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Preface

Long story short...

In February 2023, I had a conversation with ChatGPT 3.5 on a set of classic veridical paradoxes. It 
wasn't the best experience, as these counter-intuitive paradoxes are notoriously tricky. Even 
mathematicians sometimes get them wrong. ChatGPT 3.5 too struggled with them quite often. I had to 
repeatedly re-prompt to guide it to correct answers.

Fast forward 19 months, the newly-released chatGPT o1-preview got all of them correct on the first 
attempt! This new LLM with enhanced "reasoning" skills sometimes spent over 50 seconds "thinking" 
on a particular question, but consistently nailed each!  😱

Furthermore, this new model:

• offered detailed explanations as to why the intuitive paradox arises, 

• came up with its own analogies to demonstrate,

• explained both the right and wrong reasoning paths in detail, and

• included final thoughts, suggesting a more stepwise thought process, which brings with it a 
more stepwise reading process!

This model too seems to have a bigger mouth than necessary, but I did less editing for this conversation
file to demonstrate the notable superiorities of its reasoning skills.

I'm not sure whether I will have this conversation again in the future with an even more advanced 
model, but the earlier one from February 2023 can be reached at:
https://serdarkaya.com/pdf/2023/04-veridical-paradoxes.pdf
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Abstract

The conversation begins with Bertrand's Box Paradox and expands to cover counter-intuitive truths. 
We discuss cognitive biases, mental shortcuts, misinterpretations of data, and the challenges people 
face when processing probability scenarios. This is linked to the idea that human brains have evolved 
primarily to address simple, immediate survival problems rather than complex probabilistic tasks. The 
discussion then shifts to betting and gambling, highlighting the emergence of online gambling aided by 
AI. It concludes with a poem about an imaginary Chilean woman in her thirties, who loses a fortune 
playing Blackjack at Wynn Las Vegas's sports kino, due to her lack of attention to the cards. We named
her Lucía.
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PART ONE

Bertrand's Box Paradox
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PROMPT 1.1:

What is Bertrand's Box Paradox? Explain briefly.

Bertrand's Box Paradox is a classic probability puzzle that illustrates how intuitive reasoning can 
sometimes lead us astray. Proposed by the French mathematician Joseph Bertrand in his 1889 book 
Calcul des Probabilités, the paradox illustrates the importance of carefully defining the sample space 
and understanding conditional probability.

The paradox involves three boxes with coins:

Box 1 (or Box GG): Contains two gold coins.
Box 2 (or Box SS): Contains two silver coins.
Box 3 (or Box GS): Contains one gold coin and one silver coin.

You randomly pick one box and then randomly draw one coin from that box. The coin turns out to be 
gold. The paradox arises when determining the probability that the other coin in the same box is also 
gold.

Intuitively, one might think there's a 1 in 2 chance since there are two boxes that contain gold coins 
(Box GG and Box GS). However, the correct probability is 2 in 3.

Here's the explanation:

• There are three gold coins you could have picked:
• The first gold coin from Box GG.
• The second gold coin from Box GG.
• The gold coin from Box GS.

• Since each coin has an equal chance of being selected, there are three equally likely scenarios.

• In two out of these three scenarios, you picked a gold coin from Box GG, which means the 
other coin is also gold.

Therefore, the probability that the other coin in the box is gold is 2/3, not 1/2. The paradox highlights 
the importance of considering all possible outcomes rather than relying on intuition.
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PROMPT 1.2:

Good! Now, please further explain, without using the Bayes equation, 
why the paradox arises, and why the correct result is counter-
intuitive.

Also, in your future responses, refer to the boxes with letter names 
only (i.e., Box GG, Box SS, Box GS) to facilitate understanding.

Certainly! Let's explore Bertrand's Box Paradox in more depth, focusing on why the paradox arises and
why the correct result feels counterintuitive—all without using Bayes' theorem.
According to the scenario, we have three boxes:

1. Box GG: Contains two gold coins.
2. Box SS: Contains two silver coins.
3. Box GS: Contains one gold coin and one silver coin.

You randomly select one of these boxes and then randomly pick one coin from it. The coin you draw 
turns out to be gold. The question is: What is the probability that the other coin in the same box is 
also gold?

Intuitive (But Misleading) Reasoning

At first glance, you might think:

• Since the coin is gold, it must have come from either Box GG or Box GS, as Box SS contains 
only silver coins.

• There are two boxes that could have provided the gold coin.
• Therefore, the probability that the other coin is gold (meaning you picked Box GG) is 1 out of 

2, or 50%.

This reasoning seems logical because you're considering the boxes that contain gold coins. However, it 
overlooks crucial details about the distribution of coins within the boxes.

Why the Paradox Arises

The paradox arises because our intuition doesn't account for the different probabilities of drawing a 
gold coin from each box. Not all boxes contribute equally to the likelihood of drawing a gold coin. 
Let's break it down:

Step 1: Possible Ways to Draw a Gold Coin

When you draw a gold coin, there are three specific scenarios where this can happen:

1. From Box GG:
• Drawing the first gold coin.
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• Drawing the second gold coin.

2. From Box GS:
• Drawing the gold coin.

Total ways to draw a gold coin: 3

Step 2: Analyzing Each Scenario

• Scenario A: You drew the first gold coin from Box GG.
• The other coin is gold.

• Scenario B: You drew the second gold coin from Box GG.
• The other coin is gold.

• Scenario C: You drew the gold coin from Box GS.
• The other coin is silver.

Step 3: Calculating the Probability

Out of these 3 equally likely scenarios:

• In 2 scenarios, the other coin is gold (Box GG).
• In 1 scenario, the other coin is silver (Box GS).

Therefore, the probability that the other coin is gold is 2/3.

Why the Correct Result Is Counterintuitive

1. Unequal Chances Within Boxes

Our intuition often assumes that since we have two boxes with gold coins, each is equally likely. 
However, Box GG is more likely to produce a gold coin because it has two gold coins, whereas Box 
GS has only one.

• Probability of drawing a gold coin from each box:
• Box GG: 2/2 (100% chance)
• Box GS: 1/2 (50% chance)
• Box SS: 0/2 (0% chance)

Since you drew a gold coin, you're twice as likely to have selected Box GG over Box GS.

2. Ignoring Multiple Outcomes

We often consider boxes as single entities rather than accounting for the multiple ways an outcome can 
occur within them.

• Box GG contributes two favorable outcomes (both gold coins).
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• Box GS contributes one favorable outcome (one gold coin).

By not accounting for these multiple favorable outcomes, we mistakenly assign equal probabilities to 
both boxes.

3. Misinterpreting Conditional Information

The fact that you've drawn a gold coin provides additional information that changes the probability 
landscape. It's not just about which boxes contain gold coins, but also about how likely each box is to 
produce a gold coin upon a random draw.

Conclusion

The paradox arises because our initial intuition doesn't take into account the asymmetry in the number 
of gold coins in the boxes and the resulting probabilities of drawing them.

• Key Takeaway: Not all boxes are equally likely to be the source of the gold coin you've drawn 
because they contain different numbers of gold coins.

This problem highlights the importance of considering all possible outcomes and their probabilities, 
rather than relying on an oversimplified intuition. The correct probability is 2/3, which may seem 
counterintuitive until you analyze the specific ways the gold coin could have been drawn.
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PROMPT 1.3:

Back in February 2023, your earlier version (v.3.5) also made the 
above common mistake, probably because it didn't have your "thinking"
and "reasoning" skills. I thus had to write additional prompts in an 
effort to guide it toward the right answer.

Do you have any insights into the process that leads two LLM models 
to two different conclusions on the same prompts?

If it's any help, here's how your makers have defined your 
capabilities over your earlier versions: 
https://openai.com/index/learning-to-reason-with-llms/

Certainly! The difference in responses between two language models like GPT-3.5 (the version from 
February 2023) and GPT-4, o1-preview (the version you're interacting with now) can be attributed to 
advancements in their training and reasoning capabilities. Here are some insights into why they might 
arrive at different conclusions when faced with the same prompts, such as Bertrand's Box Paradox.

1. Enhanced Training Data and Techniques

• Broader and Deeper Learning: Newer models are trained on more extensive datasets that 
include a wider range of topics and problem types. This exposure helps them develop a better 
understanding of complex concepts, including paradoxes and probability puzzles.

• Improved Context Understanding: Advancements in training techniques enable newer 
models to maintain context over longer interactions, allowing for more accurate and coherent 
reasoning throughout a problem.

