Originally published as "Cows, Red Cows, and Red Herrings: A Graphical
Experiment Addressing Natural Classes in the Young Peirce", in F. Engel, M.
Queisner & T. Viola (eds.): Das Bildnerische Denken: Charles S. Peirce,
Berlin 2012: Akademie Verlag, 95-114. NB: This version contains some errors.
An adapted and corrected version appeared as ch. 9 of Natural
Propositions: The Actuality of Peirce's Doctrine of Dicisigns, Boston 2014:
Docent Press, 233-262.

Cows, Red Cows, and Red Herrings
A Graphical Experiment Addressing Natural Classes in the Young
Peirce
Peirce’s unpublished manuscript pages contain numerous drawings,
drafts and illustrations – ranging from margin doodles to technical
diagrams integrated into the argument structure of the papers. In the
difficult task of cataloguing and indexing this large inventory of
drawings, the basic methodological rule that must be followed (if
possible) is to interpret the single drawing in the context of the paper
with which it occurs (if it does so at all). This is not to presume that all
drawings serve illustration purposes for the accompanying text – many
drawings obviously do not – but the method may safeguard us against
erroneously overlooking such a connection where one does exist. In
this paper, I shall attempt to interpret the puzzling sheets containing
99 small drawings (in fact 98, plus one deletion) which accompany
Ms. 725. The manuscript does not explicitly refer to these drawings at
all (unlike some preceding illustrations also found at the end of the
manuscript), and their presence at the end of the manuscript might, at
first glance, be taken as a coincidence.i
Ms. 725 is undated in the Robin catalogue of Peirce’s
manuscripts – it is handwritten and accompanied by the cutout pages
of the printed journal version of his early text “On Logical Extension
and Comprehension” from the Proceedings of the American Academy
of Arts and Sciences (here referred to as OLEC).ii Apparently, the
handwritten parts of Ms. 725 were not composed much later,iii
containing comments and additions to the published paper, but they
address issues which continued to occupy Peirce up to the end of his
career.iv

Both texts – the printed pages and the additional handwritten
margin comments and text – address the classical logical issues of
extension versus comprehension, reference and meaning.v In the
OLEC, Peirce lists the traditional renderings of this opposition:
Extension
Extension
Umfang
Scope
Denotation
Breadth

Intension
Comprehension
Inhalt
Force
Connotation
Depth

(the Port-Royal Logic)
(“the Germans”)
(Augustus de Morgan)
(John Stuart Mill)
(William Hamilton)

Peirce adopts Hamilton’s terminology (which he intermittently uses
until late in his career). He immediately argues against the widespread
conviction that there is, in general, an inverse proportionality between
the two such that Breadth x Depth = k, where k is a constant –
implying that the larger the extension is, the smaller is the intension
will be, and vice versa. This idea, of course, is easy to obtain if one
restricts one’s focus to the Breadth and Depth of single terms only,
where, e. g., a term like “lion” has smaller extension and larger
intension than the term “animal”. “Lion” adds further semantic
content as compared to “animal” and consequently refers to a smaller
group of individuals. Peirce, however, does not consider the logic of
terms to be basic, but rather the Dicisign level of propositional and
predicate logic. The issue of breadth and depth thus points to the
double structure of what he later called the Dicisign: the indexical sign
which points out the extension, and the iconical sign which provides
the intension. Subject and predicate, index and icon, breadth and depth
thus characterize the two aspects of the proposition, and each of the
two may, to some extent, vary independently of the other within the
Dicisign. This obviously precludes the idea of inverse proportionality
between the two within the framework of the proposition. An isolated
term, in this perspective, is merely the predicate part of a proposition
left unsaturated by indices, which is why its extension may not vary
independently. The different roles of the two aspects are indicated by
the claim that “Nominantur singularia, sed universalia significantur”,
as Peirce liked to say, quoting John of Salisbury (e.g., in

"Signification", 1901, 2.434): The extension aspect refers to singular
objects, while the intension aspect signifies universal aspects of those
objects. The proposition, therefore, is only informative in case it
possesses both extension and intension.vi If no object or set of objects
is referred to, or if no description is put forward about an indicated
object, the proposition remains empty as to information. A proposition
only informs us about an object if neither B nor D is empty. If there is
no reference, the proposition shrinks to a mere unsaturated predicate;
if there is no signification, it shrinks to a mere indexical pointing out
of an object. In the OLEC, this gives Peirce the idea that, far from
being a constant, Breadth x Depth gives a measure of the amount of
information inherent in a proposition – the result of a multiplication
being zero if any one of the multiplicands is zero. In the geometrical
metaphor adopted from Hamilton, Peirce consequently names this
information concept “Area”:
Breadth x Depth = Area = Information
This formula is a formalization of the common sense intuition that if a
sign says a lot of things about a lot of objects, it contains much
information, but it does not yield to explicit quantification because of
the issue of quantifying intensions (depths). A quarter of a century
later, in the “Kaina Stoicheia” (1904), Peirce retains this theory:
“Besides the logical depth and breadth, I have proposed (in 1867) the
terms information and area to denote the total fact (true or false) that
in a given state of knowledge a sign embodies.” (EP II, 305) This
notion of the information presented by a proposition is thus related to
the fact which determines the truth of that proposition. In Ch. III, we
discussed Peirce's theory of facts which belongs to the same tradition
as the Austrian notion of Sachverhalt developed by Stumpf and made
famous by Wittgenstein: “What we call a ‘fact’ is something having
the structure of a proposition but supposed to be an element of the
very universe itself.” (EP II, 304) According to this, facts are the truthmakers of propositions, and the information contained by a
proposition is information about that fact. We remarked that Peirce
thus distinguishes the fact – or “state-of-things”, as he sometimes calls
it – from the reference of the proposition. The latter pertains to the

