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Some theory of classification underl ies 1110st prac
tical activities whether individual or social. It IS 111-
v�lved in most attempts to understand the structure 
of reality on a metaphysical level a� d It IS presup
posed in the formulation of scientIfiC laws. The 
logical and material principles of classi fication are

. covered as well as various general problems and CI I
teria  of classification . Differing classification pnn
ci�les in particular domains such as the natural . SCiences and medicine and in information ,lie d l�
cUssed as well as the place and role of classification 
In scientific method, its relation to and dependence 
On theory, scientific nomenclature and the philo
sophical issues through the heritage of Plato and 
Aristotle. (1. C.) 

O. Introduction 
[n apprehendly the world, men constantly employ three 
methods of organization, which pervade all of then think
Ing:  (1) the differentiation of experience in to particular 
objects and  their attributes- e. g, when they dlstll1gulsh 
between a tree and its size or its spatial relations to other 
objects; (2) the distinction between whole objects al�d 
thei r component p arts -e. g when they contrast a tl ee . ' f' t of With its component branches; and (3) the orma Ion 
and the d isti nction between different classes of obJects

e. g., When they form the class of all trees and �he class 
of all stones and distinguish between them. Of these 

. 
methods, the d ifferentiation of objects and attributes IS 
ObViously presupposed by the other two. Though the 
Whole-part and the class-member relationships are qUite 
different, the w ork of developmen tal psychologists has 
Ind icated that children below the age of five cannot 
distinguish between them. This article, il0wever, deals 
only with the third method. 
Most p ractical activities, whether on an individual or . social level, involve classification . The buying ,�nd seilIng 
of Commodities (such as carloads of melons), for exan�
Pie, often concerns objects considered as membel s of a 
class (melons) rather than as concrete particulars. Clas- . slfication is no less involved in any attempt at a theoreti
cal understandi ng of the whole of reality or of some as
pects of it. Ancient and recent metaphysicians, In theIr 
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efforts to de termine the structure of reality, have put 
forward classificatory schemes that allegedly refl ec t this 
structure. Formulation or scien tific laws presupposes 
classifications, because to formulate a law of nature is 
to state relations between the members of different  
classes, 

L The principles of classification 
1 . 1  Logic.11 principles 

From the purely logical point of view,  a classification of 
a domain of things does not depend on the natu re or the 
criteria for class membership .  It coincides with what, in 
the mathematical theory of sets, is called a "partition" :  
a division of a set of objects in  t o  subsets is  a partition if 
and only if 

1. no two subsets have any elernent in common and 
2. all of the subsets together contain all of  the mem-

bers of the partitioned set; 
ie., they are mutually exclusive and jo in tly exhaustive, 
A classi ficat ion or part i t ion may be refined by classify
ing or partition ing the subsets and their  subsets until  ( if 
ever) a class of only one member is reached. I f  a set is 
manageably finite, its partition can proceed without 
employing any criteria for class membership by simply 
forming  collections that satisfy the two conditions for a 
partition; e, g, when the set I a, b, c, d i is subdivided 
into the subsets la, bl and !c, dl. If a set is infinite or 
finite but unmanageably large, then its part ition requires 
the use of criteria; e. g., when the set of in tegers ! I, 2, 
3, . . ,I' is partitioned into the subsets of even and of odd 
integers. A criterion for class membership may be either 
a simple characteristic (e. g , being an even in tege r )  or a 
compound characteristic (e. g., being divisible by :2 and 
by 3 o r  being divisible by 2 or  by 3) so that possession 
of the characteristic is a necessary and sufficient condi
tion for an object 's membership in the class. 

The mathematical theory of sets, however makes the un
realistic assumption that every set is exact or extension
ally definite, It d isregards the frequen t occurrence of 
borderl ine cases; i. e., of objects that can with eqal cor
rectness be accepted or rejected as members of a class. 
Such borderline cases, common to two otherwise ex
clusive classes, are relevant in b iological classification. 

A logical theory that allows for inexact classes has been 
developed for analyzing the relation between mathema

tical and perceptual p ropositions. 