2. Advanced Reasoning Abilities

• Sophisticated Problem-Solving Skills: GPT-4 has been designed to handle multi-step 
reasoning tasks more effectively than its predecessors. It can break down complex problems 
into smaller parts, analyze each component, and synthesize the information to arrive at a correct
conclusion.

• Avoidance of Common Pitfalls: By learning from a vast array of examples, newer models are 
better at recognizing and avoiding common reasoning errors that can lead to incorrect answers 
in paradoxical situations.

3. Improved Understanding of Probability and Statistics

• Nuanced Interpretation: GPT-4 has a more nuanced understanding of probability concepts, 
allowing it to consider all possible outcomes and their likelihoods rather than relying on 
intuitive but incorrect shortcuts.
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• Detailed Scenario Analysis: When faced with a problem like Bertrand's Box Paradox, newer 
models can systematically enumerate all possible scenarios, assess their probabilities, and 
derive the correct answer without oversimplifying the situation.

4. Incorporation of Human Feedback

• Fine-Tuning with Expert Input: Models like GPT-4 have been fine-tuned using feedback 
from experts, which helps correct inaccuracies and reinforce proper reasoning patterns, 
especially in complex domains like mathematics and logic.

• Alignment with Human Reasoning: By aligning the model's responses more closely with 
human reasoning processes, it's better equipped to handle paradoxes that often trip up less 
advanced models.

5. Reference to the Article on Learning to Reason

The article you shared discusses how training language models to improve their reasoning abilities 
leads to better performance on tasks that require multi-step logical thinking. Here’s how it relates:

• Chain-of-Thought Prompting: This technique encourages models to generate intermediate 
reasoning steps before arriving at a final answer. By doing so, the model can tackle each part of 
the problem methodically, reducing the chance of error.

• Iterative Improvement: Through iterative training and exposure to reasoning tasks, models 
progressively enhance their ability to handle complex problems.

Summary

In essence, the differences between GPT-3.5 and GPT-4 in handling problems like Bertrand's Box 
Paradox stem from advancements in:

• Training Data Quality: Access to more comprehensive datasets.

• Reasoning Techniques: Improved methods for breaking down and analyzing complex 
problems.

• Fine-Tuning Processes: Incorporation of human feedback to correct mistakes and reinforce 
accurate reasoning.

These improvements enable newer models to provide more accurate and reliable answers, especially in 
areas that require deep understanding and careful analysis.
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PROMPT 1.4:

Imagine, after reading the above correspondence, someone still says:

"But, how come? The gold coin came from either Box GG or Box GS. 
It is either one or the other, so the probability is 1/2."

Come up with a brief but eye-opening sentence that may lead this 
person to approach this problem in a new way?

Since Box GG has twice as many gold coins as Box GS, you're twice as likely to have drawn the gold 
coin from Box GG—meaning the probability isn't 1/2, but actually 2/3 that the other coin is also gold.

PROMPT 1.5:

Great!

What about the following for a "brief but eye-opening sentence":

"Yes, it is true the gold coin came from either Box GG or Box GS,
but don't you think it's a little more likely that it came from 
Box GG, because, obviously, a hand that goes in that box has only
gold coins to pick?"

Absolutely, that's an excellent way to prompt a new perspective on the problem. Your sentence 
effectively highlights the key point by drawing attention to the fact that Box GG (with two gold coins) 
offers more opportunities to draw a gold coin than Box GS (with only one gold coin). Therefore, when 
you randomly pick a gold coin, it's more likely that it came from Box GG simply because there are 
more gold coins available to be picked from that box.

By pointing out that any coin drawn from Box GG will always be gold, you help the person realize that
not all boxes are equally likely sources of the gold coin. This shifts the focus from simply counting 
the boxes to considering the likelihood of drawing a gold coin from each box, which is crucial for 
understanding why the probability is 2/3 instead of 1/2.

Your sentence is both brief and eye-opening because it challenges the assumption of equal probability 
and encourages deeper thinking about the distribution of coins within the boxes. It effectively leads 
someone to re-evaluate their initial intuition and approach the problem with a more accurate 
understanding of probability.
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PROMPT 1.6:

Isn't the following even better?:

"You're thinking about this the wrong way, probably because the 
problem says "Box," and thus leads you to think about fully-
isolated boxes. What if the coins were placed on trays on a 
table, and the person was asked to pick them blindfolded? Would 
you change your answer under this scenario?"

Yes, your suggested sentence is indeed an excellent way to prompt a new perspective on the problem 
by reframing the scenario from boxes to coins on trays, you eliminate the mental bias that comes from 
considering each box as an equally likely source of the gold coin. Here's why this approach can be even
more eye-opening:

• Emphasizes Individual Coins Over Boxes: When the coins are laid out on trays, it's easier to 
see that there are three gold coins in total—two from Tray GG and one from Tray GS. This 
highlights that there are more gold coins from what was originally Box GG, making it more 
likely that any randomly picked gold coin came from there.

• Neutralizes Box Bias: The term "box" might lead someone to assume that each box has an 
equal chance of being selected, which isn't the case when considering the coins inside. By 
removing boxes from the equation, you help the person focus on the actual probabilities 
involved.

• Clarifies the Selection Process: A blindfolded selection from all available coins makes it clear 
that some coins are more prevalent than others. Since there are more gold coins from the 
original Box GG, the likelihood of picking one of those is higher.

• Leads to a Revised Probability Assessment: This reframing encourages the person to 
calculate the probabilities based on the number of gold coins available from each original 
source, leading them to realize that the chance the other coin is also gold is 2/3, not 1/2.

In summary, your sentence effectively challenges the initial reasoning and encourages a shift in 
perspective that makes the correct probability more intuitive. It's a concise and thought-provoking way 
to help someone approach the problem differently and grasp why the answer is 2/3 instead of 1/2.
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PROMPT 1.7:

Come up with a few more of these brief-but-eye-opening sentences or 
scenarios that may help people overcome their misleading intuitions.

Certainly! Here are some brief but eye-opening sentences to help people overcome misleading 
intuitions about Bertrand's Box Paradox:

• Coin Perspective:
"Think about the gold coins themselves: there are three gold coins in total—two from Box GG 
and one from Box GS. Since you picked one of these at random, there's a 2 out of 3 chance it 
came from Box GG, where the other coin is also gold."

• Probability Proportional to Quantity:
"The chance of selecting a gold coin from a box is proportional to the number of gold coins it 
contains. Since Box GG has twice as many gold coins as Box GS, you're twice as likely to have 
picked from Box GG."

• Eliminating the Boxes Altogether:
"Forget about boxes for a moment. You have three gold coins in a bag—two paired with gold 
coins, one paired with a silver coin. You pick a gold coin; the chance its pair is also gold is 2 
out of 3."

• Visualizing All Possible Outcomes:
"List all possible coin draws: out of the three gold coins you could pick, two come from Box 
GG. So, it's more probable your gold coin came from Box GG, where the other coin is also 
gold."

• Changing the Numbers:
"If Box GG had 100 gold coins and Box GS had 1 gold coin, and you drew a gold coin, would 
you still think it's a 50% chance it came from either box?"

These perspectives aim to challenge initial assumptions by highlighting how the number of gold coins 
affects the probabilities, encouraging a more accurate understanding of why the chance the other coin is
also gold is 2/3 rather than 1/2.
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PROMPT 1.8:

Below are the five alternatives chatGPT v.3.5 had come up with in 
response to the same prompt 19 months ago:

a. "Just because there are two possibilities doesn't mean they are equally 
likely."

b. "The probability of the next coin being gold depends on the box chosen, not
just on the fact that the first coin was gold."

c. "The fact that a gold coin was chosen tells us something about the box, and
we need to take that into account when calculating the probability of the next
coin being gold."

d. "The paradox arises because our intuition assumes that all possibilities 
are equally likely, but that's not always the case."

e. "The more we know about the situation, the more we can refine our 
probability estimates."

Care to enhance or rewrite the above?

Certainly! I'd be happy to enhance and rewrite these sentences to make them more impactful and help 
people overcome their misleading intuitions about Bertrand's Box Paradox:

a. "Even though there are two boxes the gold coin could have come from (Box GG or Box GS), 
they are not equally likely sources—because Box GG has twice as many gold coins, you're 
twice as likely to have picked the gold coin from Box GG."

b. "The chance that the other coin is also gold depends on which box you've likely selected—
and drawing a gold coin makes it more probable that you picked Box GG, where the other coin 
is gold as well."

c. "Drawing a gold coin updates our knowledge about which box you're likely dealing with; this
information must be considered to accurately calculate the probability that the other coin is gold
—leading to a higher chance it's Box GG."

d. "The paradox occurs because we intuitively assume equal likelihood for each box, but in 
reality, the boxes are not equally probable sources of the gold coin due to the differing numbers 
of gold coins they contain."

e. "By incorporating the fact that we've drawn a gold coin, we can refine our probability 
estimate, recognizing that it's more likely we picked from Box GG, thus increasing the 
probability that the other coin is also gold."

