
 

 
 

Chapter 6 

Reasoning  
Chapter 3 explored the phenomenon of variability: the ideas of variables and values, invariance, 
limits of variability, and dependent variability. Chapter 4 followed up by looking at how we 
classify things based on their similarities and differences in the values of variables, and how this 
allows us to create systems of classification. Chapter 5 looked at defining, and the role of 
definitions in collective inquiry. In this chapter, we go on to reasoning, which allows us to arrive 
at conclusions from premises. 

In the previous chapters, we appealed to reasoning in many situations. For instance, we used 
reasoning to establish observational generalizations on the basis of a sample of observational 
reports; to identify the logical consequences of definitions; and so on. In this chapter we take a 
look at the core elements of reasoning, without as yet going into different types of reasoning.  

6.1 What is ‘Reasoning’?  
If we see dark clouds in the sky, we infer that it is likely to rain. If we hear meowing outside our 
window, we infer that there is a cat outside. The experience of seeing dark clouds, or of hearing 
meowing, form grounds that lead us to infer that it is likely to rain or that there is a cat outside the 
window. These inferences (likely to rain, and cat outside) arise from the grounds (dark clouds, 
and meowing outside our window).  

In some cases, arriving at inferences involves verbally expressed grounds, commonly called 
premises. Stating our grounds as premises allows someone else to examine the process of 
reasoning and assess the legitimacy of the process as well as of its outcome, namely, the 
conclusion. For instance, if we are told that: 
 Ani is taller than Mila, and  
 Mila is taller than Zid,  
we can infer that 
 Ani is taller than Zid.  

If we are told that Zeno is a spider, we can infer that Zeno has eight legs, and express the 
reasoning process resulting in the conclusion as: 
 Zeno is a spider. (information given to us) 
 All spiders have eight legs.  (what we already know) 
 Therefore, it is reasonable to conclude that Zeno has eight legs.  (conclusion) 

Similarly, given the information that Lea’s room is 10 ft wide and 15 ft long, we would conclude 
that its area is 150 sq ft: multiplying length by width gives us the area.  

This is not to say that all forms of inference can be expressed explicitly. Suppose you walk into a 
hall with a friend, look around, and say to your friend, “There seem to be almost a hundred people 
here.” Here, you didn’t arrive at a conclusion by actually counting the number of people; what 
you did was to make an inference based on your visual experience, through simple perception, or 
a combination of perception and estimation. Suppose your friend were to challenge you to 
articulate, in words or in numbers, the details of the process resulting in your inference. You may 
not be able to do so, because the process of your inference is not open to step-by-step unpacking. 

Reasoning is a way of arriving at conclusions from premises that can be expressed using words or 
other symbols such that we can evaluate the process and assess its legitimacy. This chapter is 
concerned with explicitly articulating our reasoning.  
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6.2 Premises, Reasoning, and Conclusions  
As mentioned earlier, statements that we take as our grounds — the starting point in our reasoning 
— are called premises. And conclusions are the outcome of the process of reasoning. Take a 
look at the premises in our examples of the number of legs Zeno has, and the area of Lea’s room:  

(1)  Zeno is a spider. Premise 1 (Zeno’s category membership) 
  All spiders have eight legs.  Premise 2 (observational generalization) 
  Therefore, it is reasonable to conclude  
  that Zeno has eight legs.  Conclusion 

(2)  The width of Lea’s room is 10 ft. Premise 1 (measurement) 
  The length of Lea’s room is 15 ft. Premise 2 (measurement) 
  The area of a rectangle is LENGTH x WIDTH. Background assumption 
  Hence, the area of Lea’s room is 150 sq.ft. Conclusion 
Take another example that illustrates the concepts of premises, reasoning, and conclusions. 
Suppose we are told that all gleeps are dovines, all dovines have green eyes, and Limpy is a gleep. 
What is the colour of Limpy’s eyes? Even though we have no idea what gleeps and dovines are, 
or who Limpy is, we can still infer that Limpy has green eyes. Our reasoning can be expressed as:   

(3) All gleeps are dovines. Premise 1 (subcategorizing gleeps) 
  All dovines have green eyes. Premise 2 (observational generalization) 
  Limpy is a gleep.  Premise 3 (category membership of Limpy) 
  Therefore, Limpy has green eyes.  Conclusion  

Reasoning then is the process of arriving at a conclusion from a given set of premises.  

