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1. Introduction to Arguments and Reasoning

< Question (fold —)

Your friend says:
'Everyone at school has
the new phone, so | need
one too.' What type of
reasoning is this?

What does it mean to
'think critically'?

In a class discussion
about school uniforms,
Jordan presents facts
from research studies,
while Taylor shares a
personal story about
being bullied for their
clothes. Which type of
evidence is stronger for
a logical argument?

Arrange these sentences
into a logical argument:
(A) '"Therefore, students
should be allowed to use
calculators on tests.' (B)
'Real-world math always
involves tools.' (C) 'Tests
should reflect real-world
situations.'

A classmate says: 'l don't
need to study for the
math test because | got
an A on the last one
without studying.' What
reasoning flaw is this?

What does 'begging the
question' mean in logic?

Answer

Bandwagon reasoning (appeal to popularity) — the popularity of something
doesn't prove it's necessary or that everyone actually has one — This is the
'bandwagon' or 'appeal to popularity' fallacy — arguing that something is right,
necessary, or good simply because many people do it. Two problems: (1) 'Everyone'is
probably an exaggeration, (2) Even if most people have something, that doesn't make it
necessary for you. Popular doesn't equal right.

Carefully analyzing information by questioning assumptions, evaluating evidence,
considering alternative explanations, and forming well-reasoned judgments
rather than accepting things at face value — Critical thinking is NOT being negative or
skeptical of everything. It's a disciplined process: (1) Question assumptions — 'How do
we know this?', (2) Evaluate evidence — 'Is this reliable?', (3) Consider alternatives —
'What else could explain this?', (4) Reason logically — 'Does the conclusion follow from
the evidence?' It's about thinking WELL, not thinking negatively.

Both have value but serve different purposes — research data is stronger for
proving general claims, while personal stories (anecdotes) are powerful but don't
prove universal trends — Research data (systematic, large sample) is stronger for
proving general trends: 'Schools with uniforms saw 12% less bullying.' Personal
anecdotes are powerful for illustrating impact but can't prove patterns: Taylor's
experience is real but might not represent everyone's. The strongest arguments use
BOTH: data for the general claim, personal stories to show real impact.

B — C — A: 'Real-world math involves tools' (premise 1) + 'Tests should reflect real-
world situations’ (premise 2) — 'Students should use calculators on tests'
(conclusion) — Logical arguments flow from premises to conclusion: (1) 'Real-world
math always involves tools' (Premise — establishes a fact about the real world), (2) 'Tests
should reflect real-world situations' (Premise — establishes a principle about testing), (3)
'Therefore, students should use calculators' (Conclusion — follows logically from both
premises). Note: you could argue against either premise!

Hasty generalization — drawing a broad conclusion from one example. One
success without studying doesn't guarantee future success, especially if the
material gets harder — Hasty generalization means drawing a sweeping conclusion
from too little evidence. One test result doesn't establish a pattern. The material
changes, difficulty increases, and luck plays a role. A single success is not evidence of a
universal rule. Better reasoning: 'l did well last time, so my foundation is solid, but |
should still review new material.'

A circular reasoning error where the conclusion is assumed in the premise — the
argument uses the thing it's trying to prove as its own evidence — 'Begging the
question' is circular reasoning: 'God exists because the Bible says so, and the Bible is
true because it's the word of God.' The conclusion (God exists) is assumed in the
premise (the Bible is God's word). The argument goes in a circle without actually proving



What does 'burden of
proof' mean in logical
reasoning?

Maya argues: 'We should
get a class pet because
studies show that
animals in classrooms
reduce student stress
and improve
attendance.' What is her
evidence?

A news article says: 'A
new study proves that
video games make kids
violent.' What questions
should you ask before
accepting this claim?

What is a 'premise’ in
logical reasoning?

What is a
'counterargument' and
why is it important to
consider
counterarguments when
building your own
arguments?

What is 'confirmation
bias' and how does it
affect our reasoning?

Alex says: 'Chocolate ice
cream is the best flavor
because I like it the
most.' Is this a logical
argument? Why or why

anything. To spot it, check if the evidence is just the claim rephrased.

The person making a claim is responsible for providing evidence to support it —
you can't ask others to prove your claim is wrong — Burden of proof means: if you
make a claim, YOU must support it with evidence. Saying 'prove me wrong' shifts the
burden unfairly. Example: If Sam claims there's a dragon in the school basement, Sam
must provide evidence — other students don't have to prove there ISN'T a dragon. This
principle is fundamental to rational discussion.

Studies showing that animals in classrooms reduce student stress and improve
attendance — Maya's claim is 'We should get a class pet.' Her evidence is the research
finding that 'animals in classrooms reduce student stress and improve attendance.'
Evidence is the factual support for a claim — it's the part that can be investigated or
verified. Good evidence makes arguments more convincing.

Who conducted the study? How large was the sample? Did they prove CAUSATION
or just CORRELATION? What does 'violent' mean in this context? Has the study
been replicated? Who funded it? — Red flags: (1) 'Proves' is too strong — one study
shows evidence, not proof, (2) Sample size matters — 20 kids vs. 20,000 kids, (3)
Correlation # causation — maybe aggressive kids choose violent games, not vice versa,
(4) Definition matters — does 'violent' mean aggressive thoughts or actual violence? (5)
Replication — have other studies found the same thing? (6) Funding — was the study
funded by an anti-gaming organization?

A premise is a statement accepted as true that serves as the starting point for an
argument — the building blocks that lead to a conclusion — Premises are the
foundational statements in an argument. In 'All dogs are animals' (premise 1) + 'Spot is a
dog' (premise 2) — 'Spot is an animal' (conclusion). If either premise is false, the
conclusion may be wrong. Good reasoning requires examining whether premises are
actually true before accepting the conclusion.

A counterargument is a reason or evidence that opposes your claim. Considering
counterarguments strengthens your argument because you can address
weaknesses before someone else points them out — A counterargument is the
strongest objection someone could raise against your claim. Addressing
counterarguments ('Some might say X, but actually Y because Z') makes your argument
much stronger because it shows you've thought critically about your own position.
Ignoring counterarguments makes your argument look one-sided and weaker.

The tendency to search for, notice, and remember information that confirms what
we already believe, while ignoring or dismissing evidence that contradicts our
beliefs — Confirmation bias means we naturally seek out information that agrees with
us and ignore information that doesn't. If you think a classmate is mean, you'll notice
every rude thing they do but overlook their kind actions. Scientists combat this by
actively trying to DISPROVE their own hypotheses. Awareness is the first step to reducing
this bias.

No — personal preference is not evidence. 'l like it' explains Alex's taste but
doesn't logically prove it's objectively 'the best' flavor for everyone — Alex confuses
personal preference with a logical argument. 'l like it' is a subjective opinion, not
evidence that it's objectively best. A stronger argument might use sales data, taste test
results, or nutritional comparisons. Personal preference is valid for personal choices but



not?

What is the difference
between 'objective' and
'subjective' statements?

What is a 'logical
conclusion'?

A commercial says: '4
out of 5 dentists
recommend BrightSmile
toothpaste!' What
questions should a
critical thinker ask about
this evidence?

What is an 'analogy' in
reasoning, and when can
analogies be helpful or
misleading?

Identify the reasoning
error: 'lt rained every
time | wore my lucky
socks this month.
Therefore, my socks
cause rain.'

Two students are having
a disagreement. Student
A says: 'You're wrong
because you always say
dumb things.' What's
wrong with this
response?

Someone argues: 'We've
always done it this way,
so we should keep doing
it this way.' What's the
problem with this
reasoning?

doesn't prove universal claims.

Objective statements can be verified as true or false through evidence (‘Water
boils at 100°C'). Subjective statements express personal feelings or opinions ('"Hot
chocolate tastes better than coffee') — Objective statements are verifiable regardless
of who evaluates them — 'The Earth orbits the Sun'is true no matter who says it.
Subjective statements depend on personal perspective — 'Sunsets are beautiful' varies
by individual. In logical reasoning, arguments built on objective evidence are stronger
than those built entirely on subjective opinions.

A statement that necessarily follows from the given premises — if the premises
are true, the conclusion MUST be true — A logical conclusion follows necessarily from
the premises. Given 'All cats are animals' and 'Whiskers is a cat,' the conclusion
'Whiskers is an animal' is FORCED — there's no way the premises can be true and the
conclusion false. This is different from a guess, a likely outcome, or a personal opinion.

How many dentists were surveyed? What exactly did they 'recommend'? Were
they paid by BrightSmile? Did they recommend it over NO toothpaste or over
competitors? What did the 5th dentist say? — Critical thinking questions: (1) Sample
size — 5 dentists or 5,000? (2) Wording — 'recommend' could mean 'it's okay' not 'it's the
best.' (3) Comparison — recommended over what? Maybe all toothpaste brands got
similar ratings. (4) Funding — was the study independent? (5) The missing dentist — why
didn't the 5th agree? Statistics require context to be meaningful.

An analogy compares two things to explain or argue a point. Helpful when the
comparison highlights a genuine similarity; misleading when the two things are
fundamentally different in important ways — Analogies compare familiar things to
unfamiliar ones: 'The heart is like a pump.' This helps understanding when the
comparison is accurate in relevant ways. But analogies become misleading when key
differences are ignored: 'Running a school is like running a factory' ignores that students
aren't products. Always ask: in what ways are these things DIFFERENT?

Correlation is not causation — just because two things happen at the same time
doesn't mean one causes the other — This is the 'correlation vs. causation' error —
one of the most common reasoning mistakes. The socks and rain coincide, but neither
causes the other. It probably rained on days when socks were worn by coincidence, or
perhaps the person wears lucky socks on days when rain is forecast. Always ask: could
there be another explanation?

It attacks the PERSON instead of addressing the ARGUMENT — this is called an 'ad
hominem' attack and doesn't actually disprove Student B's point — This is an 'ad
hominem' (Latin for 'to the person') attack — one of the most common logical fallacies.
Attacking someone's character doesn't address whether their argument is true or false.
Even if someone has been wrong before, their current argument might be correct. Good
reasoning responds to ideas, not to people.

Appeal to tradition — the fact that something has been done a certain way doesn't
mean it's the best way. Circumstances change, and better methods may exist —
The 'appeal to tradition' fallacy assumes that long-standing practices are automatically
correct. But traditions can be: outdated (we used to think the Earth was flat), harmful
(many past practices were unjust), or simply less effective than new methods. The age of
a practice says nothing about its quality. Always evaluate practices on their current
merits.



Read this argument: 'All
birds can fly. Penguins
are birds. Therefore,
penguins can fly.' The
logic is valid but the
conclusion is wrong.
Why?

What are the three basic
parts of a logical
argument?

Construct a simple
logical argument about a
topic you care about.
Include a clear claim, at
least two pieces of
evidence, and reasoning
that connects them.
Then identify the
strongest
counterargument.

Which of these is a
CLAIM rather than a fact?

What is the difference
between a 'strong'
argument and a 'weak’
argument?

The first premise is false — NOT all birds can fly (penguins, ostriches, kiwis). Valid
logic applied to a false premise produces a false conclusion — This demonstrates
the difference between VALIDITY (correct logical structure) and SOUNDNESS (valid
structure + true premises). The logic follows correctly: If all A are B, and Cis A, then Ciis
B. But 'all birds can fly' is false. A SOUND argument requires both valid logic AND true
premises. Always check your starting assumptions!

A claim (what you're trying to prove), evidence (facts or data supporting the
claim), and reasoning (the logical connection between the evidence and the claim)
— Every logical argument has: (1) a claim — the main point you're arguing, (2) evidence
— the facts, examples, or data that support the claim, and (3) reasoning — the logical
explanation of HOW the evidence supports the claim. Without all three, an argument is
incomplete.

A well-structured argument with a debatable claim, relevant evidence, logical
reasoning connecting evidence to claim, and an honest acknowledgment of the
strongest opposing point — Example: Claim: 'Schools should offer free breakfast.'
Evidence 1: 'Studies show students who eat breakfast score 17% higher on tests.'
Evidence 2: '13 million American children face food insecurity.' Reasoning: 'Since
nutrition affects learning and many students lack access, free breakfast directly
improves educational outcomes.' Counterargument: 'School budgets are limited —
funding might come from other programs.' Building and critiquing your own arguments
is the foundation of logical thinking.

'School should start later because students would be more alert' — it states a
position that can be debated — A claim is a statement that takes a position or makes
an argument that someone could reasonably disagree with. 'School should start later' is
a claim because it argues for a change. The other options are facts — they can be
verified by checking a schedule or calendar. Claims need evidence; facts just need
verification.

A strong argument has a clear claim supported by relevant, reliable evidence with
logical reasoning; a weak argument may lack evidence, use irrelevant evidence, or
have flawed reasoning — Argument strength depends on: (1) Is the evidence relevant
to the claim? (2) Is the evidence reliable and accurate? (3) Is the reasoning logical — does
the evidence actually support the conclusion? A short argument with strong evidence
beats a long argument with weak reasoning. Strength is about quality, not quantity.



2. Common Logical Fallacies

< Question (fold —)

'You can't criticize my
artwork because you
can't draw any better.'
What fallacy is this?

A company's ad says:
'Our competitors don't
want you to know about
this product!' Is this a
logical fallacy? If so,
which one?

'You can't trust Jake's
argument about
recycling because he got
a D in science class.'
What fallacy is this?

'No one has proven that
aliens DON'T exist, so
they must exist.' What
fallacy is this?

Someone argues: 'Either
we ban all social media
for kids, or we accept
that cyberbullying will
keep getting worse.
There's no middle
ground.' Identify the
fallacy and suggest a
middle-ground option.

What is a 'loaded
question' and why is it
unfair?

During a debate about
homework policy, one
student suddenly says:

Answer

Tu quoque ('you too') — deflecting criticism by pointing to the critic's own flaws
rather than addressing the critique itself — Tu quoque ('you too' or 'you're one to
talk') deflects valid criticism by attacking the critic's qualifications. But you don't need to
be a chef to know food tastes bad, or a filmmaker to critique a movie. The quality of the
criticism depends on its content, not on the critic's abilities. This fallacy avoids the actual
issue.

Yes — appeal to conspiracy/persecution complex. The claim that competitors are
hiding information creates a false sense that the product must be special because
it's being 'suppressed’' — This is a manipulative tactic that implies a conspiracy to
suppress the product, making consumers feel like insiders for knowing about it. The ad
provides zero evidence about product quality. Competitors 'not wanting you to know'
proves nothing — it's an unfalsifiable claim designed to build trust without evidence.
Always ask: what does this ad tell me about the actual product?

Ad hominem — attacking the person making the argument instead of addressing
the argument itself — Ad hominem attacks target the person rather than their
argument. Jake's science grade doesn't make his recycling argument wrong — even
experts can be wrong, and non-experts can be right. Always evaluate the ARGUMENT on
its own merits: Is the evidence accurate? Is the reasoning sound? The speaker's
character is irrelevant to the argument's validity.

Appeal to ignorance (argumentum ad ignorantiam) — claiming something is true
because it hasn't been proven false, or vice versa — The appeal to ignorance
reverses the burden of proof. Not being able to disprove something doesn't prove it
exists. By this logic, invisible dragons, time-traveling snails, and any unfalsifiable claim
would all be 'proven.' The burden of proof is on the person MAKING the claim, not on
those being asked to believe it.

False dilemma. Middle-ground options include: age-appropriate restrictions,
digital literacy education, anti-bullying tools built into platforms, parental
controls, or school-based programs — This is a false dilemma presenting only
extreme options. Real solutions exist between total ban and total inaction: digital
citizenship education, platform safety features, age verification, moderated spaces, anti-
bullying programs, and parental guidance tools. Complex problems rarely have only two
solutions. When someone presents 'all or nothing,' actively look for the middle ground.

A question that contains a hidden assumption, making it impossible to answer
without accepting the assumption. Example: 'Have you stopped cheating on
tests?' assumes you were cheating — Loaded questions embed an unproven
assumption that answering 'yes' or 'no' both confirm. 'Have you stopped cheating?'
assumes you were cheating. 'Why is your plan so terrible?' assumes the plan is terrible.
To counter: reject the premise. 'l reject the assumption in your question. | have never
cheated.' Recognizing loaded questions prevents being trapped.

Red herring — introducing an unrelated topic to divert attention away from the
actual issue being discussed — A red herring diverts attention from the actual topic.



'But what about the
school's terrible lunch
menu?' What fallacy is
this?

'My celebrity crush says
this brand of sneakers is
the best, so it must be
true.' What fallacy is this?

'If we let students use
phones during lunch,
next they'll want them in
class, then during tests,
and soon no one will
learn anything and
education will collapse!'
What fallacy is this?

A student argues: 'We
shouldn't have to take PE
because some kids have
physical disabilities and
can't participate fully.'
What fallacy might this
be?

'Think of the children! We
can't allow this!" without

explaining HOW children
would be affected. What

fallacy is being used?

'You shouldn't listen to
the doctor's advice about
exercise because
pharmaceutical
companies fund medical
research.' What fallacy is
this?

What is 'whataboutism'
and why does it fail as a
logical argument?

The lunch menu has nothing to do with homework policy. People use red herrings
(sometimes unintentionally) when they're losing an argument or want to avoid a difficult
topic. To counter: 'That's a separate issue. Let's stay focused on homework policy.'

Appeal to authority (specifically false authority) — the celebrity is famous for
entertainment, not shoe expertise, so their endorsement isn't reliable evidence of
quality — Appeal to authority becomes a fallacy when the 'authority' isn't actually an
expert on the topic. A celebrity's shoe endorsement is advertising, not expertise. A
podiatrist (foot doctor) recommending shoes would be a legitimate appeal to authority.
Always ask: Is this person an actual expert on THIS specific topic, or are they just
famous/respected in a different field?

Slippery slope — assuming that one small step will inevitably lead to extreme
consequences, without evidence that each step will actually follow — The slippery
slope fallacy chains together a series of increasingly extreme consequences without
proving each link is inevitable. Allowing phones at lunch doesn't automatically lead to
phones during tests — those are separate policy decisions. To counter a slippery slope:
'Each of those steps would require its own decision. Show me why step A necessarily
leads to step B.

A form of red herring or special pleading — the existence of accommodations for
some students doesn't argue against the general value of PE for all students —
This argument uses a specific exception to argue against a general rule. Schools already
accommodate students with disabilities in PE (modified activities, adaptive PE). The
existence of students who need accommodations doesn't logically lead to eliminating PE
for everyone. A stronger argument against PE would address its value directly, not use a
tangential concern.

Appeal to emotion — using emotional language to manipulate feelings instead of
providing logical evidence and reasoning — Appeal to emotion substitutes emotional
manipulation for logical argument. 'Think of the children' is used to shut down
discussion without explaining specific harms. Emotions are valid — but they should
supplement evidence, not replace it. A stronger argument would be: 'This policy harms
children BECAUSE [specific evidence].' Always ask: what's the actual evidence behind the
emotion?

Genetic fallacy — dismissing a claim based on its origin rather than evaluating the
claim itself on its evidence and logic — The genetic fallacy judges a claim by its source
rather than its content. While knowing about funding sources is important context,
exercise benefits are supported by thousands of independent studies worldwide.
Dismissing medical advice solely because of pharmaceutical funding ignores the actual
evidence. Always evaluate claims on their merits first, then consider source bias as
additional context.

Whataboutism deflects criticism by pointing to someone else's wrongdoing ('What
about when YOU did X?') instead of addressing the original issue. It's a red herring
that avoids the argument — Whataboutism redirects: 'Your country pollutes!" — 'What
about YOUR country's pollution?' The second country's pollution doesn't excuse the
first's. While hypocrisy is worth noting, it doesn't address the original argument. If
someone points out a real problem, the correct response is to address the problem, not
to deflect to someone else's problems. Both issues can be true simultaneously.

Argumentum ad populum (appeal to popularity/bandwagon) — the number of



'Millions of people
believe in astrology, so
there must be something
to it.' What fallacy is this?

During a debate, one
student says: 'If you
support recycling, you
probably want to shut
down ALL factories and
make everyone live in
caves!" What type of
fallacy is this?

What is a 'logical fallacy'?

What is the 'no true
Scotsman' fallacy?

Create a short dialogue
between two students
debating whether
homework should be
eliminated. One student
uses at least 2 logical
fallacies, and the other
student identifies and
corrects them. Label
each fallacy.

'People have been using
herbal remedies for
thousands of years, so
they must work better
than modern medicine.'
What TWO fallacies are
present?

'You're either with us or
against us.' What fallacy

people who believe something doesn't determine whether it's true — Appeal to
popularity assumes that widespread belief equals truth. History shows this is unreliable:
millions believed in geocentrism, that disease came from 'bad air,' and countless other
false ideas. Truth is determined by evidence and logic, not by counting believers. The
number of people who hold a belief is irrelevant to whether the belief is correct.

Straw man combined with slippery slope — they're both exaggerating the
opponent's position AND predicting extreme consequences — This combines straw
man (distorting 'support recycling' into 'shut down all factories/live in caves') with
slippery slope (suggesting recycling leads to extreme outcomes). Neither is what the
recycling advocate actually argued. To counter: 'I'm arguing for recycling programs, not
shutting down factories. Please address my actual argument.'

An error in reasoning that makes an argument invalid or misleading — the
conclusion doesn't actually follow from the evidence, even though it might sound
convincing — A logical fallacy is a flaw in the structure of an argument. The conclusion
might even be true, but the reasoning used to get there is broken. Learning to spot
fallacies helps you evaluate arguments honestly — both others' arguments and your
own. There are dozens of named fallacies, each representing a common reasoning
mistake.

Changing the definition of a group to exclude counterexamples. Example: 'No
good student would fail a test.' When shown a good student who failed: 'Well,
they're not a REAL good student' — Named after an example: 'No Scotsman puts
sugar on porridge.' 'But my uncle Angus does.' 'Well, no TRUE Scotsman does.' The
definition keeps changing to exclude counterexamples. This is common in everyday
arguments: 'No real sports fan would miss the big game.' 'But I'm a fan and | missed it.'
'Then you're not a REAL fan.' The goalposts keep moving.

A dialogue showing fallacious arguments being identified and countered with
logical responses, with correct fallacy labels — Example: Student A: 'Teachers who
assign homework are just lazy and don't want to teach properly.' (Ad hominem) Student
B: 'That attacks teachers rather than addressing whether homework helps learning.'
Student A: 'Either we eliminate ALL homework or students will be stressed forever.'
(False dilemma) Student B: 'Those aren't the only options. We could reduce amount,
change types, or set time limits.' Creating and analyzing dialogues like this builds fallacy-
detection skills for real conversations.

Appeal to tradition (old doesn't mean effective) and appeal to nature
(herbal/natural doesn't mean better). Modern medicine is tested with rigorous
clinical trials; age alone proves nothing — Two fallacies: (1) Appeal to tradition —
'thousands of years' doesn't validate effectiveness. Bloodletting was practiced for 2,000
years and is harmful. (2) Appeal to nature — herbal doesn't mean effective or safe.
Some herbal remedies ARE effective (aspirin comes from willow bark), but effectiveness
must be proven through testing, not assumed from tradition. Modern medicine tests
treatments with randomized controlled trials.

False dilemma (false dichotomy) — presenting only two options when there are
actually more possibilities, like being neutral, partially agreeing, or having a
different perspective entirely — The false dilemma forces an artificial choice between
two extremes, ignoring the middle ground. 'You're either with us or against us'



does this statement
represent?

What is the difference
between 'appeal to
authority' as a fallacy and
a legitimate use of expert
opinion?

'Eating organic food is
natural, and natural
things are always good
for you.' What TWO
fallacies are combined
here?

' left my umbrella at
home and it rained. My
umbrella prevents rain!'
What two fallacies are
combined here?

Coach says: 'Every player
who scored a goal today

ate pasta for lunch. Pasta
gives you energy to score
goals!' What fallacy is the
coach making?

Maria argues for later
school start times. Ben
responds: 'Maria thinks
students should sleep all
day and never come to
school!' What fallacy is
Ben committing?

eliminates options like: partially agreeing, having a different perspective, being
undecided, or supporting the goal but disagreeing with the method. Most real situations
have more than two options.

It's a legitimate argument when the authority is a genuine expert in the
RELEVANT field. It's a fallacy when the authority is not an expert on the topic,
when experts disagree, or when expertise is used to shut down valid questions —
Legitimate appeal to authority: citing a climate scientist on climate (relevant expertise,
peer-reviewed research). Fallacious appeal: citing a famous actor on vaccine safety (not
their field), or saying 'Dr. Smith says so, end of discussion' (authority should supplement
evidence, not replace it). Key tests: Is the person an expert in THIS field? Do other
experts agree? Is the claim supported by evidence beyond the authority?

Appeal to nature (assuming natural = good) and hasty generalization (claiming ALL
natural things are good — poison ivy, arsenic, and snake venom are all natural) —
Two fallacies: (1) Appeal to nature — assuming 'natural’ automatically means 'healthy' or
'good.' Many natural things are deadly: arsenic, hemlock, rattlesnake venom. (2) Hasty
generalization — 'always' is too strong. Some natural foods are healthier than processed
alternatives, but that doesn't mean everything natural is good or everything artificial is
bad.