object which is pointed out by the reference part of the proposition –
but that object is not the truthmaker. A false proposition may succeed
in pointing out an extension, but fail to connect it with a correct
intensional description. The truthmaker, then, is the fact comprising
both the object and the property described in the intension part of the
proposition. Certain facts, now, pertain to the existence of natural
classes – cf. Peirce’s “scholastic realism” which claims the reality of
(some) universals. This “extreme realism”, however, does not imply
that these universals are necessarily exhaustively defined.vii Quite to
the contrary, a natural class has “other properties than those which are
implied in its definition”. (W 1,418, 1866)viii This distinction between
explicit and implicit information was going to grow over the years to
occupy a central place in Peirce’s philosophy, the mature Peirce
seeing icons as signs that allow the discovery of information about the
sign’s object (cf. previous ch.), although this information is not
explicitly stated in the sign. This is why diagrammatic icons become
the designated tool for discovering such properties that are not implied
by the definition itself (cf. Peirce’s concept of “theorematic reasoning
with diagrams”ix).
The investigation of the OLEC into extension, intension,
information, facts, and natural classes now constitutes the starting
point of Ms. 725, the handwritten addenda to the OLEC continue this
discussion. The first, handwritten parts of Ms. 725 are marginal notes
to the OLEC copy and begin with a reference to Aristotle: “Aristotle
remarks in several places that genera (and differences) may be
regarded as parts of species and species as parts of genera,” followed
by the relevant quote from the Metaphysics. This creates the frame for
his comments – how is it possible, intensionally, for genera to be
subgroups of species, while, conversely, species extensionally form a
subgroup of genera? The first half of the handwritten text mostly
consists of scattered, commented quotes from the classics, the
Schoolmen, Descartes, Leibniz, etc., which address the extensionintension issue, along with comments on his own text, placed directly
on the margins of the cutout pages from the OLEC. This continues
until the last half of Ms. 725, which directly precedes the drawings
and explicitly presents a draft for a new, additional sixth paragraph of
the 1867 paper.x Here, Peirce enters into a discussion of Mill’s

conception of natural kinds. What follows is the entirety of the short
text from Ms. 725 that is intended as an additional paragraph, and
which is succeeded by drawings of the three circle diagrams referred
to in the text.
"§6 Of natural classification.
Classes are divided into natural and artificial. This doctrine which
is the essence of the doctrine of the Predicables and which was
implied in the system of scholastic realism, which indeed it may
be said to constitute, was thought of little moment by the
nominalists and finally slipped out of the logical treatises. But the
students of Botany and Zoölogy revived the conception, and have
reëstablished a doctrine of natural classes very similar to that of
Aristotle, especially in the feature of ranging classes in a sort of
hierarchy. The doctrine of a hierarchy of classes is contained in
the second antepredicamental rule:
.xi “The differences of
different & not subordinated genera are different.”
This plainly forbids cross-classification and hence ranges
classes in hierarchy.
I do not know that any successful attempt has hitherto
been made to say in what a natural class consists. In order to
investigate the matter we may take the two classes
Cows
& Red Cows
The former is a natural class, the latter is not. Now one predicate
more may be attached to Red Cows than to Cows; hence Mr.
Mill’s attempts to analyze the difference between natural and
artificial classes is seen to be a failure. For, according to him, the
difference is that a real kind is distinguished by unknown
multitudes of properties while an artificial class has only a few
determinate ones. Again there is an unusual degree of accordance
among naturalists in making vertebrates a natural class. Yet the
number of predicates proper to it is comparatively small.

As Mr. Mill is an extremely popular writer and therefore
numbers among his followers many men who have read but little
else in logic & philosophy and who have therefore not acquired
the calmness and impartiality of mind which comes from longer
reading, it is not to be expected that this objection to Mr. Mill’s
position will satisfy the smaller men among his followers. They
will argue as though he were creating a distinction and not
endeavoring to analyze one. We may have erected two classes of
classes, but are they real kinds among classes, either according to
an estimate formed after the manner of the naturalists, or even
according to his own definition? What are the innumerable
properties of some of them, which belong to that class of classes
which is defined as consisting of classes of which innumerable
properties may be truly asserted? – to that class which includes
trouts, bees, cows whose tails are two feet 3 inches long, men
with their hands behind their backs &c and excludes
vertebratesxii, radiates, mollusks, articulates, monocotyledonous
plants, etc.
Why is red cows not a natural class, while cows is one?
Because the former can be defined as the common extent of the
classes red and cows and nothing can be universally predicated of
red cows which is not predicable either of red or cows; whereas
cows cannot be defined as the common extent of two or more
classes such that nothing can be universally predicated of the
former which is not predicable of one or other of the latter. In
other words cow is a term which has an area; red cow has no area,
except that area which every term has, namely that it excites a
particular emotion in the mind.
I now propose to show by ocular demonstration that a
class which has an area is one which is marked in nature, and that
the more area it has, the more it is marked in nature.
Let the classes be defined thus
1 Circles not shaded
2 Circles shaded
3 — with a horizontal line across

4
5
6

—
—
—

without
—
with a vertical line across
without
—
"

Then follow three circle diagrams on two pages (below).

The first diagram is presented with the headline “1st Case No class
has an area.” This diagram contains 69 circles, in 7 x 9 rows and
columns, plus an additional column with 6 circles only. The second is
titled “2nd Case One class has a small area.”; this diagram contains 77
circles in 7 x 11 rows and columns. The third diagram is titled “3rd
Case One class has a larger area.” and it contains 99 circles in 9 x 11
rows and columns. The diagrams are not further commented on and
are immediately followed by the 4-page 98-object diagram which is
the focus of this chapter.
Let us first attempt to understand the three circle diagrams. The first
diagram contains all the eight possible combinations of the three
properties (and their negatives) listed in the text. The line properties
comprise 33 verticals (36 non-verticals) and 41 horizontals (28 nonhorizontals); combined they amount to 19 crosses, 14 sole verticals,
22 sole horizontals, 14 bare circles (as opposed to the expected 17,25
average of each subset). The shadings are a bit more difficult to make
out exactly, but there seem to be some 45 shaded and 24 unshaded
circlesxiii, resulting in the following eight subsets for the combination
of all three classes:
Shaded crosses 11
Unshaded crosses 8
Shaded verticals 13
Unshaded verticals 1
Shaded horizontals 11
Unshaded horizontals 11
Shaded bare circles 10
Unshaded bare circles 4
All eight classes, of course, are mere intersections of simpler property
classes (compare the Red Cow example). The distribution of
properties is not even, but except for the subset of unshaded verticals
not far from average (1/8 of 69 = 8.625). No property seems
significantly connected to another, except for one regularity: that a
sole vertical is almost always shaded. Unshaded isolated verticals tend
not to exist (only one specimen found) so that verticality minus

