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Lesson 3 of 4: Lesson Plan: Are you a logical thinker?

Objectives of the lesson

· To introduce logical argument and to appreciate how it helps us to order our thoughts about the world around us and contributes to explanations. 

· To consider some limitations of logic.

Lesson Outcomes

By the end of this lesson most pupils will:

· Use the vocabulary of logical argument with growing confidence
· Demonstrate understanding that a logical argument may be used to help explain things

· Identify invalid arguments and give a reason
· Give examples of some logic diagrams
· Explain differences between a valid conclusion and a true conclusion
Some will only:

· Begin to use the vocabulary of logical argument
· Identify one or more invalid arguments
· Demonstrate understanding that valid does not mean the same as true
Others will:

· Mostly use the vocabulary of logical argument with accuracy;

· Demonstrate understanding that logical arguments are a form of explanation
· Distinguish between valid and invalid arguments
· Recognise that validity is not the same as truth and explain the difference
Key words for this unit

Logic    valid    invalid     argument     explanation     premise     conclusion

Lesson Outcomes (Pupil friendly) 

By the end of this lesson I will be able to ….say what a logical argument is and whether the arguments we are looking at are valid or invalid, and why. I will be able to say why a valid conclusion is not the same as a ‘true’ conclusion.

Resources needed to teach this lesson

· Key words should be prominently displayed in large letters (see Teacher Resource).

· Pupil Resource 1  Pull the other One

· Pupil Resource 2  Valid and Invalid

· Pupil Resource 3  Logic Diagrams

· Pupil Resource 4a Find the difference

· Pupil Resource 4b Find the difference
In the following lesson plan, information for the teacher is given in italic text. Suggestions for the teacher to address pupils directly are given in normal text.

Introduction / Starter activity / first thoughts

These key words should be prominently displayed for this lesson and constantly referred to (see Teacher Resource).

ARGUMENT       PREMISE        CONCLUSION      VALID     INVALID    UNRELIABLE

Who knows anything about logic? What is it? What’s it used for, and why?

Logic has been around for a couple of thousand years. It’s a way of getting your thoughts in order and being mentally sharp. Computers are programmed to use logic. Logic is used to explain things and to answer questions and to stop your thoughts getting muddled.

Give some examples from film and TV. For example, Dr Who and the Daleks and Star Trek contain examples of logical thinkers who are devoid of emotion.

Does anyone watch Star Trek? Has anyone seen one of the episodes or films with Captain Kirk and Mr Spock or the more recent Enterprise with Captain Archer and T’Pau?

Who can describe Mr Spock / T’Pau? Aliens with pointed ears from the planet Vulcan. They are only able to think logically, using  logical reasoning to work out and explain all problems; they do not respond with emotions. 
How are computers like Mr Spock/ T’Pau? 

They are programmed to think logically. They have no emotions.

Commander Data, a character on ‘Star Trek, the Next Generation’, is a humanoid robot. He responds logically to all information, can be activated and deactivated and has an ‘emotion chip’ which can be inserted or removed (or stolen).

Why do you think Data envies humans, and wishes he was human?

Humans can think logically like Data (if not as fast) but they can also do many things he cannot do – such as feeling genuine emotions like pity, hope or sympathy which might lead them to do kind or brave acts. They feel a close relationship with nature which Data cannot feel. They have family and friendship ties which Data cannot have.

We are going now to look at logic. Logic is useful for helping us to think clearly. We always need to remember that it is just one part of what makes us human.

Main activities

Activity 1 

Display Pupil Resource 1 for pupils. 

You are going to do some logical thinking and need to learn some new words (these refer to the key words on the Teacher Resource). 

Read out the contents of the four boxes.

	· The three statements in each box are called ‘arguments’ (not the sort where people shout at each other but rather ‘to show by reasoning’).

	

	· The first two (A and B) statements are called the premises and the last statement (C) is called the conclusion.

	


Mark premises with A and B and conclusions with C.

Where have you heard the word ‘conclusion’ before? In literacy/story-writing when they bring a story to a close; in science when the results of an experiment are drawn together and interpreted.

	· If a conclusion follows on from the premises then we say it is VALID.

	

	· If a conclusion does not follow on from the premises then it is INVALID.

	


Now can you decide what is wrong with each of the four arguments?

Give pupils time for reflection. Less able pupils could look at the first two boxes only.

· In box 1, C does not follow on from A and B so is invalid.

· In box 2, the argument is valid (the conclusion follows on from the premises) but premise B is false so C is not definitely true or false but unreliable.

· In box 3, the argument is valid. However we don’t know if Tweety is male or female, and as only female birds lay eggs, the conclusion could be false.

· In box 4, A is incorrect, and this has led to a valid but false conclusion.

