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What is reasoning?

Reasoning is the process of “drawing” conclusions from principles and from evidence

e deduce new conclusion — top-down

e evaluate proposed conclusion — bottom-up

Two main forms of reasoning:
1. deductive: from the general to the specific = no new information
> e.g. mathematics

2. inductive: from the specific to the general = new information
> e.g. experimental sciences

When and where do you use each type?
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Propositional logic

Syntax:

pVs
pAS
pDs

Semantics:

Observed world

it is raining%> . = p : it is not raining 5
. t t - .
she is sad ® atomic propositions { = she is not sad ©

it is raining or she is sad
it is raining and she is sad
if it is raining then she is sad

p @ it is not raining az3
s : she is sad ®
V(p)=0  V(s)=1

V(pvs)=1 V(pas)=0
V(pDs)=7



Wason selection task

IF A CARD SHOWS AN EVEN NUMBER ON ONE FACE,
THEN ITS OPPOSITE FACE IS BLUE.

58

https://www.youtube.com/watch?v=qNBzwwLiOUc
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Inference rules
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Theory of reasoning

Dual-process theory: Two systems in one brain
e System 1: implicit, automatic, unconscious

e System 2: explicit, controlled, conscious

Discussion:
In which contexts are you using either of these systems?
Separately or in parallel?

Some cogpnitive psychologists question the merits of studying logical formalisms.
What do you think can be gained by studying how people reason wrt. logical rules?
Would it seem more “scientific” to study intuitive reasoning?
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What about real life?

“Pure” logic is a structural description of what a valid statement is but...
for the analysis of daily language and arguments, it lacks certain operators.

There are many sentences that you cannot express in classic logic

but can be expressed in modal logic.

Example: "1 may get burned if | lie in the sun for too long”.

In classic logic, you can say: "l get burned if | lie in the sun for too long”

but not express the possibility of maybe getting burned.

Modal logic is an extension of classic propositional logic with modal operators
originally expressing possibility and necessity of a proposition.
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Modal logic

Propositional logic:

p
s

pOs
pPAS
pVvs

it is raining%:/? . . p : itis not raining &5
. atomic propositions - .
she is sad ® prop 5 she is not sad ©®

if it is raining then she is sad
it is raining and she is sad
it is raining or she is sad

Modal logic:

Op
Os

it is possible that it is raining
it is necessary that she is sad
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Possible world semantics

Op is true as for all possible worlds p is true

Os is true as there exists a possible world such that s is true

V() =1 V(s)=1

Possible worlds

p : it is raining %

p : it is raining %
5 : she is not sad ®

s : she is sad ®

Observed world
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Epistemic reasoning

The term modal logic also includes other extensions, for instance:
e temporal logic for the expression of past or future truths;
e deontic logic for the expression of obligations;

e epistemic logic for the expression of cognitive truth like belief and knowledge.



Muddy children puzzle

Several children are playing together outside. After playing they come inside, and their mother says o them, at least one of you has mud on your
head. Each child can see the mud on others but cannot see his or her own forehead. She then asks the following question over and over:

can you tell for sure whether or not you have mud on your head?

Assuming that all of the children are intelligent, honest, and answer simultaneously, what will happen? In this assignment, we will analyze this puzzle.
To get a feeling for what is being asked, we now figure out what happens if there are two children. First, suppose that exactly one is muddy. When
the mother asks the question, the muddy child sees no mud on the other child, and then can conclude that he has mud on his forehead. The other child
cannot tell whether or not she has mud on her forehead. Now, suppose that both children have mud on their forehead. When the mother asks the
question, neither can determine if they have mud on their foreheads since they see they other the child with mud. So, neither can answer yes to the
question. Now, when the mother asks the question the second time, both children realize that they must have mud on their head: if either didn't have
mud on their head, then the other child would have seen this and would have been able to answer yes the first time the mother asked the question.
So, both answer yes to the second time the question is asked.

In the first three problems, there are three children. In each problem the children know that at least one of them has mud on their forehead but
none know exactly how many children have mud on their forehead.

Problem 1. Suppose that there is exactly one child with mud on their forehead. Explain why, after the mother asks the question once, the muddy
child is able to answer yes and the other two children cannot answer yes.

Problem 2. Suppose that there is exactly two children with mud on their forehead. Explain why, after the mother asks the question once, no child is
able to answer yes. Also explain why, after the mother asks the question a second time, the children with mud on their foreheads can answer yes.

Problem 3. Now suppose that all three children have mud on their foreheads. Explain why each cannot answer yes after the mother asks the question
for the first and second time, but that each can answer yes after the third time.

Problem 4. Suppose that there are 4 children playing. Explain why, if there are k muddy children (k can be 1, 2, 3, or 4), that after the k-th time the
mother asks the question, the muddy children can answer yes, but that they cannot answer yes before the k-th time the question is asked.

http://sierra.nmsu.edu/morandi/coursematerials/MuddyChildren.htm/!
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