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Introduction

Human beings are interested not only in what things are, but also in how things could be. To achieve the latter, we need to understand how things are connected and why, so that we can play around with possibilities and derive things we do not know yet from what is known already. Hence, for instance, we deduce that Socrates is mortal because all men are mortal and Socrates is a man. We see black clouds looming and know that rain will come soon because we reason that if there are black clouds, then it rains, and now there are really black clouds. Similarly, we observe most swans are white, so we infer that all swans are white (even though in fact they are not). All these examples involve reasoning or inference. Ever since humans have sought to answer ‘why’ we believe this and that, we have been constantly engaged in the truth of individual statements as well as the connections between them.

Logic studies reasoning; it is the study of the methods and principles to distinguish good from bad reasoning. Very often the relationship between individual statements depends on the form or structure of the arguments, rather than their actual content. Logic focuses on studying the forms or structures of arguments. So logic is abstract. However, this feature also gives logic a universal and general character. Exactly because content does not matter, logic is widely applicable in all intellectual pursuits regardless of their subject.

This book introduces three basic logical systems: categorical logic, propositional logic and predicate logic. It identifies in each system an essential method to test arguments: the Venn diagram method for categorical logic, the truth-table method for propositional logic, and natural deduction for predicate logic. There are plenty of illustrations and exercises to enhance your mastery of these skills. Each system involves an insight into analysing ordinary language, too, so logic can be related to our everyday use of language. Categorical logic analyses the subject-predicate structure within a sentence. Propositional logic focuses on the connections between simple sentences. Predicate logic combines insights from both, and provides a very powerful tool to analyse complex thoughts and relations. These systems and methods are chosen for their intuitive appeal and wide applicability to everyday argumentation. Advanced readers, however, may want to go deeper and get to know other complicated systems.

Apart from formal knowledge, this book also discusses the nature of meaning. It introduces some informal fallacies about meaning, the use of language and the relationship between premises and conclusion. This is useful for identifying bad reasoning in our daily lives. This book is therefore positioned between critical thinking and logic – more formal than a standard critical thinking course, but less technical than a pure logic curriculum.

This book aims not only to help you to master the methods in elementary logic but also to understand the ideas behind it. By the time you have finished reading the book, I hope that you will understand the way in which logicians think and start to think like them! Of course, all systems have limitations, and it’s important that you understand what these are in order to apply the logic skills appropriately in your daily life.

In the book, I adopt a dialogue approach and invite you to follow me in my inquiry; there will be opportunities to practise what you have learned with exercises, and to consolidate what you have learned with reflection questions. You do not need to have any prior background in logic or mathematics to understand this book. Suggested answers for exercises are provided at the back of the book. Key technical terms are in bold in the text and explained again in the Glossary at the back of the book.


1

What is logic?
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In this chapter you will learn about:

•  what logic is

•  what an argument is

•  deduction and induction

•  truth and validity

•  the study of logic
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‘It used to be said that God could create anything except what would be contrary to the laws of logic – The truth is that we could not say what an “illogical” world would look like.’

Ludwig Wittgenstein (1921), Tractatus Logico-Philosphicus, 3.031

[image: image]

1.1 What is logic?

Logic is the study of the methods and principles used to distinguish between good and bad reasoning. It is a normative discipline, in the sense that it does not survey and describe how we actually reason (which is the job of the psychologist) but what we should do in reasoning.

Reasoning concerns arguments. In the first part of this chapter we explain what an argument is made up of and how to identify an argument. Then we introduce the distinction between two basic types of reasoning: deduction and induction. Since we often talk of an argument being true or valid (indeed it is technically wrong to describe an argument as true, we shall explain later), we discuss the relation between truth and validity in Section 1.4. Finally, we look at certain misconceptions about logic and reasoning to allay any unnecessary fears about logic.

1.2 What is an argument?

STRUCTURE

An argument is a structure that comprises a conclusion, namely, a proposition that one wants to uphold, and some premises, as reasons to support the belief in the conclusion. Logic is about whether and how a conclusion follows from the premises. What it means for a conclusion (a certain proposition B) to ‘follow’ from a premise (another proposition A) is sometimes cashed out as whether whenever the premise (A) is true, the conclusion (B) is also true. Arguments come in many forms in real life; sometimes they are easy to spot but sometimes they are covert. We thus need first of all some training to heighten our awareness of and ability to identify arguments.

