Philosophy and Reason


Categorical Logic

ARISTOTELIAN LOGIC
Aristotle ( 384 -322 B.C.) was the recognized authority on Logic in Ancient Greece. For over two thousand years since then his Logic was the ONLY Logic taught in schools. (Modern Logic built on his work and was introduced to schools only a few decades ago.) His most important Logical concept is that of the SYLLOGISM, the only deductive argument form he recognized. He believed that all deductive argument could be treated as a syllogism. The best known syllogism type is the following :-
All men are mortal 

Socrates is a man

So, Socrates is mortal.

Every proposition in his Logic was CATEGORISED by QUANTITY and QUALITY. (This Logic is sometimes called CATEGORICAL LOGIC.)

CATEGORICAL SENTENCES 

There are four types of categorical sentences:

A: All sailors are poets 

E: No sailors are poets 

I: Some sailors are poets 

O: Some sailors are not poets.

These four sentences are in STANDARD FORM.

They are of the form:

A: All S are P

E: No S are P

I:  Some S are P

O: Some S are not P

All statements used in this Logic will have one of these forms. 

QUANTIFIER -  SUBJECT TERM  -  COPULA -  PREDICATE TERM

Quantifiers are the words, 'All', 'No', or 'Some'.

Subject terms are plural nouns that refer to the class of something (e.g. sailors)

The copula (or verb) is , 'are' or 'are not.'

Predicate terms are plural nouns that refer to the same class of things as the subject term.

QUANTITY

The A and E sentences have universal quantifiers of All or No.

The I and O sentences have the existential quantifier of Some. (Some means that there is at least one.)

QUALITY

The A and I sentences are affirmative.

The E and I sentences are negative.

TRANSLATING INTO CATEGORICAL FORM

All statements that refer to the whole class of something (ALL, EVERY,) use the Quantifier 'All'.

All statements that refer to the whole class of something NOT being something (NO, NEVER) use the Quantifier 'No'.

All statements that refer to just one or a few (at least one, a few, most, many, five etc) use the Quantifier 'Some'.

One can work out the quantifier from the sense of the sentence, e.g. 'Horses have four legs' becomes ' All horses are animals that have four legs.'

A, E and I sentences have the major verb as the copula, 'are'. The O sentence, alone, has the major verb as the copula, 'are not'.

SPECIAL TRANSLATIONS:

1 .NAMES ( and unique objects):
'John is a boy' translates to ' All people identical to John are boys.' 

'My table is dusty' becomes 'All tables identical to my table are dusty tables.'

2. TIME:

' I study every day' translates into ' All days are days that I study."

3. PLACES:

'It's cool by rivers' translates into 'All places by rivers are cool places.'

4. NUMBERS:

'17 people were injured' becomes 'Some people are people who are injured.'

5. NEGATIVES:

'Not all people are short' becomes ' Some people are not short.'

'It's not the case that some people are short' becomes 'No people are short.'

'It's not the case that some people are not short' becomes 'All people are short.'

"It's not the case that no people are short' becomes 'Some people are short.'

6. ONLY:

'Only women are weak' becomes 'All weak people are women.'

7. TENSE:

All categorical sentences are in the present tense. If tense is an important part of the sentence then include it in a clause:

'Men will change' becomes 'All men are men who will change'.