  
  Premises Reasoning Conclusion  

  Figure 1 

6.3 Spelling out the Chain of Reasoning  
Did you notice that example (3) leaves out an intermediate step in its reasoning? Given that all 
gleeps are dovines, and that Limpy is a gleep, we conclude that Limpy is a dovine. It is only then 
that, given that all dovines have green eyes, we can conclude that Limpy has green eyes. Here is a 
version of (3) that explicitly spells out the implicit step:  

(4) P1 All gleeps are dovines.  
 P2 All dovines have green eyes.  PREMISES  
 P3 Limpy is a gleep. 
      
  From P1 and P3  
  It follows that  
 C1 Limpy is a dovine.  (implicit step) REASONING    

  From P2 and C1 
  it follows that 
 C2 Limpy has green eyes.  

 Hence: Limpy has green eyes. CONCLUSION [QED] 

Here is another example of reasoning you are familiar with from LT4 Reading A Section 4.5, 
namely, the derivation of the properties of a square, in four steps: 
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(5) P1 A polygon is a two-dimensional shape bounded by straight lines.  
 P2 A quadrilateral is a four-sided polygon.  PREMISES  
 P3 A parallelogram is a quadrilateral whose opposite sides are parallel. 
 P4 A rectangle is an equiangular parallelogram. 
 P5 A square is an equilateral rectangle. 
 P6 If X is a subcategory of Y, X inherits the traits of Y. (Principle) 
      
  From P1, P2, and P6 [Step 1]  
  it follows that:  
 C1 A quadrilateral is a two-dimensional shape bounded by  
   four straight lines.     

  From P3, C1, and P6 [Step 2] 
  it follows that: 
 C2 A parallelogram is a two-dimensional shape bounded by 
   four straight lines whose opposite sides are parallel. REASONING  

  From P4, C2, and P6 [Step 3] 
  it follows that: 
 C3 A rectangle is a two-dimensional shape bounded by four straight lines, 
   whose opposite sides are parallel, and angles are equal.     

  From P5, C3, and P6 [Step 4] 
  it follows that 
 C4 A square is a two-dimensional shape bounded by four straight lines, 
   whose opposite sides are parallel, angles are equal, and sides are equal. 
 

 Hence:  A square is a two-dimensional shape bounded by four straight lines, CONCLUSION  
     whose opposite sides are parallel, angles are equal, and sides are equal.  [QED] 

What we have illustrated above is a derivation,  a set of steps resulting in a conclusion. Such steps 
are found not not only in reasoning but also in mathematical calculation.   

Suppose someone asks you, “What is the product of 273 and 429?” You would do some quick 
calculation and say 1,19,597. If you were asked, “Can you prove this?” you would give the steps 
of calculation:   
 2  7  3  x  4  2  9   
    2  4  5  7  
    5  4  6  
   1  0  9  2     
  1  1  7  1  1  7   

Both steps of reasoning (from the premises to the conclusion) and steps of calculation are called 
derivations.   

