
Supplementary Reading 4   

 
 

I Was Five Years Old When My Grandmother Was Born 
Proofs in Math and Science 

1 Grandmothers and Grandchildren  
Suppose we said this about our friend Mika, would you believe us? 
 “Mika was five years old when her maternal grandmother was born.” 
Here is a possible dialogue that would follow.  

You: What? Did you say Mika was five years old when her grandmother was born?  
Us: Yes, that’s right.  
You: Oh, did Mika’s grandfather marry someone who was younger than Mika? 
Us: No, we’re talking about her biological mother’s biological mother. 
You: But that can’t be true!   
Us: How can you be so sure? You haven’t met Mika or her grandmother. You don’t even know 

who they are.  
You: I don’t need to know them. It simply can’t be true. For anyone.  
Us: Okay, if we said this, can you tell if it’s true?  
 “Mika was five years old when her cousin was born.”  
You: That could be true or false. Her cousin could be older or younger than her. But it’s different 

for grandmothers. There’s no one whose grandmother was born when they were five.  
Us: Oh, really? Can you prove that there can’t be anyone who was five years old when their 

grandmother was born? 

Now is a good time for you to think about a possible proof. Try writing down the proof. 

Is it too hard? Then try a simpler problem. Suppose we told you:  

 “Mika is older than her mother.”  

We’ve never met Mika or her mother, but we know the statement is false. How do we know this?  

We know it because we hold a general belief, that: 

 No one can be older than their mother. 
If you can prove that the statement is true, you will also be able to prove the grandmother one.  

If this one is also difficult, let’s try something even simpler. It’s a statement that must be false:  

 “Mika’s grandparents never had any children.”  

This follows from another general belief we have: 

 There cannot be any grandparents who never had any children.  
And if that doesn’t work either, try this, again false, and follows from yet another belief we have: 

 “Mika’s mother never had any children.”  

 There cannot be a mother who never had any children. 

The three beliefs we have stated are generalizations on mothers and grandmothers. To come up 
with proofs for these generalizations above, we would need to define the concepts ‘mother’ and 
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‘grandmother’. We would also need to add yet another generalization about being born or giving 
birth, and then, work out the consequences of our definitions and generalizations.  

If we do this in a systematic way, we find that we are actually using the strategy of mathematical 
proofs, though the subject matter may look trivial (everyone knows that the generalizations we 
have stated are true anyway), and is hardly something that we would talk about in a math class.  

We will get back to this topic later, with proofs of the generalizations above. In the meantime, you 
may want to keep thinking about them, and see if you can come up with your own proofs. Who 
knows, your proof might turn out to be better than ours! 

Now consider the dialogue below between a teacher and the students, and what follows it. 

T:  Let me tell you something about myself. My name is …. I was born in a village called …   I 
spent my first six years there. My maternal grandmother was born when I was five years old. 
When she was one year old, we moved to the city.”  

[There is shocked silence, then a burst of laughter.] 
T: Why are you laughing? 
S: You’re joking. Or you’re lying. It’s not possible that your grandmother was born when you 

were five years old.  
T: Were you around when she was born?  
S: No...  
T: Were you around when I was five years old?  
S: No.  
T: Then how do you know that I wasn’t five years old when she was born?  
S: No one can be five years old when their grandmother is born.  

The teacher then draws attention to the logic of their objection by writing down their argument on 
the board:  

Proof 1     [ P: PREMISE; C: CONCLUSION ] 

P 1:  No human can be five years old when their 
maternal grandmother is born. 

P 2:  Our teacher is a human being. 
C 1:  Given premises 1 and 2, it is impossible for 

our teacher to have been five years old 
when his maternal grandmother was born.  

C 2:  Given conclusion 1, the teacher’s claim that 
he was five years old when his maternal 
grandmother was born is false. 

Claim:	a	statement	(proposition)	that	
needs	to	be	proved.	

Argument:	what	we	present	to	a	
skeptical	audience	in	
support	of	a	claim.	

Premise:	a	proposition	we	take	to	be	
true,	as	the	basis	for	an	
argument.	

Conclusion:	a	proposition	that	we	
have	proved	to	be	true.	

That is a good argument, the teacher says. But how do we know that our premise 1 is true? 
Suppose I doubt this premise, and say that you have to state it as a claim: 

Claim :  No one can be five years old when his/her maternal grandmother is born. 

Can you prove this conjecture? 

To prove the above conjecture, we may adopt 
either the scientific mode of inquiry or the 
mathematical mode of inquiry.  

Let us go first to the scientific mode. 