An argument contains one and only one conclusion. In fact, an argument is individuated by its conclusion. If we want to make more than one conclusion, then there must be more than one argument. An argument can be represented in the following standard form: the premises are listed on the top followed by the conclusion at the end and each sentence is numbered for easy reference. We also use a line to separate the premises and conclusion.

Premise 1

Premise 2

…     

Conclusion

A conclusion is supposed to be supported by the premises. There may be many premises in an argument. Indeed, there is no limit to the number of premises. However, is there a minimum number of premises in an argument? If so, what is it? One, two, or three? Surprisingly, formally, the answer to the minimum number of premises required is zero! This is surprising because premises are reasons to support a conclusion and allowing zero premises would mean that the conclusion is supported by nothing, and that seems to directly contradict the goal of reasoning, namely, to accept an argument only if one can provide a reason to believe in it. These are legitimate points. Yet when logicians allow an argument to have no premises, it merely means that nothing goes against the conclusion, rather than that the conclusion is supported by no reason. We regard such a conclusion as self-evident. The following are some examples of self-evident truths.

Example (1): Everything is identical to itself.

Example (2): Something is the case or it is not the case.

Example (3): It cannot be true that something is both the case and not the case at the same time.

Example (4): An object cannot be red and green all over at the same time.

Self-evident truths are obvious truths that do not need anything to support them. Equally, it can also be said that everything supports them because nothing counts as a reason to reject them, and they do not contradict with anything. Later we introduce the idea that an argument is valid if it preserves truth from the premises to the conclusion. Given this definition, because a conclusion containing a self-evident truth is always true, any statement serving as its premise, if true, will lead to the truth of the conclusion. Thus, every argument supporting a self-evident truth is a valid argument!

Examples (1)–(3) are so general and intuitive that their general forms are accepted as laws of logic. The three logical laws are named respectively:

Example (1) The Law of Identity

Example (2) The Law of Excluded Middle

Example (3) The Law of Contradiction

Example (4) is an example of a necessary truth in metaphysics.

Some philosophers even claim that contingent truths can be self-evident truths as long as they are very intuitive and hardly anything counts to refute them. For example, first person perceptual truths, such as (5), are self-evident.

Example (5): This is my hand (while I hold it up and look at it closely in normal perceptual circumstances) and this is another (waving it).

Self-evident truths are special cases. Most arguments are not like that but contain a conclusion and at least one premise.

More examples of an argument are given below when we introduce the techniques in identifying an argument.




	[image: image]

	
Key idea: Self-evidence




Is self-evidence just the same as having nothing to go against it? How do you take it?

The question of self-evidence is more complicated than it looks. Self-evident truths are intuitive. It is difficult to argue against widespread intuition, especially when many other judgements are based on it. Consider what I am to do if I really doubt that these hands are mine? I will also need to doubt many other things that we so take for granted in our lives. Yet we do know that sometimes what we believe is true may turn out to be false; for example, I could mistake a robot dog seen in the distance for a real dog. How to distinguish various types of intuition and more importantly, how to justify those very general and foundational ones? These are not easy questions!

A philosopher Ludwig Wittgenstein once described the situation as: ‘If I have exhausted the justifications I have reached bedrock, and my spade is turned. Then I am inclined to say: “This is simply what I do.”’ (Ludwig Wittgenstein (1958), Philosophical Investigations, section 217)

Moreover, should we treat self-evidence the same as having nothing to go against it? When we do so, don’t we already assume that a proposition is either true or false, and then nothing is both true or false? Yet these laws of logic (the Law of Excluded Middle and the Law of Contradiction respectively) are exactly some of the self-evident truths that we claim to exist. So we would be defining self-evident truth using some self-evident truths. Isn’t that begging the question?

For our very question is that although we do not usually challenge self-evident truths, it seems hard to explain why self-evident truths cannot be challenged. Indeed, some laws of logic are challenged under different systems of logic. The three logical laws stated above are the laws for classical logic. There are non-classical logic systems that try to answer these questions in a different way. For instance, paraconsistent logic does not accept the Law of Contradiction – some paraconsistent logicians claim that there are true contradictions in reality, such as a group of people holding opposing moral views; some claim that all contradictions are trivially true.
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TECHNIQUES IN IDENTIFYING AN ARGUMENT

Since all arguments have one and only one conclusion, to identify an argument we should identify the conclusion first and then trace back to the premises supporting it. Consider the following arguments. Can you identify the conclusion and the premises?

Example (6): It has been raining for a month now. So, it is likely to rain again tomorrow.