6.4 Implicit and Explicit Premises  
Let us go back to the reasoning in (2). Intuitively, we recognize it as legitimate. However, we 
have taken for granted a crucial premise in this reasoning: that Lea’s room is a rectangle. To be 
explicit, therefore, we must spell out these implicit premises as follows:   

(6)  The width of Lea’s room is 10 ft. Premise 1 
  The length of Lea’s room is 15 ft. Premise 2 
  Lea’s room is a rectangle. Premise 3 
  The area of a rectangle is LENGTH X WIDTH. Premise 4 (background assumption) 
 Hence: The area of Lea’s room is 150 sq ft. Conclusion 

The example in (6) doesn’t spell out the steps of reasoning between the premises and the 
conclusion. We leave to you the task of working out the steps, using (4) and (5) as models. 
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In actual practice, both as readers and as writers, we often leave out premises that we take for 
granted. The inexplicitness created by missing steps and implicit premises is not a serious flaw in 
the examples we just saw. But implicit premises can sometimes be false or untenable, and implicit 
steps may hide a flaw in the derivation. For instance, though rooms are often rectangular in shape, 
it is possible that Lea’s room is elliptical. If so, the conclusion in (2) would be false. When we 
evaluate a sample of reasoning, therefore, it is important to unearth the hidden premises as well as 
the steps of reasoning, to check if any of them may be false or untenable. 

EXERCISE 1 

Here are five examples of reasoning with implicit premises. Can you make the reasoning explicit by 
supplying the missing premise(s) in each case? Check if the premises you have unearthed are acceptable.  
 a. The murder weapon has Zeno’s fingerprints on it. 
  Therefore, Zeno is the murderer.  
 b. Lea drinks whisky every day.  
  Therefore, Lea is immoral.  
 c. Dina is a prostitute.  
  Therefore Dina is immoral.  
 d. Bug flunked all her exams. 
  Therefore Bug is not intelligent.  
 e. On a scale of 1 to 10, Zeno has a score of 9.8 in his student feedback.  
  Therefore Zeno is an excellent teacher.  

6.5 Validity and Soundness 
If we are told that: All blogines have seventeen blists. 
 and that: Zilo is a blogine.  
it would be legitimate to conclude that: Zilo has seventeen blists.  

But is the conclusion true? Does Zilo have seventeen blists? We cannot tell, because we don’t 
know what the word 'blists' refers to, and who Zilo is.    

But if we are told that:  All blogines have seventeen blists. 
 and that: Zilo is a sobit.  

Is it legitimate to conclude that Zilo has seventeen blists? No.  

On what basis do we form such judgments? A logician would say that they are based on certain 
patterns in the form of reasoning. ‘Form’ here contrasts with ‘meaning’: even if we don’t know 
the meaning of a statement, we can arrive at certain conclusions based on the form. We may not 
be able to tell whether the given premises and conclusion are true, but given the form, we can say 
that IF the premises are true, then we can tell whether or not the conclusion is true.     

To express this idea, logicians distinguish between VALIDITY and SOUNDNESS in arguments: 
 A valid argument is one in which: each step follows logically from the preceding ones.  
 A sound argument is one in which: the reasoning is valid, and the premises are true/credible.  

In the example of ‘blogines’ and ‘sobits’ above, is the argument valid? Yes. Is it sound? We can’t 
tell, because we don’t know if the premises are true or credible.  

Let us look at a few more arguments:  

(i) Every adult human being has exactly one heart. 
 KP is an adult human being. 
 Therefore KP has exactly one heart.   

We take the above argument to be valid, and since the premises are true, the argument is also 
sound. Independently of the argument, we have reason to believe that the conclusion is also true. 
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(ii) Every adult human being has exactly six fingers.  
 KP is an adult human being.  
 Therefore KP has exactly six fingers.  

Here, the argument is valid. However, we know that one of the premises is false. Hence the 
argument is unsound.  

(iii) Every adult chimpanzee has exactly one heart.  
 KP’s math teacher is an adult chimpanzee.  
 Therefore KP’s math teacher has exactly one heart.  (conclusion) 

The argument is valid in this case as well. Is it sound? If KP’s math teacher is indeed an adult 
chimpanzee, then the argument is also sound. However, given that we believe that no chimpanzee 
can be a math teacher, the premise is hardly credible. Therefore, the argument is unsound. We 
should add that though we judge the argument to be unsound, we regard the ‘conclusion’ to be 
true.  

