
 

 
 

Chapter 4 
Classifying 
Chapter 3 looked at the idea of VARIABLEs and VALUEs, to help us begin to understand the 
phenomenon of VARIABILITY, along with the important concepts of INVARIANCE, VARIATION, 
LIMITS OF VARIABILITY, and DEPENDENT VARIABILITY. In this chapter, we will go into how we 
CATEGORIZE things based on SIMILARITIES AND DIFFERENCES IN VALUES. 

4.1 From Traits to Categories    
We often understand the world through CATEGORIES, and we use words to refer to these categories. 
When we say ‘triangle’, we are not referring to the particular triangles in figures 1 or 2; we are 
referring to a class that includes figures 1, 2, 3, and 4,  but excludes figures 5 and 6: 

  

 

 

The words cat and dog refer not to a particular cat or dog, but to two different POPULATIONs of 
living creatures with certain characteristics. Other familiar expressions that name living things, like 
‘bird’, ‘cow’, ‘mammal’, ‘insect’, and ‘vertebrate’, also refer to categories. Likewise, while the 
words Earth, Jupiter, and Pole Star refer to particular ENTITIES in the sky, the words planet and 
star refer to categories of entities in the sky.  

It must be obvious from these examples that a CATEGORY is a set of entities. Now, all sets need not 
be categories. If we put a pencil, a spoon, a rose, a biscuit, and a stone in a basket, we have a set of 
things in the basket, but they are not a category. For something to be a category, it has to be a set of 
entities that share certain traits that distinguish them from entities that are not members of that 
category. Members of the category ‘spider’ share the trait of having eight legs, distinguishing them 
from members of the categories ‘insect’ (six legs), ‘cow’ (four legs), ‘bird’ (two legs), and ‘snake’ 
(no legs). Creatures that have wings belong to a category that we might call ‘winged creatures’. 
Members of the categories ‘bird’ and ‘butterfly’ are both ‘winged creatures’. However, creatures 
belonging to the category ‘bird’ have beaks; butterflies don’t. Creatures belonging to the category 
‘cat’ have retractable claws, while those belonging to the category ‘dog’ don’t.  

EXERCISE 1 
 For a creature to be a member of the category ‘dog’, it must have certain traits. The same applies to the 

categories ‘cat’, ‘reptile’, and ‘bacteria’. 

 For each of these four categories, list the traits shared by its members.  From these lists of traits, identify: 
  (i) those that all four categories share; 
  (ii) those that any two or three share; and  
  (iii) those that distinguish each of them from the others. 
 Are there traits that are shared by all four catergories that are shared by other categories not mentioned here? 

Do they form a supra-category? What is that supra-category? What categories does it exclude? 

4.2 Categories as ‘Natural Classes’ 
As pointed out earlier, there exist creatures with eight legs (spiders), six legs (grasshoppers), four 
legs (cows), two legs (crows), and no legs (snakes). Suppose we set up the following groupings:  
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 Variable: Number of Legs  
  Octapeds: eight-legged creatures 
  Hexapeds: six-legged creatures 
  Quadrupeds: four-legged creatures 
  Bipeds: two-legged creatures 

This grouping is useful, because other generalizations converge on categories based on the number 
of legs. For example, we know that if an organism has six legs (insect), it also has compound eyes, 
and a segmented body. If an organism has two legs and is egg-laying (bird), it also has wings and a 
beak. Only two-legged and six-legged creatures have wings. Two-legged creatures without a tail 
have opposable thumbs. And so on. So groupings in terms of the number of legs allow us to 
express regularities in what we observe. 

Compare this with the following grouping: 
 Variable: Body Colour  
  Black creatures: black birds, black dogs, black cats, black horses, … 
  Brown creatures: brown birds, brown dogs, brown cats, brown horses, … 
  White creatures: white birds, white dogs, white cats, white horses, … 

Unlike the groupings based on the number of legs, which enter into generalizations on other 
regularities, we don’t know of any generalizations that we can form on groupings based on body 
colour. 

Similarly, it makes sense to group triangles in terms of whether or not: 
 their angles are equal (‘equilateral triangle’),  
 two sides are equal (‘isosceles triangle’), or  
 one of their angles is a right angle (‘right-angled triangle’). 
Many theorems depend on these traits. In contrast, ‘triangles whose sides are unequal’, or ‘triangles 
whose angles are unequal’ are unnecessary categories because they don’t reveal any 
generalizations.  

