
 

 
 

Chapter 3 
Generalizing 
In Chapter 2, we explored the processes of observing phenomena and describing (or reporting) 
what we observe. We saw that for systematic observation, we need an observational framework 
(also called ‘descriptive framework’).  

Central to the concept of OBSERVATIONAL FRAMEWORK is the idea of VARIABLES and VALUES. 
One place where these concepts are relevant is in comparing things, and identifying what 
distinguishes one thing from others. In section 2.2, we said that we might describe the similarities 
and differences between a dog A and a person C as: 

 Similarities: Both A and C have a head, a torso, and four limbs. 
  Both A and C have a nose, a mouth, two eyes, and two ears on the head.  
  Neither A nor C has feathers on their body.  

 Differences: A has a tail; C doesn’t.  
  A’s forelimbs are legs; C’s forelimbs are arms.   
  A’s hair is brown; C’s hair is black. 

Dogs and humans share the property of having four limbs. They also share the property of having a 
nose, a mouth, two eyes, and two ears. In contrast, while dogs have the property of having a tail, 
humans don’t have that property. Another way of thinking about this is that ‘tailness’ is 
a VARIABLE with two VALUES, namely, 'having tail' and 'not having tail'.  

Similarly, some organisms (e.g., mice) are multicellular, while others (e.g., bacteria) are not 
multicelluar. This difference can be expressed as ‘multicellularity’ being a VARIABLE with two 
VALUES, namely, ‘being multicellular’ and ‘not being multicellular’. Another VARIABLE that 
distinguishes different categories of animals is that of ‘number of legs’: the value for birds is 2; for 
mice, 4; for ants, 6; and for spiders, 8.  

Any introduction to chemistry talks about the properties of various substances, like water, metal, 
air, and on. Try stating the differences between ‘metals’ and ‘non-metals’ in terms of the 
terminology of variable and value. 

In the scientific literature, we find the words ‘properties’, ‘characteristics’, ‘traits’, ‘features’, 
‘attributes’, ‘parameters’, ‘dimensions’, and so on, used to refer to what we have called VARIABLES 
and VALUES. For instance, the terms ‘character’ and ‘allele’ are often used in biology for ‘variable’ 
and ‘value’ respectively. 

This chapter is concerned with the challenge of arriving at generalizations, based on our 
observational reports. We will explore how the ideas of VARIABLES and VALUES, and of patterns of 
VARIABILITY, function as the basis for forming generalizations.   

3.1 Variability and Generalizations  
As children, we observe that birds fly. So do butterflies and bees. Dogs and cats don’t. The next 
time we see something with wings, we expect it to fly. Why? Because we have implicitly 
generalized that creatures with wings fly, and creatures without wings don’t. 

A child growing up in a village in India might notice that her mother always wears a saarii when 
she goes out, and her older sisters wear salwaar-kurta. Her aunt from the city seems to wear 
saariis, salwaar-kurtas, and occasionally skirts too. Her father and uncles wear pants and shirts 
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when they go out. These are all observations on individual people. But after observing this many 
times, she might form the following OBSERVATIONAL GENERALIZATIONS in her mind: 
  Men wear pants and shirts. They don’t wear saariis or salwar-kurtas.   
  Women are more likely to wear saariis than girls. 

She may not even be aware of having formed these generalizations. Yet, if one day she sees a man 
in a saarii, she would be surprised, or amused. This is because of her generalization that men don’t 
wear saariis. If she has concluded from her prior observations that women have a greater range of 
clothing than men, she would be less surprised to see a woman in jeans and T-shirt, even if she 
hasn’t seen a woman in jeans and T-shirt before. This is because she has seen women in many 
modes of dress — saarii, salwar-kurta, and skirt — and has generalized that ‘modes of dressing’ 
exhibit ‘variability’, and women show greater variability in dress than men.  

Suppose we are told that Ana is an adult female human being. Do we know the colour of her 
blood? “Of course. It’s red,” you will say. The reasoning is: “We know that all human beings have 
red blood.” Let us make the reasoning process explicit: 
 All human beings have red blood. (what we already know) 
 Ana is an adult human being. (what we are told) 
 Therefore, the colour of Ana’s blood is red. (what we conclude)  

How about the colour of her skin? Do we know? We would say that it could be dark brown, light 
brown, yellowish white, or pinkish white, but we don’t know which. The generalization in this case 
is that human skin colour varies from black to chocolate brown to light brown to yellowish white 
or pinkish white; but it cannot be blue, green, orange, or purple. Similarly, if we are asked what 
Ana’s height is, we would say that it is likely to be between 5’ and 6’. It could, of course, also be 
4’8”, or 6’ 2”, but certainly not 2’ or 12’.  