1,2 Material principles 

Though governed by the same formal principles, classifi
cations may differ widely in their claSSificatory criter ia 
and in the principles determin ing  their  choice. It is usual 
to distinguish between natural and artificial, between 
essent ial and empi rical, and between p ragmatic and 
o the rwi se-jus ti fied classifica tions . 

I , The d istinctiol; between natural and artificial classifi
cations is hardly an absolu te one : it is rela t ive wi th re
spect not only to different cul tures but also to d i ffercnt  
phases in  the history of one culture; and this relativity 
applies even if a natural classification is defined by clas
ses the members of which share the maximal number of 
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attri butes. To a con temporary Westerner, for example, the classifications employed by the members of some 
primitive tribe - of days into auspicious and inauspicious, 
for example - may seem wholly artificial . Again, those 
of St. Thomas Aquinas, which contain a class of ange ls, 
lTlay seem equally unnatural to him. 
2. The distinction between essential and empirical clas
si ficat ion is based on the assumption that the former 
rests on a priori ideas as to what is important, whereas 
the latter rests on observation alone. Yet no scientific 
classification is independent of theoretical assumptions 
as opposed to unin terpreted observations, if, indeed, 
there are such things. To regard, for example, zoological 
claSSifications that are not genetic as wholly nonempi
rical and those that are genetic as wholly empirical is to 
mistake a change of theory for a discovery of an error. 
3. Pragmatic classifications in the sense of philosophical Pragmatism (q. v. ) must be distinguished from pragmatic 
classification meant to be merely provisional ,  heuristic 
(aiding d iscovery), auxiliary, or made independently of 
scientific theorizing. 

2. The domains of classification 
2. 1 . General problems 
In every a ttempt a t classifying a domain of objects, the extent to which the choice of classificatory prinCiples depends upon the nature of the objects must be considereel . More speCifically, the choice of the principles may depend, as in acoustics, on the extent to which the objects of th e domain are given in perception ; as in paleontology, on the extent  to which they are subject to Change or development; as in petrology, on the extent to which their d ifferences are differences in degree rather than in kind; or, as in fluid dynamics, on the extent to which their differences are differences in quantity rather than qual i ty. 
ClaSSification of perceptual and nonperceptual objects .  [n forming classes of perceptual  objects - e g. ,  the class of green things, of elephants, or of motorcars - the perceptual resemblances and dissimilarities between their members play an important role .  Whatever definition of such a resemblance class may be adopted ,  it must a lways satisfy the fol lowing requiremen ts :  ( I )  the qualifications and disqualifications for membership must include a method for exhib i t ing standard members and nonmembers of the class, such that (2) an object qualifies for membership on ly if it i s  sufficien t ly similar to the standard members and sufficiently dissimilar to the standard nonmembers. Although the lati tude a ll owed by these conditions can be restricted by various means, i t  cannot  be Whol ly eliminated ;  thus, resemblance classes are inexact; i. e , they admit of borderl ine cases. Their existence , far from impairing the classificatory scheme, may be a logical consequence Or a postula te of a scient i fic theory employing the scheme. After a l l ,  if, say, t 11e deve lopmen t of hvm g  organisms implies gradual change , their classification would be unrealistic if it did not a l low for cases on the borderline between species. On the other hand many scientific theories, such as those of theoretical 

' 
phYSics, do not refer directly to perceptual phenomena bu t do so indirect ly by rela ting a perceptual domain to 
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2.2 Classification in particular domains 
Principles of classification depend to some degree upon 
the domain i nvolved. 
Classification in the natural sciences. The greater the role 
played by purely quantita tive methods, the smaller that 
played by merely qualitative classifications. Hen�e, com
paratively less attention is given to classification 111 the 
phYSical than in the biological sciences. In the more �e
scriptive parts of physics, however, classificatIOn IS stli� of utmost importance. I n  astronomy, for example, dl 1-
c.ulty is experienced not only in determining charactens
tic features (as in the case of the galaxies) but also 111 
lllaking Sure that t heir observability is not lost as 111-
creasingly distant objects are studied. In moving from . phYSics through chemistry to biology, the role of claSSI
fication becomes more dominant ;  and, in biology, taxo
nOllly, or the ordering of organisms in to species, genera, 
falllilies, and so on, constitutes a central part of the 
theory. 
Classification in the social sciences. Classification in the 
SOcial sciences was and still is to some extent concerned . " . I bureau-With so-called ideal types, such as the typIC a 
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3. The place and role of classificat ion in 
scientific method 

