when his 
rough canoe suddenly capsizes on the calm surface of 
the lake; when he gets a bumper crop though little was 
expected J _ when fortune drives a sleek deer to his very 
door; - ,vhen, in short, the unexpected happens, does he 
feel that his gods are pleased or displeased with him,. as 

the case may be. . With the growth of knowledge and 
:!Yilisation, the rule of order in the ,~orld is found to 
extend indefinitely. Hidden connections are discovere 
where they were least expected, redictions of the future 

C 

are continually verified, and the wise men of the com-

~nity succeed in determining with prec;isiao the ordered 
revolutions of the heayenly bodie~ [s science. dev~~<?E?.i 

'the realm of nature is found to be a system of laws, 
regular and uniform in its workings; a cosmos.,_i~ other~ 
wo~1s, and not a chao0 \.Vhere laws are not yet discover­
ed, the hope of doing so in the near or remote future 
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continues to animate all endeavour. jPredic_ti_ons __ of_the 
future, span not )'ears or ~-e~des or __ c.e.n tu ries, .b.ut ages 
.i.i d~ llemums-a"ni -~nfin_ity itself. _(: Order ' becomes 
the-;~1~· ~~d •· di~order' the exception, an exception that 

~ained awar a~,due to our limited knowledgeJ 

Two things, then, continue to strike the mind with 
ever greater force as man's knowledge grows :-(1) the 

uniform behaviour of zzqtw:e, i .e.. the regular course 
of the various class:\; of.: natural e;c,.t~, aod (2) tlte 
on.en~ss of nature, i e, the io+iroate re]atioRshif, between_ 

the various ey~gts and phennmeaa of Aatuce 
(1) \Ve expect that the- water which q~e~~hecr-our 

thirst yesterday will do so to-d~v a~cr in- future too; that 

the fire which burnt a · piece of wood yesterday will do 
the same thing over again when opportunity offers; that 

the foodwhi~h app~ed our hunger yesterday wiV co~tinue 
to do so on similar occasions in the {uture; etc. I. It is not 
man alone who works in the light of. thjs belief in the 
uniformity of nature. Animal behaviour justifies the same 
conclusion. Feed some animals (birds, dogs, fishes, etc.) 
at a certain hour .for a week or so without break. They 
.will in ·:future turn up for the expected meal at the right 

time. An experimenter .tied a dry bone to an invisible 
thread whose other end was in the next room. His 

dog la_y iq...a corner of the rggm dozing half-awake aft[r a 
comfortable meal He watched -the bone but it had no 

1 - - .... .. -· 
attractions for him. The inaster in the other room no,v-
~_egan to pull the bone gently by means of the in­
visible thr~d. The dog watched the proceedings for a 
while and then ran out whining piteously. His terror is 
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easily explained His experience w.1s that bones, dcy PL 
fi::_sh, never moved of their own accord. This one - did­

move; but he could not percei~e any one moving it. The 
object had not 'behaved• as he had expected it to b~-

hav_e. I S~~~ _l~abits ___ o_L exj,ectation.!.-ar;e.... . seL up ... as-the 
result of the regular and uniform behaviour of events· of a 

ce~tain typ~.- -A~- !:!.mn~- .say:;,--o~~-~~p;ctatk,~~ of the 
, future· are b1sed on our memocies of Qast exuedeaces 

The a:bo ve-mentioned examples illustrate the regu-1 • 

· larity or uniformity of nature. Let -us now illustrate its 

~ unity. (2) lrbere is intercoaoectioo bebueeo_ rbe vai:ian-s 
parts of oatur:e~ Objects which seem to be entirely 

._different ·ma:i- reyeal the most intimate connections bet­
ween themselves, " C,ut open the, heart of the molecule." 

says Iqbal, "and behold ! the life-blood of the sun spurt 
Qut." - \Vhy do the oceans suffer the rhythmic ebb and 
flow of the tides ? Because of the gravitatjgna) pull ef­
the sun and ·the moon. ~Why does the earth revolve 
round the sun, the moon round the earth, etc. ? Be­

_ElU~e· of the 1Law of Grayjtation,\::Why do ~e i_n 
India have monsoon rains ? Because of the climatic 
changes in the Indian Ocean and th~ coast lands .of 
Eastern Afric~. -Some years ago ,an enterprisrng French 
engineer 1mjfgw~eEI- a plan to irrigate· the Sahara and 

thus to turn it into a vast paradise of ~rees, crops and 
fruits. The scheme was severely criticised by others 
on the ground that if the Sahara changed as was propos~<!; 
the greater part of Central and Northern Europe· would 
soon be unfit for human habitation : there would be 

~ cold and snow almost all the year round. It 
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1s the heat of the Sahara which tem-
erate clim and Southern Euro . e. 

To conclude. We live in a vast world whose bound­
aries (if any) are not yet known to man. The 'primi­
tive man' looked upon this world as (1) a· chaos-an 

~gregate of unconnected parts-'tn which there was no 
order or regularity. But even the primitive · man soon 
began to find traces of regularity in the 'Course of events 
which caught his attention from day to da~s koow-

Jedge and experienc# grew and the fnnodatioas pLGi-v-ili0-· 
ed progress were laid, man'.s attention wa~ caught.. more 
an-a · more · oy the . reg~larit • o · · ~ events and the 
mutual .. relations ip . of the · various ar s of · -natur.e.-
Nature ceased to e ·· oo ed upon as a chaos but as 
a (2) cosmos or a universe; i.e.,&s a system of i~ter­
related parts where everything is regular and subject 

. to law:-{ This cosmos or universe may itself be looked 
-upon 'frt two ·ways :-either as (a) a mechanism, e g., a 

·· watch; or as (b) an organism, e.g., plant,· animal, man. 
In both cases, there is a whole made up o(parts. Tlwe 
is a oneness and there is a manyness, -Both form a com--plex system, a unity in the midst of diversi9'. In 

· both,. ,tJie.parts_i,.q_<i tlt~..-whole which they make, are inti­
mately connected. But there is also a vit~iji(fereoce 
between the two. A part of a mechanism, say a ,'!_~tch, 
can ·become a member - of more than one w:hole (for 

instanc~eel of one watch can be placed aoo 
,forked in anothed, and still presen·e its identity or 

· individuality : that is, the whole is for the parts but the 

eerts are not entirelr ;r merely for the whole. In an 
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organism, ~~ .ll'i~-other . hand, __ th~---1vh.Qle ~{?!__t~arts 
. and .the y arts . are _ for . !~-~ .~vhole in tl~~ .rn.Qst. i.nt.i.mJltg, __ 
sense. J he arm which has; been Japped from the liv- . 
ing body ceases to be an arm. It is dead and use­
-c--
less, and only looks like an arm. Nor can we insert 

_it in another body and work it there. just as we can 
insert a wheel of · one watch in another. The organism, 
then, differs from a mechanism in that its relationship 
of ' parts and whole ' · is unique. It is gifted with ' life ' 
and grows and decays, but all the time it preserves its 
unique oneness. 

Now, it is neither possible nor fortunately neces­
sary for us to decide whether t~ 'unity.!- of Nature . is 
the unity of a mecl:ianism or the unity of an organism. 
~i~that-N.a.tur4 is 3-41~d. tbat it 
is very regular and tlniform in its wnckiags . · 

II ... Differept Kinds of Uniformity.-Human in­
~lect is -limited in its power and reach, a~ jt is..,as 
yet, not possible for it to see the unit in all nature. 
That is the 1 ea towards which it continually strives. 
Similarly, Jhe general Uniformity' of Nature is present­
ed to us only in the various aspects or departments of 
Jlature, ' aqd we then infer...i.hat there must be a wider_ 
uniformity to embrace them all. Carveth Read mentions 
the following as distinct branches of the general uni­
formity:-

l (1) The Three Laws of Thought. 
(2) Mathematical Axioms and the Axiom of the Syl-

logism. 
(3) The Uniformity of Time and Space. 
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J 1 (4) The Persistence of Matter and Energy. 
I 

,. (5) Uniformities of Sequence or Succession. (Causa­
tion) . .... _ 

1 (6) Uniformities of Co-existence. 

, Mill considers the unifocroities a£ Sequence (Causa-

tion) and Co-existence as the roost important. Induc-
~ . . h 
• tive science is, however, more interested in causation t · an 
~ in co-existence. Let us now say a wor.d about 'sequence,' 
, ' co-existence' and ' pi:;rsist.ence.' 
~ Un.iformitiii; of Se~uence (Caasation).-:__Ji 
~ th-e event · X is invariably followed by tb.e event~. 

· then X is regarded as the· cau~e a£ Y SJlCb uniformities - ' ' 
!!Ifl of the greatest importance far ssiecti6c purposes, 
Very often, scientific explanation is nothing but the 
discovery of._!!ie causes of given effects aaEl +be effects 
a£ giveu___causes..:.. i. e., the discovery of the relation of 
u..!!ifocro seq'iieace or succession b~tween certain event; 
or classes pf -eyentli. A detailed discussion of causa-
tion follows in the next chapter.-' , . , ;_ ; ' ; ,.1 · : · 1 

B. ~ Uniformities of Co-exigt'ence.'-In- some 
animals certain qualities or characteristi~s aiways occur 
together · ;(po-exist) and we do not know why they should 

do so. F,0r instance, animals which chew the cud 
also divide the hoof; blue·-eyed cats are dumb; scarlet 

flowers have no scent; negroes are snub-nosed antl 

curly haired·; etc. ~~ch coe~~ste~re une~pl~ined\ 
\Ve do r,i.ot know why these qualities snould be found 

\ 

together in the same individual. It is quite possible 
· that the key to some or all of these riddles may be 

discovered later on. Suppose that qualities, p and q, 
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,.glways occur together in individuals oCa certajn dass. 
This is a uniformity of co-existence so long as we do not 
know why 'p and q' should occur together. If, later on, 

... it is · found that 'p and q ' are really joint-effects of 
~other quality, X, ibeo the uniformity of co-existence 
i:; ' changed into on:e of sequence or causation. ~ 
ambition of the scientist is tomaage these nnjformjij§._ 

or;;;.existence into those of causation l,; / .,_;o .. _ 
C. Uniformities of Persistence. - We expect 

that in .the absen_c_~_9J..~_o_nflicting- (-eol:lnter-aetin-g) cau~s--

- thmgs war co""ntinue to posses:U;beic atttihntes or cha­
racteristics Egr example, I leave my pencil on the 

table and go out of the room. On my return I find 
that the pencil is diminished in size. I infer that 
somebody has used it, because left to itself, it shoul4 
have persisted (remained) in . its original condition. If 

we leave a fire burning in the hearth and on our 
r~turn after six hours find it as bright as when we 

left, we ace naturally surprised because the character­

jstic of fire is to exhaust jtself Since this particulat­
fire is not exhausted, we infer that somel:ojy has 
fed it in our absence. Whenever our belief in a uni­
formity of persistence is violated, it is a 3nal for 

r some hidden or unknown cause to 

~lain the change. Thus the violation ~f a uni orm , . 
of persistence is a step towards t e discovery of a 

~r~-
111. Indu~tive Reasoning and Uniformity of 

Nature. -Inductive reasoning consists in inferring some­
thi~_g' ' aE9..!!L.a---whole--~lass__fro_m_ t_h_~--- ?tudy o.!.__s_o_~ 
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members-· of t hat da."ss. -For example, we study the 
physical and climatic conditions of certain parts of the 
country where good mangoes grow in abundance. 
\Ve· find . that' certain conditions are common to all 

these areas. We infer that anybody who desices to 
Plant a mango-~royc..._should select that area for cultiva-

·-tion which fulfils"those c~nditjons This is the application 
of an induction. But what right have we to argue in this 

...}Yise ? \Ve ha;e 
0

~oi,thet r.ight t~n our implicit belief in 
, !he.-Uni£oonit. .atm.e ... ...'lliz., that •igzhat bas been 

ound to be true o . . an thinL will 9onti1i11e to_ be 
. true oLthf-sau~oi.t.b.W{J- This is the Law 
• Postulate of th~ U~iformity of Naturelwhich forms 
:~he basis of ali ind~ctive reasoning. I \Ve may put 
·the law in a more exact form::::-" I~ under the· conditions 
P, q, r, tqe ' event X has been followed by the event 
Y, th~n in future also the event X1 shall be followed 
by the evenf · Yi, provided that -the coRditioo>Pi, qi, ri, 
·ace ptesent-T' ~ 

f M~l says that every·· i,lduction may be tiiroi/ii· iiiiq 
the fnr91 of ,1. syllogism b~ ~bbJ,.ying- q, ___ fE.ajo~ Pre-

~- r,!his m~jor premiss is always an expression in 
some torm of the pciociple of Unity and 11.nilo.rmi.gl_of 

'l Natur.~. For example. we infer that 'all the mangoes of 
this bask~t. are sweet', because this, that anci the ~ther 

• eight mangoes we picked' out . of it have all been sweet. 
The syllogism would be:- . 

\Vhat is true of this, that and the other eight 
mangoes is true of all mangoes in this basket ; Sweet­
ness is true of this, that and the other eight mangoes; 
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therefore, sweetness is true of all the ~angoes in this 
basket. 
) _l!..js-e.v.iden_t that a belief in the Uniformity gL 
Nature is the ultimate ground of all reasoning about 
the future on the basis of the study of the present 
_and the _p)lst._ This belief of ours is the stt/1ective 
_ground of induction . and the facts that actually (i.e., as 
.r.~~ led by experience) ~re is uniform and that our 
_pr~_dic~_i9.~-~ _<?_~ th~_jpt] r~_ are verified, together form its 

Origin of the Belief that , 

does · this belief ·ar-ise~in-0ur • 
minds ? That '8e do believe that nature is unifo 
Out' belief may not be expressed in words ; it ma n oul 

be conscious, but it is there, and we all act on it. Anim 
behaviour is·- ·understandable on the same basis. We 

· should· now discuss-the origin of this belief in our minds. - u \ j 

There are three views:~ ·· • ,- -~ 1-.~ { ~'-._ ' _· / :-•. -

A. The lntuition,st Ol'. a priori View.-The-be­
lief, in t~e uniformity of Nature is in-born or innate ,in.. 
us. It is not.- the result of our experience. It is a truth -~at we cannot help believing in. It is true a prior;,, i.e., 
prior to all experience, and a fundamental principle' 9f 
human nature. Experience cannot explain it because it 
is itself explained by it. Experience only helps to awa~n 
this belief in the mind where it was latent £row the 
beginning. If the baby e,_okes its hand into the fire, . thjs 
one experience is eoangb to prevent it from repe,atinf tqe.. 
~~m~ . 

B. The Empiricist or Experiential View.-The -- - '" -- --- ~ -
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belief in the uniformity of Nature is not innate but founded 

on experience. All that we know is the result of ex­
perience. Mind, to begin with, is a tabula rasa-a ., blank 
tablet- on which accumulating experiences leave their 

t~ ~ have repeated experiences of a c'ertain f la§?. 
__QU!henomenon _and __ gradually • a habit of expectation' 
is set up Oft-repeated experiences lead us to believe 

that ' food nourishes ', ' fire burns ', , etc. - minor · unif~rm­
ities. Ultimately, ~~ come to believe in a, general uni-

1.!9rmity of nature ~ ich embraces all these particular 
6tses of npj{orrnity5 ,'l'his view has been so very severely 
criticised that we may consider it as explot d, It is wrong 

~ .say that the mind of the new-born child is a blank 
j ablet. Moclern Psychology has long since djspco:v~d 
' ··rhjs oatiOJ1. This is not all! As mentioned above, the 
burnt child's one experience .. of fire is enough t·o kefip 

· fiim from it in future. On the empiricist view he should 
allow himself to be burnt again and again before ' a habit 
of expectation about fire ' can be set up. 

C. Tlae Evolutionist View.-Tbere is an element 
of truth in leach of the above-mentioned views, though 

the first i~' a more correct statement of fact!iJL we 
interpret .i.Un...tbe li~ht of modern Biology and P.§Y.chQJggy. 

· The evolutio~ st view says that the belief in the uniformity 
of Nature is now nistinctiye fv e<T-Ch ma11.. It is in:Oorn 
and inherited, being the result of the accumulated experi­
elices of countless generatj_ons,. · But the race originally 
_learnt it by experience. The result of the ex~eriences of 
' early man' and his pre-human ancestors has become 

1.1.f!~~iµc!i Y~for the succeeding ge~ra ~ons. 



UNIFORMITY OF NATURE 51 

, The above is a ven, brie£.and..r.cmgh ~s~ate._meot a£ the 

three viewsr It is not necessary for us to decide here 
vhich one - t. What we have to realise 

is that ,,·e all do believe in a ge~ral uniformity of Natur~~ 

-~'~ all ~ct on this lief. J · ,._.t., C-v, IA!' ' - . .,,,. 1:: ·v- -
-r'4'-~~~ · . 

81C{•~~rcises . 
. 1. ,vLat is meunt by the Unity 1,nd Uniformity of Nature? 

2· ·why does pritnitive man regard the world as 'one big 
E_!ooming buzzjng confnsion.!-ll-H-ow does his mind move on to 
the iden of n regulurity in tho course of natural events? . 

3, Fo:-mulate the Law of the Uniforwit,r of Nature. Illus­
trate the application of the Jaw. 

4 · Why is the belief in the Uniformity of ~n.tnre called a 
P~-~,u.la~e o~ Induction? Can I1tdL~ction be possibl~ witl1out a . 
umfo1m1ty m the course of Na.tur~ ·1·ti'no~y not i' 

o. ·what is mennt by calling the world a co:m~os or a 

w1i1:trse? ·what is meant by a l.cha_"?· .t~ ,~J-::-~\"'°'. j'",\ Yr' 
G. ls the world a mechc111~•--of-g~~-1i~ Explain , 

the meaning of these terms. 1 
• _ ... ·_i ,,- . ' ·-1 

7. Mention and illusti·1tt~ .• ,:c!L_flh~kj.n<ls of the Uni-
formity of Nature . . '\>~ ~I ~ , "U · I 
. 8. Expl~in ancl give tw~amples of eln~t.._,o!}~_e,_!?IJ~.~--c 
mg:-(a) Uniformities of sequenc), (b) Unifofm1ties of co-ex1sl;-
ence. and (c) Uniformities of persistence. ._ . \ ... • ,: t ' 

9. What is mennt by s11ying that the Law o'f the Uniformi­
ty of N1tture is t.he ultimnte ~round or nrnjor premiss of all 
inductive re11soning? · Explnh,1 an<l illust-rate. 

10. Wh1tt are the three theories of the origin of the belief 
in the "C'niformity of Nntme? Brit-fly discuss each view. Which 
of these viewR do you ro11sicler to be the best explanation of 
the facts? 

. 11. On what grounds are we justified in inferring that WhR.t 
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is true in some cases is probably true in all similar C!'lses? Dis­
cuss the nature of this assurance. (P. U. 29). 

12. Explain what is meaiW by- fue 'Oniffltmity of Nature 
and showh~w Indur.tion is relatecfto .this postulate.- · (P; U ;-21). 

18. What is meant by the principle of the Uniformity of 
Naturcr?'--!.l'he Uniform.ity of , Nature i•s .tlie ultimate· major 
,wemiss of all Induction. Expla1n hls statement, .(P. 'N. 26). 

~ 14. What is meant by the Uniformities, of, Nature ? Dis-. . . J 

cuss whether it is right to call Nature a unity and indicate the 
importance of this discussiQ-9- for Inductive Logic. (P. U. $8). 

16. Critically exaJ\'ne the view that once we accept the law 
of Causation and the principle of · Uniformity of Nature, every 
inductive inference is turned into deductive. (P. U. 22). 
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CHAPTER V . ... \ ] , 
POSTULATES OF INDUCTION (II). 

, ,._ ..,._J ,.,w_.. l i~ C,AUSATIQN . . ~ 

I. lntroductory.-=l(nductiye Science 1s. concerned 

withthe discovery of more or less permanent (causal) con­

--~~tio!ls l?etw_e~ ~- _t_Q_e various events in natur:LZ.,!n• this ­
respect, Induction is . just the scientific development. of~ 

an attitude common to both men and animals. Pull 
your dog's tail and he will at on,c_e_ turn round to 
discove~ w..bQ .. !§ . tesponsible _for t~e prank. Produce a 
strange sound ~Jtd .. YO.!l[ . l ow ls. _ wU,~. _s~~~sh their . J)~<;k..§.. 

to look for the cause of the disturbance. Say some­
thing to _a child and he will at once accost you with 
an · how ' or a ' why'. Let_ anything strange happen 
and everybody will be asking questions about the cause 
of the phenomenon. 

The inductive scientist differs from the ordinary man 
in that he tries to discover the causes not only . of the 

_ more · or less strange occurrences oJ nature ~ 

the so-called familiar ones . . For him everything that 
happens must have a · discoverable cause. He may not 
be able to tind out the cause in any one particular case, 

but his ideal is to reduce the different e_heoomeoa~ 
nature to various inter-connected chains, tµe links . of 
which are the stages in t~e general causal process whicli. 
forms our universe tour cosmos). As J. s. Mill says: 

"-l:.? ascertain what are the laws of causation which 
..., exist in nature ; to detl':,rmine the effect of every cause_ 
anct the cause of all ~if es ta, is the roaiP busjpe,ss of 
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,l.ad,ictioo iaod to_point out how this is done is the 

chief object of Inductive Lo,g.i& . .'..'._ 
The study of Indu~tion is, therefore, the study of 

the ' why ' and ' wherefore' of · phenomena, and the 
onty:" way to satisfy inquiry is· to supply answers to 

. these questions. NO\v this inquiry may be met in one 
of • two ways. Sui:ipose that the . question is ' vVhy has 
i:ain fallen to-day'? I may answer it by saying that 
' . God willed it so', or 'that the atmospheric conditions . 
demanded it'. [ Toe )iurrian spirit cannot be long content 
with answers of the first type, i.e., anmers supplying 
s.upernatural cau~es . for natural . phenomena. We begin 
~ demand natural causesfor :natural effectsJ. But this. 
process turns out to .be e- long and arduous one. , At 
every stage·. the question ~why' . ~till stands. .We can 
push back the inquiry only as far back as our knowledge 

'\at any particular stage allo\~S us to d~. \j3.ut final 
~ a~slers to causal questions are really itn. p o;sible to · give.J 
~ )'1111. History of the Concept of Causation*-What 

1s meant by ' cause '? Different thinkers hav~ answered 
• ~- - - - -.._--~ < -- ._ - • 

tgjs guestion in diff ~ren_t w~ys. Some of the more im-
portant of these answers are briefly indicated below: -- · 

{1) . A~is!otle distinguished four aspects of causation. 
The potter makes a pot. What is the cause of the 

pot? Firstly, there must be clay, This is the mat,rial 
cause. Next is the energy spent <ac effort exerted)by 

theh12,otter jn making the pot. This is the effic~!!t 

*It would be better if the teacher first discusses the 

problem orally in the class and then enterd into an ex:pla­

nation of the text. 
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cause. Then there is the form which tq_e potter impartp 
to· the lump of clay in order to make it a pot and 
not something else. This is the formal cause. Lastly, 
there is the purpose for which the- potis made_:tbe 
final caus~-~ he four" make up the cause of the pot, 

- (2)[i.ater thinkers . in Europe emp as1sed the e. i- . 
ciency aspect of the cause. They looked upon th~_q1.1,1_se 
as that something which has the power to produce tpe , 
effect . . -T~ --;ay,-e.g., that 'heat expands bodies' would 
mean for them that heat has the pou·er to produce 

~this effect ~f expansion.] ~ (,,.. .:_ C ~f.Gf:, '. .. :}· : :t'c 
· (3) The S";!l_uen_s.e View of Causation.-Hume, -a, 

;famous British philosopher of the ' 18th century, denied 
that the!~ _ _is any_thing like 'power' in the co·nstitution 
of the cause. lPower,' .h~ sai~, is simply an illusion~ 
To prove this he undertook an analysis of the different 

types of causal relatio~ship, and declared that he could 
not fi d an trace of ' e cienc ' · one 

pf. the different fon:n~ i) Suppose that a physical 

event produces another physical event ; (ii) or that a 
meiifal event - produces a physical event; (iii) or 
that a mental event produces another mental eve~t. -(i1 E.g., we let fa!L a ball of lead. A stone on the 

--- --- ·-- - -- ---
floor on which the ball falls, is crushed to piece?._ 
Do we find any trace of any 'power' exerte4 . by_ 
the ball · - ;;n .- the stone -? - · The - order of events is :­

lstly, -- lead b~ll in ~y· hand; 2ndly, ball falling on 

,s~~~~d-·lastly, · stone ~rush_edt Jf a person on the 
planet Mars, say, had observed this order- of events 
he .tould not have observed any trace of' power'. (ii) Now 
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suppose that I resolve (mental event) to lift my 

arm, It is lifted :physical event). Is it not, we may 
ask, a case of ' power '? I willed to do something and 
I have succeeded in doing it. Hume denies the pre-

sence of ' power' in t_his _ cy.s~1_t9Q,--¥!'. willing, he 
·-s_ru;; is ~ ~; ily~ ; group of sensations, and the sense of _ 
power that. I have is on Iy an ilfiij'fgn~-~ "[ef my a~~--b·~. 
struck with paralysis. Would any amount of will-power 
on my part result in the actual lifting of it? Not at 

all! This proves thl\t the sense of power has really noth­
ing to do with the lifting of the arm: __ at the mps.t,_iLis __ 
an illusory and ineffectual accompaniment. Similarly, 

~am -a-r,.;nr to--h;~eth~::--;~;ge -~i ___ my-- -f~i~nci --i~ ... 

my mind's eye (m~ntal event), and I do · succeed... 

in calling it up (another mental event), I should-not 
suppose that I had some mysterious ' power ' which 

was responsible for this phenomenon, The. 91use j5_ 

J_Ilerely...that I am ~P made that w,!ien certain ~l].,ang~ 
take place in m~ bra,ia, certain other . changes in the -. . .,, ~ .,,-~ ..... ,.- ...._,,,.,._.._ .. 
brain fo atter of course. -

'\ Hume, then, believed that the sense of !}t/J2ierJ,.CY. 
i~~~ 1s quite an illusion. He explained the 
idea of ·causation by-·saying that (a) it is entirely sub-

j ~9ti~,- i.G-,,-merely a state of our own mind; and ··th;t 
(b) 1},t.JLJ1...2thing but a feeling oJ_expectatiotL.dufL to 

custo,£~ A:t t~e fi~st appeara~ce of an _ event we can­
not say what 1t will lead to, i .e., what effect it will pro­

duce. But when the same· event,-X,- has been s veral 

times observed ta be follgwed by aootbet eveot,....r, -

we are led to expect Y's appeara-nG0-after the -next 
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C,r..he. .. fo.TI!!e _must resemble _the ya.st]. Hence we expect 

that the order of events observed in the past (custom and 
habit) shall be verified in the future. '' After a r~pi.ti: 

--~ --QL .~if!liLa.r_instance.fu the mind is carried by habit, 
upon the appearance of an event, to expect its usual 
attendant, and to . believe that it will exist ....... ::W.be.n 
we say, therefore,.J:hat one object is connected with an­
other, we mean only_:J.baLthey have ~91uired a connec­
tiqn in our thought. 1 iThus cause " is an ob· ect followed 
by another and whos~ · a pearance alwa s conveys the 1 

thought of that otherJ- odern Science agrees with ----·-
Hurrie in his refutation of efficiency as any part of the 
cause :i but it rejects both his...49..f_trine of the -subjec~ 
tivity of Ca:usaHon; and l:iis vkw f;bat the causal relation 

. .._,__ - --"•--.---·--- .. 
is established only by re eated observations in the ast 
(custom and habit). 1In other words, Hume's · doctrine 
is false m these two -respects, _ because (i.1 science rests ao­
!!!s_J2~lief that the material is rea~le., is real whether 
any sentient being is there to perceive if ?r not. The 
world is real whether you and I who observe it live or - - - -- - ~ ... -
die. It is not a figment of our imaginat1on, but pos-
sesses an independent status. fHence, causation is not 
las for Hume) " a rinci le of connection among ideas," · 
but rather -between events in a material world. (ii) Again, 
Hume is wrong in supposing th_at only repeated obser-_ 
vation - of several similar .' instances in ti;;- past lsa,cls,.pS. 
to expect a similar connection in th~Jptur~ f:f or a 
scientist, on the- other hand, i sirig1e experiertce (or -

" *Quotations. from Hume. 
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experiment) of causal .connectioq, if ob~erved or _e~i:.f.9~!11-
ed under . standard .and verifiable conditions, is -~~_11gh . -
to establish 1f beyona the shad~.i.a...dattbt-j 
· · --(4)[J:s·.--:- Mifi ~~~~pted Hume's view that the cause 

is the mvariable antecedent of the eff ectJ Cause is that 
event which always co'ines before, or precedes, the effect. _ 
X is the cause of Y, if whenever X is; Y is after it. 
· The event which always comes first in time is the 

~;use; that--;hid i -folTows7t'_is the -~~e~~:1 But where-
as --Hum~ ·-regarded-' tlj"caiise··as - Tust one event, Mm 

J oo~ upon it as tge sum-total or a group of e'Ven~~ or · 
cau.d.iw:;,s. Suppos~t hat- a lighted match-stick is applied 
to a piece of paper. The ·· paper burns. What, now, 

I 

is the cause of the burning of the paper ? The ordi-
nary mao would say : the lighted match-stick. Not so, 
says Mill. The real cause is Jhe lighted match-stick 
plus the combustability of the paper, the presence of 
oxygen in the atmosphere, the relative absence of mois-
ture and of strong wind, etc. Some conditions must 

. --' ... 
nd some other conditions must be absent 

er is to burn. And the cause is the 
of all of these positi'Ve and negative con­

d#fpa&:, · (The positive conditio-;;-~-;;- thos~~~~t--be present, and the negative conditions are those which 
must be absent, if the effect is to appear). Briefly, the 

cause is the sum-total.of all the essential antecedents-~r ~ ------- . . -· 

But this is not all. The cause should not merely 

be the invariable group of essential antecedents : it 
should also be unconditional. The idea of 'unconditio~ 
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j_n,!Plies ,necessity in the causal relation. " ~ 
be means that which will be ~hatev; supposition we 

may mak~_in..xegard..-to all other thiggs ",_ says Mill. 
X is the cause of Y, if X always, invariably_ and 
m1co11ditiona~l?, .P.~~ceeds Y. ~ -------- ···---·--····---·· 

Mill's doctrine of causation · is itself full of contra-
dictions. He say , that 

effect can be use · or 

jndependently each other. i,th at diff erenL 
tim•es. But this position of his cannot be reconciled 

with his doctrine that the cause is the sum-total ··of 
essential and invariable antecedents. This point, how­
ever, shall be discussed in detail later on . under ' Plura­
lity of Causes '. 

Briefly, then, ..Mill is right in ana)ysins.tbe Gaus..e 
into a set of positive and negative conditions; . but he is 

I . 

wro~~J!]_h!§. __ b,~tief_Jhat..more.than....o.n..e cause can produce 

~same effect.* - · 
·-.- UJ. Phenomenon, Antecedent and Condition.­

It will help the student in his study of the discussion 

*It is said that the cause must precede the effect. '!'his is 
roughly true. But in . this connection much time has been 

wasted on the problem:-' When does the cause end an~ th~ 

effect begin?' This question is idle. The causal process is 
continuous and it all depends on practical considerations wlierl3 . 

exactly should we put the hypothetical dividing line betwee~ 
the two. Really there is no gap between cause a_na efte(lt., 
"The problem is, how to divide and describe this continuous 
process in a way that grasps its essence, by exhibiting some 

characters in it which formally · imply others." (Eaton: 

General Logic-p. 610). 



60 PHENOMENON, ANTECEDENT, CONDITION 

of causation to bear in mind the scientific significance of 
the terms meptioned above. 

Phenomen.c,n.~_,f\.n occurrence in ru1.ture, if per~':i_ved 
or capable . of being perceiv~_ is called a pheno!!!en9_n •. 

Nature' includes both the world of Qtatter and of 
min.q, i.e., ol>j~tive reality as well as sµbj~t,v~ r~lity. 
AE\y perc;eived happening or change in Natµre ~in tl;l~s 
wi<le sensel-wquld be c.,.Ued a phenomenon. 1n this sense, 
the universe pr_es~nte<;J. ~o O\Jr senses, the u01v~rse 
as it is perceiv~ ·._, us, is nothing pµt a m1gb,ty 

system o{ phem>mena. Tqe · interplay o{ id~ in yc;mr 
minq.1 ~\w faU of my penc\l, "the starry h~vens above 

and tbe mQml law w1thi.n/i ~he ~nc~et m~tch, the ex­
periment in the test tube, etc., are all phenomena. ~¥--

~~-eot~d- to- ou~--obse1va,t1on; - e1t~er 
in the external world or m -the human mind ' 1s a , 

· phenomenon. (See Ohap. 11.) 

Antecedent and Consequent. -If some phenomena 
succeed _ each other in ti_me, then that which com~s first 

is called the antecedent while that which succeeds it is 
ealled the consequent. Let the order of events be: ,_m 
- ti •• , then l is the antecedent of m, and m that of n. 

- Similariy, m is the consequent of l, and n that of m; m 
;s antecedent for n, but consequent for l ; e.g., you are 
h_uogry; rou eat something; and you then feel satisfied. 

Now, hunger is tl\e ant~ced~nt of eating, while eating is 
the antecedent of the feeling of satisfaction. 

Condition. - If a phenomenon sit:i!PJY_~~f!.!19.~-~~pp~g__ 
, unless another happen before it, then_ Jb.is _ latter _ 

--~~menon ~_iJ!__Q.~ __ j!s i!!!!!:._;pensabl~ antec~~~ 
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condition. All antecedents of a phe~menon cannot be 
-its condit10ns·, ·because -some of them may be quite irre­

levant. j)nly the-relevant and indi_spensaole--iijftece·den~ 
are conditions. 