Post hoc ergo propter hoc (false cause — assuming that because B followed A, A
caused B) combined with correlation-causation confusion — 'Post hoc ergo propter
hoc' (Latin: 'after this, therefore because of this') assumes that because rain followed
forgetting the umbrella, the forgetting caused the rain. This is absurd when obvious, but
the same reasoning error is common in subtle forms: 'l got sick after eating sushi, so the
sushi made me sick' (possible but not proven — you might have been exposed to a virus
elsewhere).

False cause (cum hoc ergo propter hoc) — assuming that because pasta-eating and
goal-scoring occurred together, one caused the other, ignoring other factors like
skill, practice, and opponent quality — The coach commits the false cause fallacy by
assuming that pasta consumption caused goals. Problems: (1) What about players who
ate pasta but didn't score? (2) What about strikers who are more likely to both eat a big
lunch and score? (3) Many other factors affect scoring. (4) Maybe the best players just
happen to prefer pasta. Correlation # causation.

Straw man — Ben is misrepresenting Maria's argument (later start times) as
something extreme she didn't say (sleep all day/never come to school) to make it
easier to attack — The straw man fallacy creates a distorted, exaggerated version of
someone's argument and attacks THAT instead of the real argument. Maria said 'start
later,' not 'sleep all day.' By attacking the extreme version, Ben avoids addressing her
actual points. To counter: 'That's not what | said. | argued for starting at 9 AM instead of
7:30 AM.!



3. Deductive vs Inductive Reasoning

< Question (fold —)

Which of the following is a valid
deductive argument?

Why can a strong inductive
argument still have a false
conclusion?

Marcus notices that every time he
studies for at least 2 hours, he
gets an A on the test. He has a
test tomorrow and studied for 3
hours. He predicts he'll get an A.
What type of reasoning is Marcus
using?

What is 'abductive reasoning'?

Which of the following makes an
inductive argument STRONGER?

Why is inductive reasoning
essential even though it can't
provide absolute certainty?

A detective finds fingerprints at a
crime scene matching a suspect.
She reasons: 'These fingerprints
match the suspect. The suspect
was likely at the scene.' What type
of reasoning is this?

A scientist observes that plants

Answer

No reptiles are mammals. All snakes are reptiles. Therefore, no snakes are
mammals. — The correct answer is valid because: No reptiles are mammals (all
excluded), and all snakes are reptiles (snakes are in the excluded group), so no
snakes can be mammals. The others fail: 'some’ and 'most' don't guarantee
conclusions about specific individuals.

Because inductive conclusions are based on limited observations and new
evidence could contradict them — Inductive reasoning draws conclusions
from limited observations. No matter how many confirming examples you see,
there could always be an exception you haven't encountered yet. This doesn't
make induction useless — it's essential for science — but its conclusions are
probable, not certain.

Inductive reasoning — he's using a pattern from past experiences to
predict a future outcome — Marcus is reasoning inductively: he's observed a
pattern (studying 2+ hours — A) and predicting it will continue. While his
prediction is reasonable, it's not guaranteed — the next test might be much
harder, or he might be tired.

Reasoning to the best explanation — choosing the most likely explanation
for a set of observations — Abductive reasoning selects the most likely
explanation from available evidence. When you wake up to a wet lawn, you
might reason: 'The best explanation is that it rained overnight' (even though
sprinklers or dew are possible). Doctors use abduction when diagnosing:
symptoms + knowledge — most probable cause.

Having a larger and more diverse set of observations supporting the
conclusion — Inductive arguments become stronger with more observations
from diverse conditions. Seeing 3 white swans is weak induction; seeing 10,000
white swans across multiple continents is much stronger. Diversity matters too
— testing a medicine on only young males gives weaker evidence than testing
across ages and genders.

Because most real-world knowledge requires generalizing from limited
observations — we can't observe everything — Inductive reasoning is how
we build knowledge about the world. We can't observe every electron, every
historical event, or every medical outcome — we must generalize from samples.
Science, medicine, engineering, and everyday decision-making all depend on
strong inductive reasoning despite its inherent uncertainty.

Inductive reasoning — fingerprint evidence makes it very probable, but
doesn't guarantee the suspect was at the scene — This is strong inductive
reasoning. While fingerprint evidence is very compelling, it doesn't guarantee
the suspect was at the scene — fingerprints could theoretically be transferred.
Detectives build cases using strong inductive evidence that, combined, makes
alternative explanations extremely unlikely.

Inductive reasoning — she's generalizing from specific experimental



grow faster when given more
sunlight in 20 experiments. She
concludes that sunlight promotes
plant growth. What type of
reasoning is this?

Construct a valid deductive
argument using these premises:
'All even numbers are divisible by
2'and '16 is an even number.'

What is a 'syllogism'?

Alex says: 'My phone crashed
after | installed that app. My
friend's phone also crashed after
installing it. The app must cause
crashes." What would make this
inductive argument stronger?

What is a 'premise’ in a logical
argument?

What is an analogy in reasoning?

Which of the following is an
example of inductive reasoning?

Consider this argument: 'All dogs
are animals. All animals need
water. Therefore, all dogs need
water.' This is an example of
what?

What does it mean for a
deductive argument to be 'valid
but unsound'?

Which of the following is an
example of deductive reasoning?

observations — This is inductive reasoning because she moves from specific
observations (20 experiments showing faster growth) to a general conclusion
(sunlight promotes plant growth). Most scientific research uses inductive
reasoning to build theories from evidence.

Therefore, 16 is divisible by 2 — Following the deductive pattern: All even
numbers (general category) are divisible by 2 (property). 16 is an even number
(specific case in the category). Therefore, 16 is divisible by 2 (the specific case
must have the property). This is guaranteed to be true.

A deductive argument with two premises and a conclusion that follows
logically from them — A syllogism is the most basic form of deductive
reasoning: two premises lead to a conclusion. Example: 'All humans are mortal
(premise 1). Socrates is human (premise 2). Therefore, Socrates is mortal
(conclusion)." Aristotle developed this system over 2,000 years ago.

Testing on many more phones of different types and confirming the
crashes stop when the app is uninstalled — Two phones crashing is
suggestive but weak. To strengthen the argument: test on many phones (larger
sample), use different models (diverse sample), check if uninstalling fixes it
(establishing causation, not just correlation), and rule out other causes like
software updates that happened at the same time.

A statement that provides evidence or reasons supporting the conclusion
— A premise is a statement assumed or proved to be true that serves as the
basis for a conclusion. In the argument 'All fish live in water; goldfish are fish;
therefore goldfish live in water,' the first two statements are premises.

Comparing two similar things to conclude that what's true of one is likely
true of the other — Analogical reasoning compares two things that share
relevant similarities and concludes that they probably share other properties
too. It's a form of inductive reasoning — useful but not guaranteed, since the
two things might differ in important ways.

Every swan I've ever seen is white, so | conclude that all swans are
probably white. — This is inductive because it moves from specific
observations (every swan I've seen is white) to a general conclusion (all swans
are probably white). Notably, black swans do exist, showing inductive
conclusions can be wrong.

A chain syllogism — where the conclusion of one deductive step becomes
the premise of the next — This is a chain (or hypothetical) syllogism: Dogs —
Animals — Need water, therefore Dogs — Need water. The middle term
‘animals' links the two premises. Each step is valid deduction, and chaining valid
deductions produces a valid overall argument.

The logical structure is correct, but at least one premise is false — A valid
argument has correct logical structure — IF the premises were true, the
conclusion would follow. A sound argument is valid AND has true premises.
Example: 'All cats can fly. Fluffy is a cat. Therefore, Fluffy can fly' is valid (the
logic works) but unsound (cats can't fly).

All mammals are warm-blooded. Dogs are mammals. Therefore, dogs are
warm-blooded. — This follows the classic deductive pattern: a general rule (all
mammals are warm-blooded), a specific case (dogs are mammals), and a



What is the key difference
between deductive and inductive
reasoning?

A math teacher says: 'lf a number
is divisible by 6, then it is divisible
by 3. The number 24 is divisible
by 6. Therefore, 24 is divisible by
3.' What type of reasoning is this?

Lena tested 4 batteries from
Brand X and they all lasted over
10 hours. She says: 'Brand X
batteries always last over 10
hours." What weakness exists in
her inductive reasoning?

Consider: 'If it rains, the ground
gets wet. The ground is wet.
Therefore, it rained.' Is this valid
deductive reasoning?

In science, what role does
deductive reasoning play after a
hypothesis is formed?

A valid deductive argument with
true premises guarantees what?

A student argues: 'l got food
poisoning every time | ate at that
restaurant. | won't eat there again
because I'll get sick.' Is this
reasoning deductive or inductive,
and is it strong?

What is a 'counterexample' and
why is it important?

guaranteed conclusion (dogs are warm-blooded).

Deductive goes from general rules to specific conclusions; inductive goes
from specific observations to general conclusions — Deductive reasoning
applies general principles to reach specific conclusions (top-down), while
inductive reasoning builds general conclusions from specific observations
(bottom-up).

Deductive reasoning — applying a mathematical rule to a specific case
with a guaranteed conclusion — This is deductive reasoning: a general
mathematical rule (divisible by 6 — divisible by 3) is applied to a specific case
(24), giving a guaranteed conclusion. Mathematics is the strongest domain for
deductive reasoning because its rules are precisely defined.

Her sample size is too small — 4 batteries isn't enough to confidently
generalize about all Brand X batteries — Lena's conclusion is based on only 4
observations — a very small sample. Some of those batteries might have been
from the same production batch. With millions of batteries produced, 4 isn't
enough to generalize. A larger, random sample across different batches would
make her argument much stronger.

No — the ground could be wet for other reasons (sprinkler, spilled water),
so this commits the fallacy of affirming the consequent — This is the fallacy
of 'affirming the consequent.' Rain causes wet ground, but wet ground doesn't
prove rain — sprinklers, spills, or flooding could also be responsible. Valid
deduction would be: 'If it rains, the ground gets wet. It rained. Therefore, the
ground is wet.'

It's used to derive specific, testable predictions from the general
hypothesis — Science uses both reasoning types in a cycle: inductive reasoning
builds hypotheses from observations, then deductive reasoning derives specific
predictions ('if hypothesis X is true, then we should observe Y'). These
predictions are tested experimentally, and results feed back into new inductive
reasoning.

A true conclusion — This is the power of deductive reasoning: if your premises
are true and your logic is valid, the conclusion is guaranteed to be true. This
certainty is what makes deduction so valuable in mathematics and formal logic.

Inductive reasoning, and it's reasonably strong — a pattern of repeated
bad experiences supports the conclusion — This is inductive reasoning —
generalizing from past experience. It's reasonably strong because repeated
food poisoning at the same place is significant evidence. However, it's not
certain: the restaurant might have changed management, fixed health issues,
or the student might have had a coincidental illness.

A specific case that disproves a general claim — one counterexample can
destroy an inductive conclusion — A counterexample is a single case that
contradicts a universal claim. If someone claims 'all swans are white,' finding
one black swan is a counterexample that disproves the entire claim. This is why
inductive conclusions using 'all' or 'always' are risky — they're vulnerable to a
single counterexample.



4. Argument Mapping and Structure

< Question (fold —)

Identify the main claim in this passage:
'Video games aren't just entertainment.
Research shows they improve problem-
solving skills, reaction time, and even
teamwork. While some games contain
violence, many educational games help
students learn. Therefore, schools
should consider incorporating video
games into their curriculum.’

When mapping an argument, which
should you identify FIRST?

What is the most effective way to
challenge a strong argument?

Read this argument: 'Schools should
ban sugary drinks because a 2023 study
found that students who drink water
instead score 12% higher on tests.
Unless the study is later disproven, this
evidence is compelling.' Identify the
qualifier.

Someone argues: 'We should choose
Maya as team captain because she
scored the most goals this season.'
What hidden assumption does this
argument rely on?

What is 'circular reasoning' in an
argument?

What is a 'sub-claim' in an argument
map?

Answer

Schools should consider incorporating video games into their
curriculum — The main claim is the final sentence, signaled by
'therefore.' Everything before it — the evidence about skills, the
acknowledgment of violence concerns — builds toward this conclusion.
'Video games aren't just entertainment' is a sub-claim that supports the
main claim.

The main claim — what is the arguer trying to convince you of? —
Always identify the main claim first. This anchors the entire argument
map. Once you know what the arguer is trying to prove, you can then
identify what evidence they provide, what warrants connect the evidence
to the claim, and what rebuttals they acknowledge.

Attack the weakest warrant or hidden assumption — show that the
evidence doesn't actually support the claim the way the arguer
thinks — The most effective challenge targets the warrant — the logical
bridge between evidence and claim. Even if the evidence is solid, the
warrant might be flawed. For the uniform argument: 'The study shows
less bullying, but that doesn't mean uniforms CAUSED it — maybe those
schools also had anti-bullying programs."

There is no qualifier — the claim 'should ban' is stated as absolute
without words like 'probably’ or 'generally’ — This argument has no
qualifier — the claim 'should ban' is absolute. Adding a qualifier like
'Schools should probably limit sugary drinks' would make it more
defensible. The 'unless' statement is a rebuttal (acknowledging a
condition where the claim fails), not a qualifier.

That the best scorer would make the best captain — that scoring
ability equals leadership ability — The argument assumes scoring
ability translates to captaincy ability. But a captain needs leadership,
communication, and motivational skills — not just athletic performance.
Challenging this hidden assumption reveals the argument's weakness: it
conflates two different skill sets.

When the conclusion is used as one of the premises — the argument
assumes what it's trying to prove — Circular reasoning (begging the
question) occurs when the conclusion appears as a premise in disguise.
'We should trust the news because they report truthful information' is
circular if 'reporting truthful information' is just another way of saying 'we
should trust them.'

A smaller claim that supports the main claim — it needs its own
evidence but ultimately feeds into the larger argument — Sub-claims
are intermediate conclusions that support the main claim. For example,
the main claim 'Our school needs a garden' might be supported by sub-



Consider: 'We should have a longer
recess (claim) because studies show
physical activity improves academic
performance (evidence).' What is the
hidden warrant?

Map this complete argument,
identifying claim, evidence, warrant,
qualifier, and rebuttal: 'Reusable water
bottles are probably better for the
environment than disposable ones.
Americans throw away 50 billion plastic
bottles per year, and each takes 450
years to decompose. Of course,
reusable bottles require more energy to
manufacture initially.'

How does a 'convergent argument’
differ from a 'linked argument'?

Why does addressing
counterarguments actually
STRENGTHEN your own argument?

What is the difference between a
'strong' argument and a 'valid'
argument?

What is a 'counterargument'?

In an argument map, what does an

claims like 'Gardens improve student nutrition' and 'Gardens teach
science concepts.' Each sub-claim needs its own evidence.

Recess provides physical activity, and what improves academic
performance should be increased — The argument assumes: (1) recess
actually involves physical activity (some kids might just sit), and (2)
improving academic performance is a goal worth pursuing by extending
recess. These hidden warrants are what make the evidence relevant to
the claim.

Claim: reusable bottles are better for environment. Evidence: 50B
bottles discarded/year, 450-year decomposition. Warrant: reducing
long-lasting waste is environmentally better. Qualifier: 'probably.’
Rebuttal: higher manufacturing energy for reusable bottles. — This
argument has all five Toulmin components: the claim (reusable is better)
is qualified by 'probably,' supported by statistical evidence (50B bottles,
450 years), connected by an implicit warrant (reducing persistent waste
benefits the environment), and includes a rebuttal acknowledging the
counterpoint about manufacturing energy.

In a convergent argument, each piece of evidence independently
supports the claim; in a linked argument, the evidence must work
together — In a convergent argument, each piece of evidence
independently supports the claim — removing one doesn't destroy the
others. In a linked argument, the evidence pieces depend on each other.
Example of linked: 'The forecast says rain (evidence 1) AND we'll be
outside (evidence 2), so bring an umbrella.' Neither piece alone is
sufficient.

It shows you've considered other viewpoints and can explain why
your position is still stronger despite objections — Addressing
counterarguments demonstrates intellectual rigor. An audience is more
likely to trust someone who acknowledges legitimate concerns and
explains why their position still holds. Ignoring obvious objections makes
an argument look weak or dishonest.

'Valid' applies to deductive arguments (the conclusion necessarily
follows from premises); 'strong' applies to inductive arguments (the
conclusion is well-supported but not guaranteed) — In formal logic,
'valid' describes deductive arguments where the conclusion follows
necessarily from the premises (even if premises are false). 'Strong'
describes inductive arguments where evidence makes the conclusion
probable but not certain. Using the correct term shows you understand
which type of reasoning is being used.

An argument that opposes or challenges the main claim, presenting
reasons why the claim might be wrong — A counterargument presents
the opposing perspective. Strong arguers include and address
counterarguments rather than ignoring them. This shows intellectual
honesty and makes the overall argument more persuasive by
demonstrating the arguer has considered alternatives.

A 'supports' relationship — the evidence is being used as a reason to
accept the claim — In argument mapping, arrows represent logical



arrow from a box labeled 'Evidence' to a
box labeled 'Claim' represent?

Identify the hidden assumption: 'This
restaurant has great online reviews, so
the food must be excellent.'

What is a 'rebuttal’ in argument
mapping?

In the Toulmin model of argumentation,
what is a 'claim'?

Read this argument: 'Homework should
be limited to 30 minutes per night. The
American Pediatric Society recommends
this limit, excessive homework causes
stress and sleep deprivation, and
countries with less homework like
Finland consistently outperform the US
on international tests.' How many
independent pieces of evidence support
the claim?

What makes a piece of evidence
'relevant' to a claim?

What does 'burden of proof' mean in
argumentation?

What is a 'hidden assumption' in an
argument?

support relationships. An arrow from evidence to claim means 'this
evidence is a reason to believe this claim.' This visual representation
helps you see the structure of complex arguments at a glance.

Online reviews accurately reflect food quality and aren't fake,
biased, or based on factors other than food — This argument assumes
online reviews are reliable indicators of food quality. But reviews might
be fake (paid reviews), biased (only extreme experiences get reviewed),
or based on other factors (ambiance, service, price). The hidden
assumption that reviews = food quality is the argument's weakest link.

An acknowledgment of conditions under which the claim might not
hold true, or a response to counterarguments — A rebuttal
acknowledges limitations or exceptions to the claim. For example:
'Students should have longer recess, UNLESS the extra time would cut
into core instruction that can't be made up.' Including rebuttals actually
strengthens an argument by showing the arguer has considered
opposing viewpoints.

The main point or conclusion the arguer is trying to prove — In the
Toulmin model, the claim is the central assertion — what the arguer
wants the audience to accept. Everything else in the argument (evidence,
warrants, qualifiers) exists to support the claim.

Three: expert recommendation, health effects research, and
international comparison data — There are three independent pieces
of evidence: (1) expert authority (American Pediatric Society
recommendation), (2) research on negative effects (stress, sleep
deprivation), and (3) international comparison data (Finland's success
with less homework). This is a convergent argument — each piece
independently supports the claim.

It has a logical connection to the claim — it actually helps prove or
disprove the specific point being made — Relevance means the
evidence logically connects to the claim. Accurate evidence can still be
irrelevant — knowing that 'the school has 500 students' doesn't support
the claim that 'we need a new gym.' Evidence must address the specific
point being argued, not just be true and interesting.

The responsibility to provide evidence falls on the person making
the claim, not on those who doubt it — Burden of proof means the
person making a claim must support it — it's not the audience's job to
disprove it. If someone says 'This herb cures headaches,' they must
provide evidence. It's a logical error to say 'Well, you can't prove it
DOESN'T work.'

An unstated belief that the argument depends on to work, which
the arguer assumes the audience already accepts — Hidden
assumptions are unstated premises that must be true for the argument
to work. They're the most vulnerable part of many arguments because
the audience might not share those assumptions. Identifying them is one
of the most powerful critical thinking skills.



What is a 'qualifier' in the Toulmin
model?

What is a 'warrant' in an argument?

What is 'evidence' (also called 'grounds’)
in an argument?

Map this argument by identifying the
evidence: 'Students should wear
uniforms. A study of 50 schools found
that uniforms reduced bullying by 30%.
Additionally, 85% of parents surveyed
said uniforms saved them money on
school clothes.

A word or phrase that limits the strength of the claim, like
‘probably,' 'usually,’ or 'in most cases' — Qualifiers indicate the degree
of certainty in a claim. Words like 'probably,’ 'typically,' 'in most cases,’
and 'generally' make claims more honest and harder to disprove. A claim
that 'exercise usually improves mood' is stronger than 'exercise always
improves mood' because it acknowledges exceptions.

The logical bridge that explains WHY the evidence supports the
claim — often an unstated assumption — A warrant is the underlying
principle or assumption that makes the evidence relevant to the claim.
For example: Claim: 'Bring an umbrella.' Evidence: 'The forecast says
rain.' Warrant (unstated): 'Umbrellas keep you dry in rain.' Identifying
hidden warrants is a crucial critical thinking skill.

The facts, data, examples, or observations that support the claim —
Evidence (or grounds) provides the factual foundation for a claim. It can
include statistics, expert testimony, research findings, personal
observations, or documented examples. Without evidence, a claim is just
an unsupported assertion.

Two pieces of evidence: (1) a study showing 30% reduction in
bullying across 50 schools, and (2) a survey showing 85% of parents
saved money — This is a convergent argument with two independent
pieces of evidence: (1) a 50-school study on bullying reduction and (2) a
parent survey on cost savings. Each independently supports the claim.
Notice signal words: 'A study found' and 'Additionally' indicate separate
evidence.



5. Truth Tables and Boolean Logic

< Question (fold —)

Complete this truth
table row: P = FALSE, Q
=TRUE. What is P AND
Q? Whatis P OR Q?

What is the difference
between the
'converse' and the
'contrapositive' of a
conditional statement?

What is 'proof by
contradiction' and how
does it use Boolean
logic?

The statement 'If it
rains, the ground gets
wet' is true. It didn't
rain today. What can
you conclude about
the ground?

In Boolean logic, what
does the OR operator
do?

Evaluate: NOT (TRUE
AND FALSE). What is
the result?

In Boolean logic, what
does the AND
operator do?

What is 'logical
equivalence'?

Avideo game has this
rule: a door opens

Answer

P AND Q = FALSE (need both true), P OR Q = TRUE (at least one is true) — P AND Q:
FALSE AND TRUE = FALSE because AND requires both to be true, and P is false. P OR Q:
FALSE OR TRUE = TRUE because OR only needs one to be true, and Q is true.

The converse flips P and Q without negating (If Q, then P); the contrapositive flips
AND negates (If NOT Q, then NOT P). Only the contrapositive is guaranteed to have
the same truth value. — The converse (If Q, then P) is NOT logically equivalent to the
original. 'If it's an animal, then it's a dog' is clearly false even though 'If it's a dog, then it's
an animal' is true. The contrapositive (If NOT Q, then NOT P) IS always equivalent — 'If it's
not an animal, then it's not a dog' is also true.

Assume the opposite of what you want to prove is true, then show this leads to a
logical contradiction (P AND NOT P) — proving the original claim — Proof by
contradiction (reductio ad absurdum) works by assuming the negation of what you want to
prove, then deriving a contradiction (something that's both true and false). Since
contradictions are impossible, the assumption must be false, meaning the original claim is
true. Euclid famously used this to prove there are infinitely many prime numbers.

Nothing — the ground might be wet or dry; the rule only tells us what happens when
it DOES rain — When the 'if' condition is false (it didn't rain), the conditional tells us
nothing. The ground could be wet from sprinklers, a hose, or spilled water. This is a critical
logic concept: 'If P then Q' only guarantees Q when P is true. When P is false, Q could be
either true or false.

Returns TRUE when at least one input is true — it's only false when BOTH inputs are
false — OR (inclusive OR) returns true when at least one input is true. It's only false when
everything is false. 'l'll go to the park if it's sunny OR warm' — sunny alone works, warm
alone works, and sunny-and-warm also works. Only cold-and-cloudy fails.

TRUE — first evaluate the AND (TRUE AND FALSE = FALSE), then apply NOT (NOT
FALSE = TRUE) — Boolean expressions follow order of operations like math. First evaluate
inside the parentheses: TRUE AND FALSE = FALSE (AND needs both true). Then apply NOT
to the result: NOT FALSE = TRUE. This is De Morgan's Law in action: NOT (A AND B) is the
same as (NOT A) OR (NOT B).

Returns TRUE only when BOTH inputs are true — if either input is false, the result is
false — AND is the strictest Boolean operator. Both conditions must be true for the
combined statement to be true. 'l have a ticket AND | have my ID' — you need both to get
into the concert. If either is missing, you can't get in.

Two statements are logically equivalent when they have the same truth value in
every possible situation — Logically equivalent statements always have matching truth
values across all possible inputs. For example, 'If P then Q" and 'If NOT Q then NOT P’
(contrapositive) are logically equivalent — their truth tables produce identical outputs for
every combination of P and Q values.

Yes — hasKey is true, NOT hasCurse is true, so hasKkey AND NOT hasCurse is true.



when (hasKey AND
NOT hasCurse) OR
isAdmin. If a player
has a key and no
curse, does the door
open?

What is a 'conditional
statement' (if-then
statement) in logic?

What is De Morgan's
Law in Boolean logic?

Whatis a
'contradiction’ in logic?

What is 'modus
ponens' — the most
fundamental rule of
logical inference?