Worksheet 1.
Put the following sentences into strict categorical form, and mark them as 'A', 'E', ‘I’, or 'O' statements.
1.
All frogs are green.
2.
Some dogs have fleas.
3.
Some fish are carnivorous.
4.
Some mammals are blue.
5.
Everybody loves spinach.
6.
Flies fly.
7.
Nobody likes boiled sausages.            
8.
Pigs are dirty animals.
9.
Some things are not possible.
10.
Dead men tell no lies.
11.
It's not true that some turtles are not fast.
12.
Some petty bureaucrats are megalomaniacs.
13.
Some insects bite.
14.
Some fools eat glass.
15.
Only dogs run after cars.
16.
Some soldiers don 't return from war.
17.
Most bullfighters are scared.
18.
John kicks the ball
19.
  Nobody likes Tom.
20.         Every rugby player is a pet.
21.
Not all birds fly.
22.
It’s not true that some birds are animals.
23.
Many athletes sweat.
24.
Logic is good for you.
25.
Maths C is difficult.
26.
This product works well.
27.
Study promotes character.
28.
Many people didn’t attend.
Worksheet  2.
Put the following sentences into strict categorical form, and mark them as either 'A', 'E', ‘I’, or 'O' statements
1.
A doctor is in the house.
2.
Shane is a good Footballer.
3.
Only a child would drive like that.
4.
Wilbur is an idiot.
5.
My house is special.
6.
One student showed up.
7.
Russian warships are in the Pacific.
8.
Infants are always noisy.
9.
It's not the case that some pups are polite.
10.
Pain is sometimes useful.
11.
He and she do everything together.
12.
Not every mistake is due to ignorance.
13.
It is a wise father who knows his own child.
14.
A great dane is a big dog.
15.
Nothing is both safe and exciting.
16.
He groans whenever he is reminded of his loss.
17.
She never drives her car to work.
18.
Many a person has lived to regret a misspent youth.
19.
If it's a junko, it's the best money can buy.
20.
Good teachers are not universally appreciated.
21.
To hear her sing is an inspiration.
22.
He who lives by rock, dies by rock.

Worksheet 3.
Put the following sentences into strict categorical form, and mark them as 'A', 'E'. ‘I’, or 'O' statements.
1.
All men are mortal
2.
No whales are fish.
3.
Some soldiers are not heroes.
4.
A Teacher is a very important person.
5.
Some students do not neglect logic.
6.
Caesar conquered Gaul.
7.
No one who respects the truth is a liar.
8.
Not all men desire knowledge.
9.
Some men are very poor.
10.
All except ladies may smoke.
11.
All the poisons are kept in the safe.
12.
All dogs are friendly.
13.
Some gases are poisonous and friendly.
14.
256 men are plumbers.
15.
He who works hard will succeed.
16.
A policeman's life is not a happy one.
17.
No mermaids exist.
18.
Every cousin I have is fair.
19.
None of my horses read books.
20.
There has never been a strong poet.
21.
Lead is always heavy.
22.
All Podiatrists are wealthy people.
23.
There aren't any of my friends that I won't help.
24.
There are honest politicians.
25.
A scout does a good deed everyday.
26.
Blessed are the peacemakers.
27.
Fido barks.
28.
Some fools are not girls.
29.
Whenever I think of drugs I get angry.
30.
Wherever the soil is acid, flowers will grow.
VIEWPOINT
There are two viewpoints in Categorical Logic: The Existential Viewpoint and the Hypothetical Viewpoint. The existential viewpoint makes the assumption that something exists while the hypothetical viewpoint makes no such assumption. The I and O sentences that have the existential quantifier have the existential viewpoint as part of the definition of the existential quantifier. The truth of these sentences depends on the existence of their subject terms.
The categorical sentences, A and E, make no assumption as to the existence of the
classes of objects they are describing and in fact, allow for an EMPTY class.

e.g: 
All unicorns have a horn.
All trespassers will be prosecuted
No junk-mail allowed
These sentences are true even when there are NO unicorns, trespassers or junk-mail. The existentially quantified statements are, therefore viewed from the existential viewpoint (the subject term is assumed to exist) while the universally quantified statements are viewed from the hypothetical viewpoint unless the existential viewpoint is said to be adopted.
Diagramming Categorical Sentences
One way to analyze a categorical statement is by means of a diagram. The method we will use is the Venn Diagram technique named for John Venn (1834 - 1923), the British logician who developed it. 

Two overlapping circles are used, one to represent the class of things referred to by the subject term and one to represent the class of things referred to by the predicate term.

Our subject term will be 'sailors' and our predicate term will be 'poets'. If a rectangle is drawn around the two overlapping circles, this is the ' universe of discourse'. The area outside the circles but inside the rectangle contains everything that is not either a sailor or a poet. It is usually not necessary to draw the rectangle unless we are specifically referring to things not described by the circles.

As you can see there are three areas produced by the overlapping circles: One for sailors that are sailors but not poets, one for sailors who are poets and one for poets who are not sailors.
We will now diagram the four categorical sentences. 

A: All sailors are poets.