Claim means the same as 
hypothesis in scientific inquiry 
and conjecture in mathematical 
inquiry. They are all propositions 
that need to be proved. 
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2 Proving Premise 1 as a Hypothesis in Scientific Inquiry 

A proof consists of Premises are one kind of grounds for a 
claim. To accept the claim that no one can 
be five years old when their maternal 
grandmother is born, we have to accept the 
premises P1 and P2. 

To prove P1 as a hypothesis in the scientific 
mode of inquiry, we would take a large 
number of humans and their maternal 
grandmothers, and find out when they were  

a claim; 

the grounds for the claim; and 

a demonstration that the claim follows 
logically from the grounds, and is a 
legitimate conclusion. Hence, if we accept 
the grounds, we must also accept the claim. 

born. The dates of birth (DOB) of each person and their maternal grandmother would be tabulated:  

 Grandmother: DOB Grandchild: DOB 
Pair 1 11-02-1945 04-07-1996 
Pair 2 01-25-1939 12-10-1995 
Pair 3 06-14-1923 10-5-1990 
and so  on 

Each pair in such a table constitutes a data point. Let us say that we have 10,000 such data points, 
collected randomly from different parts of the world. This would constitute a large random sample 
of grandmother-grandchild pairs. If we find that every grandmother in this sample is older than her 
grandchild, we can advance the following argument in support of a conclusion about the 
population of humans:  

Proof 2      

Claim: No human can be five years old when their maternal grandmother is born. 

Argument: 
 We have collected a random sample of 10,000 grandmother-grandchildren pairs.  
 In every pair in the sample, the grandmother is older than the grandchild.  
 Therefore: 
 in the absence of evidence to the contrary (i.e., until we find a pair where the 

grandchild is older), it is reasonable to conclude that in the population of humans, 
grandmothers are always older than their grandchildren.  

 For any X, if X is five years old when X’s grandmother is born, X would be older 
than X’s grandmother. 

 Hence, X cannot be five years old when X’s grandmother is born. 

This is a sound scientific proof. It uses sample-to-population reasoning in arriving at a conclusion 
about the human population. The pattern of this reasoning can be expressed as: 

Proposition P is true of the sample.  
Therefore, in the absence of evidence to the contrary,  
 it is reasonable to conclude that P is true of the population as well.  

This is called inductive reasoning. A word of caution though. What we have called ‘inductive 
reasoning’ is not the same as what mathematicians mean by ‘inductive proof’. We will not go 
into the details of the difference between the two, except to point out that inductive proofs in 
mathematics use deductive reasoning.  
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3 Proving Premise 1 as a Conjecture in Mathematical Inquiry 

For states of affairs in our world, the proof given above is sufficient. However, imagine meeting a 
being from a distant galaxy. He says his name is Jomo, and he was five years old when his 
maternal grandmother was born. We don’t have the resources to visit Jomo’s planet, to gather data 
to show that his claim can’t be true. How would we face this challenge? To understand this 
situation better, imagine two scenarios that illustrate different kinds of claims. 
Jomo says that on his planet, all women are taller than men, and all women have six fingers on 
each hand. We can’t tell if this is true, so we must trust Jomo, until we discover evidence to the 
contrary. A woman from his planet visits him, and we happen to see her. She is much shorter than 
Jomo, and has five fingers on each hand. We now have evidence that his claim is false.  
Jomo says that on his planet, all women are male. We know that his claim is false, even if we 
haven’t seen any woman from that planet. But how do we prove? Here is an argument: 

Let us define the term ‘woman’ as adult female human, and ‘man’ as adult male human. 
Given these definitions, a ‘male woman’ would be an adult female human who is male.  
This is a logical contradiction. 
Therefore, given the definitions above, a woman cannot be male in any world.  

This is the kind of proof used in mathematical inquiry.   
In scientific inquiry, as we saw, the grounds for a claim are data. In mathematics, typical grounds 
are previously proved theorems. But when we question those theorems, we have to prove them 
first. If we keep questioning the grounds by doubting each theorem, we reach a set of definitions 
and axioms as the ultimate grounds.  
To prove the conjecture that no one can be five years old when their maternal grandmother is born, 
we have to define the concept of ‘maternal grandmother’. So the first step is to ask students to 
define ‘maternal grandmother’. If the students work in groups, it is likely that at least some of them 
will come up with the following definition: 

Maternal grandmother (DEF): X’s maternal grandmother is X’s mother’s mother.   
[We are talking about biological mothers, not foster mothers or stepmothers.]  

