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Some theory of classification underlies most prac-

tical activities, whether individual or social. It is in-
volved in most attempts to understand the structure
of reality on a metaphysical level and it is presup-
Posed in the formulation of scienlific.lz}ws.bThe
ogical and material principles of classification are
covered as well as various general problems and cri-
teria of classification. Differing classification prin-
ciples in particular domains such as the natural
sciences and medicine and in information are dis-
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)
—d

0. Introdyction

In apprehendly the world, men constantl
Methods of organization, which pervade i
Ing: (1) the differentiation of experience into particular
Objects and their attributes—e. &, when they distinguish
Petween a tree and its size or its spatial relations to other
Objects; (2) the distinction between whole objects and
tl'eil' component parts—e g, when they co‘ntrust'u tree
With jtg component branches; and (3) the formation of
and the distinction between different classes of objects=
e.g_ » When they form the class of all trees and }he class
Ot all stopes and distinguish between them. Of t'hese .
Methods, the differentiation of objects and attributes 18
“bviougly presupposed by the other two. Though the
Whole-part and the class-member relationships are quite
different, the work of developmental psychologists has
l".diCzlted that children below the age of five cannot
istinguish between them. This article, nowever, deals
only with the third method.
Most practical activities, whether on an individual or .
Social level, involve classification. The buying and selling
of commodities (such as carloads of melons), for exam-
Ple, often concerns objects considered as members Pf d
Class (melons) rather than as concrete particulars. Clas-
Sification is o less involved in any attempt at a theoret
€al understanding of the whole of reality or Gf SDIEES
Pects of it. Ancient and recent metaphysicians, in their
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efforts to determine the structure of reality, have put
forward classificatory schemes that allegedly reflect this
structure. Formulation of scientific laws presupposes
classifications, because to formulate a law of nature is
to state relations between the members of different
classes.

1. The principles of classification
1.1 Logical principles

From the purely logical point of view, a classilication of’
a domain of things does not depend on the nature of 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 into subsets is a partition if
and only if

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

bers of the partitioned sct;

i e, they are mutually exclusive and jointly exhaustive.
A classification or partition may be refined by classif’y-
ing or partitioning the subsets and their subscts until (if
cver) a class of only one member is reached. If 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 fa, b, ¢, di is subdivided
into the subsets f{a, b} and {c,d}. I a sctis infinite or
finite but unmanageably large, then its partition requires
the use of criteria; ¢. g, when the sct of integers {1, 2,
3, ...} 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 integer) or a
compound characteristic (e. g, being divisible by 2 and
by 3 or 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 cvery set is exact or extension-
ally definite. It disregards the frequent occurrence of
borderline cases; i. ¢., of objects that can with cqal cor-
rectness be accepted or rejected as members of a class.
Such borderline cases, common to two otherwise ex-
clusive classes, are relevant in biological classification.
A logical theory that allows for inexact classes has been
developed for analyzing the relation between mathema-
tical and perceptual propositions.

1.2 Material principles

Though governed by the same formal principles, classifi-
cations may differ widely in their classificatory criteria
and in the principtes determining their choice. 1t is usual
to distinguish between natural and artificial, between
essential and empirical, and between pragmatic and
otherwise-justified classifications.

I. The distinction between natural and artificial classifi-
cations is hardly an absolute one: it is relative with re-
spect not only to different cultures but also to different
phascs 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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attributes. To a con temporary Westcrner, 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 angels,
may seem equally unnatural to him.

2. The distinction between essential and empirical clas-

sification 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 uninterpreted observations, if, indeed,
there arc 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 crror.

3. Pragmatic classifications in the sense of philosophical
Pragmatism (q. v.) must be distinguished from pragmatic
classification meant to be merely provisional, heuristic

(aiding discovery), auxiliary, or made independently of
scientific theorizing.