These enhanced statements aim to:

• Highlight the asymmetry in the number of gold coins between the boxes.
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• Emphasize that not all possibilities are equally likely, correcting the intuitive misconception.

• Show that new information (drawing a gold coin) affects the probabilities and should be 
included in the calculation.

• Clarify that the probability depends on the likelihood of having chosen a particular box, 
not just on the fact that a gold coin was drawn.

By making these points more explicit, the enhanced sentences help readers understand why the 
probability that the other coin is gold is 2/3 rather than 1/2, overcoming misleading intuitions about the 
problem.
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PROMPT 1.9:

Side question...

Which is more meaningful?:

(a) Trying to come up with as many eye-opening sentences as 
possible in an effort to free as many minds as possible, because 
different keys are necessary to open different minds.

(b) Trying to come up with a better kind of master key that will 
open most minds, because people think alike.

That's a thought-provoking question! Both approaches have their own merits and can be meaningful in 
different contexts. Let's explore each one:

Option (a): Crafting Multiple Eye-Opening Sentences

Explanation:

• Diversity of Thought: People have varied backgrounds, experiences, and ways of 
understanding the world. What clicks for one person might not resonate with another.

• Personalized Learning: By providing a range of explanations, you increase the chances that 
each individual will find one that aligns with their unique thought process.

• Inclusivity: This approach acknowledges and respects individual differences, making learning 
more accessible to a broader audience.

Why It's Meaningful:

• Maximizes Reach: Tailoring messages to different perspectives can help more people 
overcome their misconceptions.

• Encourages Deeper Engagement: Offering various angles can prompt individuals to think 
more critically and engage with the material on a deeper level.

Option (b): Developing a Master Key Explanation

Explanation:

• Universal Principles: This approach seeks to find a core explanation that resonates with the 
fundamental ways most people process information.

• Efficiency: A master key can simplify communication, saving time and resources while still 
being highly effective.

• Shared Understanding: It leverages commonalities in human cognition, potentially creating a 
unifying moment of insight.
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Why It's Meaningful:

• Broad Impact: A well-crafted universal explanation can significantly influence a large 
audience.

• Clarity and Simplicity: Distilling complex ideas into a single, powerful message can make the 
concept more approachable.

Which Is More Meaningful?

Balanced Perspective:

• Context Matters: The most meaningful approach depends on the audience and the goal. In 
educational settings with diverse learners, option (a) might be more impactful. In situations 
where a quick, widespread understanding is needed, option (b) could be more effective.

• Combining Both: Often, the best strategy is to start with a master key explanation and then 
offer alternative perspectives as needed. This ensures that you reach as many people as possible 
while also providing additional support for those who think differently.

Personal Insight:

• Unlocking Individual Minds: Option (a) recognizes that each person may require a different 
'key' to unlock their understanding. This approach is meaningful because it respects individual 
differences and strives to make the concept accessible to everyone.

• Striving for Universality: Option (b) is meaningful in its pursuit of a unifying explanation that 
can bridge gaps in understanding for the majority. It reflects an effort to find common ground in
human cognition.

Conclusion

Both approaches are meaningful in their own right:

• Option (a) is about diversity and inclusivity, acknowledging that different minds may require 
different approaches.

• Option (b) focuses on universality and efficiency, aiming to create a powerful explanation 
that resonates with most people.

Final Thought

Perhaps the most meaningful approach is a combination of both—crafting a masterful explanation that 
reaches most people while also being prepared to offer alternative perspectives to those who need a 
different 'key' to unlock their understanding. By valuing both the commonalities and the differences in 
how people think, we can foster a more inclusive and effective learning environment.
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PROMPT 1.10:

Understood.

Why do many people, including mathematicians, sometimes struggle with
veridical paradoxes, and follow a more intuitive yet faulty line-of-
reasoning?

Many people, including mathematicians, struggle with veridical paradoxes because these paradoxes 
exploit the gap between intuition and formal logic. Here are key reasons why this happens:

1. Cognitive Biases: Humans often rely on heuristics, or mental shortcuts, to make decisions 
quickly. While these work in everyday situations, they can mislead in complex or counter-
intuitive scenarios. For example, many assume symmetry in probability (i.e., a 50-50 chance) 
when faced with two outcomes, even when deeper analysis shows asymmetry, as in the 
Bertrand's Box Paradox.

2. Over-reliance on Intuition: In many situations, our intuition serves us well, but veridical 
paradoxes are designed to defy intuitive reasoning. People are wired to think in patterns and 
generalities, which can break down in edge cases where probabilities or outcomes don’t align 
with everyday experience.

3. Misleading Simplicity: Paradoxes often present themselves in ways that seem simple at first 
glance. This can cause even trained minds to dismiss the need for deeper analysis, leading to a 
faulty conclusion based on first impressions rather than careful reasoning.

4. Failure to Account for Hidden Information: Veridical paradoxes often hide critical pieces of 
information in plain sight, or shift the frame of the problem subtly. Mathematicians and others 
can miss these shifts, focusing instead on the more obvious aspects of the problem.

5. Emotional or Cognitive Anchoring: Once people form an initial conclusion based on intuition,
it can be hard to revise that view, even when presented with logical evidence. This is known as 
cognitive anchoring, where the first impression influences all subsequent thinking.

6. Complexity of Probabilistic Thinking: Humans tend to struggle with probabilistic reasoning, 
especially when probabilities change based on conditional information. In paradoxes like 
Bertrand’s, the need to reassess probabilities after new information (e.g., drawing a gold coin) is
introduced can be confusing and counter-intuitive.

Mathematicians are not immune to these challenges because their training doesn't always emphasize 
intuition over formal logic, but paradoxes exploit the very areas where intuition and logic can diverge, 
leading to occasional errors in reasoning.
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PART TWO

Boy or Girl Paradox

PROMPT 2.1:

Let's move on to a few other veridical paradoxes in probability and 
statistics...

Start with Boy or Girl Paradox, aka the Two Child Problem.

Summarize the problem, provide the correct answer, and then explain 
why most people give the intuitive but incorrect response.

Certainly! Let's delve into the Boy or Girl Paradox, also known as the Two Child Problem. This 
paradox is a classic example in probability theory that highlights how our intuitive answers can 
sometimes be misleading.

The Scenario

• A family has two children.
• You know that one of the children is a boy.
• Question: What is the probability that both children are boys?

The Correct Answer

The probability that both children are boys is 1/3.
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Explanation

To solve this problem, we need to consider all the possible combinations of children that a two-child 
family can have, taking into account the known information.

Possible Combinations Without Any Given Information:

1. Boy (Older Child), Boy (Younger Child) - BB
2. Boy, Girl - BG
3. Girl, Boy - GB
4. Girl, Girl - GG

Total Possible Combinations: 4

However, we are given that at least one child is a boy, so we can eliminate the combination where both 
children are girls (GG). This leaves us with:

1. Boy, Boy - BB
2. Boy, Girl - BG
3. Girl, Boy - GB

Total Possible Combinations Given One Boy: 3

Calculating the Probability

Out of these 3 equally likely combinations, only 1 combination is both children being boys (BB).
Therefore, the probability is:

Probability = (Number of favorable outcomes) / (Total number of possible outcomes) = 1/3

Why the Intuitive Answer Is Incorrect

Common Intuitive Reasoning

Most people intuitively think the probability is 1/2. The reasoning often goes like this:

• Since one child is a boy, there is one other child whose gender is unknown.
• The other child can be either a boy or a girl.
• Therefore, the probability that the other child is a boy is 1/2.

Why This Reasoning Is Misleading

The intuitive reasoning incorrectly treats the two children's genders as independent events, failing to 
consider the different combinations and how they affect the overall probability.
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Key Points

1. Symmetry of Combinations: The combinations BG and GB are distinct because the birth order
matters (even if it's not specified). Each combination is equally likely.

2. Ignoring Birth Order Leads to Incorrect Assuming the order doesn't matter reduces the 
sample space incorrectly. This assumption leads to only two possibilities: both boys or one boy
and one girl, giving a probability of 1/2, which is incorrect in this context.

3. Conditional Probability: The fact that one child is a boy affects the sample space. We must 
consider all scenarios where at least one child is a boy, not just focus on the unknown child's 
gender.

Why Our Intuition Fails

1. Ignoring Relevant Information: The intuitive answer neglects the importance of considering 
all possible combinations given the condition.