Sometimes conclusions may be correct even if they do not necessarily follow on from the premises. For instance, in box 2, it may be that Chris has got a big nose! But it does not follow from the argument that Chris must have a big nose.

Sometimes conclusions may be correct even if A or B do not give enough information. For instance, in box 3 it may be that Tweety does lay eggs (if she’s female!) but it does not follow from the argument that Tweety must lay eggs.

This shows the importance of having all the available evidence in the premises.

Activity 2

Give out Pupil Resource 2: Valid and Invalid.

Read the sheet together and discuss the point which is being made – that valid is not the same as true.  Pupils should then, with a partner if required, make up an argument which follows the same pattern. They should decide whether their conclusion is valid and true, or valid but untrue (or something else!). Ideas should be shared.

Think about the question on the sheet: 

Would a computer (or a robot like Commander Data) find it difficult to tell the difference between a valid argument, and an argument leading to truth? If so, why?’ 

Give pupils time to think and to offer their ideas.  (A computer works with second-hand knowledge or secondary information. It can only use this information and has access to no other. It has no way of knowing whether the information it has been programmed to work with is true. It has no senses and cannot be guided by past experiences.)

Activity 3 (optional)

In science and maths we often use diagrams and charts to sort information in a logical way. In ICT we use programs like Find It! which will sort information quickly and present it in the form of a diagram or graph. 

Display Pupil Resource 3 Logic Diagrams. 

	Venn Diagrams are one sort of logic diagram. Can you think of others? (Carroll diagrams, frequency tables, graphs, flow-charts, keys.)

	

	Which computer programs have you used to sort and display information?

	

	Many people find it easier to work through their ideas using charts and diagrams.
Do you?

	

	Remember that diagrams, graphs and charts are only useful if the information they are using is true.


Activity 4

Read together Pupil Resource 4 and then discuss it as a whole class.

This Resource has been differentiated at two levels. Resource 4a is for the less able and Resource 4b for average and more able pupils.

Some pupils may be able to say in their own words what the difference is between the two arguments.

Plenary / last thoughts

Some points to make during plenary discussion:

Logical thinking is most useful when we can be sure that our premises are correct. 

In science, for instance, we can use our senses to get data about the world. If no-one has ever seen a flower without petals then we might say with confidence, ‘All flowers have petals’.

But when we answer questions about religion there is often one premise which cannot be tested. We cannot test the premise, ‘God knows everything about people’

by collecting evidence from the world around us in a scientific way.

Do religious people have to take a ‘leap of faith’ and say,’ Well, my arguments start with what I believe to be true’?

Some people say they feel ‘deep down’ that something is true but they can’t test it scientifically or explain it logically. This is called intuitive thinking. What are your views about this? Can it be trusted as knowledge?

Some people are better at logical thinking than others.  You may enjoy maths, sequencing and working from parts to whole. Some people are better at intuitive thinking and enjoy art and music, looking for pattern and working from the whole to its parts. But both ways of thinking have value and contribute to a whole picture of the world and our part in it. It’s the same with scientific and religious types of explanations. 

Note: an alternative plenary would be to take the highlighted text and use it as a basis for a Community of Enquiry session.

Pupils could begin by asking themselves whether there is something they believe ‘deep down’ to be true, and if so, sharing it with others. Then they can consider whether this is real knowledge or not.

Differentiation / Extension 
Less able pupils should work with a T.A. for this lesson if possible.

Activity 4 is differentiated at two levels.

You can have a lot of fun with logic. Try reading about the Mad Hatter’s Tea Party from Alice in Wonderland by the logician Lewis Carroll and spot the logic!

Introduce the liar paradox: 

‘This statement is false.’

A variation on this theme is a card with, ‘The statement on the other side of this card is true’ on one side, and ‘The statement on the other side of this card is false’ on the other.

It seems that when truth and falsity occur together in statements, strange things happen.

(Fuzzy logic does away with these paradoxes by claiming such statements to be half true and half false.)

For more on explanations of this and other paradoxes read Passage 6 of ‘The Magical Maze’ (Phoenix) by Ian Stewart.

Assessment

Informal assessment of pupils’ understanding, and use of valid, invalid, true, false.

Give pupils individual whiteboards and the code v = valid, i = invalid, t = true, f = false, u = unreliable.

Teacher reads out the following arguments and pupils write the appropriate letters on their whiteboards and hold up. 

1. My birthday is on January 1st.

Today is January 1st.

Today is my birthday.

(valid, and true only if the first premise is true)

2. All squares are 2D shapes with four sides equal in length and four right angles.

This 2D shape has four sides equal in length and four right angles.

It is a square.

(valid and true)

3. My favourite flowers are tulips.

My garden is full of daffodils.

My garden is full of my favourite flowers.