Now these conditions are of two sorts: some are 
positive, viz., ..thgse withgw; tbe_J,rese11ce of which the 
:e=~n~n could not have occurred; and sonie are :e: eii 3 thgse without the abseng gf which tlie 

..2henomenon could not have occurred. E.g.1 a house 
was on fire. What were the conditions of this .pheno­
menon? The p~sitive conditions were, say; carelessness 
of the servant who did not put out the fire in the kitchen . . ' 

befor~ ·going ... to "bed; the ,presence of kerosine qil an~ 
;~~ci ~ near the-· ffre ; - die ·-presence of oiygenit?tlie 
atmosphere·;- ·ancf the. fa.cf that ail th; i~~ates ~f the 
house were asleep. The negative conditions were, say, 
the absence of heavy .rain and of the local fire-brigade 
at the time ; the delay in giving the alarm, etc: The 
fire was caused by both the positive and the negative 
conditions. Thjs totalit o ositive and ne ative con­
ditions is the cause.' 

·· opular and Sc~ntific'Views of Causation.-
The-Popuiar--View. (a) !£he 6rdin~ry man -dE_es not-car 

-~<? distinguish betweeuhe_po~ltjy_~-~~gi.1,.ti.v.e..conditi . 
-..?!.~£~_enomenoaj _f..or him there is only one important fyi•, 
in the whole list of conditions (many of which never occur 
to his mind). He is satisfied if he can lay his finger on that 
one (to him most. important) point. This point is__geoera)1y 

_§__Q.roe_y,iyid or proi:ninent factor in the antecedents 6£ 
that phenomenon R.g., why was the house on fire ? 
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Be answt;;rs at once;-' _because the servant left a fire 
__about in the kitchen.' He overlooks entirely the part 
played by the other conditions (positive ~rd negative) 
in the production of that phenomenon. Why," e:g.~ ·has 
the la bour~r fa lien from the ladder ? '. Becaused1is foot 
slipped:' It is . overlooked that the. foot slipped because 
of many factors: .the ladder . was slippery on account of 
last night's rain ; the earth's gravitational pull on his 
body ; the fact th~-· be· wa~ nicuntir.f,? the rungs in a 
hurry; the fact that he was talking to other people all 
the ti~e ; the. fact · that there was nothing on the ladder 
to stay his . sudden . fall*;·· etc. The -factor selected by 
the popular mind has really no closer relation to the 
effect tbao bas aoy ·otb,er condition. All essential con­
ditions must be mentioned if the real and complete 
cause is to be discovered. ·· 

(b) Another mistake committ~ by the ordinary nian 
in his view of cau2ation is his wrong distinction between 
the a{!.ent and the patient. A heavy ball of lead, say, 

fulls upon and crushes a stone. The lead-ball is called 
the agent and the stone the patient. It is sJpposed 

J.hat t~~ lead-ba]) <the a~enO has some mysterious power 
to crush the stone. The. ball is falsely regarded as the 
more active party of the two and hence is called the age~t. 
The stori,e is crushed because it was so made th~t it 
could be _crushed; i. e., the . effect, 'crushed stone', 
depended on the activity and co-operation of b'.)th the stone , 

and the lead-ball, 

*This illustration is borrowed from Stock's Lo,qic. 
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In nature all 
distinction. between the agent {as that wbicb 

that . which suffers ~ome change th,w,.qg · · · 
~nother) is- mis~keigl_E:cienends solely 0o thf' way we 

.J9ok at the phenomenon roncecgr:PJ LPatlen.C ... is_either. 
~-~:.E.9~pe~IJg_£!"~ counterac~ The ~one was 

crushed because jt was ready (metaphorically speaking)_ 
. to be crushed. " The attribut~ both of the agent an 

the ob· e - cted u on are sential elerrie~j n_~flr 
~' ining the c.bamc~~ gf ' th~ change which is eff ecteg;. I 

It is - for this reason ·that the ·same object (or phenome­
non) produces different effects according td the nature 
of the object acted upon : ''Efbe twilight which sends 
the hens to roost, sets the fox to· prowl ; an · · ' 
roar w 1c gat ~rs e Jae a s, scatters the sheep "~ 

t , The Scientific View.-This view is distingui~ 
rom that of the man in the street jn that it an~ 

-rc;ti1, the antecedents (which form the . cayse} aod--tbe-
~iseqtteiits (which form the effec_!)-=-Let X be the group 
of relevant antecedents and Y. the group of relevant con­
sequents. On analysis it is found that X consists of 
a,b,c, (positive conditions) and p.g.r. (negative coaditioni). 
The man in the street does not mention all of these ... 
positive and negative conditions. t!!: selects one positi'lie 
condition-say a-and glorifies it into tire cause. The 
remaining positive and negative conditions are generally 
not noted by him at all, and even if they are noted, they 
are regarded as of no importance. 

· ' ~ward, Psychological Principles. 
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(a) The scientific mind cannot be content wit? this 
summary treatment of the cause. It should µientton all · 1 

those conditions which by their presence or absence (as 
the case may be) made it poSsible for Y to appear- The j, 
term ' cause ' is only· a short or convenient name to em­
brace tho~ _conditions. The scientist would even l~ke to­
discard this na:me altogether, aind merely content ,himself 
by describing lww a certain group of positive and negative 
onditions or o,ccu , ·· ces· is always .~llowed by Y. 

(b) Now go a step further. What e~act y is Y ? 

.... Here again the popufar mind is satisfied with one pro;_~ 
minent sig:n or · aspect "or character Qf .,Jlle resulting__ 

~menon and glorifies that · Of. course, 
~ t e scientist must differ. _!:Ie carries on his. analysis 
~ be .. ~imgl~ ~n_not go fu_211er. He finds that just ;; 

the supposedly smgle and sim,ple 'cause ,- X, turned 
out to .be T;e~y c'o~ple';-affiir,· similarly'° the° -st'xpp~;;ily _ 
single and simple effect', Y, is . a very complex some­
thing. It can be analysed into, say, l,m,n,o ; but since ni 
has a popular appeal or has somehow caught people's 
attention or is an unusual occurrence, the popular mind 
comes to regard it as. the effect. It is really onl~ one 
aspect ' or ~me character out of the several which~ .... - :::. ., . ·--
gether form the effect'. Like 'cause ', . the 'effect• 

also is a shorthand fo~~-la ..L,c~uu.e.o.ifilit term t<rlab,d.., 
the resultiDg phenomenon with. The scientist would be 

-pleased to discard this term al;'0 fro~ his _d1ct1~nary. 

He would merely say that 'when a certain group or 
pattern of qualities or events, abc,pqr, ~ccurs, another 
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pattern or group of qualities or events, l11iiw, always follows 
it. He wo:ild discard the terms 'cause', and 'produce'. E -Suppose that we hear that our acquaintance, 
:Mr. Sickbody, has died. Of what ' ?·-we naturally ask. 
' Of fever'. we are told. Then ' the fever ' becomes for 

us, in the pop'!!_ar sense, the causeJ and ' death ' the 
effect. Fever means for the ordinary mmd such ~uali­-Ji,es as high temperature, thjr;;t, weakness, etc. Death 

means, similarly, cessation of breath, permanent · lOS!i of 
I life' and C"~ruciousoess, and a pa;sage out of the • world.' 
' Fever caused Mr. Si<.kb.ody's death' is, then, for the 
_popular mind, quite a satisfactory account of the m3:tter. 
_.But can the scientist be satisfied with this account ? He 
cannot be3 \tVhy did Mr. Sickbody die of fever when 
others who had fever of an equally high or even higher 
temperature did not die ? Because fever was.Jl.OL.th.e... 
sole antecedent of death. Mr. Sickbody was weak in - ----~~-------body ; he had long been ill; the.fever bad ·affected-some 
vital brain centres; he was worrie~ shout bis fimi.n~l 
affairs; there was a sudden fall in temperature some 
hours before his death, etc.-p.ositi,ye c.:mditions. · Further, 
his long illness had reduced his b)dy's resisth!g .. . poww;..: 
!here was no ~god medical advice....at tbe lu:ginning_~ 
his Hh:iess; he had ceased to assimilate any diet; he hRd 
no good nursing; there was very little of real sanitation 
in his neighbourhood, etc. :.negative conditions. Th~ 
combirnrtion of tJi~se .different p:)sitive and negative con­
ditions was followed by Mr. Sickbody's d;ath. , .• Was 
' death' a simple phenomenon ? ~b: His deatn means 
that the body has lost its animal h~t; does not breathe; 

( ·-
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the blood has ceased to flow; there are no responses if 
we shout or touch or pinch .his body; his eyes are dilated 
and lustreless ; the internal organs and brain centres 
have ceased to function; ,etc. ln3tead of having to men­
tion these characters .in their entirety, the popular mind 
contents itself with the one magic word ' death.' The 
scientist, hpwever:-lias got to mention all these factors of 
,vhich the effect is composed. - ---

. V. Causation and Conservati~n of Energy. - So 
far we have been concerned · with the qualitative aspe¢t -- ·- --·-·· - ~ 
~~ation. _ B~t_ _sci~n~~ _ requ~xac~ agd, q!,antitative· 
fomulatio;;; ~f its laws. ··· To achieve this ___ end,-moder~ 

Physi~-~ de~elop~d . the-· famo;ts doctrine of ' Conserv~tio 
of Energy.' IEner is defined as ca acit to do work . . 
All energy i either latent (pa~~i~~l E!...~l. (actiy1:}. ; o 
in technical language, either potential or kinetic. \Vhen 
a body is at rest, its"""energy 7;--i'~:~ ;-~· ~ pot~;;'ilal, i.e., 

Possib{e because.. --of --its- position~:_~Vhen ~- P.Q9Y _i_s _!!l _ 
_ __ '!!_otion,J ts. ~oergr.j?~~~l or kin~tic.t~ _ .--

Now the doctrine of Conservati~n makes two sup­

positions: ~(a) tbat one £aero a£ energy can be trans-

- fooned into another,i.. and (b) t~t th~ ta.L :'.!ffi_1J.!.!JL Qf 
energy in the universe is constant, i.e., t_he_re is • .n.e.ithe..r. .. 
increase .nor- ci~ci:~~J his implies (ct th~t _en~rgy _ ~n. 
n~~:e~ be de~t~oyed: '"'.~~~~ IL~~~rns . .tba~ energy ha~·b~en 

-·lost~-we-should . iook-·for \!s .P!~ ~~e. _ oi: ~ppearan~~- in 

· a~ot~e( form. (~f Work. ~eansthe tc~mutatio~kh~~;> 
:....of eRergy from one form mto another. 

For example, a stone is lying on a wooden plank in 
"the~t. I pick it up and carry it to the top of a tall 
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Jwi)diog-, In carrying it I have done.. work, i.e.~ 
energy Where has that energy gone to? _To the stone, 

-mostly ! But it is the ' same stone ' still. \Vhat has 

Jlappened is that my kinetic energy has become potential 
irl the stone. Now I let the stone fall from the roof. It 

.J_alls on the plank and smashes it. The energy that wa:; 
potential in the stone has be::o.ne kinetic dias workeJ 

~Simill!JJY, if I burn a roll of paper, I should not say that 
the potential energy of that roll of piper is lose to the 
universe. It changes into light, h~;t; ~rnoke~ashes, e~c 

If, now, we describe the causal relation in terms of 
--·-·- - - ~ -..-;,, . . ··-- ---- . - -· ···----- --

the Law of Conservation, we shall have to say that when 
3 certain group or pattern of characters~. pgr) is uni­

formly followed by another p~ttern of .. characters(bm_ui)4 , 

the total energy of the former is trag§.{o.rmed_into the. 
•· -----. .. 

]filter.- - E(abc, pqr)=E (lmno). LCaus<;_and effect max.a., 
. therefore, be regarded as two st.age.s.,jc a coo1iDlJous clJaiU.: 
_of ~nsmutationsJ 

Ai'Ct6is 1s vei:flbeocetical, aod jt should be noted -_that hiJroaa kog"'ledgi at the present stag:e of its develop- . 
ment is :;o very rudimentary that quantitative exactness 
in most departiients oE our thought and conduct is stjll 
2nly an ideal, Perhaps it can never be attained in certain 
cases. l,n fact, the Law of .Conservation is as yet more 
ot;Jps~ an hypothesis. It has, of course, a very high degree 
of probability of being true in the_ world pf non-liyioi 
matter ; though even here it is not yet completely veri­
fied. Its range of application is limited to the realms of 
Physical Science, and it is not llossible' to say when, iL 
:;;~ill _be ;-pp~J!QY.. hope of succes~~Jh.t.. 
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·study of the p~Jlome!la of /iving____matter = the-.provi.nGe.-
-9.f.:Jlia -8.iofogic;11-l S~i~ s. Lastly, its ,·alue .. bec:>rnes 

extremely doubtful when we deal with psycl1ologi~:!t. 
phenomena, ,i.e., those phenomena of living matter · where 

'. mifid plays the most irripo1tanCp"itrt. --- -:-::- · ·· - •. · · 
. .,. -· - .. - - . ··-. . ..... -- - ~ . 

VI. Definition· of Gause. - We may now sum up 

this discussion of causation in the words of Carveth 

Read. " The rm_15g a .... £ .... a .... a-1-Y-l-k.l.u.....iu= ...._i.. 
able, has five marks: i · 

e ect and is (quali!,ttively} its -immediatiµ 1mcqnditi-O~l. 
invariable anteceden~" •Antecedent' here means the 
~~f positive-a nd negative conditions. 

~ VII., ~oct_rine of ·pturalit~ of , Causes~: ~~l,;o 
· ~ -as_ V..icatlQ..Ufill.e~ of Causes..:_and ___ Alternatw,ty_ Q.( 
~ iius.es),-It is commonly believed that one and the same 

-~effect mayb~ produce on different occasi-0,i b different 
1 caus ·_ For i~stance, death may be ca.us by opium 

pg~J?O ·ag:-~ .. gun:.~hQ!._~ ~.'._~lal fey~r ,_.9:r?.\~~ing, 
.~ tc. ; or light may be produced by the sun, the stars, fi~e, 
~ ectricity, .etc. Mill defends this view:-" It is not true 

"_that ooe__effecL mu~t be connected with only one cause, 

\ ... Q!.~~s~rn!?la_g_e ~f __ co_i:~~t~~~ ; !~~~~';:Q... phe~(?m~~on- -~1 
be produced only in one way. i:here are often several 

~ jndependent modes in which the same pheooroeaoo· could 

have originated. _Qr.i~J~~t.ID.!!.Lbe _ co_~sequent in several 

· invariable smeaees I it may follow with equal unifo;~i; 

-;ny one oi..s.enral antecedents or_collections of antece­

~Iany causes may produce motion: many causes 

may produce some kinds of sensation: many causes may 

produce death. r ~ iv~~-~ ff_e.ft may_rea.Uy__b~.-11rodu~ed 
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.. J>I. a __ ~er~~in cau~~ •. an.c:Ly.et...b.e_ p.J:r.foct.~pahle of being 
produced without it."* 

The doctrin~urality of qauses implies that the 
causal relation is 11-ot reciprac;a1, In , other words, since 
A, B, C and D can, fod3pendently of each other, produce 
the same effect, X, we infer that-if A, then X; if B, then 
X; if C, then X; if D, then X; b~ we cau11-ot infer in 
any particular case what ~as been the ca~se, if Xis present. 
~Ve can ·infer the effect from th.e..ca..y_se, · but we cannot 
infer the cause from the effect. Thus the caus3.l relation 
must remain hypothetical if this doctrine is true. But 

is it true ? It is ,wt, and for the following reasons :-
Criticism of.the doctrine.-(a) This doctcioe )oaks 

Very probable as long as we do not move beyond the 
popular notion of the causal reJatiao The analysis of 
the cause, however accGrB:te it may be, would not by itself 

suffice to shake our belief in the possibility of seyeraL 
.::us.z;:::;:;= ...... • . 

different causes, at djffereot ti~es, producing the::AAµle 

~ But when we analyse the effec~ )~~-~!,!y~ •. 
, the cause, the bottom._ is knocked out of the · doctrine. 
- The p·op~1a~ ; i~d -~elec~s -o~~--~ha~~~;-;t.Qf t e_ seve.t!L 

which jointly make· up the, effect. This one. cbaractec...is ., 
""found to be present in several other case5. It stands as 
the' symbol' of the effect, and is mistakenly believed to 
· be the wh )le effect. The different ·kinds of effect, all 

agreeing in their generic characters, are confused. and 
thejr specific djfferences· are overlooked. But ,vhen ~he 
C..Qnstituent elements in the total effect are enumerated 
.a,s accurately and exhaustively as we enumerate the-

* Mill's Logic, I.-p. 468. 
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constituent elemenb:j io tbe total cause, tb ... possibility of a 

plurality of causes disappeais· .-\s Venn says : - " \Ve 
~y, for instance, that death may be brought abqut in a 
variety of different ways, and we call all these ways 
' causes,' and thence deduce the doctrine of plurality of 
causes. It may be produced by suicide, in any particu­
lar case, by disease, and that of various kinds; by ·murder;_ 
and so forth.Jut all these alternative suppositions are 
only rendered possib!~ because., the ' death ' is a single 
element in the sense:»boJe described, that is, it has been 
abstracted £~om a number of other characterising ~ircum- _ 

~tances, I-lad e introduced these other elements or cha­
racterisin circumstances, only one of these causes . -
would have beeo left ,'2'JSsible... The conditions of the 

~rgans would have prec l1:1ded such and such form of 
dis~e; the osition of the body and the nature o 
th.e ~o~~ . s wo~ldhave~p?ecluded the alternative of 
suicide ; and so on with each alte~ve in· ttJtrc - So-

➔ • 

clearly is all this recognised whenev-er it becomes im-· 
portant to take it into consideration that · the whole 
procedure of a -trial' 'for murder; or in any coroner's 
court. rests upon th·~ assuin'ption that ·jf we are . par-.. 
ticular enough in our assignment of the effect there 
is no possibility left openforanyplu~ ltty-of·causes."* 

J_n brief. 'there cari be ua p.lu.taliey::bf - ·causes::if::th~ 
scientific view of c;ausatioD-is-eerr""·· ,.ec..,jt .... ---

- (b) The Law of Causation taken "by" itseu·-would 

not preclude the possibility ·•of a plurality of causes. 
The law only says that everv event m1tst have ·a ------- .. 

*Venn, Empirical Logic-p. 62. 
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~ Ent it does not say that the same · cause prg; 
duces th.~ct.-and that the saroe effeGt.-is. 

~r~_uced by the same grnse. _ These propositions are_ 
~,;alid ~ nt>cessary only when to the Law of Causati,QIL 
we add the belief in . the t:oiformity of Nature. As --·· ' ' -· far as the Law of Causation is concerned, any event, 
X, may cau~e any other event, Y; and therefor~, at 
times, one and the same event, Y, may have .been 
caused by different events X. M. ,\1

; just as, at times, 
'one and the same event, X, may cause different events 
P, Q, R. But a· belief 

I 

in the Uniformity of Nature re­
stricts us to a reciprocal relation : if X prvduces Y. 

then Y can only be produced by X. . ' 
(c) Mill's defence of ' Plurality 1 is inconsistent even_ 

~w.11-v.iew- .oL causation. I He defines the cause 
as the invariable and unconditional antecedent of a -- - , . .. 

~----Jliis-~s that a particular cause a,Jld_J 
i!?.,effect are rigjdi~ bound to each other._ 
· (d) As (>Ointed out above (a), the doctrine of 

Plurality is q~it;-~ nsist ent with the popular view of 
Causation. And it is at this stage that it is both 
1,1seful and im ortant man knowledge is so imper-
ect t e. t uantitative equivalence bet 
~d pecfcct analysis of both info "thei 
~mate constituent factors, are seldom gossible, Hence 
as a worlting ltyj,othesis in any particular case it is 
always useful, i.e., in the absence of exact knowledge 

' to the contrary, to suppose a plurality of causes. This 
is inevitable io the tealrn af practical affairs and in those 

--;~ientific investigations ·which deal ·with Life andMind. 
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With· the gro"\vth- of exact knowledge, the sphere of. 
such suppositions will continue to contract. The ' scienti­
fic vi~w ' provides us only with the idea\ towards whic~ 
c~ investigation should travel. wJ._ "4 u .> V N'" • 

VIII. lntermixture of Effects.- Mr. X is ill. 
J:ie is advised by his physician to go up to a hill-station 
for a change. He uses the medicine prescribed for 
him; follows a properly arranged diet-programme ; · is 
looked · after by ;t .. qualified_ nurse; breathes the fresh 1 

and pure air of lite pine..cay.ered hills ; indulges in. J 
mild physical exercise morning and evening; lives in ~ 
a comfortable house with a beautiful valley spreading ~ 
out underneath ; forgets for the time being the cares J 
and worries of his business or official life; enjoy~ 
domestic peace and quiet ; etc. The result is that he{ 
is restored to health within- a short time. ' Restoration ~ 
to health', then, is the joint-effect of all these causes 
or c~n-ditions . whicii'h;;;-t~ge the~ be; ·-i~· ~p~~tioi"!: 

it is a case, in short, of a . ' Conjunction of Causes' or 
of an bltermixture of Effects. 

1 

When several causes operate .,all together and their 
effects · get blended or used into one the otal he -
meno,i is e,illed an lntermixture Q E ects. 

are two possibilities:-
(1) It maY. ha en that the nature of thejoint­
~ fs the same in quality as · that of the e ec _o 
-~ h caus~ had it worked · independently of othe.!§j I 

i. e., · .. the separa_te effects of all - the causes continue 
to be produced, but are comeounded with one another 
and disappear -~ one tot~ =e. g., a_ .. rruiwaytrain· is . 
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r j- ,·,,;ing at a certain speed. An additional locomotive ·~ (additional cause) is then attached . The speed \Vill 

appreciably increase. Or, consider the..,. parallogram of 
. l~:..._a~k_e:L.P occupies a certain position in space. 

It is attracted by a force on one side of it. But at 
the same time another force of equal intensity and at 
right angles to the first is pulling P from an equal dis­
tance. Th.~_joi!1~ effect of these two attractions is that P 
now m~~es alon._g _ _a.._lj~-~-~~ . ~n_ angle-of.45° between _ 

-~ these - llYP .fo.cces ..Now both -i~ .th-e ~~~- of p and .in 

that of the railway train, Jhe joint-effect of the several 
causes is q1talitatively the same as · the effect of each 
cause had it . worke~ independently of others~ ~ is 
type' of Interm1xture ts called omo en.eo or Mech · wal. f:. 

·• (2) In other cases, however, as for instance in the 
case of ' restoration to health', t_he joint effect of the several , 
causes is different in q~iality from the effects of those ; 
very causes had they worked independently of one ~ 
a~other, For example, water, sugar, tea-leaves, heat and } 

milk hav; different effects and characteristics. But when 
they operate aH together, their joint-effect is ' tea' with J 
its peculiar flavour. Or, consider the composition of water.-; 
It can be analysed into hydrogen and oxygen. Hydrogen ~ 
is a combustible gas and one of the-ligi~\Z~ 
o'";ygen is not combustible but supports combustion f 

and life. But their joint-effect, water, is neither com:-". 

~ustible nor does it support combustion. It does support f 
life but in a way different from oxygen. Thi;; k:iod ,,of 
~ermixture is ~ailed Heterogeneous or (sometimes):i 
Chemical. - In this case ~eparate effects cease~ 
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~[_!~ ~r~--~-~-~~d..~ h¥- phenomena.:..altogethe.t..di(f erent.and .. 
are governed by different laws'. 

Jn homogeneous...Jmermixture or mechanjc;:_al causa­
tion we hav~ s.<?_rt_gf S1,f,_t.n11Jati011, _gf_..§J.im;,Zi; while 
i~ heterogeneous intermixture or chemica:l causation WP. 

have a transformatioii of stimuli. The former is a uuiur.1 ... 
off orces ; t~~ / substances. 

Tendency.-The physical maxim that ' 'effects are 
proportional to their causes' is true onlx of mecbaoical 
causation. In thi&.t.case, the joint-effect of ~he operative 
forces is equal to the sum of their separate effects. _But the 
diff.erent:effee~av be~o opposed that we fail to notice th~~ 
at all or may consider the.m-1Q be ctestroyecl. In a well-

~nced tug-of-war match, for instance, thm may be 
no movement either way though there is a maximum 
of force exerted. Similarly, when a body is at rest, 
it is so because all the forces of nature operative on 
it have reached a state .of · ' equilibrated tensi.op._'._ T.h~ 
effect of one force is being counteracted by .that . of 
another. But the eracted ce . is not lo t : it i 

c§aid to exist in ten<ku~ 
,:,, IX. Progressi~e Effects.- Suppose that a cause 

continues to act in a more or Jess perma.nentcway. The 
series of effects to which it is . ivin rise continues to 
gather orce as time passes on account of the acs.,ymu~ 
lated influence of the cause. The effect of such a cause 

·· ---. -c---- ..J 
would be calied"'a .fo:ogress,,ve effect. (1) It may be 

invariable, e.g., the gravitation of the earth is a perma­

nent cause ; but the velocity with which unsupported 
bodies fall on · the earth does not remain the same · ,t 
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1s augmented every moment. The boay falls 16 ft. 
in the first second, 48 in the second, etc. Here th.e_ 

...mmn._40_enL cause- pr.oduses- 11wr.e-tU.UL-11wre_Q{__tb,e~e. 
effect. (2l Again, the progressive effect may sometimes 
be variable, ~e-iatensit~of the cause may itself 

~Q£.reased by its continued action ;. _e,.g,,,,__g~U ~.C~ (!S~-~-
.,_~ - ~!lmT!}er advances; ClJ:.. tbe aogec Pi a man increases 
..the · more °fu;: .givesveot _1o it. Progressive effects are 
regarded by Mill . as of the type of homogeneous inter­
mixture of effects. 

/ X. Mutu,Hty of Cause and Effect.-Two pheno-
mena may be so related that each in turn can act as 

_£ause and effect. The causal relation is reciprocal in 

such a _ia.~. ~e,~~Clllernment lea~t.Q_ 
~ good s~tem of e.du~tion in the country __ which_,_ in __ 
its turn,. leacls_ta_better.. .government, and so on1 Drink 
leads to crime which, again, leads to a larger consump­
tion of drink and so ·on in a vicious circl~.-.Similaci¥,­
the · indus_tEr.,_ and wealth of a country have this mutual 
>causal re.lation.-.... " Habits of study may sharpen tbe 

nnderstandjng, aod ~; ii=lsi:e:1&ecl acuteness of the under­
standing mav a£terwaFds ineree.se the appetite £or 1at&;icl)t •. Se­
an excess of population may, by impoverishing the labour­
ing classes be the cause of their living in bad dwellings; 
and again bad dwellings, by deteriorating the moral 
habits of the poor, may stimulate population. The 
general intelligence and good sense of a people may 
promote its good government, and the goodness of the 
government may, in its turn, increase the intelligence 
of ' the people, and contribute to the formation of jpund 
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opinions among them. Drunkenness is in general the 
consequence of a low degree of intelligence, as may be 
observed both among savages and .in civilised countries. 
But in turn, a habit of drunkenness prevents the culti­
vation of the intellect, and strengthens the cause out of 
which it grows . .'. As Plato remarka._cl_ucatico imp_r_oyJ:S_ 
nature, and nature facili t~~s education. National cha-,,..,,,,.,. a:- ... .. 
racter, again, is both effect and cause: it reacts. on. .the 

~~GUEt~.ta~~e-~ }!.9.~ ":~i~h __ _it __ ari~es_-·· T~ na~ l pecu·-­
liarities of a peopfe, its race, physical structure, climate, 
territory, etc., . form .originallv a certain character "hich 
tends to create certain ·in-stitutions, political and domestic, 
in harmony with · that character. These institutions 
strengthen, perpetuate and reprcduce the character out 
of which they ~row, and so on in succession, each new 
effect ~e, oming, in it~ turn, a new cause. __!_ht:s a brave, 
energetic, restless nation, exposed to attl!,ck fi:_o_nL neigh: 

hours, organ~~~itary institl!!ion~_Ll~es~ institutions pro-
- mot~ and maintain a warlike spirit: this .,~:arli~~ spirit, ·agaio, 

?S~i~t_~ _the __ de~et?P.rt:i_ent _C?f th~ military o~ganizat~on1 ~nd 
it is furt

0

her promotea oy territorial c6"nquests and success 
in war, which may be its result-each successive effect 
···- ' -
thus adding to the cause out of which it sprung,''* 

Sometimes this mutuality is transformable}. e.g., 
water is analysed into oxygen and hydrogen which 
again can be co~bined to produce water. 

*Sir G. C. Lewis: On Methods of Observation and Rea­
soning in Politics., Vol. I-p. 375. 
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1. What is meant in Science by the cause of an event? 
E~plain the ~ifference between the practical (i.e. , popular)° 
and the scientific senses of the term cause. (P. U. 1932). 

2. State exactly 
·out the importance 
(P. U. 30). 

the meaning of cause in science. Point 
of cansa tion in Scientific lnductio~." 

\ 
3. Define cause and rlis cuss the view that the same , 

effect may be producerl by diffe ~~~ rauses. (P. 'O. 25, 27, , 
28, 33). , tJ°'.,\;\,a.~,....., •1 ('v,<,"" •:',v·• \ °\ • ,l'-....ot-0 ' 

4. Explain clearly what is meant by cause in Science. 
Discuss the view that one and the same effect may proceed 
from a number of Alternative causes. (P. U. 27). 

5. Explain and criticiiie the iloctrine referred to in the 
following lines :-

' A different cause', says Dr. Sly, 
'The se,me effect may give, · 

Poor Lubin weeps lest he should die, 
His wife lest he should live.' (P. U. 28). 

6. Cnrefnlly formulate the conception of cause as under-
lying the process of Inductive Inference. •P. U. 22). ...J 

7. Define the notion of cause and explain in what sense, 
if any, causP and effect are reciprocal. IP. U. 21). 

8. In what different senses has the term 'Cause' been 
used by the following thinkers :-Aristotle, David Hume and 
J. S. Mill? 

9. \Vhat is the significance of • cat;se' in the light of the 
Doctrine of Conservation of Energy? . 

10. Explain these terms :-Antecendent, consequent, positive 
nncl negative conditions, and phenomenon. 

11. What is the sequence view of Causation? How waj 
it developed by Hume and Mill? 

12. Examine the Doctrine of Plurality of Causes ? In 

. ~vhat way is it defective? Is it useless? 
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1S. What is meant by Intermixture of Effects? What is 
its · other name ? Why ? Give examples of 'intermixture '. 

1,4. Differentiate between Homogeneous and Heterogeneous 
I ntermixture. Give two examples of each. · 

15. What is meant by 'Tendency'? '_V 
16. \Vhat is meant by 'Progressive Effects.' 

amples. 
Give ex- I 

17. What is meant by the ' Mutuality of Cause and Effect r:1 

Give examples. \ 



CHAPTER \ti . 
CLASSIFICATION, NOMENCLATURE AND 
: ~ TERMINOLOGY. 
~ - CA). CLASSIFICATION. 

I. What is it ?-Suppose that I possess one thou­
sand books. Should I lump them in shelves without 
system and method, or should · I arrange the_m in some 
order ? Suppose that I leave them in a confused mass. 
What happens then ? I want a particular book. I 

hunt up one almirah after another, and still I cannot 
trace it. I do pot know where it is lying. No book 
has a fixed place. The result is that in my h~ 

-~ 
I needlessly spoil other books, waste my _time, forego 
the benefits that I should have derived from that book, 
and, in short, do not get that value out of my library 
that one ought to get. But if I arrange my books in 
a systematic way, classify them according to the langu­
age they are written in, place those books together 
which deal with the same subject, subdivide into the 
branches of each ' subject, arrange them further accord­
ing to the names of the authors in alphabetical order, 
etc: -in short, if I classify my books, I shall have a 
library in the real sense of the term. Here we ' have 
an exam le ,of the nature and value of class~ ri: J 

Cfassificatio,i is the process according to which we 
of ob· ects into various kinds and 

mon 
It--is.,, tlte -
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I according_ to certain points of similarity and difference. 
This definition is sli~htly inaccurate. \Ve cannot always 
have objects befor.e us to classify or arrange. ·. Suppose 
that we wish to classify all animals. Can we have ·them 
all in actual concreteness before us ? SurE;lY such a 

l thi~g .is impossible.· But we can classi~y o~r i~efs or 
notions of these animals. Hence classification 1s not 
alwayL_ actual or co,~;ete. The classification of_~ooks _ 
in a library or of curios in an art-museum is, of course, 
actual; but the cl:$sification of animals or plants or 
men woulq be._n1.ental. Hence Jevons defines classifi­
cation as " th__g__ arrangement of thin~ or our notiof!_?_ 
of them, ac~.ding to theiu~semblances or identiti~s." 

II. The Principle and Forms of Classification.­
According to Milll.." the reg~isites of a Classification inten· 
ded to facilitate the s~y of a particular phenomenon are, 

· first to bring into __ one class all · kinds of tliings .. )Ybich_ 
ey,hibit that ph~nome~~-: in whatever · variet~s._ 

...QL_~re~E-: and- secondly to arrange·th~~e. --~ _ng§_il}_~ . 
gries according to the --degree in which_ the_y__ ~Qjqjt 

it, beginning with those which _ exhibit_ most of . it, and 
~g....._with-.those which exhibit it least."* This 

shows that all cl ssification is with reference to some 
sp~~-..£!!r ose. Now these purposes can be of two­
sorts. 1 Either the class~n is one of gener.nl __ or_ 
scientifi'?___i!!~nJ_i_o.r one of special or practi;~z intent. 

The former is mea~tb~- . f;oii"na~of 

knowledge; the latter to serve some prac~~i or _momen­
tary end,_ 

*~ill, Logic-II-p. 289. 
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Thus we have two chief forms oE. classific:1.tion :­
(a) scientific and (b) artificial. 

(a) In scientific or · general classification objects are 

grouped together ~cor<ligg to important or prominent, 
CJ,.Y:alities, Those objec~ffi_QlJJ:} __ gr.oup .which pqssess . 
in common the most impar_t~nt and most nu_!Jl~rous. 
poin!_s_~~~~~n-ity. ~; - ~imil~rity. s~i~ntifi;cl~sifica-

ti;~ is also called natziralbecause 'th .. e.se-impertttnt· 
points of c~mmunity • (resemblance) which form the 
basis of the classification are real points of a~ 
kinship characterising a group as ' fixed by · Nature.' . 
Mill calls such groups Natural Hinds. (b) In special 

~ficj_al I cltJ..~C~W.1J we groui;2 opje~ 
s_ome ~a~~i_ng o~_~racti_cal intentB \:7e _selec;:t sorne.q':1~l!~Y~ 
charactensttc arbitrarily as the as1s of our classification. 