What this shows is the importance of distinguishing the soundness of an argument from the truth 
of a conclusion. 

Let us take one more example.  

(iv) Every adult chimpanzee has exactly one heart.  
 KP’s math teacher is an adult human being.  
 Therefore KP’s math teacher has exactly one heart.  

In this final example, the argument is invalid (and therefore also unsound), even though both the 
premises and the conclusion happen to be true.  

Logic seeks to understand the validity of arguments. This is true of mathematics as well. In 
contrast, science builds on the foundations of logic and mathematics, and explores what is true 
about the world we live in.   

In the discussion above, we made a distinction between validity and soundness in arguments.  

We also distinguished between unsound arguments and false conclusions. When an argument is 
sound, the conclusion must be true. However, that the conclusion is true does not mean that the 
argument is sound.  

Why is it important to make these distinctions?  

One reason is that they are essential for all forms of rational inquiry — mathematical, scientific, 
and philosophical (including conceptual, ethical, and value) inquiries.  

A second reason is that the rigour of thinking that develops through activities that require us to 
make these two distinctions is central to the capacity to see something from someone else’s point 
of view, and appreciate the rationality underlying that point of view. This capacity is different 
from the capacity for EMPATHY, which is a matter of emotions and feelings.  

Empathy is the predisposition to experience or sense the emotions of someone else. When 
someone else’s suffering causes us to suffer, or someone else’s joy causes us to rejoice, we are 
being empathetic. Now, this may result in our sharing other kinds of emotions that another person 
experiences. For instance, we would experience pain when the other person experiences pain, 
experience anger or hatred when the other person experiences anger or hatred, and so on. Sharing 
someone’s emotions like sadness, fear, anger, hatred, or jealousy, if it means our experiencing 
those emotions with them, can be destructive. This means that empathetic sharing may not always 
be beneficial. (See the discussion of this issue in Paul Bloom’s book, Against Empathy.) 

Alternatively, we could simply sense those emotions, without sharing them, for instance, sensing 
someone’s fear without sharing the fear. This would be a more appropriate response to such 
situations; that way, we would empathetically sense emotions and have COMPASSION for those 
who are suffering from self-destructive emotions. Let us refer to this as empathetic compassion.  



   
  

Introduction to Inquiry (May 2018)  KP Mohanan & Tara Mohanan  42 

To be able to stand in someone else’s shoes, see the world through their eyes, and perceive the 
rationality of their conclusions even when they are in conflict with our own conclusions, requires 
the equivalent of compassion in the intellectual space. Let us refer to this as rational compassion. 

For someone who truly believes that the holy scriptures of his religious community are the literal 
transcripts of the word of God, if those scriptures say that the sun revolves around the earth, or 
that all species of life forms on earth were created separately by God, then the conclusion that the 
earth revolves around the sun, or that all life forms on earth evolved from unicellular ancestors, 
would be invalid. We may not share the premises, and hence we may judge the conclusions to be 
false. But rational compassion demands that we accept the validity of the arguments leading to 
those conclusions. To judge them as irrational violates the basic principles of rationality.  

Rational compassion that develops through the practice of the kind of rigorous reasoning outlined 
earlier is of great value, as it allows us to engage with others with greater empathetic compassion.  

6.6 Reasoning and its Relation to Describing, Generalizing, and Classifying  
In Chapters 2, 3, and 4, we explored the concepts of describing, generalizing, and classifying. We 
are now ready to connect these concepts to that of reasoning. Consider the following description: 
(7) Zabu is our friend’s sister. She is 27 years old. She has two legs, two arms, a torso, a neck, and a 

head. Her legs are attached to the lower part of her torso, and her arms to the upper part. Her 
neck connects the torso to her head. Her head has two eyes, two ears, a nose, and a mouth. Each 
eye has an iris, whose colour is black. Above each eye is an eyebrow. Above the eyes is her 
forehead. Extending back from the top of her forehead, the top, sides, and back of her head are 
covered by hair. The colour of her hair is black. It is curly, and hangs down to her shoulders. Her 
arms are made up of an upper arm, a forearm, and a hand. On each hand, she has five fingers. 
Each finger has three parts …   