What does the NOT
operator do in
Boolean logic?

What is a 'tautology' in
logic?

If Pis TRUE and Q is
FALSE, what is the
value of P OR Q?

In a truth table for 'P
— Q' (If P, then Q),
when is the
conditional FALSE?

In programming, you
write: 'if (age >= 13
AND

hasParentPermission)'.

TRUE OR anything is true. — Step by step: hasKey=TRUE, hasCurse=FALSE — NOT
hasCurse=TRUE. So hasKey AND NOT hasCurse = TRUE AND TRUE = TRUE. The full
expression becomes TRUE OR isAdmin. Since OR returns true when at least one input is
true, the door opens regardless of admin status.

A statement of the form 'If P, then Q' — it claims that whenever P is true, Q must
also be true — A conditional (P — Q) claims that P being true guarantees Q is true. The 'if'
part (P) is called the antecedent or hypothesis; the 'then' part (Q) is the consequent or
conclusion. Conditional statements are the backbone of logical reasoning and
programming.

NOT (A AND B) equals (NOT A) OR (NOT B), and NOT (A OR B) equals (NOT A) AND
(NOT B) — negation flips AND/OR — De Morgan's Laws show how negation distributes
over AND and OR by flipping them. 'It's NOT the case that it's sunny AND warm' means the
same as 'lt's NOT sunny OR it's NOT warm' — at least one must be false. This is
fundamental in both logic and programming.

A statement that is always false regardless of the truth values of its components,
like 'P AND NOT P' — A contradiction is false in every row of its truth table. 'P AND NOT P'
can never be true because something can't be both true and false at the same time. If an
argument leads to a contradiction, something in the premises must be wrong — this is the
basis of 'proof by contradiction.'

If P implies Q, and P is true, then Q must be true. (If P~Q and P, then Q.) — Modus
ponens is the most basic valid argument form: given 'If P then Q' and 'P is true,' you can
conclude 'Q is true.' This is how we apply rules to specific cases. Every time you think 'The
rule says X, and this situation matches, so the result applies,' you're using modus ponens.

Flips the truth value — NOT TRUE becomes FALSE, and NOT FALSE becomes TRUE —
NOT (also called negation) reverses a truth value. If It is raining' is TRUE, then 'lt is NOT
raining' is FALSE. NOT is the only basic Boolean operator that takes a single input — AND
and OR both require two inputs.

A statement that is always true regardless of the truth values of its components, like
'P OR NOT P' — A tautology is true in every row of its truth table. 'P OR NOT P’ (called the
law of excluded middle) is always true: either P is true or its negation is true — there's no
third option. Tautologies are important because they represent logical laws that hold
universally.

TRUE — OR only needs at least one to be true, and P is true — P OR Q is TRUE because
OR needs at least one true input, and P is TRUE. OR is false only when both inputs are
false. 'You can get in with a student ID OR a ticket' — having the student ID is enough even
without a ticket.

Only when P is TRUE and Q is FALSE — a true hypothesis leading to a false conclusion
breaks the promise — The conditional 'If P, then Q' is false ONLY when P is true but Q is
false — the condition was met but the promise was broken. In all other cases (including
when P is false), the conditional is considered true. This surprises many people, but a
promise you never needed to keep isn't a broken promise.

Only when the user is 13 or older AND also has parent permission — both conditions
must be true — This is Boolean AND applied in programming. Both age >= 13 AND
hasParentPermission must evaluate to true. A 12-year-old with permission fails (age check



Under what conditions
does the code inside
this 'if' block execute?

A search engine uses
Boolean logic. If you
search for 'cats AND
dogs,' what results do
you get?

What is 'modus
tollens™

Build a truth table for
NOT (P OR Q). What
are the results for all
four input
combinations?

What is 'exclusive OR'
(XOR) and how does it
differ from regular
OR?

If Pis TRUEand Qis
FALSE, what is the
value of P AND Q?

How many rows does
a truth table for TWO
variables (P and Q)
have?

What is the
'contrapositive' of the
statement 'If itis a
dog, then itis an
animal'?

is false). A 15-year-old without permission fails (permission check is false). Only someone
13+ with permission succeeds.

Only pages that contain BOTH the word 'cats' and the word 'dogs' — Boolean AND in
search engines works exactly like logical AND: both terms must be present in the result.
This narrows your search. By contrast, 'cats OR dogs' would return pages about either or
both, which is broader.

If P implies Q, and Q is false, then P must be false. (If P-Q and NOT Q, then NOT P.)
— Modus tollens works by denying the conclusion to deny the premise. If rain always
causes wet streets, and the streets are dry, then it didn't rain. This is the contrapositive in
action and is how scientists disprove hypotheses: 'If my theory is correct, X should happen.
X didn't happen. Therefore, my theory is wrong.'

TT—F, TF—F, FT—>F, FF>T — NOT (P OR Q) is only true when BOTH P and Q are false —
Step by step: P=T,Q=T: T OR T=T, NOT T=F. P=T,Q=F: T OR F=T, NOT T=F. P=F,Q=T: F OR T=T,
NOT T=F. P=F,Q=F: F OR F=F, NOT F=T. Notice this matches (NOT P) AND (NOT Q) — that's
De Morgan's Law! The expression is true only when both P and Q are false.

XOR is true when exactly one input is true, but false when both are true — regular
OR is true when both are true — XOR (exclusive OR) is true when exactly one input is
true, false otherwise. Regular OR includes the case where both are true. In daily life, 'soup
or salad' usually means XOR (pick one), while 'You need a pen or pencil' is regular OR
(either works, both are fine too).

FALSE — AND requires both to be true, and Q is false — P AND Q is FALSE because AND
requires both inputs to be TRUE. Since Q is FALSE, the entire expression is FALSE
regardless of P's value. Think of it as: 'l need my passport AND my boarding pass' — having
only one gets you nowhere.

4 rows — for the combinations: TT, TF, FT, FF — With 2 variables, each can be TRUE or
FALSE, giving 2 x 2 = 4 combinations. The pattern is 2An where n is the number of
variables: 1 variable = 2 rows, 2 variables = 4 rows, 3 variables = 8 rows, etc.

If it is NOT an animal, then it is NOT a dog — The contrapositive of 'If P, then Q" is 'If
NOT Q, then NOT P." It reverses the order AND negates both parts. Crucially, the
contrapositive is always logically equivalent to the original statement — if one is true, the
other must be true too.



6. Fallacies in Media and Persuasion

< Question (fold —)

A website claims: 'This
ancient remedy has been
used for 3,000 years — it
must work!" What fallacy is
this?

You see a viral video
claiming a new 'miracle cure'
with millions of views and
enthusiastic comments.
Apply critical thinking: what
THREE questions should you
ask before believing it?

What is the 'CRAAP test' for
evaluating sources?

What does it mean to
'steelman' an opposing
argument, and why is it a
sign of good critical
thinking?

A product review says:
'Everyone | know uses this
app — it's clearly the best
one available.' What fallacy
is this?

An ad shows a celebrity
drinking a brand of water
and says: 'Hydrate like a
champion!" What fallacy is
the ad relying on?

Someone online argues:
'You can't trust mainstream
science about nutrition
because scientists used to
say eggs were bad and now

Answer

Appeal to tradition/antiquity — something being old doesn't prove it's
effective; many ancient practices were based on incorrect understanding —
This is an appeal to tradition — the age of a practice doesn't validate it. For
thousands of years, people practiced bloodletting, trepanation, and mercury
treatments — all harmful. Ancient practices persisted due to placebo effects, lack of
alternatives, and cultural tradition, not because they were scientifically effective.

Who made this and what are their qualifications? Where is the peer-reviewed
scientific evidence? What do they gain if you believe them (product sales, ad
revenue, followers)? — Critical evaluation requires checking: (1) Source authority —
is the creator a qualified medical professional or just an influencer? (2) Evidence
quality — is there published, peer-reviewed research, or just testimonials? (3)
Motivation — are they selling something, earning ad revenue, or seeking followers?
Popularity (views, comments) is never evidence of accuracy.

Currency (how recent), Relevance (related to your topic), Authority (who wrote
it), Accuracy (evidence-backed), Purpose (why was it written) — a framework
for source evaluation — The CRAAP test is a widely-used framework for evaluating
information quality. Currency: Is it up-to-date? Relevance: Does it address your
specific question? Authority: Who created it and what are their credentials? Accuracy:
Is it supported by evidence? Purpose: Is it meant to inform, sell, persuade, or
entertain? Applying all five checks helps filter reliable information from unreliable.

To present the strongest possible version of an opponent's argument before
responding — it shows intellectual honesty and produces stronger
counterarguments — Steelmanning — constructing the most charitable, strongest
version of an opposing argument — is a hallmark of excellent critical thinking. It's the
opposite of strawmanning. If you can refute the best version of the opposing view,
your rebuttal is much stronger than if you only attacked a weak version. It also builds
trust with your audience.

Bandwagon (appeal to popularity) — something being popular doesn't make it
the best; popularity and quality are different things — This combines the
bandwagon fallacy (popularity = quality) with hasty generalization (my friends =
everyone). Popular products aren't necessarily the best — they might just have
better marketing. Additionally, the reviewer's friend group likely shares similar
preferences, making it an unrepresentative sample.

Appeal to authority / false authority — a celebrity's athletic success doesn't
make them an expert on which water brand is best — This is a false authority
appeal — the celebrity's fame and athletic success create an association with the
product, but they have no special expertise about water quality. The ad implies that
the celebrity's success is connected to this water brand, which is unsupported. The
celebrity is almost certainly being paid.

Genetic fallacy / overgeneralization — past revisions in one area don't
invalidate all current science; updating findings when new evidence emerges is
how science is supposed to work — This commits the genetic fallacy (judging
current knowledge by past errors) and overgeneralization (one revision means all
science is unreliable). Science is designed to update — that's its strength. A GPS that



they say eggs are fine.' What
fallacy is this?

An ad says: '9 out of 10
dentists recommend Sparkle
Toothpaste!' What logical
question should you ask
about this claim?

A news article about a
school policy change only
interviews parents who are
against the change. What
type of bias does this
represent?

During a debate, one
speaker says: 'My opponent
failed math in high school,
so why should we trust their
economic policy?' What
fallacy is this?

After a school fight, a
student says: 'We need to
install metal detectors at
every entrance!' What fallacy
might this represent?

A political ad says: 'If we
allow any new regulations
on businesses, it will destroy
the economy and everyone
will lose their jobs.' What
fallacy is this?

A product comparison chart
shows your product winning
in 5 out of 8 categories, but
the categories were chosen
by the company. What's the
logical problem?

A news headline reads:
'Study Shows Chocolate
Makes You Smarter!' The
actual study found a weak
correlation between
chocolate consumption and
test scores in 30
participants. What's wrong

recalculates after a wrong turn is more trustworthy than one that stubbornly keeps
the original route. Past revisions show science working correctly.

How were the dentists selected? Were they paid? What did the 10th dentist
say? What exactly did they 'recommend'? — This common advertising technique
raises many questions: Were the dentists randomly selected or cherry-picked? Were
they paid or given free products? Did they 'recommend' it specifically over
competitors, or just say it was fine? The claim is deliberately vague to sound more
impressive than the underlying data may support.

Selection bias / one-sided reporting — by only presenting one viewpoint, the
article gives a skewed picture of public opinion — This is selection bias in
journalism — the reporter chose to only present one side, giving readers the
impression that opposition is universal. Balanced reporting would include parents
who support the change, educators who designed it, and students affected by it.
Always ask: 'Whose perspectives are missing from this story?'

Ad hominem — attacking the person's past instead of addressing the actual
merits of their current economic policy — This is an ad hominem attack — it
targets the person rather than their argument. High school grades from years ago
have no bearing on the quality of a current economic policy. Even if the person did
poorly in math, their policy might be developed with expert economists. Always
evaluate arguments on their merits, not the personal history of the arguer.

Hasty generalization / overreaction — jumping to an extreme solution based
on a single incident without analyzing whether it would actually address the
problem — This combines hasty generalization (one incident justifies extreme
measures) with a non-sequitur (metal detectors detect metal weapons, not fist
fights). Emotional reactions to dramatic events often produce disproportionate or
ineffective responses. Critical thinking requires asking: 'Would this solution actually
address the specific problem?'

Slippery slope — it assumes that one regulation will inevitably lead to extreme
consequences without showing how each step follows — This is a slippery slope
fallacy — it claims that a small action (one regulation) will inevitably cascade into an
extreme outcome (total economic destruction). The argument provides no evidence
for how one regulation leads to such catastrophe. It also uses false dilemma
(ignoring moderate outcomes) and appeal to fear.

Cherry-picking criteria — the company chose categories where their product
excels and likely omitted categories where competitors win — This is cherry-
picking — selectively choosing criteria that favor your product. If the company makes
an expensive but durable product, they'll compare on durability, warranty, and
materials — not price. A competitor might compare on price, availability, and ease of
use and win 5/8 too. Always ask: 'Who chose these categories, and what was left
out?'

The headline overstates the findings — a weak correlation in a small sample
doesn't prove causation, and 'makes you smarter' implies a much stronger
claim than the data supports — This headline commits multiple logical errors: it
confuses correlation with causation, ignores that the correlation was weak, overlooks
the tiny sample size (30 people), and uses definitive language ('makes you') instead of
tentative language ('may be associated with'). This pattern of sensationalizing studies
is extremely common in media.



with the headline?

A social media post reads:
'EXPOSED: Scientists have
been hiding the truth about
[topic]! Share before they
delete this!" What
manipulation technique is
being used?

A politician says: 'My
opponent wants to reduce
the military budget, which
means they don't care about
our soldiers.' What fallacy is
being used?

What is 'whataboutism' and
why is it a fallacy?

An infomercial says: 'Act
now! Only 5 left in stock!" but
you notice the same 'only 5
left' message has been there
for weeks. What persuasion
technique is this?

A brand's website says: 'Our
product is the #1 choice of
families nationwide!" with an
asterisk leading to tiny text
saying 'Based on a survey of
50 families who purchased
our product.' What's
misleading about this?

An energy drink ad shows
someone climbing a
mountain and says: 'Fuel
your adventure!' It never
makes specific health claims.
Why is this approach
effective and how is it
different from making a
false claim?

A graph in a presentation
shows Company A's sales
going up dramatically, but
the Y-axis starts at 98
instead of 0. Why is this

Urgency and conspiracy framing — creating artificial time pressure and an us-
vs-them narrative to bypass critical thinking — This uses multiple manipulation
techniques: urgency (‘'share before they delete'), conspiracy framing (‘hiding the
truth'), emotional language ('EXPOSED'), and social pressure ('share this'). These
techniques bypass critical thinking by making you feel you must act NOW rather than
verify the claims. Legitimate information doesn't need urgency tactics.

False cause / false equivalence — reducing a budget doesn't mean not caring
about soldiers; there could be many reasons for the proposal — This commits
multiple fallacies: it's a false cause (budget reduction doesn't equal not caring), an
appeal to emotion (invoking soldiers to generate sympathy), and a straw man
(misrepresenting the opponent's position). Someone might want to reduce the
budget to redirect funds to veteran healthcare, for example.

Deflecting criticism by pointing to someone else’s faults ("What about when
YOU did X?') — it avoids addressing the actual issue — Whataboutism (tu quoque
variant) deflects criticism by redirecting to someone else's flaws. 'You shouldn't
speed.' 'What about all the other drivers who speed?' This doesn't address whether
speeding is wrong — it just changes the subject. Both things can be problems
simultaneously; pointing to another problem doesn't excuse yours.

Artificial scarcity — creating false urgency to pressure quick decisions and
prevent careful evaluation — Artificial scarcity is a well-documented psychological
manipulation technique. By creating urgency (‘only 5 left!"), sellers pressure you into
buying before you can compare prices, read reviews, or realize you don't need the
product. Legitimate scarcity doesn't stay at the same level for weeks.

The survey only asked existing customers (selection bias) — of course people
who already bought it prefer it; it's not representative of all families — This is
selection bias (cherry-picking your sample). Surveying people who already purchased
your product guarantees favorable results — they chose your product, so they
obviously prefer it. A legitimate survey would sample randomly from all families,
including those who chose competitors or didn't buy the product category at all.

It creates an association between the product and adventure/success without
making a verifiable claim — you can't fact-check a feeling — This is associative
advertising — linking the product to desirable feelings (adventure, achievement)
without making falsifiable claims. 'Fuel your adventure' is too vague to fact-check,
unlike 'gives you 3x more energy.' Legally, the company is protected because they
never claimed anything specific. This is why understanding the difference between
claims and associations matters.

Starting the Y-axis at 98 exaggerates small differences — a change from 99 to
101 looks like sales doubled when it's actually a tiny increase — Truncating the
Y-axis is one of the most common ways to make graphs misleading. A 2% increase
from 99 to 101 looks dramatic on a 98-to-102 scale but would be barely visible on a
0-to-200 scale. Always check axis values to understand the actual magnitude of



misleading?

A classmate says: 'If you
don't support our school's
new dress code, you must
support students wearing
inappropriate clothing.'
What fallacy is this?

A food package says 'All
Natural!" on the front. Why
should critical thinkers be
cautious about this label?

What is 'confirmation bias'
and how does it affect how
people consume media?

An article uses the phrase
'critics say' without naming
any specific critics or
sources. Why is this a red
flag?

changes shown in graphs.

False dilemma — it presents only two extreme options when many moderate
positions exist (like supporting some guidelines but not a strict dress code) —
This is a false dilemma (either/or fallacy) — it forces a choice between two extremes
when many middle positions exist. Someone might support general guidelines
without wanting a strict dress code, or support a modified version, or want student
input on the policy. Reducing complex issues to two options is a common
manipulation technique.

The term 'natural’ has no strict legal definition for most food products — it's a
marketing term that sounds healthy but may mean very little — The word
'natural' has no standardized legal definition for most food products. It's a marketing
term designed to make you feel the product is healthier. Mercury, lead, and bacteria
are all 'natural' — the word tells you nothing about safety or health value. This is the
'appeal to nature' fallacy applied to marketing.

The tendency to seek out and believe information that confirms what you
already believe, while ignoring or dismissing contradictory evidence —
Confirmation bias is one of the strongest cognitive biases. People naturally seek
information that supports their existing beliefs and dismiss contradictory evidence.
Social media algorithms amplify this by showing you content similar to what you've
engaged with before, creating 'echo chambers' where you only hear one perspective.

Unnamed sources can't be verified — critics say' might represent one person's
opinion, a made-up position, or nobody at all — Vague attributions ('some say,'
‘critics argue,' 'experts believe') are a common technique for introducing claims
without accountability. The writer might be expressing their own opinion disguised
as others', representing a fringe view as mainstream, or even fabricating opposition.
Credible journalism names specific sources so readers can evaluate their credibility.



7. Syllogisms and Formal Logic

< Question (fold

-)

What is the 'middle
term'in a syllogism
and what role does
it play?

What is a
‘constructive
dilemma'in logic?

What is a 'reductio
ad absurdum’
argument?

What is the
difference between
'necessary' and
'sufficient'
conditions?

Why is it important
to distinguish
between formal and
informal fallacies?

Whatis a
'hypothetical
syllogism' (chain
argument)?

What are the four
standard categorical
statement forms?

Answer

The term that appears in both premises but NOT in the conclusion — it connects the
subject and predicate by linking them through a shared category — The middle term is
the logical bridge: it appears in both premises but disappears in the conclusion. In the
example, 'mammals' connects 'whales' to 'breathe air' through two steps. If the middle term
doesn't properly link the subject and predicate, the syllogism commits the 'undistributed
middle' fallacy.

If P then Q, and if R then S; P or R is true; therefore Q or S — two conditionals
combined with an either/or premise — A constructive dilemma takes two conditionals (If
P—Q, If R—S) and an either/or premise (P or R), concluding that Q or S. Since at least one of
the 'if' conditions is true, at least one of the 'then' results must follow. This is a valid
argument form commonly used in strategic reasoning and decision-making.

A proof technique that assumes the opposite of what you want to prove, then shows
this assumption leads to an absurd or contradictory result — Reductio ad absurdum
('reduction to absurdity') is one of the most powerful logical techniques. Assume the
negation of your claim, then reason logically until you reach a contradiction or absurd result.
Since valid reasoning from a true premise can't produce contradictions, the assumption must
be false — proving your original claim. Euclid used this to prove there are infinitely many
primes.

A necessary condition MUST be true for the result (but isn't enough alone); a sufficient
condition GUARANTEES the result (but isn't the only way) — Necessary condition: must
be present for the result, but doesn't guarantee it (oxygen for fire — needed but not
enough). Sufficient condition: guarantees the result when present, but isn't the only way (rain
is sufficient for wet ground, but sprinklers also work). In 'If P then Q': P is sufficient for Q, and
Q is necessary for P.

Formal fallacies have errors in logical structure (detectable by form alone); informal
fallacies have errors in content, context, or relevance (require understanding what the
words mean) — Formal fallacies are structural: 'If P then Q; Q; therefore P'is invalid
regardless of what P and Q represent. You can detect them by examining the argument's
form. Informal fallacies are content-dependent: ad hominem, straw man, and false dilemma
require understanding what's being discussed. Both matter, but they require different
detection skills.

It chains conditionals: If P then Q, and if Q then R, therefore if P then R — the
conclusion of each step becomes the premise of the next — Hypothetical syllogisms
chain conditional statements: P—Q, Q—R, therefore P—R. The consequent of one statement
matches the antecedent of the next, creating a logical chain. This can extend indefinitely:
P—Q, Q—R, R—S gives P-S. This is how we reason through multi-step consequences.

A (All S are P), E(No S are P), I (Some S are P), O (Some S are not P) — The four categorical
forms are: A (universal affirmative: 'All dogs are animals'), E (universal negative: 'No dogs are
cats'), | (particular affirmative: 'Some dogs are brown'), and O (particular negative: 'Some
dogs are not brown'). Every categorical statement fits one of these forms, which determines
how it behaves in syllogistic reasoning.

A major premise (general rule), a minor premise (specific case), and a conclusion that



What are the three
parts of a
categorical
syllogism?

What is the 'square
of opposition' in
categorical logic?

What is 'existential
import' and why
does it matter in
categorical logic?

Evaluate: 'All
successful people
wake up early. |
wake up early.
Therefore, | will be
successful.' Is this
valid?

What is 'modus
tollens' and write an
example of its valid
form?

What does it mean
for a term to be
'distributed' in a
categorical
statement?

Construct a valid
syllogism using the
terms 'students,’
'people who need
sleep,' and
'teenagers,' then
identify its mood
and figure.

What is
'equivocation' and
why does it break
syllogistic
reasoning?

follows from both — A categorical syllogism has exactly three parts: the major premise
states a general relationship (‘All mammals breathe air'), the minor premise identifies a
specific instance within that relationship ('Whales are mammals'), and the conclusion draws
the logical consequence (‘'Whales breathe air'). This structure has been the foundation of
formal logic since Aristotle.

A diagram showing the logical relationships (contradictory, contrary, subcontrary,
subalternation) between the four categorical statement forms A, E, I, 0 — The square
of opposition maps relationships between A (All S are P), E (No S are P), | (Some S are P), and
O (Some S are not P). Key relationships: A and O are contradictories (one must be true), E and
| are contradictories, A and E are contraries (can't both be true but can both be false), | and O
are subcontraries (can't both be false but can both be true).

Whether a statement assumes the subject category actually has members. 'All
unicorns are magical' — are we assuming unicorns exist? — Existential import asks
whether a statement commits to the existence of its subject. In modern logic, 'All S are P' is
true even if no S exist (vacuously true). But 'Some S are P' requires at least one S to exist. This
matters because some classical syllogisms are only valid if we assume the subject category
isn't empty.

No — this commits the fallacy of affirming the consequent / undistributed middle.
Waking up early is necessary for the successful group but the argument doesn't prove
you're in that group. — This is the undistributed middle fallacy. 'All successful people wake
up early' means successful—early, but NOT early—successful. Many people wake up early
without being successful (farmers, bakers, insomniacs). The 'early risers' group includes the
successful people AND many others. Being in the broader group doesn't put you in the
narrower one.

If P then Q; NOT Q; therefore NOT P. Example: If it rained, the ground would be wet.
The ground is not wet. Therefore, it did not rain. — Modus tollens (denying the
consequent) is valid: If P—Q and Q is false, then P must be false. The ground isn't wet, so it
didn't rain (assuming rain always causes wet ground). This is how scientists falsify
hypotheses: 'If my theory is correct, X should happen. X didn't happen. My theory is wrong.'

A term is distributed when the statement makes a claim about ALL members of that
category, not just some — Distribution is about whether a statement covers the ENTIRE
class. In'All S are P': S is distributed (refers to every S) but P is NOT (Ss might be only some of
the Ps). In'No S are P': BOTH are distributed (no S is any P, no P is any S). Understanding
distribution is key to detecting formal fallacies like the undistributed middle.

All teenagers are people who need sleep. All students in this class are teenagers.
Therefore, all students in this class are people who need sleep. (Mood AAA, Figure 1 —
called 'Barbara') — This AAA-1 syllogism ('Barbara') is the most famous valid form. The
middle term 'teenagers' appears in both premises, connecting 'students' to 'people who need
sleep.' The mood (AAA = three A-type statements) and figure (1 = middle term is subject of
major, predicate of minor) are the traditional classification system for the 256 possible
syllogistic forms, of which only 24 are valid.

