
 

 
 

Chapter 7 

Explaining 

7.1 What is an Explanation?    
There are at least two kinds of situations in which we use the word explain in ordinary language. 
One is where, for example, a teacher explains a concept such that the students understand it. Let us 
call this ‘elucidation’ rather than ‘explanation’.  

The other is when a child does something that the parent perhaps disapproves of, for example, 
coming home late, and the parent asks the child to give an explanation for the behaviour. Here, the 
parent is asking for the reasons for that behaviour, which would justify the bahaviour. 

The academic use of the words explain and explanation are somewhat like the second kind above. 
Let us look at some examples. 

The Guiness Book of World Records says that Robert Wadlow, who is 8’ 11.1” tall, is the tallest 
human that we know of. And Chandra Bahadur Dangi, who is 1’ 9.5” tall, is the shortest human. 
Remember our discussion of variability and limits of variability in Chapter 3? Let us connect the 
Guiness Book records to that discussion. From the Guiness Book records, we gather that in human 
height, the limits of variability extend from 1’ 9.5” and 8’ 11.1”. Let us stretch that a little to round 
numbers, and say that adult human height falls between 1’ and 9’.  

Have you ever wondered why there are no adult humans who are less than 1’ or more than 9’ tall? 
To ask it differently, have you wondered why, for the variable of human height, the limits of 
variability are 1’ at the lower end and 9’ at the higher end? 

Most adult human males are around 5’ 6", plus or minus a few inches. Eight-foot tall and two-foot 
tall humans are rare. This means that there is some regularity in human height. Had human height 
been completely random, each logical possibility would have been equally probable, which means 
that 8’ and 2’ tall humans would be as common as 5’ tall humans. Do you wonder why there is 
such a regularity? This question has to do with the average height of adult humans.  

We are told that the average human height has been increasing. Does that make you wonder why it 
is increasing rather than descreasing? Have you wondered if it can increase to 10’, so that most 
humans are more than 9’ tall? If you think this is unlikely, why do you think so? Answers to 
questions of this kind demand explanations in terms of theories.  

If we add a few drops of lime juice to boiling milk, the milk splits. But it doesn’t split if we add a 
spoonful of sugar. Why? When heated, egg white becomes solid, but water becomes gas. Why? 
Baldness is common among men, but not so common among women. Why? The sky turns shades 
of red during sunrise and sunset. Why? Honey mixes with water, but oil doesn’t. Why? Such 
questions demand explanations.  

7.2 Placing Explanation in Perspective 

Scientific inquiry has two basic components: observational and theoretical. 

Observational Science seeks to establish patterns in data, or observational generalizations: in 
Chapter 2, we explored the concept of observations, and followed it in the subsequent chapters 
with related discussions on generalizing, classifying, defining, and reasoning.  
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Theoretical Science seeks to establish explanations for the observational generalizations by 
constructing theories. It covers laws, models, and frameworks. In this chapter, we go on to 
theoretical science. 

7.3 A Case Study in Explanation: Rise and Fall of Temperature on Earth  
7.3.1 A daily cycle 
Suppose we measure the temperature outside our room. Assume that this location is in Pune, and 
that we are measuring it at 6am on 20 January 2014. The temperature is 160C. Let us write this 
down in our record book as: 

(1)  We took the temperature outside our room in Pune, at 6am on 20 January 2014.  
 The temperature was 160C. 

This is the report of a particular observation: an observational report. And the result of our 
observation, namely, 160 C in our example, is a data point.  

Suppose we continue checking the temperature every three hours, till the next morning. We might 
find something like this: 

(2)  
  
 
 
 
 
 
 
 
 
If we do this for several days, we will have many such data points, called a sample. If we examine 
the sample carefully, we see a pattern: the temperature gradually rises and reaches a peak around 
midday, and then it gradually falls, reaching the lowest after midnight. What we see here is a 
systematic relation between two variables, time and temperature, such that, given the time, we can 
infer the temperature. This is what we called an observational generalization in Chapter 2. This 
particular one happens to be a correlation. The pattern repeats itself every day, like a wave: 

(3) 

The actual temperature may vary depending on the time of year: the range between the lowest and 
highest tempertures may also vary. But there will always be a rise and fall in temperature each day.  
Let us state this explicitly as an observational generalization: 

(4) On Earth, the temperature is highest after noon; goes down, reaching the lowest after 
midnight; and goes up, peaking the next afternoon, forming a daily cycle of rise and fall. 