Because there are sailors who are not poets we CROSS OUT (shade) the area that contains the sailors that are not poets because this area is empty.
E: No sailors are poets.
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Because there are no sailors who are poets we cross out the overlap because this area is empty.
I: Some sailors are poets.



We place an asterisk to represent the sailor that is a poet in the area where there are the sailors who are poets.
O: Some sailors are not poets.


We place an asterisk in the area where there are sailors that are not poets.
We have diagrammed the A and E sentences from the HYPOTHETICAL viewpoint and have not assumed the existence of either subject or predicate term. When we diagram these from the EXISTENTIAL viewpoint we place an asterisk in the area of the SUBJECT TERM, indicating that there is at least one of these.


Note that shading (crossing out) makes an area empty and you CANNOT put an asterisk in a shaded area. This would be a contradiction as you would be claiming that there was nothing AND there was something in the same area.
Immediate Inferences

· Interested in the relationships between pairs of categorical sentences that don’t have exactly the same subject and predicate terms.
Conversion

· A simple way to alter a categorical sentence is to make the subject and predicate terms change places. This is called conversion.

“A” Category
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Contraposition

To contrapose a statement you exchange subject and predicate terms and negate both terms.

“All sheep are animals” becomes “All non-animals are non-sheep”.

“No sheep are animals” becomes “No non-animals are non-sheep”.

“Some sheep are animals” becomes “Some non-animals are non-sheep”.

“Some sheep are not animals” becomes “Some non-animals are not non-sheep”.
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THE SQUARE OF OPPOSITION

There are only four standard forms of categorical propositions, the A, E, I and O forms. The various logical relationships among these propositions may be described by the SQUARE OF OPPOSITION. These relationships are:

CONTRADICTORY: Two propositions are contradictory if they always have opposite truth values.

CONTRARY: Two propositions are contrary if they can never both be true but both may be false.

SUBCONTRARY: Two propositions are subcontrary if they are never both false but may both be true.

IMPLICATION: Proposition X implies proposition Y if whenever X is true, so is Y.

 In Traditional Logic the Square of Opposition can be viewed from both the Hypothetical Viewpoint and the Existential Viewpoint.
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The only relationship displayed in the hypothetical viewpoint is that of contradictoriness.

Eg:
Q: What is the contradictory of “All dogs are brown”?


A: “Some dogs are not brown.”
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The Existential Viewpoint displays the relationships of contrary, subcontrary, contradiction and implication.

Eg:
Q: What is the contrary to “All girls are pretty”?


A: “No girls are pretty”.

Square of Opposition

Worksheet 1
1.
Draw the square of opposition from the Hypothetical viewpoint.
2.
Draw the square of opposition from the Existential viewpoint.
3.
Explain the difference between viewing 'All crows are birds' from the hypothetical viewpoint and the existential viewpoint.
4.
Assume the Existential Viewpoint, and answer true or false: 
If 'All sailors are flirts' is true, what is,
1.    'No sailors are flirts'
2.   'Some sailors are flirts'
3.    'Some sailors are not flirts'
5.
Assume the Existential Viewpoint, and answer true or false:
If 'No sailors are flirts' is false, what is ,
1.     'All sailors are flirts'
2.     'Some sailors are flirts'
3.     'Some sailors are not flirts'
6.         Assume the Hypothetical Viewpoint, and answer true or false:
If 'All sailors are flirts' is true, then what is,
1.     'No sailors are flirts'
2.     'Some sailors are flirts'
3.    'Some sailors are not flirts'
7.         Assume the Existential Viewpoint, and answer true or false:
If 'Some sailors are flirts' is false, what is,
1.    'All sailors are flirts'
2.     'Some sailors are not flirts'
3.    'No sailors are flirts'
Square Of Opposition
Worksheet  2
1.
From the Existential Viewpoint, what is the relationship between the following pairs of propositions?
(a)
No men are fish.   All men are fish.
(b)
Some alligators are intelligent. Some alligators are not intelligent
(c)
No Librans are Taurans.   Some Librans are Taurans. 
(d)
No Taurans are Librans.   Some Taurans are not Librans.
2.
What is the relationship between the propositions in each of the following pairs according to (1) the Hypothetical Viewpoint, and (2) the Existential Viewpoint?
(a)
Some men are not savages. All men are savages. 