Example (7): If God exists, then there would not be any suffering. There is suffering. Therefore, God does not exist.

Example (8): Mr Smith must be either a monster or a strict teacher because only a monster or a strict teacher would beat children, and he beats them.

For (6), the conclusion is the second sentence and the premise is the first sentence. If we rewrite it into the standard form, we get the following:

(Premise) It has been raining for a month now.

(Conclusion) So, it is likely to rain again tomorrow.

(7) has one conclusion and two premises. The conclusion is the last sentence.

(Premise 1) If God exists, then there would not be any suffering.

(Premise 2) There is suffering.

(Conclusion) Therefore, God does not exist.

(8) also has one conclusion and two premises; however, the conclusion is stated at the front, followed by the premises. Moreover, although the whole inference is expressed in one sentence, we can identify individual parts as premises and conclusion.

(Premise 1) Only a monster or a strict teacher would beat children.

(Premise 2) Mr Smith beats children.

(Conclusion) Mr Smith must be either a monster or a strict teacher.

Notice the myriad ways in which ordinary language may present an argument. The conclusion can be stated at the end (as in (6) and (7)) or at the front (as in (8)). An argument can have a simple sentence as a conclusion (as in (6) and (7)) or a complex one which contains more than one set of subject–predicate relations (as in (8)). Furthermore, an argument can contain one (6) or more than one premises (as in (7) and (8)).

While the structure of an argument varies a lot, there are often words typically indicating which sentence is a premise and which is the conclusion. These words are called premise-indicators and conclusion-indicators respectively. The following are some common examples.

•  Premise-indicators: because, since, for, as, follows from, as shown by, inasmuch as, as indicated by, the reason is that, for the reason that, may be inferred/derived/deduced from, in view of the fact that…

•  Conclusion-indicators: therefore, so, hence, thus, in consequence, consequently, accordingly, as a result, for this reason, it proves that, it follows that, we may infer, which allow us to infer that, which shows/means/entails/implies that, which points to the conclusion that…

It is helpful to look for these indicators in a passage to help you identify an argument.

MISSING PREMISES OR CONCLUSION: ELLIPTICAL ARGUMENTS

Sometimes an argument may have a missing premise, or premises, or even a missing conclusion. These arguments are called elliptical arguments. In such cases, one has to fill in the missing parts in order to reveal the full reasoning behind them. Doing so often involves contextual interpretation and as such controversy may arise as to whether the interpretation is correct. Below is an example.

Example (9): Why are you still here? All students should report to the examination hall 15 minutes before the examination begins.

It represents the following argument:

(Premise 1) All students should report to the examination hall 15 minutes before the examination begins.

(Premise 2, missing) You are a student going to sit in an examination now.

(Premise 3, missing) You are here.

(Premise 4, missing) Here is not the examination hall.

(Conclusion, implied) You should not be here.

Example (9) is also an example of a rhetorical question. Sometimes a question is asked or an exclamation is made, yet the point of the utterance is not really to enquire or to express emotion. Rather, an implicit proposition is presented, though in the form of a different mood of speech. The question ‘why are you still here?’ in (9) does not just ask for an answer but really implies that the speaker assumes the audience should not be here. In clarifying an argument, we often need to grasp the implied or hidden meaning from relevant context, make it explicit and state it in the form of a proposition or an assertion instead.

CHAIN ARGUMENTS OR SUB-ARGUMENTS

Sometimes there may be arguments within a bigger argument. We call the smaller arguments sub-arguments. Each sub-argument generates a conclusion and the conclusion is used again as a premise to another argument, such that eventually a different, usually more general, conclusion is reached. Because the conclusion of a sub-argument is linked to other arguments, sometimes the whole argument can also be called a chain argument, though indeed the term technically refers to a particular form of argument called hypothetical syllogism.

Below is an example of hypothetical syllogism.

Example (10): Without the community, individuals won’t flourish. Yet communities won’t exist without a state. Hence, without a state, individuals won’t flourish.

This argument can be reconstructed as follows.

(Premise 1) If there is no state, there is no community.

(Premise 2) If there is no community, individuals won’t flourish.

(Conclusion) Therefore, if there is no state, individuals won’t flourish.

It is a chain in the sense that one element leads to another: the absence of a state leads to the absence of a community, which then leads to the absence of opportunities for individuals to flourish. If we represent the different elements with a symbol (A, B, C, etc.), the elements are linked as in a chain. For instance, suppose we let A stand for the absence of a state, B the absence of a community, C the absence of individuals flourishing. The argument form can be abstracted as follows:

A → B. B → C. Therefore, A → C.