.• • . . . . .. . . • . - ---- - .!..-

For instance, we may g~ouQ J~nimals accordi.og_to_ 
t!Jeir __ co~ Such _a classification serves no _p~_i:manent 
scientific interest, and is never ver use£ ..Ru.t if we 
gro~p · amma s according to their structure or origin, 

the - classification would«mbe :·scie~tific because in this cas~ 

we can assert a · large number of irppoctant GAB:fe:etei:is• 
tics of all the animals induded jn a ~COJJP _. f.I.en~~-t·h·; 

most i,mportant or /undameiltal qualities for a scientific 
classification are those whi<:,IJ are .ca.u.§eS · or -~~tre sign; 
oL!!,~!!!!J!. other properties. _ ~Ar~j_fi_cial classification onh~ 
serves a passin0 practical interest; a natural classificatioQ, __ 

QQ the ~nti-~ry. •wlPS si::ieptifi'-5 jnyestj~atjon tpd exte,~g.~. 
_the ·boundaries of _knowledge~ Artificial classification 
suffers f~om an additional defect in that it ma rou ob­
jects and individ~.!,Qg,~L~!'.2 1c are really dis-similar, 
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.aJl.~ other objects i~ .diff ettr ..[r~~.es.~!tho~ 
they pessess I the closest siI!!,ilg_~ If, for instance, we 
classify animals . on the basis of ' yellow colour ', then 
a yellow sparrow, a ellow lion, a yellow anther , .. <L.a. 
yellow eagle shall have to be grouped together. 

In this pense, the alphabetical classiftctaion of words 
in a dictionary is artificial, although it is helpful in some 
respects, 