2. The domains of classification
2.1. General problems

In every attempt at classifying a domain of objects, the
extent to which the choice of classificatory principles

depends upon the nature of the objects must be consid-
ered. More specifically,

depend, as in acoustics,
jects of the domain are
ontology,
change or

the choice of the principles may
on the extent to which the ob-
given in perception; as in pale-
on the extent to which they are subject to

development; as in petrology, on the extent
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rather than in kind; or, as in fluid dynar
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ty rather than quality.
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a domain of abstract or ideal objects; € & described

e wr are
particles or Maxwellian ficlds. Such ObJ?;’tztructUTal
and classified by means of nonperceptua ’the language
properties and relations and exprfzssed in L theorY
of a mathematical theory —especially algebrd,
of functions, and topology.

o criteria. A
Classification by morphological and' genet ItT];r]Ifiitory of
domain of objects that are unchanging o:j ly in terms
which is regarded as negligible is clasglfle O%YUS Chris:
of form or structure; /. e, lnorpllologlcallyl' 13 tl;at ani-
tian biologists of the 18th century WOUId' ]Od constant;
mal species arc constant, having been_credte o
and some contemparary anthropologists wou' Ffect its
that the history of a primitive tribe does nOttlde domain
basic social structure. If, on the other hand, ]']tionS of
of classification consists of developing Poplf];assific'd’
plants, animals, or stars, then the crlter‘l'cl o ohat are
tion are likely to be genetic; i e, to refer to eas a mor-
regarded as crucial development stages. Wh.ezr any genetic
phological classification need not be genetl(la logical-
classification must be to some extent morpho

. e. Some-
Classification by differences of kind and Qf ‘éel'f;fr from
times the objects of a classificatory domain < asin the
each other not so much in their chaructenstll‘;"]eralS may
degree to which they possess them. Th.uS, mldness -
be classified according to their increasmg hf}l]‘ wn for
commodities by the increasing prefe.rence S Ofthis type
them by the buying public. A classnﬁcutyon ([)v]ore pre-
is or is based on a so-called partial. ordering. d by a el
cisely, a domain of objects is partially Q’r’dereif and onlY
tion — say, < (“smaller than or equal to ) ) 2
if, for any objects x, y, z of the domain, (l)x <yan

x <y and y <x implies that x = y, and (3)‘ e the rela-
Y Sz implies that x <z. In technical lﬂngu"gbfect o
tion must be reflexive (holding between anif)b(l)th e
itself), antisymmetrical (the applicability of of the
relation and its converse implying the 1dent;y,ch implies
terms), and transitive (as in desc‘e11(12l110‘3{"\/“e forebear
that the descendant of the descendant of SO[’Fhat a partia
is ipso facto a descendant of this torebe?-f)l] clear where
ordering involves a classification is especia )Sl ect to the
alarger number of objects are equa! Wlth 're Eclass 3F
ordering relation; e. g, belong to a fairly lf”gmmo
minerals of equal hardness or to a class of C(,J] other:
none of which the buying public prgters to fi]erying rela-
partial ordering is total if and only if the or <y or
tion is dichotomous; i, e., if, for all x and »,
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Quantitative measurement, as Oppose'd to 2} order OF
ing, establishes cqualities and incq'uahtlcs  pds ofa
rank not only between different smg]? mefnthem- It
domain but also between different pairs 0 e objects
allows a scientist, for example, not only tOdoi;ferences
by their temperature but also to order the Bl (e
in temperature between any two of them.f biects equd
ordering of a domain establishes classe§ o OClJaSSeS of
in rank, so also its measurement eStab“She‘SienceS have
objects equal in quantity. Though many S.('Ompilfison an
tended to develop from mere qualitative ¢ P the
classification toward ordering and l.neaSure'm erz;tion.
adage that science is measurement is an €xa88
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22 Classification in particular domains

Principles of classification depend to some degree upon
the domain involved.

Classification in the natural sciences. The greater the role
Played by purely quantitative methods, the smaller that
Played by merely qualitative classifications. Hence, com-
Paratively less attention is given to classification in the
Physical than in the biological sciences. In the more de-
SCriptive parts of physics, however, classification is still
of utmost importance. In astronomy, for example, diffi-
culty is experienced not only in determining characteris-
te features (as in the case of the galaxies) but also in
Making sure that t heir observability is not lost as in-
Creasingly distant objects are studied. In moving from
Physics through chemistry to biology, the role of classr-
fication becomes more dominant; and, in biology, taxo-
fomy, or the ordering of organisms into species, genera,
amilies, and so on, constitutes a central part of the
[heOry' ’
Classification in the social sciences. Classification in the
So.cial sciences was and still is to some extent concerned
With so-called ideal types, such as the “typical bureau-
Crat”, limiting concepts, which, though not exemplified
N reality, serve nevertheless to explain the social behavi-
Our of real people by concentrating on and even exagge-
rating certain features of people while ignoring others.
l.]ough the predominance of ideal types in the_ social
Sciences may simply mark an early stage in their devel-
OPment, whether they are now dispensable 1S 'C(.)ntr‘o-
Yersial. From the logical point of view, a classification
Nto ideal types is a classification of real people only
ISofar a5 real people can be ordered by the degree to
Which they approximnate the type. And, more gengrally,
4 classification into ideal phenomena requires for its ap-
Plication gpd ordering of real phenomena.
Classification in the applied sciences and medicine. Al-
though the distinction between pure and applied sciences
~ 84y, between zoology and animal husbandry — s not
sharp) the latter are more concerned with practical than
With theoretical ends. Thus, a rough classification of a
OmMain — sy of different building materials or of dif-
ferent strains of a virus — may be preferable toa finer
.ClaSSification if their practical utility — say, for the build-
Ing of bridges or the curing of diseases — is the same; Or
if, relative to their respective utility, the cost of the