3. 1 Classification: its relations to and dependence 
on theory 

Though purely classificatory sciences are sometimes con
trasted with explanatory sciences, i t  must be emphasized 
that the formulation of scientific laws presupposes classi
fication . Th is is true not only of un iversal laws of nature 
but also of probabilistic laws. As R. B. Braithwaite,  a 
British philosopher of science, has emphasized, every 
deterministic scientific generalization may be (at least 
partly) analyzed as a concomitance generaliza tion to the 
effect that everything that is A is B - provided tha t A 
and B are sufficiently complex properties - and, clearly, 
the prinCiples for se tting up the classes A and B in the 
first place must se rve as a basis for the generalization . 
Probabil i stic or statistical laws of natu re a lso presuppose 
classification, because any such law has the form of a 
statement that a certain proportion of things belonging 
to class A belongs to class B or that there is a cer tain 
probabil ity that a thing that belongs to A also belongs 
to B. Universal laws that can be form ula ted within one 
classificatory scheme may not be amenable for formula
tiop within another. And the same holds for statistical 
laws. Here the proper choice of the rela ted classes is im
portant :  the mortality, for example, of people of ages 
40 to 50 suffering from a certain disease is of in terest 
but not that of people so aged whose Christian name 
consists of two syllables. 
While every theory presupposes a classifica tory scheme, 
this scheme is in turn int1uenced by the con ten t of the 
theory. This int1uence is perhaps most obvious in b iolo
gy, in which the transition from the pre-evolutionary to 
the evolutionary point of view has influenced taxonomy 
in several ways. F i rst, the hypothesis that species are not 
fixed units but are entities that change and grade into 
each other has made it necessary to regard the extension 
of species as variable and as necessi tating borderl ine 
cases. Second, the hypothesis that one species may de
scend from another as a result of organic reproduction 
has made i t  necessary to base the classification into spe
cies on the notion of a population of animals exhibit ing 
a frequency distribution of certain characters. 
The tendency to base classifications on frequency and 
probabil ity distribu tions of variable characters within 
populations (or ensembles) rather than on homogeneous 
classes has been manifest also in theore tical physics ever 
since quantum mechanics was developed as an irreduc
ibly statistical theory. Whereas before the adven t of 
quantum mechanics statistical hypotheses were regarded 
as compatible with and, at l east in principle, reducible 
to universal laws, the opposite point of view is now 
dominant. Thus, the phYSical and biological sciences re
inforce each other in implying that the theoretical ly 
most basic scientific classifications depend on statistical 
distributions of variable characteristics ra ther than on 
constant criteria. 
A similar shift toward classification in terms of sta tistical 
distributions can also be noticed in the social sciences, 
in which, as Paul Lazarsfeld, a communications sociolo
gist, has emphasized, the investigator wil l  frequently 
have to develop his own classificatory scheme rather 
than to take one over from a developed ,  expl icit theory. 
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The p lace of the theory is t aken by a provi sional model 
or scheme of the  whole s i tuation i n  wh ich the inquiry 
has taken place .  Use of such a m odel suggests that a c las
s ificatory scheme is required that, when modified as a 
resu l t  of the inqu iry,  wi l l  in turn suggest m od ifi cations 
of' the model.  The d ist inct ion between cl assifica t ions 
based on expl ic i t  t heories and classifica t ion s  suggested 
by s tructural models is, of course, not sharp. And, aga in ,  
the l a tter kind of classifi cation cannot  be  sharply d ist in
gu ished from th ose based on a m ore or  less  impl ic i t  sense 
of proportion or reasonableness. 