2. Assuming Independence Incorrectly: People often treat the gender of the second child as 
independent of the first, without adjusting for the given information.

3. Overlooking Birth Order: Not accounting for the fact that BG and GB are distinct scenarios 
leads to an incorrect sample space.

4. Simplifying the Problem Too Much: By reducing the problem to a single unknown (the 
second child's gender), we ignore the structure of the possible outcomes.

An Analogy to Clarify

Imagine we have a bag containing the following three cards, each representing a possible family given 
that at least one child is a boy:

1. Card 1: Boy & Boy
2. Card 2: Boy & Girl
3. Card 3: Girl & Boy

You randomly pick a card from the bag. Since all cards are equally likely, the chance of picking Card 
1 (both boys) is 1/3.

Key Takeaway

In probability problems, especially those involving conditions or given information, it's crucial to:
• List all possible outcomes that satisfy the condition.
• Ensure each outcome is equally likely.
• Calculate probabilities based on the adjusted sample space.
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PROMPT 2.2:

Correct me if I am wrong:

In the Boy or Girl Paradox, the statement might as well be as 
follows:

"All I know is one of their two children is a boy, I don't know 
anything else about either of their kids."

In the light of this statement, the correct probability would still 
be 1/3. But if the statement was instead, "Their elder child is a 
boy," then the intuitive response of 1/2 would be correct, am I 
wrong?

You are correct in your understanding.

Clarification

• Scenario 1, where the probability that both children are boys is 1/3:
"All I know is one of their two children is a boy; I don't know anything else about either of their 
kids."

• Scenario 2, where the probability that both children are boys is 1/2:
"Their elder child is a boy."

Explanation

Scenario 1: At Least One Child Is a Boy

In this scenario, the only information we have is that at least one of the two children is a boy. We need 
to consider all possible combinations of two children that satisfy this condition.

Possible Combinations:

1. Boy (Older), Boy (Younger) - BB
2. Boy, Girl - BG
3. Girl, Boy - GB

Total Possible Combinations: 3

Calculating the Probability:

• Favorable Outcome: Both children are boys (BB)
• Total Outcomes: 3
• Probability: 1/3

Veridical Paradoxes                                                                                                                                            Page 23 of 96



Scenario 2: The Elder Child Is a Boy

In this case, we have specific information about the order—the elder child is a boy. Therefore, we only
consider combinations where the older child is a boy.

Possible Combinations:

1. Boy (Older), Boy (Younger) - BB
2. Boy, Girl - BG

Total Possible Combinations: 2

Calculating the Probability:

• Favorable Outcome: Both children are boys (BB)
• Total Outcomes: 2
• Probability: 1/2
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PROMPT 2.3:

Isn't the Boy or Girl Paradox, as explained here, like someone 
flipping two coins, and then telling someone else at the other end of
a long corridor, "At least one of them came up Tails" without telling
which?

Yes, you're correct—the Boy or Girl Paradox is analogous to flipping two coins and being told, "At 
least one of them came up Tails," without specifying which coin. This analogy can help clarify why the
probability is counterintuitively 1/3 instead of 1/2.

Understanding the Analogy

• Independent Events: In both scenarios, each event (coin flip or child's gender) is independent 
and has two possible outcomes with equal probability.

• Adjusting for Given Information:
• At least one Tails: Eliminates one outcome (HH) in the coin scenario.
• At least one Boy: Eliminates one outcome (GG) in the child scenario.

• Sample Space Reduction: Both situations reduce the sample space from 4 to 3 equally likely 
outcomes due to the given information.

• Counterintuitive Probability: The probability of the specific outcome (both coins are Tails or 
both children are boys) is 1/3, which may seem unintuitive at first glance.

Why This Analogy Helps

• Simplifies the Problem: Coins are often more familiar and less emotionally charged than 
discussions about children, making it easier to focus on the mechanics of probability.

• Highlights the Importance of Considering All Possible Outcomes: Emphasizes that the 
given information affects the sample space and, consequently, the probabilities.

• Demonstrates Symmetry: Shows that the paradox isn't unique to the context of children but is 
a general feature of conditional probability.

Key Takeaways

• Equal Likelihood of Outcomes: Each remaining outcome after applying the given condition is 
equally likely.

• Conditional Probability: The probability of an event depends on the information provided and 
how it alters the sample space.
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• Avoiding Intuitive Traps: Intuition might suggest a probability of 12\frac{1}{2}21 because 
there are two possibilities (e.g., both coins are Tails or not), but this overlooks the actual 
number of possible combinations.

Final Thought

By framing the Boy or Girl Paradox in terms of coin flips, we can better understand how conditional 
information affects probability. Recognizing that the two scenarios are structurally identical helps us 
grasp why the probability of both events (both coins being Tails or both children being boys) is 1/3 
when given that at least one is Tails or at least one is a boy.
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PROMPT 2.4:

Imagine, after hearing the above, someone still says:

"But, how come? After all, the other child is either a girl or a 
boy. What difference would it make if one was born before or 
after the other? The probability would still be 1/2!"

Come up with a few eye-opening sentences or scenarios on the Boy or 
Girl Paradox.

Certainly! The Boy or Girl Paradox is another classic probability puzzle that often leads to 
counterintuitive conclusions. Here are some brief but eye-opening sentences and scenarios to help 
overcome misleading intuitions about this paradox:

1. Frequency in Large Populations:
"If you surveyed all families with two children where at least one is a boy, you'd find that only 
one-third of these families have two boys, revealing the probability is 1/3."

2. Imagining a Deck of Cards Analogy:
"Think of drawing cards: if you remove all cards that are not boys (so remove the GG cards), 
you're left with three cards—BB, BG, GB. Only one card is BB, so the chance of drawing it is 
1/3."

3. Dice Roll Comparison:
"Imagine rolling two dice and knowing at least one die shows a six. The chance both are sixes 
isn't 1/2 but less, because there are 11 combinations with at least one six, and only one where 
both are sixes."

4. The Missing Girl Scenario:
"Assuming one child is a boy doesn't tell us anything about the gender of the other child, but 
there are more ways to have one boy and one girl than two boys, so it's less likely both are 
boys."

5. Reframing the Question:
"Instead of asking about one specific child, consider all possible families that meet the 
condition. You'll see that the double-boy family is just one of three equally likely families."

6. The Importance of Symmetry:
"Because each child can independently be a boy or a girl, the total combinations matter. With 
the 'at least one boy' condition, the symmetrical possibilities lead to a probability of 1/3 for two 
boys."

These sentences and scenarios aim to:

• Highlight the actual number of possible outcomes given the condition.

• Emphasize that some combinations are more prevalent under the given condition.
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• Use analogies (like coin flips and dice rolls) to make the concept more intuitive.

• Encourage considering all possible scenarios, rather than relying on initial intuition.

By reframing the problem or presenting it from different perspectives, these statements help illustrate 
why the probability that both children are boys is 1/3 instead of 1/2, helping to overcome common 
misconceptions associated with the Boy or Girl Paradox.
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PROMPT 2.5:

What if the two siblings were delivered via C-section at the exact 
same moment?

Certainly! Introducing the scenario where the two siblings are delivered via C-section at the exact same
moment—meaning they are twins born simultaneously—changes the dynamics of the Boy or Girl 
Paradox. Here's how this affects the probability:

Effect of Simultaneous Birth on the Paradox

Key Point:

• No Birth Order: Since the children are born at the exact same moment, there is no distinction 
between an older and a younger child.

• Implication: The sample space must be adjusted to reflect that birth order is irrelevant.

Adjusting the Sample Space

Possible Gender Combinations Without Order:

When birth order doesn't matter, the possible combinations of the children's genders are:

1. Two Boys - BB
2. One Boy and One Girl - BG (Since order doesn't matter, BG and GB are considered the same)
3. Two Girls - GG

Total Possible Combinations: 3

Given Information:

• At least one child is a boy, so we eliminate the GG combination.

Adjusted Sample Space:

1. BB
2. BG (One boy and one girl)

Total Remaining Combinations: 2

Calculating the Probability

We want to find the probability that both children are boys (BB) given that at least one is a boy.
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Probability = (Number of favorable outcomes) / (Total number of possible outcomes) = 1/2

Therefore, the probability is 1/2.

Explanation

Why the Probability Changes:

• Symmetry Without Order: Without birth order, combinations BG and GB are identical.

• Equal Likelihood: Each of the three initial combinations (BB, BG, GG) is equally likely.

• Applying the Given Condition: Knowing that at least one child is a boy eliminates the GG 
combination.