Using a word with two different meanings in the same argument, creating a hidden
fourth term that breaks the logical connection — Equivocation exploits words with
multiple meanings. 'The end of a thing is its perfection; death is the end of life; therefore
death is the perfection of life.' Here 'end' shifts from 'purpose/goal' to 'termination.’'
Syllogisms require exactly three terms — equivocation secretly introduces a fourth,
invalidating the logic.



Whatis a
'disjunctive
syllogism' and how
does it work?

Evaluate: 'All birds
can fly. Penguins are
birds. Therefore,
penguins can fly." Is
this syllogism valid?
Is it sound?

Convert this
argument into
standard syllogistic
form: 'Since no
honest person
would cheat on a
test, and Maria
didn't cheat, Maria
must be honest.'

Identify the formal
fallacy: 'If it's raining,
the ground is wet.
The ground is wet.
Therefore, it's
raining.'

Identify the formal
fallacy: 'If you study
hard, you'll pass the
test. You didn't
study hard.
Therefore, you won't
pass the test.'

What is the fallacy of
the 'undistributed
middle"?

What is the 'four
terms fallacy'
(quaternio
terminorum)?

Is the following
syllogism valid? 'No
reptiles are

It uses an 'either/or' premise: Either P or Q is true; NOT P; therefore Q. If one option is
eliminated, the other must be true. — A disjunctive syllogism uses process of elimination:
given 'P or Q'is true and P is false, Q must be true. This is valid because if at least one must
be true and we've ruled one out, the other must be the one that's true. Detectives, doctors,
and mechanics all use this reasoning pattern constantly.

It is valid (the conclusion follows logically from the premises) but NOT sound (the
major premise 'all birds can fly' is false) — The syllogism is valid because the logical form
is correct: if the premises were true, the conclusion would necessarily follow. However, it's
unsound because the major premise is false — not all birds can fly (penguins, ostriches,
kiwis). This distinction between validity and soundness is crucial: valid logic applied to false
premises produces reliably wrong conclusions.

Major: No honest people are test-cheaters. Minor: Maria is not a test-cheater.
Conclusion: Maria is honest. This is INVALID — it commits the fallacy of denying the
antecedent / illicit conversion. — The argument is invalid. 'No honest person cheats'
means honest—not-cheating, but NOT not-cheating—honest. Maria might not have cheated
because the test was easy, she was well-prepared, or she feared getting caught — none of
which prove honesty. Many people who don't cheat aren't necessarily doing so because of
honesty.

Affirming the consequent — the ground being wet doesn't prove it's raining because
other things can cause wet ground — Affirming the consequent has the form: If P then Q;
Q; therefore P. This is invalid because Q could be true for reasons other than P. The ground
might be wet from sprinklers, flooding, or washing. Compare with valid modus ponens: If P
then Q; P; therefore Q — which correctly goes from cause to effect.

Denying the antecedent — not studying hard doesn't guarantee failure because you
might pass through other means (prior knowledge, easy test) — Denying the antecedent
has the form: If P then Q; NOT P; therefore NOT Q. This is invalid because the conditional
only says what happens when P IS true. Not studying hard might still lead to passing —
maybe the test was easy, you already knew the material, or you studied a little. Compare
with valid modus tollens: If P then Q; NOT Q; therefore NOT P.

When the middle term doesn't cover all members of at least one category, making the
connection between subject and predicate invalid — The undistributed middle occurs
when the middle term isn't universal in at least one premise. 'All dogs are animals. All cats
are animals.' The middle term 'animals' includes dogs AND cats, but they could be in
completely different parts of the 'animals' group. The middle term fails to create a proper
logical bridge.

A syllogism that appears to have three terms but actually has four because one word
is used with two different meanings — The four terms fallacy occurs when a word is used
ambiguously, creating a hidden fourth term. In the steak/hamburger example, 'nothing' in
premise 1 means 'no alternative' while in premise 2 it means 'the absence of food.' Though
the word looks the same, it represents two different concepts, breaking the syllogistic
structure.

Yes, this is valid — if no reptiles are mammals and some pets ARE mammals, then
those mammal-pets cannot be reptiles — This is valid (mood EIO, figure 1). Since no



mammals. Some
pets are mammals.
Therefore, some
pets are not
reptiles.’

How can Venn
diagrams help
evaluate whether a
syllogism is valid?

What is the "illicit
major" fallacy?

reptiles are mammals (complete separation), and some pets are mammals (some pets are in
the mammal-only zone), those mammal-pets are necessarily NOT reptiles. The Venn diagram
shows this clearly: some pets exist in a region that's inside 'mammals' but completely outside
'reptiles.’

By drawing circles for each category and shading/marking regions according to the
premises, you can visually check if the conclusion necessarily follows — To test a
syllogism with Venn diagrams: draw three overlapping circles (one per term), then shade or
mark regions based on the premises ONLY. If the conclusion is already represented in the
diagram without adding anything extra, the syllogism is valid. If you'd need to add something
new to show the conclusion, it's invalid.

When the major term (predicate of the conclusion) is distributed in the conclusion but
not in the major premise — the conclusion makes a claim broader than the premise
supports — The illicit major occurs when the conclusion claims something about the entire
predicate category that the premises don't support. 'All dogs are animals' (dogs are some
animals). 'No cats are dogs' (cats aren't dogs). But concluding 'No cats are animals' treats
'animals' as if it only means 'dogs,' which is illegitimately extending the term's scope.



8. Master Logician — Capstone

< Question (fold —)

What is the 'principle of
charity' in
argumentation, and
how is it different from
'steelmanning'?

What is the difference
between a 'deductively
valid' argument and an
'inductively strong'
argument, and which is
more useful in everyday
life?

A company
advertisement says:
'Our product has zero
reported side effects!'
Identify at least two
logical problems with
using this as evidence
the product is safe.

Using Boolean logic,
simplify: (A AND B) OR
(A AND NOT B). What
does this reduce to?

Explain why 'the plural
of anecdote is not data'
is important for logical
reasoning, and identify
one situation where
personal anecdotes ARE
valuable evidence.

What is the difference
between 'begging the
question' (petitio

principii) and 'circular

Answer

Principle of charity: interpret ambiguous statements in the most reasonable way.
Steelmanning: actively construct the STRONGEST version of the opponent's
argument. Charity is passive interpretation; steelmanning is active reconstruction.
— The principle of charity says: when someone's words are ambiguous, interpret them in
the most reasonable way rather than assuming the worst interpretation. Steelmanning
goes further: even when you understand their argument, construct an even stronger
version before responding. Charity avoids misrepresentation; steelmanning ensures
you're defeating the best case, not the weakest.

Deductive validity guarantees the conclusion (if premises are true); inductive
strength makes it probable. Most everyday reasoning is inductive because we
rarely have certain premises to start from. — Deductive validity provides certainty but
requires true premises — rare outside mathematics and formal definitions. Inductive
strength provides probability based on evidence — which is how most real-world
reasoning works. Deciding what to eat, whether to trust someone, or which career to
pursue all use inductive reasoning. Both matter, but understanding inductive strength is
more practically useful for most decisions.

Absence of reports doesn't mean absence of effects (argument from ignorance).
Also: how was reporting done? Were users asked? How long was the monitoring
period? Small sample sizes might miss rare effects. — Multiple logical issues: (1)
Argument from ignorance — no reports # no effects. People might not connect symptoms
to the product, might not know how to report, or the reporting system might not exist. (2)
Undefined timeframe — 'zero effects' over one week vs. ten years means very different
things. (3) Sample size unknown — ten users with zero effects is very different from a
million. (4) Self-reported data is unreliable for subtle effects.

This simplifies to just A. Factor out A: A AND (B OR NOT B). Since (B OR NOT B) is
always true (tautology), the expression equals A AND TRUE = A. — Using the
distributive law: (AAB) v (AA-B) = A A (B v =B). Since B v -B is a tautology (always true), this
becomes A A TRUE = A. Intuitively: whether B is true or false, A is required in both cases,
so only A matters. This kind of simplification is essential in computer science for
optimizing circuit designs and code conditions.

Multiple personal stories don't constitute systematic evidence (subject to selection
bias, memory bias, survivorship bias). BUT anecdotes are valuable for generating
hypotheses to test and for identifying experiences that statistics might miss. —
Multiple anecdotes suffer from selection bias (we hear dramatic stories, not boring ones),
survivorship bias (we don't hear from those who weren't helped), and confirmation bias
(we remember stories that match our beliefs). However, anecdotes ARE valuable for:
generating hypotheses ('many people report X — let's study it'), providing lived-
experience context that statistics can miss, and identifying rare events that wouldn't
appear in broad studies.

They're closely related but not identical. Circular reasoning explicitly uses the
conclusion as a premise. Begging the question is broader — it assumes what needs
to be proven, sometimes through hidden premises or loaded language. — Circular
reasoning is a specific type of begging the question where the conclusion explicitly
appears as a premise (A because B, B because A). Begging the question is broader: it



reasoning'? Are they the
same thing?

Compare the logical
structure of a court trial
to formal logic: How do
the concepts of 'burden
of proof,' 'presumption
of innocence,' and
'beyond a reasonable
doubt' map to logical
reasoning principles?

Design a decision-
making framework
using Boolean logic for
this scenario: Should a
student join a new
after-school club?
Consider: interests
alignment (1), time
availability (T), friend
participation (F), and
college application
benefit (C).

Someone claims: 'You
can't prove God doesn't
exist, therefore God
exists.' Someone else
claims: 'You can't prove
God exists, therefore
God doesn't exist.' Are
both arguments equally
flawed?

What is the 'genetic
fallacy' and give an
example of when
considering the origin
of anidea IS relevant?

Evaluate this argument:
'The ancient Egyptians
couldn't have built the
pyramids because we
can't figure out how
they did it. Therefore,
aliens must have

includes any case where the argument assumes what it's trying to prove, often through
loaded language or hidden premises. 'Free speech is important because people should be
able to say what they want' begs the question — the 'evidence' is just the claim restated.

Burden of proof = claim-maker must provide evidence. Presumption of innocence =
default position is the null hypothesis. Beyond reasonable doubt = the standard of
evidence required (very high for conviction, like a very strong inductive argument).
— The legal system embodies formal logical principles: BURDEN OF PROOF — the
prosecution (claim-maker) must provide evidence, not the defense. PRESUMPTION OF
INNOCENCE — the default position (null hypothesis) stands until sufficient evidence
overturns it. BEYOND REASONABLE DOUBT — the required strength of the inductive
argument (very high, though not absolute certainty). This shows how logical principles
structure real-world institutions.

One framework: Join if (I AND T) AND (F OR C). You MUST be interested AND have
time (non-negotiable), plus at least one of: friends participate OR it helps college
apps. — The framework (IAT)A(FvC) captures decision logic: interest AND time are both
required (joining without interest is pointless; joining without time is impossible). Then at
least one bonus factor (friends or college benefit) provides additional motivation. This
demonstrates how Boolean logic structures real-world decision-making — every choice
has requirements (AND) and options (OR).

Yes — both commit the argument from ignorance fallacy. Inability to disprove X
doesn't prove X, and inability to prove X doesn't disprove X. Lack of evidence is not
evidence of absence (or presence). — Both commit the argument from ignorance
(argumentum ad ignorantiam). The inability to prove or disprove a claim tells us nothing
about its truth value — it only tells us about the limits of our evidence. Logically, the
correct position when evidence is insufficient is 'we don't have enough evidence to
conclude either way,' not a forced conclusion in either direction.

The genetic fallacy dismisses an idea based on its origin rather than its merit. BUT
origin IS relevant when evaluating source reliability — a tobacco company's study
on smoking safety has a conflict of interest worth noting. — The genetic fallacy
rejects ideas based on origin (‘That idea came from an ancient culture, so it's outdated').
An idea's merit depends on its logic and evidence, not its source. HOWEVER, source
evaluation IS relevant for assessing reliability and potential bias. A pharmaceutical
company's study on its own drug isn't automatically wrong, but the conflict of interest is
relevant context. The key distinction: origin doesn't determine truth, but it can affect
trustworthiness.

Argument from ignorance (our inability to explain it doesn't prove aliens), false
dilemma (only two options: humans alone or aliens), and appeal to incredulity (I
can't imagine how, so it must be impossible) — This combines multiple fallacies: (1)
Argument from ignorance — our inability to explain something doesn't prove any
particular alternative. (2) False dilemma — there aren't just two options; methods might
exist we haven't discovered yet. (3) Appeal to incredulity — 'l can't imagine how' = 'it's
impossible.' (4) We actually DO have substantial evidence of Egyptian building techniques



helped.' Identify all
logical errors.

What is the logical
structure of a 'slippery
slope' argument, and
under what conditions
might it actually be
valid?

What is 'Occam's Razor'
and how does it relate
to logical argument
evaluation?

You're presented with a
complex argument
about whether your
school should switch to
year-round schooling.
Using everything you've
learned about logic,
design a systematic
process for evaluating
this argument.

Construct a truth table
for (P - Q) A (Q — R).
Then use it to verify
that when P is TRUE
and R is FALSE, the
entire expression is
FALSE.

A debate opponent
says: 'Studies show that
countries with stricter
gun laws have fewer
gun deaths. But
correlation doesn't
equal causation, so this
evidence is
meaningless.' Evaluate
this reasoning.

A politician says: 'Either
you support my
education bill, or you're

from archaeological research.

It claims A—B—C—...—Z (chain of consequences). It's valid ONLY if each link in the
chain is well-supported — each step must have evidence showing it's likely to cause
the next. — A slippery slope has the form: A>B—C—...—~Z, concluding A—Z. This is
actually a valid hypothetical syllogism IF each link is justified. The fallacy occurs when links
are assumed without evidence. 'Not brushing teeth — cavities — tooth loss — poor
nutrition — health problems' is a legitimate chain with evidenced steps. The key test: does
each individual step have supporting evidence?

The principle that the simplest explanation that accounts for all the evidence
should be preferred. It's not about what's true, but about which explanation to test
first. — Occam's Razor (parsimony) says: don't multiply entities beyond necessity. If your
keys are missing, 'l misplaced them'is simpler than 'someone broke in, took only the
keys, and left no trace.' Both COULD be true, but the simpler explanation requires fewer
unsupported assumptions and should be investigated first. It's a heuristic, not a proof —
sometimes the complex explanation is correct.

A complete process: (1) Identify the main claim and sub-claims. (2) Map the
evidence for each claim. (3) Check for hidden assumptions/warrants. (4) Test the
logic for formal fallacies. (5) Evaluate evidence quality (CRAAP test). (6) Identify
informal fallacies. (7) Consider counterarguments. (8) Assess the qualifier — how
certain is the claim? (9) Form a proportional conclusion. — A master logician's
evaluation process integrates all skills: (1) Claim identification (What's being argued?). (2)
Argument mapping (What evidence supports what?). (3) Assumption analysis (What's
being taken for granted?). (4) Formal validity check (Does the conclusion follow from the
premises?). (5) Evidence quality assessment (Are sources reliable, current, relevant?). (6)
Informal fallacy scan (Ad hominem? False dilemma? Slippery slope?). (7) Counterargument
consideration (What does the other side say?). (8) Qualifier assessment (How certain
should the claim be?). (9) Proportional conclusion (What does the evidence actually
support?). This systematic approach prevents both gullibility and unwarranted skepticism.

When P=T, R=F: If Q=T, then Q—R is F, so conjunction is F. If Q=F, then P—Q is F, so
conjunction is F. Either way, the expression is FALSE when P=T and R=F. —
Systematic analysis: Case Q=T: P—Q is T>T=T, Q—R is T>F=F, conjunction TAF=F. Case
Q=F: P—Q is T->F=F, Q—R is F—F=T, conjunction FAT=F. Both cases give FALSE. This
proves that if P is true and R is false, the chain P=Q—R is broken regardless of Q's value
— the 'missing link' must exist somewhere.

The dismissal is too absolute. While correlation alone doesn't prove causation,
strong correlations across many countries with controlled variables IS meaningful
evidence — dismissing all correlational evidence is itself a fallacy — Thisis a
sophisticated misuse of a valid principle. 'Correlation # causation' is correct but doesn't
mean correlations are 'meaningless.' Multi-country studies controlling for confounding
variables provide strong inductive evidence. Dismissing all correlational evidence would
reject nearly all of epidemiology and social science. The correct response is to examine
the studies' methods, not dismiss them categorically.



against education.' A
critic responds: 'That's a
false dilemma — you
can support education
without supporting this
specific bill." The
politician counters:
'That's just what
someone against
education would say.'
Analyze the politician's
final response.

Analyze this argument:
'Video games cause
violence because
violent crime rates went
up after video games
became popular. And
anyone who disagrees
just doesn't care about
children's safety.' How
many distinct fallacies
can you identify?

Using the Toulmin
model, fully map this
argument: 'Schools
should probably start
later because the
American Academy of
Pediatrics recommends
a start time of 8:30 AM
or later for middle and
high schoolers, as
adolescent biology
shifts sleep cycles later.
Of course, early start
times help with after-
school activities and
parent schedules.'

What is 'epistemic
humility' and why is it
essential for good
logical thinking?

Translate this everyday
argument into formal

The politician commits circular reasoning / unfalsifiability — they've defined any
disagreement as proof of being 'against education,’ making it impossible to critique
the bill without confirming their claim — This creates an unfalsifiable loop: support
the bill = support education; oppose the bill = oppose education; say the dichotomy is
false = that's what an opponent of education would say. There's no way to disagree
without 'proving' the politician's point. This is a rhetorical trap combining false dilemma,
circular reasoning, and ad hominem — sophisticated manipulation disguised as logic.

At least three: post hoc ergo propter hoc (correlation treated as causation), ad
hominem (attacking opponents' character), and appeal to emotion (invoking
children's safety to shut down debate) — This argument layers three fallacies: (1) Post
hoc fallacy — things happening in sequence doesn't prove causation (many other factors
changed too, and crime rates actually decreased in many countries as gaming grew). (2)
Ad hominem — dismissing opponents as not caring about children. (3) Appeal to emotion
— invoking child safety to bypass logical analysis. Real-world bad arguments often
combine multiple fallacies.

Claim: schools should start later. Qualifier: 'probably.' Evidence: AAP
recommendation + adolescent biology research. Warrant: medical expert
recommendations based on biological evidence should guide school policy.
Rebuttal: early starts benefit extracurriculars and parent schedules. — Complete
Toulmin map: CLAIM: Schools should start later. QUALIFIER: 'probably' (acknowledges it's
not absolute). EVIDENCE: AAP recommendation for 8:30+ start time; adolescent biology
research on sleep cycles. WARRANT (implicit): Expert medical recommendations based on
biological evidence should inform school policy. REBUTTAL: Early start times have
practical benefits (activities, parent schedules). This is a well-structured argument with all
five Toulmin components.

Recognizing the limits of your own knowledge and reasoning — being willing to say
'I don't know' or 'l might be wrong' — which prevents overconfidence and opens
you to better evidence — Epistemic humility is the recognition that your current beliefs
might be wrong. It's not intellectual weakness — it's the foundation of rational thinking. It
means: holding beliefs proportional to evidence, being open to changing your mind with
new evidence, saying 'l don't know' when you genuinely don't, and distinguishing between
what you know and what you assume. Without it, all other logical skills are undermined
by overconfidence.



logical notation and
evaluate its validity: 'If
the store is open, we
can buy groceries. If we
buy groceries, we can
make dinner. The store
is open. Therefore, we
can make dinner.'

Evaluate this chain of
reasoning: 'All athletes
train daily. Some
students are athletes.
Therefore, some
students train daily. All
who train daily are
disciplined. Therefore,
some students are
disciplined.' Is every
step valid?

A school board member
argues: 'We must either
cut the arts program or
raise taxes. Nobody
wants higher taxes. So
we have to cut arts.'
Construct the strongest
possible
counterargument.

Using symbolic logic,
prove that the
argument form 'P v Q,
=P, therefore Q'
(disjunctive syllogism) is
valid by constructing a
truth table.

Analyze this real-world
argument structure:
'Since global
temperatures have
risen (E1), ice caps are
melting (E2), sea levels
are increasing (E3), and
97% of climate
scientists agree (E4),
human-caused climate
change is occurring (C).'
What type of argument
structure is this?

P—Q, Q—R, P. Therefore R. This is valid — it combines hypothetical syllogism (P—Q,
Q—R gives P—R) with modus ponens (P—R, P gives R). — This combines two valid
inference rules: First, hypothetical syllogism chains P—~Q and Q—R into P—R (if store
open — buy groceries — make dinner, then store open — make dinner). Then modus
ponens applies: P—R and P, therefore R. Each step is valid, so the overall argument is
valid. This is how we reason through multi-step plans.

Yes — both syllogisms are valid. Step 1 (All-1): valid. Step 2 chains the conclusion
with a new premise (All-1 again): valid. Some students are indeed disciplined. —
Both steps are valid. Step 1: All athletes train daily (A), some students are athletes (l),
therefore some students train daily (I) — valid All-1 form. Step 2: All who train daily are
disciplined (A), some students train daily (I, from step 1), therefore some students are
disciplined (I) — also valid All-1. Chaining valid syllogisms produces valid extended
arguments.

Challenge the false dilemma: there are more than two options (reallocate existing
funds, seek grants, reduce other expenses, find community sponsors). The
argument artificially limits the choices. — The strongest counter targets the false
dilemma — the argument's weakest link. There are many alternatives: reallocating funds
from less effective programs, applying for arts education grants, fundraising, business
partnerships, sharing resources with other schools, or phased budget adjustments. By
accepting the false choice, you've already lost the debate.

In all rows where both premises (PvQ=T and -P=T) are true, Q is also true. The only
such row is P=F, Q=T. So whenever the premises are true, the conclusion is true —
valid. — Truth table: P=T,Q=T: PvQ=T, -P=F (premises not all true — skip). P=T,Q=F:
PvQ=T, =P=F (skip). P=F,Q=T: PvQ=T, =P=T (both premises true), Q=T (conclusion true V).
P=F,Q=F: PvQ=F, =P=T (first premise false — skip). The only row where both premises are
true has Q=T. No counterexample exists, so the argument is valid.

Convergent argument with multiple independent lines of evidence — each piece of
evidence independently supports the conclusion, and together they create very
strong inductive support — This is a convergent argument — each piece of evidence
independently supports the conclusion: temperature data, ice data, sea level data, and
expert consensus each separately point to the same conclusion. Removing one doesn't
destroy the others. This is the strongest form of inductive argument because multiple
independent lines of evidence are unlikely to all point in the same direction by
coincidence.



9. formal-logic

< Question
(fold —)

Explain what it
means for two
logical
statements to
be logically
equivalent.

Evaluate the
claim: "Since P
OR Qs true,
we know that
both P and Q
must be true."

If Pis TRUE
and Q is FALSE,
what is the
truth value of
P AND Q?

What does the
logical

connective OR
mean in logic?

Apply De
Morgan's
second law to
simplify NOT (P
ORQ).

Evaluate
whether this
argument is
valid: "If itis a
mammal, then
it is warm-
blooded. A
robin is warm-
blooded.
Therefore, a
robinis a
mammal."

Analyze
whether (P —
Q) is logically
equivalent to
(NOT P OR Q).

Answer

Two statements are logically equivalent when they have the same truth value in every
possible situation — their truth tables are identical — Logical equivalence (symbol =) means
the statements always agree. "NOT (P AND Q)" is logically equivalent to "(NOT P) OR (NOT Q)" —
this is De Morgan's law. No matter what truth values P and Q take, both expressions produce the
same result. You verify this by comparing their truth table columns.

This claim is false. OR only requires at least one part to be true — P alone being true is
enough, Q alone being true is enough, and both being true also works. You cannot conclude
that both are true from OR alone. — This error confuses AND with OR. P OR Q is true in three of
four cases: (T,T), (T,F), (F,T). Only one of those has both true. Concluding both are true from OR is
like saying "since | need cash or card to buy lunch, | must have both." You might have only one.

FALSE — AND requires both parts to be true, and Q is false — P AND Q: TRUE AND FALSE =
FALSE. The AND operator is the strictest connective — any single false component makes the
entire conjunction false. Think of it like a chain: one broken link breaks the whole chain.

A compound statement using OR is true when at least one part is true — it is false only
when both parts are false — OR (disjunction, symbol v) is inclusive in logic: "P OR Q" is true when
Pis true, Q is true, or both are true. It is only false when both P and Q are false. This differs from
everyday English where "or" often implies "one but not both."

(NOT P) AND (NOT Q) — negate each part and change OR to AND — De Morgan's second law:
NOT (P OR Q) =(NOT P) AND (NOT Q). "It is NOT the case that (I will have cake OR pie)" means "l
will not have cake AND | will not have pie." Both laws are essential tools for simplifying logical
expressions.

Invalid — this commits the fallacy of affirming the consequent. Being warm-blooded does
not require being a mammal (birds are also warm-blooded). The argument confuses a
conditional with its converse. — Affirming the consequent: If P—Q and Q, you CANNOT
conclude P. Many things are warm-blooded besides mammals — birds, for example. The valid
forms are modus ponens (If P then Q; P; therefore Q) and modus tollens (If P then Q; not Q;
therefore not P). Affirming Q only tells you Q is true, not why.