(b)
No houses are edifices.   All houses are edifices.
3.
Taking the Existential Viewpoint, provide the following:


(a)
the contradictory of 'Some males are tall'.


(b)
the subcontrary of 'Some books are not illustrated'.


(c)
the contrary of 'No papers are magazines'.


(d)
what is implied by 'All humans are bipeds'?


(e)
the contradictory of 'All feet are big'.


(f)
Which of your answers would have been different if you had taken the Hypothetical Viewpoint ?

4.
(a)
If 'No elks are deer' is true, then is 'Some elks are deer'  true or false?

(b)
If 'Some elks are deer' is false, then what's the truth value of 'Some elks are not deer', given that elks exist ?

(c)
If 'All elks are deer' is true, what is the truth value of 'No elks are deer', given that elks exist ? 

(d)
Assume 'No elks are deer' is true, but do not assume elks exist.

What is the truth value of 'Some elks are not deer' ?

Square of Opposition
Worksheet 3.
(a) If two propositions are contrary to each other, and one is true, what is the other?
(b) If two propositions are contradictory, and one is false, what is the other?
(c) If two propositions are contrary, and one is false, what is the other? 
(d) If two propositions are subcontrary, and one is false, what is the other?
(e) If two propositions are contradictory, and one is true, what is the other?
(f) If two propositions are subcontrary, and one is true, what is the other?
(g) Proposition A implies Proposition B. If A is true, what is B? 
(h) A implies B. B is false, what is A? 
(i) A implies B. B is true, what is A?
 Syllogisms

A Syllogism is an argument that consists of 3 propositions: two premises and
a conclusion. Each syllogism has 3 terms within it. Of these three, two can be
found in each proposition. The three are:

(a) Subject term 

(b) Predicate Term
(c) Middle Term.

Eg:
All animals are creatures


All sheep are animals

     (
All sheep are creatures

The “minor term” is the subject term of the conclusion. The “major term” is the predicate term of the conclusion, and the “middle term” is the term not stated in the conclusion. The sentence with the major term becomes known as the major premise. The sentence with the minor term becomes the minor premise.
The major premise must be written first, followed immediately by the minor premise, and then the conclusion. If the syllogism is not written correctly then it must be rewritten. That is, it must be put into standard form.
Eg:
All animals are creatures

All sheep are animals

     (
All sheep are creatures


Steps to Follow.

1.   Find the conclusion - you do this by looking for conclusion markers (words like: Thus, Therefore, So, It follows, Hence. If there are no conclusion markers, then you look for premise markers. Words like: Because, Since, etc.)
2.   Identify the major and minor terms - this will tell you what sentence is written first and which is written second (as premises). Remember, the term that is left is your Middle Term.

3.   Then write the syllogism into standard form - ie. Premises first and conclusion last.
Eg.    All underwater craft are submarines, so no submarines are pleasure craft, since no pleasure craft are underwater craft.

1. No pleasure craft are underwater craft

2. All underwater craft are submarines   

( No submarines are pleasure craft
MOOD and FIGURE

The mood of a syllogism refers to the categorical form of each sentence. There are 256 possible combinations. The mood of the above example would be E.A.E. When illustrating this point, you would write the mood of the syllogism in this fashion:


The figure of a syllogism indicates the arrangement of terms in the premises.
There are four possible figures:


The figure of the example on the previous page is Figure 4. (EAE Figure 4).