Below are examples of arguments having sub-arguments.

Example (11): Every person lives only once. You are a person. If you live only once, you should treasure every moment of your life. Therefore, you should treasure every moment of your life.

The argument has the following form:

(Premise 1) Every person lives only once.

(Premise 2) You are a person.

(Conclusion, implicit) You live only once.

(Premise 3) If you live only once, you should treasure every moment of your life.

(Premise 4, implicit) You live only once. (The implicit conclusion of premise 1 and 2)

(Conclusion) Therefore, you should treasure every moment of your life.

So premises 1 and 2 already form an argument to infer the conclusion that you live only once. Using that conclusion as a premise, the reasoner goes on to argue further that you should treasure every moment of your life. The latter is the ultimate conclusion of the whole argument. This whole argument has a sub-argument, formed by premises 1 and 2, to generate the required result. We can also use a diagram to show the structure of the argument. This clearly indicates the role of the sub-argument in the inference.

[image: image]

Example (12): Moriarty is likely to be the culprit. This is because only a criminal mastermind can plan and execute such an elaborate crime and he is proven to be a criminal mastermind. Moreover, he was actually present at the crime scene.

(Premise 1) Only a criminal mastermind can plan and execute such an elaborate crime.

(Premise 2) Moriarty is a criminal mastermind.

(Conclusion, implicit) Moriarty can plan and execute such an elaborate crime.

(Premise 3, implicit) A person is likely to be the culprit if he can plan and execute such an elaborate crime and he is present at the crime scene.

(Premise 4, implicit) Moriarty can plan and execute such an elaborate crime. (The conclusion of premise 1 and 2)

(Premise 5) Moriarty was present at the crime scene.

(Conclusion) Therefore, Moriarty is likely to be the culprit.

The argument structure can be represented by a diagram as follows.
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Exercise 1.1

Identify the arguments in the following passages and write them into the standard form. Highlight the premise and conclusion indicators. Notice that sometimes our actual use of language may contain hidden assumptions or implicit premises. Also, sometimes ideas are framed in a question rather than a statement. Identify and rephrase them in explicit statement form whenever necessary.

1    A prince…must imitate the fox and the lion, for the lion cannot protect himself from traps, and the fox cannot defend himself from wolves. One must therefore be a fox to recognize traps, and a lion to frighten wolves. (Niccolo Machiavelli (1532), The Prince)

2    Since happiness consists in peace of mind, and since durable peace of mind depends on the confidence we have in the future, and since that confidence is based on the science we should have of the nature of God and the soul, it follows that science is necessary for true happiness. (Gottfried Leibniz (1677), Preface to the General Science)

3    Liberty means responsibility. That is why most men dread it. (George Bernard Shaw (1903), Marxism for Revolutionists)

4    ‘And how do you know that you’re mad?’ ‘To begin with,’ said the Cat, ‘a dog’s not mad. You grant that?’ ‘I suppose so,’ said Alice. ‘Well, then,’ the Cat went on, ‘you see, a dog growls when it’s angry, and wags its tail when it’s pleased. Now I growl when I’m pleased, and wag my tail when I’m angry. Therefore I’m mad.’ (Lewis Carroll (1865), Alice’s Adventures in Wonderland)

5    If a man says, ‘I love God’, and hates his brother, he is a liar; for he that loves not his brother whom he has seen, how can he love God whom he has not seen? (The Bible, 1 John 4:20)

6    Try to identify an argument in daily newspapers, magazines, or blogs that you read.

[image: image]

1.3 Deduction and Induction

Apart from being able to identify arguments, we also need to be able to identify the type of argument involved. There are at least two main types of inferences. For example, compare the arguments in (6), (7) and (8). (6) operates very differently from (7) and (8) in that even if the premise of (6) is true, the conclusion is only probably true, rather than definitely true. In other words, the conclusion is likely to be true though it could be false even when the premises are true. We call this type of argument induction. However, for (7) and (8), if the premises are true, we know already whether the conclusion must be true or not. In other words, even though the premises may not actually be true, we can already decide whether the conclusion would follow or not. We can say that the truth of the premises completely determines the truth of the conclusion given the validity of the argument. This form of argument is called deduction.

Induction is commonly used in scientific inferences to generalize claims based on particular observations and experiments. Deduction is more often found in mathematics and philosophy because it promises knowledge with certainty from premises which do not need to already be known as true or false. This book will be concerned mainly with deduction.