These conclusions are about an individual, Ana. But they are based on what we know about a 
population of individual humans. How do we arrive at such generalizations about a population? In 
particular, how do we arrive at conclusions on a population when there is variability in the values 
we are interested in, as in the case of skin colour and height? To answer this question, we need to 
understand the nature of variability.  

3.2 Homogeneity and Variability  
Look at a cloudless clear blue sky at noon. Every part of the sky is exactly like every other part.  
Now imagine that the whole earth, including you and other 
creatures, are the same colour, with no difference in light and 
shade. Everything is equally lit. The world would be like the 
rectangle in figure 1a, not like the one in figure 1b: 

 
 
 

 Figure 1a 

 
 
 

Figure 1b 

If the world were as in (1a), we wouldn’t be able to see any objects in the world, because the 
perception of shapes crucially requires some difference in either colour or its intensity that makes 
the object stand out from the background. The imaginary world in (1a) is visually HOMOGENEOUS.  

Now imagine the sky with perfectly circular pink clouds of 
exactly the same size and brightness. Imagine the same pink 
circles all over the earth, including on you and all creatures. 
The circles are in a grid, horizontally and vertically 
equidistant, like the crossings on a graph paper. 

 
 
 
 

Figure 2 

Figure 2 is not homogeneous: it has two values for the variable of colour: blue and pink. However, 
notice that the shape, size, and colour of the circles do not vary; they are INVARIANT. The relative 
horizontal and vertical distance between them is also invariant, though the location of the circles 
varies. 
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In contrast to figure 2, the shape, size, and colour of the 
objects in figure 3 are variable. 

 
 
 
 

Figure 3 

 
EXERCISE 1: Variability of Substances 
 Identify the variables along which following physical substances differ: water, ice, ink, lime juice, tooth 

paste, copper, wet sand, wheat flour. Identify some of the values along each of the variables. 

EXERCISE 2: Variability of Laughter 
 Identify the variables along which human laughter differs, and values along each of the variables. 

3.3 Invariance and Limits of Variability  
Triangles are not all identical; they vary in size and shape. But do they have any INVARIANT 
properties? Think about this and write down your thoughts before you read further. 

Given that a triangle is defined as a ‘three-sided polygon’, and a polygon is defined as a ‘two-
dimensional shape bounded by straight lines’, every triangle, by DEFINITION,  

• is a two-dimensional shape;  
• is bounded by straight lines; and  
• has exactly three straight lines.  

These are INVARIANT properties of the population of triangles.    

Are there other properties of triangles that are invariant across the population, but are not part of 
the definition? The answer is yes. Here are a few invariants of triangles that every high school 
student is familiar with. For every triangle: 

• it has exactly three angles. 
• the sum of its angles is two right angles. 
• no side can be longer than the sum of the other two sides. 
• its area is its height times half the base. 
• it can be circumscribed by exactly one circle.  
• it can circumscribe exactly one circle.   

The length of the side of a triangle is variable. A given side of a triangle can be 0.001 mm, 248 
meters, 998 kilometers, or seventy light years. However, there are certain LIMITS TO THE 
VARIABILITY. If the length of one side is 600m and of another is 500m, the length of the third side 
must be less than 1100m. This conclusion follows from the THEOREM that ‘the length of every side 
in a triangle is less than the sum of the other two sides.’ 
Likewise, any particular angle in a triangle can be close to 0 degrees, half a right angle, or more 
than a right angle, close to two right angles. But it has to be more than 0 degrees and less than two 
right angles. This follows from the theorem that ‘the sum of angles in a triangle is two right 
angles.’   
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EXERCISE 3: Invariance and variability in squares, quadrilaterals, and polygons 
 What are the invariant properties of a square? What are the variables along which squares can differ? 
 Look for invariant properties of quadrilaterals, and of polygon, as well as the variables along which they 

differ. 

EXERCISE 4: Invariance and limits of variability in dogs 
 Identify five invariant properties of dogs.  
 Dogs vary from one another in terms of size, weight, age, shape, and fur colour. Can you identify the 

limits of variation along each of these variables? 

EXERCISE 5: Limits of variability in the number of leaflets on a plant 
Find a plant or tree with compound leaves. Here are a few examples of compound leaves: 

 

Take a sample of around thirty compound leaves 
randomly from a single plant or tree (or a given species 
of plants/trees), and count the number of leaflets on 
each stem. (The stem on the top right of the picture 
above has five leaflets; the one below it has nine, and 
so on.) In your sample, can you identify the limits of 
variability in the number of leaflets on a stem? 