Yes, they are logically equivalent — both are false only when P is true and Q is false, and
true in all other cases. The truth table outputs match in all four rows. — Truth table: P=T,Q=T:
P—Q=T, -PvQ=T. P=T,Q=F: P>Q=F, -PvQ=F. P=F,Q=T: P—Q=T, -PvQ=T. P=F,Q=F: P—Q=T, -PvQ-=T.



Use a truth
table to justify
your answer.

Explain what a
compound
proposition is
and give an
example.

Explain the
difference
between
logical OR and
how we use
"or"in
everyday
English.

Create a real-
world scenario
that
demonstrates
De Morgan's
laws in action.
Include both
laws, show the
original and
simplified
forms, and
explain why
the
equivalence
makes intuitive
sense in your
scenario.

Analyze the
logical
structure of
this argument:
"If you study,
you will pass.
You did not
pass.
Therefore, you
did not study."
Is it valid?

What is a truth
table?

All rows match, confirming equivalence. This identity — a conditional is equivalent to negating the
hypothesis OR the conclusion — is fundamental in logic and computer science.

A compound proposition combines two or more simple propositions using logical
connectives (AND, OR, NOT, IF-THEN) to form a more complex statement — A simple
proposition like "It is Tuesday" stands alone. A compound proposition joins simple propositions: "
(It is Tuesday) AND (It is raining)" uses AND to connect two parts. You evaluate compound
propositions by finding the truth values of the parts first, then applying the connective rules.

Logical OR is inclusive (true when one or both parts are true), while everyday "or" is often
exclusive (implying one or the other but not both) — When a waiter says "soup or salad," you
understand you pick one (exclusive or). But in logic, "P OR Q" is true when both are true. Logicians
use XOR (exclusive or) when they specifically mean "one but not both." This distinction matters
when translating English arguments into formal logic.

Example: A school requires students to have (permission slip AND lunch money) for a field
trip. NOT (permission slip AND lunch money) — "You cannot go on the trip" — is equivalent
to (NO permission slip) OR (NO lunch money) — "You are missing the slip or the money or
both." Second law: The school says you can go if you have (bus pass OR parent driver). NOT
(bus pass OR parent driver) — "You have no way to get there" — is equivalent to (NO bus
pass) AND (NO parent driver) — "You lack a bus pass and you lack a parent driver." Both
laws make intuitive sense: missing any requirement for AND means failure (OR of
negations), while lacking all options for OR means total failure (AND of negations). — De
Morgan's laws are everywhere. First law: "l will NOT (eat my vegetables AND clean my room)" = "I
will NOT eat my vegetables OR | will NOT clean my room." Second law: "l will NOT (go to the park
OR the movies)" ="l will NOT go to the park AND | will NOT go to the movies." Real scenarios make
abstract logic tangible and memorable.

Yes, this is valid — it follows the modus tollens pattern: if P then Q, not Q, therefore not P —
Modus tollens (denying the consequent): If P—Q and -Q, then =P. The pass requires studying
(premise 1). You did not pass (premise 2). So you could not have studied (conclusion). Validity
means the conclusion follows logically from the premises, regardless of whether the premises are
actually true in real life.

A chart that shows all possible combinations of truth values for propositions and the
resulting truth value of a compound statement — A truth table systematically enumerates
every possible combination of input truth values and shows the output. For two propositions P
and Q, there are 4 rows (TT, TF, FT, FF). For three propositions, there are 8 rows. The number of
rows is always 2 raised to the power of the number of propositions.



Apply De
Morgan's first
law to simplify
NOT (P AND
Q).

A classmate
says: "NOT (A
AND B) is the
same as (NOT
A) AND (NOT
B)." Evaluate
whether this is
correct.

Translate into
symbols: "If it
is raining, then
the ground is
wet AND the
streets are
slippery." Use
R, W, and S.

What is an IF-
THEN
statementin
logic?

Whatis a
proposition in
logic?

What does the
logical
connective
AND mean?

If P is FALSE
and Q is TRUE,
what is the
truth value of
PORQ?

Build the truth
table for P
AND (NOT Q).
What are the
truth values
for all four
input
combinations?

Analyze why

(NOT P) OR (NOT Q) — negate each part and change AND to OR — De Morgan's first law: NOT
(P AND Q) = (NOT P) OR (NOT Q). You "distribute" the NOT by negating each proposition and
switching AND to OR. Example: "It is NOT the case that (it is sunny AND warm)" means "It is not
sunny OR it is not warm."

Incorrect. By De Morgan's law, NOT (A AND B) equals (NOT A) OR (NOT B), not AND. The
classmate forgot to flip the connective when distributing the negation. — Counterexample:
A=T, B=F. NOT(T AND F) = NOT(F) = T. But (NOT T) AND (NOT F) = F AND T = F. They differ! De
Morgan's law requires changing AND to OR: NOT(A AND B) = (NOT A) OR (NOT B). Forgetting to flip
the connective is one of the most common errors in logic.

R — (W A S) — Riis the hypothesis (it is raining). The conclusion is compound: W AND S (ground is
wet AND streets are slippery). The arrow connects them: R — (W A S). Parentheses are essential to
show that both W and S are part of the conclusion, not just W.

A conditional statement where the first part (IF) is the hypothesis and the second part
(THEN) is the conclusion — it is false only when the hypothesis is true but the conclusion is
false — IF-THEN (conditional, symbol —) states that whenever the hypothesis is true, the
conclusion must also be true. "If it rains, then the ground is wet" is only false if it rains but the
ground stays dry. Surprisingly, if it does not rain, the conditional is true regardless of the ground.

A declarative statement that is either true or false, but not both — A proposition is a
statement that can be assigned a truth value. "The sky is blue" is a proposition (it is true or false).
"Close the door!" and "What time is it?" are not propositions because they cannot be true or false.

A compound statement using AND is true only when both parts are true — AND (conjunction,
symbol A) requires every component to be true. "It is sunny AND warm" is true only on sunny
warm days. If either condition fails, the whole statement is false.

TRUE — ORis true when at least one part is true, and Q is true — P OR Q: FALSE OR TRUE =
TRUE. The OR operator is lenient — it only fails when everything is false. Here Q is true, so the
disjunction succeeds. OR is like having multiple keys to a door: you only need one to work.

TT—F, TF—T, FT>F, FF>F — it is true only when P is true and Q is false — Step by step: When
P=T,Q=T: NOT Q=F, T AND F=F. When P=T,Q=F: NOT Q=T, T AND T=T. When P=F,Q=T: NOT Q=F, F
AND F=F. When P=F,Q=F: NOT Q=T, F AND T=F. The expression is true only when P is true and Q is
false.

It creates a paradox: if it is true, then it must be false (as it claims), but if it is false, then it



the statement
"This sentence
is false" cannot
be a
proposition.

Explain why an
IF-THEN
statement is
true when its
hypothesis is
false.

What does the
NOT
connective do
toa
proposition?

Explain why "Is
it raining?" is
not a
proposition.

Compare and
contrastP — Q
(if P then Q)
with Q — P (if
Q then P). Are
they logically
equivalent?

must be true (since it falsely says it is false). It cannot be assigned a consistent truth value,
violating the definition of a proposition. — This is the liar paradox. It demonstrates a
fundamental boundary of propositional logic: not all grammatically correct declarative sentences
qualify as propositions. Self-referential statements can escape the true/false classification that
logic requires.

A conditional only makes a promise about what happens when the hypothesis is true — if
the hypothesis is false, no promise is being broken, so the conditional is vacuously true —
Consider: "If it snows in July, | will eat my hat." If it does not snow in July, you cannot say | broke my
promise — | never had to do anything. This is called vacuous truth. The conditional is only false
when the hypothesis holds but the conclusion fails.

It reverses the truth value — NOT TRUE becomes FALSE, and NOT FALSE becomes TRUE —
NOT (negation, symbol =) is a unary operator — it acts on a single proposition. If P is "It is raining"
(true), then NOT P is "It is not raining" (false). Negation always inverts the truth value.

Questions cannot be assigned a truth value of true or false — only declarative statements
can be propositions — A proposition must be a declarative statement capable of being true or
false. Questions ask for information, commands give orders, and exclamations express emotion —
none of these have truth values. "Is it raining?" requests information; "It is raining" asserts
something that can be verified.

They are NOT logically equivalent — they are converses of each other. "If it rains then the
ground is wet" does not mean "If the ground is wet then it rained" (a sprinkler could cause
wetness) — P—Q and Q—P have different truth tables. When P=T and Q=F: P—Q is false but Q—P
is true. The confusion between a conditional and its converse is one of the most common
reasoning errors. "If itis a dog, then it is an animal" does NOT mean "If it is an animal, then itis a
dog."



10. critical-thinking

< Question (fold

-)

Create a new
paradox-like puzzle
using the self-
referential pattern:

"The next statement

is true. The previous
statement is false."

Apply the Ship of
Theseus reasoning
to this scenario: A
band replaces every
member over 10
years. Is it still the
same band?

What is the
grandfather
paradox?

Apply the structure
of the liar paradox
to explain why this
statement is
paradoxical: "l
always lie."

What is a paradox?

A sign reads:
"Ignore all signs."
Should you follow
this sign's
instruction? Apply
paradox reasoning.

Answer

This is a two-sentence liar paradox. If sentence 1 is true, then sentence 2 is true, which
says sentence 1 is false — contradicting our assumption. If sentence 1 is false, then
sentence 2 is false, which means sentence 1 is actually true — again a contradiction.
Neither consistent assignment works. — This demonstrates that paradoxes can spread
across multiple statements through cross-reference, not just self-reference. Each sentence
alone seems perfectly fine, but together they create a circular dependency that has no stable
truth assignment. This shows why we must be careful about chains of logical dependencies.

Using Ship of Theseus reasoning, there is no clear answer — it depends on what
defines the band. If identity is the members (material), it is a different band. If identity
is the name, style, and continuous history (form/continuity), it is the same band. —
Real examples abound: Lynyrd Skynyrd, Fleetwood Mac, and many bands have replaced all
original members over time. Fans disagree on whether they are "the same band." This
mirrors the Ship of Theseus exactly — the answer depends on your theory of identity.
Material identity says no, continuity identity says yes, formal identity looks at the essential
qualities.

A time-travel paradox: if you traveled back in time and prevented your grandfather
from meeting your grandmother, you would never be born — but then you could never
travel back to prevent the meeting — The grandfather paradox is the most famous
objection to backward time travel. It creates a causal loop: the effect (your existence) is
necessary for the cause (the time travel) which prevents the effect. Some physicists propose
that self-consistent timelines or branching universes might resolve this, but there is no
consensus.

If the statement is true, then the speaker always lies, which means this statement is a
lie —so it is false. But if it is false, then the speaker does not always lie, meaning this
statement could be true. It creates the same self-referential loop as the liar paradox.
— "l always lie" is a variant of the liar paradox. If true, then the speaker lies about everything,
including this claim — so it must be false. If false, the speaker sometimes tells the truth — so
this could be a truthful statement, making it possibly true. The self-reference creates an
unstable loop. Strictly, it is not as tight a paradox as "This sentence is false" because "l always
lie" could be false without immediate contradiction (the speaker sometimes lies and
sometimes does not).

A statement or situation that seems to contradict itself or defy common sense, yet
may reveal a deeper truth or a flaw in our reasoning — Paradoxes are not errors or
tricks. They are genuine puzzles that arise from seemingly valid reasoning leading to
contradictory conclusions. Studying paradoxes sharpens critical thinking by exposing hidden
assumptions and the boundaries of logical systems.

If you obey the sign and ignore all signs, you must also ignore this sigh — so you should
not ignore signs. But if you do not ignore signs, you should obey this one, which tells
you to ignore all signs. It is a pragmatic version of the liar paradox applied to
instructions rather than truth values. — This is a practical self-referential paradox. The
instruction undermines itself because it is itself a sign. Similar everyday paradoxes: "Never
say never" (but you just said it), "There are no rules" (but that IS a rule). These demonstrate
that self-reference is not just an abstract logic puzzle — it appears naturally in language.



Create your own
original paradox or
self-referential
puzzle. Describe it
clearly, explain why
it creates a
contradiction or
impossible
situation, and
identify which
classic paradox it
most resembles.

Analyze the Sorites
paradox (paradox of
the heap): If
removing one grain
from a heap still
leaves a heap, when
does it stop being a
heap?

Evaluate whether
paradoxes are
problems to be
solved or valuable
tools for
understanding the
limits of reasoning.

What is Zeno's
dichotomy paradox?

Analyze the
difference between
a logical paradox
and a physical
impossibility. Use
examples of each.

What is Russell's
paradox?

Example: "The Rule Maker writes one rule: Every rule written by the Rule Maker must
be broken. Should the Rule Maker break this rule? If they follow it (by breaking all their
rules), they are obeying it — which means they are not breaking it. If they do not break
it, they are disobeying their only rule.” This resembles the barber paradox and
Russell's paradox: a self-referential rule that includes itself in its own scope creates an
impossible situation. The contradiction arises because the rule applies to itself. —
Creating original paradoxes requires understanding the mechanism: self-reference +
negation (or a similar operation that creates instability). The best student paradoxes often
involve rules, categories, or predictions that apply to themselves. The exercise demonstrates
deep understanding of paradox structure, not just memorization of famous examples.

The paradox exploits vagueness in the concept of "heap." Each step (removing one
grain) seems harmless, but repeating it eventually leads from "heap" to "not a heap."
There is no precise boundary grain. This reveals that vague everyday concepts resist
precise logical definition — the problem is not with logic but with the imprecision of
natural language. — The Sorites paradox appears everywhere vague terms are used: When
does someone become "tall"? When does a forest become a "few trees"? When does a color
stop being "red"? These are not failures of logic but reminders that natural language
concepts have fuzzy boundaries that formal logic cannot always capture precisely.

Paradoxes are primarily valuable tools. While some have been "resolved"” through
more precise definitions or new mathematical frameworks, their greatest value lies in
revealing where our concepts, language, and logical systems break down. Every major
paradox in history has led to deeper understanding: the liar paradox led to formal logic
and Godel's theorems, Russell's paradox led to axiomatic set theory, and Zeno's
paradoxes led to calculus. — History shows paradoxes drive progress. The liar paradox
inspired Tarski's undefinability theorem and Gdodel's incompleteness theorems — landmark
results showing the limits of formal systems. Russell's paradox triggered the axiomatization
of set theory. Zeno's paradoxes contributed to the development of limits and calculus.
Paradoxes are not obstacles but catalysts.

To walk across a room, you must first cross half the distance, then half the remaining
distance, then half again, creating an infinite number of steps — suggesting motion
should be impossible — Zeno of Elea (~450 BC) argued that motion requires completing
infinitely many sub-journeys, which seems impossible in finite time. Today we resolve this
using the concept of convergent infinite series: 1/2 + 1/4 + 1/8 + ... = 1. The infinite steps take
decreasing amounts of time, summing to a finite total.

A logical paradox arises from reasoning and language — it involves contradictions in
the logic itself, regardless of the physical world (e.g., liar paradox, Russell's paradox). A
physical impossibility violates the laws of nature but contains no logical contradiction
(e.g., traveling faster than light, perpetual motion). You could imagine a universe with
different physics but not one with different logic. — Traveling faster than light is
physically impossible (in our universe) but logically coherent — we can reason about it
without contradiction. The liar paradox is logically problematic regardless of physics. This
distinction matters: physical impossibilities might change with new discoveries, but logical
contradictions are absolute.

Consider the set of all sets that do not contain themselves. Does this set contain itself?
If yes, it should not (by its own rule). If no, it should (by its own rule). Either answer
leads to contradiction. — Discovered by Bertrand Russell in 1901, this paradox exposed a
fundamental flaw in naive set theory. It showed that allowing unrestricted set formation



Explain how Zeno's
paradox is resolved
using modern
mathematics.

Explain how the liar
paradox differs
from a simple false
statement.

Explain what a
thought experiment
is and why
paradoxes are
useful thought
experiments.

Analyze how the
grandfather
paradox challenges
the concept of
cause and effect.

The crocodile
captures a child and
tells the parent: "If
you correctly predict
what | will do, | will
return your child. If
you incorrectly
predict, | will not."
The parent says:
"You will NOT return
my child." What
should the crocodile
do?

Evaluate the

leads to contradictions. This crisis led to the development of axiomatic set theory (ZFC), which
restricts how sets can be defined to avoid such paradoxes.

Modern math shows that an infinite series can have a finite sum. The distances 1/2 +
1/4 + 1/8 + ... add up to exactly 1, not infinity. Completing infinitely many steps is
possible when each step takes proportionally less time. — The key insight is that
"infinitely many" does not mean "infinitely large." The geometric series 1/2 + 1/4 + 1/8 + ...
converges to 1. If each sub-journey takes proportionally less time, the total time is finite.
Calculus, developed 2000+ years after Zeno, formalized this resolution through the concept
of limits.

A simple false statement like "The Earth is flat" has a definite truth value (false). The
liar paradox "This sentence is false" has NO consistent truth value — assigning either
true or false creates a contradiction. The paradox is self-referential, while a false
statement refers to something external. — The key difference is resolvability. "2 + 2 = 5" is
simply false — no contradiction arises from calling it false. But "This sentence is false" resists
any truth assignment. It is not that we cannot figure out the answer — there genuinely is no
consistent answer. This reveals a limitation of two-valued logic when applied to self-
reference.

A thought experiment is an imaginary scenario used to explore the consequences of an
idea through reasoning alone, without physical testing. Paradoxes are useful thought
experiments because they reveal hidden assumptions, test the limits of our concepts,
and force us to think more precisely. — Einstein's famous thought experiments (riding a
beam of light, falling in an elevator) led to relativity. Similarly, logical paradoxes led to
breakthroughs in set theory, computability, and the foundations of mathematics. Paradoxes
are not dead ends — they are signposts pointing to places where our understanding needs
refinement.

Normal causation flows forward: cause precedes effect. The grandfather paradox
introduces backward causation (your time travel, an effect of your existence, prevents
your existence, the cause), creating a causal loop with no consistent starting point. It
suggests that either backward time travel is impossible, or our understanding of cause
and effect needs revision for such scenarios. — Philosophers identify two possible
resolutions: the Novikov self-consistency principle (time travel is possible but you cannot
change the past — events conspire to maintain consistency) and the many-worlds
interpretation (changing the past creates a branch timeline, so you prevent your grandfather
in another timeline but not your own). Neither is proven.

The crocodile faces a paradox. If it returns the child, the prediction was wrong (parent
said it would NOT return), so it should not return the child. But if it does NOT return
the child, the prediction was correct, so it should return the child. Neither action is
consistent with the crocodile's own rule. — This is the Crocodile Dilemma, attributed to
the ancient Greek philosophers. Like the liar paradox, the parent's prediction creates a self-
referential loop that makes the crocodile's rule impossible to follow consistently. It
demonstrates that conditional promises can be weaponized through clever self-reference.

This argument is too optimistic. While mathematical advances resolved Zeno's



argument: "Since we
can resolve Zeno's
paradoxes with
calculus, all
paradoxes will
eventually be
resolved by better
mathematics."

Analyze why the
"omnipotence
paradox" (Can an
all-powerful being
create a stone so
heavy it cannot lift
it?) is a genuine
logical challenge.

Explain the barber
paradox: "A barber
shaves everyone
who does not shave
themselves." Who
shaves the barber?

Evaluate whether
the Ship of Theseus
has a "correct”
answer or whether
the disagreement
reveals something
important about
how we think about
identity.

What is the Ship of
Theseus thought
experiment?

What is the liar
paradox?

Apply Zeno's
reasoning: If Achilles
runs 10 m/s and a

paradoxes, other paradoxes (like the liar paradox) have proven resistant to
mathematical resolution because they concern language and self-reference, not just
infinity and motion. Godel's incompleteness theorems actually prove that some logical
limitations are permanent, not temporary. — Different paradoxes have different natures.
Zeno's paradoxes stemmed from a lack of mathematical tools (infinite series, limits). The liar
paradox concerns self-reference and truth — Gédel showed that any sufficiently powerful
logical system will contain statements it cannot prove or disprove. Some limitations are not
gaps in our knowledge but fundamental features of logic itself.

If the being CAN create such a stone, there is something it cannot do (lift the stone), so
it is not all-powerful. If it CANNOT create such a stone, there is also something it
cannot do (create it), so it is not all-powerful. Either answer contradicts the concept of
omnipotence. The paradox reveals that the concept of unlimited power may be
logically incoherent. — This paradox has been debated since at least the 12th century.
Some philosophers argue it shows omnipotence must be defined as "the ability to do
anything logically possible" rather than "the ability to do literally anything." Others argue it
reveals genuine incoherence in the concept. Either way, it demonstrates the power of logical
analysis to examine fundamental concepts.

If the barber shaves himself, then by the rule he should not (he only shaves those who
do not shave themselves). If he does not shave himself, then by the rule he should. No
consistent answer exists — the definition of the barber is contradictory. — The barber
paradox is Russell's paradox translated into everyday language. The barber is like "the set of
all sets that do not contain themselves." The resolution is that such a barber simply cannot
exist — the definition is self-contradictory. Similarly, such a set cannot exist in consistent
mathematics.

There is no single correct answer — the disagreement reveals that "identity" is not a
simple concept. Different criteria (material composition, structural continuity, causal
history, function) give different answers, and none is objectively superior. The paradox
teaches us that identity is a human concept we impose on reality, not a fixed feature
of the world, and different contexts may require different definitions. — The Ship of
Theseus persists because it illuminates something deep about cognition. Our concept of
"sameness" works well in everyday life but breaks down at the edges. This is not a failure — it
is a feature of how human concepts work. Legal identity, personal identity, brand identity,
and physical identity all use different criteria. The paradox makes us aware of these hidden
choices.

If you replace every plank of a wooden ship one at a time, is it still the same ship? It
questions the nature of identity when all original parts have been replaced. —
Attributed to Plutarch (1st century AD), this paradox probes personal identity and persistence
through change. A modern version: if every cell in your body is replaced over 7 years, are you
the same person? There is no universally accepted answer — it depends on whether identity
resides in the material, the structure, or the continuity.

The statement "This sentence is false" — if it is true then it must be false, and if it is
false then it must be true, creating an unresolvable contradiction — The liar paradox
has challenged philosophers since ancient Greece (Epimenides, ~600 BC). It demonstrates
that self-referential statements can escape the true/false classification. This paradox
motivated major developments in mathematical logic, including Godel's incompleteness
theorems.

When Achilles runs 100 m to where the tortoise was, the tortoise has moved 10 m
ahead. When Achilles runs 10 m more, the tortoise has moved 1 m. When Achilles runs



tortoise runs 1 m/s
with a 100 m head
start, explain how
Zeno would argue
Achilles can never
catch the tortoise.

Explain what self-
reference means
and why it can
cause logical
problems.

1 m more, the tortoise has moved 0.1 m. Each time Achilles reaches the tortoise's last
position, the tortoise has moved slightly further. Zeno argues this creates infinitely
many "catch-up" steps. — This is Zeno's Achilles paradox. Of course Achilles catches the
tortoise — at 100/9 = 11.11 seconds. The resolution is that the infinite series 100 + 10 + 1 +
0.1 + ... converges to 111.11 meters (the catch-up point). The infinite steps happen in finite
time because each step takes proportionally less time.

Self-reference is when a statement, definition, or system refers to itself. It can cause
problems because the statement's truth value depends on itself, creating circular
reasoning that may have no stable resolution. — "This sentence has five words" is self-
referential and perfectly fine (it is true). "This sentence is false" is self-referential and
paradoxical. The problem arises specifically when self-reference involves truth, set
membership, or similar concepts that create circular dependencies with no stable answer.



11. formal-logic

< Question (fold

-)

Ifu={1,273,45,
6,7,8,9, 10 and A
={2,4,6,8,10},
find A",

Given A={1, 3,5,
7}and B={3,5, 8,
10}, find A u B.

In a class of 30
students, 18 play
soccer, 12 play
basketball, and 6
play both. Draw a
mental Venn
diagram and find
how many play
neither sport.

A student claims:
"If Ais a subset of
B, then everything
in BisalsoinA."
Evaluate this
claim.

Evaluate whether
the inclusion-
exclusion principle
works for three or
more sets, and
explain why it is
necessary.

Analyze what a
three-circle Venn
diagram can
represent that a
two-circle diagram
cannot.

Explain the
connection

Answer

{1, 3,5, 7, 9} — all elements of the universal set that are NOTin A — A'=U - A. Remove
every element of A from the universal set: 10 elements minus 5 elements = 5 remaining
elements. A = {even numbers 1-10}, so A' = {odd numbers 1-10} ={1, 3, 5, 7, 9}. Note: AuA"=U
and AN A'= @ — always true for any set and its complement.

{1, 3,5, 7, 8, 10} — combine all elements from both sets, listing each element once — Au
B includes every element from either set: {1, 3, 5, 7} combined with {3, 5, 8, 10}. Elements 3 and
5 appear in both but are listed once: {1, 3, 5, 7, 8, 10}. Cardinality: |AuB| =6, not |A|+|B]| =8,
because the 2 shared elements are counted once, not twice.