This raises at least two questions. First, why is there such a regularity in the relation between time 
and temperature, with the temperature rising and falling in a wave across days? It is logically 
possible that temperature variations are random, with no pattern.   

Second, why is the regularity of this particular type? It could, for instance, have been that the 
temperature goes down in the morning, reaching a low around midday, and goes up in the 
afternoon and evening, reaching a high peak around midnight: 

In asking these questions, we are looking for reasons why the states of affairs in the world are the 
way they are, and not some other logically conceivable way; we are looking for an explanation for 
the regularities we observe in nature.  
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What would explain the daily cycle of the rise and fall in temperature on earth? We can guess that 
it has to do with the sun. Daytime is when the sun is up in the sky. So we begin by assuming that: 

(5) Light from the sun that illuminates the earth increases the heat of entities on the earth.  
(See “How exactly does light transform into heat” at:  http://goo.gl/iMxdIS)  
It is a fact that light from the sun illuminates the earth during the day and not at night. This fact, 
combined with the proposition in (5), yields a logical consequence: it predicts that the earth should 
be warmer during daytime, and cooler during night. Our observations match this prediction: the 
prediction is correct. Hence, (5) explains why it is warmer during daytime and colder at night. 
(Note the technical meaning of ‘explanation’ as ‘correct prediction’.) 

But why does the temperature rise in the morning and go down in the evening? Why doesn’t the 
heat rise with the sun, stay steady till sunset, and then go down, remaining steady till the next 
sunrise?  

One way to explain this is to appeal to accumulated heat on the earth. When the sun is up, it begins 
to heat the earth, like a pot of water getting heated on a stove. The water doesn’t boil as soon as it 
is placed on a lighted stove: it takes time to boil. Similarly, it takes time for the heat from the sun’s 
rays to take effect on the earth.  

But this explanation doesn’t tell us why the temperature comes down in the late afternoon, even 
though the sun is still up. Why isn’t the temperature highest at, say, around 5pm, due to the 
accumulated heat from the sun the whole day? What we have said so far doesn’t explain the fall of 
temperature even before the sun goes down.  

Suppose we suggest that the rise and fall of temperature during the day has to do with the amount 
of heat energy absorbed by the earth’s atmosphere along the path of the sun’s rays. Let us look at 
this picture:  

(6)         rays from the sun     
            atmosphere     
         earth   
                
 
 
For a person standing at the orange dot, it is noon, because the sun is right above the head. For a 
person standing at the purple dot, on the other hand, it is either sunrise or sunset, the rays falling on 
the earth at a slant. The distance the rays travel through the earth’s atmosphere to reach the orange 
dot (noon) is shorter than the rays that travel to the purple dot (morning or evening), so they travel 
a greater distance. 

If we wish to appeal to this idea, we should expand (5) as (7): 

(7) a. Light from the sun, which illuminates the earth, increases the heat of entities on the earth.    
 b. The greater the distance that the sun’s light travels through the earth’s atmosphere, the 

greater the heat energy dissipated in the atmosphere.     

Let us call this the ‘distance explanation’. This explanation makes correct predictions for the daily 
cycle of temperature on the earth. But it also predicts that on a planet or a moon without 
atmosphere, the temperature at noon and the temperature at surise and sunset would be the same. If 
this prediction is incorrect, we need to abandon or modify (7).  

More importantly, (7) predicts that it would be hotter on top of a mountain than at sea level, given 
that sunlight has to travel less to get to the mountain top. This prediction is clearly false.  

An alternative to (7b) is to appeal to differences in the area that a patch of rays covers, because of 
differences in the angle of incidence. Notice that in diagram (6), when the patch of rays is 
perpendicular to the earth, it covers a small area on the earth, but when the angle of incidence is 
greater, it covers a larger area. When the same patch of light covers a larger area, the intensity of 
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light and heat is less, and hence it would be colder in that area. Using this idea, we may propose 
(8), an alternative to (7): 

(8) a. Light from the sun, which illuminates the earth, increases the heat of entities on the earth.    
 b. The greater the area that a given patch of light covers, the less the heat energy it transmits 

to that area.    