Thus, some groupings seem to be legitimate categories, but not all groupings. We use the term 
NATURAL CLASS for categories that participate in the forming of generalizations, or their 
explanation. So, in mathematical and scientific inquiry (as opposed to ‘commonsense knowledge’ 
embedded in everyday language), CATEGORIES have the following requirement:  

 To be accepted as legitimate, a category must be demonstrated as a natural class. 
Drawing on this requirement, we offer a rational justification for the category ‘triangle’: 
 Many conjectures that have been proved crucially refer to the concept ‘triangle’. For instance: 
 Theorem: The sum of the angles in a triangle is two right angles.  
 Theorem: For every circle, there is exactly one equilateral triangle that circumscribes it.  
 Theorem: For every circle, there is exactly one equilateral triangle that it circumscribes.  
 Given that these theorems must be admitted as knowledge, and that the concept of triangle is 

crucial for these propositions, we must accept ‘triangle’ as a JUSTIFIED CONCEPT. 

A NATURAL CLASS, then, is the same as a JUSTIFIED CONCEPT. 

EXERCISE 2 
Triangles with a right angle (right-angled triangles) constitute a natural class. Do quadrilaterals with a right 
angle constitute a natural class? How about those with two right angles? How about those with three right 
angles? Give reasons.  

EXERCISE 3 
Six-legged creatures (insects) constitute a natural class. Do creatures with vertebrae constitute a natural 
class? How about those without vertebrae? How about creatures that lay eggs? Give reasons.   
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4.3 Words as Concepts and Words as Categories 
In the preceding section, we ended with a statement on ‘the concept of triangle,’ and its 
justification. This naturally leads to the question: Is a category itself a concept? What is a concept? 
Let us explore this with a few examples.     

Think about the difference between the meanings of the expressions ‘life’ and ‘living creatures’. 
‘Living creatures’ refers to a population of entities, each of which has the property of life: it is a 
population of entities with a shared trait, hence a category. In contrast, ‘life’ is a complex concept.  

Think about the sentence: “The number 6 is an even integer.” 
This sentence could mean either (a) or (b): 
 a. The number 6 is a member of the population of even integers. 
 b. The number 6 is an instance of the concept of even integer. 
Similarly, the sentence, “Climbed is an English word,” could mean (a) or (b): 
 a. Climbed is a member of the population of English words. 
 b. Climbed expresses the concept of climbing. 
In each case, the statement in (a) expresses a CATEGORY, focusing on the relation of SET 
MEMBERSHIP. In (b), it is an expression of a CONCEPT.  

When we say ‘category’ or ‘set’ or ‘population’, the predominant meaning is that of a group in 
which the members share something. When we abstract out what is shared, we end up with a 
concept. For example, take the concept ‘flower’, and the category of flowers. When we ask: “What 
is a flower?” we are asking: “What are the properties that make an entity a flower?” We are asking 
about ‘flowerness’, a concept. The focus here is not on the population of flowers. The concept 
‘flower’ creates a mental image of an entity. In contrast, the category of flowers creates the mental 
image of the members of a group with shared traits.  

Take the sentences: “The lion is a noble animal,” and “Lions are noble animals.” They mean 
almost the same thing, but with a subtle difference. Thinking about the precise difference between 
the two sentences will give you a clearer idea of the difference between words as expressions of 
concepts and words as refering to categories. 

4.4 Subcategories and Taxonomy 
Going a step further, sentences like “Humans are mammals” (‘human’ is a subcategory of the 
category ‘mammal’) and “Triangles are polygons” (‘triangle’ is a subcategory of the category 
‘polygon’) express a SUBSET RELATION. 

We often find situations in which X is a subcategory of Y, Y is a subcategory of Z, Z is a 
subcategory of M, and so on. Such organizations in which categories branch into subcategories and 
sub-subcategories are called TAXONOMIES, or CLASSICATORY SYSTEMS with a HIERARCHICAL 
(branching) structure. Here is an example: 
 Humans, chimpanzees, and orangutans are primates 
 Primates, elephants, dogs, cats, mice, and bats are mammals 
 Mammals, reptiles, and snakes are vertebrates  
 Vertebratres and invertebratres are animals  

Taxonomies can be represented visually as ‘tree diagrams’, like the following: 
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We could expand this taxonomy by including other categories (and their relationships) such as 
grasshoppers, insects, worms, grass, and oak trees.  

4.5 Justifying Taxonomies  
Why do we need taxonomies? To answer this question, we need to understand the property of 
logical inheritance in taxonomies. As an example, take a description of ‘square’ in geometry. If we 
put down everything we know about squares, we might get a description like this one:  

 Description of a square 
 A square is a two-dimensional shape bounded by four straight lines. Its sides are equal. It has four 

angles. The angles are equal. The sum of the angles is four right angles. Every angle in a square is a right 
angle. The area of a square is the length of its side multiplied by itself. Every square can be 
circumscribed by exactly one circle. Every square can circumscribe exactly one circle.  