6 students play neither. Soccer only: 18-6=12, Basketball only: 12-6=6, Both: 6, Total
playing: 12+6+6=24, Neither: 30-24=6. — This uses the inclusion-exclusion principle: |AuB| =
|A| + |B| - |ANB| =18 + 12 - 6 = 24. Without subtracting the intersection, you would double-
count the 6 students who play both. Neither sport: 30 - 24 = 6. Venn diagrams make this visual:
the rectangle is 30, the two circles cover 24, leaving 6 outside.

Incorrect. A ¢ B means every element of Ais in B, NOT the reverse. B may contain
elements not in A. Example: {1,2} ¢ {1,2,3} — everything in Ais in B, but 3 is in B and not
in A. The student has reversed the direction of the subset relationship. — The subset
relation is asymmetric: A ¢ B does NOT imply B ¢ A. The student confused "all of Ais in B" with
"all of B is in A." This is exactly the same error as confusing a conditional with its converse in
logic: "If A then B" does not mean "If B then A." Visualize with Venn diagrams: A's circle fits
entirely inside B's, but B's circle is larger.

Yes, inclusion-exclusion extends to any number of sets. For three sets: | AuBuC| =
|A|+|B|+|C]| - |ANB| - |ANC]| - |BNC| + |ANBNC]. It is necessary because simply adding
individual counts overcounts shared elements. The principle alternates between adding
and subtracting to correct for each level of overlap. — For 3 sets, elements in ANBNC are
counted 3 times (once per set), then subtracted 3 times (once per pairwise intersection),
leaving them counted 0 times — wrong! Adding |ANBNC| back corrects this. The general
pattern for n sets alternates signs: add individual sets, subtract pairs, add triples, subtract
quadruples, etc. This principle is foundational in combinatorics.

A three-circle Venn diagram can represent all 8 possible intersection regions for three
sets: A only, B only, C only, ANB only, ANC only, BNC only, ANBNC, and none. It captures
triple overlaps and distinguishes between elements shared by exactly two sets versus all
three — information invisible in a two-circle diagram. — Two circles create 4 regions (A
only, B only, ANB, neither). Three circles create 8 regions, capturing all combinations of
membership in A, B, and C. Real-world example: students taking Math (A), Science (B), and
English (C) — you can see who takes all three, any pair, only one, or none. Beyond 3 sets,
standard Venn diagrams become impractical; mathematicians use other representations.

Union (u) corresponds to OR: an element is in AuB if it is in A OR B. Intersection (N)
corresponds to AND: an element is in ANB if it is in A AND B. Complement (') corresponds
to NOT: an element is in A’ if it is NOT in A. De Morgan's laws apply to both. — This



between set
operations and
logical
connectives.

Explain the
difference
between a subset
and a proper
subset.

What does the
symbol e mean?

Create a real-
world survey
problem involving
three sets that
requires a three-
circle Venn
diagram to solve.
Include specific
numbers, clearly
state the question,
solve it, and show
how the diagram
helps.

What is the
intersection of two
sets?

Explain what a
Venn diagram

represents and
why it is useful.

What is the empty
set?

What is the union
of two sets?

connection between set theory and logic is deep and fundamental. De Morgan's laws work
identically: (AuB)' = A'NB' mirrors NOT(P OR Q) = (NOT P) AND (NOT Q). (ANB)" = A'uB' mirrors
NOT(P AND Q) = (NOT P) OR (NOT Q). This parallel is why set theory and propositional logic are
often taught together.

A subset (<) can be equal to the original set — every set is a subset of itself. A proper
subset (c) must be strictly smaller — it contains some but not all elements of the
original set. — Every set is a subset of itself: {1,2,3} ¢ {1,2,3}. But {1,2,3} is NOT a proper
subset of itself because they are equal. A proper subset must miss at least one element: {1,2} ¢
{1,2,3}. The distinction parallels < vs < for numbers: subset includes equality, proper subset
excludes it.

"Is an element of" or "belongs to" — it shows that an item is a member of a set — The
symbol € (lowercase epsilon) states membership. "5 € {2, 5, 8}" means 5 is a member of the set
{2, 5, 8}. The negation ¢ means "is NOT an element of": 4 ¢ {2, 5, 8}. These symbols are the
basic vocabulary of set theory.

Problem: 100 students were asked about pets. 45 have dogs, 30 have cats, 20 have fish.
10 have dogs and cats, 8 have dogs and fish, 5 have cats and fish, and 3 have all three.
How many have no pets? Solution: By inclusion-exclusion, | DuCuF| = 45+30+20 - 10-8-5 + 3
=75. Students with no pets: 100-75 = 25. Venn diagram regions: D only=30, C only=18, F
only=10, DNC only=7, DNF only=5, CNF only=2, all three=3, neither=25. Total checks:
30+18+10+7+5+2+3+25=100. — A well-constructed survey problem has: (1) a clear universal set
with known size, (2) three overlapping categories with all seven possible intersection counts
specified, (3) a question requiring the Venn diagram to answer (usually "how many in none" or
"how many in exactly one"). The diagram organizes the information visually, making the
inclusion-exclusion calculation intuitive.

The set of all elements that are in BOTH sets simultaneously — only the elements the
two sets have in common — Intersection (symbol N) finds the common elements. {students
who play soccer} N {students who play basketball} = {students who play both}. If the sets share
nothing, the intersection is the empty set: {1,2} N {3,4} = {} = @. Intersection corresponds to the
logical AND connective.

A Venn diagram uses overlapping circles to visually represent sets and their
relationships. The overlapping region shows the intersection, and the total area of all
circles shows the union. It makes abstract set relationships concrete and visible. —
Invented by John Venn in 1880, Venn diagrams translate set operations into spatial
relationships. The rectangle is the universal set. Each circle is a set. Overlapping regions are
intersections. Combined areas are unions. Outside a circle is the complement. They make it
easy to see relationships that are hard to visualize from notation alone.

A set with no elements at all, written as {} or & — it is a subset of every set — The empty
set @ = {} is a valid set — it simply has no members. Itis a subset of every set (vacuously true:
all zero of its elements belong to any set). The empty set is unique: there is only one empty set.
It is analogous to zero in arithmetic — essential for completeness.

The set of all elements that are in either set or both — everything from both sets
combined, without duplicates — Union (symbol u) combines all elements from both sets.
{dogs that swim} u {dogs that fetch} = {dogs that swim, fetch, or both}. Note that shared
elements appear only once: {1,2,3} v {2,3,4} = {1,2,3,4}. Union corresponds to the logical OR
connective.



Analyze the
relationship
between the
number of
elements in a set
and the number of
its subsets.

Verify De
Morgan's law for
sets: Show that (A
uB)=A"NB
when U =
{1.2,3,4,5}, A=
{1,2,3}, B={2,3,4}.

What is the
complement of a
set?

A survey finds: 40
people like
chocolate, 25 like
vanilla, 15 like
both, and 10 like
neither. How
many people were
surveyed?

Explain why {1, 2,
2, 3}is the same
setas{1, 2, 3}.

Explain what
cardinality means
for a finite set.

Evaluate whether
Venn diagrams are
always the best
way to solve set
problems.

A set with n elements has exactly 2" subsets (including the empty set and the set itself).
Each element is independently either included or excluded, giving 2 choices per element.
For example, {a,b} has 22=4 subsets: {}, {a}, {b}, {a,b}. — Each element independently
contributes a factor of 2 (in or out). [{a}| has 2" = 2 subsets. |{a,b}| has 22=4. |{a,b,c}| has 23
= 8. A set with 10 elements has 2'° = 1024 subsets. This exponential growth is why working with
the power set (set of all subsets) quickly becomes enormous.

AuB={1,23,4} so (AuB)' = {5}. A' = {4,5}, B' = {1,5}, so A'NB' = {5}. Both sides equal {5},
confirming the law. — Step by step: AuB ={1,2,3} u{2,3,4} ={1,2,3,4}. (AuB)' =U - {1,2,3,4} =
{5}. Now: A'=U-{1,2,3} ={4,5}. B'= U - {2,3,4} = {1,5}. A'NB' = {4,5} N {1,5} = {5}. Both equal {5}.
De Morgan's law works for sets just as it works for logical connectives.

All elements in the universal set that are NOT in the given set — everything outside the
set within the defined universe — The complement of A (written A', Ac, or A) contains every
element of the universal set U that is NOT in A. If U = {all students} and A = {students who
passed}, then A" = {students who did not pass}. Complement corresponds to the logical NOT
connective.

60 people. Chocolate only: 40-15=25. Vanilla only: 25-15=10. Both: 15. Neither: 10. Total:
25+10+15+10=60. — Inclusion-exclusion: 40 + 25 - 15 = 50 like at least one flavor. Add the 10
who like neither: 50 + 10 = 60 total. Without subtracting the 15 in the intersection, you would
count those people twice (once for chocolate, once for vanilla). This is the most common
application of Venn diagrams in real-world surveys.

Sets contain only distinct elements — duplicates are ignored. Since the element 2
appears in both, listing it twice adds nothing. The sets have the same members, so they
are equal. — By definition, a set is a collection of DISTINCT objects. If you list 2 twice, the set
still contains only one copy of 2. Both {1, 2, 2, 3} and {1, 2, 3} have exactly the same members,
so they are the same set with cardinality 3. If you need to track duplicates, you use a multiset
instead.

The cardinality of a set is the number of distinct elements it contains, written |A| or
n(A). For example, |{a, b, c}| = 3. — Cardinality measures the "size" of a set. |{2,4, 6, 8}| =4
because there are four distinct elements. |@| = 0 because the empty set has no elements. For
finite sets, cardinality is simply counting. For infinite sets (which mathematicians also study),
cardinality becomes much more subtle.

No. Venn diagrams are excellent for 2-3 sets and for building intuition, but they become
impractical for 4+ sets (4 circles cannot form all 16 needed regions with simple shapes).
For large or complex problems, algebraic methods using set identities and inclusion-
exclusion formulas are more reliable. Diagrams are a tool, not a universal solution. —
For 4+ sets, Venn diagrams require non-circular shapes (Edwards diagrams use overlapping
curves). For n sets, you need 2" distinct regions. With 4 sets, that is 16 regions — hard to draw
clearly. Inclusion-exclusion formulas scale better: | AuBuCuD | follows a straightforward
pattern. Venn diagrams build intuition; formulas provide computational power.

ANA' asks: which elements are in A AND also NOT in A? No element can simultaneously



Analyze why AN A'
must always equal
the empty set,
regardless of what
Als.

GivenA={1,3,5,
7Yand B=4{3,5, 8,
10}, find AN B.

What is a set in
mathematics?

Analyze why |A u
B| is NOT simply
|A] + |B|. What
goes wrong?

be a member and non-member of the same set — this would violate the law of non-
contradiction. Therefore AN A' = & for every set A. — AN A' =g is the set-theoretic version
of the logical law of non-contradiction: P AND NOT P = FALSE. No element can satisfy both
membership conditions. Similarly, Au A' = U is the law of excluded middle: P OR NOT P = TRUE.
Every element is either in A or not. These parallels demonstrate the deep connection between
set theory and logic.

{3, 5} — only the elements that appear in both sets — A N B includes only elements present
in both sets. Checking each element: 1 is in A but not B. 3 is in both. 5 is in both. 7 is in A but
not B. 8 isin B but not A. 10 is in B but not A. Intersection: {3, 5}. The intersection is always a
subset of both original sets.

A well-defined collection of distinct objects, called elements or members — A set is one of
the most fundamental concepts in mathematics. Key properties: (1) well-defined — there is a
clear rule for membership, (2) distinct — no duplicates, (3) unordered — {a, b} = {b, a}. Sets are
written with curly braces, and the symbol e means "is an element of."

If A and B share any elements (ANB # @), those shared elements get counted twice —
once when counting A and once when counting B. You must subtract the intersection to
correct for double-counting: |AuB| = |A| + |B| - | ANB|. — The inclusion-exclusion principle
corrects for overcounting. If 10 students take math and 8 take science with 3 taking both, naive
addition gives 18 — but 3 students are counted twice. Correct: 10 + 8 - 3 = 15 unique students.
For three sets: |AuBuC| = |A|+|B|+|C]| - |[ANB| - |ANC| - |[BNC| + |ANBNC]|. The pattern
alternates adding and subtracting.



12. critical-thinking

< Question
(fold —)

Evaluate
whether a
study with 20
participants
can be trusted
as much as one
with 2,000
participants,
assuming both
are well-
designed.

What is a
control variable
inan
experiment?

Design a
simple
experiment to
test whether
plants grow
taller with
classical music.
Identify the
independent
variable,
dependent
variable, and at
least three
control
variables.

Analyze the
difference
between
statistical
significance
and practical
significance.

Analyze the

Answer

Generally no. The smaller study has much wider confidence intervals — its results could
easily be due to random variation. With only 20 participants, unusual individuals can
heavily skew results. The larger study provides much more statistical power to detect real
effects and its results are more likely to represent the true population. However, a small
well-designed study is still more trustworthy than a large poorly-designed one. — With 20
participants, one outlier represents 5% of the data and can dramatically shift the average. With
2,000, one outlier is 0.05% — negligible impact. The smaller study might detect large effects but
will miss moderate or small ones. It also has a higher false-positive rate relative to its claims. That
said, 20-person studies are valuable for pilot testing and generating hypotheses that larger
studies can then confirm.

A variable that is kept constant throughout the experiment so that any observed changes
can be attributed to the independent variable being tested — Control variables ensure a fair
test. If you are testing whether fertilizer affects plant growth, you must keep water, sunlight, sail,
pot size, and temperature the same. Otherwise, any growth difference could be caused by those
factors instead of the fertilizer. The more variables you control, the more confident you can be in
your conclusion.

Independent variable: presence of classical music (music vs no music). Dependent variable:
plant height measured weekly. Control variables: same plant species, same soil, same
water amount, same light exposure, same temperature, same pot size. Use at least 10
plants per group for statistical reliability. Measure for 4+ weeks. — A valid experiment
requires: (1) clear independent variable (music on/off), (2) measurable dependent variable (height
in cm), (3) controlled variables (everything else), (4) sufficient sample size (many plants, not just
one), (5) random assignment to groups, (6) long enough duration. Without controls, any height
difference could be from different soil, light, or watering.

Statistical significance means a result is unlikely to be due to random chance (usually p <
0.05). Practical significance means the result is large enough to matter in the real world. A
drug that lowers blood pressure by 0.1 mmHg might be statistically significant with a huge
sample but practically meaningless — the effect is too small to improve health. — With a
million participants, even a 0.001% difference can achieve statistical significance — the sample is
so large that even tiny effects pass the p < 0.05 threshold. But nobody would change their
behavior for a 0.001% improvement. Effect size (how big the difference is) matters alongside p-
values. A responsible researcher reports both: "The difference was statistically significant (p =
0.01) with a small effect size (d = 0.1)."

Strengths: eliminates both participant placebo effects and researcher observation bias,
provides the strongest evidence for causation, results are highly trustworthy when
properly conducted. Weaknesses: expensive and time-consuming, sometimes impossible



strengths and
weaknesses of
double-blind
experiments.

Explain the
difference
between an
independent
variable and a
dependent
variable.

A student
claims: "l
studied with
music and got
an A, so music
helps
studying."
Identify the
logical flaw.

A friend says: "l
read online
that eating
garlic cures
colds.
Thousands of
people in the
comments
agreed!"
Evaluate the
quality of this
evidence.

What is peer
review in
science?

Explain why a
single
experiment is
usually not
enough to
establish a
scientific
conclusion.

A news

(you cannot blind a surgery vs no surgery), ethical constraints limit what can be tested on
humans, may not reflect real-world conditions. — In a double-blind study, neither participants
nor researchers know who receives the treatment vs placebo. This eliminates placebo effects
(participant side) and unconscious scoring bias (researcher side). However, blinding is impossible
for some interventions (exercise, surgery, therapy), and lab conditions may not generalize to the
real world. Despite limitations, double-blind RCTs remain the gold standard for causal evidence.

The independent variable is what the researcher deliberately changes or manipulates. The
dependent variable is what is measured as a result — it "depends on" the independent
variable. For example, testing fertilizer (independent) by measuring plant height
(dependent). — Memory trick: The independent variable is what the experimenter manipulates
Independently. The dependent variable Depends on it. In "Does caffeine affect reaction time?":
caffeine amount is independent (you set it), reaction time is dependent (you measure it). A well-
designed experiment changes only one independent variable at a time.

This is a single anecdotal case with no control comparison. The student might have gotten
an A anyway. There is no control group (studying without music) and many uncontrolled
variables (difficulty of the test, how much the student studied, prior knowledge). One
example cannot establish causation. — This commits multiple reasoning errors: (1) anecdotal
evidence (one case), (2) no control group, (3) confusing correlation with causation, (4) uncontrolled
variables. A proper study would randomly assign students to music/no-music conditions, control
for study time, and compare average scores. Even then, one study would need replication.

This is very weak evidence. Online comments are anecdotal (individual experiences, not
controlled studies), subject to severe selection bias (people who felt garlic helped are more
likely to comment), confirmation bias (people who believe it search for supporting
evidence), and the placebo effect. The "thousands of comments" create an illusion of
scientific consensus that does not actually exist. No peer-reviewed controlled study is
cited. — This illustrates multiple critical thinking failures: (1) confusing popularity with evidence,
(2) survivorship bias — people for whom garlic did not work do not post, (3) no control group —
colds resolve on their own in 7-10 days regardless, (4) placebo effect, (5) no peer review. Even
millions of anecdotes do not equal one well-designed experiment. The strength of evidence
depends on methodology, not volume of opinion.

A process where other experts in the same field critically evaluate a scientist's work
(methods, data, conclusions) before it is published, checking for errors, bias, and validity —
Peer review is science's quality control system. Before a paper is published in a scientific journal,
2-4 anonymous experts review it. They check: Are the methods sound? Is the data convincing? Are
the conclusions supported? Does the work build on existing knowledge? Peer review is imperfect
but remains the best system we have for catching errors before they spread.

A single experiment could have errors, unusual conditions, or uncontrolled variables.
Replication by other researchers in different settings confirms that the result is genuine
and not due to chance, bias, or a specific quirk of the original setup. — Replication is a
cornerstone of science. A single experiment has a risk of random error, unconscious bias, or
uncontrolled variables. When independent researchers replicate the result using different
samples, locations, and methods, confidence grows enormously. The "replication crisis" in some
fields (where many published results fail to replicate) shows why this standard matters.



headline says:
"People who
eat chocolate
live longer!"
What questions
should you ask
before
believing this
claim?

Explain why
sample size
matters in
scientific
research.

Design a
complete
experiment to
test whether
background
noise affects
reading
comprehension
for middle
school
students.
Include
hypothesis,
variables,
controls,
sample size
justification,
procedure, and
how you would
analyze results.

Explain what a
placebo effect
is and why
scientists use
placebo
controls.

Analyze why
anecdotal
evidence ("It
worked for
me!") is weaker

Key questions: Was this a correlation study or a controlled experiment? Could a hidden
variable (like wealth) explain both chocolate eating and longevity? How large was the
sample? Was the study peer-reviewed? Who funded it? Was it replicated? How much longer
— is the difference meaningful? — Critical thinking about health claims requires asking: (1)
Causation or correlation? (2) Hidden confounders? (Maybe wealthier people both eat more
chocolate and have better healthcare.) (3) Sample size and selection? (4) Peer-reviewed? (5) Effect
size? (Living 0.1 years longer is statistically significant but practically meaningless.) (6) Funding?
(Chocolate company-funded studies may have bias.)

Larger samples are more likely to accurately represent the whole population and reduce
the impact of random variation. A small sample might be unrepresentative by chance,
leading to misleading conclusions. Statistical confidence increases with sample size. — With
10 coin flips, getting 7 heads (70%) is not unusual even with a fair coin. With 10,000 flips, getting
7,000 heads would be virtually impossible with a fair coin. Larger samples reduce the influence of
random variation and outliers. However, a large biased sample is still unreliable — both size and
representativeness matter.

Hypothesis: Students reading in silence will score higher on comprehension tests than
those reading with 60 dB background noise. Independent variable: noise condition (silence
vs 60 dB café noise). Dependent variable: score on a standardized reading comprehension
test. Controls: same passage difficulty, same time limit (20 min), same room temperature,
same time of day, same test format. Sample: 60 students minimum (30 per group),
randomly assigned, from the same grade level. Procedure: (1) Pre-test reading level to
ensure groups are balanced, (2) random assignment to silence or noise group, (3) both
groups read the same passage for 20 minutes, (4) both groups take the same 15-question
comprehension test, (5) compare average scores using a t-test. Expected analysis: if the
silence group scores statistically significantly higher (p < 0.05) with a meaningful effect size
(d > 0.3), we support the hypothesis. — A well-designed experiment specifies all components:
clear hypothesis, operationalized variables (60 dB, not just "noise"), adequate controls, justified
sample size, random assignment, standardized procedure, and predetermined analysis method.
Pre-registration (declaring your methods before collecting data) prevents cherry-picking results.
This experiment could realistically be conducted in a school with proper permission.

The placebo effect is when people experience improvement simply because they believe
they are receiving treatment, even if the treatment is inactive. Scientists use placebo
controls (fake treatments that look real) to separate genuine drug effects from
psychological improvement. — In a clinical trial, the treatment group receives the real drug
while the control group receives a placebo (identical-looking inactive pill). If both groups improve
equally, the drug has no real effect beyond placebo. If the treatment group improves significantly
more, the drug likely works. Without a placebo control, you cannot distinguish real treatment
effects from psychological ones.

Anecdotal evidence has multiple weaknesses: (1) sample size of one cannot represent a
population, (2) no control for confounding variables, (3) subject to confirmation bias
(remembering successes, forgetting failures), (4) placebo effect may explain the result, (5)
regression to the mean (things naturally improve after being unusually bad). Systematic
research addresses all of these through large samples, controls, and statistical analysis. —
Humans naturally find personal stories more compelling than statistics, but this is a cognitive bias.



than
systematic
research.

Explain what
selection bias is
and how it can
affect research
results.

Analyze why
"the study was
funded by a
chocolate
company" is
relevant when
evaluating a
study claiming
chocolate is
healthy.

What is a
hypothesis in
science?

A company
claims their
energy drink
improves test
scores. Their
evidence: 50
students drank
the drink
before an
exam and
averaged 85%.
Apply critical
thinking to
evaluate this
claim.

A survey of 100
students finds
that those who
sleep more
than 8 hours
get higher
grades. A
school
newspaper

A person who took vitamin C and recovered from a cold (which would have resolved on its own)
may sincerely believe it worked. Multiply by millions of people and you get a false consensus.
Controlled studies filter out these noise factors to find genuine effects.

Selection bias occurs when the sample is not representative of the population because of
how participants were chosen. For example, surveying only people at a gym about exercise
habits would overrepresent active people and not reflect the general population. —
Selection bias systematically skews results. A phone survey calling only landlines misses most
young adults (who use cell phones). An online health study attracts health-conscious people. A
school study during summer misses students who attend summer school (often struggling
students). Recognizing selection bias is essential for evaluating any research claim.

Funding source creates a potential conflict of interest: the company benefits financially
from positive results, which can unconsciously or deliberately influence study design, data
analysis, selective reporting, or interpretation. Studies funded by industries tend to
produce results favorable to the funder more often than independently funded studies —
not necessarily through fraud, but through subtle choices in methodology. — Meta-analyses
show that industry-funded nutrition studies are 4-8 times more likely to produce results favoring
the sponsor. This does not mean every industry study is wrong — it means we should scrutinize
them more carefully. Subtle influences: choosing favorable comparison groups, testing at optimal
doses, not publishing negative results (publication bias), and framing neutral results positively.
Independent replication is the best safeguard.

A testable, falsifiable prediction about the relationship between variables — an educated
guess that can be tested through experimentation — A hypothesis is not just any guess — it
must be (1) testable through observation or experiment and (2) falsifiable, meaning there must be
a possible outcome that would prove it wrong. "Plants grow taller with more sunlight" is testable
and falsifiable. "Plants have feelings" is not currently testable.

Major flaws: No control group (what would they have scored without the drink?), no
comparison to their normal scores, no random assignment, possible selection bias (high-
performing students might choose energy drinks), placebo effect, and the company has a
financial conflict of interest. The claim is unsupported. — A valid test would: (1) randomly
assign students to drink/no-drink groups, (2) use a placebo (a similar-tasting drink without the
active ingredients), (3) make it double-blind (neither students nor testers know who got what), (4)
compare test scores between groups, (5) be conducted by independent researchers. The
company's claim violates every principle of sound experimental design.

"Survey finds correlation between longer sleep and higher grades in 100 students" — this
accurately reports the finding without claiming causation, and specifies the sample size. —
Accurate science reporting distinguishes correlation from causation. The original data shows an
association. Possible explanations: sleep helps learning (causal), organized students both sleep



writes:
"Sleeping more
CAUSES better
grades."
Rewrite this
headline to be
scientifically
accurate.

What does
"correlation
does not imply
causation”
mean?

What s a
sample in
scientific

research?

What does
"correlation"
mean?

A researcher
finds that
students who
use laptops in
class score 5%
lower on
exams. ldentify
two possible
confounding
variables that
could explain

this correlation.