It is obvious that many items in (7) are redundant. Since TM and KP are humans, assuming that 
friends of humans are likely to be humans (and not aliens, for instance), we can infer that their 
friend is a human. And since Zabu is that friend’s sister, and a human’s sibling is also a human, 
we infer that Zabu is a human. Therefore we can infer that: 
(8) She has two legs, two arms, a torso, a neck, and a head. Her legs are attached to the lower part of 

her torso, and her arms to the upper part. Her neck connects the torso to her head. Her head has two 
eyes, two ears, a nose, and a mouth. Each eye has an iris … Above each eye is an eyebrow. Above 
the eyes is a forehead …Her arms are made up of an upper arm, a forearm, and a hand. On each 
hand, she has five fingers. Each finger has three parts.  

The statements in (8) don’t have to be stipulated in a description. They can all be inferred. As 
with the number of legs of a spider, and the area of a room, we are able to arrive at these 
inferences because of the general premises we already know about humans: 
(9) a. Every human has two legs, two arms, a torso, a neck, and a head.  
 b. The legs are attached to the lower part of the torso, and arms to the upper part.  
 c. The neck connects the torso to the head.  
 d. The head has two eyes, two ears, a nose, and a mouth.  
 e. Each eye has an iris.   
 f. Above each eye, there is an eyebrow, above which is a forehead. 
 g. The arms consist of an upper arm, a forearm, and a hand. 
 h. The hand has five fingers, each of which has three parts.    

Given (9), and the information that Zabu is a human being, we can take all the statements in (8) as 
conclusions, through reasoning. So we say that the information in (8) is PREDICTABLE, and hence 
is redundant. In contrast, the colour of Zabu’s eyes, the colour and length of her hair, and whether 
it is curly, and so on, are not predictable.  

In the discussion above, we have tried to separate what is predictable in a given description from 
what is not predictable, exactly as we did with the description of a square in Chapter 4: A number 
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of properties of squares can be predicted from a square being a rectangle; a number of properties 
of rectangles can be predicted from a rectangle being a parallelogram; a number of properties of 
parallelograms can be predicted from a parallelogram being a quadrilateral; and so on. (Do take 
another look at the derivation in Chapter 4.)  

Since human beings are mammals, it is natural to ask if redundancy can be eliminated from (9) as 
well. The answer is yes. We know that mammals have the following general characteristics:  
(10) a. Every mammal has four limbs, a torso, a neck, and a head.  
 b. Two limbs are attached to the lower/posterior part of the torso, and two to the upper/anterior part.  
 c. The neck connects the torso to the head.  
 d. The head has two eyes, two ears, a nose, and a mouth.  
 e. Each eye has an iris.  

To connect (10) to (9), we need the following statements: 
(11) a. Humans are mammals.  
 b. Human legs are limbs attached to the lower part of the torso, and arms are limbs attached to the 

upper part.  

Given (10)-(11), we can eliminate the redundant parts in (9), which leaves us with the following:  
(12) a. Above each eye of a human being, there is an eyebrow, above which is a forehead. 
 b. The human arms consist of an upper arm, a forearm, and a hand.  
 c. The human hand has five fingers, each of which has three parts.    

EXERCISE 2 
Are there redundancies in (9) that you can eliminate by deducing them from other general principles?    

EXERCISE 3 
Given that Zabu is a human, we can deduce that she has two lungs, a heart, two kidneys, a backbone, a 
spinal cord, a brain, and red blood.  Can you state the general principles that allow these deductions? Which 
category do they have to be stated on, ‘human’, ‘mammal’, or some other category?  

EXERCISE 4 
Suppose you are told that Padu is a rabbit and Taby is a cat. What traits of Padu and Taby can you predict 
from this information? Can you state the generalizations that allow these predictions? Can a subset of these 
be deduced from rabbits and cats being mammals? Give the derivation.  