1 A natural classifica~ion is complete only_ ~en it is . 
supplemented ~-Y .~ _J,.classification by seri_es. , T.,he . 
ob1ects or niflmcfuals-·are arranged in g[Q,_ups, and these 
· are then t ., ___ ,.____ arran ed in a series ..QL. 

~~~--Thus we ha;e a sort of graduatecC .~cale 
according to the var@gg.,)1Ldegr._~~ .21:i~m-e -- f~~t~~e . 
or group of features. Such serial . dassifications. help 
in the discovery of laws by the employment of the 
Method of · Concomitant . .Variations (see Methcds of Mill 
in Chapter ... !2,I_L) ~ om~lete· ~lassifi~ation · of the 
animal kingdom, ·for instance;- Would be · a- · sort- ef­
genealogical tree in which we can go frcm the simplest 
to the mast complex as well as from t be ear)iesL tQ 
.the roost J?AAAotlY ,d.$'v.tlrule£locganisms..J · 

Ill. *Classification in the light of the Theory of 
Evolution.-The Theory of Evolution, as ordinarily 
understood, declares that all living beings had theii:.origin 
in a common ancestor-potdp/asm, i.e.L matter en~W~Q.~ 
with ljfo Out of protoplasm . br!ginated,· first of all, the 
~ry. lowest f~r~~ •·~£ orga~ism a~d l ater - on- through a- · 
·variety of causes (some known and many· yet unknown) 

"'The teacher should first discuss this section orally in the class. 
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the various species of_plant and animatsprang into being. 
This proces.s of th~ ' Origin of Sped~s ' to.ok an . a~m~t 
incalculably long time-to ·reach the forms of _life known to 
us now. According to C. Da!win, . the mcst fam_ous ex~ 
ponent of this theory in the second half of the 19th Century, 
the evolution of animals and · man ~me about : ~hrough 
the two processes of n!!lJlr«l &feci;ion and sexual selection, 
_The different species have · always been at war with one 
another in a str~ggle Jor existe1~ce, This conti_n~al wru-­
fare had a tw~old motive, to secure food (self-preserva­
tion) and to secure mates or wives (race- · reserv i n Th,~ 
fittest anima s su rvived in this struggle. The unfit were 
th~se which could not adapt themselves to their surround:­
ings and they were killed off by ·th_ose which. could, 'th!! 
fit.' Their world was governed according to · 

" The good old ·rule, the golden plan, 
That they should take who have the po"Yer, · 
And they should keep who can." 

This was the mcde of natural selection. Arid now 

about the other process at work :-_1he fi~ propagateq tb@.r 
~ind; i.e., they succeeded in getting ' wives ' ancl in beget­
ting children. This was sexual selection . . Among the 
'children' the same two processes continued t~ work 

' and, in this wise, the grim struggle continued for cou.nt• 
· less generations. 

Every surviving generation of a species (and, its variqus 
individuals) had some feature or characteristic which dis­
tinguished it from its ancestors and from. those sp~_~ies 
-~hich it had succeeded in killing or driving off. These 
'peculiar characteristics' of each species were somehow 
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'spontaneoi l e rated' i.e., they appeared by the merest 
accident. They appeared one knows not · how. They 
' emerged ' at various stages of the evolutionary process 
~d each such emergence' markea a distinct rise in t~ 
scale of ➔fife. · - .. - ·. _ ____. 

~raing-to- the--evolutionists, then, the world of 
life has common roots, and, therefore, a_ny system of 
classification that oyerlooks this factor is artificiai. 
'~munity of clt5ceht is the hid_d.e.o _hon.cl __ whJc~L 
natw:alisis have been un·cg_r:isciously !?~eking, _and not 

-~e .unknown plan ·;;r ~~~ation, ·or_ the eminciaJion_ ~ 
_i~~r.~l . prop~_rt;ies, .. and th·e mere putting .together · and 
__ .separating.-.-cobjects .. more.. .or..J~_s_::.alike)!* The complete 

classification of plants and animals would thus be ' the 
Tree of Life,' a genealogical tr~e, a look at which would 
tell us [the natural relationships of the various classes 
which ould form the branches and sub-branches and ............ ,_ ... -~ ~ ----~---- ---- ----
off-shoots and twigs.JJ:rom this point of view, the._na.tural-

~f:.-Gi:gaioic beings is one fouRded- on -descent 

"!?ith modification. , 

Consider languages I How have they differentiated? 
Darwin . says!. ''[jf w~ possessed a perfect p~digree of 
mankind, · a genealogical a_rrangement of the races oL 

malLlY.ould afford--the-best....classification of the various 
languages now spoken throughout- the world ; a~~( if all 
extinct languages and all intermediate and slowly chang. 
ing dialects, were to be included, such an arrangement 
would be the only possible one. Yet it might be that 

some ancient languages had altered very little - and had 

*barwin, Origin of Species, p. 3G9. 
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given rise to few new languages, \'vhilsl others · had alter­
ed much owing to the spreading, isolation, and state of 
civilization of the several co-descended races, and had 
thus given rise to many new dialects and languages. 

The various degrees of difference pet_ye~nJhe languages 
of the same stock, would h~ve to be · expressed by grouos 
subordin.ate to groups: but the proper or evf:n the only 
possible arrangement would still be the genealogical; and 
this would be strictly natural, as it would connect to­
gether all languages, extinct or recent, bz the closest affini-

~ties1-~11.d woulsi, _giye. th~ fl!iation and, .2tigi12 gf eacb. 
tongue"~ . 

IV. · Shoul~ Cl.assificatiori be by Definition or by 
Type ? - What should be the method of classification ? 
Should \Ve first define each class, i.e., enumerate its 
essential attribut..es,_and then group those _objects or in­
dividuals together which happen to possess those attri­

butes? Or, should we first select some partici1lar 
individual as the typ~ of. a class, and taking it as. the centre 

or nucleus of the cla~s. group ,all those objects or indi­
viduals together which conform to it . most closely_? 
Each of these views has its advocates. 

LJ. S. Mill considere'a:.Qefinition to be the b.~is of 
classificatign.] Tltt: members of the class or group should 

be selected according as they possess the essential quali~ 
ties_which form the connotation (or definition) of the 
group. Mere type, he says, will not do. How do we • 
get the tyee at all ? Only because it possesses certain 
at~rjbutes or characteristics in prominent de[ree.:...... Typ.:_ 

, , * Darwin, Origin of Species, p. Bil. 



86 HOW TO CLASSIFY 

implies defi~tien ; and we should, the~efore, start with 
the latter. LEach cla~s should · first be defined -~Y_ !J!~ 
invariable presence of certain common attri'?_~ Thus 
classification, for Mill, in a sort of pl!eonholin~ of indi­
viduals according as _they fit in one compartment or the 

other as determined by definition. 
Whewell. oh the other h·and, was a prominent advocate_ 

of c~sification by 1J,.ize, "J:be Type a£ each genus 
ould b·e that species in. which· the c of its .~up 

are best exhibited a: d most evenly balanced ~-, ~ ­
cat represents the class f elidae : the dog the class canine, 
etc. · " Natural _ Groups are best described, not by any 
Definition which makes their boundaries, but by a Type 
which makes their centre. The Type of any natural 
group is ~~ example which possesses in a marked degree 
all th~ leading characters of the class. A Natural G~ 

_ is steadily -fixed, though not preciseiy limited ; it is _iven 
J_n position though not ciu:umscribed ; it is determined, L 
, not by a boundary without, but by a central p.oin.Lwit~ 

~~ i=EE.t bI ~•!:a! it ·strict_~y exclu~~~~~-- wl!~ULerru4 
nently in<:~u4e~ ;-:-: by ~_Type,_nqt_by.a.Definition," *..... / 

Joseph_ holds the same view : "A classification at-

tempts ·· to establish · ty~: jt selects some particular 
,..characteristics in determining the type of any species; 
tnese cnaracteristics should be (a} of the same general 

kind for each ~yPe w~t!tir.!. 2!1!: .[~!lus, _or, ...... variations _ 
_!!POn the same theme, in order to exhibit the mutual 

relations of agreement and divergence among the various 
types: (b) important, or, as one might say, pervasive : ffiat- · 

*Whewell, Novu'TT_I, Organon Renovatum, p. 21-22. 
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is, thev should connect themselves in .. as many ways as 
possible ' with other cba~!,eJ.§_..of the__species. It will he 
the description of the type, drawn up ·on such princi­

Jll§__~_ thes~,.that...will serve for definition. It is avowed-, 
ly a mere extract from all that would need to be said, if l 

we were to define (upon the supposition that we could .. 

define) any species of plant or animal completely."* 

· The trouble with definitions is that they can never 
..be....fma.~very day the boundaries and depth of scienti­

fic knowledge are increasing. Further,,...wbat might nom. 
seem an important characteristic in an organism may 
be utterly unimpo~ nt for jts classificatinn an ao evolu­
tionary basis ;- and, conversely, characters which 1ww 
appear to b~ unimportant in ' the scheme of life ' may 
really, be fundamental · for a really scientific classification . 
of living beings. As Darwin says : '' It might have been 
thought (and was in ancient times thought) · that those 
parts of the structme which determined the habits of 
life, and the_genera.Lp~e-gf-eash-being..i.n tbe economy 
of nature, would be· of ·very high imporb!.nce .in classifi­
cation. Nothi~g can be more false. No one regards the 
external: similarity of a se to a shrew of a dri on 
to a whale _of_ a whale to a fish as of anv im ortance ". 

gain " organs in a rudimentary condition plainly sho·' 
that an early progenit.or had the organ in a fully developed 
condition ; and this, in some cases, implies an enormous 
amount of modification in the descendents."t 

·-...__ 
*Joseph, In Introduction to Logic, p. 103. 
tOrigin of Species, p. 365. 
Wp Cit., p. 424, 
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'""' .-"'• ~'v.o..~4 u. ~ ~--h-Jl,-Q ~ 
· "'-'-11 It would seem, then, ~at m the op1mon of experts , 

the classijication_!i,_gJ:gan_W, __ b,e.i11g§, at least, sly;>_uld al< 
- ivaysbebyT'Y,Pe rather than h~·--D.efinition._ The latter -

- i:lepends oh the former. ~ '!;:f._~>~ tt:2)_ 
~ , V. Rules of Classification.- The followrng rules 
1 kre · regarded as important for classification. It is under-g 
· stood that only an expert in a particular science is com-IA 

petent enough to classify the objects with which his science "J 

_deals. cductive L. ic can onl su aest the met ~ 
(1) Those objec s or. individu3:ls sho~be srouci.,ed .l 

_M~ther which possess .. in common the _most nume~~ 
_and the most important character5~With the Type :;r. 
,the centre or nucleus, the individuals most resembling / '.!' 
~1 ld form a particµlaiGlass.-
. (2) Smaller groups, , which though distinct, have· yet 
~se affini~ies, shoul<! b~ placed togethe,r under a com- ~ 
mon e us · whill;._ ~hose grougs :.vbid:i.-thm1gh-[:>essess­
ing certain characters in common, Yrith others are yet 

~v:_iarkgd off from them..J?y other · ~nd · more im,eortant 
~oints _ of difference, should be cla~d separately fr~ ­
.!_hem. J-..lfads and raptiles are thus placed differently ev~n 
though ·they possess several characters .in common,Q , 

(3)£There should , be a gradual transition from th,e 
jower _ to the higher (i.e.1 wider} ciasse~ .Xhe grada­
tion should continue until we reach a comprehensi1«1 
group which includes all minor cjasses aocl groups, aod 
.sbaws their respective affinities and distinctions .The 
nearness of each minor class with reference to others 

should be determined according to their mutual resem­

blances; _and their distance (from._each-other -in -the-general: 
,. I - - ~ . . 
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scheme) according to their mutual diff erence~___ru:_jhe 
degree 6f1heir variation from l!Q _ _Q!".ifilttJI.UY common stock. _ 

Tn a scientific classification of to-daithe divisions and 

sub-divisions are so numerous that the 'genus and species ' · 
of Aristotalian L-ogic cannot suffice. Hence the gradation 

of classes in the declin.ing,...a.r.der..oithejr genera.lit.~ 
"Tollows: Kingdom, Sub-kingdom, Class, Sub-class, Divi­

sion, Order, Section or Family, Genus, Species, Vari~ty.­
'?· · VI. Distinction b~tween Classification and Divi- · 
sion.-Perhaps the nature of Classification will be thrown 

into greater relief if we briefly contrast it with Division. ~ 

(1) fgivision is a deductjye process while. r!assifica., 

~on is an ingyciive-f)r-ooess.J This s1,1ms. up the difference 
between the two. The former indicates the downward, 

· the latter the upward trend in · the arrangement of things. 

In Division we proceed from higher to lower classes, 

while in Classification we start with particular individuals 
arid go upwards, in them into groups, and then 

the~~-g_~~~:. into , higp~gro~s, a~d __ soJor __ 
· (2) Division 1s a formal process while classification 

js a concrete process. J~jvision is based on kno.wl~ 

~ ac;qnired, w~~e -=~~~cation tries to extend our 
kno'Yle.dge by tb.e_ &rouping of indivi.d.11a.ls __ in!Q___gjy~rse 

clai~es~ OJ) _ tJ:i.e.. ba__sis __ of_ _mutual.- -tesemblances an? 
differences. -- -....... 
· --·(3) Both are concerned ~b Denotatioe. They deal 

_not with the attributes of . objects and classes, but wit~ 
J:heir thinghood_ or individu~lity, so to speak. Definition,•· 

which deals with Connotation, does help but is ~~~­
of.:.pi:imacy..importance _io eitber..case. 
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Vil. Uses of Classification.-ilnductive Science 

attempts . to exp fain . pben.o.mena. Tbis is_possible_~ 
we now ~~ions obtaioiog between the-- · 
~ events w,hls:h.-r.equ-it:e- to- be._explaineo., Now 1 

. causal connections are not always discovered or under-
stood- What should science do in such cases ? It is 

,-,;;,;,;;.~- . 
at this stage in the development of a positive science 
that classification proves useful. ~~)assify..io.g the 

..PE..~omena or obif~':"l!h_ which a science deals 
way is open for a closer stud to enable the- ~ -

ove of bidden conn Cl i ca · on aves 
~r explanation. We·m_gy_say bri~fi..)Llhat · 

(a'>{j good classificatign., facilitates the _Jvork of 
~.j The arrangement of available material in 

a proper form suggests Hypotheses (provisional ex lana: 
tions, see Cham,_er ~nd aids inference from Analogy-
{ Chapter VII). (Classification is, thus, ' co~_sed.-and 
implicit explanation .... i:=-

(b) Ex lanation, however deals 
classification is in of e · · 
' The former deals with the,dynamic-- (the mov.ing.),._ tbe 
latter · with the statiGs-,(the---stable and fixed) aspect _ of 
Nature.' ijqt what looks static to the layman and i; 
the beginning, turns out to be dynamic througp, aod 

through . on later and mare thotOJ1gb..il:w.estigat.Mim-t_ This 
fs""'."shown very clearly by the develo ments of · Ph'--:--,;._ 

Science durin the ast half-centu . Classification is, 

· thus, only a stage which a eositive science has to pass 

~rough.J Sgences lik~y, Zoology. Geology~tc~ 
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ar,e still ..a.Ltb.i.Ls.tage acd-hGpe..to,_ pass onwards when 
causal laws are ciis~overed in theji: cespecti:ve departments 

(c) Classification is al$6 · a very efficient aid to me- 1 
mory. What is docketed ·and pigeonholed properly is easily 
available when required.- System is always better · than 
' no-syst~m.' · . 

,:. VIII. Limits of Ciassification.--tEvery available 
object in nature cannot be classjfierlJ How, for instance, 

~hould one classify a spon_$e ? Is it an animal or a 
plant r It seems to' possess the characteristics of both. 

0Yhere there is ignorance of definite and peculiar charac-➔ 
ters,. cla55ificition is not possjhleJ Again. there ace cam-

1 

....Eosite objects in nature whose constituents • combin~ 
...,.!..!l,-Qiff erent ways and in . various proportions. ..:[here 

are objects whose composition is not known ;.=etc. A 
good classification is not possible in such cases . .,,.J,N-e­

also see here the provisional character 9f all class(vca-. 
tion: there is no finahty about it. •~eal thing~~­
cross-related · to each other in far · 1:o~~ed __g_ 

. manner for any• single and simple scheme of clas"in~ 
j:ion to embrace· them as they stand. l We must ca0-=--
1sider, ppects of them, and attempt to ascertain what 

. yarjous forms some particular property may assume, and 
under what condi~ions~, -\The things themselves whic,h 
we have to classify, if we take them in their com~ 

p~nngt ~~ ca~ed in a Ji!.~\ l~~p.al arran~m~ , 
IX. ~o~~rt: ~d': el'bifnology.-G}.s a sc~ 

develops 1t requrres technical terms to express . its 
thoughts and the results · of its ·investigations:,:J These 

*Joseph, Logic p. 186. 
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technical terms hayeJheir significance rigidly and arbitrarily 
£xed. This ·fixity of meaning enables different scientists - ·- --- -
to use the same term -. ln the same sense: Confusion of 
~ is thns avoided aod the purpgse-4.logica.J._defi.:_ 
~on ~erved, _. _ 

Such technical terms are of the most vital import­
ance for those sciences especially which. are yet ... at the 
classificatory and descriptive stage. In this chapter, we 
have ·considered th~ part played by systematic classfica­
tion in a positivei,sci~~ce. rsucb ~ . sci~nce . a~~;~g-~s 

... objects in an hierarchy of gcanp5;:fls:_ach of _these groups 
has some characteristics or . peculiariti'es which mark it 
off from ?,l_l other groups in that scheme of classification) 

These characteristics are so many attributes possessed in 
common _by the individuals of that group. Hence· ~e 

require technic~l t0~ms to designat~ the. groups as well 
as the attributes or peculiarities of the individuals of_ 

.. -~cij!:_qBP-~ L:N-ow "a Nomenclature is a .system of 
_ na~ies fo,. the groups of which a classification consists::;J 

And a Terminology is. a collection of terms which will 
. enable us to describe i11dfoid11als ~-~~bjects" (i.e., their .. 
. s.ttri}2utes_~fl peculiarities).] • · 
. [A .. good classi_fication . and a good nomenclatur,: go 
tog~tber. Each is indispenEable for the other]frhe 
sciences of Botany, . Zoology and Chemistry provide ex-

_ cellent examples of. exhaustive nom~nclature. p "~itb­
~clature, thE:2~!ir&--~-S .. Jl<?!..~!JIJ_an~ntly_incor­

_ _p~r~!~~.l!1.!~.--~~e- ~.:!~l .• ~o_?L .9L.Jip,filtl~p~~•-and made . 
_.An __ i11s_t_rnment _of fut~_QJ.Qgre?s•~ :W.Al.!.o.uLsystem, .. the . 

name cannot express genera.l.,.tr.ut_l!s,_ and_~ont_ain. no reason 
' __ , _ 
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why th~y should be 1.eim?loyft(i_in _preference to any other 
~parnes."* To_--fi;- the' groul?s in our memory, we require 

distinct names for them. But natural groups in the 
~-animal kingdoms are so many that it would 

be · impossible ta tfirnemher · them all if every group had 
- a distinct and • independent name.~ Hence a nomencla­
ture should be so devised that : 

(1) "the·.names ·of ·'the lower groups are formed b)r 
combining names ·of higher and lower generally ; and 
· • (2) "the names indicate relations of things b 

modifications of their form."t ' 

. The first of these methods is adopted by Botany, for 
instance; and the· second has been ·1:horoug~ly deyeloped 
in' Chemistry. In Botany "the higher groups have distinct 
names, Dicotyledon, Rosa, · Geranium, etc The species 
is marked off by adding a distinctive attribute to. the name 

of the genus, as 'giola, odorata, orchis meculata, · etc. 

These distinctive attributes are not the logical differentia of 
the species ; hence, the speci,fic names are not definitions. 
They are, on the contrary, formed from _all kinds of mor~ 
or less important considerations. Sometimes the name 

is given in honour of an individual, as Rosa W ilsoni ; 
sometimes from a cMi ntry in which the plant was first 
observed, as Ane1none J aponica ; sometimes from some· 

peculiarity of the plant, as·Geranittm Sangu-ineum."t 
The second method_ of devising a nomenclature is 

employed by Chemistry. Relations are expressed by' 

*Whewell, N. O. R., p. 288. · 

'fWelton, Manual cf Logic, Vol. I., p. 148. 
t ibid, p. 118. . 
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modifications of the forms of the names. Here · the 
7i°gnificance of the word ·is changed by means of different 
suffixes and_affixes attached to j~ (e.g.,, ~de, ic, ous, ate, 
ite, ·etc.,), (morw, di, tri, sesgui, etc). from sulphur 
~re derived such terms as sulphuric . and sµlphurous 
adds; · sulphates an~ _ sulphite~. -~f _ bases; _su_lphurets of 
metals; etc. 

Such terms as proposition, syPagisro, bypolhetiGal­
s llo ism, dis·uncti:ve s .llo i dilemma etc., are nomen­
clature in Deducti e Logic; whHe terms like sensation, 
feeling, perception, emotion, sentiment, etc., are nomencla­
ture in Psychology. 

Terminoiogy.~cience's terminology consists of 
terms which enable one to describe individ!:!al o~jects by 
mentionin their characteristics, eculiarities or 15,_ 

For scientific accuracy it is necessary that description 
should leave nothing to fancy. Each term should have a 

fixed connotation atta~hed to .it.aod the readec sbou)d be 
a.hle to pictnre in his mind the same obj~ct which the speaker 
~ writer tries to describ~ erminologyj _s~rt of sci~nti­

_fi~ language and herein lies its importance._ The words 
which · form it are g_eneral names, but by their.. ombina-
iion we can describe each individ1131,V - -- · - · 

The science of Botany is the most perfect ii;i its 
terminology and it owes its richness 8:nd precision in this 
respect to the famous botanist, Linnaeus. " Every part 
of a pla?t has been named ; the for,m of every part, 
·even_ the most minute, has had a large assemblage of des­
criptive terms appropriated to it, by means of which the 
i;tanist can convey and receive_k11..9wkgg~ _o( form and 

----- - - . 
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_-5tcuctur.e, __ as exactly as if each minute pm:t were presented 
to him vastly magnified ...... Thus the flower was successively 

distinguished into the calyx, the corolla, the stemens and 
the pistils ; the sections of the·corolla were·termed·petals 
by Columna; -those of the Calyx were called sepals 
by N echer ..... Thus leaves may be called pinnatiftd, 
pi1111atipartite, pitznatisect, pi11natilobate, paltnatij,id, 
palmatripartite, etc., .and each of these words designates 

different combinations of the modes ancL extent --oL ..the 
clivis1ons of the I@_j vith~tb.-:-~dh~Isi~~s_of_its-outlin~ 
~ ;ch-t~;~s as distribntion, attribute, connotatiao, de, 
notatiaa etc io Qeductjye logic i and hedon ic tone, bcigb•-

words of common speech are elevated into technical 
ter.m_s, their meaning has to be fixed and rigidly adhered _ 

_ to,J'for instance, the word ' distribution' which in com­
mon speech means a sort of ' dividing,' means in Logic 

' using· a term in its entire extension '. 1 ~ 
J To smn up : Classification' and Nomenclature go 
~ together. Each is help.less without the other. , But 

there must be a classification before we can have a 
nomenclature, - ~minology is needed when description 

~· AfL!hese processes are __ e_ss_e_ntj~l_ aQ_d in_yaltt__ 
<!l?le_ in _ positive sciences, and,_ when a science is yet at 

J,ts pre-causal, descriptive and classificatory stage, these -i 

_processes form the scieRce _ 

'·•Whewell, N. 0. R., pp. 816-17. 
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Exercises. 

1. Wba.t is meant by Classification? Explain by means of 

an example. 
2. What is the importance of Classification in inductive 

science? · 
s. Distinguish between mental and concrete (or actual} 

Classification. Give examples. 
4. What type of Clai:;sification would it be when you 

have to deal with the following objects : books in a library, 

animals, human beings, 'fi)ssils. 
5. Distinguish between scientific and artificial Classifica­

tion. Give ex~mples. 

6. (a) What is the principlt! of Classification? 

(b) Why ii:; Classification regarded as an important pre­
liminary process in inductive science? At what stage is it parti­
cularly useful ? 

7. What is Classification by Series? Explain by means of 

an example. 
S. What light does the Theory of Evolution throw on 

the problem of Classification? 
9. Should Classification be by Definition or by 'rype ;> 

Discuss both views. Which view do you consider to be the 
better of the two ? Why? 

10. What are the rules of Classification? Discuss. 

11. Distinguish between Classification and Division. 
12. ·what are the uses of Classification? 

13. What are the limits of Classification? 

14. What is meant by Nomenclature and Terminology? 
Give examples of each. · 

15. What conuection is there between Classification and 
Nomenclature and Terminology? 

16. In what different ways can a good Nomenclature be 

devised? 
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17. In which sciences are Nomenclature ~d Terminology 
hl!st developed? 

18. Explain the importance of Cl8.$sificil.tion in science and 
disciu,s its right to a place in the study of Inductive Logic. 
What are the marks of a good Classific11.tion? (P. U. 98). 

19. Define Natur~l Classification, explaining what. is meant 
by ess~nti~l or imp~rtant properties as bases o('pia.ssifiiiation. 
What is the ·value··of '.N'atural Cla~sification for Iiiduetion? (P. 
U:301. . . , . 

20. Distinguish natural ·from artificial clas~ificati~n.. What 
1ne.kes the formb'r moi:e useful in science than the latter? (P. 
U.28). · 

21 •. , Explain what is meant by scientific classification and 
distinguish it ~om logical .division. What are the conditions 
of a good cl9<ssification,? What do you understand by essential 
qualities in classification? ' (P. U. 25). 

22. D'iscuss the nature, method and value of Classification. 
(P. U. 18). 

23. ls Classification ·an Inductive or a Deductive process i' 
(P. U. 16). 



'- CHAPT.ER VII. . ,,,--
IMPERFECT INDUCTIONS. ~ )_:",.._ 

(A) JNDUCTION BY SIMPLE ENUMERATION, . 

I. Its Nature.-It ·is the simplest form of inductive 
~oping • . \r./e observe . that ' a certain phenomenon, x, is 
followed or is accompanied by another, j,, This obs~rva­
tion is repeated several times afterwacds · wbeoever l6 e 
notice x occurring, W$ also notice y · following or ac­

companying it. We do not come across contradictory 
cases; i.e., we do not observe any x that is not follow­
ed or ·accompanied by y. · Brit we do not know why ;r 
should have been followe4 or accomp-anied by y. ~ ~--hav.e. . 
~~rely observed this sequence or co~existei}_<;~. __ j1/e then 

g e,~ al'is;f-Thai x·isal~aysfcli~~ed or accompanied by y. 
~ This generalisation is th~ result of an foductio-u IJy· si,nple 
emumeration. ·-·· .......... -·- ~-

For example, I observe a basket full of mangoes. Some· 
mangoes are of a peculiar greenish-yellowish hue. I taste 
several mangoes of different hues and find that whereas­
some are sweet while others are sour, the mangoes of the 
peculiar greenish-yellowish hue that I have tas-ted have 
invariably been sweet. I infer that all mangoes of this · 
hue are sw:eet. This is- an induction by simple enumera­
tion. I do ,wt know why mango~s of this peculiar hue . 
should . be sweet, I simply say that since all the mangoes 
of •this hue that I have tas-ted have torned out to be sweet,. 

· the remaining mangoes must also be sweet. f We say that 
all crows are black. ·why ? Because all the crows so 
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. observed have turned out to be black:- Had any non­
black crow existed, somebody would undoubtedly have 
observed it and recorded the fact. But . why are all 
crows black?. We do not know . . Similarly, botanists 
have noticed the fact that ' scarlet flowers have no scent '. 
This, again, is a generalisation based on simple enumera­
tion. But why have scarlet flowers no sce·nt? We do 
nclkno~ ( 

IL Its Characteristics.-lnduction by Simple"'E nu­
meration has the following characteristics :-

(a) £.ts _yalue and strength depend on the number of 
P,ositive instances obsen:ed. , The larger the number, the 
greater the probability of the resuU:ing geperalisation being 
true. i~CI\. I t:.A.. ~) M.,<.-L l 7 /l~-'YJ · · · 

(b) fr_!!e fi~J! ... o'Wp.exience srum~wide ~nougb te-: 
get good ;e.filili.5..-ln..Q1..her worg§_. ·we should try o.ur.....best­

. to discover if. there_ are any -negative or contrary_ instances__ 
- Wesiioufcf not_be content with our o~ n liajted experi­
~e . . We should explore all possible avenues in sear@ 
of .exception~ tq our generalisatigpl The strength of our 
generalisation· wQlild be 'in, · proportion to our as$uraoce 
.!_hat if a:ri exceptio11.,exer did occur w~_sho.uld..knaw pf jt ' 
!his assurance should. not be merely st{ojective; i..'e., .a 
matter of mere faith or private belief. )t ·should be objeq~ 

.., tive, ·i.e., we should have exhaustively explored all those 
fields w~ere a nimative instance, if a.ny. .would.mgs.~ 
have been present .-- . . · . , 
· . III_. Its W ~ness. - In our discussion of tpe relative 
importance of Theory and Fact we have said that however 
nice ~r well-construct~d a theory might be, a single --- ----.. - ------=--
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important fact to the contrar~~ough to __ •~yr~~k it.~This 
statement i_§_jrue of every induction _ _!>y_ sin}pl~ enumera~ 
tion. f Even if we have observe_d millions_ of crmvs,: a sin_gle 
non-black . crow would suffice to negative our generahsa­
tion that ' all crows · are black '~ ~imilarly, a single sour 
mango of . that peculiar greenish-yellowish hue would 
smash ,my induction about the sweetness of all such rnan­got~~ and a single scarlet flower which has scent- would 
fa s1 y that generalisati.gri about this class of flowers. J 

C Every indudtion has some element of i:i~ in it, _be• __ 
cause we have to proceed from the known to the unknown; 
or from the observed-some · r-

o t e all . . This risk is reduced to .a very narrow margin 
m the case bf scientific induction by means of the.,analysis 
o( the Ri!!!:11 and the dimination of the -irreleya,it,· ~ 

_ the case of simple ~eration ' these factors are absent. 
[:-~\16--to- depend---only-on.tbe...number of positive -~-=­
-~ -~e-~ ~~erved _and the area of uo_contradicted_experience.~ 

~,-Hence Francis Bacon calls this kind of induction "childish; 

its conclusions are precarjons ood exp;i5ed to pecil £cow z41 
contradictory instance; find-- it . generally deci'des . on too 
small a· number of facts, and on those oniy which are· at 
hand. :But the induction which is to be available for the 

~ .djscovery and demoosttation of sciences and arts m~st 
analyse na~ure by proper · rejeetions. and exclusjons i • arid 
then, after a ·sufficient number m. _riega,tf:res, c:cme to a 
.conclusi~n on the afficroafore iostai;a.w. · So also~. S. 
Mill says: · i< To Europeans not many years ago, -the wo­
position, All swans are white, appeared an ... un!:9!!.~".'~~l 
instance of uniformit_y in the course of nature/' .- But with 

I \ \ • ...._ . 
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the discovery of black _swans in Au:;tralia"this time-honour-

eq indm;#on foll to the .ground] · 
. IV. Simple Enumeration a~d Scientific lnduc-. . 

Jion. ~ SupjWse t~at biolo~ical_ research _ reveals some year_s 
he~ce that!9-ere 1s ·something in the n_ervous make-up of 
a s::row which give~ it . a black coag or something in the 

make-up or_ine~_m of the scarlef flower which gives it 
its beautif,t;.l colouring but denies it scent ;fgr again there 
is somethi1g in. its metabolism whic:h gives a mango a 
peculiar greemsh·yello~sh hue ,and also its flavour)­
suppose, in other words.fS!lj:1.t the why Ccall,Se) of hiackoess,_ 
of odourlessness, and of s~veetnes;T°.§...._discavered~ What 

. then ? . "'ell, in that case, the generalisations • all crows 
are black,' 'no . scarlet flowec;s have scent,' and ' all 
mangoes of this peculiar gr_eenish-yellowish hue are sweet ' 

-would become scumti(i.c generaljsation§, the results of 
scientific induction; the reason being that these generalisa-

tions would not now depe11d ph the mere number of rn : 
stances but I on . tneir . ualir ari . 

V. Its Value. However risky an ipductiop by simple 
enumeration might-be, it is not .without real value. (1) It 
can · suggest hypotheses (i.6., provisional explanations) for 
fdrther enquiry: (2) It can serve in cases where sd~ntific 
induction is not possible.J It can re;ord the results of 
unan I ed ex erience for use 1ater on b means of s~1enti- -

fie ~clhgds:-=(3) It can-.fu~lr very useful_.1:1;_~~~ j 
for · -the collect~oo __ _ o~ _ ~tati§tics and the calculation of 

,g.robabiltt,ies:.J · . _ , ~ ~ ~ _ 
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. (B) ANALOGY. ::. . l · ( 

I. What is it?- Let X and Y resemble each 
other in certain important respects, say 'qualities p, q. 
r, s, and differ in certain other respects, say qualities 
l, m,; then if, later on·, X is found to possess' another 
quality~ ~ the q~estion is,' ,;vhat probability is !here 
that Y would also possess · this quality, ~ l'.Ihe­
~~S.!:!..~!!~ from _ -~a.logy __ would be that if Jhe points 

_'?~~l~.!!':..~ betw~-- _X a~_d 1' _~re g~eate in number 
~ importance. than the yoints _ ofdiff erenc _ ,. then the .. 
. 11.~JY-~PJ.QP.~.rty :W . ;which :js_ f~pd _1_in .. X _may also . b~ 
~~p~Gt~d -~Q.b..e.. pr_es~nt i11 Y-J- --· , · 

(a) For example, a comparative'study ·of the bodily , 
and nervous · make-up of man and lower animals shows 
that 0) {!here are many featui.-e.s in common between 
the_ two; (2) that there are certain features which are 1 

;present in' a I rudimentary' form ' in: animals but are 
present in a· highly developed · state in rha~.,;J,/3) that 
there are certain points in 'which men · and animals 
differ; and : (4) 1:hat man possess a quality called 'con­
sciousness.' What probability is there that animals 
also possess this qu~lity ' in some degree or form ? In 
_9tber words:-" .,.Certain anima:.1L.ar~_£hara · ed b 
~_given •. ·.; .. strucl1ue of tbeir;nervomLQ.rgans and nervous 

. ilit to learn ra idly from 
!-"ggience; Human beings are cbaracterised1_b.!lY.~..iuu.u.o+ 
structure of sense-organs and nervous s stem, and als 
by . their speed in l~arning from experience ; Therefore · 
iliese animals are prob~b,!y (beyond a reasonable doubt) 
characterised by another propert) known to belong 
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to human beings, viz., mentality (consciousness.) As 
the degree or number of ce:f'!11blaPGC5 · jg animal apd 
human structure becomes less. that is, as the differ­
ences increase, and the speed of animal learning drops 
far below that of ~an, th~ analogy is weakened. though it 1 

,still has some .force."* < 

(b) , How . do I know that my neighbour . has a 
mind,? By analogy I I have a certain· bodily make-up . . 
My neighbour resembles me io that mak~-up. . Suppose 
that · I go out for a walk. . A ~trange dog runs towards me. 
I feel afraid that -it would attack me. I run away$ 
~ it off with my stick. Suppose now that I perceiv~ 

my neighbour pass through the same , experience, i.e., 
J perceive that he is attacked by the mad ,dog, and 
that he acts in the way I djd, I infer that he, too, . was 
afraid, i.e., he like me has J!. mind. 

· II. The Principle of Analogy .-The basis of 
analogy is the principle: " Upon the evidence that' 

certain pg~ulars have a guwbe~ QI.Rt9R!;rtiei i,u common, 
it is probaole that they have other t)('operties in common 

.., and perh~ps that tbef sbare all prnperties of sonw .. $;;1~ 
or tYpe, '·'t · · _ 

Bain• says that "Analogy (as different from induc­
,!_!on, arid as a distinct form of inference) supposes that 

.. two things found resembling in a number of · paiot5, _ 
_ may resemble in some other points, which other point 
}§_ · not k~own to be connected with the agreeting paints 
Jzy a law of causa.tion....or., gf,,cg-exjstence' ', 

• *Eaton; Ueneral Lon-ic, p. 552. 
. • I 

., tJlJid, 
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The st!"e_ngt~ of such an . :ugum~aj:, says J. S. ~~i_U,_ 
would -:depend. •:. on. the -extent of ascertained reserobl.r 
ance, colllJ?Jl.!~d- .first. _with-the- • L . f . 

. difference ~and next with . t 

(1) if the number of ·resemblances known· to exist.- is 
great · (compared- with the number of po·i~ts of differ~­
ence) the truth-probability.- of the analogical : argument 
is strengthen·ed. (2) Uf, however, the number . and 

importance of_- t~e _ _eiin__~ ~gf . · _g_iff~r~ru:e._ is _great, .. ~h.e!! 
th_~ _analogf-i.s._ vy~k ___ 3:nd -~i~leadin(] (3) The greater 
the tmmb~t · of. unk_no~n properties in the subject of 

our argument, .fus:Jess- th.e.iaJue. ·of any inferenceJroa-
j!iose prooerti= tb~ye ·4° kng.w,_. (4t '' The probaJ>i.1~£ ­
that analogous particulars (e.g., objects X-and Y) _ have .. 
a great many more properties in. common, beyond those 
observed would of course be less than the "li 
that they share only, a, ~w more". (Eaton). In other 
words there is greater probability of truth in the ' . . 
.assertion that the new property, w, which is found in 
X would also be present in · Y, than.in the statement 
that_ several new properties, say w, l, m, whieh have 
been .discovered in X would also bepresentin Y. 

Rulf!B of Analogy.-(1) tthe points ~f resembl­
ance should be greater in number and importance than 
the points o( difference~ • · 

(2) If some points of resemblance (or of differ­
ence) are mutuallY. !~late~ in a caus«z wa.y,-they_should . 
~unta~.-
. ---W- Our knowledge of the subjltct should be fairly 
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extensive. For instance, an analogy be~een the Earth 
and the planet Mars cannot justify the conclusion ' that 
Mars is inhabited like the Earth', because we know so 
very little about,the surface caoditjggs of that planet,._ 

- (4) The ultimate value of analogy and its numerical 
measure is 'the ratio of the pgjgts of resemblance to 
the points ofdifference fllys the npkQQwo nojnfs,' 

(5) None of the paints of resemblance and differ~nce_ 
shouid be- known to be related to the (new or) inferrecl 
property in a C:Usal waf, When knowledge of the causal 
relation is available, the argument• from analogy ceases to 

- .a work. 
III. Analogy and lnduction.-U3oth Induction and 

Analogy, lik& . Deduction, assume that things byhich a1;=; 
alike in certain res~ts a.re also alike io otbery.Jln this 
s the a a lications of the P ·nci le of Uni-

it of Nature. nlike Deduction, however, both 
Analogy and Induction are {9rms of prabghle, a:easoeieg.: 
Some logicians -go further and hold that Induction is 
r~ally an!llogical . i~ -~ahi~;-~ Tbe'°r~ i s some"" tnitb--in'-tliis .. 
assertion because · very often what an inductive method 

J.with positive and negative instances) does is tQ chan3e 
~n i!llperfect analogy into a perfect one. 

LBut there are also vital differences betw~n these 
two forms of inference. 

case·s · or · 
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contrast their prgperties and infer something (on the basis 
~ thi~ -co~tras~ and comparison) about the probable pre-
. sence oLsome-oew cJ:iaract~r i □ the second in~tance on 
the Jitreo~U2 of the actual ' presence of that character in _ 
Jhe first instance wbir:b resembles it in certa.,in r~!:ipe~ts. 
' " Induction by · simple enumeration prof~ eds·· from state-
_. • 4' • ~ -· - •• • 

ments about JSO,,!ne pa~rs af a given ._class " to a,._ 
.$eneralisation ,about all particulars of that class;, 
Analogy proc~ecJ~ . fr:t~_state!!}_ents 

4 
about · s0111e .. :J;,r:0J,er.tie.s, . 

of given particulars, to statements_ a J:~9rqLq.t.lz~r.,..prop~,:ties , 
, ~f those , particulars, and possibly to a statemenLJtbout 

all pr erties of .a_.gjy~l}_:§9fLb~longing _to_ tqos~ parti.•. 

I go into a College class-room and discover that all · 
stu~ents are matriculates. I ipfer that probably all the 
students of th~ ,College are matriculates. This is an 
induction by simple e~umeration7_ I- ~ee t~o boys in a. 

.class room. They are br~tbers and resemble each other 
in features, habits,; quality of work, etc. I conclude by 
analogy that these two bo·ys must also resemble in their 
tastes, desires and intelligence. 

J. S. MHl describes true reasoning •. as...one from parti-.. . . . -~ 
culars to particulars. _.ln..this~sense,pure-analogy-wou-ld be-

a b~tte~-f~L~ni~g,~h~n_ . .p,ui:e.in..d.Jtction which does 
generalise. It is not meant here that it is correct to say that 

ftuereasoning. is 'f~£1EJ~articulars.1~~r~cular~ [wha.!_ 
is true is -that ure analo 1 cannot ive · e t· 

clus· 
· With a little modification, however, ·of the principle 

*Eaton, Generdl Logic, p. o55. 
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.of .analogy mentioned in II, pure analogy can be raised 

to the sta~~qf- ~_g_~1.1?.Wli,w;La.1tal.og,J1 Ihus-Eato~-=­
" If a has certain properties, any X ·that · has sorrie of 
these properties will probably h~ve others of .them; rriore· 
exactly, if a has m properties, any X that has n of these 
properties will prob.ably have the remaining ones, and this 
prob3:1!ility V\-'ill be greater as tl)is remainder is . sntal " 
In-other words, t e exhaustive and, disqr_iminative stugy 

...Qf . one case may lead to a generalisation of ~igh pro­
bability. Ir_iduction, on the other .hand, must depend 
o_n num~ers too, in additio~ to :tbe - tUiG':vsis of Jtjven 

instau:cem - IV.. Uses of Analogy.-lt is not always possible 
to · discover an analogy that may satisfy all the require­