Evaluate this
argument:
"Vaccines
cause autism
because autism
diagnoses
increased after
vaccines
became
widespread.”

well and study effectively (confounding), higher-performing students experience less stress
allowing better sleep (reverse causation). Each explanation fits the data equally well. Only a
controlled experiment could distinguish them.

Just because two things are related (correlated) does not prove that one causes the other
— the relationship could be coincidental, or both could be caused by a third factor — This is
perhaps the most important principle in scientific reasoning. Example: towns with more
firefighters have more fires — not because firefighters cause fires, but because larger towns need
more of both. The hidden third variable (town size) explains the correlation. Establishing causation
requires controlled experiments or very strong evidence ruling out alternative explanations.

A subset of a larger population that is selected for study — researchers study the sample
and use the results to draw conclusions about the entire population — Researchers study
samples because studying an entire population is often impossible or impractical. If you want to
know the average height of 13-year-olds in the US, you cannot measure all of them — you
measure a sample and generalize. The sample must be representative: it should reflect the
diversity of the whole population in relevant characteristics.

A statistical relationship where two variables tend to change together — when one
increases, the other tends to increase (or decrease) in a predictable pattern — Correlation
measures the degree to which two variables move together. Positive correlation: both increase
together (height and shoe size). Negative correlation: one increases as the other decreases
(exercise and body fat). Zero correlation: no relationship. Correlation ranges from -1 (perfect
negative) to +1 (perfect positive).

Possible confounders: (1) Students who use laptops might be multitasking (social media,
games) rather than taking notes, so it is the distraction, not the laptop itself. (2) Students
who struggle academically might prefer laptops for easier note-taking, meaning lower
scores preceded laptop use (reverse causation). Both confounders could explain the
correlation without laptops directly causing lower scores. — Confounding variables are
alternative explanations for an observed correlation. In this case: (1) Distraction level — laptop
enables off-task behavior, (2) Self-selection — weaker students may gravitate toward laptops, (3)
Note-taking style — handwriting may involve deeper cognitive processing, (4) Class type — some
subjects may have more laptop users AND harder exams. Identifying confounders is essential for
evaluating any observational study.

This argument commits the correlation-causation fallacy combined with the post hoc (after
this, therefore because of this) fallacy. Autism diagnoses increased due to broader
diagnostic criteria and awareness, not vaccines. Multiple large-scale studies (millions of
children) have found NO causal link. The original study claiming a link was retracted for
fraud. Temporal coincidence is not evidence of causation. — This is one of the most
dangerous examples of the correlation-causation fallacy in modern public health. The original
1998 Wakefield study was retracted in 2010 for fraud. Multiple studies involving millions of
children across many countries have found no link. Autism diagnoses rose because the diagnostic
criteria were expanded in 1994, and awareness increased dramatically. Vaccines and autism
diagnoses both increased over time, but so did internet use — neither caused the other.



13. Hidden Assumptions

< Question (fold —)

When mapping an
argument, which
should you identify
FIRST?

Which of the following
makes an inductive
argument STRONGER?

What is 'modus
ponens' — the most
fundamental rule of
logical inference?

What is the 'principle
of charity' in
argumentation, and
how is it different from
'steelmanning'?

What is a 'premise’ in
logical reasoning?

Consider: 'If it rains,
the ground gets wet.
The ground is wet.
Therefore, it rained.' Is
this valid deductive
reasoning?

A detective finds
fingerprints at a crime
scene matching a
suspect. She reasons:
"These fingerprints
match the suspect.
The suspect was likely
at the scene.' What
type of reasoning is
this?

Answer

The main claim — what is the arguer trying to convince you of? — Always identify the
main claim first. This anchors the entire argument map. Once you know what the arguer is
trying to prove, you can then identify what evidence they provide, what warrants connect
the evidence to the claim, and what rebuttals they acknowledge.

Having a larger and more diverse set of observations supporting the conclusion —
Inductive arguments become stronger with more observations from diverse conditions.
Seeing 3 white swans is weak induction; seeing 10,000 white swans across multiple
continents is much stronger. Diversity matters too — testing a medicine on only young
males gives weaker evidence than testing across ages and genders.

If P implies Q, and P is true, then Q must be true. (If P-»Q and P, then Q.) — Modus
ponens is the most basic valid argument form: given 'If P then Q' and 'P is true,' you can
conclude 'Q is true.' This is how we apply rules to specific cases. Every time you think 'The
rule says X, and this situation matches, so the result applies,' you're using modus ponens.

Principle of charity: interpret ambiguous statements in the most reasonable way.
Steelmanning: actively construct the STRONGEST version of the opponent's
argument. Charity is passive interpretation; steelmanning is active reconstruction.
— The principle of charity says: when someone's words are ambiguous, interpret them in
the most reasonable way rather than assuming the worst interpretation. Steelmanning
goes further: even when you understand their argument, construct an even stronger
version before responding. Charity avoids misrepresentation; steelmanning ensures you're
defeating the best case, not the weakest.

A premise is a statement accepted as true that serves as the starting point for an
argument — the building blocks that lead to a conclusion — Premises are the
foundational statements in an argument. In 'All dogs are animals' (premise 1) + 'Spotis a
dog' (premise 2) — 'Spot is an animal' (conclusion). If either premise is false, the conclusion
may be wrong. Good reasoning requires examining whether premises are actually true
before accepting the conclusion.

No — the ground could be wet for other reasons (sprinkler, spilled water), so this
commits the fallacy of affirming the consequent — This is the fallacy of 'affirming the
consequent.' Rain causes wet ground, but wet ground doesn't prove rain — sprinklers,
spills, or flooding could also be responsible. Valid deduction would be: 'If it rains, the
ground gets wet. It rained. Therefore, the ground is wet.'

Inductive reasoning — fingerprint evidence makes it very probable, but doesn't
guarantee the suspect was at the scene — This is strong inductive reasoning. While
fingerprint evidence is very compelling, it doesn't guarantee the suspect was at the scene
— fingerprints could theoretically be transferred. Detectives build cases using strong
inductive evidence that, combined, makes alternative explanations extremely unlikely.



What is a 'rebuttal’ in
argument mapping?

Read this argument:
'All birds can fly.
Penguins are birds.
Therefore, penguins
can fly.' The logic is
valid but the
conclusion is wrong.
Why?

What is a 'logical
fallacy'?

A math teacher says:
'If a number is divisible
by 6, then it is divisible
by 3. The number 24 is
divisible by 6.
Therefore, 24 is
divisible by 3.' What
type of reasoning is
this?

Consider: 'We should
have a longer recess
(claim) because
studies show physical
activity improves
academic performance
(evidence).' What is the
hidden warrant?

What is 'proof by
contradiction' and how
does it use Boolean
logic?

Construct a valid
deductive argument
using these premises:
'All even numbers are
divisible by 2" and '16
is an even number.'

An acknowledgment of conditions under which the claim might not hold true, or a
response to counterarguments — A rebuttal acknowledges limitations or exceptions to
the claim. For example: 'Students should have longer recess, UNLESS the extra time would
cut into core instruction that can't be made up.' Including rebuttals actually strengthens an
argument by showing the arguer has considered opposing viewpoints.

The first premise is false — NOT all birds can fly (penguins, ostriches, kiwis). Valid
logic applied to a false premise produces a false conclusion — This demonstrates the
difference between VALIDITY (correct logical structure) and SOUNDNESS (valid structure +
true premises). The logic follows correctly: If all A are B, and C is A, then C is B. But 'all birds
can fly' is false. A SOUND argument requires both valid logic AND true premises. Always
check your starting assumptions!

An error in reasoning that makes an argument invalid or misleading — the
conclusion doesn't actually follow from the evidence, even though it might sound
convincing — A logical fallacy is a flaw in the structure of an argument. The conclusion
might even be true, but the reasoning used to get there is broken. Learning to spot
fallacies helps you evaluate arguments honestly — both others' arguments and your own.
There are dozens of named fallacies, each representing a common reasoning mistake.

Deductive reasoning — applying a mathematical rule to a specific case with a
guaranteed conclusion — This is deductive reasoning: a general mathematical rule
(divisible by 6 — divisible by 3) is applied to a specific case (24), giving a guaranteed
conclusion. Mathematics is the strongest domain for deductive reasoning because its rules
are precisely defined.

Recess provides physical activity, and what improves academic performance should
be increased — The argument assumes: (1) recess actually involves physical activity (some
kids might just sit), and (2) improving academic performance is a goal worth pursuing by
extending recess. These hidden warrants are what make the evidence relevant to the
claim.

Assume the opposite of what you want to prove is true, then show this leads to a
logical contradiction (P AND NOT P) — proving the original claim — Proof by
contradiction (reductio ad absurdum) works by assuming the negation of what you want to
prove, then deriving a contradiction (something that's both true and false). Since
contradictions are impossible, the assumption must be false, meaning the original claim is
true. Euclid famously used this to prove there are infinitely many prime numbers.

Therefore, 16 is divisible by 2 — Following the deductive pattern: All even numbers
(general category) are divisible by 2 (property). 16 is an even number (specific case in the
category). Therefore, 16 is divisible by 2 (the specific case must have the property). This is
guaranteed to be true.



A video game has this
rule: a door opens
when (hasKey AND
NOT hasCurse) OR
isAdmin. If a player
has a key and no
curse, does the door
open?

What is 'circular
reasoning'in an
argument?

What is 'confirmation
bias' and how does it
affect our reasoning?

What does 'begging
the question' mean in
logic?

What is a 'conditional
statement’' (if-then
statement) in logic?

A scientist observes
that plants grow faster
when given more
sunlight in 20
experiments. She
concludes that
sunlight promotes
plant growth. What
type of reasoning is
this?

What is the difference
between a 'deductively
valid' argument and an
'inductively strong'
argument, and which
is more useful in
everyday life?

Yes — hasKey is true, NOT hasCurse is true, so hasKey AND NOT hasCurse is true.
TRUE OR anything is true. — Step by step: hasKey=TRUE, hasCurse=FALSE — NOT
hasCurse=TRUE. So hasKey AND NOT hasCurse = TRUE AND TRUE = TRUE. The full
expression becomes TRUE OR isAdmin. Since OR returns true when at least one input is
true, the door opens regardless of admin status.

When the conclusion is used as one of the premises — the argument assumes what
it's trying to prove — Circular reasoning (begging the question) occurs when the
conclusion appears as a premise in disguise. 'We should trust the news because they
report truthful information' is circular if 'reporting truthful information' is just another way
of saying 'we should trust them.'

The tendency to search for, notice, and remember information that confirms what
we already believe, while ignoring or dismissing evidence that contradicts our
beliefs — Confirmation bias means we naturally seek out information that agrees with us
and ignore information that doesn't. If you think a classmate is mean, you'll notice every
rude thing they do but overlook their kind actions. Scientists combat this by actively trying
to DISPROVE their own hypotheses. Awareness is the first step to reducing this bias.

A circular reasoning error where the conclusion is assumed in the premise — the
argument uses the thing it's trying to prove as its own evidence — 'Begging the
question' is circular reasoning: 'God exists because the Bible says so, and the Bible is true
because it's the word of God.' The conclusion (God exists) is assumed in the premise (the
Bible is God's word). The argument goes in a circle without actually proving anything. To
spot it, check if the evidence is just the claim rephrased.

A statement of the form 'If P, then Q' — it claims that whenever P is true, Q must
also be true — A conditional (P — Q) claims that P being true guarantees Q is true. The 'if'
part (P) is called the antecedent or hypothesis; the 'then' part (Q) is the consequent or
conclusion. Conditional statements are the backbone of logical reasoning and
programming.

Inductive reasoning — she's generalizing from specific experimental observations —
This is inductive reasoning because she moves from specific observations (20 experiments
showing faster growth) to a general conclusion (sunlight promotes plant growth). Most
scientific research uses inductive reasoning to build theories from evidence.

Deductive validity guarantees the conclusion (if premises are true); inductive
strength makes it probable. Most everyday reasoning is inductive because we rarely
have certain premises to start from. — Deductive validity provides certainty but
requires true premises — rare outside mathematics and formal definitions. Inductive
strength provides probability based on evidence — which is how most real-world
reasoning works. Deciding what to eat, whether to trust someone, or which career to
pursue all use inductive reasoning. Both matter, but understanding inductive strength is
more practically useful for most decisions.



What is an 'analogy' in
reasoning, and when
can analogies be
helpful or misleading?

Build a truth table for
NOT (P OR Q). What
are the results for all
four input
combinations?

What is a
'contradiction’ in logic?

Maria argues for later
school start times. Ben
responds: 'Maria
thinks students should
sleep all day and never
come to school!" What
fallacy is Ben
committing?

An analogy compares two things to explain or argue a point. Helpful when the
comparison highlights a genuine similarity; misleading when the two things are
fundamentally different in important ways — Analogies compare familiar things to
unfamiliar ones: 'The heart is like a pump.' This helps understanding when the comparison
is accurate in relevant ways. But analogies become misleading when key differences are
ignored: 'Running a school is like running a factory' ignores that students aren't products.
Always ask: in what ways are these things DIFFERENT?

TT—F, TF—F, FT—>F, FF>T — NOT (P OR Q) is only true when BOTH P and Q are false —
Step by step: P=T,Q=T: T OR T=T, NOT T=F. P=T,Q=F: T OR F=T, NOT T=F. P=F,Q=T: F OR T=T,
NOT T=F. P=F,Q=F: F OR F=F, NOT F=T. Notice this matches (NOT P) AND (NOT Q) — that's
De Morgan's Law! The expression is true only when both P and Q are false.

A statement that is always false regardless of the truth values of its components,
like 'P AND NOT P' — A contradiction is false in every row of its truth table. 'P AND NOT P'
can never be true because something can't be both true and false at the same time. If an
argument leads to a contradiction, something in the premises must be wrong — this is the
basis of 'proof by contradiction.’

Straw man — Ben is misrepresenting Maria's argument (later start times) as
something extreme she didn't say (sleep all day/never come to school) to make it
easier to attack — The straw man fallacy creates a distorted, exaggerated version of
someone's argument and attacks THAT instead of the real argument. Maria said 'start
later,' not 'sleep all day.' By attacking the extreme version, Ben avoids addressing her
actual points. To counter: 'That's not what | said. | argued for starting at 9 AM instead of
7:30 AM.



14. Hidden Assumptions

< Question (fold —)

Which of the following is an
example of inductive reasoning?

Using Boolean logic, simplify: (A
AND B) OR (A AND NOT B). What
does this reduce to?

What is 'epistemic humility' and
why is it essential for good
logical thinking?

What is the 'middle term'in a
syllogism and what role does it

play?

A search engine uses Boolean
logic. If you search for 'cats AND
dogs,' what results do you get?

Someone argues: 'We should
choose Maya as team captain
because she scored the most
goals this season.' What hidden
assumption does this argument
rely on?

What does it mean to 'steelman’
an opposing argument, and why
is it a sign of good critical
thinking?

Answer

Every swan I've ever seen is white, so | conclude that all swans are probably
white. — This is inductive because it moves from specific observations (every
swan I've seen is white) to a general conclusion (all swans are probably white).
Notably, black swans do exist, showing inductive conclusions can be wrong.

This simplifies to just A. Factor out A: A AND (B OR NOT B). Since (B OR NOT
B) is always true (tautology), the expression equals A AND TRUE = A. — Using
the distributive law: (AAB) v (AA-B) = A A (B v =B). Since B v -B is a tautology
(always true), this becomes A A TRUE = A. Intuitively: whether B is true or false, A
is required in both cases, so only A matters. This kind of simplification is essential
in computer science for optimizing circuit designs and code conditions.

Recognizing the limits of your own knowledge and reasoning — being
willing to say 'l don't know' or 'l might be wrong' — which prevents
overconfidence and opens you to better evidence — Epistemic humility is the
recognition that your current beliefs might be wrong. It's not intellectual
weakness — it's the foundation of rational thinking. It means: holding beliefs
proportional to evidence, being open to changing your mind with new evidence,
saying 'l don't know' when you genuinely don't, and distinguishing between what
you know and what you assume. Without it, all other logical skills are
undermined by overconfidence.

The term that appears in both premises but NOT in the conclusion — it
connects the subject and predicate by linking them through a shared
category — The middle term is the logical bridge: it appears in both premises
but disappears in the conclusion. In the example, 'mammals' connects 'whales' to
'breathe air' through two steps. If the middle term doesn't properly link the
subject and predicate, the syllogism commits the 'undistributed middle' fallacy.

Only pages that contain BOTH the word 'cats' and the word 'dogs' —
Boolean AND in search engines works exactly like logical AND: both terms must
be present in the result. This narrows your search. By contrast, 'cats OR dogs'
would return pages about either or both, which is broader.

That the best scorer would make the best captain — that scoring ability
equals leadership ability — The argument assumes scoring ability translates to
captaincy ability. But a captain needs leadership, communication, and
motivational skills — not just athletic performance. Challenging this hidden
assumption reveals the argument's weakness: it conflates two different skill sets.

To present the strongest possible version of an opponent's argument
before responding — it shows intellectual honesty and produces stronger
counterarguments — Steelmanning — constructing the most charitable,
strongest version of an opposing argument — is a hallmark of excellent critical
thinking. It's the opposite of strawmanning. If you can refute the best version of
the opposing view, your rebuttal is much stronger than if you only attacked a
weak version. It also builds trust with your audience.

It attacks the PERSON instead of addressing the ARGUMENT — this is called



Two students are having a
disagreement. Student A says:
'You're wrong because you
always say dumb things.' What's
wrong with this response?

Alex says: 'My phone crashed
after | installed that app. My
friend's phone also crashed
after installing it. The app must
cause crashes.' What would
make this inductive argument
stronger?

What is the difference between
the 'converse' and the
'contrapositive' of a conditional
statement?

Construct a simple logical
argument about a topic you care
about. Include a clear claim, at
least two pieces of evidence,
and reasoning that connects
them. Then identify the
strongest counterargument.

A student argues: 'l got food
poisoning every time | ate at
that restaurant. | won't eat there
again because I'll get sick.' Is this
reasoning deductive or
inductive, and is it strong?

Which of the following is a valid
deductive argument?

What is 'equivocation' and why
does it break syllogistic
reasoning?

an 'ad hominem' attack and doesn't actually disprove Student B's point —
This is an 'ad hominem' (Latin for 'to the person') attack — one of the most
common logical fallacies. Attacking someone's character doesn't address
whether their argument is true or false. Even if someone has been wrong before,
their current argument might be correct. Good reasoning responds to ideas, not
to people.

Testing on many more phones of different types and confirming the
crashes stop when the app is uninstalled — Two phones crashing is suggestive
but weak. To strengthen the argument: test on many phones (larger sample), use
different models (diverse sample), check if uninstalling fixes it (establishing
causation, not just correlation), and rule out other causes like software updates
that happened at the same time.

The converse flips P and Q without negating (If Q, then P); the
contrapositive flips AND negates (If NOT Q, then NOT P). Only the
contrapositive is guaranteed to have the same truth value. — The converse
(If Q, then P) is NOT logically equivalent to the original. 'If it's an animal, then it's a
dog'is clearly false even though 'If it's a dog, then it's an animal' is true. The
contrapositive (If NOT Q, then NOT P) IS always equivalent — 'If it's not an animal,
then it's not a dog' is also true.

A well-structured argument with a debatable claim, relevant evidence,
logical reasoning connecting evidence to claim, and an honest
acknowledgment of the strongest opposing point — Example: Claim: 'Schools
should offer free breakfast.' Evidence 1: 'Studies show students who eat
breakfast score 17% higher on tests.' Evidence 2:'13 million American children
face food insecurity.' Reasoning: 'Since nutrition affects learning and many
students lack access, free breakfast directly improves educational outcomes."'
Counterargument: 'School budgets are limited — funding might come from other
programs.' Building and critiquing your own arguments is the foundation of
logical thinking.

Inductive reasoning, and it's reasonably strong — a pattern of repeated bad
experiences supports the conclusion — This is inductive reasoning —
generalizing from past experience. It's reasonably strong because repeated food
poisoning at the same place is significant evidence. However, it's not certain: the
restaurant might have changed management, fixed health issues, or the student
might have had a coincidental illness.

No reptiles are mammals. All snakes are reptiles. Therefore, no snakes are
mammals. — The correct answer is valid because: No reptiles are mammals (all
excluded), and all snakes are reptiles (snakes are in the excluded group), so no
snakes can be mammals. The others fail: 'some' and 'most' don't guarantee
conclusions about specific individuals.

Using a word with two different meanings in the same argument, creating a
hidden fourth term that breaks the logical connection — Equivocation
exploits words with multiple meanings. 'The end of a thing is its perfection; death
is the end of life; therefore death is the perfection of life.' Here 'end' shifts from
'purpose/goal’ to 'termination.' Syllogisms require exactly three terms —
equivocation secretly introduces a fourth, invalidating the logic.



A company's ad says: 'Our
competitors don't want you to
know about this product!' Is this
a logical fallacy? If so, which
one?

If P is TRUE and Q is FALSE, what
is the value of P OR Q?

Lena tested 4 batteries from
Brand X and they all lasted over
10 hours. She says: 'Brand X
batteries always last over 10
hours.' What weakness exists in
her inductive reasoning?

What is a 'warrant' in an
argument?

The statement 'If it rains, the
ground gets wet' is true. It didn't
rain today. What can you
conclude about the ground?

What is 'abductive reasoning'?

What is 'logical equivalence™?

What is 'modus tollens'?

Yes — appeal to conspiracy/persecution complex. The claim that
competitors are hiding information creates a false sense that the product
must be special because it's being 'suppressed’' — This is a manipulative tactic
that implies a conspiracy to suppress the product, making consumers feel like
insiders for knowing about it. The ad provides zero evidence about product
quality. Competitors 'not wanting you to know' proves nothing — it's an
unfalsifiable claim designed to build trust without evidence. Always ask: what
does this ad tell me about the actual product?

TRUE — OR only needs at least one to be true, and P is true — P OR Q is TRUE
because OR needs at least one true input, and P is TRUE. OR is false only when
both inputs are false. 'You can get in with a student ID OR a ticket' — having the
student ID is enough even without a ticket.

Her sample size is too small — 4 batteries isn't enough to confidently
generalize about all Brand X batteries — Lena's conclusion is based on only 4
observations — a very small sample. Some of those batteries might have been
from the same production batch. With millions of batteries produced, 4 isn't
enough to generalize. A larger, random sample across different batches would
make her argument much stronger.

The logical bridge that explains WHY the evidence supports the claim —
often an unstated assumption — A warrant is the underlying principle or
assumption that makes the evidence relevant to the claim. For example: Claim:
'Bring an umbrella.' Evidence: 'The forecast says rain.' Warrant (unstated):
'Umbrellas keep you dry in rain.' Identifying hidden warrants is a crucial critical
thinking skill.

Nothing — the ground might be wet or dry; the rule only tells us what
happens when it DOES rain — When the 'if' condition is false (it didn't rain), the
conditional tells us nothing. The ground could be wet from sprinklers, a hose, or
spilled water. This is a critical logic concept: 'If P then Q' only guarantees Q when
P is true. When P is false, Q could be either true or false.

Reasoning to the best explanation — choosing the most likely explanation
for a set of observations — Abductive reasoning selects the most likely
explanation from available evidence. When you wake up to a wet lawn, you might
reason: 'The best explanation is that it rained overnight' (even though sprinklers
or dew are possible). Doctors use abduction when diagnosing: symptoms +
knowledge — most probable cause.

Two statements are logically equivalent when they have the same truth
value in every possible situation — Logically equivalent statements always
have matching truth values across all possible inputs. For example, 'If P then Q'
and 'If NOT Q then NOT P' (contrapositive) are logically equivalent — their truth
tables produce identical outputs for every combination of P and Q values.

If P implies Q, and Q is false, then P must be false. (If P-Q and NOT Q, then
NOT P.) — Modus tollens works by denying the conclusion to deny the premise.
If rain always causes wet streets, and the streets are dry, then it didn't rain. This
is the contrapositive in action and is how scientists disprove hypotheses: 'lIf my
theory is correct, X should happen. X didn't happen. Therefore, my theory is
wrong.'

How many dentists were surveyed? What exactly did they 'recommend'?



A commercial says: '4 out of 5
dentists recommend
BrightSmile toothpaste!' What
questions should a critical
thinker ask about this evidence?

What does it mean to 'think
critically'?

Using the Toulmin model, fully
map this argument: 'Schools
should probably start later
because the American Academy
of Pediatrics recommends a
start time of 8:30 AM or later for
middle and high schoolers, as
adolescent biology shifts sleep
cycles later. Of course, early
start times help with after-
school activities and parent
schedules.'

Were they paid by BrightSmile? Did they recommend it over NO toothpaste
or over competitors? What did the 5th dentist say? — Critical thinking
questions: (1) Sample size — 5 dentists or 5,000? (2) Wording — 'recommend'
could mean 'it's okay' not 'it's the best.' (3) Comparison — recommended over
what? Maybe all toothpaste brands got similar ratings. (4) Funding — was the
study independent? (5) The missing dentist — why didn't the 5th agree? Statistics
require context to be meaningful.