• Resulting Probability: With two equally likely scenarios remaining (BB and BG), and only 
one favorable outcome (BB), the probability is 1/2.

Conclusion

When the two siblings are born simultaneously via C-section, and there's no distinction in birth order:
• The probability that both children are boys, given that at least one is a boy, is 1/2.

Key Takeaways

• Importance of Order: Whether or not birth order is considered significantly affects the 
outcome in probability problems like this.

• Adjusting Probabilities Based on Context: It's crucial to tailor the sample space to the 
specific conditions of the problem.

• Customized Sample Spaces: Always define the sample space according to the unique aspects 
of the scenario to ensure accurate probability calculations.

Final Thought

By recognizing that birth order no longer plays a role when the siblings are born simultaneously, we 
adjust the sample space accordingly. This leads to a probability of 1/2 that both children are boys, 
given that at least one is a boy. This example highlights how subtle changes in a problem's conditions 
can significantly impact the probabilities, emphasizing the importance of carefully considering all 
relevant factors in probability calculations.
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PROMPT 2.6:

Will it perhaps help to approach Boy or Girl Paradox on the national 
level, rather than on the household level? One possible eye-opening 
statement:

"If we removed all households with one Tuesday Boy or more from 
the national census data, we would be left with a different male-
female ratio, because we have changed the way the data are 
distributed on the national level."

Can you express this better, and perhaps give better examples?

Certainly! Approaching the Boy or Girl Paradox on a national level can indeed help clarify why the 
probabilities change with new information. By scaling up the problem, we can visualize how additional
information affects the overall distribution of genders in a population. Here's a clearer way to express 
your statement and provide some illustrative examples:

Rephrased Statement

"By examining all families nationwide and then focusing specifically on those with at least one 
boy (or a boy born on a Tuesday), we alter the overall gender distribution in our data set. This 
selective focus changes the probabilities because we're now dealing with a different sample space
where the ratios of family compositions have shifted."

National-Level Example of the Original Paradox

Scenario:

• Imagine a country where every family has exactly two children.
• Each child is equally likely to be a boy or a girl, independent of the other child.

Possible Family Combinations:

1. Boy-Boy (BB)
2. Boy-Girl (BG)
3. Girl-Boy (GB)
4. Girl-Girl (GG)

Total Families:

Let's say there are 1,000,000 such families. Each combination is equally likely, so each occurs in about 
250,000 families.
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Adjusting for the New Information:

• Given: At least one child is a boy.
• Effect: We eliminate all GG families (250,000 families), leaving us with 750,000 families.

Updated Family Counts:

1. BB: 250,000 families
2. BG: 250,000 families
3. GB: 250,000 families

Calculating the Probability:

• Total families with at least one boy: 750,000
• Families with two boys (BB): 250,000

Probability that both children are boys:

Probability = (Families with BB) / (Total families with at least one boy) = 250,000 / 750,000 = 1/3

Understanding the Impact

By removing the GG families from our data, we've changed the composition of the population we're 
examining:

• The proportion of families with two boys remains the same (250,000), but the total number of 
families we're considering has decreased from 1,000,000 to 750,000.

• This shift alters the probability because the sample space (the set of all possible outcomes we're
considering) has changed.

Applying the 'Tuesday Boy' Variant

Scenario:

• Given: One child is a boy born on a Tuesday.
• There are 7 days in a week, so each child has 14 possible gender-day combinations (7 days × 2 

genders).

Possible Combinations for Each Child:

• Boy on Monday (BM), Boy on Tuesday (BT), ..., Girl on Sunday (GS)

Total Possible Families:

• 14 (combinations for Child 1) * 14 (combinations for Child 2) = 196 possible families.
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Identifying Families with at Least One Boy Born on Tuesday:

• We need to count all families where at least one child is a boy born on Tuesday.

Calculating the Numbers:

1. Total families where at least one child is a boy born on Tuesday: 27
2. Families where both children are boys: Various combinations within those 27 families.

Detailed Counts:

• Families with two boys where at least one is born on Tuesday: 13 families
• Families with one boy born on Tuesday and one girl: 14 families

Probability Calculation:

Probability = (Families with two boys where at least one is born on Tuesday) / (Total families where at 
least one child is a boy born on Tuesday) = 13/27

Result:

The probability that both children are boys, given that one is a boy born on Tuesday, is approximately 
0.4815 or 48.15%.

Why This Matters

• Changing Sample Space: By introducing the specific detail of the boy being born on Tuesday, 
we significantly alter the sample space and the probabilities.

• Selective Information: The more specific the information provided, the more the sample space 
narrows, affecting the likelihood of certain outcomes.

Key Takeaways

• Visualizing Large Numbers: By scaling up to national data, it's easier to see how the 
proportions and probabilities change when we apply certain conditions.

• Sample Space Matters: The composition of the sample space directly affects probability 
calculations. Changing the sample space by adding or removing groups (based on new 
information) changes the probabilities.

• Specific Information Alters Odds: The more specific the information (e.g., the day of the 
week), the more the sample space is reduced, which can lead to non-intuitive probability results.
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Final Thoughts

Approaching the Boy or Girl Paradox on a national level helps illustrate how additional information 
modifies the sample space and affects probabilities:

• By seeing the big picture, we can better understand why the probability isn't always 1/2 when 
given certain information.

• Using concrete numbers makes the abstract concepts more tangible, allowing for a clearer 
grasp of how probabilities are calculated in these scenarios.

• Recognizing the Impact of Conditions encourages a deeper appreciation of how data 
distribution changes with new information, which is crucial in probability and statistics.
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PROMPT 2.7:

In what ways is the Boy or Girl Paradox helpful as a thought 
experiment?

The Boy or Girl Paradox is helpful as a thought experiment because it serves as a powerful tool for:

• Challenging and refining our intuitive understanding of probability.

• Teaching the importance of considering all possible outcomes and how conditions affect 
probabilities.

• Enhancing critical thinking and analytical skills in the context of probability and statistics.

By engaging with the paradox, individuals gain a deeper insight into the nuances of probability theory, 
better preparing them to tackle more complex problems and to apply probabilistic reasoning in various 
real-world situations.
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PROMPT 2.8:

Understood.

Why is the human brain so prone to making such simple mistakes? Is it
because it evolved to make quick judgments that favored survival over
accuracy? Or is it simply not as developed as we assume?

You're touching on a fundamental question in cognitive psychology and neuroscience: Why does the 
human brain often make systematic errors in reasoning, especially in areas like probability and 
statistics?

Evolutionary Adaptations Favoring Quick Judgments

1. Survival Over Precision:

• Rapid Decisions Were Crucial: In our ancestral environments, making quick decisions 
could mean the difference between life and death—like reacting to a potential predator.

• Heuristics Over Analysis: The brain evolved to use heuristics or mental shortcuts to 
make fast judgments with minimal cognitive effort.

2. Heuristics and Biases:

• Mental Shortcuts: Heuristics are efficient but can lead to systematic errors or biases 
when applied to complex problems that require careful reasoning.

• Examples of Common Heuristics:
• Availability Heuristic: Relying on immediate examples that come to mind.
• Representativeness Heuristic: Assessing similarity and assuming outcomes based

on patterns we recognize.

Cognitive Limitations and Biases

1. Difficulty with Abstract Concepts:

• Concrete vs. Abstract Thinking: Humans are generally better at reasoning with 
concrete, tangible information than with abstract concepts like probability.

• Intuitive Misconceptions: Our intuitions often fail us in probabilistic reasoning because
we don't naturally think in terms of statistical likelihoods.

2. Sample Space Neglect:

• Overlooking All Possibilities: We tend to consider only the most immediate or obvious 
outcomes, neglecting the full range of possible scenarios.

• Simplification Leads to Error: By oversimplifying problems, we inadvertently ignore 
critical factors that affect the correct answer.
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3. Confirmation Bias:

• Favoring Familiar Patterns: We prefer information that confirms our existing beliefs 
or expectations.

• Resistance to Contradictory Evidence: This bias can prevent us from adjusting our 
thinking even when presented with new information.

Limitations in Processing Complex Information

1. Cognitive Load and Working Memory:

• Limited Capacity: The human working memory can handle only a few pieces of 
information at once.

• Overload Leads to Shortcuts: When faced with complex problems, we may default to 
simpler reasoning strategies to reduce cognitive strain.

2. Probability and Statistics Are Non-Intuitive:

• Evolutionary Mismatch: Our ancestors didn't need to solve statistical problems, so we 
haven't evolved intuitive skills for these tasks.

• Education and Experience Matter: Without explicit training, people often struggle 
with probabilistic reasoning.