SYLLOGISMS
Worksheet No.  1
Translate the following syllogisms into standard form and state the mood and figure of each.  Test each for Validity, using Venn Diagrams.
1.       Some preachers are vigorous men. No preachers are intellectuals. So, some intellectuals are vigorous men.
2.       All criminal actions are wicked deeds. All prosecutions for murder are criminal actions. Therefore, all prosecutions for murder are wicked deeds.
3.       Some reformers are fanatics, so some idealists are fanatics, since all reformers are idealists.
4.       Some philosophers are men of action, so some soldiers are philosophers, since all soldiers are men of action.
5.       Some metals are not gases, for no gases are argon compounds , and all argon compounds are metals.
6.       Some neurotics are not parasites, but all criminals are parasites, so some neurotics are not criminals.
7.       All underwater craft are submarines, so no submarines are pleasure vessels, since no pleasure vessels are underwater craft.
8.       No criminals were pioneers, for all criminals are unsavoury persons and no pioneers were unsavoury persons.
9.       No musicians are active sportsmen, and all musicians are baseball fans, hence no active sportsmen are baseball fans.
SYLLOGISMS
Worksheet No. 2
Translate the following syllogisms into standard form and state the mood and figure of each. Test each for Validity, using Venn Diagrams.
1.       Some reformers are fanatics, and all reformers are idealists, so some idealists are fanatics.
2.       No horses are centaurs. All centaurs are mammals. Therefore, some mammals are not horses.
3.        Some philosophers are men of action, and all soldiers are men of action. Hence, some soldiers are philosophers.
4.       Some neurotics are not parasites, but because all criminals are parasites, it follows that some neurotics are not criminals.
5.       All underwater craft are submarines. Since no pleasure vessels are underwater craft, therefore no submarines are pleasure vessels.

6.       All criminals are unsavoury persons, and no pioneers were unsavoury persons, so no criminals were pioneers.
7.       No musicians are active sportsmen, all musicians are baseball fans, consequently no active sportsmen are baseball fans.
8.        Some Christians are not Methodists, because some Christians are not Protestants, and some Protestants are not Methodists.
9.        All frogs are amphibians. Hence some amphibians are not delicious to eat, since some frogs are not delicious to eat.
Venn Diagrams for Syllogisms
1. Draw THREE overlapping circles, one for each term.
2. Ensure that the syllogism is in categorical form.
3. Diagram the two premises on the circles.
4. Do shading first and then asterisks. (Universal sentence before the particular.) (Shaded means empty. No asterisk can be in a shaded area.)
5. DO NOT DIAGRAM THE CONCLUSION
6. Having diagrammed the premises, look to see if the conclusion has been diagrammed as well. (i.e. that the conclusion was CONTAINED IN the premises.)
7. If YES then the argument is valid; if NO the argument is invalid.
Example 1:
All fools are girls

All Fs are Gs



All girls are happy

All Gs are Hs


(All fools are happy

(All Fs are Hs
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Example 2: (Do this yourself)


All artists are egoists

   MaP

Some artists are paupers
   MiS

(Some paupers are egoists
(SiP

Example 3:
All fools are girls



All Fs are Gs



Some happy people are not fools

Some Hs are not Fs



( Some happy people are not girls

( Some Hs are not Gs





Example 4:
All dogs are friendly


MaP



All dogs are animals


MaS



( Some animals are friendly  
S i P

This syllogism appears invalid because it needs an asterisk. If ALL it needs is an asterisk, then we can give it one by assuming the existence of one of the terms. (Drawing the A sentence from the existential viewpoint; assume M exists.)


Testing Validity using Venn Diagrams

1.
Test the following argument for validity using Venn diagrams.

(a)
PaM
 (b)
MaP
 (c)
MeP
 (d)
PaM 


MaS

SaM

SeM

MeS


(SaP

(SaP

(SeP

(SeP

(e)
MeP
 (f)
MeP



MaS

SaM





(SeP

(SeP



2.
Test the following argument for validity using Venn diagrams.

(a) AAA fig 2

(b) EAE fig 4

(c) AII fig 2

(d) I I I fig 1

(e) EOE fig 2

(f) OAO fig1

(g) A I I fig 1

(h) EEO fig 2

(i) AIE fig 1

(j) AIE fig 1

(k) AIE fig 3

(l) EIO fig 2

3. Test the following for validity using Venn diagrams. State the mood and figure of each argument.

(a)
Some reformers are fanatics, and all reformers are idealists, so some idealists are fanatics.

(b)
No horses are centaurs. All centaurs are mammals. Therefore some mammals are not horses. 

(c)
Some philosophers are men of action, and all soldiers are men of action. Hence some soldiers are philosophers. 

(a)
Some neurotics are not parasites, but all criminals are parasites, so it follows that some neurotics are not criminals

(e)
All underwater craft are submarines. Since no pleasure craft are underwater craft, no submarines are pleasure craft.

(f)
All criminals are unsavoury persons, and no pioneers are unsavoury persons, so no criminals are pioneers.

(g)
No musicians are active sportsmen, but all musicians are football fans. Consequently no active sportsmen are football fans. 