ments stated in the previous sections~ J3uf eyeg -the 
fainy;st analogy may be of the utmost use in suggestine: 
new observations and experiments whi.clL.ma.y, jn ,&lJeic 
turn, lead to the discovery pf mnre positjye tryths; J¾ke 
frriticiple of analogy -things alike in certain respects. 
are alik~ in others, perhaps even in albgujdes n5c:eab 
ogly io daj)y life· but-als,; ig- sewntitiednHstiiffctionJ 

Cone o£ i:be great charms ·ar ·:eaeb:y··-coosisi:s iJ, its 
fertile ana\Qgigs..J.-,.SC.ient:ific -r~ch • ..JD.rue· . often than, . . 
~t, has . started. ";ith . er an.J21Jili 1 ia---;t:he m;od pf th&: 
scientist. Jenner, struck by the . re.semblance between 

~owpox and . smallpox, · was .1~4 to thr: di&oe.~eyr · ~ 
, vaccinat~on . as a pot_ent prevent~ve meas~~e against ,!5 ~ 
latter , disease. , The inventors of aei:oplanes and gliflers 
were impressed by. the flight of insects, birds and kites~ 

C:,~he recognition of general !?imilarities leaqs :to t1!;_ 
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discovery 0Lf.undameotal~relatiowJk9 this senseJ ngQ~ 
is one of the most potent incentives to scientific and,, 

- artistic researcbJ-Perhaps it is . the privilege of ec11ius _ 
__to be_:_struck-by _analogies where mortals of ordinary 

clay see no resemblance a_t all, · 

[ But Analogy has its dangers tooJ_f .alse-....analogies_ 
are all too common and res,ulLin a gr_eat .deal of loos~ 

thinking and mischief:]_ Hence the force of Heine's 
ironical prayer : •' Lord, God, save us from the Evil One 
and from metaphors' l • 

Ordinary analogical arguments are uncritical in two 
ways. Eithb~1the importance <:>Lthe points _ of __ difference 
!§ __ 9_\'..edo_oked.;,\rl one's ignorance of the subj~~~ _i~~u~der­
estimated. · _If these two sources of fallacy are guarded 
against, the analogical argument can reach a high degree 
of truth-probability. 

j/, V. Aristotle's defihition of Analogy.-It may be 
noted in passing_ th11t. the . term. analogy _bas not been 
used in the preceding sections in the sense in which 

Aristotle used it. He defined it as an_ !!quality _of re-__ 
_!.:;!j,,ons,, '\le would (in this sense) be said to argue 

1 
from analogy, when having laid down that~ since A : B~ : 
C : D., therefore, if A is, say, double of 13, C rnust 
also be double of D; etc, Or, as ~ child is to the 
parent, so is the colony to the m~ther country. Hence, 

since the child shm1kJ, be obedient to the mother, the. 
~olony __ should al~ berobeditntiowards tpe ipothe~•country. 

. Analogy in this sense, if carelessly used, as in the 
. 'child and colony' analogy, catt be a very ·fert{le - sourc~ 

~!-~_llaci_~~_J_[l_modern Logi;,-howeve;:;theterm-anii~gy 
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in this ancient sense of 'equality 

Exercises 

1. What is meant by Induction by Simple Enumeration ? 

Define and ~:tplain by means of examples. 
2. Tn what way does ' induction by simple enumeration' 

differ from • scientific induction'? 
8. "What an~ the clu1,racteristics of induction h_y simple 

enumeration? 

4. ·what is the v11.lne of snch induction? 
5. Can an induction by simple enumeration change into 

stlientific induction? Show how. 
6. Give four examples of induction by simple enume-

1·ation. 
7. "\Vhet·ein lies the weakness of tl1is form of induction? 

Can the mtu·gin of erro1· be reduced to a. minimum by multi­

!)lying the number of positive insta.nces? 
8. Define and discuss the basis of induction by simple enu­

meration. State the chief limitations of this method. How 
does it contrast with •induction . by complete enumeration' 
(i.e., perfect induction)? 

9. What is Induction by Analogy? Define and exemplify. 

10. Give t\\·o concrete e~nmples of analogical inference. 

11. Distinguish between Analogy and Simple Enumeration. 
Use examples . . 

12. Discuss critically the Principle of Analogy. Vl\uit 
rules follow from it? 

13. Wbat is the relationship bet,veen Analogy and Scienti­
fic Induction¥ 

14. What are the uses of analogical inference? Do we 
use this form of reasoning in daily life? 

15. In what sense \\'as Ana.logy used by Aristotle'! Give 
e..-.::an~1;>les. 
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. 16. Indicate with examples the various kinds of fallacy 
that are liable to _occur in reasoning by .Analogy. (See Chap­
ter on Fallacies). Do you consider that reasoning by Analogy 
is of any value in the study of science? (P. U. 88). 
. 17. What is the nature of at'gument from Analogy? Can 
it ever· be r~garded as con~lusive? What are the conditions 
on which the strength ~i such arguments depend·s? . (P. U. 27). 

18'. Explain ca~efitlly the nature of Analogical Reasoning. 
What is the weak point in an argument 'from _Analogy?: Illus­
trate your answer by an example. (l'. U. 25). 

19 . . Explain the ·b'ature of an argument from Analogy, 
Give an illustration. 

0-Arhe ·use of .Analogy is 'peculiarly liable 
to lead to fallacious inference. Why so? (P. U. 28). 

20. Explain the nat"ure of Inference from Analogy. Give 
a concrete example. On what conditions does the value of 
analogical inference depend ? 

21. Cari you prove · by Analogy that if prohibition oj the 
sale of liquor has • increased crime in another country, it will 
necessarily do the same in India?' (B. U. 88). 

22. Distinguish between Perfect Induction and Simple 
Enumeration. Di,scuss the value of a conclusion rflached by 
Simple · Enumeration. -Sh(?W how this metho(I. of reasoning 
depends on the Uniformity of Nature. (P. U. 3-l), 



CHAPTER VIII. .• 
SCIENTIFIC · INDUCTION-.(t). 

MILL'S INDUCTIVE OR EXPERIMENTAL 
METHODS. · . 

I. . lntroductory.-It has been · pointed out in 
Chapters IV and V that the Law of Uniformity of 
Causation (wb_ich is the principle of Uniformity applied 
to Causation) serves, more or less, the same function 
in Induction that the Dictum of Aristotle does in the 
classical doctrine of the Syllogism. The . Law asserts 
roughly that under 1 i,m.il.tn; .circu.mstances similar 
antecedents lead to f!i.mi.lpr co&fN_Yent.!:. This, how­
ever, is quite a general and perhaps a vague formula. 
We should know how to apply it to actual and con­
crete cases. Given a complicated phenomenon, bow are .. 
\Ve to find out what are its causes and to what effects 
does it lead· ? .J_.t is to apely the Law of Uniformity 
of Causation · to actual and concrete case~ tha,L.J-S__Mill­
•devised hjs · Methods. They are so many devices for, the 

F . 

'discovery of causal relations between different pheno-
. mena by a successful elimination or rejection of irre­
·velant attendant circumstances _;_ 

-Functions of the Methods.- Mill points out only 
two functions of his methods. They are (1) methods 
of disoove'ry of -tke caiisal relatioushii?_s oet\ 
'phenomena; They try to suggest and formulate h o-
~ which rriay_eoable investigators to expla.in the 

facts under observation. (2) · They are · also meth(Jds of 

'proof fri.. the . sense that they . enable us to prove the 
validity or truth of these hypotheses. ·-
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J or the z.ggi;gifi..n1.. ft.E~~'?~r, the_i~ . f !ttiction _as methods 
.af,._f?..roof.__i$_ the-1,w,:e_itiJ/W.dan~ of,. ~~ . ~-~o . The logi­
cian will leave it to the expert scientist to discover his 
laws and causal relations as best as he might. But_ 
given such a dis,coy.er..y, be }£ill try to rational!~~- ~~~ 
erocess oLdis.coy.ei:.y_h.y_ 12ointing-9ut the dis_tinct . .2!~P~ 
.oc sta~...m..J.h.e evidence whis.hiJ.h~2!!S:~_!.~!~~~!1-, 

tiY.~~~~ave led to ~ is~':'~EY: . 
. The task or-cliscevery and proof IS made easy by 

the gradual and ~ mplete rejection (elimination) q.f alL 
irrelevant circumstances. This can be done, as Bacon 
had suggested, by varying the cir~l!1Ji1a.oces_fc.om....in: 
stance to iosta-n~ Elimination means the s'uccessive 
·exclusion of the various circumstances wblc;b_~~!l.Q 

to accompany a phenomenon in a given J..11.§it~~-~'- in 
order to ascertain • wh.M..J,r.e~: those __ .among_ tbe.m . Y1hich 
can be absent CQ!'ljji!i~.ntl)L..W.ith_the__existe.nce....oL.fu~. 
henomenon". This ensures the_sepa.ration olthe,c;1,sual . 

iruL...th.e....accjde.o...qi_l from the causa,l and. _th~ .. esa~n.tial .. 

Our observations and experiments_fillOuld. be- oondueted . 
.-in-suGh-a-wa-y.,--i.e.,-the-instanGes- sbould_ b.~ !iO ~~ac;h1~!!Y 
~that we should be able to note what happens 

when· certain antecedents or consequents are- absent. 
If we discover that the presence or absence of a 
certain antecedent is always follow~ by the pJesence 
or absence of a. certain consequeQt, we are justified in 
inferring some ca11,Sa,l relationship between them. 

The examination of instances by a successive vari­
ation of . circumstances sh_ould be exhaustive.· This can 
only be dClne if both .~itive....aQq _ _.!1~gative instances 
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~ carefully noted. ,V-le should study tge cases Qf.!b~~ 
occurrence as ~.elL as-th.e-cases- ef-the noo.-.ac~~­
. oL the--llheDQJJl.~P.QQ.._!!.I].c\~L.G.QJlS.i.deratioJl- The study of 
negative instances is particularly important. In order I 

_EQ •. fi.nd ... o_!.~~ ,y~~the_r._ a ._part.ic.uJ~r..-s.eq.uence-is-·both--in~l 
variable and __ unconditional.~ ~h...Qll.ld..J.1ote-both - the.: 
pos:tive and the negative sets of instances. 
- ·-r,;:i-;;d~i~·~7Eli~ion.- Just as the Dictum 

de omne et nullo is analysed into three canons of the 
syllogism, so is the Law of the Uniformity of Causa­
tion resolvable into three Priiicip!.es of Elimination. 
These are:-

l 
(I) c ' elimfo . · 4,,:cj,,u,dice-..tol 

the effect is uo~~--Or, · whatever antecedent 
can be left out without injuring or destroying the 
effect, is not the cause. ln other words, that is -not. 
~Yb.icll,_ wl;len ab~~_t,_the, effect. i.:Lili!_l prese!!~• 
(and which, whe.n, __ present. the____clle~c~ll absent). 
x is not the cause of y, i( when x is absent, y is 
still present, (and when x is present y is absent). A 

~ antecedent cannot be the cause of a phenome­
non. If in the case of a certain person the eating 
of a melon on one occasion was followed by cholera 
but on an~ther occasion it was not, then the eating· of 
of a melon by itself cannot be regarded as the real 
cause of cholera. 

(2) , ~hen an antecedent cannot be left out, with­
out the consequent . also disappearin , such antecedent • 
must be.,: the cause or a part of the cause. Or~qt~ 

!'?~L .Sa.!11wt be elim~nated with'!!.ti __ preJ.!1dice to the 
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_&fj.ect.....Js th~_J}f!U§e.J..J,s the cause of y, if the absence 
of x is always followed by the absence of y. If there 
is malaria . in a certain locality • whenever there are 
mosquitoes and no malaria· whenever there -are no mos• 

quitoes, . then the . ~osquitoes are the cause or a part 
of the cause of malaria in that locality. 

(1) and (2) · jointly give us these conditions of eli• 
mination: x is . not _the cause of y, if when x is pre• 
sent, y is absent; .or ·-when x is absent, y is present 

To be the cause "'for a part of the cause), the pre3enc 
of x must always enta_il the presence of.)', and the absenc 
of x must always entail the absence of y. 

(3) _Wiien.... atUJ.U:rt~ase or decrease of a certain an• 
_ .t~eJ.i.§1JL.i.s_f.£!JP.:<YJ!.'!~ _by_ __ ~ - t;~rre~P~!.1di11g ·and~ or~ 

f~a~e C~Cf,nge in. a gertqin conseq1te11t,__t.ben.lbat",a.v.t • 
. c~cl§11t _ .i:L_.CJlU..~lJ--~f!11.1!f~M . with that · coizsequimt 

The doctrine of Conservation1 of Energy · supposes th 
cause r and effect to be quantitatively equal, and this 
third principle follows...ir.or:i=i-thiSJU-pf)eS-ition.- We be• 

lieve that heat expands bodies because ·we notice !that 
any increase in the former · is followed by a corres·pond· 

ing increase in the volume of the latter. ' 

. On thtse three ptintiples Mill bases his five metltods. 

These are the Methods of · Agreement, of Difference, 
of Joint Agreemeht and Difference, bf CondomitanrVari· 
ations, a~d of REsidues. Let us now turnto the'rn. · 
:, ·JI;' Method o'f Agteem~nt,:.... Canon:- '~If two QL 

~taoces-af_jhe_. ~cs:urtence :. ~£ .:the phenogien~n 
- UA<lei:-con&idemtion-ha v:e.~ ci.nly_jj.n.e..ci@m~.Qce if!_ com-: _ 
mo~ circ..umsta~:.....whith~ll-19.!t~ a,11 !h.t:_i_!lsta_°-_~es 
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agree, is the cause (or ·_i_ndispensa.ble..Go~or . .effect 
2f. the given QQ~ OQ.!Jlen-00.~?. {MUI). · 

SymbolicJllustration :- _ ··· - . ... . . 
Antecedenf:s. Conseqilents. 
{I) A B C .................... . l 11J n 
(2) AD C ......... . . . ......... l on 
(3) A DE . .-: ..... ...... : .... . . l op 
(4) ·A E /( ... . ............... :./ o q 

etc·. 

, .. ·.· .. ·kis,the cause of l. 
Suppose that we · ·have to find the cause of I, ·ot.. 

..tb.e._.~..llf..ll, .. by . ..means,_of this ,m~ Our reason-· 
ing would he:- In case· (1), l may be effect of A or 
B or C ·or AB or AC or BC or ABC. ··But iii case . 
(2), · t · ·occurs . although B . is · missing. Hence B is 
neither. .the . cause .nor. ariy pad .. of the . ...ca.use of l, 

because what can be eliminated w.itl,wtit prejudice· to_ 
the . effect is not the cause. : Again . in case r (P, . D was 

absent and yet l was present. Hence · D cannot ·· be 
the cause either. In a similar way we find that E 
and I( are not the causes of l. . A alone is presen.L 
in all cases as an antecedent, Hence A alone is ths 
cause of[; We have a syllogism:-

~ r:_.~p_J~e.~«:_lin~Jml.t~d is irrelev._ant 1i.c,,.is ·.not 
the cause). Now B; C, D, etc.; can l:ie '.eliminated. :. B, 
·c,-o;·etc,~~e irrelevant (are not the· cause). But l must 
have a cause. Therefore, . the . only reinaiQing · antecedent, 
A, is the cause. · · In other words, the · sole ' 
cedent A ,j .Qbabl. 
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Concrete Examples.-0) Suppose that some people 
10 a village suddenly fall sick of cholera. We find 
~hat their occupations were different, their habits were... 
different, their ages were different, their diet was different 

' ~ But they all. got their water supply from the 
same well. \Ve infer that the water of the well is 
responsible for the outbreak of cholera. 

(2) Suppose that there is an outbreak of small­
pox in a certain _town.· Many people suffer. We ob­
serve that none of the victims had been vaccinated. 
\Ve, therefore, infer that the absence of vaccination 
is the cause or part of the cause of all that suffering. 

(3) We have several friends. Some of them are 
healthy while others are not. We want to determine 
the ~use of the good health of those who are blessed 
with it. We notice that ail a£ them without excep­

tion take res~Iar_ P?'t,Sical exercise,_ We_ - iEfer, t}:t~x~-­
fore, -th~t . regular physical exercise is the _ cause _OJ.:..P.fill­

of the cause of good health. 
General Remarks and Criticism. -{l) This method 

is one of observation only, and i!t. tberefore, 5Umect to all-4"_....._.... " 
.. the defects l)f- obseryat jeo '"'""It. can giY.e.us __ mor;-.2i:-:-!ess 

--_p.rabable -c~ndusion.s, but never cerJl ioty:- 2 L 1:.ou~ 
,f the number of instances examined is very large, the 

. degree of truth-probability becomes very high. 
(2) To get the best results, all irrelevant circum• 

stances ~hould be eliminated·. This, however, is not so 
easy to do. In nature, relevant and irrelevant circum­

/~tances are mixed together and observation alone cannot 

help us ; i~ _mpination remain:,_io.sam,rl!r• 
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(3) Sometimes events co-exist in natu.r,e; sometimes, 
they are reciprocal Ear insta.nce, education and national 
prosperity, and crime and drink, are somehow causally 
connected. But we do not know which of them is the 
cause and which the effect. ,]:a[b ioflue.nces- the- -0ther:­
Such case.? o~ _ ml(tualj t)• .'!f. cause and e _f}Pt._ar · · · e­
t e scoe_e o~ ~h.~ ~ ~tJ~o~ _o( .. ~gr~<:m~.nt.-

(4) This method is equally uselP.ss in cases where 
t,wo or more events are "oint-e e,cts o 0..11~ 

J,mknqym cause. If, e.g., sleeplessness -~ night is accom~ 
p~!!Y._~dac~~,~e are ~iiicl1ri~to. ...rega.ul..the-one . \ 
t he cause of the oth~ But both ma}! be due to ~.r.o 
~!:...~E~Y,9r~ r a bad digestion. 

(5) _Again, the re; ults-~btai~d by this method may 
b~j pvalidated on account of an Intermixture of Effects. 

. - • I 

(6) The objections mentioned above. however, should 
not lead us to suppose that this method is valueless....!!..,; 
is of r_~t usie . .in . those .. cases where experimentation is 
not possible. f its conditions are satisfied, it can 

a v;cy hi_nh degrpe gl truth-probabilt~.. .Qh:.e.o.x a hy.po~ .. 
J hesis, . this . method.- ca n--test it and pave.the . .l.~a)::lo.t.f.u.t.w:~ _ 

. :ta"~-· -expeftmen LtOn . .:_-·· - . 

· (~) It can he used both for the discovery of the cause 
of a given effect and of the effect of a gjyen cause. 

~f8)· We should- distinguish· this-method· ·from-induc­
tion by simple enumeration . The Iaftef is u nsci~htifi~ · 
since it relies for its conclusions . merely on the number of 

. instances. This method, · on the other hand, relies on 
both th;'quatit,, Cdla,ractecl a11d the number, of the in­
stances-examined. It is a method of elimination . 

.. a , ~ 
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III. Method, of. Diff~rence. - C,i-,,on. :_~n_in:... 
~ t~;ce ipwliicJCfl}~phenoiifonon-· · under in.~~-t!&~~ 
occurs, and an instance in_,wp.icq_ i[..9.q.~~ ~C?.t •. ~<?~!:!f!--~'fiav~ 
every circumst.,mce in common sa~e -0ne .that . one ~ccurr­
iqg on y m the former; then the circumstance in which j 

-lone .the two 1 ces _differ is the ;ff;F;:0
·'th~.,~~·~·s~. 1 

or an m 1spensable part of the eq,u;;;. of the phenom':~. 

_ Eon,:' (,Mi~l): .. . .- , . 
. . I!') ,the method o.f Agreement we select a . .J.iun,ibe_LOL 

. . . . ) ) ' 

~in__what.resp_e.ct_tbe.y. all _agr,~-l)ut 
in this method we take oµyz two in.stances -and ob.serv~ in, 
what respect they diffg from each other. ,r . 
Symbolic Illustration : - · 

.Antecedents .. 1 C01isc:que!1ts. 
A BCD ... .' .. .. ..... ,.. ........ ~····}qr s. 

B ·C ,D .,._. . , .. ·.·: · ...... . · •... . . . .' .... •.• ,·<J., r:s~ 
·. :. A. , ......... : ··P, . 

·what is .the .cause. ·.c;,f_p, or bett,er ~hat . i.~ the effect 
of A ? 

. An exa.mination of cases· -(1) and (2) shows .that the 

fa~t~rs BC D ... : ... q rs · are the same: ' in the tw.o ~~es. 

In . (2), . howe~er, A is absent and also k is ahs~9 t.-.. w~ 
infer, therefore, that . they are causally· co~nec ~ :-::-our 
syllogism is : - · 

. \Vhat .cannot be elim.inated without p.rejudic; to .the 
effect, is the cause. A catinot be eliminated . without. pre-. . , . . ,, 
judice. to the effect. Tbece£aa:, i4 is tbe canse (of p)~ . 

. . . ··' . . . .. ' 

Concr~e ·Exampltfs . . (1) We know that airtransmits. 
sound_ bE!caus~ we he~r t.he tick . o( t6e watch whi::n it is. 

, • • • (• • • . • • - f ' ., ' • • • ' ' ' , ' I 

placed ms1de a J~r ;, b.ut !]Ot. when the sarne jar is·emp.tied 
~ . . . . . . . . ' 
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of ali air contained la jt A 1l circumstanGeS excepi , 01w 

~ ,bein~-the-·same;· we- rega7d-~t1iat ' 1'ne circumsrirnce . ~th·e 
emptying ·of all air) as the caµ§~he-pherwmenon 
(absence of sound). · · 

(2) Of ,two childr~n livi~g in the sam~ house and 
. . ) . . . . . 

belongin.g to the_ same fa~ily, one suffers trom small-pox 
while the· other_ .· esca:pes. · If, now, · we know that ~he 
sick , one had not· oe~n . vaccinated while the oth,er. had 

- . . -,1 ~ , . ' 

been, we earl infer that yaccjnat:jon prey~nts small-pox. 
(3) Ihe colle.@ hell st~ikes in the -c~mpound arid 

the students leave tbeic classes for home, Hence the 
.bell is the cause or a part of the cause of the pheno­
merion (the dispersing of students). 

(4) I feel thirsty and drink a glass ·of water. The 
feeling of thirst . disappears. What is the cause ? Of 
course, the ,vater which I drank. 

- - "'(,s~- Prof. £1'skine-wantecl- te• test the potency of a 
serum that he- had prepared to prevent-bubonic · plague, 

He took twentr hea_lth?' r~ts fror,i ~ ship. .whi_c~ had just 
come into port, after·a 'long -voyag~ .. ' (caw ' aoci!bec gort 

,v_foch was free from plague. During the voyage · there 
had been no case of a rat-dying of plague. The rats, 
therefo~. were strong and _healthy. He inoculated ten ,of 
these rats with hrs serum ; the others were · left as they 
wer~- He · next took a __ rat_ . suffering from plague and 
introduced it among · those twenty. After a day or -two 

. . . 
it was observed that the ten tin-inoculated rats were. 
suffering from plague put . the inoculated ten bad 

..i;scaped. This proved conclusively that tQe serum · 1was 
a good pre;entive. 
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General Remarks and Criticism.-(!) The validity 
of the rP,Wt5 obtained by rnea·usciubis m'eEh"rufai>peiid~ 
the essential condition t nl one circumst ...._,,,§_l!,alL be-. 
i,•aried at a tin1',. Nature, however, rarely presents to us 
cases in which a sin le circums nee ·.e., 

y addition or by substraction). Hence this method is 
useless in <a@:'? of hfi:E{t:fl05efYM:ien;-T,o use it we must 
devise our own instances :J&m mi,s!._ ®.l!!}t:itnetit-

(2) The method of Difference is thus experimental in 
nature, just as tle method __ _?f _ ~greemept is ... observa-

ti~~l!l.- - -- - ---- · ~- --· ·---- ---- ···• -
.- (4) AgrQeme~ on £fie - law tbal:'\,;liaram-

be eliminated is not the cause. Difference is based on 
the law that what cannot be eliminated is the cause. 

(4) The suggestion or hypothesis arrived at as the 
result of the application of Agreement can be tested and 
verified by Difference. . Every exeeriment is an instance, 
of this method. _ 

\5) Difference is better than Agreement in that it 

can give us certain resul~s. !! i~ c~~ditjon~ 7ir~ satisfied\·· _ 
_JJj8• jf only o,,; cifcumstance is varied at .a tjm .. ___ _ ___ .-

IV. Joint Method of Agreement ana -Difference 
Cahon : "If two or more instanc~wn which the pheno~ 
~on unde,, inv<5tigation occurs have_ onll'.._o~~..<c'!~~~ce 
m common, while two or more mstances in which it 
does not occur have nothing · in c01~~;-•-~ ; -· ·the 

abs·ence of thatci~th e c irc~-~~t~~;;-in 
which alone the two sets of instances diff~-; - ~ -th~-~;; 
or the eff~or ~o}ii_qisp~~~bte_.e~rt .i th~caus~ ~f the j 

~~n..2-menonv'-~ ...( l\-iill). ' 
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Symbolic lllustrat-ion :- ... 
Antecedents. Consequents . 

. . f AB C .......... . ....... l m tt 
Positvve I A C JJ •• , .. .. •• ••••• . l no 

.AB H .. ................ l11ip 

etc. 
f B D F .................. m o q 

.Vegative1 B Q f!·· ········ ........ p r s 
lG RC ...... . ....... ... t ti n 

etc . 
.. A ... . . . ..... l 

HerP. we have two sets of instances. The positive set, 
which resembles the method of .\greement, shows cases in 
which the circumstance, A, common to all the instances, is 
followed by l whose cause we desire to discover. Agree­
ment tells us that .4 is the cause a£ l !;Jince A is tb~ in­
variable and indispensable ~t Qf l , w~~ .. 
C, D, R are oat Tbis caoclusiOlL..is cooflcroe<L~ 
negative .~et of instances which sbaws that eveo though. 

, B, C, D, etc., are present, yet the consegpe,ot l is absent in, 
.~ very ca.s.e:,_ Heoce the.~na0t..b~q.uses of l, _ 

The positive set tells us that what can be elimi­

nated (B, C, D, E) without prejudice to the effect l, 
is not the cause. The negative set tells us that what 

cannot be so eliminated (i.e., A) is the cause (of l), 
Concrete Examples.-(!) If it is found that those dist­

ricts are free from small-pox where people had been 
vaccinated in large numbers, while those districts suffer 
most from it (though similar to the former in most 
respects) where vaccination had not been introduced, then 
we can correctly infer that vaccination prevents small-pox. 
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(2) Similarly, if malaria rages in districts where the 
drainage is bad . and cess-pools and marshy areas are 
common, while those districts are relatively free from 
malaria in which these defects are absent, then we can 
correctly conclude that malaria and bad drainage are in 
some way causally connected. 

(3) If the teacher finds that thos~ of his pupils 
score the best marks m . the . examination who were 
most regular in the performance of their home tasks,._ 
while those fare wofit who, th.o.ugh_equa.!cy_jn.t_elligfillt.. 
had been consistently neglecting their home exe.r.c~a.. 
then he would be justified in concluding 'that the success 
of the former is due in great measure to their industry 
outside the class-room. 

(4) Dr. Wells inferred that the formation of dew 
depended · on · the coldness 0£ · the surface of bodies __ 
below the temperature of the surrounding air. The ,reason 

~as that aJl those substances (stones, plants, etc.) on which 
much dew is formed, agree in that they radiate heat from 

their surface very rapidly, · while ori the contrary, those 
substances on which . little or no dew is formed agree in 
having very little radiation. V 

General Remarks and Criticism.--· (1 )'This method 
can be called one of Double Agreement because 
it consists in a double application of th~ :n: of Agreemet).j: ; 
t.iz, first to · those instances which agree in I lte presence of 
the circumstance and the phenome·non under investigation; 
and, secondly, to those instances which agree in the absence 

·of the circumstance and the phenomenon under considera­
tion, other factors remaining more or less the same, 
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(2) It may also be regarded as,. an extension of the 
m. of Differen~e because whereas Difference req'uires only 
one positive instance and one negative instance (which 
in other respects remains the same), this method re­
quires one set of positive in~tances and one set of nega­
ative instances (in other respect3 more or less similar). · 

_ (~) The m. of Difference can only be applied when 
all concomitant (or . accompanying) circumstances remain 
constant~ But such instances are not easy to find. 
Agai~, · th~re ·are cases where' exp~rimentation is out of 

the question. In such cases, the Joint Method can 
give to our re,mlts · the nearest · approach to certainty. 
As Deighton says: '' In trying to reach generalizations 
regarding the beha_viour of hu~an individuals or human 
societies-in looking for mo~al or social or economic 

laws -it is, of course, impossible to employ Experiment. 
Mere observation of the Agreement type would, how­
ever, lead to faulty results. Hence, we have recourse 

to this method which can give the best possible results 
under the circumstances." 

(4) The two sets of instances should have ?'aAy 
factors in common, because otherwise there ran he oa 

..£9mparison between them, for this reason Deighton 
modifies Mill's canon into': -- " If when two sets of in- . 
stances- one in which the · phenomenon· under investi­

gation occurs and one in which it does not occur-are 
drawn from the same field of inquiry-it is found that 
there •is · one circumstance which is invariably present 
when the phenomenon occurs and invariably absent wh~n 
ft does not occur while each of the other circumstances , 
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in both is sometimes absent when the phenomenon 
1s present, and sometimes present when the phenomenon 
is absent, then the first circumstance is causally connect~ 
ed with that phenomenon." 

V. Method of Concomitant Variations.-Canou: 

" Whatever phenomenon varies in any manner whenever ... 
,, ai;other phenomenon varie:; in some particular ma~nerr:,, 
is eith;£_ a -?u~~ 9,r ~o effect of that _pbeoomengn. m; .. 

...., 15,, connected with it 91 some tie of wiusation." (Mill). 

Symbolic lllustrati-On :-

Antecedents Consequents. 

Ai B· C .....•........ : ...... x1 l 1n 

Aa B D ..................... :x~ l n 

A3 D C ...... . .............. x3 n 11i 

etc. 
:. A ............ ;t: 

\Ve find that an increase or decrease in the amount of 

A is followed by_a .corresponding increase or decrease in the 
amount of x ...,Other circuntstances, B, C, D, may or may __ _ 

> not charir,e from instance to jnstagc;E,: We infer, then, _ that 
BL C:1.D::tAs, are upc.onnected with tbe prqgyction of x, aod 
that the only cause pf a: is 4.. -When the circumstances B, 
C, D, etc._, also change from instance to instance, it should 
be regarded ,,as a yarjatjon of . the m, of AgreeJIW>t If, 

however, these aptecedents dg not change from iQ;ttance tor 
.instanc_e, th.en it would be a modification of the m of 0i~r- _ 

:=e~_Jhe distinction here between these two methods 



INDUCTIVE OR · EXPERIMENTAL i\IETHODS 125 

would be that whereas in Difference~ A and x are pre­
sent in one instance -and erifirely absent in the second ... 
in Concomitant Variations, on the other hand A 
are presen m a mstances in varying degrees while 

.othet'Clr.Crims1~~-~ -•r~mam the same. --- -- -- ­
Co,zcrete Examples : (1) Friction is the cause of heat 

because an increase in the former is always followed by an 
increase in. the quantity of the latte~. 

(2) Heat expands bodies· because we always tind· 

that the volume of a material substance increases (!lJ.roul?' 
the mutual repulsion of its molecules} when its tem­
eerature also increases. Thete is t'egular a11d pro/)or-

r tionate cap;esbgndenee-bet:weeR--the b5'a. . 

(3) Suppose that a ·rat is .. plate'd inside the receiver of 
an air-pump. The air is gradually extracted, but not 

,exhausted ... The rat's suffocation agonies increase. Now 
.,we gradually'ournp tlie air jp. · We observe that the rat 
gradually regains its first healthy condition. \Ve infer 
that air is necessa~y for life. 

(4) A survey of the animal kingdom tells us 

that the animals &bose braig-centr.e5> are comparatjvfib' 
more complicated in structure ,and greater in volume 

_y.re the animals whjch possess a keener, intelligence. 
We infer that_ brain and intelligence 6te causally related 
in some way. 

, (5) The tides are regarded as " due to the attrac­
tion of the moon and sun, because the periods of 
high and low spring and neap tides, succeed each other 
at intervals • corresponJ!L[!g to the af,pare11t rev~~utions of .. 

_Jhese bodies round the earth " (Jevons). --~11 .. ?':s~s of 
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_;/!!!!]2d$_ chaoges .in .. n~tJiniL ph~!l~i:t:1.«:~~ ~rf: -cases f9_i:;J'1.e 
application of this method. . . • . 

General Remarks, - -W Such natural agents as 
gravitation, temperature ' of bodies, friction, etc., CT!,nnot 

. be entireiy 'eliminated in . the. periormance of e~iments. 
· Hence, we requjre ·a method to determine -ibe effect o( r· . . . . . . 
these caus~ l when we ca(!!lot eJilirely get rid of them 
.but can have &:g:;,e or less of1 them. This is done by the 
m. of Concomi nt Variations. 

' (2) Science reguires .exact ·quantitative determiuatio_11 
of ea~ses· ·a!}d - effects; -'-·Mereoose,rvatron may '"i:elG s 
that quinine cures malaria, but if this discqvery is to 
be· of real use we should alsolfno\vffoW·-;rm~hor 

-.quinine would be necessary for patients of different ages 
· and conditions. . . · . . . · . • 

.... (3) . In -e_mploying this method, it is, however, .risky 
to · infer •-the--exist~nee-~f- a-:-eorreia;tim,- bet<e'en . cer@)1 
antecedents and consequ~ts-"wifliou f "."'exarriin iilgTrisome 
detail · the nature of the concomitant variation, In gene­
ral, ' the more . definit~ly the . relationship can be shown 
in a · considerable number of cases, the more ground 
there is for the conclusion that the coojnnctian is 
not accidental' (Deighton). For example, psycholo­

gists have found that certain definite correlations · exist 
between a child~1:hronological ·a~gjjd,'hit3mental ~e (i.e., 
his mental equipment at any particular period) •. But 
though this ' measurement of intelligence ' is quite exact 
within certain limits, jt fails entirely jn tge ·cases ai_ 
freaks like prodigies, geniuses, idjots, etc. Similarly, 
it is known that cold contracts bodies; but at a certain 
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'-degree of ~emperature, the contracti,on again changes into 
expansion. In .such cases tb_e ~ormulation of'tbe ·oorrela.' . 
tion should vat go beynnd -the range of •cases observed . . 

(4) . This method helps us in classification by· series. 
It has been pointed · out . by Bain that if_ the indjyjciuals · 
ci£.,_ a class possessii;ig ~i). common, property are arranged 

_w:tbe order · oE the degr,ee in which they possess that 

prop~rty, t~en, it is possible to detect some corresponding 
prgperty which varies concomitantly with it. 

(5) Exact measu~ements are possible · only where 
the cases ad,p1it of quantitative changes. C/ia11ges of 
;1,uality cannot be measured in mathematical terms 
Hence in no such case should this method be used, . 

S)1mbolic· llltistratimi : -

Antecedents. Consequents. 

I 

(){nown by p1·e· 
dous inductio11.~) 

A, B, C..... . .. . .... . tn, x, y. 
( B .................. x. 
t c, ............... : .. y. 

:. A ............ ,n. 
\Ve observe that" the antecedents A, B, C, produce 

the consequents m, x, -''· But we also know from past 
experience that B produces x, and C produces y. We, 
therefore, infer that . the remaining antecedent, A, is the 
~e of the residual (remaining) plienomenon, 111:,_ · 
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· Concrete Examples: (1) Raleigh observed that the 
density of nitrogen _ obtainecL.fr.om- th~• -atmesph-ere ·was ~ 
greater than that of the nitrogen prepared in the--lab6ra-· 
tory. What was the explanation . of . the · difference ? 
Careful i'nvestigatioµ by him and Ramsay led to the 

discove&y.-thaHhe-greater density otatmospheric nitrogen 
was due to the presence . of an -hitherto unkn.own gas 
in the atmosphere. This gas was isolated and named 
~ After the . isolation of this gas the nitrogen of 
the atmosphere wis found to possess the same density 
as that of the laborotary. 

(2) Suppose that the cost.-0.La-h.uilding, includ­

ing furniture is Rs. 5,000. We know that Rs. 1,200 
were paid as wages, and Rs. 3,200 for building material. 
We infer, then, that the remaining sum, Rs. 600, was 
spent on furniture. 

(3) The occupants of a third class railway compart­
ment find, when leaving the train at the terminus, 
a Rs. 100 note lying on the floor. Not one of them 

is rich enough to have possessed (and dropped) such 
a valuable note They remember that a rather pot­

bellied sowcar was with them for a short time. There­
fore he must have dropped the note. 

(4) ' Almost an the greatest discoveries of Astro-
_.nomy ha.\l&-l'esul-~m- the-.coJ1Sidera.ti.o.n.- oi.r.esidua}. 

phenomena .of a quantitative or numerical kind ;'..'._~e.g., 
the discovery of the planet Neptune in the la.st 
century is an oft-quoted illustration. 

General Remarks. - This method may be regarded 
as a modification of Difference. But whereas in Difference 
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the negative instance is arrived at as th:. result of direct 
o~servation and experiment, in Residues it is c;>btained 
from previous inductions 

(2) Difference is mainly experimental in . nature, 
but Residues is .mainly mathem~tical in nature. It 

implies previous knowledge of the laws of separate 
causes which are deductively calculated and t};len sub­
ducted from the positive instance. 

(3) It is, however, most profitably used only when 

the science employing it ~as already made some advance. 
Given this, it is one of the most fertile sources of 
di~covery. 

(4) ·Deighton has analysed the implications of this 
method into tu•o parts : -

(a) " In the case of a complex phenomenon which 
is the result of several causes, this method enables us 
to find out what part each of these causes plays in 
the determination of the whole fact under consideration." 

(b) The method also recommends that "when any part 

of a complex phenomenon is still un-expla.ined by the 
.causes which have been assigned, a further cause for 
this remainder must be SOUf,?ht." 

VII. Mill's Methods: General Criticis~ and 
Remarks, • - The methods Qf Mill are t~ly to,:1ual. in 

~nue. T~y are so many applications of deductive 
inference to the facts of experience. Carveth Read des­

cribes them as follows:-" Inductive Logic .may be con­
sidered as having a purely formal character. It consi~ts, 
first, in a statement of the Law of Causation ; sec~ndly, 

,in certain immediate inferences from this law, expanded 
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tno tfie Canons; thirdly, in the syllo gistic application 
of the 'canons to special propositions of causation by 

means of minor premisses showing that certain instances 

satisfy the Canons." . 
The Canons or Laws of ·Elimination are really imme· 

diate inferences from the Law of Uniformity of Causation. 
They serve as the major premisses of the inductive 
syllogisms of which the · minor premisses consist of data 
supplied by experi~~ce, · i.e., by observation and experiment. 
The five . methods can be reduced to two ultimate forms. 
The Joint Method and the Method of Concomitant 
Variations are modifications of the Method of Agreement : -
the meth~ of Observation. The Method of Residues 
(and the Method of Concomitant Variations, too) are modifi­
µltions · of .the Method of Difference :-the Method of 
,Experiment. Let . us now see whether these two basic 
methods can be reduced to syllogistic form. 

'Agreement is based on the first canon of Elimina• 
tion. The syllogism reads : -

Whatever antecedent can be eliminated without pre­
judice to the effect -is trot the cause; B, C, D, E, etc., 
are antecedents which can be eliminated without pre­
judice, to the effect; ;-, B, C, D, E, etc., are not the 
cause. · (Cdare1it.) But according to the iaw of Causa• 
tion, , every event must' have a cause. Hence ·since B, 
C, D, E, etc., · ate not th~ cause, the only remaining 
antecedent, A' must be the cause of the phenomenon under 
consideration. 

Diffe,-ence is based on the second canon ~f Elimf­
nation. The syllogism reads:-
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. Whatever antecedent cannot. be ~liminated without 
prejudice to .tqe effect -is the cause; A is the ,antecedent 
which :. cannot be eliminated -without prejudice to the 
eff ec.t; :. A is the cause. (Barbara). 

We . see, then, that the methods of . Agreement and 
Difference are easily ·reducible to · the moods· Ce/.arent 
and Barbara, respectively. This formal nature of the 
inductive methods s sometimes. e~pressed by the state-
01ent :-The Leno . ~f Uniformity of ·causatio~ is (,he 
ultimate major premiss of all ind1,ct_i".ve reasoning. 

W/aewe.ll's objections 'against Mill's .Methods.­
The.logician Whewell reg~rded Mill's methods as usele~s, 
bcduse (1~ they presuppose the very thing which is 

~o~t difficult tci discover, viz., the reduction ·of phenoD?,ena 
to so many 'cur. and dried ' and calculable . instances. 
I_t is all very well, on p1per, to say .that A, B, C, produce 
a, b, c, but Nature is too complex for these formulas 
and clear-cut combinations. (2) Again, no discoveries in 
science have been m:1de by means of these methods 
The discovery is ' made somehow by a scientist who 
is unaware even of the existence of these methods. What 

the methods can. do is to reduce the discovery, after ·it is 
made, to symbolic form. 

. . Mill's answer.-- (1) It is very difficult to come acros$ 
clear-cut instances of phenomena in Nature. Gold in ,its 

natural state is always mixed . with dross. But ·we· still 
k_now what genuine gold is. The irrelevant complexities 
(attendant circumstances) can be got rid of, like dross, ·by, 
the help of these methods. (2) They serve as models to 
which we can reduce all inductive reasoning. They. are 
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methods of proof and 11ot of discovery. (3) These methods 
perform the same function in inductive logic that the 
svllogism pedorms is deduction. Reason is not limited 
to the syllogism, but still the syllogism serves as an 
indispensable criterion of validity m many · ca.c:;es, 
Whewell's objection, if true, would make the syllogism 
equaily Valueless. 

To sum ttp :- Mill's methods are useful because 
(1) they suggest h2fpotheses i and {2• because they furnish 

_ the means by which , iuductive generalizations and hypo­
theses can be tested. (3) In v~ry complicated cases, 
however, these methods fail to give us results whose 
truth-probability ma,y be · equal 

1
to certainty. (4) In cases 

of lntermixture of Effects, for instance, these methods 
are entirely unavailing : we ~nnot even a'pply them. 

: .. ••. .; 
Exercises. 

·. " ' · 1, Ennnciate the canons of all the five l\fethod~ of Mill. 
Illustrate each of theui symbolically. 

·2. ·Give t"wo concrete examples of each method and 1Jtate 
clearly in what rePpects each method <lifters from the otlu~rs. 

8. Distinguish the method of Agreement from Incluction b,r 
Simple Enumeration. Ui,;:e concrete example:,. 

· 4. Distingni!!h.between the following rnethocl!l:..:..(a) AgrPP• 
~1ent and ·Diff~rence; (bJ Agreement nnd the ;Join't 'MMhocl j (c1 

. _Agreement and Concomitant Variation1J; (d) Dift'ei.ance nnd 
the Joint Method; (e) Difference and Concomitant Vnriations: 
(/) Dul'erence and Re~idueti. 

· 6. What il'I meant by saying that them. of R~sidnes _i8 · not 
experimental but dedactive in nature? · 

6. Mention and illueti•ate the advantages of enoh method. 