Evolutionary Perspectives

1. Adaptive Rationality:

• Good Enough Solutions: Evolution favors solutions that are sufficient for survival, not 
necessarily optimal in all scenarios.

• Contextual Effectiveness: Heuristics work well in many real-world situations that 
mirror ancestral environments.

2. Energy Efficiency:

• Brain's Energy Consumption: The brain uses a significant amount of the body's 
energy; thus, efficient processing is advantageous.

• Minimizing Cognitive Effort: Quick judgments reduce energy expenditure, favoring 
survival in resource-scarce environments.
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Emotional and Psychological Factors

1. Desire for Certainty and Simplicity:

• Discomfort with Ambiguity: Uncertainty can be unsettling, leading us to prefer simple,
definitive answers.

• Binary Thinking: We often default to 'either/or' conclusions, which can oversimplify 
complex probabilities.

2. Social Influences:

• Consensus and Authority: People may rely on common beliefs or authoritative 
statements rather than independent analysis.

• Cultural Narratives: Societal teachings can influence how we perceive probability and 
chance.

Language and Communication Limitations

1. Ambiguity in Problem Phrasing:

• Misleading Language: The way a problem is worded can introduce confusion or 
misinterpretation.

• Lack of Specificity: Vague descriptions can lead us to fill in gaps with incorrect 
assumptions.

2. Overreliance on Natural Language:

• Language vs. Logic: Natural language isn't always precise, and everyday usage can 
conflict with mathematical definitions.

Is the Brain Less Developed Than We Assume?

• Not a Matter of Underdevelopment: The human brain is incredibly complex and capable. The
errors arise not from a lack of development but from evolutionary trade-offs.

• Specialization vs. Generalization: The brain excels at tasks it evolved for (like social 
cognition and pattern recognition) but is less adept at tasks that weren't part of our evolutionary 
history (like formal probability).

• Potential for Improvement: With education and practice, people can learn to overcome these 
biases and improve their reasoning skills.

Conclusion

The human brain is prone to certain mistakes in probabilistic reasoning because:
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• Evolutionary Priorities: It evolved to make quick, efficient decisions that favored immediate 
survival over analytical precision.

• Heuristics and Biases: While useful in many contexts, these mental shortcuts can lead us 
astray in situations requiring careful analysis.

• Cognitive Limitations: Our brains have inherent processing constraints that make complex 
statistical reasoning challenging without deliberate effort.

Understanding these tendencies is the first step toward improving our reasoning skills. By being 
aware of our biases and investing in education that strengthens analytical thinking, we can enhance our 
ability to tackle complex problems more accurately.

Final Thought

The propensity to make such mistakes isn't a flaw but a reflection of how our brains have adapted to 
handle the vast array of information we encounter. Recognizing and addressing these cognitive biases 
empowers us to make better decisions in an increasingly complex world.
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PART THREE

Sleeping Beauty Problem

PROMPT 3.1:

Let's talk about the Sleeping Beauty Problem.

Certainly! Let's explore the Sleeping Beauty Problem, a thought-provoking paradox in probability 
theory and philosophy. This problem examines how new information can affect our assessment of 
probabilities, especially when self-locating uncertainty is involved.

Scenario

• Sunday Evening: Sleeping Beauty volunteers for an experiment and is put to sleep.

• Coin Toss: While she's asleep, researchers flip a fair coin:

• If the coin lands Heads:
• Sleeping Beauty is awakened on Monday.
• She is interviewed and then given a drug to make her forget the awakening.
• She is not awakened again and sleeps until Wednesday.

• If the coin lands Tails:
• Sleeping Beauty is awakened on Monday.
• She is interviewed and then given a drug to make her forget the awakening.
• She is awakened again on Tuesday, interviewed, and once more given the 

memory-erasing drug.
• She sleeps until Wednesday.
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• Awakenings:
• Each time Sleeping Beauty wakes up, she does not remember any previous awakenings.
• She does not know which day it is.
• The experiment's setup is explained to her in advance.

• Question: Upon each awakening, what should Sleeping Beauty believe is the probability that 
the coin landed Heads?

The Two Main Positions

1. The "Halfer" Position: The probability is 1/2.
2. The "Thirder" Position: The probability is 1/3.

Explanations of Each Position

1. The Halfer Position

Reasoning:

• Initial Probability: Before the experiment, the probability of the coin landing Heads is 1/2.
• No New Evidence: Upon awakening, Sleeping Beauty has no new relevant information about 

the coin toss outcome.
• Memory Erasure Doesn't Affect Probability: The fact that she cannot remember previous 

awakenings doesn't provide new evidence to update her belief.
• Conclusion: Her degree of belief that the coin landed Heads should remain at 1/2.

Analogy:

• Standard Coin Toss: If you flip a fair coin and don't see the result, your belief that it landed 
Heads is still 1/2.

2. The Thirder Position

Reasoning:

• Counting Possible Awakenings:
• Heads Scenario: Only 1 awakening (Monday)
• Tails Scenario: 2 awakenings (Monday and Tuesday)

• Total Possible Awakenings: There are 3 equally likely awakening events:
• Awakening on Monday, coin landed Heads
• Awakening on Monday, coin landed Tails
• Awakening on Tuesday, coin landed Tails

• Equal Likelihood from Beauty's Perspective: Since Sleeping Beauty cannot distinguish 
between these awakenings, each is equally probable to her.
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• Calculating Probabilities:
• Number of awakenings where the coin is Heads: 1
• Total awakenings: 3
• Probability: 1/3

• Conclusion: Upon awakening, she should assign a probability of 1/3 to the coin having landed 
Heads.

Analogy:

• Repeated Trials: If the experiment were conducted many times, Tails would produce twice as 
many awakenings as Heads, making awakenings during Tails more frequent.

Why Intuitions Differ

Different Interpretations of Probability

• Halfer View: Focuses on the objective chance of the coin toss, which remains 1/2.

• Thirder View: Considers the subjective probability from Sleeping Beauty's perspective upon 
awakening, accounting for the increased number of awakenings if Tails occurs.

Self-Locating Uncertainty

• Temporal Uncertainty: Sleeping Beauty doesn't know when she is awakening, adding a layer 
of uncertainty about her place in time.

• Reference Class Problem: The disagreement hinges on which set of events Sleeping Beauty 
should consider when updating her beliefs.

Role of Memory Erasure

• Halfer Argument: Memory erasure doesn't provide new information, so prior probabilities 
remain unchanged.

• Thirder Argument: Memory erasure effectively duplicates the experience during Tails, 
altering the proportion of times she would find herself in each scenario.

Alternative Perspectives and Thought Experiments

1. The Coin Toss Analogy

• Equal Chances Before Information: Before learning any outcomes, the coin is fair.
• Conditioning on Awakening: Upon awakening, Sleeping Beauty must consider that Tails 

leads to more awakenings, affecting the likelihood of her current experience.
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2. The Duplicate Experiment

• Imagine Clones: Instead of memory erasure, suppose Sleeping Beauty is cloned during Tails, 
so there are two of her.

• Assessment: From the perspective of a randomly selected Beauty, there is a 1/3 chance of being
the original in Heads, and a 2/3 chance of being a clone in Tails.

Implications and Discussions

Philosophical Significance

• Epistemology: Explores how knowledge and beliefs are formed when faced with uncertainty 
and incomplete information.

• Anthropic Reasoning: Has implications for how observers should reason about their own 
existence and experiences.

Practical Applications

• Decision Theory: Influences how agents should make decisions under uncertainty.
• Probability Theory Education: Serves as a teaching tool for understanding complex 

probabilistic concepts.

Conclusion

The Sleeping Beauty Problem highlights the complexities involved in updating probabilities when 
faced with self-locating uncertainty and memory erasure. The debate between the Halfer and Thirder 
positions underscores how different interpretations of probability can lead to different conclusions.

• Halfer Summary: Believes that without new evidence about the coin toss, the probability 
remains 1/2.

• Thirder Summary: Argues that the structure of the experiment effectively increases the 
number of times Tails could occur, making the probability 1/3.

Key Takeaways

• Understanding Perspectives: Both positions are based on valid reasoning within their 
frameworks.

• Importance of Definitions: How one defines the sample space and considers the reference 
class significantly affects the outcome.

• Reflecting on Assumptions: The problem encourages careful examination of underlying 
assumptions in probability assessments.
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Note: The Sleeping Beauty Problem remains a topic of active debate among philosophers, 
mathematicians, and statisticians. There is no universally accepted solution, and it serves as a rich 
ground for exploring foundational issues in probability theory.
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PROMPT 3.2:

If the Sleeping Beauty will not be able to tell during any of the 
possible interviews what day it is, or whether she has been awakened 
before, is it fair to say that she has zero Bayesian priors?