3.4 Dependent Variability  
Suppose we tell you that the sides of a triangle ABC are of the following lengths: 
 AB  =  30cm  BC  =  25cm  AC  =  20cm 

Can you figure out which of the angles in ABC is the smallest, and which one is the largest? If you 
are familiar with basic geometry, it should be trivial for you. The smallest angle is B, and the 
largest one is C. We know this because of the following generalization: 

The size of an angle in a triangle is directly proportional to the size of the opposite side.  

Given that the shortest side in ABC is AC, it follows that the smallest angle is the one opposite AC, 
namely, B. Given that the longest side is AB, it follows that the largest angle is C.  

We know that the size of an angle in a triangle can vary only between almost-zero and almost-two-
right-angles: these are their LIMITS OF VARIABILITY. But even within these limits, the size of an 
angle of a triangle is DEPENDENT ON the length of the opposite side:   

In a triangle, as the length of a side increases, the size of the angle opposite it also increases.  

Consider two variables, with values x and y. Suppose x depends on y. Then x is a DEPENDENT 
VARIABLE, and y is an INDEPENDENT VARIABLE. In the example of the sides and angles of a 
triangle, the size of the angles is a dependent variable, and the length of the opposite sides is the 
independent variable. We use the term DEPENDENT VARIABILITY to refer to the phenomenon of the 
value of one variable being dependent on the value of another.  

But notice that in the example of sides and angles of a triangle, if we change our statement as 
follows, then the dependency relation also changes: 

  In a triangle, as the size of an angle increases, the length of the side opposite it also increases. 

Here, the size of the angles is the independent variable, and the length of the sides opposite the 
angles is a dependent variable. In other words, the size of an angle in a triangle and the length of 
the side opposite it are CO-DEPENDENT. 

Notice, however, that there is a difference in the relative dependency between the sides and angles 
of a triangle. If we know the values of the sides, we can infer the values of each of the angles. 
Inncontrast, if we know the values of the angles, all we can infer are the relative values of the sides, 
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and not the value of each side. Thus, if we have to choose one of them as independent, we would 
choose the length of the sides as the indeoendent variable, and the angles. 

Take another example of DEPENDENCY. The more you practice swimming, the better you are at 
swimming. In this case, practice is the independent variable, and proficiency is the dependent 
variable: it doesn’t make sense to say that practice is dependent on proficiency. 

EXERCISE 6: Dependent variability between height and weight     

Measure the heights and weights of several friends, and enter them in a table. e.g.: 

 

 

 

 

On a graph paper, represent each one as a dot, such that the vertical distance between the dot and the bottom 
line of the paper represents the height of the person, and the horizontal distance between the dot and the 
leftmost line represents the weight. For example, if the dot representing Lina is 66 graph squares above the 
bottom line (half of 132), and 57 graph squares from the leftmost line, then the dot for Anil would be 75 
squares above the bottom line and 62 squares from the leftmost line.  

The result of what you have done with the graph paper is called a SCATTER PLOT, a familiar idea, This 
particular scatter plot indicates the heights and weights of people you know. The dot for each person, if you 
remember, is called a DATA POINT in the DATA SPACE of the graph paper.  (For more on scatter plots, watch 
http://goo.gl/2zzzZl ) 

Draw a line through the center of the cluster of dots to visually represent the inter-dependence between the 
variables of heights and weights. Given this line, when you see a new person, and measure their weight, you 
should be able to estimate their height, and if you measure their height, you should be able to estimate their 
weight, because the values for height and weight are co-dependent.   

 
In Chapter 2, we were introduced to the concepts of observations of a single member of a sample 
(called data points) and the reporting of what we observed (e.g., I observed that the person walking 
towards me wore spectacles). In Chapter 3, we have explored ways of generalizing from a sample 
of data points to arrive at conclusions on a population.  

In some cases, the sample shows no variation across the data points (e.g., Every person that I 
observed in the sample had exactly one heart). In other cases, the sample shows variability. In most 
cases, the variability is within constraints, so what we see is constrained variability. (e.g., Adult 
human height can vary across individuals; but the variability is restricted to a range from, say, one 
foot to twelve feet). We also found that in some cases, within those limits, certain possibilities are 
more probable than others. (e.g., Adult males whose height is between 5’ and 6’ are more common 
than those whose height is between 6’ and 7’.)  

Statistics helps us arrive at reliable conclusions under conditions of variability that can be 
expressed in terms of numbers.  