This definition raises a question. What do we mean by ‘mother’? Once again, if the students work 
in groups, at least some of them are likely to come up with the following definition: 

Mother (DEF): X’s mother is the human being who gave birth to X.    
We will sidestep the issue of defining ‘human being’ and the concept of ‘giving birth’. What we 
need now is an axiom about giving birth. A possible candidate is:  

Axiom: For X to give birth to Y, X must exist prior to Y.  
Given the above, we can give the following proof for the conjecture:     

Proof 3      
Claim: No human can be five years old when their maternal grandmother is born. 
Argument: 
 X’s mother is the human who gave birth to X.  (definition D1) 
 For X to give birth to Y, X must exist prior to Y.  (axiom A) 
 Therefore, X’s mother must exist prior to X.   (conclusion C1) 
 Hence, X’s mother is older than X.   (conclusion C2) 
 X’s maternal grandmother is X’s mother’s mother. (definition D2) 
 It follows from A that X’s grandmother is older than X’s mother.  (conclusion C3) 
 It follows from C1 and C2 that X’s grandmother is older than X. (conclusion C4) 
 If X is five years old when X’s grandmother is born,  
  then X is older than the grandmother. This contradicts C4. 
 Hence, X cannot be five years old when X’s grandmother is born. (QED) 
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As pointed out earlier, the mode of reasoning used in Proof 2 is inductive reasoning; the mode of 
reasoning used in Proofs 1 and 3 is deductive reasoning. The terminology is not very important for 
now, but it acts as a pointer to the difference in the nature of these two types of proofs.   

Inductive reasoning is not allowed in mathematical proofs because it falls short of total certainty. 
Notice that Proof 2 does not rule out the possibility that unknown to us in some corner of a forest in 
the world, there is a grandmother-grandchild pair where the grandchild is older. In fact the 
expression “in the absence of evidence to the contrary” explicitly acknowledges this fallibility, and 
is a central feature that distinguishes scientific proofs from mathematical proofs. 

These proofs illustrate three important distinctions between mathematical and scientific proofs:  

 Mathematical proof Scientific proof 

Ultimate Grounds definitions and axioms uses data (observations, 
measurements, ...)  

Types of 
Reasoning allowed only deductive reasoning deductive, inductive, and other forms 

of reasoning  

Conclusion Never wrong if the proof is valid, 
and the grounds are correct 

Can be wrong even if the proof is 
valid and the grounds are correct. 

Every school student knows that the no one can be five years old when his/her maternal 
grandmother was born. The point of this exercise is not to provide a piece of information that they 
didn’t have earlier, but to use what they already know to induct them to two modes of proofs. What 
they learn is how to prove something.  

EXERCISE 1 
 Consider the following claims: 
  Claim 1: The teacher’s maternal grandmother never had any children. 
  Claim 2: The teacher’s maternal grandmother never had any sisters. 

 We do not know if claim 2 is true, but we reject claim 1 as false. Prove that claim 1 is false, and reflect on 
why we don’t know if claim 2 is true. 

EXERCISE 2 
 Premise 2 in proof 1 is that the teacher is a human being. How can we be sure that this is true? Isn’t it 

possible that the teacher is an alien from some other planet in the human form? Can you respond to this 
objection?    

EXERCISE 3 
 Consider the claim that the sum of angles in a triangle is two right angles. Indicate how you will prove this 

using the mode of (a) mathematical inquiry, and (b) scientific inquiry.  

EXERCISE 4 
 Consider the following claims C1-C4: 
  C1: Every adult human has exactly one heart.  
  C2: Every adult human’s heart is at the center of the chest, slightly shifted to the right.  
  C3: Humans have ten fingers. 
  C4:  Men are taller than women.  
 How will you prove these claims? Discuss this, paying attention to (a) fallibility, (b) sample size, and (c) 