We may contrast the differences between deduction and induction as follows:



	Deduction
	Induction



	Achieves certainty: for a deductively valid argument, if the premises are true, then the conclusion must be true.
	Achieves probability: if the premises are true, then the conclusion is likely to be true, although it does not have to be true.



	Adding new premises may not lead to a stronger argument.
	Adding new premises may alter the strength of the argument.



	The conclusion is already contained in the premises; hence in a manner of speaking, no new knowledge is involved.
	Increases empirical knowledge.
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Key idea: Induction




Induction is an important branch of logic, though we are not going to discuss it much in this book. Most scientific discoveries, statistical analyses and generalizations are based on inductive reasoning. Inductive arguments are evaluated as strong or weak. Only deductive arguments are described as valid or invalid. All inductive arguments are in fact invalid.
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1.4 Truth and validity

The main task of logic is not just to identify an argument but also to evaluate it. Two criteria are used: (i) the truth of individual statements (premises and conclusion), and (ii) the validity of the whole argument. Both criteria need some explanation.

TRUTH

Logic aims at truth. Indeed, all reasoning aims at it. Truth is whatever is the case. Intelligent beings like humans want to know what is out there, what the case is and what it is not, what connections there are between things, what has happened and what could have happened. All science aims at establishing such knowledge. Logic, in particular, can be regarded as a special kind of science, in that it is interested in not only what things are, but also what they could be. Hence, although we may not know how things actually are, we do want to know what could follow if things were so and so. For example, look at the following argument:

Example (13):

(1) It is morally wrong to inflict unnecessary pain on other beings.

(2) Some animals can feel pain.

(3) Therefore, it is morally wrong to inflict unnecessary pain on some animals.

We may not already know the truth of the premises. In example (13), the truth of (1) is subject to moral debate; that of (2) is subject to scientific investigation. However, we do know that if (1) and (2) are true, then (3) will follow. We can tell this result from the relation between (1), (2) and (3). Such a relation between premises and conclusions is called validity.
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Key idea: Truth and validity




An argument usually consists of several statements, i.e. a conclusion and some premises.

A    Can a statement (a premise or a conclusion) be valid or invalid?

B    Likewise, can an argument be true or false?

No, they can’t. A statement is true or false; yet only an argument can be valid or invalid. It is because validity is a relation between statements, rather than a property of an individual statement by itself. Validity indicates whether the conclusion follows if the premises are true. Although we sometimes hear of people making ‘valid’ statements in ordinary language, this is in fact a mistake. Similarly, only a statement can be true or false. An argument contains statements which are true or false, but the argument itself is not true or false. If an argument is valid, then its conclusion must be true when the premises are true. However, we say the argument is valid, not that it is true.
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VALIDITY

An argument is valid if and only if the conclusion follows the premises. That means, the conclusion cannot be false if all the premises are true. Any argument that is not valid is invalid.

Let us illustrate the concept of validity by examples. As we move on, we will introduce more formal skills in how to determine the validity of an argument. In fact, validity determination is one of the main concerns of logic.

Below is an intuitive valid argument:

Example (14):

(1) If it rains, then the ground is wet.

(2) It rains.

(3) Therefore, the ground is wet.

The argument is valid because the conclusion follows from the premises. However, the premises do not need to be true. (1) does not have to be true; it is just a contingent fact of our actual world. (2) is false, too, if it is uttered on a sunny day. However, this does not alter the fact that if (1) and (2) are both true, then (3) must be true.

Contrast this with another argument:

Example (15):

(1) If it rains, then the ground is wet.

(2) It does not rain.

(3) Therefore, the ground is not wet.

This is an invalid argument because even if the premises (1) and (2) are true, (3) can still be false. For example, someone may splash water on the ground, or break a water bottle accidentally and so the ground becomes wet, such that even when it does not rain, the ground may still be wet. The truth of the premises thus does not guarantee the truth of the conclusion; hence the argument is invalid.

MORE EXAMPLES

Determine by intuition whether the following arguments are valid.

Example (16):

(1) Confucius was a great teacher.

(2) There are seven days in a week.

(3) Therefore, 2 + 5 = 7

In (16), the premises and the conclusion are all true. The conclusion is even necessarily true because mathematical truths do not depend on contingent matters in the empirical world. However, the premises are not relevant to the conclusion. So, although the argument can be called valid, it is only vacuously valid. And it does not represent good reasoning.