7. Mention and illusti·ate the defects of each method. 
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s.· 'I~ it tr1;e to say that each method u.erforms a function 
which the others cimnot perform ? 

9. On what occn~ions is the m. of Concomit:mt Ynrintions 
)Jnrticularly useful? 

10. Is it true to say that the Methods of Mill are really fot'­

mnl or cleductive in nature? 

11. What is meant by saying that the Law of Uniformity 
of Causation is the ultimate major premiss of all inductive in­
ference! 

12. Reduce the Methods of Mill to syllogistic form. 
llJ; 1Vhnt is the importance of the Method of Resirlues? 

Or 
·what is the m. of Residues, and indicate il<.; special 

value? (P. U. 28). 

14. What objection11 hns Whewell urgec1 against Mill's 
Methods? How does l\Iill meet them? ,Vhat do yon suppose 
to be the right view? 

15. When is th~ m. of Concomitant Variations to he pre­
ferred to the m. of Diiforence? Illustrate yo'!r 

1
_:tnswer . by 

examples of both methods. How does the m. of Residues ,_differ 
for them. of Difference ? (P. U. 33). ·· ,. ✓ · 

16. What is the m. of Difference? Give an exam pl!!' of . its 
use from experimental science and sllow the prnctical diffir.nlties 
in using it. (P. U. 33). · 

17. What if' the Joint m . of Agreement nncl Differenc.e? 
'What advantages does it possess over the Met.hods of A~ree­
ment and Diffe1·ence separntely ? Illnst.rnte ronr nns~wr hr n 

c,mcrete example. (P. V'. 32). 
18. Explain and illustrate them. of Concomitant Variations, 

·what are the circumstancP.s unoer which it is specially appli­
cable? (P. U. 81). 

19. Explain the canon of the Double Method of Agreement 
(i.e., Joint Method) and illustrate your answer by n concrete 
exaIDple. When is it necessary to employ thi ;; Metl1od P 

~~- u. 30). 
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2(}. How does the m. of Agreement differ from that of Sin:­
ple Enumeration? In what way is the former snperior to the 
latter as an instrument of discovery anrl proof. (P. U. 29) . . 

2L Explain the nature and use of the m. of Difference. 
Prove b_y this method that heat expands bodies. (P. l'.r. _27). 

22. Explain precisely the · principle of the in ·of Difference 
contrasting it with that of the m. of Agreement. What defects 
are there in the former · and how can· they be · overcome? 
~u~ . 

23. Explain the use and application of Concomitant· Varia-
tions. Prove hy this_ method that air is·an essential 1.1onclition 
of the phenomenon of•j<>und. 

24. Attempt two of the following problems explaining in 
(letnil the inductive methods nsed :-

ta) Describe an experiment showing that .a plant turns its 
tiower to the sun. 

(b) Investignte the causes of n suclden fall in the n11mbe1· of 
student'3 attending a certain College. 

(c) ·Demonstrate the connection between the aiuount of 
rainfall and the rate of food prices in India. (P. U. 38). 

25. Construct an inductive argument to prove that ' Ten: 
causes sleeplessness ' n.nd _analyse yoni· reasoning showing the 
method or methods yon have employed. (P. U. 32). 

26. The more the nnmber · of pools of stagnant water in n 
district is reduced, the rarer does th1;1 occurrenc·e of malarial 
fever become, \Vhat concltision can be drawll from this ~tate­
ment? Analyse the reasoning invoked, naming the 1.nethod 
employed and es ti"mate the . logicnl valne of the inference. 
(P. U. 80). 

27. With the help of one or more of the indnctive · methods 
either prove or disprove that the present nnemploymenb in 
India. is _dne to the sprend of education. tP. _ U. 2!.I}. • • , 

28. What inference would you draw from the followin~ 
.facts? Tiinber entirely snbmerged in water lasts ·a very · long 
time, and if snnk in mud or clay below water, longer still. 
Again, painted or varnished timber does not rlecny as quickly ns 
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unpainted or unvarnished timber. ,vith ~•eference to the re­
quirement of the Inductive A-Iethorl or Methods employed, esti­
mate the valne of your inference; (P. U. 29) 

29 ... Prove the following propositions by the Method of 
Difference. (a) (i) Oxygen sttpp<>rtl! combustion. (ii) Heat is 
the cause of the melting of ice. (b) A teacher having noticed 
sign1_:1 of .rlisorder in a corner 9,f .his clas1:1-room on seve.ral suc­
cessive occasions suspected one of. the . students and expelled 
him frum the class. Subs~<,i~eutly there WI\S perfect order in the 
class for weeks:· (P. u.· 26) . . 

80. How are the dir~ct methods (i:e., Mill's Methods) of in­
ductive · inquiry correctly desciibed as Methods of Elimination? 
(P. -q-. -25). 

81. Discuss the view that the _methods of inductive inqui•·s 
are Methods of Proof and not of Di!;covcQ·. (P. U. :!2). 



CHAPTER IX. 

SCIENTIFIC INDUCTION-(11). 

THE DEDUCTIVE METHOD OF INVESTIGA-
. . TION. 

I. lntroductory.-We have seen that the Methods 
of Mill fail to give satisfaction in complicated cases, 
especially in cases of intermixture of effects. When 
several causes are, operative at the same time, it is 
difficult to determine which part or aspect of the joint­
effect is due to which one (or more) of these causes. 
For example, the health of an individual depe_nds . on 
so many factors : proper diet, hygienic habits, good 
climate, physical exercjse, congenial occupation, absence 
of worries, inherited const_itution, etc. Each of these 
factors has its own peculiar effects which can be ob­
served under properly managed conditions. But when 
all these factors operate together, the joint-effect is 
something different in nature, both qualitatively and 
quantitatively from those separate effects. It is unique. 
How, then, are we to determine the causal relation 
in these cases ? The Methods of Mill do not help 
us here. \Ve require a new method which should not 
only be free from the limitations of Mill's methods 
but should also combine the adv"antages of ·'both the 
inductive and the deductive forms of reasoning. This 
final and comprehensive method is known variously as 
the Deductive Method of Investigation (Mill), the 
Combined or Complete Logical Method (Jevons), or 
the Method of ~ational '- Induction (Dubbs). The 
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problem of this mithod is to '' fina the law of an 
effect from the laws of the different te,uienctes of which 
it is the joiiit result." We should calculate the joint effect 
of the separate agencies which seem to be operative 
in producing the phenomenon under consideration. This 
calculated result is then compared with the actuai 
result. If the two agree, our analysis of the causal 
relation is correct. · If there is disagreement, we should 
begin again. 

ii. Analysis of the Deductive Method,-There 
are three stages 1n the process : -

( 1) Inductive Stage. - The law of each separate 
cause which seems to have a share in producing the 
joint-effect is ascertained by observation and experi­
ment. On the basis of this examination an 1i,,f,othesis 
is· formed to explain the phenomenon under investi­
gi,.tion. Whenever possible, the Methods of Mill are 
used to exa~ine the hypothe~is a~d the laws of the 
various causes. In short, ali the inductive processes 
which can be of help in guiding us towards the right 
analysis of the phenomenon, are made use of. 

(2) Deductive or Ratiocinative Stage.-T~e 
inductive stage gives us either the laws of the various 
operative factors, ~r an hypothesis (or both). In t~e 
·former case, we calculate the joint-effect of these laws; in 
the latter case, we deduce and elaborate the consequences 
of our hypothesis. Or we may have to do both. 

(3) Verific'4tion.-The computed result is n,ow 
compared with the actual result, t'..e., with the pheno­
rrieuon itseif. If the two agree, our analysis of the 



138 TH£ DEDUCTIVE M.IUHOD 

causal relation and our hypothesis are verified. If they 
disagree, then either. our inductive investigation was 
wrong, . or our calculations and deductions were in­
correct, or both w_ere wrong. In other words, our work 
shall have to be done over again. 

Carveth Read sums up the method as follows_:­
" Given any complex mechanical phenomenon, the in­
quirer considers-(1) wpat laws already ascertained by 
induction seem lit&ly to apply to it Hn default of 
known laws, hypotheses are substituted) ; . he then_ (2) 
computes the effect that will follow from these laws 
in circumstances similar to the case before . him, and 
(3) he verifies his · conclusion by oomparing it ,vith 
the actual phenomenon." . 

III. _ Importance of the ~ethod.- Induction and 
Deduction by themselves, i.e,, independently of each 
other, cannot give us teal scientific knowledge, They 
must co-operate. The De4uctive Method combines b:>th 
these modes of reasoning and enables us to ~ckle 

not only the grea . and co:uplicated problems of the 
inorganic world, but also those of Life, Mind and 

Society, -i.e., the Organic world. It is the logical 
method of investigation t,ar exccllent:3, and . to it, as 
Mill says, 

0 
the human mind is indebte:l 'Jor i!!:i most 

conspictions triumphs in the investigation of nature, 
To. it. we owe all the theories by which vi;tst and 
complicated phenomena are embraced under a few 
simple laws, . which considered ·as the laws of those 
great phenomena, could never have been ~etected by 
their direct study." lt may be noted here that thi9 
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meth~_d is not only an ideal method. of investigation, 
but is also the method which every great scientist 
has actually used in the discovery of nature's laws. 

Example :-A man suffers · from fe;er. A physician 
is called in. He observes the symptoms of the patient, 
inquires into his habits, his general health,' his diet 
before the illness, the hygienic conditions of his neigh­
bourhood, etc. A consideration of all these factors 
leads him to the hypothesis that the fever is malarial. 
This is the inductive stage. From this hypothesis, he 
draws consequences, . vfa., that the administration of 
quinine with some other drugs should soon lead to a cure. 
This is ded_uction. He prescribes the medicine. After a 
day or two of treatment it is found that the patient has 
shaken off his fever. This is verification. Suppose, 
however, that the patient is not cured. In that case, 
the physician shall have to revise his previous view 

and suggest another line of treatment in the light of 
a more intensive examination of the symptoms. 

IV. The Inverse Deductive Method.-The form 
of the method discussed so far is not the only one 
in which it can work. lt is (1) the Direct Form in 

which a deduction is verified by comparing it ;with 
experience. But we can also (2) compare ottr experience 

with the result of a deduction. This is called the Inverse 
Method. The Direct Method is best applied in deal- · 

ing with the inorganic world: hence, it is also called 
the Physical Method. - The Inverse Method is called 
the Historical Method, and we can apply it in the investi­
gati.Qn of the phenomena .of ' life, mind and society.' In 



140 THE DEDUCTIVE METHOD 

such cases the forces at work are so subtle 11,nd com• 
~li~ted tpat the Direct :\lethod is of little use. We 
should begin by q~erving tpe result. As t~~re are 
numerous subtle agencies at work, we should make tP.nta-

. ' 
tive (pro-visiqnaD hypotheses to account for the phenome-
nqn under iqvestigatiop. We should, then, d,ajuce con~ 
~quences from these hy{>otheses and S!!e to wh~t e:xtent 
they conform wit\} the actuai course of ·. events, 'fhis 
is how, for e:xample, a Sherlock Hohpes s~ts out to 
solve the riddle of a mysterious crime. The historian, 
the moqilist, the ~ociologist, in fact every investigator 
who !-tudies the ph~nom~n~ of ' life, mind anq. society ' 
an9 tries to account for them, must follow this Inverse 
Method. 

E,cercises. 

1. FrQm what limi~tion:5 do the :Methods of Mill isufter? 
How can yon overGome these defects? 

2. What i!! the Dedtictive .Methot! of 8dcutiJic lnYel!tiga• 
tion? ,\nat l!l'e its'fwo forms? 

ff. Mention tl1e th1·re ~t11geN of tJ1e Deil11ctin Method, 
Explain the ~igniflcnnce of ench 11ta~e. 

4. Give two examples ench of the Direct ancl lnver.'le. form~ 
of the Dednctive Method. 

!:,. Wltr is the Deductive llethod culled the Complete 
Logical Method ? • · 

6. What part do H ,rpotlie.!!il'f anti Rntiocinntion pln,r in the 
Ded11ctive l\fethorl? . 

7. ls it correct to sny that to the Dednctive Method w& 

owe the most com1picuous triumphs of i,cience ? Mention !'!Orne 

famous 4iscoveFies to support this view. 
S. How would yon distini:;uish betmmn them. of Residues 
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nud tl~e De<luctive Method. 11') what resp.~_ct:,; is the latter 
i>uperior to tt,e forrner. 

9. ~ad t~e following passl!-ge carefull,r1 and show how it 
illustr&,tes the three stages of the De1h.ictive "il{ethod :-

'1 The andents found that the sun trav.:llled i~ a Pl!-tli the.,· 
called elliptic, and that . the imn au~ major planets all appea1· 
inn tie It known as the iodiac. l!'or theuh tl~ese were 1nerely 
observed nqjformities or empirical genera)i;mtio11s " ... ... Kcplei· 
was the first to discover the first ;atiQnal l!J.W, Ile worked 
uppll observ&,tio1~s of the posjtioqs of ¥ar11- He "trice]. n 
nmnper o( qypot}ieses unil qqally foqn1( that by ta.king the 

hypothesis that Mars moves in II.fl orbit which is nn elljpse, 
he cqq!d <leduce all the observed poi:,itioni, of the planet.'' 
Tqis was bef~n·e tile invention of the teles!,:ope. His 1·esnlts 
were ~ppro]!:iiµate; 1,or <liq he ~ousider possiRle alternative 
h~·pgJ;heses. His law · gave l\n appro~imnw statement of the 
uehayiour of tl\e planet, whicl). because it was stated in 
qunn~itfl.tiv!:l t!ll'I.QS, permitted a comparatively secure result ... 
Kepler fortuuately realised neither ilJe intricac~· of determinin~ 
the planetary rnotiot1s nor the liµiitations Qf his own hypo• 
thesis, and. so was sayed tlrn trQuble of proponnding supple­
mentary hypotheses to account for the failure of his l!l,ws. 

"Newton propounile4 1rnrl. prpved a. brqader gencrali;rntion, 
wliicb Q.O~ oply 1µ11,de E:epler's laws~ dedpctiQn fro1)1 hi!! geperal 
J1.1w of gravit~tipn; 411t aiso e~abled tl!e cle<luctio11 of devi­
;1tiops fn>m J{pple1·'8 laws from ~he sap1e hypothesis that J{ep)er's 
laws were deduced from. In n<ldition there is <le1lucible fron1 

Newton's hypothesi& a wide range of phenomena e.g., (lJ the 
snccession of day and 11igbt; (2J tue succession of the se11sons: 
(U) ecnpses of the ,mu and moon; i-1) the ph1t.;;es of the moon: 
(5) the motions of the pl11,nets with respect to the fixecl stars: 

(6) the precession of the eqninoxes; (7) the motion of comets; 
(8) tides and trade winds; (9) the observed experience or facts 

that a weight dropped from a great height falls a. little to 
the east of the vertical; (10) the fact that a pendnlum set 
.s,vlnging in a 1101·tl;-and.south direction (in the northern 
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temperate zont>) appears to change it-s plane of vibration, and 
that a gy~oscope appears to chnnge its axis of rotation; (11) 
the fact that the equitorial diameter of the earth is greater 
than its polar diameter; (12) the fact that in the case of cert.a.in 
-co~stellations, certain stars appear farther apart at certain 
dates than six months earlier or later The first five of the!le 
facts of · e,rperience could be equally well explained by (i.e., 
he deducible from) the Ptole~aic hypothesis; but the others 
coulcl not be so explained. The circumstance that the New­
tionian _l1ypothesis explains facts, not simply in the astronomical 
field, bot also in othe'r fields- the tides, man~· of' tho pheno­
mena of meteorologY,~ certain geographic clui.racteristics of the 
l'nrtl1, certain peculiar· constituents of the bodies from a height. 
certain.phenomena of pendulums and gyroscopes, etc:,-shows 
that it is more than· an empirical generalization; it is a ra­
tion11.l hypothesis. -The phenomena it explains are so · diverse 
that ·it is the only hypothesis which · conld fit those facts. 
Nevertheless, it is possible that Newton's law is only' a limiterl 
univer11al, and the Newtonian physics may .be" a special case 
of the · more . unive1·sal Einsteinin.n physics. This possibility. 
that every rationnl law n:iay late1· be shown to be a · li'inite!I 
universal, does not detract _ from the certainty o(thci.t rational 
law; N~wton's laws have remained as true as ever, hut their 
applicl\tion may be shown to be.limited in range. 

We may t-hns conclude that. a hypothesis may be co11-
siderecl veritied when it enables the drawing of a sufficiently 
wide range of verified declnctions.' ' -Dubbs, Rational lndiictio11, 
11'P· 234-237. 



CHAPTER X. 

HYPOTHESIS. 
What it is.~ J. S. Mill defines an hypothesis· as 

u any supposition which· we make (either without ~ ctua~ j 

~j.?.~=~-0..:_2.n evidence !~-~~~~ly _i~~uffici_e~t} --~ rder t~~ 
endeavour to deduce from _ tt _ conclusions i~ --~ccordance 
with fact~ which are known to be real ; under the idea 

that if _the ccmc\~~i_Q.D§. -~o ~~hi~4 . tge i!yp_q~~-1::_5j~ ~g~~~ _ 
-.k~own truths •. theJlY-P-91b§ i_s..i1s.elLmusile,_ q_r at least is - --------
. \iJ.c~ly, __ ~9_b~ t_rqe,~ .iJ,ln this sense, an hypothesis is a sort 
of to-oisional _ · i of the facts at our dis osal. 
For instance, we wish to explain phenomena of a certain 
class. The evidence · e.t our disposal is not sufficien.t.-to 
\\';3,0"ant an entirely reliable conclusion. ~ut some pro-

........ • • •••• • - ·-™ u • - • • 

vision~l - expfanation is n~ed to start the enquiry. We 
proceed on the basis of that provisional explanation. 

· Should it work, i.G., it is fruitful ,of results apd is yerified.. 
by facts discovered by later- enquiry, it may cease to be 

pa merel:y a_}>rovisional e·xplanation and may e.airy the stat~2 
~ g_ientific hypo~~:: 

An hypothesis may have · -another significance '_too. 
Not only may it be -a.11 .. ex lanation, ro,·isional or real. 
of the phenomena under-invest;gation (i.e. , of facts atrea y 

known)~ , it ma also se ' fi t 
of w. ich we OlP discover 

basis of an en :uir ,. he•facts at our disposal may ,,be 

so few to be-gin with that · ho enquiry worth · the ;g&m:e 
ca~, stEi.rt.~In such a ca~e, an hypothesis wo~ld ' be a 
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lantern us collect facts in the loom 
o our surrou · J. ,, ', 

~ I. · Conditions of a Valid or Legitim~te Hypo-
thesis. Every guess or con·ectute however cannot be 

'lt:alled an It should not be a figment of the 
· itnagihatioti. l An~ 'it must fulfil its do11bls Jre;;ctio,i : it 

must serve as a workable 

. these two fiihttlotis, it conditions.~ 
.-\s C. Read says, It should be " ~ " 
fore d · · anti to establish itself as a tfue theory, 
it must present Mme symptom of reality, an{) be ade~ 
quate and uhconditicmal..!_.i!!Ll!l_harrh99Y. __ w~th tb~L~Y.st~m. 
of experience." Mote fully, it shbuld be jud~a in the 
~ght of tlie fhllowing criteria ·=i, t\ )l9' · 

(a) V-erifiabiUty and -deftn'ile11ess. These two condi­
tions are designed to eliminate xaguehes_§_,&i~_ ~~r~y_, 

~ from ererY..JiY..J2mhesis~- 'V~fl'fia.bility consists in comparing 
t~ry with fact. \Ve draw consequences from our hypo-

thesis, and compare thetn with facts as fouttd in hliture. 
If the two agree, our hypothesis is valid. This \vbuld 
be verification by means 9£ observation onlyi But we 

may also d~Y._ise experiments, i.e., put the provisional ex-
-plana:tion to a J est _,,:~ose conditions are c~nt~~!led b}'. 

us. If, however, direct observation and experiment are not 
- possib1e, we should compar,e tbe-Cil~i:ivea-.consequemaee: ·hf 

our hypothesis with we} - t 
aws w 

Should any or all of these conditions be 
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unfulfilied or violated, we must reject our hypothesis \or 
so modify it that it stands the test. '1 _ . 

Similarly, definiteness should be insisted upon in 
every hypothesis Mere poetic imagination cannot do. 
The provisional explanation shQuld be dragged down 
from the limitless space of fantasy to solid ~rtb. It 
should be so co,icre_te that we · ca-n - ha.1.idlri -it; -·so to 

speak. So long as it remains vague anq indefinite, we 
cannot know what we · are about. Like the gq.qst in 

ana\JltWl-liQUse--it -;."l1iI<Lfor ~ver elude our grasp, and ------ ' --E.:. useless for the purpose for which it was framed,. 
It was horror for such vagueness and unverifiaqility whic6 
led Newton to exclaim '-I -do not make hypotheses' .! 
Now he did make . hypotheses t,hrou~hout his life, but 
they were not vagu~ and. , unverifi9:ble 'airy. nothings'., 
but '

1
definite and verifiable theories, i,.e., scientific hypo­

theses T;;="~plain . .rafufalC-by saying .that 'it is the 
~ork of angels ', would be su.ch an., airy nothing, be-, . . 

cause we cannot verify (by observation or experiment 
h 

~ .t.,.;,- ~-\ ( ,. ' .. ... .. .; . . 
or any ot er empinca1 ,·rns:ans) the existence _of angels; 
nor are we told · anything definite about the way in· 
which: they c~use rair,i to fall. Similarly, at the present 

. I 

day, many :se.ekers after truth ar~ perplexed at the y_~he-
mence with which the phenomena of • sgjrjtisrn ' QC 

' spiritualism ' are being discussed by those who d~voutly 
believe in them a~d those .who as dogmatically disbelie.v~ 
in them. Such phenoJUena. a~e those ·concerning ha~Q~~ 
places, the _intercourse of ., mind with mind acro5:5 ';~ t 
streches of spac~ and -.y,ithout the use of any known ~il)ysi. 
cal ' means, table-tapping, conversations with the alleged 
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spirits of dead people, etc. Now so long as these pheno• 
mena remain outside the limits of controlled observation, 
i.e., experimentation, the scientific mind will con'tinue to 
fight shy of a belief i_n them. And rightly; because once the 

cond~tions of verifiability_ and definiteness are relaxed, tlt!,~ 
genuine gold of truth m ,!!!1.Y...9.!..!.!!.£.~..!!!,_~e ehe~p.me.n~ 
would be overwhelmed b a bu e mass . of u erstition ' 

,fraud and belief born of misguided faitb+ . . 
(b) V erae Cattsae. - The necessity of concreteness - i.e.; 

verifiability and definiteness-in every hypothesis is ex· '­
pressed by Newton in his famous maxim that only 
•verae cattsae (i.e., real or actually existing causes) shoul,g._ 
be regarded as valid explanation of the Qhenomena under 
investigation. .i\ vera,.causa shgpld be a real agent in~ 
nature; g should be known to exist independently q,f 
the phenomena which are to be explained by its help, 
It is a " thing or occurrence in a thing, whose reality 
we are thoroughly _ convinced of from the necessity of 

.reconciling observed data, and there is no reason in the 
_ nature of things why a single science or a single range 
of reality should not suffice to produce such conviction".* 
A vera ca11sa Js not necessarily one which was known 

-.Prior to the phenomena ·which are explained by its help; 
"Jfor otherwise 11eto knowledge of causes would be impossi­
f l5le. We ,vould have to explain·everything in terms of the 
: previqus;ly known QJ.uses, __ _ WJrn,li~~.!!l~!l! is that the bra 
l • 
, cattsa should not be invented or presupposed merely for _ 

JS . . 

_,!!!&.phenomena under consideration. It max be inv~n~e.d -
for the!Jiid?ut jt rou5': «zso be sh9}vn to he a vera causa 

*Bosunquet, Logic lL p. ·109. 
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..fOL-othet:-phenomena for ,~hich it 'V.t':5 not invented. 
In other words, a vera causa should,,!2t be a questi0e-­
beggi.Q_g e.i;tlt_het. The ether of space, the quanta of energy, 
etc., are verae causae in Physics; nervous impulses, psycho­
_ehy~ical dispositions. etc.,_;u.e such in Psychology. Si~;:-:­
larly, other empirical sciences employ verae caresae. 

Newton's maxim about the verae causae should 
not be taken to mean that imagination h_as no room 
in scientific investig~tion. ¼~~uctive Imagination and 
Reason are very c].Q_sj!Jy allied meotaLpro.ces~, With- · 
out imagination we could do or know nothing,J18W­
What Newton stops us froili'" in scientific investigation 
(and explanation) is fantasy or uncontcalled irnagioa•ioR, 1 

i.e., imagination which has lost all touch with realit-Xt 

,or imagination which does not rest au tbe bed-rock 
of fact :: J'he man rich in constructive imagination is 
the man rich in his hypotheses. Darwin, for instance, 
devised scores of hypotheses to explain the origin of 
animal and yeg:etable species bP.fo~e he could hit upon one 
that satisfied. him. The others were ruthlessly criticised 
anq. rejected. This is the distinguishing mark of the 

great scientist-: ~ allows free scape to bis imagination 
to deyelqp_ <m~~e hy.P...o.1b.§~§ io accordance }Yiih tw: 

..n:qll:irements_.oL fact ;.iebut be js .. alsoJijs..,pwg wost pp­
comgrgroisiog: critifhz Wnere fact conflicts with theoq, • 
or hypothesis, it is the latter which is discarded or 
modified. 

One if!lportant function which controlled inu.igination 
performs in scien~fic investigation is the elaboratjgp Qt 
Representative Fiction:1i,., For instance, the heat of a ·- . 



. .. 
148 CONDITIONS OF A VALID HYPOTHESIS 

b~dy_ ~ ' said 'to consist in ~he mc:>tiori of its partjcles; -- ----- --, --~ - - ~ . ' 

or, light .. is· said to consist in ·the vibratio.9~,-- . ~t_ tr~--. 
mendous freguencies,_of an hyQQ.t.beJ:icaL~ etc. Now 
we cannot perceive the motion of the articles f the 
heated body, nor e vibrations of the ether pr

0

CldU_£,~~ 
gr light-sti~l!!h.. But these concepts .are regarded as 
1·epresenta(iye ffclitiji[io that they enable us to understand 

-~:sa!;~:~.:i~~:r:~•- co~sist~~-~-_ w~t~ ti}@. ~Q.\YQe: 

, The 'second co:nfl.ition of a valid hypothesis, then, is 
that it shouli:l be in terms of verae causa~_fa: .. ~L~a.uses..or­
agents) .. but_that--verAA,,causae do ·not exclude the.valuable,. 
constructiims!of ccigtrol)ed imagjmitjon, -

\ foLQa!~~~ with kno"":i iau1s a1zd absence ~f s~lf-
. CDtztradictwzL--lThe hypothesis ·should not conflict with 

laws of natureilieady known to be true; iior should it IL~ 
self-contradjctncy Scientific 1knowlewfgrms a·continujty. 
\Vhat has been pro~ed to be true by past experien~e . by 
observation · arid 'experiment-forms the ba~s of ail ne5t· . 

knowledge. · f If; · t~er_~fQ_re, an hypothesis conflicts with or 
---~- ~ C . . 

contra~lcts'i'l~~ ~~tcft£isfted law5 of...jgat.:!irz,Jt is ~¥ that veo: 
fact coriR~mnecl"~~raigbtaway. ~ Vety rarely,_ however, it 
does happen ·that some of the so-called established laws of 
nature are themselves false and the new hypothesis is 
true. Bu_t in s'uch cases either the new hypothesis is•based 
·on facts not ·hitherto known or cared for, or the sa-caUed 
~ :;;:a, 

hcys .previo!lfilY--,<;filab.li&bed fail to ag;ount for these,hcts ig 
any satisfactory ·way, ' o~· the new · hypothesis is more 

7c;npr~~ensive and h~s a :firm-;;-f@?YJtion- of-{acrs :Jnag­
those" otfiir laws ofnai:111:e" - For instance, the geocentric 
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theory of the ·sJlar system (that the sun revolves round the 
earth as centre), known as Ptolmey's System, was regarded 
as true before Copernicus (1473 -1543) acquaint~ Europe 
with his heliocentric theory (that the Sun forms the centre 
round which the system of planets, including the earth and 
the comets, revolves). This new theory or hypothesis con­
flicted with previously established ' laws' or notions in 
regard to the ·cosmology of the .. Souu:_S_ystem. But as it 
could explain in a more satisfactory way all that the 

4 
Ptolemic hypothesis did, and had in addition a flr.!11~~ 

ziqer · foundation of facts. it succeed
2
~9. in_disruacing_the_ 

_ older hypothesis. : 1 

I In all such cases·, where.the..old ... is .• displaced.__by_ t.be. 
>. A new, one rule sb.91,!}g_D~Y-~LhcJosL sigh.L Qf.. To use the 

language of lawyer.s, the oni.t.s of proof must always lie 
...., 'i.l'ith the new-come,_:.__Ihe hypothesis which contradicts or 

. conflicts with laws 12reyiously known to 1 be true can be 
accepted as true 'Only when the eyjdeoce. io it~..fevour and. _ 
_ against tltem is so overwhelmingly strongJ b_at no other _ 

~'1lternative is possible. ... . -

That the hypothesis should not 
means __ that re should be, as far 
formal consistenc in ifs parts. 

be self-contradictory 

s . ossible, complete 

(d) Adequacy to accoun or facts.::\ The_ hypothesis 
should be ~dequate to a~_GO_tmt f..or . th~ _ henomenon __ und~r 
consi erat1on an or other at t e ere 

was, for instance, an old Greec;•Roman belief that earth­
quakes were caused by some commotion in the smithy a£ tht! 
god Vulcan who worked under Mount Vesuvius (or perhaps 
~~ Tpe craters of these volcanoes were his chimneys 
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Now apart from the other defects of this hypothesis (e.g., 

its unverifiability), it was inadequate to account for those 
earthquakes which took place in other parts of the earth. 
Similarly, if people were to believe that an epidemic in a 
certain locality is due to a curse pronounced on it by an 

insulted saint, we· would have to reject the hypothesis 
, beo;u~st: it does riot explain why the same epidemic is raging 
in another place where ~o such, curse was pronounced. 
This condition c:,f · acle im ortance becaus~ 
h t t 

h Qth§is._can e e. 1 · 

~e) Pa-rsim<my in. the numb~r of presupj,ositio,,s. -Of 
-two equally gogd hylliltheses the gne whicb jnyolves the . 
lesser number of presuppositions (j.e....r.ealpr;.suppgsed a~n -
cies, .or reeresentative fictjons) shauld...be..regarded.Ji.§,_ th..e.. 
better. W;,should not assume more than what we can11ot 
'dowitlibut. · The greater the number of our presupposi-

0 

_tions, ib.~ceat.ei:..the..risk-of--aoy aoe or saroe of tbe~- heiue: 
fa~e. _(This 1s the principle known as Occ~or===-

ciz., that umwcessary and rattf.itous rinc · lelLJ.> la- · 
11atio1i slum ·-be cyt ~Similarly, Newton mentions 
'Two Rules of Philosophising' Gn his Principia) :-"Rule 
I-No more causes of natural things are to be admitted 
than such as are both true nnd.sYfficie.nU.o explain the 
phenomena of those things. Rule II-Natural effects of 
the same kind a!~..!<?_ be _r.efei1~.9 ~Jae ~ -P9~!iibl~ to_J~e -------- . same c:auses." .J'he first of these mies is he£ore..JJS.Jl.OW. 

If we ~n account i0r e. pbenorn.wao~assuming on~ reat 
ag~nt, whi should, we assuroe twol. 

- (f). Predlction, •- The good ~ypothesis should not only 
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account for what is before us now or whaf has occurred in 
the past; it_shuµ_ld qlso saz,,~omething..definite_ab.ouLwhaL 
we m~~p..e.cUtlaP..PM,,in the future if it (the hwatbe,sis) 

· ;s truft.=:!be scientist of to-day must have this much of 
the prophets of old in him. He must rophesy about the 
f 1ture and his predictions should not be rou and ready -: 
Jh~y should be exact in a guantitath·e way. It has been 
said above (d) that the hypothesis should be adequate to 
account for all the facts . 'All' includes not only the past 

and the present, but also the future. When the prediction 
made on the basis of a certain hypothesis is verified,.,gm;.. 
faith in its_!ldequacy · · t has a ver · hi h 

rifllents a~d lnstances;--We 
with those conditions which every 

hypothesis must fulfil if it is to be regarded as valid or 
legitimate. Jflut 'it may happen at times that roor~ 
one hypothesis can sat.isb:J,h.ese..__cooditioos-3-E~r. e:!i;_ 
ample, even to~J:h~re...-atep cil!Bl theories_of-l~ght.,­
and scientists are not agreed as to which is conclusiyely 
~ . 
the better of the~all cases of a plurality of vahd 
hypotheses we require some criterion to decide in favour 
of one which may possess the good points of the otpers 
.t1us some other advantage which they lack. Suppose, 
for instance, that a certain person, Mr. X, has ,been found 
dead by his neighbours under suspicious circumstances. 
A noise as of a pistol shot was heard. People rushed into 
the house where X lived alone. X was found · l}tl11g 
dead on the floor of his room. There was a bullet wound 
in' 'his breast, _and blood on his clothesand tbg_fl.oor. 
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The warmth of the dead body showed Lhat the deed 
was recent. A pistol was lying near the dead body. Two 
people, Y and Z, were in the room with the dead man. 
The neighbours knew not only that b0th • Y and Z were 

avowed enemies of X ; but that they were also at daggers . 
drawn ·with each other. Each of them accuses- the other 
of being the :murderer and explains his .own presence in 

the room by the assertion that he had got wind of 
the other's murj erous designs and that though he was 

himself was no friend of X's, be . certainly had never 
wished him· that tragic end. Each disclaims the . owner­

ship of the pistol. Suppose now that the local Sherlock 
Holmes is called in by the neighbours He .·ha? three 
hypotheses before him ;-that X committed suicide; 
that Y is the murderer ; :;md that Z i!; t he . m\lrderer. 
He examines the pistol. It shows that it had very 

recently- been fired. .There ar.e .fingerprintc: too QD 

_it, Whose.? Y's ! Theo J_ is very •,lif..QQ.@J~ .• J he 

murderer. Qhe finger l?Jin~ould __ f9r.m the . crucial 
instance because !b~y__p_oj pJ..!.h~_ ..yID:,~!.Q~r_guh..Ls,9~ct 

~ Suppose, however, that the finger prints · 

are too dim 'to be made out. Then . the enquiry pro­
ceeds. 'Whose pistol ? . X never pad one~ The various 
firms . dealing .in fire arms are refei:r.ed to. It is found 
that the pistol belongs to a Mr. P \yho , had · 1ent it ~ 
few days ·back tp his friend :w . .X is .M.'s negbew._ ·Ibis 
discovery would be crucial in favour ,Qf,...J..b~ poth~sis -

. th!!-.L.l[js the _!!lllrderer ' Further, the examination of the 

wound shows that X could not have succeeded. ii:t firing 



HYPOTHESIS 153 

the shot at that angle. The hypothesis is''now still further 
strengthened. 

We now quote two examples of crucial instance~ 
and experiments in Physics : -
~ (a) 'Copernicus asserted, in opposition to the ancient " 

Ptolemaic theory, that the earth moved round the Sun, 
and he predicted that jf ever the se~!:_ of sight could 
be rendered sufficiently acute and powedul_. we s~ould 
see ..rihases in Mercury and Venus. Galileo with his 
telescope was able in 1610 to verify the prediction as 
regards Venus and subsequent observations of Mercurv 
led to a like conclusion. The discovery of the aberration 
of l.!.Kht added a new proof, still further strengthened 

- ~ the more recent dete~minatlon of the ,parallax of fixed 
stars. Hooke proposed to · prove ~he existence· of the 

, .. ea:rth's diurn~ motion by observing the deviation of a £al)-
ing__b.idy,. , .an ._experiment successfully performed by Ben­

,;,;rtberg; and Foucault's pendulum nas since furni~hed 

.Jl,D aaditio~dication of the ~ ::!TIOtion, wliicli is 
~ deed . also . ap~a.rant in the trade wirids. · A ll tfiese 
are crucial facts In favour of the Copernican theory".* 

(b) " If the undulatory theory of light, be true, 
.l ight must · move more slowly in a dense refracting 
.,rjedium· tl:ian i'n--a· r:irer on~ but the Newtonian theory 
assumed that the fattractior( of the derise medjµm ~ used 

the particles of light to move rnore rapidly tAan in the, 
~gre medium. On this point, theh, there ,i•as complete 
discrepenqwehveen the thec>ries, and observation ,vt!s 
required . to show which theory was to be preferred. 

'"Jevons, Principle.~ of Sciellce, p. 522. 
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Now by simply cutting a uniform plate of glass into 
two pieces, and slightly inclining one niece sa a,s to 
increase .tile length of . the path of a ray passing through 
it, e.X:perimenters were able .to show. that lj~ht does move 

more slowl in More recently Fizeau 
and Foucalt inde e the veloRt 

· .::_Thus . these.crucial experiments support 
e .ttndulatory tqeory of ligh~ and not NewtoQ's· Corpuscu-

la.r Theory."* · 

In short, as Jevon·s says "a crnciaJ experjment must, 
not simply confir~ one theqr~,_b;,-t-;;;;,;;-;;;ia°tiv;~~-~th~t,,i. 

' it must deEide .?- ~in~ .~vhich is i·n··~guilibriurn, as Bacon_ 
h~weeo, two eq~ally plausible ~e.otheses."t . 
r JV. Hypothesis and lnduction.-:::,The importance . 
. of hypq.thesis in induction Jkpe.n.ds. on . what view we 
7<lopJ · in_ t_egatd to __ th.e_~l.f!!.~ indqction. According 

., to J. s. Mill, induction deal!U'lith._,broof, If so._!hen 
_hypothesis is a very .P-QOr form o( induction because_J.~. 

is a mere [>re§.llppos.ition _basecL.Jitber on., no ~actual 

. as!i.w·e...gr oo an.evidence avgm:dly insufficient;!!,, Hence 
for Mill: it is only useful in that it st2;rts an enq11ir.y,-

- or su ests a line of investi 2tio11_w.h ·c a '-1 
on, to t e discovery of inductive truths. [It is, in other 

J; words, a.. preliminary to induction, but not .itself an 
LE -- ·-· ---·· 

inq.uctio~ What it ~uggests is to be testedlater on by 
means of the so-called .. ,,' Experirru;ntal-t\fothods~!;h 

. themselves !E& methods of p~oo:Ai -\= ~-· ~-
*J evons, ilnd, p. 521. 
tlbid, p. 519. 
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For Whewell, on __ the_ o_ther __ ·band,_ inductiop _ 
. J!ie scientist should frame one c:::::.....:;.:.:.;.:...~~.;;;.;;.....-=-

, ypothesis 

that 2m!!:o!;s:!:.t~~~~~=~~~==~=!;!.=:;;;;:::!J~ From 
this 
one of . . science _ _ 

It 1s not rossible 6r desirable to reject any one 
·of these two views of induction as false. For Mill (and 
those who agree with him) Induction, as the science 

,!:.nd,__ a~_t __ o~_groof, · has to_~ deal with definit(;! -1'.qles... The 
Methods • of Mill are such · instruments of elimination 
and proof: : _'.fhey help us to separate the relevant from 
the 1rr~lev~t. _ But this procedure leads also to the 

_giscovery of inductive eyn_eralisations-4.' -£rgp£ and-1),is, 

_ covery ' are., _ therefore, to solill: extent allied processes.J V 
I Those for whom discovery is the main concern 

of Induction, would suggest the following .procedure:-
(~ Examination of a large number of · instan~ 

Such examination would enable the mind to abstract 
w out) __ .the.-cammo!l.-feat.w:e_s_ L : th.e. ___ cases . ....Jmdec 

o servation;. and these common features would then 
serve as basis for an hypothesis. 
· - (b) Crjtjp) study of a few sdected instances. __ Out 
of the group of instances before us, a few should be 
taken up for a very close · examination. This is done 
to enable the mind hidden peculiarities .... 

study of some simble (uncomplicated) 
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-i-;;,_;;;;,;,;;~,:__ Such stup.y h~s great advant~ges. The 
evident 

(d) The instances under examination should next be 
classified i'n a meth~dical w~. L9~od classification (~ ~a~ 

,--been discusse i a ·revious cha ter) is a necessa' i;i._fill . 
fettile-so i;ce_Qf7TltiUcuve- en~ral isati ons .. 

(e) lassifica~iP,n pre~are~ tqe ground for,the applica­
e Ex er'imental Methods (es eci~Uy _of the 

Concomita,it Variations). \Vhe11 cases are 
. . l, . 

so arran~d that they form a grad11,ate4 st-ries, ~light 
variations in t~e ante:edents aqd conseq~~pts are at once 
noted and , o · , t the ~usation of the 
henomena under in est i' ~tion can be framed. 

if.) Analggv can al~o be, of l£er-¥;-gyeat:...valne jn . 

the forrrmlatioA -ef-hypt>~h~ ~pr e?'a~ple~ the 
study of.the floight of insects. -J?ird.s • • kitr5 a~!fili_ 

_ can throw a flood of light on the various problems 
of aviation. 

(g) ~iven previously estal?lished laws and gener~lisa­
tions, much new and valm1,b)e l,:g9wJedge can be..d~ri.v,ed. 

:Jo a pnrely deductj.y&wa¥ a Fra,ncis :a.aeon, who advocated­

direFt inter~ui:-se with Nat~re i!l the search after truth .. 
ovrrlooked the fast ibat_ both induction and q.eductioo 
are ne~essacy for perfectjon i11 the art qf Discovery. 
The ~tronomer who works · out his e~ormoµs eqµations 

~ th¢ ·guieLof;--his study is as imnortaot.--andin some.. 
cases discoms.._gr,ea_tec_ .tcutbs. than . . pjcj brother wia · 
tr~verses the heay~m, wjth bis ie]ef¥:ope _ io the _sqlitude._ 
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of ~the-night.:. 
is just one . of 

1:be discov.err of-..the. _plap~J. , Neptune 

several .famous iostao~~s j)I nstratjye,,.2f 
__ this i:ruth. • 

\Ve , have mentioned above some of the impor­
tant staf!es on the mad tg Djscoyery, but when all 
is said and done, it must be remembered that discoverers 
are born, not made. Just as we can take a horse to, ' . 
the waterside but cannot force it to drink (if 1t is 
not that way inclined), similarly 
sorts of facts and formul 

hjm and yet find noth1pg Qfl}V ' ~ptitu4e' 
discovery. is a gift of nature. It may show itself various~y 

'k k' ' l ' ' · ' b . as ·n!_c · or ta ent or ge_ums . ut m every 
case it is an expression of sagacity, i.e., of that element 

rof reason__}ffiif.h_js pure native ·intelligence and quite,, 
distinct from learnin1' _ or acr.rnjred Gi~c11 

·.- element of sagacit a scientist is hel ed in his 

endless search after the secrets of nature if ·s 
he above~menfionea procedure. - . --

V. Kin s o Hypothesis. -There_ are two chief 

kinds of hypothesis. Sometimes the c-.anse of a phenome­
hrn,non is k!)OWn but we do not know how it •works, ·i.e., 

how it produces eff e t of the hen omen on under 
consideration. At other times, we do .11ot know the 

~ause · but we !Ldo know according to what laws it works. 

In the former case @f hypothesis shall have to assume 
~ ~ -while in t11e tatter case i£ must assume a cause. · 