horizontality tends to imply shading. One of the 8 classes thus hardly
exists (if at all; Peirce would later dismiss such outliers in samples
from infinite sets from a continuity argumentxiv) but none of the other
seven count, for that reason, as a natural class. This must be what the
headline "No class has an area" is intended to refer to.xv
In the second case, the category numbers are as follows.
Shaded crosses 18
Unshaded crosses 0
Shaded verticals 12
Unshaded verticals 13
Shaded horizontals 10
Unshaded horizontals 9
Shaded bare circles 10
Unshaded bare circles 5
Remarkably, here all crossed circles are shaded and number 18
exemplars, Thus, crossed circles are a) a category numbering almost
the double of 1/8 of 77 (9.625), as one would statistically expect; and
b) a category that excludes the category of non-shaded crossed circles.
Consequently, in this universe, crossed circles constitute a (weak)
natural class in which the additional property of being shaded depends
upon the presence of the two other properties making up the cross,
sufficient to define the category. So the definition of “crossed” refers
to a class that is connected by a dependence relation to the property of
“shaded” – to phrase it using Peirce’s idea of natural classes as having
further properties than merely those given by their definition. The fact
that certain intersection classes are ruled out is equivalent to the
existence of dependence relations between some of the properties.
Therefore the category of crossed circles must be taken to correspond
to that one class “with a small area” to which Peirce refers in the
headline of the second diagram.xvi
The third diagram is claimed to involve one class with “a larger
area” and is completely devoid of the vertical/horizontal lines, that is,
it pertains only to the first of the three dichotomies shaded/unshaded.
Of the 99 circles, 57 are shaded. It presents just two of the eight
combinatorial classes, the other six remaining unrepresented. This is

obviously intended to correspond to the “cow” case with the large
area, but how?
Here we face two possibilities:
a) In this universe of discourse, shaded, non-crossed circles constitute
a natural class with a large area, because the property of shading
excludes the other two properties (and hence the three other possible
property combinations of shaded circles with crossing lines) which
might have appeared. The same thing, however, could be said about
the unshaded circles, which also preclude crossings of all types. Both
shading-options exclude the occurrence of vertical as well as of
horizontal lines. The definitions both of “shaded” and “unshaded” thus
pick out the relevant classes with the additional properties of nonvertical-lines and non-horizontal-lines. Therefore, they could be said
to form two natural classes in this universe of discourse.
b) The third and last diagram remains unfinished. Peirce gave up the
addition of lines indicating the two other property-types which should
have resulted in an even stronger natural class than the second
diagram.
Red Cows are not a natural class because they do not share a property
aside from being red and being cows, such was Peirce’s idea.xvii Mere
intersections between property classes do not yield natural classes.
Natural classes should stably possess at least one universal property in
addition to a set of shared properties sufficient for defining them. Of
course, different definitions may select the same natural class – but in
all cases, definitions must exist which do not include certain shared
properties.
If we take the third diagram as finished and propose a definition
for the natural class “unshaded bare circles” comprising the whole
Universe of Discourse, it could be defined as "unshaded circles
without horizontal crossings". These would then possess the necessary
additional quality on top of this definition, namely that of being
without vertical crossings. The problem, of course, is that the
definition of the same set of individuals as "unshaded circles without
any crossings at all" is exhaustive and therefore does not possess any
further qualities that are not mentioned in the definition. So, on one
definition, all individuals of case 3 form a natural class, in another,
they do not. Could this be mended by narrowing the demand from any

definition to the existence of at least one definition which leaves
further properties?
These problems might be the reason why Peirce dismissed these
diagrams and instead turned his attention to the construction of the
diagrams occupying the following sheets (see below).
The “Kandinskys”
After the three circle diagrams just discussed, announced in the text
and presented as diagrams of classes with no, small, and a larger area,
respectively, four rather different diagram pages follow that do not
show any corresponding captions (see illustrations at the end of the
chapter). They also consist of rows and columns of smaller figures, the
single pages containing 32 (including one crossed over and marked
“delete this”xviii), 28, 32, and 7 smaller figures, respectively – all in all
numbering 99, just like the third circle diagram. Stylistically, these are
much more elaborated figures, more meticulously executed,
resembling small constructivist, pre-Kandinsky sketches. Given that
they share the overall column-and-row format of the three circle
diagrams at the end of the text part of the manuscript, it seems obvious
to hypothesize that they continue the preceding diagram experiment
pertaining to natural classes. Indeed, these drawings also relate to
types:
a) Several of them are repeated – as if forming tokens of one and
the same type (as is the case in the simpler circle diagrams);
b) Several single-feature graphic properties are repeated across
types (also like in the circle diagrams).
Let us call the 98 small complex drawings Ks (for “Kandinskys”) to
distinguish them from the property parts of which each of them
consists, here referred to as Ps. Let us begin by outlining an inventory
of these Ps along with the number of Ks in which each of them
appears:
List of Ps