No, it is not fair to say that she has zero Bayesian priors.

Clarifying Bayesian Priors

• Definition: Bayesian priors are initial probabilities assigned to events before considering new 
evidence.

• In This Context: Sleeping Beauty's prior is that the coin has a 1/2 chance of landing Heads and
a 1/2 chance of landing Tails. These priors are based on her knowledge of the coin's fairness 
and the experimental design.

Sleeping Beauty does have Bayesian Priors. She starts with a prior probability distribution for the coin 
toss outcome. Being awake is evidence that can be used to update her priors. While she doesn't know 
the day or if she's been awakened before, this doesn't erase her priors but requires careful consideration 
in updating her beliefs.

Key Takeaways

• Priors Are Not Eliminated by Memory Loss: The inability to recall previous awakenings 
doesn't remove her initial probabilities.

• Bayesian Updating Is Still Applicable: She must consider how the evidence of being awake 
interacts with her priors.

• The Debate Centers on How to Update, Not on the Existence of Priors: The disagreement 
between the "Halfer" and "Thirder" positions is about the correct method of updating, not about 
whether priors exist.

Final Thought

Sleeping Beauty's situation is complex due to the interplay of her initial knowledge, self-locating 
uncertainty, and memory erasure. However, she does possess Bayesian priors based on the fair coin 
toss and the experimental setup. Her challenge is to update these priors appropriately given her 
evidence upon awakening.
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PROMPT 3.3:

Can you by any chance contribute to this ongoing debate between the 
Halvers and Thirders? Be brief in your response so as to highlight 
only the core of your argument, which may side with one of the two 
existing positions, or offer a third one.

I support the Thirder position, which holds that upon each awakening, Sleeping Beauty should assign 
a probability of 1/3 to the coin having landed Heads.

Reasoning

• Self-Locating Uncertainty Matters: Upon awakening, Sleeping Beauty doesn't know which 
awakening she's experiencing. Since Tails results in twice as many awakenings as Heads, she 
is twice as likely to be in a Tails scenario upon any given awakening.

• Updating Bayesian Priors: Before the experiment, the probability of Heads is 1/2. The chance 
of awakening given Heads is 1, and given Tails is 1 (since she always awakens). However, the 
number of awakenings differs between Heads and Tails, affecting the proportion of times 
she experiences each.

• Implications: If the experiment were repeated many times, Tails would generate twice as many
awakenings, so 2/3 of the awakenings would occur when the coin is Tails.

Philosophical Aspects

• Self-Locating Belief: The problem illustrates how an observer's uncertainty about their 
temporal or spatial location affects probability assessments.

• Anthropic Reasoning: It touches on how agents should update beliefs when they have multiple
indistinguishable experiences.

• Challenges to Classical Probability: The Sleeping Beauty Problem questions whether 
traditional probability theory adequately accounts for situations involving memory erasure and 
repeated identical experiences.

Conclusion

By considering the proportion of awakenings associated with each coin outcome, it becomes clear that 
upon awakening, Sleeping Beauty should rationally assign a probability of 1/3 to the coin having 
landed Heads and 2/3 to it having landed Tails.
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PROMPT 3.4:

Write an R code that simulates the above scenario, n = 100,000.

Yes, we can write an R code to simulate the Sleeping Beauty problem. By running a large number of 
simulations, we can empirically estimate the probability that the coin landed heads upon her 
awakening.

# Number of simulations
n <- 100000

# Counters for awakenings where the coin landed heads
heads_awakenings <- 0

# Counter for total awakenings
total_awakenings <- 0

for (i in 1:n) {
  # Simulate a fair coin toss: TRUE for heads, FALSE for tails
  coin <- sample(c(TRUE, FALSE), 1)
  
  if (coin) {
    # If heads, Sleeping Beauty is awakened on Monday only
    total_awakenings <- total_awakenings + 1
    heads_awakenings <- heads_awakenings + 1
  } else {
    # If tails, she is awakened on Monday and Tuesday
    total_awakenings <- total_awakenings + 2
  }
}

# Calculate the probability that the coin landed heads upon awakening
prob_heads <- heads_awakenings / total_awakenings

cat("Estimated probability of heads upon awakening:", prob_heads, "\n")

The output should be close to 1/3, supporting the Thirder position.
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PROMPT 3.5:

Given the above demonstration, would it be fair to the Halver 
position to characterize it as philosophical or perspectival, if not 
rhetorical?

Put differently, given the basis of probability is The Number of 
Favorable Outcomes, divided by Total Number of Possible Outcomes, 
does her self-locating belief still matter, if she is fully aware of 
the scenario she is a part of, with the exact same Bayesian priors as
ours?

Respond briefly, but in a way that underlines the intellectual 
significance of the debate, and differentiates between the way each 
side applies probability principles to scenarios involving uncertain 
observation perspectives.

While the simulation supports the Thirder position mathematically, it's not entirely fair to characterize
the Halver position as merely philosophical or rhetorical. The Halver perspective is grounded in a 
different application of probability principles, specifically concerning objective chances versus 
subjective probabilities.

The crux of the debate is whether Sleeping Beauty's self-locating belief—her uncertainty about when 
she is awakened—affects the probability assignment of the coin toss outcome. Thirders argue that 
because there are three indistinguishable awakening events (one for heads, two for tails), the 
probability of heads upon awakening is 1/3. Halvers maintain that the coin toss is a single event with a 
1/2 probability, and additional awakenings don't change this fundamental chance.

Both sides apply probability principles differently in scenarios involving uncertain observation 
perspectives:

• Thirders incorporate the number of possible awakenings into the total outcomes, emphasizing 
the role of observer moments and their frequencies.

• Halvers focus on the initial conditions and argue that without new evidence about the coin toss,
the probability remains at 1/2, regardless of self-locating uncertainty.

The intellectual significance of the debate lies in exploring how probability theory handles situations 
involving indexical information and subjective experience. It challenges us to consider whether 
probabilities should reflect the frequency of experiences (Thirder view) or remain anchored to 
objective events regardless of personal perspective (Halver view). This discussion has broader 
implications for fields like decision theory, philosophy of mind, and anthropic reasoning.

Veridical Paradoxes                                                                                                                                            Page 48 of 96



PROMPT 3.6:

In light of the above conversation, summarize why we have "definitive
right and wrong answers" for Bertrand's Box Paradox but "two 
positions" on the Sleeping Beauty problem?

In the Bertrand's Box Paradox, there is a definitive right answer because it involves applying 
standard probability theory to a well-defined problem with a clear sample space. All participants agree 
on the events, their probabilities, and how to update these probabilities upon receiving new 
information. The paradox is resolved by correctly applying Bayes' theorem, and there is a consensus on
the solution because it doesn't hinge on subjective interpretations.

In contrast, the Sleeping Beauty problem presents two positions—the Halver and Thirder—because 
it deals with complexities surrounding self-locating beliefs and how to assign probabilities when an 
observer is uncertain about their own temporal location. The debate arises from differing interpretations
of probability in scenarios involving imperfect recall and subjective experience:

• Thirders argue that upon awakening, Sleeping Beauty should assign a probability of 1/3 to the 
coin having landed heads because there are three indistinguishable awakening events (Heads-
Monday, Tails-Monday, Tails-Tuesday), and only one corresponds to heads.

• Halvers contend that the probability remains at 1/2 since the coin toss is a single event with an 
objective chance that isn't altered by the number of awakenings.

The lack of consensus in the Sleeping Beauty problem stems from these philosophical differences in 
applying probability principles to situations involving observer perspectives and indexical 
information. Unlike Bertrand's Box Paradox, the problem doesn't have a universally accepted method 
for updating probabilities in the face of self-locating uncertainty, leading to two legitimate but 
conflicting positions.
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PROMPT 3.7:

Do you think AI is close to start contributing to such debates?

Is it close to ending some of these debates, and beginning new ones?

How long before AI attains a level of intelligence whose operations 
require gross simplifications to become remotely comprehesible to any
existing human? (Brief answers.)

Yes, AI is already contributing to such debates by providing simulations, analyses, and new 
perspectives that help clarify complex problems like the Sleeping Beauty paradox.

While AI can offer insights and highlight inconsistencies, it's unlikely to "end" philosophical debates 
that hinge on subjective interpretations. However, AI may spark new discussions by introducing novel 
ideas and frameworks.