3.2 Classification and scientific nomenclature 
The more complex a claSS ifi catory scheme ,  the more d i f
ficul t is i ts  appl ica tion and the more importan t the choice 
of  a su i table terminol ogy and nomenclature.  These p rob
lems are particul ar ly  pressing in b i ology ,  in which,  as the 
leading evol ut ionist  G. G . . Simpson points  out,  the e xist
ence of m i l l ions of species is acknowledge d ,  each of 
which must be named - quite apart  from m o re ge neral 
and less general classes. The subject ive and arbi t rary 
el emen t in the choice of a system of nomencla ture is  
recognized by the organization of i nternational congresses 
to arrive at agreements on conven t ional  names. Object
ivel y,  the ta xonomical ly most importan t fea tures m ust 
also be emphasized in the system of nomencl a tu re .  Thus, 
accord ing to DarWin,  those characte rs that, i n  the COurse 
of evo lut ion, have suffe red the least  modifica t ion a re 
taxon omical ly most importan t and shou l d  be given a 
central place in any system of nomencl a ture.  The h is tory of the t ransi t ion from Linnaean to Darwinian a n d  post
Darwinian theory i l l ustrates the depe ndence of n omen
clature on taxonomy and of taxonomy on theory.  A t  the same time i t  also shows how an establ ish e d  nome nclature tends to p reserve establ ished taxonomical prinCiples and thus indirectly to perpetuate the theory on which they a re based.  

3.3 Philosophical issues regarding classification 
From the rise of p h il osop hical reflect ion,  some classifi
cations have been viewe d as adequate to real i t y  and 
others as erroneous. Plato's  theory of F o rms,  the earl iest 
metaphysical  theory of c1assifica t ion,  is st i l l  the para
digm of all typological claSSifications. The PIa ton ic 
Form s are unchanging idea l  objects - in part icul ar, m a t hema tical  objects - by reference to which the fluctuat ing objects of sense experience a re classifi e d  and ordered.  
Percep tual objects and the  relat ions b etween them are not instances of Forms or of rel at ions b e tween F orms but only participate in or app roximate them. In asse rt ing that  one apple and one apple make two apples, one asserts that  perishable  pe rcep tual objects approxim a te e t ernal mathematical  units  and tha  t a physical  operatIon IIl volvlllg per ishable objects approximates a mathema tical re la t ionship.  
A�· istot le rejec ts the Platonic  Forms and the re l a t ionsh i p  o f  part IC Ipat IOn In favour  of the re l a tionsh ip  be tween at : rlbute

,
s an d their i n sta nces . The A risto t e l i an the ory of c lass" Icat lon and of defi n i t ion by c lass ificat ion  has both an uncon t roversia l l ogica l  aspe c t  a nd a con trove rslal llle taphYSic�t 1  aspe ct .  A d e fi n i t i on form ul a te d  by  cla SSI fIcat Ion 01 kin ds of t h i ngs consists, acco r d ing to All sto tl e ,  1I1 I nd lcatl l lg a simp le or com pound a t t r ib u te tha t the defined k in d shares wi th  othe r k i n ds a n d  b y  
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assume t ha t  wha tever exists fa l l s  i n t o  one or more I)t

ural k inds (e. g. ,  m in d s, b od ies, o r  m i n ds and bodIes .  

The esse n tia l ist  doctr ine is  clearly rejecte d  b y  W S. . 
' , d ·  be l ic l ogIC levons one of t he f ounders of m o  e l n  sym ) 

. . ' 
I Ie chap tel and phi l osophy of  science.  He devotes a w 1 0  

" 
to c l assifica t ion the  value of wh ich he regards as co

extensive w i t h  tile value of scie nce and general reason;
. 

ing." His carefu l  investigation i n to t he employm en\�
ch 

class ificat ion in the d i fferent  b ranches of SCIence, w 
. 

. I · that th el e is as modern today as in 1 874, convlJ1ces ll1n 
is no unique , e ssen t i a l , n a tural , or  a p r ior i  system of 

c lassifi ca t i on t ha t  is a lone adequate to the nature of 

real i t y .  

This conclusion is  comp a tib le  w i t h  t h e  possib i l i ty and'
a indeed t he historical fact that  a t  some p er iod of t Ime 

cer tain
' 
c lassifica tory scheme or par t  of one tha t is ac-

. b lore ade-tually employed m a y  appear to I tS users to e n  
. . b . cornglble .  quate t han a n y  a l t e rn at i ves  and thus to e 1\1 
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