EXERCISE 5 
As you know, Carl Linnaeus classified the entities of the world into animate and inanimate, and subdivided 
animate into animal and plant. In this system, humans are a subcategory of primates. Primates include 
humans, chimpanzees, and orangutans. They come under the category of mammals. Mammals, reptiles, 
birds and fishes come under the category of vertebrates. Vertebrates and invertebrates come under animal.  
 Consider a much older alternative to the above system, that of Aristotle, where the entities of the 
world are classified as human and non-human. Non-human is classified as animate and inanimate. Animate 
is further subdivided into animal and plant, and animals into vertebrates and invertebrates. Vertebrates 
include mammals, reptiles, birds, and fishes. Insects and spiders come under invertebrates. (You don’t need 
to understand the details to do this exercise.)  

Task 1:  Draw tree structures to represent the Linnaean and Aristotelian systems of biological classification.  
Task 2:  Based on your understanding of categories, taxonomy, and logical inheritance, construct an 

argument to show that the Linnean system is better than the Aristotelean system.    

6.7 Vocabulary surrounding Reasoning 
This chapter pulls together the tools introduced in Chapters 2-5 (observation, observational 
generalization, classifying, and defining) to introduce us to reasoning as an all-pervasive tool of 
rational inquiry. Reasoning (drawing out the LOGICAL CONSEQUENCES of premises) is at the heart 
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of mathematical proofs, scientific evidence and arguments, legal and philosophical arguments, 
ethical arguments, and so on. 

We have seen that: 
• REASONING is a process of arriving at CONCLUSIONs. 
• PREMISES form the basis for reasoning. 

The table below connects the sets of terms related to reasoning:  

 IMPLICIT; VAGUE; INTUITIVE EXPLICIT; CLEAR, RIGOROUS 
input to the process grounds PREMISES 
the process inferring  (inference) REASONING (IN EXPLICIT STEPS) 
output of the process inference   CONCLUSION 

The words claim, proof, argument, evidence, justify, and debate also denote concepts that are 
related to reasoning. Hence it would be useful to briefly go through what these terms denote.  

In the context of collective inquiry and research, a claim is a position that the defendant of the 
claim wants others in the inquiry/research community to accept. Thus, a research article might 
begin with a statement like, “This article seeks to provide evidence for the claim that bacterial 
colonies have consciousness,” and proceed to justify (provide support of) the claim. To use the 
language of mathematics, when a math researcher presents a conjecture to the public with the 
intention of demonstrating that it is true, the conjecture is a claim, and the justification provided is 
the proof to establish the conjecture as a theorem. 

A mathematical proof of a conjecture is an argument that provides rational justification for the 
conjecture. It is the demonstration that, given the axioms and definitions of the theory, the claim 
is a logical consequence of the axioms and definitions: it is derived as a conclusion from the 
axioms and definitons.  

Thus, we can say that a mathematical proof/argument has the structure given earlier in figure 1.  
In a mathematical proof/argument (rational justification of a claim in math), the premises of the 
argument are axioms and definitions, or already proved theorems.    

In scientific inquiry, the premises for the rational justification of observational generalizations are 
observational reports. This is a two step process. First, we demonstrate a regularity in a sample by 
showing that the observational generalization holds on the sample. We then show that the 
observational generalization is true of the population. (We saw this in LT3.)   

Evidence is what we observe in the external world, used as the grounds for a conclusion. Thus, 
when a criminal lawyer uses the fingerprints on a murder weapon as the grounds for the argument 
that the accused is guilty, the fingerprints form evidence for the conclusion.   

In a rational debate between two individuals or groups, grounds that the two sides agree on form 
the basis for the debate. One of the two sides provides rational arguments in support of the 
position that they disagree on. In doing so, they seek to justify the claim (show that it is true), 
while the other side seeks to refute the claim (show that it is false). We will see more on rational 
debates in LT 10.    