1 Central bold circle (14, including one lacking a segment on the
right)
2 Horizontal wavy bottom line (41)
3 Vertical oval at the top (18)
4 Central S (20)
5 SW-NE zigzag line (18)
6 Central square with open right side (35)
7 Central black ball (14)
8 Top white circle segment (22; difficult to ascertain)
9 NW-pointing arrow in SE corner (17)
10 Hairy rim (41)
11 Central “soft” triangle with curved left side (6)
12 Three descending parallel lines at the NW corner (31)
13 Central white ball (4)
14 L ong spiral-segment curve going right and back left (4)
15 Central triangle, pointing upward (20)
16 Central, cloudy ball (11)
17 Shaded SW half (24)
18 Curve descending NW- SE (13)
19 Large black SW blot with a NE-facing right angle (11)
20 Three parallel lines at the right side (14)
21 S-shape with blots on the SW end, in the SW corner (23)
22 Small central vertical line at the bottom, with blot at the S end
(often combines with 20 to an inverted U-shape with blots at each
end) (15)
23 Double black blot or oblong blot in the SE corner (23)
24 A pair of “antennae” with blots on each end pointing NW; the
lower antenna forming the base of a cut-off triangle (6)
25 Large dotted V-shape with same symmetry axis as the whole
K (10)
26 Large circle segment on the right (17)
27 Central horizontal line (17)
28 Central vertical line (6)
29 Small vertical line at the top with a N dot (1)
30 Three small dots in the NE corner (11)
31 Shading of the central figure (9)
32 Feather-like figure in the NE corner (9)

33 Small triangle pointing down at the top (1)
34 The rim of the central figure supplied with an inner row of
dots (9)xix
All of these 34 properties P are introduced in the course of 30-odd
figures of the first page and the top of the second page (except for P29
occurring on the last page only). The remaining two pages merely
recombine these properties or repeat previous combinations. Two of
the Ps (P29 and P33) have one appearance only and thus might not be
counted as stable, typical properties of the universe of Ks, which
leaves 32 basic properties. The appearance of the individual Ps may
vary continuously from one K to the next to a considerable extent,
changing their size and (to some degree) their shape. This might be
ascribed to the lack of precision inherent in hand-drawing; some of the
variations, however, appear too pronounced to pass off as spontaneous
hand-drawing variations given the meticulous execution. This
variation, then, rather points to the deliberate insistence that the
identity of the Ps is that of tokens belonging to the same type, not that
of complete qualitative indiscernibility.xx All of these 32 Ps may be
present or absent, as was the case with the three property possibilities
of the circle diagrams. But as opposed to the circles, there is a
restriction to the combination of Ps, because only some 5 out of the 32
properties appear in each K, so their number is not the total sum of
free combinations that would equal 232. As each K realizes 5
(sometimes 4, sometimes 6 or 7) of these Ps, and none of them appear
more than once in a single K, the free combination of five Ps in each
K would result in a large amount of possible Ks, exceeding 32!/27! x
5! = 32 x 31 x 30 x 29 x 28/120, amounting to some 200.000 Ks.
These are, needless to say, not exhaustively realized. This is not,
however, only because the sample of Ks given here merely numbers
98 – but also because of the fact that the Ps do not combine freely.
Unfortunately, there is no text accompanying the four K pages and
thus no explicit indication of any syntax of combination, and there is
probably no complete rule system to be induced from the small
sample. But the very issue of restrictions of P combinations, as we
saw in the previous chapter, is the key to the Peircean approach to
natural classes – later under headlines such as Would-Bes or

Thirdness. The whole natural class issue Peirce has set out to
investigate assumes that some properties tend to come in bundles, so
to speak, while other properties mutually exclude each other. It is
striking, for one thing, that the large, central (maybe “defining”) Ps of
each complex figure K – the bold circle, the square open to the right,
the soft triangle, the hard triangle, the cloudy circle – do not seem to
combine at all. You easily get the idea they correspond to genera
involving the possibility of further specifications by the addition of
more peripherally attached Ps. Each of the Ks realize one and only one
of each of these Ps – seemingly because of their geometrically central
position in the K.xxi Most other Ps are found towards the periphery of
the Ks or cutting through their centres, and hence may be more easily
dispensed with. Unlike the case with the circle diagrams, there's no
explicit sign here for the object bearing the properties (like the circles
with 8 possible property combinations added) – here, the object is
only indicated by the 2-D region of space occupied by a physically
connected selection of Ps.
If – as my hypothesis presumes – these diagrams were actually
intended to continue the investigation commenced by the circle
diagrams, the central question would be: Which of these Ks form
natural classes in Peirce's sense in this K-universe of discourse? As we
may recall, Peirce’s idea was that signs referring to natural classes had
a large “area” – meaning high information.xxii
Let us focus upon what immediately appears to be one of the
most “typical” and stable of these Ks (fig. 1). Let us call it the Ball
and Balloon (B&B). No less than 14 Ks are tokens of this type,
displaying all of the following five, stably connected P properties:
1) a bold circle (P1) on a
2) wavy ground line (P2),
3) topped by a vertical oval (P3),
4) equipped with a central S (P4) and
5) a zigzag line through it (P5) – (figs. 1–14).
These Ks are numbers 1.1, 1.18, 2.3, 2.4, 2.10, 2.17, 2.18, 2.28, 3.7,
3.19,
3.24, 3.26, 4.5, 4.6. They may vary in three respects: 1) They may be

continuously deformed as to the size and relative locations of the Ps;
2) they may vary by having one or two further Ps added – Ps they
share, of course, with other figures: a shady lower left (P14), a hairy
contour to the circle (P10), a thin line half circle, spiral section or
sinus section (P17), a small arrow (P9), a dot (P23), etc.; 3) they may
lack parts, e.g. a section to the right of the bold circle (like fig. 8,
number three from the bottom of page 2, approaching it to the “hairy
E” square which opens in the same direction, see note on central
Gestalts). Despite this, they are immediately recognizable as tokens of
a type because of the stable co-occurrence of all the five Ps mentioned
– the most immediately striking natural class in this universe of
discourse (the very first figure on the first page is a B&B, and one of
only four of the 98 Ks to be depicted in double size is the almost pure
B&B specimen 3.7).