Let us call this the ‘angle of incidence’ explanation. Unlike the distance explanation, this 
explanation predicts that the temperature at noon will be higher than in the morning and afternoon, 
even for planets and moons without atmosphere. This prediction, of course, needs to be checked. 
What makes (8) better than (7) is that it does not make an incorrect prediction that it will be 
warmer on a mountain top than at sea level.  

7.3.2 A yearly cycle 
Having struggled with constructing a theoretical explanation for the daily cycle of the rise and fall 
of temperature on earth, let us look at its yearly cycle. Suppose we take the highest temperature and 
lowest temperature for each day for many months. Wherever on the earth we take these 
measurements, we find that both the highest and the lowest temperatures of the earth go up for a 
few months, reach a peak, come down for several months, reach a valley, and then go up again. 
This cycle takes a year to complete, forming a wave across years. 

Let us state this observational generalization explicitly as (9): 

(9) On earth, the highest and lowest temperatures go up everyday till they reach a peak, then go 
down till they reach a valley, then go up again, taking a year to complete a cycle.    

From the perspective of theoretical science, the obvious question is: how do we explain this 
correlation?  

Suppose we try to explain (9) by appealing 
to the elliptical orbit of the earth around the 
sun. If the sun is at the center of the orbit, 
the distance between the sun and the earth 
is greatest along the major axis, and 
shortest along the minor axis. When the 
earth is farthest away from the sun, it is 
winter, and when it is closest, it is summer. 

(10)                  summer 

 

                                                winter 

 

Do you see a deadly flaw in this 
expanation? In the orbit in (10), there are 

Notice that when the temperature is at its highest, we 
call that period ‘summer’, and when it is at its lowest, 
we call it ‘winter’. But here we are not asking for an 
explanation for the seasons. Seasons do have a 
connection to the yearly cycle of temperature, but 
they involve more than just temperature. In spring, 
for example, flowers bloom; in autumn, in many 
places, leaves fall from trees. In the monsoon season, 
we expect rains. There are the seasonal vegetables 
and fruits that we expect at different times of the 
year. And added to that are the festivals and holidays 
associated with different seasons, and the existence 
of ‘holiday seasons’ when it is hard to get train 
reservations. The explanation we are looking for does 
not cover any of these cycles: our focus is only on the 
correlation between time of year and temperature. 

two locations where the earth is farthest from the sun, and two where it is closest. This predicts two 
summers and two winters in a year. This prediction is false. Hence, we have to abandon the 
explanation in terms of (10). 

We can modify (10) slightly such that it doesn’t predict two summers and two winters. Suppose we 
assume that the sun is not at the center, but at one of the foci of the ellipse, as in (11):  
 
(11) summer winter 
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The model in (11) predicts one summer and one winter. But it is not good enough. There is an 
important observational generalization that an adequate theory of summer and winter needs to 
explain, namely: 

(12) When it is summer in the northern hemisphere, it is winter in the southern hemisphere; and 
when it is winter in the northern hemisphere, it is summer in the southern hemisphere.  

The theory based on the model in (11) fails to predict (12).  

An alternative idea to explore is the tilt of the earth’s axis of rotation. Using this idea, can you 
construct a theory to explain both the yearly cycle of temperature and also (12)? Here is a clue: 

(13)  sunlight   tilted axis of rotation       
       equator         
      

 

When we explored an explanation for the daily cycle of temperature using diagram (6), we 
considered distance traveled and spread of light energy as competing ideas. These two ideas are 
open to (13) as well, so we would need to make a choice.  

Exercise 1 
To construct an adequate theory of the observational generalizations in (4), (9), and (12), we need to combine 
them with the following additional generalizations: 
 (14) a. While the total duration of day+night cycle remains constant, the sun rises earlier and sets later in 

summer than in winter (remaining in the sky for a longer �period).    
  b. The asymmetry of day and night reported in (14a) increases as we move away from the equator 

towards the poles. 
  c. The highest, the lowest, and mean temperatures are higher as we approach the equator and lower 

as we �approach the poles.  
  d. When the sun is out, a stick placed vertically on the ground has a shadow. The shadow is long in 

the morning, grows shorter till noon, and then grows longer till almost sunset.  
  e. The shadow in (14d) falls towards the west in the morning and towards the east in the afternoon.  
  f. When observed over months, the shadow in (14d) exhibits a north-south shift. In December, the 

shadow is maximally towards the south. It gradually shifts northward, and is maximally towards 
the north in June, after which it shifts southward again, completing the cycle in a year.    