Carefully analyzing information by questioning assumptions, evaluating
evidence, considering alternative explanations, and forming well-reasoned
judgments rather than accepting things at face value — Critical thinking is
NOT being negative or skeptical of everything. It's a disciplined process: (1)
Question assumptions — 'How do we know this?', (2) Evaluate evidence — 'Is this
reliable?', (3) Consider alternatives — 'What else could explain this?', (4) Reason
logically — 'Does the conclusion follow from the evidence?' It's about thinking
WELL, not thinking negatively.

Claim: schools should start later. Qualifier: '‘probably.' Evidence: AAP
recommendation + adolescent biology research. Warrant: medical expert
recommendations based on biological evidence should guide school policy.
Rebuttal: early starts benefit extracurriculars and parent schedules. —
Complete Toulmin map: CLAIM: Schools should start later. QUALIFIER: 'probably’
(acknowledges it's not absolute). EVIDENCE: AAP recommendation for 8:30+ start
time; adolescent biology research on sleep cycles. WARRANT (implicit): Expert
medical recommendations based on biological evidence should inform school
policy. REBUTTAL: Early start times have practical benefits (activities, parent
schedules). This is a well-structured argument with all five Toulmin components.



15. Hidden Assumptions

< Question (fold —)

What is 'exclusive OR' (XOR)

and how does it differ from
regular OR?

You see a viral video
claiming a new 'miracle
cure' with millions of views

and enthusiastic comments.
Apply critical thinking: what

THREE questions should
you ask before believing it?

What is the difference
between a 'strong'
argument and a 'weak’
argument?

An ad shows a celebrity
drinking a brand of water
and says: 'Hydrate like a
champion!" What fallacy is
the ad relying on?

In science, what role does
deductive reasoning play
after a hypothesis is
formed?

What is a 'logical
conclusion'?

What is the 'four terms
fallacy' (quaternio
terminorum)?

Map this argument by

Answer

XOR is true when exactly one input is true, but false when both are true —
regular OR is true when both are true — XOR (exclusive OR) is true when exactly
one input is true, false otherwise. Regular OR includes the case where both are true.
In daily life, 'soup or salad' usually means XOR (pick one), while 'You need a pen or
pencil' is regular OR (either works, both are fine too).

Who made this and what are their qualifications? Where is the peer-reviewed
scientific evidence? What do they gain if you believe them (product sales, ad
revenue, followers)? — Critical evaluation requires checking: (1) Source authority —
is the creator a qualified medical professional or just an influencer? (2) Evidence
quality — is there published, peer-reviewed research, or just testimonials? (3)
Motivation — are they selling something, earning ad revenue, or seeking followers?
Popularity (views, comments) is never evidence of accuracy.

A strong argument has a clear claim supported by relevant, reliable evidence
with logical reasoning; a weak argument may lack evidence, use irrelevant
evidence, or have flawed reasoning — Argument strength depends on: (1) Is the
evidence relevant to the claim? (2) Is the evidence reliable and accurate? (3) Is the
reasoning logical — does the evidence actually support the conclusion? A short
argument with strong evidence beats a long argument with weak reasoning. Strength
is about quality, not quantity.

Appeal to authority / false authority — a celebrity's athletic success doesn't
make them an expert on which water brand is best — This is a false authority
appeal — the celebrity's fame and athletic success create an association with the
product, but they have no special expertise about water quality. The ad implies that
the celebrity's success is connected to this water brand, which is unsupported. The
celebrity is almost certainly being paid.

It's used to derive specific, testable predictions from the general hypothesis —
Science uses both reasoning types in a cycle: inductive reasoning builds hypotheses
from observations, then deductive reasoning derives specific predictions ('if
hypothesis X is true, then we should observe Y'). These predictions are tested
experimentally, and results feed back into new inductive reasoning.

A statement that necessarily follows from the given premises — if the premises
are true, the conclusion MUST be true — A logical conclusion follows necessarily
from the premises. Given 'All cats are animals' and 'Whiskers is a cat,' the conclusion
'Whiskers is an animal' is FORCED — there's no way the premises can be true and the
conclusion false. This is different from a guess, a likely outcome, or a personal
opinion.

A syllogism that appears to have three terms but actually has four because one
word is used with two different meanings — The four terms fallacy occurs when a
word is used ambiguously, creating a hidden fourth term. In the steak/hamburger
example, 'nothing' in premise 1 means 'no alternative' while in premise 2 it means
'the absence of food.' Though the word looks the same, it represents two different
concepts, breaking the syllogistic structure.



identifying the evidence:
'Students should wear
uniforms. A study of 50
schools found that
uniforms reduced bullying
by 30%. Additionally, 85% of
parents surveyed said
uniforms saved them
money on school clothes.'

What makes a piece of
evidence 'relevant' to a
claim?

What does 'burden of proof’
mean in logical reasoning?

Why does addressing
counterarguments actually
STRENGTHEN your own
argument?

How many rows does a
truth table for TWO
variables (P and Q) have?

A company advertisement
says: 'Our product has zero
reported side effects!'
Identify at least two logical
problems with using this as
evidence the product is
safe.

During a debate, one
student says: 'If you
support recycling, you
probably want to shut down
ALL factories and make
everyone live in caves!'
What type of fallacy is this?

Identify the formal fallacy:
'If it's raining, the ground is
wet. The ground is wet.
Therefore, it's raining.'

Two pieces of evidence: (1) a study showing 30% reduction in bullying across 50
schools, and (2) a survey showing 85% of parents saved money — This is a
convergent argument with two independent pieces of evidence: (1) a 50-school study
on bullying reduction and (2) a parent survey on cost savings. Each independently
supports the claim. Notice signal words: 'A study found' and 'Additionally’ indicate
separate evidence.

It has a logical connection to the claim — it actually helps prove or disprove the
specific point being made — Relevance means the evidence logically connects to the
claim. Accurate evidence can still be irrelevant — knowing that 'the school has 500
students' doesn't support the claim that 'we need a new gym." Evidence must address
the specific point being argued, not just be true and interesting.

The person making a claim is responsible for providing evidence to support it —
you can't ask others to prove your claim is wrong — Burden of proof means: if
you make a claim, YOU must support it with evidence. Saying 'prove me wrong' shifts
the burden unfairly. Example: If Sam claims there's a dragon in the school basement,
Sam must provide evidence — other students don't have to prove there ISN'T a
dragon. This principle is fundamental to rational discussion.

It shows you've considered other viewpoints and can explain why your position
is still stronger despite objections — Addressing counterarguments demonstrates
intellectual rigor. An audience is more likely to trust someone who acknowledges
legitimate concerns and explains why their position still holds. Ignoring obvious
objections makes an argument look weak or dishonest.

4 rows — for the combinations: TT, TF, FT, FF — With 2 variables, each can be TRUE
or FALSE, giving 2 x 2 = 4 combinations. The pattern is 2An where n is the number of
variables: 1 variable = 2 rows, 2 variables = 4 rows, 3 variables = 8 rows, etc.

Absence of reports doesn't mean absence of effects (argument from ignorance).
Also: how was reporting done? Were users asked? How long was the monitoring
period? Small sample sizes might miss rare effects. — Multiple logical issues: (1)
Argument from ignorance — no reports = no effects. People might not connect
symptoms to the product, might not know how to report, or the reporting system
might not exist. (2) Undefined timeframe — 'zero effects' over one week vs. ten years
means very different things. (3) Sample size unknown — ten users with zero effects is
very different from a million. (4) Self-reported data is unreliable for subtle effects.

Straw man combined with slippery slope — they're both exaggerating the
opponent's position AND predicting extreme consequences — This combines
straw man (distorting 'support recycling' into 'shut down all factories/live in caves')
with slippery slope (suggesting recycling leads to extreme outcomes). Neither is what
the recycling advocate actually argued. To counter: 'I'm arguing for recycling
programs, not shutting down factories. Please address my actual argument.'

Affirming the consequent — the ground being wet doesn't prove it's raining
because other things can cause wet ground — Affirming the consequent has the
form: If P then Q; Q; therefore P. This is invalid because Q could be true for reasons
other than P. The ground might be wet from sprinklers, flooding, or washing.
Compare with valid modus ponens: If P then Q; P; therefore Q — which correctly goes



What is a 'disjunctive
syllogism' and how does it
work?

Why is inductive reasoning
essential even though it
can't provide absolute
certainty?

What is a
'counterargument'?

Arrange these sentences
into a logical argument: (A)
'Therefore, students should
be allowed to use
calculators on tests.' (B)
'Real-world math always
involves tools.' (C) 'Tests
should reflect real-world
situations.'

What is a 'tautology' in
logic?

What is a 'reductio ad
absurdum' argument?

What is a 'counterexample'
and why is it important?

Maya argues: 'We should

from cause to effect.

It uses an 'either/or' premise: Either P or Q is true; NOT P; therefore Q. If one
option is eliminated, the other must be true. — A disjunctive syllogism uses
process of elimination: given 'P or Q' is true and P is false, Q must be true. This is valid
because if at least one must be true and we've ruled one out, the other must be the
one that's true. Detectives, doctors, and mechanics all use this reasoning pattern
constantly.

Because most real-world knowledge requires generalizing from limited
observations — we can't observe everything — Inductive reasoning is how we
build knowledge about the world. We can't observe every electron, every historical
event, or every medical outcome — we must generalize from samples. Science,
medicine, engineering, and everyday decision-making all depend on strong inductive
reasoning despite its inherent uncertainty.

An argument that opposes or challenges the main claim, presenting reasons
why the claim might be wrong — A counterargument presents the opposing
perspective. Strong arguers include and address counterarguments rather than
ignoring them. This shows intellectual honesty and makes the overall argument more
persuasive by demonstrating the arguer has considered alternatives.

B — C — A: 'Real-world math involves tools' (premise 1) + 'Tests should reflect
real-world situations' (premise 2) — 'Students should use calculators on tests'
(conclusion) — Logical arguments flow from premises to conclusion: (1) 'Real-world
math always involves tools' (Premise — establishes a fact about the real world), (2)
"Tests should reflect real-world situations' (Premise — establishes a principle about
testing), (3) 'Therefore, students should use calculators' (Conclusion — follows
logically from both premises). Note: you could argue against either premise!

A statement that is always true regardless of the truth values of its
components, like 'P OR NOT P' — A tautology is true in every row of its truth table.
'P OR NOT P' (called the law of excluded middle) is always true: either P is true or its
negation is true — there's no third option. Tautologies are important because they
represent logical laws that hold universally.

A proof technique that assumes the opposite of what you want to prove, then
shows this assumption leads to an absurd or contradictory result — Reductio ad
absurdum ('reduction to absurdity') is one of the most powerful logical techniques.
Assume the negation of your claim, then reason logically until you reach a
contradiction or absurd result. Since valid reasoning from a true premise can't
produce contradictions, the assumption must be false — proving your original claim.
Euclid used this to prove there are infinitely many primes.

A specific case that disproves a general claim — one counterexample can
destroy an inductive conclusion — A counterexample is a single case that
contradicts a universal claim. If someone claims 'all swans are white,' finding one
black swan is a counterexample that disproves the entire claim. This is why inductive
conclusions using 'all' or 'always' are risky — they're vulnerable to a single
counterexample.



get a class pet because
studies show that animals
in classrooms reduce
student stress and improve
attendance.' What is her
evidence?

Consider this argument: 'All
dogs are animals. All
animals need water.
Therefore, all dogs need
water.' This is an example
of what?

In Boolean logic, what does
the OR operator do?

Studies showing that animals in classrooms reduce student stress and improve
attendance — Maya's claim is 'We should get a class pet.' Her evidence is the
research finding that 'animals in classrooms reduce student stress and improve
attendance.' Evidence is the factual support for a claim — it's the part that can be
investigated or verified. Good evidence makes arguments more convincing.

A chain syllogism — where the conclusion of one deductive step becomes the
premise of the next — This is a chain (or hypothetical) syllogism: Dogs — Animals —
Need water, therefore Dogs — Need water. The middle term 'animals' links the two
premises. Each step is valid deduction, and chaining valid deductions produces a valid
overall argument.

Returns TRUE when at least one input is true — it's only false when BOTH inputs
are false — OR (inclusive OR) returns true when at least one input is true. It's only
false when everything is false. 'I'll go to the park if it's sunny OR warm' — sunny alone
works, warm alone works, and sunny-and-warm also works. Only cold-and-cloudy
fails.



16. Hidden Assumptions

< Question (fold —)

Analyze this real-
world argument
structure: 'Since
global temperatures
have risen (E1), ice
caps are melting (E2),
sea levels are
increasing (E3), and
97% of climate
scientists agree (E4),
human-caused
climate change is
occurring (C).' What
type of argument
structure is this?

A student argues: 'We
shouldn't have to take
PE because some kids
have physical
disabilities and can't
participate fully.' What
fallacy might this be?

A product comparison
chart shows your
product winning in 5
out of 8 categories,
but the categories
were chosen by the
company. What's the
logical problem?

What does it mean for
a deductive argument
to be 'valid but
unsound'?

How can Venn
diagrams help
evaluate whether a
syllogism is valid?

What are the four
standard categorical
statement forms?

Answer

Convergent argument with multiple independent lines of evidence — each piece of
evidence independently supports the conclusion, and together they create very
strong inductive support — This is a convergent argument — each piece of evidence
independently supports the conclusion: temperature data, ice data, sea level data, and
expert consensus each separately point to the same conclusion. Removing one doesn't
destroy the others. This is the strongest form of inductive argument because multiple
independent lines of evidence are unlikely to all point in the same direction by coincidence.

A form of red herring or special pleading — the existence of accommodations for
some students doesn't argue against the general value of PE for all students — This
argument uses a specific exception to argue against a general rule. Schools already
accommodate students with disabilities in PE (modified activities, adaptive PE). The
existence of students who need accommodations doesn't logically lead to eliminating PE
for everyone. A stronger argument against PE would address its value directly, not use a
tangential concern.

Cherry-picking criteria — the company chose categories where their product excels
and likely omitted categories where competitors win — This is cherry-picking —
selectively choosing criteria that favor your product. If the company makes an expensive
but durable product, they'll compare on durability, warranty, and materials — not price. A
competitor might compare on price, availability, and ease of use and win 5/8 too. Always
ask: 'Who chose these categories, and what was left out?'

The logical structure is correct, but at least one premise is false — A valid argument
has correct logical structure — IF the premises were true, the conclusion would follow. A
sound argument is valid AND has true premises. Example: 'All cats can fly. Fluffy is a cat.
Therefore, Fluffy can fly' is valid (the logic works) but unsound (cats can't fly).

By drawing circles for each category and shading/marking regions according to the
premises, you can visually check if the conclusion necessarily follows — To test a
syllogism with Venn diagrams: draw three overlapping circles (one per term), then shade or
mark regions based on the premises ONLY. If the conclusion is already represented in the
diagram without adding anything extra, the syllogism is valid. If you'd need to add
something new to show the conclusion, it's invalid.

A (All S are P), E(No S are P), | (Some S are P), O (Some S are not P) — The four
categorical forms are: A (universal affirmative: 'All dogs are animals'), E (universal negative:
'No dogs are cats'), | (particular affirmative: 'Some dogs are brown'), and O (particular
negative: 'Some dogs are not brown'). Every categorical statement fits one of these forms,



What is the difference
between 'appeal to
authority' as a fallacy
and a legitimate use
of expert opinion?

"Think of the children!
We can't allow this!'
without explaining
HOW children would
be affected. What
fallacy is being used?

Avalid deductive
argument with true
premises guarantees
what?

A debate opponent
says: 'Studies show
that countries with
stricter gun laws have
fewer gun deaths. But
correlation doesn't
equal causation, so
this evidence is
meaningless.'
Evaluate this
reasoning.

You're presented with
a complex argument
about whether your
school should switch
to year-round
schooling. Using
everything you've
learned about logic,
design a systematic
process for evaluating
this argument.

What is a 'hidden
assumption'in an
argument?

which determines how it behaves in syllogistic reasoning.

It's a legitimate argument when the authority is a genuine expert in the RELEVANT
field. It's a fallacy when the authority is not an expert on the topic, when experts
disagree, or when expertise is used to shut down valid questions — Legitimate appeal
to authority: citing a climate scientist on climate (relevant expertise, peer-reviewed
research). Fallacious appeal: citing a famous actor on vaccine safety (not their field), or
saying 'Dr. Smith says so, end of discussion' (authority should supplement evidence, not
replace it). Key tests: Is the person an expert in THIS field? Do other experts agree? Is the
claim supported by evidence beyond the authority?

Appeal to emotion — using emotional language to manipulate feelings instead of
providing logical evidence and reasoning — Appeal to emotion substitutes emotional
manipulation for logical argument. 'Think of the children' is used to shut down discussion
without explaining specific harms. Emotions are valid — but they should supplement
evidence, not replace it. A stronger argument would be: 'This policy harms children
BECAUSE [specific evidence].' Always ask: what's the actual evidence behind the emotion?

A true conclusion — This is the power of deductive reasoning: if your premises are true
and your logic is valid, the conclusion is guaranteed to be true. This certainty is what makes
deduction so valuable in mathematics and formal logic.

The dismissal is too absolute. While correlation alone doesn't prove causation, strong
correlations across many countries with controlled variables IS meaningful evidence
— dismissing all correlational evidence is itself a fallacy — This is a sophisticated
misuse of a valid principle. 'Correlation # causation' is correct but doesn't mean
correlations are 'meaningless.' Multi-country studies controlling for confounding variables
provide strong inductive evidence. Dismissing all correlational evidence would reject nearly
all of epidemiology and social science. The correct response is to examine the studies'
methods, not dismiss them categorically.

A complete process: (1) Identify the main claim and sub-claims. (2) Map the evidence
for each claim. (3) Check for hidden assumptions/warrants. (4) Test the logic for
formal fallacies. (5) Evaluate evidence quality (CRAAP test). (6) Identify informal
fallacies. (7) Consider counterarguments. (8) Assess the qualifier — how certain is the
claim? (9) Form a proportional conclusion. — A master logician's evaluation process
integrates all skills: (1) Claim identification (What's being argued?). (2) Argument mapping
(What evidence supports what?). (3) Assumption analysis (What's being taken for granted?).
(4) Formal validity check (Does the conclusion follow from the premises?). (5) Evidence
quality assessment (Are sources reliable, current, relevant?). (6) Informal fallacy scan (Ad
hominem? False dilemma? Slippery slope?). (7) Counterargument consideration (What does
the other side say?). (8) Qualifier assessment (How certain should the claim be?). (9)
Proportional conclusion (What does the evidence actually support?). This systematic
approach prevents both gullibility and unwarranted skepticism.

An unstated belief that the argument depends on to work, which the arguer assumes
the audience already accepts — Hidden assumptions are unstated premises that must be
true for the argument to work. They're the most vulnerable part of many arguments
because the audience might not share those assumptions. Identifying them is one of the
most powerful critical thinking skills.



Someone online
argues: 'You can't
trust mainstream
science about
nutrition because
scientists used to say
eggs were bad and
now they say eggs are
fine.! What fallacy is
this?

What is the difference
between 'necessary’
and 'sufficient’
conditions?

What is a 'constructive
dilemma'in logic?

What is the 'no true
Scotsman' fallacy?

A politician says:
'Either you support
my education bill, or
you're against
education.' A critic
responds: 'That's a
false dilemma — you
can support
education without
supporting this
specific bill.' The
politician counters:
'That's just what
someone against
education would say.'
Analyze the
politician's final
response.

In Boolean logic, what
does the AND

Genetic fallacy / overgeneralization — past revisions in one area don't invalidate all
current science; updating findings when new evidence emerges is how science is
supposed to work — This commits the genetic fallacy (judging current knowledge by past
errors) and overgeneralization (one revision means all science is unreliable). Science is
designed to update — that's its strength. A GPS that recalculates after a wrong turn is more
trustworthy than one that stubbornly keeps the original route. Past revisions show science
working correctly.

A necessary condition MUST be true for the result (but isn't enough alone); a
sufficient condition GUARANTEES the result (but isn't the only way) — Necessary
condition: must be present for the result, but doesn't guarantee it (oxygen for fire —
needed but not enough). Sufficient condition: guarantees the result when present, but isn't
the only way (rain is sufficient for wet ground, but sprinklers also work). In'If P then Q": P is
sufficient for Q, and Q is necessary for P.

If P then Q, and if Rthen S; P or R is true; therefore Q or S — two conditionals
combined with an either/or premise — A constructive dilemma takes two conditionals (If
P—Q, If R—S) and an either/or premise (P or R), concluding that Q or S. Since at least one of
the 'if' conditions is true, at least one of the 'then' results must follow. This is a valid
argument form commonly used in strategic reasoning and decision-making.

Changing the definition of a group to exclude counterexamples. Example: 'No good
student would fail a test.' When shown a good student who failed: 'Well, they're not a
REAL good student' — Named after an example: 'No Scotsman puts sugar on porridge.'
'But my uncle Angus does.' 'Well, no TRUE Scotsman does.' The definition keeps changing to
exclude counterexamples. This is common in everyday arguments: 'No real sports fan
would miss the big game.' 'But I'm a fan and | missed it.' 'Then you're not a REAL fan.' The
goalposts keep moving.

The politician commits circular reasoning / unfalsifiability — they've defined any
disagreement as proof of being 'against education,' making it impossible to critique
the bill without confirming their claim — This creates an unfalsifiable loop: support the
bill = support education; oppose the bill = oppose education; say the dichotomy is false =
that's what an opponent of education would say. There's no way to disagree without
'proving' the politician's point. This is a rhetorical trap combining false dilemma, circular
reasoning, and ad hominem — sophisticated manipulation disguised as logic.

Returns TRUE only when BOTH inputs are true — if either input is false, the result is
false — AND is the strictest Boolean operator. Both conditions must be true for the
combined statement to be true. 'l have a ticket AND | have my ID' — you need both to get



operator do?

Alex says: 'Chocolate
ice cream is the best
flavor because | like it
the most." Is this a
logical argument?
Why or why not?

Someone claims: 'You
can't prove God
doesn't exist,
therefore God exists.'
Someone else claims:
'You can't prove God
exists, therefore God
doesn't exist." Are
both arguments
equally flawed?

After a school fight, a
student says: 'We
need to install metal
detectors at every
entrance!' What
fallacy might this
represent?

What is
'‘whataboutism' and
why is it a fallacy?

What is a 'sub-claim'’
in an argument map?

A classmate says: 'l
don't need to study
for the math test
because | got an A on
the last one without
studying.' What
reasoning flaw is this?

What is 'Occam's
Razor' and how does
it relate to logical
argument evaluation?

into the concert. If either is missing, you can't get in.

No — personal preference is not evidence. 'l like it' explains Alex's taste but doesn't
logically prove it's objectively 'the best' flavor for everyone — Alex confuses personal
preference with a logical argument. 'l like it' is a subjective opinion, not evidence that it's
objectively best. A stronger argument might use sales data, taste test results, or nutritional
comparisons. Personal preference is valid for personal choices but doesn't prove universal
claims.

Yes — both commit the argument from ignorance fallacy. Inability to disprove X
doesn't prove X, and inability to prove X doesn't disprove X. Lack of evidence is not
evidence of absence (or presence). — Both commit the argument from ignorance
(argumentum ad ignorantiam). The inability to prove or disprove a claim tells us nothing
about its truth value — it only tells us about the limits of our evidence. Logically, the correct
position when evidence is insufficient is 'we don't have enough evidence to conclude either
way,' not a forced conclusion in either direction.

Hasty generalization / overreaction — jumping to an extreme solution based on a
single incident without analyzing whether it would actually address the problem —
This combines hasty generalization (one incident justifies extreme measures) with a non-
sequitur (metal detectors detect metal weapons, not fist fights). Emotional reactions to
dramatic events often produce disproportionate or ineffective responses. Critical thinking
requires asking: 'Would this solution actually address the specific problem?'

Deflecting criticism by pointing to someone else's faults (‘"What about when YOU did
X?') — it avoids addressing the actual issue — Whataboutism (tu quoque variant)
deflects criticism by redirecting to someone else's flaws. 'You shouldn't speed.' 'What about
all the other drivers who speed?' This doesn't address whether speeding is wrong — it just
changes the subject. Both things can be problems simultaneously; pointing to another
problem doesn't excuse yours.

A smaller claim that supports the main claim — it needs its own evidence but
ultimately feeds into the larger argument — Sub-claims are intermediate conclusions
that support the main claim. For example, the main claim 'Our school needs a garden’
might be supported by sub-claims like 'Gardens improve student nutrition' and 'Gardens
teach science concepts.' Each sub-claim needs its own evidence.

Hasty generalization — drawing a broad conclusion from one example. One success
without studying doesn't guarantee future success, especially if the material gets
harder — Hasty generalization means drawing a sweeping conclusion from too little
evidence. One test result doesn't establish a pattern. The material changes, difficulty
increases, and luck plays a role. A single success is not evidence of a universal rule. Better
reasoning: 'l did well last time, so my foundation is solid, but | should still review new
material.'

The principle that the simplest explanation that accounts for all the evidence should
be preferred. It's not about what's true, but about which explanation to test first. —
Occam's Razor (parsimony) says: don't multiply entities beyond necessity. If your keys are
missing, 'l misplaced them' is simpler than 'someone broke in, took only the keys, and left
no trace.' Both COULD be true, but the simpler explanation requires fewer unsupported



assumptions and should be investigated first. It's a heuristic, not a proof — sometimes the
complex explanation is correct.



Keep going
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