There is only one other example in which five properties from among
the 32 Ps occur together in 14 cases (see below). This does not imply,
of course, that the occurrence of each of the five Ps involved in the
B&Bs is restricted to these 14 Ks. There are numerous other cases in
which some of them appear in other Ks (numbers refer to Ks by page
and location on the page, read textwise from upper left):
a) the wavy ground, P2 (1.4, 1.5, 1.7, 1.17, 1.19, 1.24, 1.25, 1.26,

1.28, 1.29, 1.30, 2.6, 2.11, 2.12, 2.15, 2.20, 2.28, 2.29, 2.30, 3.6,
3.14, 3.15, 3.16, 3.21, 3.28, 3.32, 4.1, 4.2, 4.7) = 29, all in all, in
43 Ks;
b) a bold circle, P1 (in 1.8, the straight triangle appears with a
bold contour) = 1, all in all, in 15 Ks:
c) with an S, P4 (1.10, 2.29, 3.9, 3.17, 3.23) = 5, all in all, in 19
Ks;
d) and a zigzag line through it, P5 (1.22, 2.11, 2.26, 3.12) = 4, all
in all, in 18 Ks;
e) topped by a vertical oval, P3 (1.31, 2.1, 3.20, 4.3) = 4, all in
all, in 18 Ks.
The five Ps of this K occur stably together, but compared to their other
occurrences, they fall into three classes:
b) P1 only occurs if all of the other four also occur (with one, albeit
doubtful, exception);
a) P2 occurs in further 29 Ks, which implies that it is present in some
44 % of all Ks;
c)–e) P3–5 occur an additional 4–5 times besides their occurrence in
B&Bs. In a sample of 100 Ks, with roughly 5 different Ps for each K,
the probability that one of the 32 possibilities will occur presuming an
arbitrary distribution is 0.156, meaning it will be present in
approximately 15–16 Ks. In the rest population of 86, omitting the
B&Bs, this probability becomes 0.134, which is still significantly
more than is found in c)–e). Thus the B&B, as a natural kind, may be
defined by b) – the bold circle, with c)–e) forming 3 additional
properties that characterise B&Bs, because all B&Bs display them,
while they only occur in around half of the average of the rest of the
population. Case a) is, of course, different – it is almost evenly
distributed among the whole population, so that even if it occurs in all
B&Bs, it cannot serve to characterize this group specifically. (So
B&Bs should properly be renamed Bold Circles with Balloons, S’s,
Zigzags and Waves).
Another natural class candidate is the second figure on the first
page, the “Hairy E”: a broken square with a hairy rim, a black circle in
the middle with a white circle segment on top of it and an arrow
pointing to NW in the SE corner – thus also combining 5 stable

properties, in this case P6–P10 (fig. 15). The question is how to
determine the defining centre of the category.xxiii Like the B&B with
its 14 cases in which five Ps stably connect, the Hairy E also appears
in 14 stable cases. If we tentatively take the conspicuous Hairy E as
being central, some 35 Ks display the combination of these two Ps. Of
these 35 Es none lack hairiness (even if it varies considerably in
length), some 18 lack the white circle, some 21 the black circle, and
some 20 the small arrow. The two circles and the arrow co-occur
stably, meaning that in all cases in which the black circle appears, the
white circle and the arrow also appear. Thus, the co-occurrence of
these three Ps – in 14 cases – might be interpreted as the defining
centre of this category. If we trace the overall occurrence of the 5 Ps
aside from their 14 cases of co-occurrence, which we focused on
above, we get the following:
a) Square with open right side, P6: 21 – all in all 35 Ks;
b) central black ball, P7: 0 – all in all 14 Ks;
c) top white ball, P8: 4 – all in all 18 Ks;
d) NW– pointing arrow in SE corner, P9: 3 – all in all 17 Ks;
e) hairy rim, P10: 24 – all in all 38 Ks.
Hence, the central black ball seems to be the defining feature of this
category, narrowly taken, while the top white ball and arrow only
rarely occurs outside of the category. The E and the hairy rim often
appear outside the category, but almost always together (only three
hairy rims are not on Es), which is why they seem to form a larger,
more vague category with P7–9 as its centre. Just like the existence of
a black ball allows us to infer the presence of a white ball and an
arrow, the existence of an E allows us to infer the presence of hair.
They thus seem to form two natural classes, one nested within the
other. I would guess that Peirce here attempts to present a less stable
candidate for a natural class than the B&B – in agreement with the
idea that natural classes may have more or less area and thus may
come in a continuous gradient of stabilities, just as they may overlap
without thereby becoming any less natural.xxiv
Defining natural classes

As mentioned, there is no written comment at all to the 98 small
Kandinskys.Yet just like the circle diagrams preceding them, they
experiment by constructing small graphical universes inhabited by
individuals forming natural classes that are defined by stable property
clusters and exclude certain other such clusters. In this account, Peirce
seems to articulate a notion of natural class which is continuous in the
sense that such classes may be of different clarity and delimitation, i.e.
of different “area”.
They also seem to overlap, to allow exceptions and to shade into
each other – which may seem to contradict or at least relativize
Peirce’s strong support of an Aristotelian genus-species hierarchy in
the text. Being a fallibilist, Peirce probably treated the Aristotelian
hierarchy as a general rule – a rule of thumb – permitting exceptions
that do not lead to the total nominalist arbitrariness that would stem
from adopting a completely free combination of single properties.
Thus, this account of natural classes contrasts with a “spreadsheet
ontology” (David Armstrong’s free combination of simple ontological
properties, critically characterized by Barry Smithxxv) where simple
properties form the only universals and natural kinds may, in turn, be
selected from the free combination of properties in various empirical
objects. Such an ontology is, of course, untenable: If only simple
property universals exist, kind universals (widespread in science from
physics to the humanities) cease to have any explicable stability.
Peirce’s quest for natural kinds, by contrast, pertains to classes of
objects – or events – characterized by the binding of single properties
into distinctive clusters that exclude free combination.
In the fictitious universe of discourse populated by the 98 Ks,
co-occurrence, however, is the only access to dependency relations
between properties – thus this experiment, just like Armstrong’s
spread-sheets, completely brackets any possible explanations,
empirical or a priori (by statistical, causal and ontological necessities,
respectively), for the reason behind the co-occurrence of certain Ps
and not of others. In the real world, such co-occurrences will of course
have explanations both in form of empirical laws (stably charting the
dependence of gravitation forces upon masses, or the dependence of
political power upon access to violence in the last resort, for instance)