r e =Y ; at of the
OUgh classification is very much lower than that o
ine

Classification of information. When the purpose of classt-
[Cation is simply to make information available, the
Predominance of purely practical ends over theoretical

'S even more marked. Thus, the purpose O
ffCation is not so much to exhibit the fundame'n!il
tions among the things classified as it is to exhibit o
tions that gre helpful in locating the information being
Sought. [t would seem futile to argue, for exam‘pl?, wWils
ther “coq] mining” should be a subdivision of “mining
Orof “coal” (there are actual systems that do'lt each
Wuy),-ISimilar;problemS arise for the classification sche-
mﬂS'underlying encyclopaedias such as the present wqu,
Which gims a¢ treating every existing subject. Ll
Ormation js stored by computers, the usual prfnmples
Of Classification are modified by those governing the
tedmOlOgy of computers.

f library classi-
| rela-
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3. The place and role of classification in
scientific method

3.1 Classification: its relations to and dependence
on theory

Though purely classificatory sciences are sometimes con-
trasted with explanatory sciences, it must be emphasized
that the formulation of scientific laws presupposes classi-
fication. This is true not only of universal laws of nature
but also of probabilistic laws. As R. B. Braithwaite, a
British philosopher of science, has emphasized, every
deterministic scientific gencralization may be (at lcast
partly) analyzed as a concomitance gencralization to the
effect that everything thatis4 is B — provided that 4
and B are sufficiently complex properties — and, clearly,
the principles for setting up the classes A and B in the
first place must serve as a basis for the gencralization.

Probabilistic or statistical laws of nature also 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 certain
probability that a thing that belongs to 4 also belongs
to B. Universal laws that can be formulated 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 related classes is im-
portant: the mortality, for example, of people of ages
40 to 50 suffering from a certain disease is of interest
but not that of people so aged whose Christian name
consists of two syllables.

While every theory presupposes a classificatory scheme,
this scheme is in turn influenced by the content of the
theory. This influence is perhaps most obvious in biolo-
gy, in which the transition from the pre-cvolutionary to
the evolutionary point of view has influenced taxonomy
in several ways. First, 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 necessitating borderline
cases. Second, the hypothesis that one species may de-
scend from another as a result of organic reproduction
has made it necessary to base the classification into spe-
cies on the notion of a population of animals exhibiting
a frequency distribution of certain characters.

The tendency to base classifications on frequency and
probability distributions of variable characters within
populations (or ensembles) rather than on homogeneous
classes has been manifest also in theoretical physics ever
since quantum mechanics was developed as an irreduc-
ibly statistical theory. Whereas before the advent of
quantum mechanics statistical hypotheses were regarded
as compatible with and, at least 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 theoretically
most basic scientific classifications depend on statistical
distributions of variable characteristics rather than on
constant criteria.

A similar shift toward classification in terms of statistical
distributions can also be noticed in the social sciences,
in which, as Paul Lazarsfeld, a communications sociolo-
gist, has emphasized, the investigator will frequently
have to develop his own classificatory scheme rather
than to take one over from a developed, explicit theory.
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The place of the theory is taken by a provisional model
or scheme of the whole situation in which the inquiry
has taken place. Use of such a model suggests that a clas-
sificatory scheme is required that, when modified as a
result of the inquiry, will in turn suggest modifications
of the model. The distinction between classifications
based on explicit theories and classifications suggested
by structural models is, of course, not sharp. And, again,
the latter kind of classification cannot be sharply distin-
guished from those based on a more or less implicit sense
of proportion or reasonableness.