Example (17):

(1) All spiders are insects.

(2) All insects have eight legs.

(3) Therefore, all spiders have eight legs.

In (17), both (1) and (2) are false. Indeed, spiders are not insects and insects have six legs instead of eight. However, the argument is valid. It is because if the premises were true, then the conclusion would follow and be true. Contrast this with the following.

Example (18):

(1) All insects are spiders.

(2) All insects have eight legs.

(3) Therefore, all spiders have eight legs.

The premises of (18) are false; however, the argument is invalid, too. It is because even if (1) and (2) were true, it still does not guarantee that (3) is true. Premise (1) states that all insects are spiders. If this is true, the set of spiders is supposedly larger than that of insects. This follows that even if all insects have eight legs, the set of insects does not coincide with all spiders, so there still can be spiders that are not insects and so do not have eight legs. Compare this with the following argument which has exactly the same form and it is easy to see that the following is invalid.

Example (19):

(1) All mothers are women.

(2) All mothers have children.

(3) Therefore, all women have children.

The construction of (19) in contrast with that of (18) illustrates a good strategy in arguing called logical analogy. It is a strategy in which the reasoner provides two arguments with the same argument form, one obviously valid or invalid while the other is not so obvious. By pointing out the validity of one argument, it shows how the other, although more obscure in outlook, shares the same logical properties.

SOME COMMON CONFUSIONS

•  ‘An argument with true premises and a false conclusion can be a valid argument’

Wrong. If both an argument is valid and all its premises are true, then the conclusion must be true.

A valid argument may have:

•  true premises and true conclusion

•  false premises and true conclusion

•  false premises and false conclusion

A valid argument just can never have:

•  true premises and false conclusion

•  ‘An argument with true premises and a true conclusion is always a valid argument’

Wrong. We do not determine validity based on the individual facts that the premises are true and the conclusion is true. Rather, validity is about the relation between premises and conclusion, that if the premises are true, then the conclusion cannot be false. The premises and the conclusion have to be connected in the right way, regardless of whether they are true indeed. An argument can have true premises and a true conclusion, but still be invalid. Consider:

Example (20):

(1) No spiders are insects.

(2) All insects have six legs.

(3) Therefore, no spiders have six legs.

This is an invalid argument because the premises do not state that only insects have six legs. Perhaps some other types of animals have six legs, too, and spiders are one of them. So, although the premises and the conclusion of this argument are indeed true, the premises do not guarantee the truth of the conclusion and the argument is still invalid.

•  ‘An argument with one or more premises which are false could have a true conclusion and be a valid argument’

Correct. Consider the argument in example (14). It is possible that on a sunny day (making (2) false) the ground is spilled wet (making (3) true). Nevertheless, the validity of the argument does not change.

•  ‘Can there be valid arguments with false premises and a false conclusion?’

Yes, below is one example. The premise (1) is false; however, if it is true, then the conclusion (2) is true. So the conclusion does follow the premise.

Example (21):

(1) Two is greater than three.

(2) Therefore, two squared is greater than three squared.

EVALUATING AN ARGUMENT: VALIDITY, SOUNDNESS AND COGENCY

Now that we are armed with two concepts (truth and validity), we can evaluate arguments with these two criteria. We want an argument to be at least valid, because if it is invalid, then the inference will not lead to any secure knowledge. On many occasions we do not really know whether a statement is true, yet with a valid argument, we know at least the relationship between the statements, i.e. that if something is so and so, then a certain consequence will follow. This knowledge is useful. For example, in mathematics, many people feel reluctant to assert that mathematical objects such as numbers exist as abstract entities. Yet no matter what they are, at least we know what consequence follows from accepting certain axioms (premises, assumptions). Knowledge of these relations is often sufficient to make the whole system function when solving real mathematical problems.

A better type of argument is indeed where the argument is valid and the premises are all true. We call such arguments sound arguments. They are better because validity guarantees that if the premises are true, then the conclusion must be true, and now all premises are true indeed so it follows that the conclusion of a sound argument is true, too. That is just exactly what we want: knowledge about truth with certainty.

Example (17) is a valid argument; however, it is unsound because its premises are false. In fact, even if only one premise is false, the argument containing it cannot be a sound argument. The following are examples of a sound argument:

Example (22):

(1) 289 × 312 = 90,168

(2) If 289 × 312 = 90,168, then 289 is a factor of 90,168.

(3) Therefore, 289 is a factor of 90,168.

Example (23):

(1) Every man dies.

(2) Socrates is a man.