and a priori regularities (determining the dependence of colour on
space, or of obligations on promises, for instance). By bracketing the
access to any such reasons behind dependencies in these diagram
experiments, it was Peirce’s aim to define natural kinds as more or
less stable clusters of interdependent properties – so that some
dependent properties become unnecessary for a definition and thus
might constitute the “surplus” of properties required in Peirce’s
natural kind definition. Peirce was always a realist of sorts, but maybe
it was this bracketing that led him, in the 1870s, from his early version
of realism towards a more empiricist scepticism against the presence
of any property which is not directly evident or measurable in each
single case (as indeed holds true for the small world of Ks) – compare
his famous diamond example from “How to Make our Ideas Clear”
(1878) which was later revised from a more realist point of view.xxvi
Here, he claimed that a diamond whose hardness was never measured
could not reasonably be described as hard. In his “Lectures on
Pragmatism” of 1903, some 25 years later, he revised this idea: the
knowledge of diamonds pertains, pace realism, to a cluster of
properties, and if some of these properties are present to convince us
of its being a diamond, the dependency between properties allows us
to infer its hardness without measuring it. Later in his career, Peirce
would describe such stable combinations of properties as “would-bes”,
connecting the properties in groups of “general principles” or
tendencies – what are nowadays often called dispositions. This
generalization, of course, pertains to the real universe, which – unlike
the artificial experiment-world of Ks – never allows us to ascertain all
properties of any single object, but which – also in contrast to the Kuniverse – enables research into the reasons, empirical and a priori,
why certain properties form dependency clusters and certain others
never co-occur. This would also indicate that Peirce was wrong in
assuming that classes which are mere intersections of natural classes –
e.g Red Cows – have no area in his own definition of this term. In the
brief paragraph preceding the graphical experiments of Ms. 725,
Peirce proposes no less than three different definitions of natural
classes, two of them negative: they are 1) classes which are not mere
intersections of simpler natural classes,xxvii 2) classes which have more
properties than their definition, 3) classes without an Area. Peirce

assumes, without any further explication, that these definitions are coextensive. Maybe this is not the case, however, with the third
definition: It is hard to see why Red Cows should not have an Area in
the simple b x d sense defined in the OLEC. So the possession of Area
could not simply be a measure of the naturalness of a class, such as the
circle experiment – and probably also the “Kandinsky” experiment –
explicitly aimed to prove. The definition of natural classes by their
having properties in addition to any definition is equivalent to defining
them by the characteristic of not being mere intersections of simpler
classes – but it seems to be independent of the attempted Area
definition. Even if the “Kandinsky” experiment did allow giving
(artificial) examples of natural classes using the former definition, it
did not fit with this definition’s Area definition, because even Ks
which were only defined as intersections of property classes still
would have both breadth and depth, and hence an area. Maybe these
were the reasons why Peirce never got around to writing a text to
accompany the K diagrams – he realized that the mere extensions of
properties and their combinations could never determine the
intensions pertaining to the kinds of connections which make them
appear in clusters, thus sharpening his realism? Maybe he noticed that
the Area definition did not select natural classes?
Later on (in The “Minute Logic” 1902), he emphasized that
exactly this kind of observation of connections represented a major
road to finding natural classes: "There are cases where we are quite in
the dark, alike concerning the creating purpose and concerning the
genesis of things; but [there are cases] where we find a system of
classes connected with a system of abstract ideas – most frequently
numbers – and that in such a manner as to give us reason to guess that
those ideas in some way, usually obscure, determine the possibilities
of the things. For example, chemical compounds, generally – or at
least the more decidedly characterized of them, including, it would
seem, the so-called elements – seem to belong to types, so that, to take
a single example, chlorates KClO3, manganates KMnO3, bromates
KBrO, rutheniates KRuO3, iodates KIO3, behave chemically in
strikingly analogous ways. That this sort of argument for the existence
of natural classes – I mean the argument drawn from types, that is,
from a connection between the things and a system of formal ideas –

may be much stronger and more direct than one might expect to find
it, is shown by the circumstance that ideas themselves – and are they
not the easiest of all thin gs to classify naturally, with assured truth? –
can be classified on no other grounds than this, except in a few
exceptional cases." (1902, EP II 125; 1.223( xxviii
Such a connection between “the things and a system of formal ideas”
is completely lacking in the K sheets, where there is no systematic
indication in the graphical formalism of which Ps are compatible with
which other Ps and why.xxix This seemingly iconic experiment is, in
this respect, completely lacking in iconic qualities that would
explicate the combination possibilities of the Ps. The syntax of P
combinations is not itself iconically represented apart from colocalization (Peirce might, e.g., have formed them as jigsaw puzzle
pieces showing which Ps combine and which do not).
In the most developed reflection upon natural classes in the
mature Peirce, occurring in the context of the classification of the
sciences, exactly in the "Minute Logic" of 1902, Peirce took the
surprising step of defining natural classes from their purpose, taking
human artifacts like lamps as the prototype. All lamps belong to the
same class for the basic reason that they have been constructed for
related aims. Here, Peirce boldly generalizes this idea to all natural
classes claiming that, in non-human cases, we just do not know the
teleological definition of them. This indeed sounds scary, and in
connection to the more speculative parts of Peirce's cosmology, this
might give rise to almost providential interpretations. There is,
however, a more modest interpretation. Peirce did not take teleology
in nature to take the same shape as human purposes which he
considered a special case. Rather, his strong Darwinism made him
think natural selection was the basic natural mechanism for the
working out of what appears as teleologies in nature, that is,
dependent upon local interactions rather than any pre-given goal or
vitalist force. In that sense, the "teleology" of the "Minute Logic"
should rather be seen as forms – the "systems of formal ideas" referred
to in the quote above, forms subjected to Darwinian conditions of
selection for their realization in the world.
But in the realm of such forms, we are back to diagrams and

diagrammatical reasons. And here, again, it remains central to Peirce
that such diagrams may give occasion of "theorematic reasoning"
whose aim it is exactly to discover properties of their objects which
were not mentioned in the explicit construction of the diagram –
corresponding to the definition of the class.
So the idea of the additional, hidden properties to be deduced
kept their place in Peirce's doctrine, so that the "system of forms" of
the "Minute Logic" may give rise to natural classes for the same
reasons sketchily outlined in Ms. 725. So, the strange drawings at the
end of that Ms. may have put him on an important tack, realizing that
the fascinating diagrammatic experiments with Cows and Red Cows
were originally motivated by a red herring.