(invalid and false. The conclusion does not follow on from the premises.)

4. Only aliens are pink with green spots.

She is pink with green spots.

She is an alien.

(valid but unreliable – no-one knows whether there are any aliens.) 

Note: example 4 is unreliable rather than true or false because it cannot at present be verified or falsified by experiential evidence. This is why various arguments to prove the existence of God have foundered in the past.

Pupils’ answers, both written and oral, show their level of understanding of the lesson objectives.

Notes to teacher

The world is a complex place and its workings are not always straightforward to predict.

Logic, as conceived by the Ancient Greeks, is a tool for rational thought.  

When we talk about explanations we usually expect rational and logical thinking processes to be involved; otherwise we feel we are wasting our time.

The word logic derives from the Greek word logos which translates as ‘reasoning’ or ‘word’.

‘Word’ in ancient times meant more than the spoken or written word, but also a creative dynamic force or principle. In this way, in the New Testament, in the first verse of his gospel, St John describes Jesus as ‘the Word’: “In the beginning was the Word”.

Logical thinking does not always involve use of words – producing flow-charts, Venn and Carroll diagrams, making models, finding missing pieces etc. all involve the use of logic. The foundations of mathematics are based on ‘self-evident’ logical truths such as 2 + 2 = 4.

Using logic helps us to avoid making mistakes in our thinking and avoids category confusion. It helps us to order, categorise and illustrate our explanations.

In modern science, ‘validity’ can mean how far research measures what it claims to measure. Ted Wragg gives an example of an invalid test when he says ‘testing five-year olds’ knowledge of science with a written paper would not be a valid test as it would measure reading and writing more than science’. TES, 11 June 04

In this lesson pupils are introduced to logic as a form of reasoning. The term valid is used here to signify ‘following on from’. 

Religions as well as science make use of logic in their explanations. However, in science, premises may be based on empirical observation and objectively tested evidence, whereas in the field of religion basic assumptions may be based on intuitive belief and personal experience.

It is always important to emphasise that in logic, validity does not automatically signify truth.

In the Introduction the teacher draws out any prior knowledge or preconceptions about what logic is and what its uses are. Pupils draw on examples of fictional ‘logical thinkers’ from film and television.

In Activity 1 pupils are introduced to some key vocabulary. In Pupil Resource 1 they are introduced to a simple form of logical argument through 4 examples, and to the vocabulary ‘valid’ and ‘invalid’. 

In Activity 2 pupils read an example of a valid and invalid argument on Pupil Resource 2. They follow the same pattern to create their own examples. They question whether a computer could know the difference between a true and a valid argument.

Activity 3 is optional. It introduces Venn Diagrams (Pupil Resource 3) as an example of logical sorting and explanation, useful in science and maths. Pupils reflect on other logic diagrams with which they are familiar, and computer programmes they have used to sort information. It is emphasised that logic diagrams are only useful if the information used is true.

In Activity 4 pupils read Pupil Resource 4 (differentiated at two levels) and find similarities and differences between two arguments.  Here pupils learn that logic is not suitable for answering all questions.

This is followed through in the Plenary as pupils reflect on logical thinking on the one hand, intuitive thinking on the other, and on the limitations of logic.

Further notes

References to ‘true’ in this lesson are made from a realist point of view – i.e. that there is an objective truth against which we can match our theories and assumptions.

Fuzzy logic

Computers operate to perform mathematical logic operations. In the Western world these were developed to use the binary code which itself is based on Aristotelian logic. However, Eastern logic, conveniently called ‘fuzzy logic’ has now gained an alternative foothold and is applied in the construction of all sorts of mundane material commodities such as washing machines and camcorders. Fuzzy logic has sliding scales of being ‘a or not a’, of being true or untrue, which fit real life more accurately than Aristotelian logic; it is very precise and accurate, and solves apparent logical paradoxes!
The language of logic

Another name for a premise is an assumption, or ‘a given place to start’.

Another name for a conclusion is a deduction – what you work out by following the rules of the game.

An axiom is a self-evident truth such as 2 + 2 = 4.

Ian Stewart, a professor and Research Mathematician at Warwick University, argues that there is no such thing as an axiom in mathematics – everything is a premise (assumption). He believes that nothing is self-evident and that axioms should be thought of instead as ‘foundations’ on which everything else is built. In other words – take nothing for granted; question everything.
Duration
2 hours or one afternoon

Year Group
Years 5 and 6

Prev. Know [teacher] 
basic knowledge of logic would be useful but not essential

Prev. Know. [student]
prior experience of Venn and Carroll diagrams and keys.

Cross Curricular Areas
Speaking and Listening


Numeracy:  Venn and Carroll diagrams, graphs etc.





Critical thinking
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