(3) Therefore, Socrates dies.

Both arguments are sound indeed. However, not all sound arguments have premises that are evidentially true. We thus further distinguish sound arguments into two types: cogent and not cogent. The argument in (22) is sound but not cogent whereas (23) is sound and cogent. (22) is not cogent because people may not have actually multiplied 289 by 312 and found out that it equals to 90,168. So, (1) is not evidently true. Moreover, the truth may not be easily accessible to some people (e.g. those who are innumerate). In contrast, all premises in (23) are obvious and evident. So (23) is much easier to accept.

I use the term ‘cogent argument’ to refer to any argument (including inductive argument) whose ‘premises are acceptable, relevant to and sufficient for its conclusion’ (Johnson and Blair 1977). Such definition allows coverage of a wide range of inferences in everyday discourse. Hurley (2000) defined a cogent argument as ‘an inductive argument that is strong and has all true premises’. As such, a cogent argument is the inductive equivalent of a sound argument. I prefer, however, to adopt a broader understanding rather than to limit the term to inductive arguments.

Let us see more examples. Both arguments below are sound; indeed, they have exactly the same argument structure. However, (24) is cogent while (25) is not.

Example (24):

(1) If the earth is flat, then the mast of a ship would not disappear over the horizon after leaving a port.

(2) The mast of a ship does disappear over the horizon.

(3) Therefore, the earth is not flat.

Example (25):

(1) If there is a finite number of prime numbers, then the product of those primes + 1 is not a prime.

(2) The product of those primes + 1 is a prime.

(3) Therefore, there is not a finite number of prime numbers.

Cogency reflects the persuasive power of an argument. Since it is a matter of knowledge, it is also relative to context and its intended audience. One may find certain premises evidently true while others not. For example:

Example (26):

(1) Whales are mammals.

(2) Whales jump.

(3) Therefore, some mammals jump.

This is a cogent argument nowadays, though it was not so in the past when whales were not generally recognized as mammals, but thought to be fish.

To sum up, we can define the three criteria of good arguments as follows:

•  Validity: An argument is valid if and only if its conclusion is true whenever all its premises are true.

•  Soundness: An argument is sound if and only if it is a valid argument and all its premises are true.

•  Cogency: An argument is cogent if and only if its premises are acceptable, relevant to and sufficient for its conclusion.




	[image: image]

	
Spotlight: Basic notions in logic




This chapter introduces several basic notions in logic.

•  Logic is the study of good and bad reasoning. Reasoning is presented in arguments, which take the form of a conclusion supported by premises.

•  A statement or a proposition is either true or false.

•  An argument is evaluated in the following order: validity, soundness and cogency.

•  A valid argument is one which, if all premises are true, then the conclusion cannot be false.

•  A sound argument is a valid argument in which all premises are true.

•  A cogent argument is a strong argument whose premises are evidentially true.
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Exercise 1.2

1    Determine whether the following statements are true or false.

  i  A valid argument always has a true conclusion.

 ii  A sound argument may have a false conclusion.

iii  A cogent argument always has true premises.

iv  An argument with true premises and conclusion is a valid argument.

 v  An invalid argument may have a true conclusion.

2    Match the following terms with appropriate definitions.



	    i  Argument
	a  An unstated premise



	   ii  Assertion
	b  A structure that guarantees a true conclusion if the premises are true



	  iii  Premise
	c  A structure comprised of reasons leading to a conclusion



	  iv  Conclusion
	d  A statement held true with or without providing any reasons or supporting evidence



	   v  Implicit assumption
	e  A belief that is formed without considering evidence for or against it



	  vi  Valid argument
	f  A valid argument with true premises



	 vii  Sound argument
	g  A statement derived from premises and from which it follows



	viii  Unsupported argument
	h  A statement from which an argument’s conclusion is derived
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1.5 Some additional remarks

This section aims to remove some common psychological barriers in learning logic.

IS LOGIC MATHEMATICS?

If you think mathematics is doing many calculations, measurements and counting, then no, logic is not mathematics. Take for example the game Sudoku, which seeks to fill a 9 × 9 grid with numbers 1–9 such that each column, row and 3 × 3 square contains all digits with no repetition. It is a logical game but not a mathematical one because the whole game can be performed without using numerals. The game is about manipulating symbols according to certain rules and patterns, and any set of symbols can fulfil the same task. (Indeed, I have seen a sudoku game in currency signs, intended to appeal to workers in the City of London.) This shows that logic has a wider application than mathematics because logic is not restricted by actual meanings of the symbols used.