i

Benjamin Meyer-Krahmer has gone so far as to propose that these drawings
are not by Peirce but have been added by another hand (personal
communication). As becomes evident, my interpretation argues against this idea
by taking them to be a graphical experiment prompted by the claims of the
preceding paper. The argument that they were added by another hand seems to
draw on the fact that similar drawings do not appear elsewhere in Peirce’s
unpublished papers. These papers, however, clearly establish Peirce as a skilled
draughtsman, which is why there seems to be no reason he could not have made
them. As there is no known evidence in favor of a different author, this
conclusion seems less likely than the simpler assumption that he drew them
himself.
ii
The text was presented as a paper on Nov. 13th 1867 and was subsequently
published in The Proceedings of the American Academy of Arts and Sciences 7,
416–32 (2.391–426). In the version contained in the Writings (W 2:70–86) the
title of the paper title is given as "Upon Logical Comprehension and
Extension".
iii
The Writings vol. 2 dates Ms. 725 to the spring of 1870, and according to
André de Tienne of the Peirce Edition Project, the handwriting of the Ms.
“leaves no doubt” that its dating must be ca. 1870 (personal communication).
The version of Ms. 725 published in the Writings vol. 2 omits the drawings after
the text; the three groups of circles are mentioned, and the drawings discussed
here are described as follows: “The remaining four pages of the notebook are
covered with what appear to be neatly drawn doodles.” (W 2, 511)
iv
For instance, the Grand Logic of 1893 (MS 421), Peirce’s contributions to
Baldwin’s Dictionary (1901), such as the entry on "Kind" (6.384) and the
unpublished entry on "Information" (Ms. 1147), the discussions of science and
natural classes in the Minute Logic of 1902 (CP 1.203ff; EP II 115ff), the
Lowell Lectures of 1903 (Ms. 469), or the unfinished "Rationale of Reasoning"
of 1910 (Ms. 664).
v
Not much has been written about these early theories of Peirce’s; they are not
dealt with in the large Nathan Houser/Don D. Roberts/James van Evra (eds.):
Studies in the Logic of Charles Sanders Peirce, Bloomington 1997. AhtiVeikko Pietarinen: Peirce’s Contribution to Possible-World Semantics, in:
Studia Logica, 82 (2006), 345–369 treats them as forerunners of Peirce’s
diagrammatical logic; André de Tienne: "Peirce’s Logic of Information",
working paper, at http://www.unav.es/gep/SeminariodeTienne.html
(07.10.2011) provides an introduction and discussion.
vi
Peirce later, in 1893, adds the following generalization: “I restricted myself to
terms, because at the time this chapter was first written (1867), I had not
remarked that the whole doctrine of breadth and depth was equally applicable to
propositions and to arguments. The breadth of a proposition is the aggregate of

possible states of things in which it is true; the breadth of an argument is the
aggregate of possible cases to which it applies. The depth of a proposition is the
total of fact, which it asserts of the state of things to which it is applied; the
depth of an argument is the importance of the conclusions which it draws. In
fact, every proposition and every argument can be regarded as a term.” (2.407n)
vii
Already in 1866, Peirce writes that “... it must be admitted that there are
exceptions to almost every rule. Thus many of the characters which seem to
belong to a class universally only belong to a part of it” (W 1:419).
viii
This claim may sound as if any concept had one exclusive definition. Peirce's
idea is rather that a concept may be defined in any number of ways, providing
the definition satisfies the aim of picking out the right extension. Definitions are
thus taken to be reference tools, while the closer investigation of the properties
characterizing a class is left for a higher grade of clearness (How to Make our
Ideas Clear, 1878). "Nonfeathered biped" may thus be a successful definition of
human beings in a certain Universe of Discourse without for that reason saying
much of the essential differences between humans and other higher animals.
ix
See next chapter and Stjernfelt: Diagrammatology (2007), ch. 4.
x
Actually, the paragraph number ought to have been 7 rather than 6, because
the printed version of the OLEC erroneously has two §5s, the latter of which
properly should have been §6, so the hand-written addendum, in turn, should
have been §7.
xi
Aristotle: Categories, 3, 1b16–18: “The differentiae of genera which are
different and not subordinate one to the other are themselves different in kind.
For example, animal and knowledge.” (transl. J. L. Ackrill).
xii
Does Peirce here mean "invertebrates"?
xiii
In an earlier published version of this chapter, I relied upon the Microfilm
version of the Ms.; shadings were somewhat difficult to judge in that
reproduction which lead to the erroneous numbers of 43 shaded and 26 nonshaded. This and other errors have been corrected also in the tables given.
xiv
"We may find that such and such a proportion of calves have five legs. But
we never can conclude with any probability that the ratio is strictly zero; and
even if
we knew that the proportion of men with golden thighs is exactly zero, that
would be
no argument at all against Pythagoras having had a golden thigh. For something
might
be true of one man, or any number of men, and yet might occur in the long run
in a
finite number of cases out of an infinite series. Now a finite number divided by
infinity is exactly zero.", (Principal Lessons of History of Science, 1896; 1.88).
xv
Some problems remain here. The class "isolated verticals" permits with some
certainty to predict the additional property "shadedness" (with the one outlier
mentioned). Peirce clearly did not take natural classes to be mutually exclusive