(a) Hypotheses which assume a la'tv.-Fqr ex-

. ample, _h~cteriologisJ,s and epid~miologists Jfnow . t_hat 
influenza spreads on account,, of certaip minute lix!!>.£__ 
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or@~ _j'here is exuerimenta) evidence to show that-­
these .organisms (germs or bacillj) exis.t.:. But it is not 
yet know~ how these bacilli act on the nervous centres 
. to · pruduce their dread effects. \Vhen dealing with 
such cases, varioµs ' modes of orueratLon ' eypothe!i~= 
are assumed a;rtd teste'd, .and whenever J.,her.e is conclusive_ 
evidence in frivour of any of several 
h otheses, it · is accepted as 

,.i!ses,, ,. Hypot esE:~ of this type are called descriptiv~ 
because the inditaft how things happen. --- ·-· 

(b) · Hypotheses which assttme a cause. - Certain 
. effects are produced by causes whose · nature •is not yet 
known. Their mode .of operation-their law is, however;. 

:accul'ately .... kn~;~ =-an-cf caicui~ted._. For . e~~~pi~ ... , th~~ 

Law of Inverse Sgua,res.:.js __ a _yery· accurate summini:; 
up of ·the -df~ts -of ·graviti:,-·-bJJi the force ... oL g;~Jt; 

~er that. may · mean} itse1£ reroah1s egtirebr b;vpn­
thetira] ISimilarly, the~ ulat~ eQcy..-O · . b.t_assu 
the existence of an h 
vibrations at tre encies . ..are . osed to 

produce the,.p.begpnyma_ .9{ .J ighkf§µch ~ypotheses are 
explanatory because they tell · us · somethmg_ __ ab_out the 
caiisat-um of henomena i.e., what real .or -

VL Hypothesis, · Science ion.-
) Hypothesis and Science.-.~ Enough has been said above 

to ·sho~ the importance of hypothesis in scientific investi­
gation. Most of what is now r~arded as true in 
science gsfgjnateg. as hypothesis, tA~d tli, fielrfnfi:f,aw: 
}s,,Jiwitlos~;J .A:s : Jevons says:- "Provided it is consistent 
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with the laws of thought there is nothing that we mav 
hi 

not accept as a1 probable hyec;>thesis, ho'rever difficult-
;v..it may __ g.e to conceive or UJl@J;RPl,w;Lit.* ~ -s­

Jtlmost co-extensive ,vith scientific iove§tigatiao J{At the 
beginning of the in.9.9ifY it suggests to us 1' road to foll°'r, 

. and gives us a lamp to light our wa?J_ -:1\.s we go alPQir· . 
-it continues to p)a:y this double role and, .in addition, 
... renews itself eyf..!:b pow· and th_en like the ,.ghoe.pix . in 

j_he fabler., At . the end of the inquiry it . ~ __ still . wA~ 
us as the perfected. fqiit qf our \ab9_urs. j,B_ut . it Jla?-. 

now ceased . to -be a mer.;,hypotbesis : it is a theory or. a ~a~:, 
The fundamental def~ct -of fviill's system -of ,. In­

ductive Logic is that he has Qreatly - underestillJ!liC,9 tk 
iml!orta~ce of!i.Y..QQ!b.eais ... ~~- -- · · , 

- · It has been said that science rests on the belief . . . - . . ~ 

in the U ~iformity of Nature. ,Vut this be!jef js ggly a o 
assumption based on uncggtradjcted experience. Henc.-;· 

· all science is hypothetical in nature ... This is not a desirr,­

ble way of using .the term hyp_othesis. Ou~ confidence· 

in the Uniformity of Nature _ is based ori such sfrong' , 
jpupd_aJiga5_· t~at its truth-probability is alm_os~ _ 100 per 
cent. A hypothesis, on _the other.hand:;can never reach' 
this limit of conviction, because it .is, after all, based 0

1

n the 

assumption .of Ut1if_~mnity in Nature. V . . 
'j( (B) Hypothesis and _Ab~ttim.-Some logician\ 

'·<¼:• !)ug~ld Stewart,) -u~ the term _3.YPotJi.e.s_is_in..s~_e 
entirely d1ff erent from what it has been taken to mean m 

- - ----- ' ~ ;~ ◄ thi_s chai;>ter. Jhey mea,Q._Qy it an abstraction or a;! 1deaf
1
., 

as opposed to w~x exists. In this sense, th~y 

, , *Rlcnumfm·y Lu.~ons in Logic, p. 27 J.. 
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maint~in that Geometry and pure Mathematics are 
hypothetical in cha~acter. ' Theorems ' in Geometry are 
such assumptions. A line is defined as ' having length 
but no breadth'; a . point • ~ that which has position 
but no ·magnitud~ \ etc. As thus defined; ' poirits ' and 

•'lines ' are riot actual existents. They are only ' ideals' 
..towards which approximatidns may be attempted but __ , ' - . 

which · no actual point m:Ji..Q...~, however fh1~~~_4 infini..tisi_-. 
mal it rriay be, can ever hope to reach. Their existence 
is purely_ ~ they are the products of our own 
thought arid are meant to serve as ' norms ' or standards 
of , perfection in a certain department of knowledge. 
We assume these abstractlorts to be true and then base a__ 

hug~ superstructure of reasoning on this fgµnfudioo. · 

Like this M etJw.d O f --Abstract-ion. Ma.tbem~!ks .. _als_o_ .- . 
:.,_mploy the Metlwd,_..oj-1:;imits. The following quotation 
from Wbewell* iliustrates this form o( ~easoning :-- " A 
curve is not . m~de ~p of . straight iines, and therefore, 
we cannot by any of the doctrines of elementary Geo­
metry measure the length of any curve, but we may 
make- up a figure nearly resembling any curve by put­
ting :to~ether many short lines, just as a p:>lygonal build­
ing of very ~any sid~s may nearly resemble a circular room. 
And in order to approach riearer and nearer to a curve we 
may make tlle sides more and more small, more aficl'. more 
num~rous. We ma~ t~ .possibly fittd sd~e mode of 
measurement, some relation of these small line£ to other_ 
lines, ·which is not dist.utci:>ed--b)L- .~ -~itiplication of the 

yides. however far. it be carried'.. And thus we may do 

*Hisfory of S!',ie1ttific I<lea.9, Bf,. 11, ]). 12. 
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what is equivalent to ~ea.suring the curve itself; for by 
multiplying the sides we may approach more and more 
closely to the curve till no appreci3:ble difference re­

mains. The curve line is the limit of the polygon ; and 
_in __ this J~rocess we __ may._proceed _.on __ the . .Axioni .. that­

' ~hat is true_up_to the limi.t...isJDI.!L~_t1.h.e .. LimiC ". • 
Hypothesis a;; Abstraction and hypothesis as used in 

Induction have this much in common that both are 
r§presentative in character. Further, in both we try to 

~the -~~Jual (and..co!\~r.e..tel.by_thaLw.hich..isJ.rot41.cL; 
but whereas in Mathematics t~s-i:ea,J.13/-a­
never-ca1i-be (an ideal), · in in(IJtCtion_it.is.a..s/wuld.be-Cas. ---~--·--
~ ~!Y-9.Lla.w) _ at .the .end:.of...theinquiey..___ln. A bstrac-
tion ~ look at the thing in one aspect only and exclude 
all other aspects. This , u.se of Abstraction is not pecu- ' 
liar to Mathematics. 'All such concepts as virtue, vice, 
whiteness, rationality, etc., are abstractions. In hypothe­
sis (Induction), on the other hand, we draw qmr'.Wquences 
and see_tb.aLtht¥ agree with facts. _ If they do not, 
we reject or modify the hypothesis. As against 

the ideal result of an Abstraction which is a ' Phtonic 

Idea' resident in the unattainably high heaven of the 
Intellect, the hypothesis _.Qf....lnduction is alw..ay.s_i.n touch 

~y~t!l..£QllCtete..reality.-i,e.,...tied to facts whicbJt..mu;;t explain • 

a~d by which jt roust fioa)ly and a11 along he judged, 

Exercises. 

1. What is meant by Hypot.he;;is? In what• different senses 
may this term be used? 

'' J. :\Iention and illustrate the vnrious Kinds of H.'·rothesis. 
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8. What are the conditions of a valid 01• legitimate hypo• 
thesis? Explain critically and give examples. 

4. Write short notes .on the following :-(a) Verifiabilit~· 
and definiteness of · hypotheses, (b) Vera Causa, (c) Represen• 
tative Fictions; (d) Occam's Razor. 

5. Is it necessary that a ·good hypothesis should also pre• 
dict the course of events (in the department of knowledge with 
which it deals) ? 

6. Why should a good hypothesis be consonaut with 
known laws? Can ~his condition be satisfied always? If not, 
why not? 

7. What is meant by saying that a good hypothesis "honltl 
be adequate to explain all the facts with which it deals ? 

8. 'An hypothesis should not have more than a necessary 
minimum of P.resuppositions.' Why not? 

9. What is meant by a crncial instance or a crucial e'l'peri• 
ment? Give examples. · 

10. If two hypotheses seem to be equally good, how wonld 
you decide which is the better of the two? · 

U. What is the relationship between Hypothesis and 111 1 

ducbion? In ,vhat way do Mill and WheweU cliffer in tl1is, con-
~ . ' 

nection? With which view do you ag.ree ? 

12. If Induction is the science and art of Discovery, what 

stages of investigation and deduction must be traveraed? 

13. What is meAnt b,y saying thnt 'dicoverers are born, not 
made'? 

14. What is the place of Hypothesis in Sci6llce ;' 

15. What functions does Hypothes-is perlonn in scicntifk-
m vestigl\tion? ' 

lG. ·If Induction i1J the science of proof', wind pince-, ,f any, 
can be allowed to hypothesi:3? · . 

17. What i9 the Yelationship between Hypothesis an1I 
straction ? · 

18, Write short notes on :---(1) Method of Abst1-nctioni (2) 

Method of Limits-. 
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Do these methods belong to Inductive Mogic? If not, why 
not? 
~ Point out the function of Hypothesis in the process of 
Scientific discovery a.nd trace the stages through which a hypo­
thesis must pass before it becomes established as Law. (P. 
u. 22). · 

20. Explain clearly whn£is meant by Hypothesis in Science. 
What are the conditions of a Va.lid Hypothesis? !tis sp.jd tJiet 

___a.l.lin.!luction depends upon.Jly.:potbesis How far is this true? 
✓,u. 26). • · 

21. What is Hypothesis? Distinguish between a. working 
hypothesis and an established hypothesis so ·a.s .to \>ring out the 
conditions on which the latter depends. (P. U._28). 

22. ~efine Hypothesis and .indicate its value for scientific 
investigation. Distinguit1h the different kinds of Hypothesis, 
~iving one example of each. (P. U. 29). • 

28. What is meant by Hypothesi.s? Ex.plain its impor~nce 
iu deductive investigat.ion. What a.re the conditions of a. good 
Hypothesis ? (P. U. 82). · 

24. Define Hypothesis and explain its essential conditicns. 
(P. U. 31). 

25. How would you decide between two Hypotheses explain­
ing the en.use of Malaria: (1) that it is due to vapours 'in the 

__ru_t,_and · (2) That it is due to mosquito bites? · (P. U. 88). 
26. Construct two hypotheses which might explain some 

scientific phenomenon in which yon are interested (such as tlte 
monsoon, earthquakes, wireless telegraphy or dreams). Des- . 
cribe how you might verify the two hypotheses, indicatihg the 
inductive methods you a.re using, and attempt to obtain ·a cru­
ci11l instance '"hich would decide between the two hypotheses. 
(P. U. ,l3). 



CHAPTER XI. 

GENERALISATION. 

I. What is it ?- Let us take our stqck example of 
the mangoes. I taste some o'!t of a heap, and .find them 
sweet. I infer that the remaining mangoes are also sweet. 
This is a ge~eralisation. _We study some cases and on the 
basis of this examination we infer something about the 
whole class. But .is not this an induction? It is. Only, 

the concept '1~·n~d~u~c~t~io~n!--'~,il..S~_..,'j!i'-)=:!o<S<,i!2,_~:......::.;:..=:.....;;~ 
others closely conneded with it. t-===:!.!.:.=:.:=~~~~ 

the rocess of dedu in · eratiori of th ' 
facts of experience;;:tI~ t_his sense, it,i.~,ih~.most es~entia -
-- f . d ,.f." Th . 1 '.:..Ja d~ >.o. -. process o m µ,.,.ion. . e aw so e UCgi covers, -'4_.e;, -

, t:2Cpl1jgs. th=::s :f experie~ce np . ;which jt js ba.s,d'. as _j {well as ot~~c.!!".°.i ~~e sam_e _~l!!§s. _ , 
· . Now a science is nothing if it has discovered n<;> laws, 

i.e., no generalisati<?.!!!i· The larger the number of generali• ·-"":"T-----------.... -· . . 
sations 1r a sci~n~e the higher is its status. Generalisa• 
tion, we may say, is one of the most ~nt fTJnctions 
of a _science. . .,. ~ • · · 

ii. "13asis of Generalisation ..... jyVhat right have we 
to generalise ? How can we infer something about a 

. I 

· whole cl~s when we have examined only a f~~ individuals 
of that ~lass Q What .guarantee is th~re that what -is found 
true of ' some ' will also be found true of ' all ' ? The 
answer to these questions has· already been . given in the 
discussion of 'Uniformity of Nature'. Briefly, we may 

say that -the universe is a ' cosmos' and not a ' ch 
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directly or indirect Q.eCted wit ever else .... 
here is not mg m it which is out of all possible relation­

~hip with other things. __,. Th.e..Y.ariOJ1S-Sciences are reveal­
ing new connections and interdepeodences between. pheno­
mena eyecy ~ There is a uniformity in the occurrence 

~f natural phenomena. 
Since, now, the unive,::~ _an- order~ whole-:-.of 

interc~mn:e_~te~ partsi it is not stir~~!ng_ ~hat b.Y~.examining_-
-;;01-:! · arts_ we ca __ . t ~xtent understand-the-n . -
oLthe- ' whole :. \Ve find that when our generalisations 
·are ba faci:;, tl!_ey are alwa s verifie · 

ti'?J?§d&., But their falsity does not follow 
nature of generalisation : it is rather due to the insufficient 
evidence on which they are based. 

I 

_.L The unity and uniformity of nature j e--b.isis.-

of ~lisation This is_~e..a.bj.egtlve basis; i,~(nature's 
erm1ss1on to us to gen ] _But there is ano er basis, _ 

too- the subje,c,ti,µa b£1:sis~ J4N&!W:VQt hp{:b~isinlf_-.::, 
~re 50 ~ade that_ w?en »;e have a know~ some' _ 
we at . out the all ' or the 
~ - ~J.,,.J.n._ fact, one ~mp~rfa~t difference between the • 
ordinary -ffiR!LiUid _!be S/;Leuft:sl- lS that the latter u,aits : 
be ore l 1 -'. • _he f2nner rushes into it at ~nee. 
--- e ordinary man has not the patience of the scientist. 
That ·is why his generalisations are very often false. A man 
goes to a . certain town. He is cheated by the tonga­
wallah, the porter, the hotel-manager, etc. He rushes to 
the concJusion-the generalisation-that all the people of 



that towri are rascals. Later experience proves that he was 

wrong in h:s hasty generalisation. 
· ~gst a£ our proverbs are baJf-trutbs aod hasty geoerali­

s:itions, in a similar way!~ . 
[To sum up : we generalise because (I) nature is a 

;stem
1 

a cosmos; and (?.) be';!'J!SO ,ve cannot ·b_e4> 
.~emH5fu~_r:- · · . · 
\ Ill. How to c;.eneralise ? - \Vben we generalise, the 

individuals examini!d (i.e., the particulars) are regarded as 
exemplifymg the whole (the unjyersaU whjch car h~ _, 
out of t;ru.D1-b.y...a..pwcess,of thought. · But before we ex-

~end_the knowledge gained from those particulars to others 
of that class, :e must be sure of our grou~d. i examine . 
certain mangoes and find that those whose colour is, ~ay, 
yellow (x) are sweet (y). In -other words, if x, then Y· 
This is tru~ of the cases ~xamined. · How can I infer that 
it would ils.o be true of others? Two' ct>nditions mu'st · be 
satisfied to enable me to do so :--(1) Our facts should be 
~levant; oui." conie~tures should: b.e. properly (P.l,$PDed ant_; 

• -~md ~,Ef-- inference should be roetbaclisa.J.-~­
.. rcl.,:waot fa.cts_properly..ai:ranged .. andi ~ason..~d 2..itJ {~ Onr 
evidence should be uncontradicted, I We must be' sure, 

- ·nd n~t merel u ose that there are no exce tio · The 
relationship should be present m all · the cases examined. 
'thus ,ve ca~ 'infer rom its uncontradicted fre ueri'cv to i • 

niversa 
IV. Kinds of Generalisation. -There are two kinds: 

fP!JtP~al and Sci&./wtk. f ~~-i . rl '·t w- ·. 
1
o ( tJ1/( _;)'- ~ 

(.; (1) An Empirical Ge11,eralisation is_ based_ merely Q!L 

unanalysed experience. We ghsepre that certain=9-Ualities OL .. - ,. 
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that crows are 

are not alwa s reliable. single negative 
white crow -would be enough to b~eak a generalisation 
of centuriesJ Darwin mentions several · su~h generalisa­
tions. Scarlet ftQwer~ have no scent; white tom-cats 
with blue eyes are dumb. Why? We do not know . 

._tionship. 
(2) -A Scie1,tijic Generalisation is one based CD the : 

.,.discovery of the causal connection respggsible for the 
observed relationship. B.g., should it be discovered that 

_, - I f the blackness of the ' crow is due to the presence o a 
particular gland or secretion in its body, then the generali­
sation 'all crows are 6lack' would be scientifi1 Vie 
observe, for instance, that those vertebrate animals are 
most intelligent (like foxes, apes, men) which possess re­
latively large and complex brains, while those animals are 
less intelligent (like rabbits, goats, etc.) whose brains are 
small and simple. '£ Hence, the generalisation : - • the l~f@t 1,-, 

... mid more complex the bcaio the eyeater the intelligence~ 
is scientific be . . 

o exist between the tw 
scientific . generalisation is sometimes termed a 

!:!,_~n--it-mus.Lbe considered t~ be an achieve" 

~eneralisation is also, very often, a Theory ib the 

_~euse that it CO\'ers and explains the facts on which it is 
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hgsed = When a theorY has been established as a hrnJ.iL 
is a scientific generaiisatio,p. 

A . ~cientific · generalisation is not merely based on a 
~epitition of instances. It consists rather in the identity of 

=essential C<Jnditiotts. . By a_n.~!y_~is, w~ .. ..distinguish, the 
essential from the iness~~ti"at Again, the_ Q.l!~J:>er ?£ in­
stances at the basi~..,of a scientific generalisation should be 

Eirly large .• And, lastly, we should hava,adequatr, insif/ht.. 
into the science Vfhese facts are under consideration. for 
tfi1s reason, the dffi"covery of scientific generalisaEons ' i§... 
not a part of lopJcal theor~ but of experimental practicc..!-

Exercises. 
1. Wha.t is meant by Ge~e~alisa.tion: 't 
2. What is me~nt by saying that the status of a science is 

determined by the number and quality of its generalisations? 
8. What is the basis of Generalisation? Distingllish l,ct­

w~en the objective basis and the subject;ive basis; 
4. In what way does the scientist differ from the ordinal',,. 

man in the street from the point of view of their genern.li'Jtt.­

tions? 
-5. .Analyse :-<ome proverbs and show that they are hRsty 

generalisations. 

fi. How sho~1ld we generalise scientifically? 

7. What are the , different kinds of generalisation? Gi,·e 
PXnmples of each kind. 

8. _(a) What is an empirical generalisation? 
(b) What is a scientific generalisation? 
(c) How can an empirical generalisation change into a 

scientific g-eneralisatfon? . ~ /\ ..-fh..t/r-7 °\ _ -·k . /':.. , [ .. r _ 



CHAPTE'R XII .... 

LAWS OF NATURE. 

l. What are Laws of Nature? -After Generalisa• 

tion, Laws! We have seen \\'hat Generalisation is. It . 
"f;,,.,k-!?:.7·.J>' __. is. th~ .. !~:~~aQ_le :propenstty of the human mind to ~ 

beyond its limited experi~nce._ .. Our ~~P.ectations ab~~. 
-th-;; fot~r~ ~~ --~t~-·~ -· ,great e>t-tent ,based on our memories 

of the pac,t -Having ,bad a series of experiences of a 
particular kind, all .uniformly recurring under more. ot' 
less similar conditions, \Ve ,expect that the same sort 

of thing will happen in the future. These ex:pe:tatiooc; 

-are very often justified and verified by experience But 
~Qre-scientific stage. these genera'lisatians ate \'er~ 
rough and ready. We are only too prone to generalise;, 
Many of our generalisations are has~· and ~asily con• 

~ted afrerwards. ~!, the scientific stage such rough 
·and ready generalisations will not do. Hence,.,.onw_such-
~lisatio11; are selected as are based -on wide and. 
·uncontradicted experience of instances of the class under 

~c\vieneratisa1.i0Rs wan; into L~_~;,~,_Q{. 

~ 
Law - The word la.•w is ambiguous. It !'eally belongs 

to jurisprudence and politics. l.J'here it signifies a com­
mand imposed. on the ·public ~ '1}-_ flte legislative aud ex- . 
~e atms u{ ~he state. These political laws (mwd­

...la,,v~} are upheld by the authority of the State~ They 
can be violated and changed. T,heit violation entails 
pt1nishmetitJ Then, there are the laws of normative 
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sciences (ought-laws); e.g., those of Logic, Ethics~ 
These laws can be violated but ~annot be cbao~. 

Now the Laws of Nature (with which Inductive 
Sciences deal) belong to neither. of these classes. ~hey 
can never be viol.ated, and many of them cannot be and 
do not change. _They are 1miformitfo3 gf qgg,lrrence · i.e., 
so manY general st:ateroeo\s 0£ . fuG!;, . Inciiviciua1_· ybeno·. 

_i:nena are found to-edoform to snch.,w.eral statements. 
~These uniformities . of occurrence are, of course, uniformi:. 
ties of nature. ' 'ffvo kinds are important : uniformities 
(1) , of succession ; and (2) of co-existence. _)we over• 
look the uniformities (3) of persistence at tliis stage); 

E.g., A is always followed by B : a lighted rriatch• 
stick applied to dry . gun-powder. is . always followed by 
an explosion. This is a uniformity of succession~. A 
is always accompanied ·hy i3 : ·' clovenfootedness· in ·ani• 

_ mals ' is always· accompanied by the.:quality_' . . che.wing.,the 
cud.' This_is a uniforwjh• pf co-existeooa. .. · . . . 

These ' uniformities '· may be of a wider or narrower 
range of application. The term law is sometimes reserv .. 

.,ed · fqr the highest, the . widest, the mast i:.x2.c;t and the 
most ultimate uniformities·- of "";;'ii.fure; . e,g,.; th1',.' Law ?t-

~rav1tation, the Law of Chemical Combinafum...e.tc. . . 
. II. Kinds of Natural Law.~ The ambition' of all 

inducti~e science is the discovery and formulation · of 
such · .laws. The ' wider its 7eneralisati~e higher the_:: 

. m..z.::..x:_ Z£ - • 

status .. of a sci~pce. !~st _laws <½(e th_g,se which....c.o..Y.et-
-tfte entire ~~iverse_ frn111 ~heir wrtic:plar· goj p.!:-,oLvi~~­
'"For · · example, the · Law of Gravitation · in Physics.the 

GeneraL .La.u:._.o~ .. Relativ.ity m ~~t~on~my and· Physics~ 
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the Law of Chemical Composition of ~~dies in Chemis­
try, the Laws of Thought in Logic, etc., :re ·the,wid~t 
known generalisations in these scienc~ £.such laws are 
Fundamental or PrimaryJ All other laws ~ 

Jlie same classes of pheAomeoa) can be deduced from 
them; but they themselves cannot be deduced from 
other laws Those other laws which can be deduced 
from them are called D3rivative or SecondarJJ.;_ 

Fundamental Laws; however, were not the first to 
be discovered by scientists. They are the result__gf ceo- -
turies of lab:mr and research. The earliest type of laws 
was most commonly arrived at as the res1,1lt of ao ioduc­

!iWL J:>y _simple__enu.mexa.tioo SR.ch an elementary law fo 
known as an empirical generalisation or Empirical Law. 

E.g., . all crows are black; scarlet lbwers have no scent ; 
white tom-cats with blue e~es · are dumb; etc. ~ 
are statements of certain. _uniformities 

classes of But just 
w y crows are black, -or w iy sc,trlet flowers· have no 
scent, or what connection is there -between the cat's 
eyes and its dumbness, --are points not known. The 
empirical law merely s3.ys_ that such and such pheno­
mena occur together or follo\V ~ach other, but why the 

o so . or what causal comiectio~i is there between them, is 
• not known_. 
WW SC-
~ empi_rical · 1aw is based merely on uncontradict-

~ -expe~nce. • It is . a purely descriptive state?::® 
, which is . dumb causall~ .. A, single contrary instance can 

shatter it. A single white crow will break the generalisa­
tion ' all crows are black ', Before the discovery of 
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.-\ustralia it was believed that 'r3-ll swans are white •~. 
But the discovery of black swans in that continent shat­
t~d a generalisation of centuries. . 

All . such empirical laws, based as they are on induc­
tion by simple enumeration, share this defect. ~ 
every effort should be directed towards changing them 
into causal laws.) Empirical laws are so many stepping 
stones to higher la:w..."! (J ) G; 

Causal Laws are either F11nd,ement£ (primary) or 
Derivative (secontlury). Lf undamen;}J~-;;. are._.as bas 
been stated ab'lve. the ~est.anclh.ighest_generalisations 

jn science-;J Derivative. gr secaogary laws are eithc;.d:i:Feet:, 
1adeductions from fundamental laws Q!: • . ~0 • .. be. deeueed. 
from some newly formulated fundamentaLlam, theugh· 
they themselves were discovered befqre.iL-Kepler' s 

,,Seven Laws of Planetary Motion were formulated before 
Newt{)n discovered his L~w of Universal Gravitation. 
Kepler's laws were the widest generalisati~ (funda· 

mental) in -solar Astronomy ~fore Newton. But after 

the for~ulation of the Law of Gravitation they became 
derivative, .because they could be · deduced from or sub-_... 
sumed under that law. Thus the fundamental law of to-
day may be the derivatiye law of to-morrow. 

The criterion of a fundamental law \§.,th!!t it cannot 
be explained by or b* regarded as a corrolory_. .of any 
law higher than itself. Again, a derivative law " can 

.eg!.Y 6e apel~~e. in . circumstance~ sim'.lar . t~ ~hose i_~ ~ 
which the law 1s known to be true, ' Its cond1t1ons ar 

-~ 1mp&fecliY, known. An etnfnrical law, on the othe 

hand, 1s true only within the narrow limits of its observed ---== -- . -- · .. 
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range;.,. Itj conditions are not knowr;i,, at ill There 
is no certainty about it simply becaus~ there is no analy­
sis of the causal relation. ·-----..,,,,-------- ----. 

Exercises. 

1. In what different senses is the word law used? In wlrn.t 
,-ense is itto be used in inductive lQgic? 

2. What are the Law!! of Nature? 
3. What are uniformities of o.ccurrence? Mention and ex­

emplify the various kinds of such uniformity. 
4. How do generalisations change into Laws of Nature? 
5. Enumerate nnr1 give examples of the varjous kinds oi 

Laws of Nature. · 
6. Explain :-(1) Primary Laws ; (2) SectJnclary Laws; \H) 

Pundamental Laws; (4) Derived Laws; (5) Scientific Law~ 
,incl (G) Empirical Laws. Give examples of and mention the con­
nections between these different kinds . 

7. How can an empirical law change into a scientitic 
Jaw? 

8. · What is the criterion of a fundamental law? 
!l. Explain with examples :-Law, Theory, Hypothesis. 

l ndicate t1ie difference between them. (P. U. 33). 
10. What is the difference betwee11 the Laws of Nature 11ml 

the Laws of a Land? Give examples of the Laws of Nat11re and 
explain how they are discovered. (P. U. 18). 

11. Distinguish between and with the aid of examples dis­
play the characteristic of the following :-lfonicipal Laws, Laws 
of ~ature, Empirical Laws, Fundamental Laws. (P. U. 22). 

12. What is a Law of Nature? Distinguish between Em­
pirical Laws and Laws of Nature. (P. U. 26),. 

rn. Ex.plain clearly what is meant hy the terms :-.!tact, Hy-
1pothesis, Theory, Law, as used in science, g-iving illustration 
wheneve r possible. (P. U. 27). 
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' '~ ,•.' CHAPTER XIII• I 

EXPLANATION . 

I. What is Explanation ? -The earliest questions 

that the growing child asks its parents are ' \vhy ' ? 
'what ' ? and ' how '? These questions are prompted 
by the experie~ new objects and phenomena every 
day'. The child's curiosity, his inborn desir~for knowledg~,.. 
has to be satisfied, and· ·he riddles }i~ceots and. 

__ __ 1:J.ders with a nevertending series.of...'...w.b.}is '. The answers 
to th~ questions are · so many e.tj,lanations of those - , 
objects or phenomena. Of course, the child's questions 
are easier asked than answered, but whatever the ans~ r _ 
may be, right or wrong, it is an explanation or ap attempt 

__ at one._ ,. 
· The questions do . not • cease with childhood.~ 
the contrary, they become mo~methodical and · mtri­

_gte..JEvery day of our life is full of unsolved puzzles,. 
_ of unforeseen difficulties, of strange exeeri~~<:~s,of new 

inventions and discoverie~ etc. In all such cases we 

~uire explanations. .:.\s such, explanation is th~.H!.E:i1~ , 
by w:h_iph a man's ·tinderstanding is satisfied. S~e"> 

_ thing, was obscure . before explanation made it-el~ 
and easier to understand. 

This is e."Cplanation in the popular sense; .t/t,e 1m­
f amiliar phe,wmena are explained in terms oil ami]jg.,:_ 
phenoinena. The r~in falls. · The child asks :--how _does• 
it fall? .The father answers: 'Let us take a pot with water 

in it. We cover it with a lid. A fire is lighted under­
neath. After some time the water begins to boil. We 
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remove the lid. Its lower surface is covered with drops 
of water. Steam or ,•apour is nsmg from the pot'. 
'The child sees all these phenomena. They are familiar 

to him. But he again asks : ' how does the rain fall'? 
~ow we can ans"'er. The ocean is a huge pot full 
of water. A great fire, the 'fire of the Sun, is burning 
J>n it, not ·below it. Steam or vapour is . produced. 
It rises high ih the atmQsphere. ·Up there the air is 
very cold. This is the lid. When the hot steam strikes the 
lid, it is changed into drops of water. The ,vater is 
heavier than the air. · Hence it begins to fall.- This is 

rain. '[bus we explain the obscure phenomenon by resolv~ 
ing it into familiar facts .• / 

But as · man's knowledge grows, i.e., as scie~ 
~p.s,.. he begins to find that what is familiar is 
~ - difficult to explain as the mifamiliat Nnw science 
has to devise newer modes of explanation,.,, These are 
extremely unfamiliar to us. For instance, I pour a 
pint of hot milk into a glass tumbler.~t cracks! . Why ? 

Because it was a badly•made tumbler. This explanation 
satisfies the child and the ordinary uneducated man. 
' Badly made things break ' is a very familiar formula. 

But for a scientist this · explanation will not do.v,He 
is more elaborate. The tumbler cracked because heat 
expands bodies. , The hot milk served to drive apart very 
suddenly the_ moiecules · which composed the glass 

tumbler. &JThe· temperature outside the tumbler was very 
different from that' obtaining insid~ it when the hot 
milk \Vas poured' in. As there \Vas no proper adjustment ---------- ----
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of.. .the ._t 'Y\:.O . t~tt:J.P-~raJm:e_!>,_ th':=! . gl~~ . cra_cked. l.Ihis jg 

e»j,lanati-<m in the sew Jific_senseJ✓ 
Thus there is a difference of meaning when we 

use the term ' explanation ' -in the popular sense and 
when we use it-in the scientific ·sense. The former pro~ 
ceeds from tlw 1mfCllJ.~i lim:.-1.o_.t.h&_f @ 1,iJ.iar ; __ the latter · 

from, the familiar to t.l«L.lt.llfamili~r, or from t!J!LJ!R~­
familiar to the still more unfamUiar. In brief "scientifft? 
e~ lanation co sists in discovering, deducing and assi · 

, ·, n the laws of henomena 

GeneraUy speaking,- both forms of explanation have 

this much in comtpon :-tbot/z. aim at the discover'y a,_~c/... . 
~ tement of causal connections b~tw.etMi plienome?!~;] 

11. Why do we · ex.plain ? - It .may be asked ; 
what co~_ls __ us __ to ... ~lai? _ _p~~mena-? W-hat i~ · 

the '. urge '. the ,push, which doe& not let us rest as 
long as our explanation is incomplete or not for.tbcoming 

, at all ? · Ubece_are. at least, two ' veJ.eL-elea..t._ reasm~-­
why we tg to e"e!aLn our...experieru:~---

. (1) Hf e are all nat111'all;y cur.im,s];: This inborn 

curiosity is -not ~~~~ng .~ culiar to man~ _It is to be 
foond io a greater or lesser degree in .almost all animals. 
Look at the dog nosing ·about the rooms, the grounds, 
everywhere. lo fact. the more intelligent the animal, 

the -.gr.eater its inborn curiosity. The curios1ty of the 

fox. · ,or the m~ke}· is- insatiable. ~an, also, is curious-. 

We , have an innate urge, an ovennastering desire ta 

discover new facts anc!_«:~P}~~~ ..:t!n~ _differer:i.L phen.omeruL 
that cwnfron!_. -~ .E:~IY .. d,ay. _The savage's explanation 
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may be . bad, the scientist's may be ,,.good. But both 
try to explain. 

(Z) Again. it pays us to explain. -The disco~~rr 
' of the cause of a phenomenon enables us _to .. control _ 

,1t.=..t.o_ g_eal~- ~u;h .. ..i.Ul!~~-<:s~fti lly i~J .~<:..~!9.1.L ct~ily .. life. · 
_AlL~~~ _gi:_e~~ _qi§c'Jverie:; and inventions for which scien::,: _is __ 

so ~ustly __ famous _ru-tio.s.tanc~s_gf thi~_!rnth_,rThe s~~m 
· engine was made because the power of st m to raise 

the lid of a pot of boiling water was observed and 
explained. The invention of airships is based on the 
observation and successful explanation of the nature of 
smoke and gases lighter than the air/ The flight of 
b.itds and insects explains, and · js itsei/partly ~ lained 
by, the flight of-airplanes aod gliders Everywhere we 

·find the truth illustrated: Tihat to master nature we 
must first discover h,e.c.sea.e.t.sJ..\2:3y explaining the growth 
cl plants, the scientist has succeedecLiu_~~'!B:_E~\Y 

_2p~§,_iro,p.t.:Q.v.wg _ _ e~Ag ones. quickening their rate of 

_growth, etcJ Th~ _whole struc~~r~ __ o~- civilizat_~on is one " 

great testimony_!9~~d~~~~~ ?.~-~ ~7~e_:5s~~! e3pl~natiory.' . 
III. Explanation and Generalisation.~ •· 

tion is the __ 1._!_Lti_n1_q.J~. _:~.i1n _ oL au ex _ ianati~~~~:1'iMIINN.o,oi,1\\i.;;' ~ 
:ft1_g_~.£ti@ ~~.ea.Q~ ___ t~--U1.kr.e.n.c.e_ouome trufu._ or . la\~' . 

about a whole cla~~- Q.!1.- the basis of the observ~ti;:i,_ 
of____s_QIJ)e members theregj.J The_~Ja,y _to . be . .inforredlfM 

-j°.!29uld suc~ssfullr explain __ the .. 9@~_Jry, __ ~eneialising 
the attributes--observ~d in particular case~ '.~aL'ia:_~~..s .­

°';'.~e rperely forms of such generalisation Such explanatory 

generalisation can assume tliree forins : · 

(1) It may harmonise fact 'l.i..'ith fact ; e.g., why has 
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' this brick fallen from the roof ? Because, the roof is 
,·t broken or the brick was loosely cemented with

1 
others . ..... 

'-' Here, one fact i~ explained by another. (2) We may 
.: harmonise fact with lato. Why has the apple fallen • i on the ground ? (Fact). Because, all unsupported bodies 

fall on the ground. (Law). (3) We may harmonise· 
law with law. ~7hy do all unsupported bodies fall 
on the ground ? Because of the Law of Universal Gravi­
tation. Why do all planets move round the Sun? 

. ~ e~us~ .9£ the yaw ·of Gravitation ; etc. 
· '- IV. Kinds of Explanation.-There are three kinds 

of explanation : -

<p Substtmj,twii o,f .. P~'f... !01E_e:,_(!.~~of th~.Jess @llfl~ 
under the h.iglu:t:.J.or __ tll§.· 1,iqr~U§z:p~.-When we explai2-
a fact bx_ showing it I to be a parlicu la!_ ca.!c'P of ili.e..-

. working of ~ law, or explain a law __!~y_ -~h_o~yiog_ it_t_c, __ _ _ 
b~ a.~ -~SP,eq_of ~--·ljigh~r J~w. we are subsuming the 
lower, :rziz;., the fact or the less wide law, under tti-;;· · · 
higher. Subsumption consists in •:gathering __ u.p....sev.er.a.l­
laws into .one __ mac.e..ge.n.e.raLlaw~ which should embrace 

... ll!!;!!l- a-1L\ For example, Kepler's Seven Laws of 

Planetary Motion, the Laws of Tides, the Law of Ter­
restrial Gravitation, etc., are all subsumed under and 

follow from Newton's Law of Universal Gravitation. 
(2) _ Analysis of the Complex into the Si,u.ple._ . In 

the world of sciei:i~ ! :i .. }!J§.9..io .•. the._.l£9~ of_p.9l1J1cs - __ 
.the. law . .of -oonques.Lis_J9_ ~ cig.~ od-ru-le-.!. i_.T!te comp- . 

.J.e."-phenon_~ .n~E is !92- ... sE@;\U.L~ta.~d Ff ence, we 
break it up into-· its simp!~~t _CO[_l_~~!~~~n!~: _jVe studL 

_t_h~ --s~~rate laws of these const1t~en_t~- and the laws of 
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their mutual relationship,..,. In this wa);:· what would 
"ttherwise have proved to~ ···difficult a problem for our 
understanding, is easily mastered. E.g., why do the planets 
move round the Sun ? Because their movement is the 
joint result of (1) the gravitational pull of the Sun 
and (2) the tendency of the planets to move ia a 
straight lin.e--In a si'milar way we explained above 
the causation of rain. 

(3) Concatenatio1t, i.e., -interposition of intermediate 
links. - Events follow one another. All stages of the 

_ _pro~~~s. how~r are not of e ual im ortance or interest 
for us. ence we onl · observe some im ortant links and 

,.oveclnok the rest. I observe (in this disjoined fashion) 
that K has producecL:N. How? I explain the relation 
by discovering the intermediate links : K ... L ... M . .. N. L 
and M were the hidden links or stages of the process. 
E.g. there is a fire in·the street. \Vhy? Because some- · 
body carelessly threw a cigarette end. How can a cigar-
ette end burn a · house ? Because the still burning ._: 
cigarette end fell on a carpet, the carpet caught fire, -
also the varnished furniture on it, then the wall-paper, 
the ceiling. apd so on. L.vVe supply_ the missing links · 
and the phenom~~cQ There is a welt- , < 
known Urdu verse·-

magas lro bagh num ja-ne ,iah de-na 
keh ,ui-haq khun parva:11.c ka !toga. 

(Don_] gl,lQ»'. the bQn_ey-bee to go into the gar.dee; 
.:... or e~he e@r; moth will · lose it~ life> , How ? The 

ha_Q.ey-bee wiil collect nectar from the flowers. To store 

the hoiley it will prepare a comb. The comb is made 
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of wax. Somebody is sure to turn• up for the honey. 
· He will remove the comb. The honey will serve for 

food and the wax will be changed into candles. The 
candle will_~e._I~gh_ted an9 the poor moth will perish m 
the flame. 

Exercises. 

1. " ' hut is meant by Explanation in Science? 

. 2. Give exampl~~ of popular and scientific explanation to 
brmg out the difference botween the two. 

3. "Why ,lo we explain phenomena? ·what compels us to 
~~xplai1:? 

• .4. What is the connection hetween · Bxplnnation ancl· 
Generalisation : 

5. How many forms ma,· e~planator,r ge11eralis11.tio11 
nssnme? Illustrate these forms • 

· 6. Eunmerate and discuss ti1e various kinrls of e"J)lanation. 
Give examples. · 

7. ·write short notes o·n :- Explanation l)y subsnmption: 
explanation by analysis: and e1.planation by concatenation: 

8. ,vhnt is meant by 'fact' in Science? H6w is n fact ex• 
}llaine~? How will you explain the following fncts :­

(a) The risP of mercnr,v in a thermometer. 
(b) The student in an examination'. (P. U. :WI. 
9. Wl1at is meant .by' explanation:> Is there any rlifterence­

between scientific and popular explanation Describe nncl 
illustrate· the pa1t played by analysis and generalisation in 
scientific explanation. 

10. '\Vhat constitntes scientific explanation': "Explanatiou 
describes the 1mknown and unfamiliar as being made up of the 
known and tl1e familiar." Discuss. 

II. Is it true to imy that· to explain the familiar is as diffiJ 
cnlt as to explaiu the unfamiliar: Give examples to St1j.Jpo1•t, 
your answer. 
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FALLACIES OF lNDUCTION. 
I· lntroductory.-The road to Truth not a 

Some prefect road: it is full of itfalls 
- people fall into them accidentally 

Others deliberately dig such pitfalls 

sers-by. bese snares and pitfalls are 

d unconsciously. 

for unwary pas­
technically called 

~ 
Inductive science being mainly an observational 

science, ---;st of its . fallacies are due to the short-­
comin o the observational and allie processes Ve 
tnay _roughly classify inductive fallacies under the follow­

ing heads:-
Fallacies (1) of Simple Inspection _;_(2) of Obser-va:_ 

_tion ; (3) of Gen~alisation ; (I} of False Analogy; and· 

(Jy of False Causation. LI) SJl,._<-4 1 -ti '4 7 t.,,,,.vd-v ,'~.I 
II. (1) Fallacies of Simple lnspection.-The/ar t> 

also called a priori fallacies. They consist in tht! 
-~dencies of · the· huniari rriinc1:·[_,;i;.re are 

~tu rally prejudiced a.nd biassedJ@i: are horn in a 
social atmosphere which is not of our making, but is.. 
the joint product of centuries .of the 1!!.QffiJ.,_ socia~eligious., 
economic and pofitical experiences of our rac~.:J Truths­
and untruths are,....._eresel!!._!.ea~~de for us, t~ accept 
or reject, as the case may be. Our own observational 
powers are thus so completely enmeshed by these ready-

t'fiaae I judg~en~s_'~!.i~~lmost. !rr)QQS;;ibl~ to_~I~1ggz 
-forourseives Obviously, under such circumstances, thel 
genuine gold of Truth is mixed up with tons of dross-- ' - -
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~uper.sti!~1ir::-:l1~·lf.truths, _ etc. The scientist's 
fir.sLQ_uty is to purify his mind of this.._dtoss. Only 
then can he be a fit and successful seeker after . Truth. .j 

I Francis Bacon was the first thinker in modern times 
i. in ~;'To;~ii-~ -the·~~c~~~-t.y~Lsu~~ 
, _2f t~e human ~ ind f --These several fal!acious tend-

I 
de·11e1es of the mmd are (he says) so many ~ ', false 1 
gods, who have secured wrongful possession of the t®J_BJ..e__ 
of Truth-the human mind. The false gods must be 

ejected before Truthc can be installed io its proper 
place. 

---= Ba~n mentions four such 'idois '. (1) Idols of 
the Cave. - These are the fallaciou~ tendencies of eacl!_ 
~ They may vary from one individual to 
another. For example, some of us look at the bright 
of things (optimists) ; others look only at the dark side . 
(pessimists). Some are prone to exaggeration, while others 
are cautious in their statements, etc. Everyone loo)<s 

at the world J_hrough the spectacles of his own_ pre-
judices_ (2) · IdQ.1s of the X,i,be. - These are fallacious 

tendencies common to 1argU.!2!JPS of people,. tribes, 
races, etc. For example, it is a very common tendency 
with m:St people to observe only the positive instances 
(those whi~h confirm a theory or a ·point of view) and 
negle~t the negati;e ones (those which go against the 
theory). _All of. us are inclined ta give foss weigbt­
to, and e,·en neglect altogether, that which does not.­
agree with _qur own views and the0ric:s. __ (3) Idols 

of the ~Market-Place.-Tffi'e are fallacies which get 