However, logic and mathematics do have profound similarities in other aspects, such as the involvement of abstract thinking and operations. A German logician Gottlob Frege (1848–1925), often regarded as the father of modern logic, led an ambitious project called logicism to reduce arithmetic completely to logic. The task was to define numbers in terms of logical operations alone, such that arithmetic would become completely general and no substantial mathematical content would be necessary. Frege (1884) did this by claiming that zero is that which belongs to the concept of ‘being not identical with itself’ (sec 74). Since nothing is not identical with itself, the concept of ‘not identical with itself’ thus refers to nothing, i.e. having zero element in the set of objects that satisfy the criteria of being identical with itself. So we can now define zero as the set of objects falling within the concept of ‘being not identical with itself’. Once we get zero, we can define other numbers in terms of it. For example, the number one can be defined as the concept of ‘being identical with zero’ because there is only one concept which refers to zero, i.e. ‘being not identical with itself’. The number two is that which has the same reference as the concept of ‘being identical with zero or one’, and so on.

The project was elegant and fundamental. However, Bertrand Russell (1872–1970) pointed out in 1901 a paradox (later coined Russell’s paradox) of this project, and defeated it. This paradox concerns the idea of an empty set and its power set. An empty set is a set that has no element within it; a power set is a set made of sets. If we construct a power set containing an empty set, intuitively the empty set will become an element of itself. So the set of an empty set is not empty. Yet an empty set, by definition, should have no element. It thus seems that we do get something out of nothing. Something must have gone wrong. Frege used empty sets and power sets to define numbers, thus calling his whole project into question. Frege finally abandoned the logicism project after this paradox was raised.
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Key idea: A priori knowledge




Because logic does not depend on substantial content, it is sometimes claimed that logical knowledge is a priori and innate. A priori knowledge is knowledge that does not require justification from any empirical evidence. Innate knowledge is knowledge that is inborn and not a product of experience. If logic is a priori and innate, then every rational being must be by nature capable of doing some logic. So, let us do some right away!
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IS LOGIC DIFFICULT?

Logic evaluates reasoning. To do this, we need to clarify an argument in a crystal clear manner and then test its validity step by step. Since logical concepts must be clearly defined and there are steps, rules and procedures to follow, it is not difficult to find out whether a well-formed argument is valid. Indeed, it is technically possible to introduce logic into a computer program to execute validity tests. If a computer can perform the tests, why can’t we, intelligent human beings who design the computer, do it too, at least in principle?! Validity tests may be complicated in technical details; for instance, they may involve many steps and offer different possibilities with many combinations. However, in principle, if the system is consistent and complete, then an answer can always be determined and is waiting somewhere for us to discover it.

The difficulty in assessing an argument is often found not in running the validity test, but rather in clarifying the argument, translating it into proper forms and justifying the logic systems we should use. The first two of these difficult tasks concern language and meaning. The last concerns understanding the nature of each system. This book will guide you through these challenges. And with your newly acquired understanding, a new world awaits where you can enjoy the endless fun of engaging in intellectual pursuits. You can unlock your inner intelligence – doesn’t that sound great?

1.6 Chapter summary

This chapter has introduced some of the basic concepts of logic, and some of the skills you can use to identify an argument, along with criteria for assessing good arguments.

Logic is the study of the methods and principles used to distinguish between good and bad reasoning. Reasoning can be formulated in the form of an argument, a structure comprised of exactly one conclusion and reasons to support it called premises. We can use conclusion indicators and premise indicators to help in identifying an argument. However, sometimes arguments may have missing premises, sub-arguments, and various structures. We thus need to correctly understand and analyse an argument in context.

Arguments are divided into two types: deductive and inductive. Thus, there is also both deductive and inductive logic. A deductive argument is one in which the truth of the premises completely determines the truth of the conclusion when the argument is valid. An inductive argument is an argument in which the conclusion is likely to be true, although it can be false even when the premises are true.

To evaluate a proposition, we want to know its truth. To evaluate an argument, however, we look for three criteria: validity, soundness and cogency. An argument is valid if and only if the conclusion cannot be false when all the premises are true. A sound argument is a valid argument with all true premises. A cogent argument is a convincing argument with evidently true premises.

Reasoning starts with understanding an argument. Indeed, there are very intricate relations between logic, truth and meaning. Therefore, in the next chapter we shall discuss some of the concepts and problems related to linguistic meaning.
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