and defined by necessary and sufficient conditions but envisioned, more
flexibly, the possibility of continuity and overlap between them. But given this
idea, it seems as if vague natural classes begin to appear as soon as you depart
from a completely free and equal combination of properties.
xvi
Peirce here makes the crossed circles category conspicuous by two means: by
exterminating non-shaded crosses, but also by giving it a high number of
members. But these two must be independent. If, among the 77 individuals,
there was only one shaded cross and no unshaded crosses – would crossed
circles not still be a natural class in Peirce's definition (it would still have the
extra-property of non-shadedness)? In that case, it would be a natural class,
even if rare in the Universe of Discourse.
xvii
But does this really imply that the term “red cows” has no area at all? It has
breadth (the non-empty intersection set of existing red cows) and it has depth
(the added depths of “red” and “cows”). So the information of “red cows”
seems to be equal to that of “cows” by the inverse proportion rule holding for
terms (but not for propositions), and the passage from “cows” to “red cows” to
be one of decreasing breadth by increasing depth – such as Peirce referred to as
“specification” and “determination by restriction” in 1893: “In order to express
an extension by depletion, and a determination by restriction, without change of
information, we obviously stand in need of the words generalization and
specification.” (Syllabus, 1903, 2.249) We shall return to this.
xviii
Figure no. 28 on the first page has been crossed over with many pencil
strokes making it difficult to reconstruct what it may have looked like; and is
accompanied by the handwritten note: “dele[te] this”. It appears to have been
one of the “soft triangles” with a curved base line and a bold lower right hand
corner. To the left, it seems to have had a couple of curved “antennae”, each
terminating in a dot, and the lower antenna spiraling one and a half rounds. As
this spiraling of the lower antenna does not occur in any other K, this feature
may have prompted the deletion of this K. As it, moreover, is explicitly deleted,
we do not include it in the following observations and arguments.
xix
The amount of Ps recorded here may be less than exact, for several reasons:
1) Despite their beauty, the drawings are executed with different degrees of
precision, 2) The Ps vary continuously in size and shape from one K to the next,
and in some cases it may be difficult to determine whether two P tokens are of
the same type or whether they constitute different types, 3) in some cases, the Ps
may combine in ways that make it difficult to distinguish the individual
features. Another issue is that the parsing of the Ks into Ps may, in certain
cases, have proceeded differently. The central bold circle and the central
triangle in some cases open up to the right (in 1 and 3 cases, respectively). As
one of the main Ps represents an “E”, a square with part of the right side
missing, all of these figures might have been intended as a simple circle, a
triangle, and a square, respectively, meaning that the removal of the right side
was counted as an additional P, always cooccurring with the square; rarely or

almost never with the triangle and circle.
xx
Take as an example P4 – the central S-shape – which comes in very open,
oblong versions where the upward end of the S ends before turning around to
point downwards (and vice versa for the downward end), such as in the very
first K on the first page, or, even more articulated, in the seventh K from the
bottom on the third page. It also comes in much more compressed versions,
with each of the two halves of the S representing a full half circle, such as in the
ninth K on the third page.
xxi
The only possible exception to this rule is K 2.28 (number three from the
bottom of page 2), which may be interpreted as a combination of the bold circle
and the large “E”.
xxii
In the passing, we recall Lévi-Strauss’ (1966) observation about animal
species being so useful for categorizing other structures (family structure, social
structure, geographical, cosmological, mythical, theological structure). Many
animal species are, at the same time, easily identifiable natural kinds (easy to
“define” in terms of appearance and behavior features) – and, at the same time,
they come with lots of “additional” properties offering an abundance of material
for thought.
xxiii
For Gestalt reasons, P6 and P1 may seem to mutually exclude each other –
they both occupy and delineate the center space of the Ks they appear in and
there is no K in which both appear (even if K3 from the bottom of page 2 may
be seen as a compromise between the two). We have not, however, assumed
that there are purely graphical dependencies among the Ps excluding certain
combinations from the outset. While P1 turns out to be defining for the B&Bs,
P6 turns out not to be defining for the Hairy Es. Therefore, we should probably
not be misled by Gestalt perception into presuming that large central Ps play
different roles than smaller or more peripheral Ps. So the argumentation here
presupposes that all Ps are, in principle, graphically compatible and might be
combined – in result, all lack of combination is taken to be ontologically, rather
than graphically, relevant.
xxiv
In Ms. 725, Peirce explicitly addresses the idea that natural classes may
come in a continuum of different degrees of well-definedness (“area”), but he
only later (e.g. in the part of the 1902 "Minute Logic" on classification, EP II,
115ff; 1.203 ff) made explicit the idea inherent in the “Kandinsky”-experiment
that natural classes may unproblematically overlap, so that the lack of a definite
borderline between them should neither count as proof of their nonexistence nor
of their being natural.
xxv
Smith (2005)
xxvi
See the discussion in Stjernfelt: Diagrammatology (as fn. 9), ch. 2.
xxvii
Peirce here articulates a parsimony principle for the acceptance of natural
classes: conjunction of such classes does not produce further classes of the kind
– see Barry Smith/Wener Ceusters: "Ontological Realism: A Methodology for
Coordinated Evolution of Scientific Ontologies", in: Applied Ontology, 5

(2010), 139–188, and their rejection of universals brought about by the
conjunction, disjunction, and negation of other universals. As to negation,
Peirce’s circle experiments in Ms. 725 gave the same prominence to properties
(shaded) as to their negations (non-shaded), while the subsequent diagram
experiment with the Ks implicitly rejects negative properties in composing the
Ks out of positive Ps only. So here, Peirce seems to agree with the rejection of
negatively defined universals as well.
xxviii
Editors’ notes in the CP correct two of these chemical formulae - K2MnO4
and K2RuO4, respectively.
xxix
We can add that the issue raised by Ms. 725 and Peirce’s ensuing graphical
experiment is far from settled; there seems to be a wide agreement on the
existence of (some) natural kinds, but only little agreement on how to define or
describe the category in general. To take an actual example: within the practical
framework of articulating ontologies for biomedical data engineering,
nominalists (like Gary Merrill) and realists (like Smith and Ceusters) are taking
further the strife over universals, where we find the latter articulating a
distinction between natural and artificial classes along lines not far from
Peirce’s ideas in Ms. 725 and later.