probability. When comparing C1 with C2 and C3, consider that one out of 10,000 humans have their heart 
on the right, and one out of 1,000 have an extra finger. (Do a google search for polydactyly and situs 
inversus.) And when considering C4, ask yourself if a wife being taller than her husband would be 
counterevidence to C4. (What exactly does C4 mean?)   
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4 Using the Scientific Historical Mode to Establish Chronology 
The sample-to-population proof given earlier depends on data on the dates of births (DOB) of a 
sample of maternal grandmother-grandchild pairs. But how do we know that a person was born on 
4 July 1996 and his grandmother on 11 February 1945? How do we gather evidence to establish the 
DOB of an adult, whether dead or alive? It would be good to raise this question in class, and let 
students think through it before going into methodological procedures. 
One way of doing this would through verbal evidence. We could survey of a large sample of people 
and ask them when they and their maternal grandmothers were born. This would be data gathered 
through the written medium. We could also interview a sample of people to gather this data. This 
would be data gathered through the spoken form, what historians call oral history.       
But what if we have doubts about the credibility of the statements. Why should we believe 
someone who says he was born on 13 February 1947? 
To be certain, we could ask for birth certificates. This would be data gathered from written 
documents, whose original function (unlike the data from surveys) was not to test the particular 
hypothesis we are investigating.  
Given data from surveys, interviews, and written documents, even if we do all we can to ensure 
reliability, there is no way to guarantee that they are entirely reliable and error-free. This is another 
characteristic of scientific inquiry, one that goes hand in hand with scientific reasoning. 
Notice that when we ask, “When was your grandmother born?” we are asking about the person’s 
past. We are asking a similar question about the past when we ask, “When was Alexander the 
Great born?” or “When did Caesar cross the rubicon?” These are questions in historical inquiry.    
Historical inquiry is a branch of scientific inquiry that investigates the past. It includes the past of 
the physical world (e.g., Big Bang theory as a theory of the origin of the universe), of life on earth 
(e.g., origin of life and evolutionary theory), the origin and evolution of the human species, the 
history of humans, the history of a country, the history of a language, the history of science, the 
history of the institution of marriage, and so on, and includes biography, archeology, geology, 
paleontology, and forensics.  
A central assumption in science is what we call the ‘uniformity principle’. And to understand the 
nature of historical inquiry, we need to understand this principle. Let us take an example.  
Suppose a book tells us that Akbar's grandmother was born in 1547AD, and Akbar was born in 
1542AD. We saw the scientific proof or mathematical proof for no one being five years old when 
their grandmother is born. If we accept either of those proofs, we must reject the claim about 
Akbar’s and his grandmother’s years of birth.  
What if the book says that Akbar's grandmother was born in 1537AD and Akbar in 1542AD? In 
this case, Akbar was born after his grandmother, so our proofs are not enough to show the 
statement to be false. Yet, given what we know of human beings, we judge this statement as false.  
Now, if we are told that Akbar's cat’s grandmother was born in 1537AD and Akbar’s cat was born 
in 1542AD, we would accept the possibility of it being true. Likewise, if the Akbar in question was 
from another planet where humans reach fertility faster, we would accept the possibility of Akbar's 
grandmother being born in 1537AD and Akbar in 1542AD. What is the basis for these intuitive 
judgments?  
The reason lies in what we know about the general states of affairs on earth: if we take a large 
sample of grandmother-grandchild pairs in the human population, and a sample of grandmother-
grandchild pairs in the cat population, we can prove the following: 
 In the human population on earth, no grandmother can be five years old when 

her grandchild is born. 
 In the cat population on earth, a grandmother can be five years old when her 

grandchild is born. 
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In the case of extra-terrestrial life forms, we have no knowledge.  

Notice that our general statements about grandmothers and grandchildren in the population of 
humans and cats on earth are about the states of affairs in the present. But how do we know if 
humans had the same fertility age in the 1500s? May be two year olds could have children? Yet, we 
are extending a generalization about the present as one that held true in the past as well. 

In historical inquiry, this is known as the uniformity principle, which says that  

 The general laws that hold in the present (in a representative sample of a population) held in 
the past as well (in the population as a whole), unless there is evidence to the contrary. 

This principle behaves like a mathematical axiom in our knowledge construction. Given the 
uniformity principle, and the lack of evidence to the contrary, we can conclude that human fertility 
age was the same in the 1500s as it is now, and that Akbar's grandmother could not have been born 
five years before him (assuming we are talking about the human Emperor Akbar on planet Earth). 

EXERCISE 5 
As stated above, “How old are you?” ( = when were you born?) is an example of inquiry into the past (= 
historical inquiry)  With this in mind, try to figure out how we will look for answers to the following 
questions: 
  How old is a tree that has just been cut down? 
  When did the first mammals appear on the earth? 
  How old is the earth? 
  How old is the universe we live in?  

EXERCISE 6 
Given what we have covered so far, reflect on the central differences between mathematical and scientific 
inquiries, with special attention to (a) fallibility and uncertainty, (b) grounds for proof, and (c) reasoning in 
proofs. Also reflect on the concept of history as a subject taught in schools and colleges, and the concept of 
history we have presented here, namely, history as (i) an investigation of the past, and (ii) a body of 
knowledge arising from such investigation.  

EXERCISE 7 
Is history a social science?    

 
 

 

 