(h)
Some Christians are not Methodists, because some Christians are not Protestants, and some Protestants are not Methodists.

(i)
All frogs are amphibians. Hence some amphibians are not delicious to eat, since some frogs are not delicious to eat 

(j)
Some plays of Shakespeare are not histories. No plays commonly read in high schools are histories. Therefore some plays of Shakespeare are not commonly read in high schools. 

(k)
Since some home grown tomatoes are not naturally fertilized, and all nutritious foods are naturally fertilized, some home grown tomatoes are not nutritious foods. 

(l)
All men are chauvinists, and some chauvinists are nice guys. So, some men are nice guys. 

(m)
Some thieves are not bad people, but all bad people are convicted criminals. It follows that some thieves are not convicted criminals.
4. Test the following for validity. Consider viewpoint.

(a) AAI fig 3
(b) EEO fig 3
(c) AEO fig 1
(d) AAI fig 1

(e) EAO fig 3
(f) AEO fig 3
(g) EAO fig 1
(h) EAO fig 4

Sorites

A Sorites is an argument that has more than two premises.

Eg.     
Some U are W

All R are O

All W are R

( 
Some U are O

To test a sorites for validity we must somehow get two premises from the given three.

Steps to show Validity
1.        Identify the subject and predicate terms found in the conclusion
Eg.
Some U are W 


All R are O 


All W are R


(Some U are O

2.        Identify the subject term and predicate term found in the premises.
Eg.
Some U are W


All R are O

All W are R


(Some U are O

3.        Combine the premise which does not possess either the subject or predicate term with either the premise with the predicate term or the premise with the subject term to achieve the desired syllogistic conclusion.

Eg.
All W are R

MaP
Some U are W  
SiM

(Some U are R
SiP
OR


All R are O

MaP


All W are R

SaM


All W are O

SaP


4.
Take the conclusion from the first syllogism and combine it with the remaining premise from the original argument.


Eg.
Some U are R

SiM


All R are O

MaP


VALID


Some U are O

SiP



OR

Some U are W

SiM


All W are O

MaP


VALID


(Some U are O
SiP

Sorites

1.  
All diplomats are tactful
Some officials are diplomats
All officials are public men 

So, some public men are tactful.

2.

Everyone sane can do Logic 

All jurists are sane 

No teachers can do Logic
So, no teachers are jurists.

3.
All cyclists are fit

All scholars are weak
Fit people are never weak
So, no scholars are cyclists.

4. 
Babies are illogical
Nobody is despised who can manage crocodiles
Illogical persons are despised 

So, no babies can manage crocodiles.

5. 
All experienced people are competent 

John is always blundering 

No competent people always blunder 

So, John is not experienced.

6. 
Some people who have awful manners are tolerated

No people who are tolerated drink the blood of infants 

Werewolves drink the blood of infants
So, some people who have awful manners are not werewolves.
7. 
All Oxford dons are profound scholars 

No insensitive souls are great lovers of music 

All Don Juans are sensitive souls 

All profound scholars are great lovers of music
So, all Oxford dons are Don Juans.
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Major premise





Minor  premise





“Animals” is the Middle Term





Major  (predicate) 


term





Minor (subject)


term





a = “a” category sentence


e = “e” category sentence


i = “i” category sentence


o = “o” category sentence











S = subject term


M = middle term


P = predicate term





    PeM


MaS


(SeP





Fig. 4
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Fig. 2





Fig. 1
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The first premise allows us to shade in the region shown. The second premise tells us that there are some Hs within the area bridged by the “bar” (a bar must be used rather than an asterisk, since we do not know exactly where the Hs exist). Since the conclusion does not follow from the diagram (ie the Hs might be outside the G circle, on the right hand end of the bar), the argument is invalid.
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The syllogism is now VALID from the EXISTENTIAL VIEWPOINT.
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You must provide this conclusion yourself. 


That is, combine the two premises to get a conclusion that VALIDLY follows from the premises.








M





P





S





M





P





S





P





M





S





M





S





P





contradictory





The validity of this syllogism is obvious from the Venn diagram. The areas have been shaded according to information supplied by the premises. It is clear from the diagram that the conclusion MUST be true.
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Valid.
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