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llow to Look at the General Through the particular:
Berkel_ey and Kant on Symbolizing

Mathematical Generality

Luis Radford
Laur enti an Univ e r si ty, C anadn

Abstract. In this paper, I brieJly examine Berkeley and Kant's ideas about the
relationship between the particular and the general and the role that they ascribed to
symbols in expressing mathematical generality. I finish with a discussion of some of the
dffirences between the expression of generality in elementary geometry and algebra.

It was in the early 18th century that Bishop Berkeley argued that it is impossible
for the mind to have general abstract ideas. whatevei general idea we have,
Berkeley argued, it is always tied to something particular. one of Berkeley,s
favorite examples was the example of triangles:

what [is] more easy than for anyone to look a little into his own thoughts,
and there try whether he has (. ) an idea that shall correspond with the
description ( .) of the general idea of atriangle, which is, ieither oblique
nor rectangle, equilateral, equicrural nor scalenon, but all and noni of
these at once? fBerkeley, A Treatise Concerning the principles of Human
Knowledge, (PHK), 171Q Introduction, g131.

Berkeley's argument was that whatever triangle we think of, it is necessarily the
idea of a particular triangle (e.g. an isosceles or rectangle triangle). However, he
was not saying that we cannot talk about general notions. For him, the solution
of the problem of representing the general rested in the way particulars stand for
the general:

when I demonstrate any proposition concerning triangles, it is to be
supposed that I have in view the universal idea of a triangle; which ought
not to be understood as if I could frame an idea of a triangle which was
neither equilateral, nor scalenon, nor equicrural; but only that the particular
triangle I consider, whether of this or that sort it matters not, does equally
stand for and represent all rectilinear triangles whatsoever, and is ln ttrat
sense universal. (Berkeley, PFil(, Introduction, $15).

Particulars may function as signs of general objects, as he puts it in the following
passage:

suppose a geometrician is demonstrating the method of cutting a line in
two equal parts. He draws, for instance, a black rine of an inch in length:
this, which in itself is a particular line, is nevertheless with regard to-its
signification general, since, as it is there used, it represents all particular
lines whatsoever; so that what is demonstrated of it is demonstrated of all
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schema that ensures the universality of the concept that the intuition expresses on
the manifold of representations.

Let me now turn to the expression of generality in algebra. What does Kant have
to say about the schemas of algebra? Algebra cannot work on the basis of the
ostensive nature of geometric intuitions What are hence these algebraic
intuitions? Kant says:

mathematics does not only construct magnitudes (quanta) as in geomeky;
it also constructs magnitude as such (quantitas), as in algebra. In this it
abstracts completely from the properties of the object that is to be thought
in terms of such a concept of magnitude. It then chooses a certain notation
for all constructions of magnitude as such (numbers), that is, for addition,
subtraction, extraction of roots, etc. (Kan! CPP., A717lB745)

What Kant is telling us is that we can represent an unknown triangle through
application of its schema and draw a three-sided figure, and thaf in algebra, we
can represent the actions of adding, subtracting, etc., but how can we represent
an unknown number or a variable? It would be unusual and odd to represent it
by, say, the sign "3". The algebraic sign, Kant remarks, has to be "adopted" and
hence to be "conventional". It has to be a symbol, in Peirce's sense. Kant
continues:

Once it has adopted a notation for the general concept of magnitudes so far
as their different relations are concerned, it exhibits in intuition, in
accordance with certain universal rules, all the various operations through
which the magnitudes are produced and modified. When, for instance, one
magnitude is to be divided by another, their symbols are placed together, in
accordance with the sign for division, and similarly in the other processes
(Kant. ibid)

For Kant, hence, the difference is this: the constructions of geometry are of an
ostensive nature while those of algebra are symbolic. Obviously, Kant's account
of algebraic schemas oversimplifies the semiotic problem of the meaning of
signs in algebra. The schemas of algebra go beyond the rules of arithmetic.
Algebra is not merely an arithmetic disguised with letters. Algebra introduces
new general objects such as unknowns, variables, and parameters that do not
have an exact equivalent arithmetic counterpart. Otherwise, the practice of
algebra would still be the practice of arithmetic with a different code. Because of
its ostensive nature, geometry rests to a large extent on perceptual imagination.
The case of algebra is different, even if, historically speaking, algebra borrowed
-at least in one of its traditions- its syntax and meaning from geometry (Hoyrup,
2002). Symbolic algebra d laYieta requires a different form of endowing signs
with meaning. As Berkeley noticed, in algebra "to proceed right it is not requisite
that in every step each letter suggest to your thoughts that particular quantity it
was appointed to stand for." (op. cit. Introduction, $19). Even more: the
possibility of formal or syntactic manipulations of signs rests on not thinking of
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