3.2 Classification and scientific nomenclature

The more complex a classificatory scheme, the more dif-
ficult is its application and the more important the choice
of a suitable terminology and nomenclature. These prob-
lems are particularly pressing in biology, in which, as the
leading evolutionist G. G. Simpson points out, the exist-
ence of millions of species is acknowledged, each of
which must be named - quite apart from more general
and less general classes. The subjective and arbitrary
clement in the choice of a system of nomenclature is
recognized by the organization of international congresses
Lo arrive at agreements on conventional names, Object-
ively, the taxonomically most important features must
also be emphasized in the system of nomenclature. Thus,
according to Darwin, those characters that, in the course
of evolution, have suffered the least modification are
taxonomically most important and should be given a
central place in any system of nomenclature. The history
of the transition from Linnaean to Darwinian and post-
Darwinian theory illustrates the dependence of nomen-
clature on taxonomy and of taxonomy on theory. At the
same time it also shows how an established nomenclature
tends to preserve established taxonomical principles and

thus indirectly to perpetuate the theory on which they
are based.

3.3 Philosophical issues regarding classification

From the rise of philosophical reflection, some classifi-
cations have been viewed as adequate to reality and

others aserroneous. Plato’s theory of Fonmns, the earliest
metaphysical theory of classification, is still the para-
digm of all typological classifications. The Platonic

Forms are unchanging ideal objects — in particular, mathe-
matical objects — by reference to which the fluctuating
objects of sense experience are classified and ordered.
Perceptual objects and the relations between them are
not instances of Forms or of relations between Forms
but only participate in or approximate them. In
that one apple and one apple make two
serts that perishable perceptual objects
cternal mathematical units and that
tion involving perishable objects
thematical relationship.

Aristotle rejects the Platonic Forms
ol participation in favour
attributes and their inst
ol classification
both

asserting
apples, one as-
approximate

a physical opera-
approximates a ma-

and the relationship
of the relationship between
ances. The Aristotelian theory
and of definition by classification has
an uncontroversial logical aspect and
sial metaphysical aspect. A definition formulated by
classification of kinds of things consists
Aristotle, in indicating
that the defined kind s

a controver-

, according to
asimple or compound attribute
hares with other kinds and by
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; are
indicating another such attribute that it dq?-s..n?tlslhi‘s
with the other kinds. A definition by .classn ica ;())(t-hig-
also called a definition by genus pﬁrom‘rzﬂtm‘_(ﬁ: iffer-
her genus™) and differentia spec_’/ffcu( spect B T
ence”) — a nomenclature especmlly.upl i on : S
with Aristotle, that the correct choice of g"’fl“]“/emen‘ce
ferentia is not dependent on convention or €ol R
but on the nature of reality. [t is held by som'T" e
that there is one and only one udeqpu te classi 'ltuils .
hierarchy such that each kind of thing, }mlcss i e
lowest kind (infima species), is divided into two s
lower kinds (‘species) and that each kix}d of thllnrgz)ne hig:
it is a highest kind (summum genus), falls unde e
her kind — a view that is sometimes Cal.led essenl : i
because it bases the classification of thn}gS_ Ondt I'Ctlrril;e
leged essences. Some form of the essentialist doc P
that there must be one essentially natural SySte”l1 5
sification is held by most metaphysicians, who t -mnat-
assume that whatever exists falls into one or mo(lj(iaeS)
ural kinds (e. g , minds, bodies, or minds and bo :

The essentialist, doctrine is clearly rejected by Wli i
Jevons, one of the founders of modern S)"“b‘l’]'szwr
and philosophy of science. He devotes a Wh.O 6’ “‘co-
to classification, the value of which he regards ‘1? el
extensive with the value of science and general rea o
ing.** His careful investigation into the en-lpl-oyn‘]ellvhicln
classification in the different branches of 39‘16”(1'6" (haze
is as modern today as in 1874, convmges_hlm ! Mtof

is no unique, essential, natural, or a priori system

classification that is alone adequate to the nature of
reality.

This conclusion is compatible with the p03§iblll1}’ti‘::‘13’i‘
indeed, the historical fact that at some period Of. o
certain classificatory scheme or part of one that 1sr‘; ade-
tually employed may appear to its users to.btt mi’ “ble.
quate than any alternatives and thus to be incorrig
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