~~~ncz m the -~~~ .... ~gh social interc~u~~ _ 
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Everybody has noted how rumours "Spread, growing in 

volume like snowballs. One v;ctim of an untruth 
succeeds in infecting hundreds of others wil;b .it t4). 

Idols of tlie Theatre. -These are made up of the exploded 
doctrines of yesterdayJhe theatre is the lecture hall 
inwhTch- variuustliin . -:--- ~ nd tneir ---- - _.. 

octrines. But it often happens that the ' truths ' of yes-
- te~ are proved..Jalse-bY-the_research--ef..t-0-9ay. The 

public, however, goes on believing in them, and takes time 
to realise their untruth. For instanca. the astronomical 
system of Ptolmey is still belie~d in h;y many uneducated. 
people, 

Ill. Fallacies of Observation.- ~hen obset-.ing 
we overlook many vJ!al ,factors and , cases. Hence, our 

,.. c9nclusions turn out to be false. There are two kinds 
-of observational fallacies ~ - (a) __Non-Obs.e.x:.ratiwl, and (hl_ 

Mal-Observation~ 
(a) Non-ObsertJation.-It consists in neglecting to 

observe certain · stances or · articular case cts or 

aspects __ -'?L.J~l1- ~ ~ ~~h .QMght tp baye been 
~~~d., This · fallacy is committed in either of two 
~-ays :- (I) Either we overlook entire fosta11ces, e.g., 

the fortune teller ,viii only tell us of thecases in which 

his predictions turned out to be truE!.t ln1.t not_3 wo~ 
will he utter about hjs failures. ~imilarly, ,,;;e accept 

those cases as true whi£h_agJ::~ . our .pet t eones 
~ beli~fs, ___ but..- over-look.-.CQntradic!2.n :_ __ instance;\ . A 
· ~:~-;;d~;- of quack medicine will publish certificat~·,of 

cures but wiJI be discceetlr sjlent about the hungred5=.9f 
,·ktiros whom bis drugs have worsen~. 
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' ~ (2 The second form of this fallac ears when 

in 'a complex instance we n_eglect to obser~~~ erta{,~_ 

vita~J:!9imstances or aspeci~f--.E..o~: exam~l_e, if a friend 
was ill and was cured by a certam phys1c1an, we maJL 
falsely ascribe the. cure only to the medicines used. vVe 
may ""o"verlook the trut~ that such concomitant ~ ircum­
stances as rest, proper exercise, change of air, proper diet, 
freedom from worries, etc., were, at least, as much respon­
sible for the cur~, as the drugs used. Incantations, says 

Voltaire, can kill "/. flock of sheep if, at the same Ji.me, 

1:r- Utl'.le-· m-senk ~s mixed in sneep-food and w~ter. iThe 
incantations, bemg weird and strange formulas, catch -- . the attention of the ordinary man, but the arsenic, being 

so very small in quantity, is overlookedj 
(b) Mal-Obs~rvation.- This is the second .kind of 

the observational fallacy. J.l-n ~his case _id zat -is observed 
is observed i~,ron l 411 1ll11s10ns are instances of this 
~- Getting up from his bed io the twilight ·hours 

of the f:arly morning, somebody notices a dark 

and silent figure in a corner of the room, and jumps up 
with cries of ' thief ! robber!! ' etc. On closer inspection, 

how.ever, he notices that it was only his own coat hang­
ing from a clothes' peg with his turban on top of it. 
Thi mixed with his own dazed state of min · 

. u · the vision of .- · -i\1al-OhsecvatioR we· eon/use 

~ur ·in{ erenc~s wi~h observed Icwtj ·· Ou~ ·o~di~y =;;~ep­
-~!1: tn d~~ly, life. are mixtures of siven fact and past. 
knowled ~ - M,d...JJllS inevitable. Such mistakes 
are ca ed 'illusions'. A hungry child~mes into a 

room, sees something ovalish1 bright and yellow at a 
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table at the other end; infers that it is a "inango ~ 
at it only to find that it was-a clay mango. ffite his 
past knowled e of man .:>es led · on. From 

e mere look of the object he inferred that it was a mango, 
without waiting for the evidence of the other sense­
organs. 

IV. Fallacies of ·Generalisation.-Vt,e caririof help ... 
generalisin&, J.rhere · is an ' urge' within us to infer the. 
unobserved from the observed, to tcy tp gra;ip the nature 

oithe- ~~o1- · 7 - .. rvin onl some members 

..i!J,Sa~"-li-his urge is the basis of ail induccive science. 
But like most such ' urges ' it has to be controlled and 
guided. \Ve are only too hasty in our generalisations. 
~e hasty generalisqtions are so 1uany fallacies. 

The following are the chief sources of error :-(1),-

\Ve rashly try t9_ ext~od 9..!:lr inference e e t 
the universe which are beyond th; limits of obseryatign. 
and- ve.rifirati~~-1· .. fa> \~~ iy try to fo;~~late a simple 
and single explanator}?: pciacipJe for a!) the divecsit}r oh 
natural ~~ Thinkers . are always seeking a 
'· One·•· to-in•·the J Many•.· "(3)"Wea re orily toor eady 

to rely 6n the results of induction by simple enumera:~ 
tion. They are alwa}~isk}z-genera.l-isa.tions...a.cd _sbou.ld­

rwt be-giyen th~ tatus--o'E-ca-usal::Jaw-3 of nature. 
I~asty._generalisations are causeq by our 

o~ -1-~e do not wait for further evidence. 
E.g., samebody g0es to a scho-Jl · and c-:>mes across a few 
naughty boys. I~ he decides ~traightaway that the 
discipline of the school is bad, it would be a false and 
b:isty generalis~tion. -~ Bµt __ _this. is how the-ordinary mind _ 
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works. vVe do judge people and things in this hasty way. 
Most. _of. our prov~erbs are such hasty generalisations. 
E.g., 'haste makes waste'. Does it always do so? \Some-
times; haste alone can-S;tV.e the"situatiorl\ . . . - _ ... 
. V. F~llacie.sc_Qf£ c1_l_se Analogy.. - The great German 

satirist and poet, Heinrich Heine, once prayed : ' Lord 
God,saveus from the Evil Oneand from metapbocs'l Now 

,.. to put a metaphor on par with His Satanic Majesty is really 
stagaerring. But there is a measure of truth in the com-o . ,. 

parison. -~feta h6rs have a wa of leadin the mind to 
_ irrelevant, and soinetime·s Q.al}gecous, association•· 4""~!1.1..:::.. 

ficial simi-larities 5hould not oe allowed to pass muster for_ 
~eal analogie~-i I A king is to his 'si_iife'cts~'"t'ir a father is 

to his children;' 1 This is a false analogy because the father 
is connected with hi~ children by ties of blood\; their 
interests are common ; the father lives for and sacrifibes his 
own happiness, even his own life, for his children ; and, 
above all, he is in· age and experjen_ce ·wiser than them. 

This is not the relationship · behveen the_~ ~ and _Jiis_ 
subjects . . How very datigerrms, therefore, ,~ould it be if 

some ,ultra-rovalistS:>f today were to , claiin absolute and 
despofic r ights for a kin on · 

1 
• false analo ! 

Hence t e fo'rce of Heine's prayer. Similarly, tliis analogy 
is false : 'What the mother is to her children, that the 
mother-countr is to its coloni.es. 

Analogy· is, at best, an imperfect induction~d effor~ 
should always be . mad~ · to advance from ity;;i(bec to.. 

~~du~tio!l...Q.Lh>Jf omolog_v.~ .:.it to the s;onsjdera­
.!.!.?E.Y-f ,:Yifal a11d structural resembl(!;!l:£~~,.:_ Homology is 
of the greatest use in Botany and Zoology. 
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VI. Fallacies of False Causatio". - These fallacies 
arise when we take mistaken views of the c-ausa) relatioo­
ship_g.e.tweeo phenomeoa ~hey can assume various 
forms, of which some of t~e . mo~t com~on are noted 

below,: -
(1) Mistaking Co-e~istence for Cau.sation.-We 

observe that animals which ch~~- the cud have divided1 
hoofs. If; then, we infer that .' che.wing • the cud ' is the 
cause of 'divided ho~fs' (or ui~ 'Ver~ci), Y{~ ~h.Quld b~ 
committing a fallacy. ~Both are co-effects of -an hithertQ. 
~nknown ca.);lsef Sometimes, a . mere chance accompani-

~ent1 of a phenomenon is mist~kenl ·re rd . · . 
e accidental entry of a 'sru.nf.i!! a village c~incides with 
~n. Hence, the 'saint' is ,the cause of the 
rainfall! · 

(2) Underestimating or Ooer~stimating the 
·Cause.- - in . the 'for~er case we overlook· essential ·-condi: 

tions which led to the effect. The fall of Nap~ 1ail,' for 

instance, may be said to be due to his defeat at Waterloo. 
Here we overlook the other factors .. ~hich contributed 

towards his downfall. Similarly, it would be false to say 
that the-~al ·ETnp iri:f detUl'ietl-irterely because Aurang­
zeb started levying ja~ia. 

vVe overestimate the cause when we assign more con-
ditions than are . reall ne ~ to 

, , y does Mr. X suffer from cbolei:a ? . Because he ate a 
di_shful of cocumbar on an over-loaded stomach, drank 

three pints of butter-milk on top of it, and not C(?ntent 
with that, injured a perfectly innocent man who had not 



188 FALSE CAUSATION 

voted for him at the last Ele~tion. jThis l~st factor has 
nothing to do with the causation of cholera1 

(3) Single and Simple Causes for Complex 
Effects._ Sometimes the supposed cause does not explain_ 

the effect in all its co!11plexity. P..oJ!~-~~~~~~3~a}__g_~~p~· . 
mena, for instance, have too many ram1fications to be ex-
plained by any one cause or set oLconditions. Man'i.,. 

· important details in the effect remain unexplained, however 
hard one may try. To specify one cattse in such complex 
cases would be afa!1'1cy. 

(4) /Metaph_vsical _Caus~s for_ Phy~ical Phen~­
mena.l- The essence of · inductive science 1s to explain 
phenomena by phenp)Jie~i.c., facts of experience by 
means.of .other. facts .of. · ossible . . er-ienee.-We 

-~hould not go ev nd phenomena in_~1:1_r _s~_for ·ca:'!,1.s_~. 

To explain an earthquake by the ' Will of Providence ' is 
. .--

a consolation in a religious sense. but does not satisfr_ 
· science, -

(5) MJ,bl.alitJ!-Of Cause and Effect.-The nature 

of this mutuality has been explained in ~ discussion of 
causation (Chapter V, secticn X).. Fallacy arises when we 

overlook the mutualit:>:., and falsely consider PDf'. enRt of 
~es as sanse and another as effect. 

(6) ~- This £a11acy coAsists in 
.3ssuming something which is not a cause to be the cause. In 
general, many cases of false cau?ation can be grouped under 
this name, t•iz., (a) b,istaking a sign or inessential condition 
~he belief that incantatious can produce 

death; or (b) ' reversing the causal relatiq,n, i.e., mistak­
iQg the effec~_Lh__e. _cause.-and-the.cause.-for-the..effect, e.g., 

-------- . 
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1be belief that a country is wealthy because it has money, 

whereas the reverse is the case ; etc. 
A very common form of this fallacy is called post hoc.--

,_!:!:...g.!!.1..l!!'Opter ~f; (after this, therefore, on
1 

account of 
this). _J n this £~e. mere sequence is mistaken for ra,nsa­
tion. nl that se uence is causation which is invariable 
nnd unconditional. n m less than that woul 

its cause m a certain case, y occurs after .\;, we cannot 
merely on this ground infer thaty is the effec~ of (i.e., is on 
account of) x. If a king has died after t~e appearance of 
a comet, or a misfortune has occurred after the accidental 
spilling of salt by a guest, or a traveile~ has been robbed 
because he met a Brahmin directly he left home, then we 

cannot validly infer that the appearance of the comet. the 
spilling of salt. by the guest and the sight of the Brahmin 

are respectively causes of the various misfortunes which 
followed them. A man sneezes vigorously and comes to 
grief shortly afterwards. Hence, the sneeze caused . his 
misfortune ! ~fost su erstitions are instances of .this 
fallacy. J LI,)~D!Lm.QJ.".llllg~_s.w..rs...,_ ~,~i!~~!i- and-saints,-

_ hl~~~i!)~urses,--char.ms-and_am11lets,_eteu .have from 
the earliest times n a ed as ca · 
and good effects. hat happens usually in such cases is_ 

a mere accjdental seguence of two phenomena with ffJ­
~ -connec.tiQ!!. between them. /tO ~ ti (;C 

() ,. .. /\-A--' ..J Exercises. ~ · 
1. ·what is meant hy a fallacy? Enumerate t.lu.• various 

ind nctive fallacies. 
" 2. Discuss and exemplify the following inductive fnllacies ? 
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Fallacies of (ai Simple Inspection, (/J) of Observation, (c) of 
Generali,mtion,.(d) of False Amilogy,- nnd -v~, of Fnls~ Ca11satio11 

3. \Vha.t are a priori fallacies? 

· 4. Discuss the full1tcies known as Bacon':; Idols. Give 
examples. 

· 5. \Vhat n.re the two chief foL•ms of observational follncies :' 
Give example:-1 from your own experience and distin:.;uish ciu·e­
fnlly between the two forms. 

fl. ··what are the two sub-clns:'le::1 of the fall!l,C.Y of Non-

()bservntion? . ,. 
. 7. Give QXRX1picl of Mal-Observation from your own ex­

perieng. ~ 
ci/5:' \Vha.t arc the chief sou recs of the oLservn.tionnl fol11u:,r :' 

9. \Vhn.t tLL'e the ,:hicf sources of the .l•'nllacy of Gener­

alisation? 
10. Discuss the 11nture of and gi'l-·e examples of Hasty 

Genernlis1ition. 
11. What is the unture of the l!'allacy of },alse Analogy:' 

Mention 1L11d annl_yse some exn1111,les of False .Analogy. 

12. Enumerate, and exemplify the v:u·ious forms of the 
fallacy of }'aise Causation. 

HJ. Discuss and give exampli,,1 of the followin:; fallacie s :­

(a) Mistaking co-existence for cnu,mtio·u. t (b) U11derestimating or overe:,itimll.ting the cn11se. , 

te) ~r ~o :1imple c11.11.ial exp!A.111Ltio11 of ,i complex phenoi"nonon. 

( d) )ietiw.!J.ysicn.l Qa_11s,es fo} ' Ph.ri!i cn.J .f h ~ti.0..1~1~!!!.l;. •. _ ~ 
(e) :Non ca.1t.~a p1·0 ca·ww. 

(f) hlistakin~ the 11n.t11re of 1L lllllt.11ality of c:~il seiaii71:-~-ffoct:<. 

(_g) l'ost hot:, cl'go, propter hoc. 
'l.'hc f,,llowi11~: tix .. rcise :, n.re culle,l from th" P. U. Examina­

tion qu.,sti011-p11pcrs :-

14. .A.n11Jy,:;e (any two of.) the follo\\'ing- nn~11111ent;i and dis­
~11ss theiL: validity, pointing ont the fallacy, if nny:-

(a) So far nil men with whom I have come in contnct nre 
selfish. \Vh.r sho11l1I I not in for, therefore, thnt man i;; selfish:' · 
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<1,) ·whrt better explanation cnn we give .~~ the fnct.t~at we 

l=<t'0 through glass than that it il:1 transparent? ~ 
(c' He mnst be an excellent mnn for I lm~e been favourably ,, 

impressed with his manner of talking. / / c--~ 9 e..,,.. .• · L--"'·0 

15. Test. the following arguments:-
(a) A woman never cnn ho n priest, for women never have 

l,c.,n priests. / t -~ )~..,. 
(b) Astrologers can tell the future, because an nstrolog~ 

told mo ·that I wns to be successful and I have been successfnL ) 

( c) Yesterday my brot.lier called. '!'o-day I nm ill. His 

Yisit must han• causecl my illness. ~ - & ~ 
. ,?.<.. 

. (<l) He mu;a1t pnss this examination, because his brotherpv 10 

:<tn,lied in the same school <1s he does, passed it last year. t,« 
16. Analyse (nny two of) the following arguments nnd dis­

cuss their validity, pointin:.:- out the fallacies, if any:-

(a) A democratic i;overnmeut has been a suc~ess in Englnnd 

therefore, we shonld haYe a demo ratfo form of Government 

in Tndia. ~ ; . 

(b) My fatl1er, grm1dfnt11er llnd gr nt µ-rand-father were sue/-/, 
ces·sful bnl'linessmon, therefore, I shall be :,iuccessful in business. 

(c) Night invarinbly precedes day, therefore, night is th),l, 
cause of day. ~ ~~ ~ 

17. Criti cise (nny two of) the following arguments:-

(a) 'l'wo students sitting 11enr el\ch other in an examination (I. 
room offer identical incorreC't 11nswers to two problE>ms in the V 

, t.). 
paper; therefore, one hns been copying from the other. 

(b) In recent years there has been a remnrknhle increase in 

th1:1 number of medical practitioners in most of the lllrge to,wA _ 
of India. Therefore, sickness in the country is increasing. -r~ 

(c) Babies sleep n good part of the 24 hours nnd school boys 

10 hours or more. \Vhilst adult men sleep for six to nine hours, 

old men find themselves unable to sleep for more than four 
hot)l'~ at night. It, tl1erefore, appears that the number of hours 
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necessar~• for sleep is cleterminecl by th•~ act,ml am-0u'f!t of work 
rlone by body nnd mint!. -f;-4,-<-- C -~vw.-~,...t..,--___p---....., 

18. }~xamine (n.ny two of) the following ar;.;mnents, sett1n~ 

forth the C\Tidence separately from the inference in each case. 
numing the method e>r met,hocls employer! and pointing out the 
fallacies, if any:-

(a) This must be 11. reall.v ~ood medicine since according 
to the testimonial;; printed l,y the mnker;;. it hns pr~·Pcl effica­
cious in thousands of cases." "Y"""" - ~,;.'\,~ 

b) A planet without life is as ,.;reu.t nn nbs11rclity n.;1 11. house 
without tenants or ;f city without inhabitants. t~ ~ 

(c) The weight of a one ye:u· old child i:i ~1·e:iter than that 
of a baby of six months, anrl a youn),I" mnn of ~O is, of co111·se, 
heavier than n boy of £2. 'l'herefore, the weight of the hoc~'° 
1s dependant on the age of the individual. ~ U,~ 

19. Analyse (nny two of) the following:- ,-(; 

/ (a) People a1·e not blamed for speculating; in cotton 01· 
,-orn; wh.r should then betting o·n horse rnc~s he condemned r 
~~b) The percentage of passes 'in Matricluation is higher 
· t~an in t.he Intermediate. 'fherefo1·e, tl1e tend1ing given in 
schools in superior to that given -in colle:;;es. 

Vrc) Great rivers ~enerally tlow past big c ities. 'rherefore. 
t.{i:~ 

0

gren.tness of rivers mnst he rlue to th e pro:'lperity of the 
towns situated on their banks. 

~O. Examine the following: -

J\ (a) Eni;ln.n<l has I\ clemocr,Ltic frnnchise. ·r1iercfore, I1uli :L 
should ha\·e a democratic fr,m chise too. 

(b) 'fhi:3 collc~e pnsso1l th e least 1111mbe1· of st11 ,!n11ts in 
tho ln.,;;t University ex,1.1ni111Ltion. Thc1·do1·c, it is ti1e worst 
college in the U11ive n1ity. 

p (c) Oak does not grnw in the pliLius, for I hiwe novc1· cotw! 
across any. 

(rf) All th e great empires that have en !r e xi:asted ha ve 

lo;; t their p0sit,ion of e minen,:e: h en Pfl no ;;rent empire in 
. -- _I-:/ 

,.., I A .1f\...P/"V'"" the l'utnre will nrn.intnin s nprem:i cy. ,/ . 
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: ) r I ave on1'· one servant in the honse; the1·dfore. the ,e l ., . , f1j-.Jhp_ C_pc..,W>---
1110TI8Y that I lost must have been stolen by h1m.f ou- -- - · 

(/) The fruits of the tropical countries are far sweete1· 
than those of temperate regiori's. Heat is,..therefoi-Ei the cause 

./° ~. ·- ~.,/ A~,._,,-' of sweetness. ~.......-........ --
(g) The mo t,se m a fable, ,iescribiiig the cat to its mother 

;;11.icl, 'I . believe it Wohld be very friendly towa~:1~( 
its eii.rs are of the same shape ns yonrs'. ~ 
. (h) The metrnpolis of a country is tke the heart of t 1e 

11.nim11.l b~d_y ! ~h__e~~2i.' th~ __ in~r~a.sed size of the metropoli ,; 

i11 ,i ~isease_- ~~ ~~~ . . fl~ 
(i) It -will certainly r~,m fo1· the sky looks very black.~ 
(j) ,vhat _fallacy if the farme 1·s expl:i.in n. poor crop lJJ" 

u. recent change in the goveriimeiit ? ~ -d.,, __ c{rt~ ~ 
(1~) Opiuin cannot be injurious foi:fr ha.~e cj:;:-; ieacl in the 

pat)er ·of the clenth of n. confirmed opi.uin eater rl.t the ripu 
nge of 98 years. / -/-~ 1 C,,~ 

(l) You brought a curse upon my house for no sooner 
di<l you leave it than the lightening struck.rv(.,'v'-- -V~ 

· (m) 'I travelled to London and then to Paris by air, u.nd 
on my way I met a. Frenchman. Now I have known that. 
all F1·e1ichmen are liars evP.r F>ince a Frenchman told me m.r 
fortune five years ago (That fortune-teller told me that all 
In<linns were lucky and that many lucky people became 
rich, so that I should certainly become rich). The 
J<'renchman I met in the nerdplarie could not have been 

•~ very intelligent man because ho was reading 1L very stupid 
hook. I asked him why he liKed reading such stupid book;;, 
an<l he replied, • B,eca1,1so I enjoy the readin.g of foolish 
literature'. He went on to u.sk , A.ml what about that silly , , ' 

l,ook .YOU l\l'e r~a<ling .vouraelf? ' tt iii a wise hook,' I answered. 
'bel.\ause it coilt:.iius many \tise sa,riilg,s. lt.s author too was " 

f lear friend of my fat.hcr's.' The Frenchuu.n replied' · '\Vh1-n. 
lwill yon give up using fallacions arguments? I had no 

ans~er to this, so I kick~cl him out of the aeroplane'. (Dis­
cover and name the failacies). 



CHAPTER XV. 
DEDUCTION AND INDUCTION. 

Deduction . con?ists in the application of general 
rules or laws to particular case.=;. ~hese particular cases 
are subsumed under those rules or laws, This is most 
evident in Barbara;the · typical deductive mood. Induc­
tion, on the other hand, goes beyond the immediate da~ 
before us. Its co°riclusions are always wider than its 
premisses ....'.rhe two disciplines differ in their methods - . . 
and points of view. C. S. Pierce, the famous A_rnerican 
thinker, illustrate~ their mutual relationship ~~-_!~l_lows :-

Let U.5 take our stock example of the mangoes in the 
_basket. "Ve draw out at random a dozen or so. Or. 

tasting . each of . these mangoes we find that it is sweet. 
Our inductive argument can be expressed as follows : -
These dozen mangoes were in this basket, __ . 
These mangoes are sweet, (Induction). 

·:. All the mangoes of this basket are sweet. 
' Let us now partially invert the order of these pre: 

misses. 'Ne find that it forms a deductive syllogism : -
All the mangoes of this basket are sweet,-:- Rule 
These mangoes are in this basket, . - Case 

:. These _mangoes are sweet.-Applicatlon of rule to ·casc. 
This is an argument in the typi~l mood, Barbarti. 

Coqiparing . the two arguments, we find that the 
· induaf:iue '11"f111~u..ca:nsi-sted in the ·inference .!!1-. tltc ruf4' 
from the case and the result,_ · 

It has alrea~y .been pointed out that induction 
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involves the occasional use of Hypothesis and Analogy. 
\Vhat is the nature of' hypothesis'? 

Suppose that I have ' before me a score or so of 
inangoes lying near ~ basket. _ On tasting each I find 

- - - - · · · - ·-· · ~ · - ~ - ..I • · -

that about a dozen are sweet ~nd of a Ps.rti.!:Qlar . .type or 
hue: but _ the rem~i_ning mangoes are not~_1;~~~!.__i!.nd 
alsci_ look diffe~~nt from those which are. I -am told 
for certain that all the mangoes fo the_ ·basket itself are 

sweet, and of a hue · wqich resembles that af the · sweet 
mangoes tasted by me. I conclude that these sweet 
mangoes we:e from that basket. This is an Hypqthesis. 

The argument is:-
Rule -All the mangoes in this basket are sweet, 

Result-These dqz~I} tnangQ_e~~re sweet, 
:. Case-These dozen ____ man_go.es _musL.have belong~ . 

.to..tbi5-.baske~-

_jj_ypothesis, then, ~is the infergnce of a case from a rule. 

~ 
To sum up: -In i1iducti-01i we obser\'e certain cases 

of a given class and find a certain state~ent true Qf 
them all or of a certain definite proportion of them. 
\ Ve_ infer that that statement is also true, either of all the 
remaining cases of that class or of a definite proportion 
of them. \Ve go beyond the data before us, and on 

the basis of a certain degree of probability, we infer that 
what is true of a part will also be true of the whole class 
of unobserved cases. · 

\Ve · have an hypothesis when we find a certain 

ehenamenan whi-eh-e&R-be explained by the supposition , 
thaf it is oi:ijy a specia~ case of a certain general rule. 
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We adopt that supposition, and if it is verified by actual 
facts afterwards, our hypotheiis is confirmed ; othel:wic;e, 
we think of soine other supposition to expiain the pheno­
menon in qt.ie.;tion. 

Lastly, we have an . Analogy when we find that 

~ - objec;ts,-0,i:_t\Xo phenumen.'.1. - resem_ble each. other j12. 
certain imp::>rtant respects. \Ve infer that they must 
resemble -~_:;ich qJ_her in certain other respects,--f;o, which 

w~,_~c! ar~ present in one an~ expect (on this groundl 

to be present in-ibe other - - - -

It may be noted that if from cert~tin true m-emis~e.§ _ 

a certain true conclusion iiecessariJy follows, tpen from _ 
the falsity of the conchtsiob the falsity of the p.r.e.mis.s_e_s __ 
~ui~odus_tollens - of the mixed h)•po­

thetical syllogism.) 

For example, we have· i_n ·1-,· 1· "I p j ~It c ..... -.,t a 
Barbara -

1 
Case ... -... S a _.){_ 

.-\ person who denies 'Sa µ' Res11lt ... S a P 

(i.e., asserts S ,; P) 1tiay still admit the. rul.e. But in that . 

case, he_ shall ha~~ fo deny the ( . , Rule ... M a-P _ 
cas1J. H 1s argument would be- -

1 
Dem al of Re:rnlt ... S o P 

Again, the person who denies Detiial of Case ... S o M 

the resu It and stiil admits the case must; perforce, deny the 

rule. ,Bis argnlnt:nt W~tild be.:_ I Denial il Res111t. s () p 
The ii1nods 'Barokn and I Ctts~ .................. S ·a M 

Bokardo are, \\'e know, the Denial of Rtlle, ..... M o p 

two indirect moods ahd the typical -moods of the Second 

and Third fig1ires, respectively. 

Take· a concrete example : -
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Ruie.:.._A.n -ma11goes ·o'ftbis basket are ·S\veet, 

Case-These dozen mangoes are from this lra:sket, 
:. Result-These dozen mangoes 'a.re sweet. 
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If sbmeb'ody 'de·ni'es the resu<lt '(i:'e., asserts that 
'some of these dozen ma.hg'des are ·not sweet') but 
admits tfi~ hlle 'that ' all the mangoes ·of this basket are 
sweet ', then he tritisl: ·d&ny that ' these dozen fuattgoes are 

from this basket '. SimHarly, if stimebod.y denies the 
result (i.e., asserts that 'some of these dozen mangoes 
are not sweet ') but admits thAt ' these dbzeri mangoes 
are from this basket '; then he must perforce d~y that 
'all mangoes from this basket ate s~et '. 

Ih general, inductions are ntit of tliis necessary 
nature. Tlie sphere of intlticHve teasohirig does rlot 
include the two e'Xtrerne degf~es of ptobabiiicy, viz., 
zero 0

/0 probability (i~possibili'ty} aiid.J.O.tl..2/o-pr-aoa:bilitY­
(ceftainty\ _ Induction and .hypbthesis fle:tl with the more 
o't i~ss probable. Substituting eletri'ehts of prbbabillty, 
tbel'f; iri th~ above examples; -i.\Te have teat cases of 

j ndu~~~O_fl _'.3-n~_~w_oth~sis_,_ . Let us tidte a probable deauc­
tion in Barbara : - ~ 
Rule--llfost of the mangoes of this basket are sweet, 
Case-These do~en mangoes are from this basket, 
Result - Probably, most of thes~ dozen mangoes are sweet. 

Suppose that we deny this result, but accept the rule. 
We shall, then, have to deny the case : -

Denial of restdt - Most of these dozen mangoes are ,wt 
sweet, 

Rule-- Most 'I'nangoes of tllis basket itre sweet-, 
" 

Denial of C.-Th'er'efofe, probably these dozen rnttngoes 
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e not from this basket; i.e, probably, . they wer . 
were taken from another basket. 

This would be an hypothesis. 
Let us now deny the result but accept the case. We 

shall, then, ha~e to deny the rule:- . 
D. of Result- Most of these dozen mangoes are not sweet, 
Case-These dozen mangoes are from this basket, 

D; of rule. -Therefore, probably mos.t mangoes of t~is 

basket ire not sweet. 
This would be an induction. 

The above method of conceiving the relationship of 
induction and deduction is not entirely satisfactory, though 
certainly very interesting. Two points are to be noted. 
(I) It .is true that in this way·we can succeed in emphasiz­
ing only the negative aspect of induction and hypothesis, , 
whereas they h•• certainly a positive aspect, too. (2) 
Again, if the: truth of a certain premiss would render the 

truth of a certain " nclusion probable, it does ~ot f;;'ilow 

that the falsity of this conclusion would make the falsity of 

that premiss also probable. 

T·HE END. • 

... --------~ -- -- .... ~•_:_··- ··· ·· · ·----
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