Task: Try to construct a unified explanation for the propositions (4), (9), (12), and (14a-f). 

7.4 The Structure of Scientific Explanations 
Based on the examples of explanations we have worked through, we may unpack the structure of a 
scientific explanation in terms of three components:  

A. a phenomenon, or set of observational generalizations that call for an explanation;  
 that which needs to be explained (some people call it explanandum);  

B. a set of propositions that provide the explanation;  
 that which yields the explanation (called explanans); and  

C. the demonstration that B explains A (A follows logically from B). 

To illustrate the three-part structure, take the explanation for the path of a stone we throw: 

 What needs to be explained:  
 A stone thrown up at an angle goes up and comes down in a curved path;  
 a stone dropped (let go) from a height goes down in a straight line; and  
 a stone thrown vertically up in the air goes up and comes down in a straight line. 
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What yields the explanation:   Newton’s first and second laws 
 Every object continues in its state of rest or uniform motion in a straight line unless 

compelled by a force that acts on it.    
 Force is equal to mass times acceleration.  

Demonstration of how the explanation is derived: 
 a. When a stone is dropped from a height, the force of gravity acts on it, making it move 

towards the earth in a straight line (Law 1).  
 b. When a stone is thrown vertically up in the air, the force of the hand acting on it makes it 

move up. It keeps going up even though the force of the hand is no longer acting on it 
(Law 2). But gravity acts on it in the opposite direction, reducing its velocity gradually to 
zero. Gravity now makes it move towards the earth in a straight line (as in (a)).   

 c. When a stone is thrown up at an angle, the movement has two components, a vertical and a 
horizontal one. No force opposes the horizontal motion, so it continues at uniform velocity 
(Law 2). The vertical component is affected by gravity (as in (b)). This results in a curved 
path.     

EXERCISE 2 
Identify and clearly spell out the three components of explanation for each of the examples in (4), (9), (12), 
and (14), using the example of the path of the stone as a model.  

7.5 What did we Learn? 
We began this chapter with the remark that scientific inquiry can be broadly divided into two parts: 
observational inquiry and theoretical inquiry. Chapters 2 and 3 were concerned with observational 
inquiry. In dealing with classification (Chapter 4), definition (Chapter 5), and reasoning (Chapter 
6) we were slowly moving towards theoretical inquiry. What we have done in this chapter is to go 
right to the heart of theoretical inquiry, by constructing explanations for observational 
generalizations.   

An explanation has three components:  
 the phenomena that need to be explained;  
 the statements that yield the explanation; and  
 the demonstration of the explanation.  
A scientific theory explains the observational generalizations by showing that they are predicted by 
(= are the logical consequences of) the statements of the theory.  

A scientific theory has two important functions It seeks to explain the observed phenomena, and it 
simultaneously seeks to integrate or unify the observed phenomena which would otherwise be 
unconnected. We have seen how explanations work, so let us briefly look at how they integrate 
phenomena.  

The generalizations on stones dropped from a height, or thrown in the air either directly upward or 
at a slant, have no connection to the generalizations on the behaviour of a simple pendulum. It is 
only in light of Newton’s theory that a unified explanation becomes available for these apparently 
unrelated phenomena, thereby integrating them. Likewise, there is no obvious reason for the 
motion of bodies on earth (discovered by Galileo) and the motion of bodies in the sky (discovered 
by Kepler) to obey the same laws, but Newton integrated them through a unified explanation.  

Before the theory of electricity came into being, there was no connection between the phenomenon 
of thunder and lightning, and that of a plastic comb that, after combing hair, attracts small bits of 
paper. (If you haven’t seen this happen, try it on your own.) The theory of electricity revealed that 
connection. And it took Maxwell’s theory of electro-magnetism to integrate the theories of 
electricity, magnetism, and light. Such integration lies at the very heart of the scientific enterprise.  
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[Note: for deeper understanding of the concept of scientific explanations, see “IIE-2018-LT7-3-
Reading B2-Scientific Thinking in Kitchen-Banana Chips”] 