If we were asked to give a definition of a square, we would not include everything in this 
description. A DEFINITION specifies only those traits that are necessary to characterize what is 
being defined, and nothing more. To see this clearly, look at the following definitions:    

 1)  Polygon: a two-dimensional closed shape bounded by straight lines 

 2)  a. Equiangular polygon: one whose angles are equal 
   b. Equilateral polygon: one whose sides are equal  
   c. Regular polygon: one which is equiangular and equilateral  

 3)  a. Triangle: a three-sided polygon  
   b. Quadrilateral: a four-sided polygon 
   c. Pentagon: a five-sided polygon 

 4)  Parallelogram: a quadrilateral whose opposite sides are parallel  

 5)  Rectangle: an equiangular parallelogram 

 6)  Square: an equilateral rectangle   

Implicit in (1)-(6) is a taxonomy. The following diagram captures theis taxonomy: 
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Given the above specifications, we can deduce that a square is bounded by straight lines, four-
sided, equiangular, and so on. None of these traits need be stipulated in its definition. This is 
possible because of the following property of subcategories:  

 PRINCIPLE OF LOGICAL INHERITANCE (PLI) 

  If X is a subcategory of Y, X inherits the traits of Y.   

Given the above taxonomy along with PLI, the logical derivation of the traits of ‘square’ is as: 

 i) A polygon is a two-dimensional shape bounded by straight lines. (by def) 

 ii) A quadrilateral is a four-sided polygon. (by def) 

 iii) A quadrilateral is a two-dimensional shape bounded by four straight lines. (by i, ii, & PLI) 

 iv) A parallelogram is a quadrilateral whose opposite sides are parallel. (by def)    

 v) A parallelogram is a two-dimensional shape bounded by four 
   straight lines whose opposite sides are parallel. (by iii, iv, & PLI) 

 vi)  A rectangle is an equiangular parallelogram. (by def)    

 vii) A rectangle is a two-dimensional shape bounded by four straight 
   lines, whose opposite sides are parallel, and angles are equal. (by v, vi, & PLI) 

 viii) A square is an equilateral rectangle. (by def)  

 ix) A square is a two-dimensional shape bounded by four straight lines, whose 
   opposite sides are parallel, angles are equal, and sides are equal. (by vii, viii, & PLI) 

We are now ready to answer the question, “Why do we need taxonomies?”  

If we structure our categories in appropriate subcategory relations in a taxonomy, the Principle of 
Logical Inheritance (by which a daughter category inherits the traits of the mother category) allows 
us to avoid REDUNDANCY in our definitions, and to formulate them with maximum ECONOMY. 
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EXERCISE 4 

The Wikipedia entries on amniotes, anamniotes, synapsids, mammals, reptiles, and snakes say that:  

 Amniotes are a group of tetrapods (four-limbed animals with a backbone) that have an egg equipped with 
an amnios, and are adapted to lay eggs on land rather than in water. 

 Anamniotes are a group that includes fishes and amphibians, which lay their eggs in water. They are 
distinguished from amniotes (reptiles, birds, and mammals), which lay their eggs on land, or retain the 
fertilized egg within the mother. 

 Synapsids are a group of animals that includes mammals and every animal more closely related to 
mammals than to other living amniotes.  

 Mammals are a group of endothermic amniotes. Among the features that distinguish them from other 
amniotes are hair, three middle-ear bones, mammary glands in females, and a neo-cortex (a region in the 
brain). The mammalian brain regulates body temperature and the circulatory system, including the four-
chambered heart.  

 Reptiles include turtles, crocodiles, snakes, and lizards. 

 Snakes are elongated, legless, carnivorous reptiles that can be distinguished from legless lizards by their 
lack of eyelids and external ears.  

Task 1: Based on the above material, draw a taxonomic tree to express the subcategorization relations. 

Task 2: Identify the logical contradition(s) in the above material.  
 (In a logical contradiction, one proposition negates what another asserts.  
  eg: “The earth is flat,” and “The earth is not flat”) 

Task 3: Using the derivation of the traits of ‘square’ as a model, give a derivation of the logical 
contradiction(s) that you identified in Task 2.  

Task 4: Rewrite the above material without the logical contradiction(s).   

 

In this chapter, we looked at the concept of category as a group of entities with shared 
characteristics. We also saw that these shared characteristics of the members of a category can 
form a concept.  

Categories can have sub-categories in them, and these sub-categories may have sub-sub-categories, 
forming a hierarchical structure of categorization. Such structures of sub-categorization exhibit the 
property of logical inheritance: what is true of the mother category is also true of the daughter 
category.  
 

 

 
 