It's difficult to predict exact timelines, but as AI continues to advance, there may come a point where 
its reasoning processes become highly complex. When that happens, simplifying its operations for 
human understanding could become necessary, but this development is still speculative and depends on
future breakthroughs.
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PART FOUR

Other Veridical Paradoxes

PROMPT 4.1:

Next... The Birthday Paradox.

Certainly! Let's explore the Birthday Paradox, a fascinating probability problem that often yields 
surprising results and challenges our intuitions.

The Question

In a group of people, what is the probability that at least two individuals share the same birthday?

The Surprising Answer

• In a group of just 23 people, there's over a 50% chance that at least two people have the same 
birthday.

• Even More Surprising: With 70 people, the probability exceeds 99.9%.

Explanation

Why Is This Counterintuitive?

Most people find this result surprising because our intuition tells us that birthdays are spread out over 
365 days, so the chance of a shared birthday in a small group seems low.
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Understanding the Math (Without Complex Formulas)

• Total Possible Birthdays: There are 365 days in a year (ignoring leap years for simplicity).
• Number of Possible Pairs: In a group of 23 people, there are 253 pairs (since each person can 

be paired with 22 others).

Calculating the Probability

1. Complementary Probability Approach: It's often easier to calculate the probability that no 
two people share a birthday, and then subtract that from 1 to find the probability that at least 
two people share a birthday.

2. No Shared Birthdays:
• Person 1: Can have any birthday (365 choices).
• Person 2: Must have a different birthday than Person 1 (364 choices).
• Person 3: Must have a different birthday than Persons 1 and 2 (363 choices).
• This continues for all 23 people.

3. Calculating the Probability that no two people share a birthday: 365/365 × 364/365 × 
363/365 ×  × 343/365 = ⋯ 49.3%.

4. Finding the Probability of Shared Birthdays: 1 − 0.493 = 0.507, or 50.7%

Why Our Intuition Is Misleading

1. Linear vs. Combinatorial Thinking:
• Intuitive Mistake: People often think linearly, considering the probability of a shared 

birthday between one pair as low (which it is, about 0.27%).
• Reality: The number of possible pairs increases rapidly with each additional person. In a

group of 23 people, there are 253 possible pairs.

2. Underestimating Combinations:
• Exponential Growth of Pairs: The number of pairs grows quadratically with the 

number of people.
• Example: The number of pairs with 23 people = (23×22) / 2 = 253

3. The Limited Number of Birthdays: There are only 365 Unique Birthdays: With more than 23 
people, the likelihood of overlapping birthdays increases significantly due to the limited number
of days.

4. Cognitive Biases:
• Availability Heuristic: We don't frequently encounter shared birthdays in small groups,

so we assume it's rare.
• Anchoring Bias: We anchor our estimates to the low probability of a shared birthday in 

a single pair, not considering the multitude of pairs.
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An Eye-Opening Perspective

• Visualizing the Pairs:
• Imagine a room of 23 people: Instead of thinking about each individual, think about all

the connections (pairs) between them.
• Total Connections: 253 opportunities for birthdays to match.

• Analogy:
• Lottery Tickets: If you buy one ticket, your chance of winning is tiny. If you have 253 

tickets, your chances improve significantly.
• Similarly, each pair is like a "ticket" for a shared birthday.

Key Takeaways

• Counterintuitive Results: Our intuition isn't well-suited for problems involving combinatorial 
probabilities.

• Importance of Combinations: The number of possible pairings greatly affects the probability.
• Limitation of Days: With a fixed number of birthdays (365), adding more people increases the 

chance of overlap quickly.

Conclusion

The Birthday Paradox reveals that in surprisingly small groups, the probability of at least two people 
sharing a birthday is higher than we might expect. This paradox serves as a powerful example of how 
human intuition can be misleading in probability, especially when combinations and exponential 
growth are involved.

I hope this explanation clarifies why the Birthday Paradox yields such surprising results and helps you 
understand the discrepancy between our intuition and the actual probabilities involved!
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PROMPT 4.2:

Next... Talk a little bit about Bayesian Traps.

Certainly! Let's delve into Bayesian Traps, a concept that highlights the pitfalls and common 
misunderstandings when applying Bayesian reasoning. Understanding these traps is crucial for 
accurately interpreting probabilities and making sound decisions based on evidence.

What Are Bayesian Traps?

A Bayesian Trap refers to situations where the misuse or misinterpretation of Bayes' Theorem leads 
to incorrect or counterintuitive conclusions. These traps often arise from:

• Incorrect priors: Starting with flawed initial beliefs.
• Neglecting base rates: Ignoring the underlying prevalence of an event.
• Confirmation bias: Interpreting evidence in a way that confirms existing beliefs.
• Misapplying conditional probabilities: Confusing the direction of conditionality.

Understanding Bayes' Theorem

Before exploring the traps, let's briefly recall Bayes' Theorem, which provides a way to update our 
beliefs based on new evidence:
P(A B) = (P(B A) × P(A)) / P(B), where∣ ∣

• P(A B)∣ : Probability of event A given event B occurred.
• P(B A)∣ : Probability of event B given event A occurred.
• P(A): Prior probability of event A.
• P(B): Probability of event B.

Common Bayesian Traps

1. Ignoring Base Rates (Base Rate Fallacy)

Base rate neglect occurs when the underlying probability of an event (its base rate) is ignored in favor 
of new, specific information. Example:

• Medical testing scenario:
• A disease affects 1% of a population. A test correctly identifies the disease 99% of the 

time (both true positives and true negatives).
• Trap: Assuming a positive test result means there's a 99% chance the person has the 

disease.
• Reality: The actual probability is much lower due to the low base rate of the disease.

• Demonstration with correct calculation: Out of 10,000 people, 100 will have the disease, 
9,900 will not. 99 will falsely test positive. There will be a total of 198 positive tests. Therefore,
the probability that person has disease, given positive test = 99/198 = 50%

Key Takeaway: Always consider the base rate when interpreting probabilities.
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2. Confirmation Bias

Favoring information that confirms existing beliefs and dismissing evidence that contradicts them. 
Example:

• Research Interpretation: A scientist strongly believes in a hypothesis, and tends to interpret 
ambiguous data as supportive, ignoring disconfirming evidence.

Key Takeaway: Be objective and consider all evidence, updating beliefs accordingly.

3. Misinterpreting Conditional Probabilities

Confusing P(A B) with P(B A), leading to incorrect conclusions.∣ ∣  Example:

• Legal Scenario (Prosecutor's Fallacy):
• DNA evidence matches a suspect. Probability of a random match is 1 in 1,000,000.
• Trap: Claiming there's a 99.9999% chance the suspect is guilty.
• Reality: The probability depends on the number of potential suspects and other 

evidence.

Key Takeaway: Carefully distinguish between different conditional probabilities.

4. Overconfidence in Prior Beliefs

Placing too much weight on prior beliefs (priors), underweighting new evidence. Example:

• Investment Decisions:
• An investor believes a stock will rise.
• Ignores negative market indicators, leading to poor investment choices.

Key Takeaway: Balance priors and evidence, allowing new information to adjust beliefs appropriately.

5. The Conjunction Fallacy

Assuming that specific conditions are more probable than general ones. Example:

• Linda Problem:
• Linda is described as an outspoken, politically active woman.
• Trap: Believing it's more probable that Linda is a bank teller and a feminist than just a 

bank teller.
• Reality: The probability of two events occurring together is always less than or equal to 

the probability of either event occurring alone.

Key Takeaway: Recognize that adding details decreases overall probability.
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Why Do Bayesian Traps Occur?

Cognitive Biases

• Heuristics: Mental shortcuts that simplify decision-making but can lead to errors.
• Anchoring: Relying too heavily on initial information (priors).
• Availability Bias: Overestimating the likelihood of events that are more memorable.

Complexity of Bayesian Reasoning

• Mathematical Challenges: Calculations can be non-intuitive without formal training.
• Misinterpretation of Data: Difficulty in correctly identifying and applying relevant 

probabilities.

Avoiding Bayesian Traps

1. Be Mindful of Base Rates: Always factor in the underlying prevalence of an event when updating 
probabilities.

2. Update Beliefs Objectively: Allow evidence to adjust your priors, even if it contradicts your initial 
beliefs.

3. Distinguish Between Conditional Probabilities: Clarify what is given and what is being calculated 
to avoid confusion.

4. Use Formal Bayesian Analysis: Employ mathematical tools and formulas to guide reasoning, 
especially in complex situations.

5. Seek Diverse Perspectives: Consult with others to challenge your assumptions and mitigate 
personal biases.

Real-World Applications

Medical Diagnostics: Avoiding misdiagnosis by properly interpreting test results by considering both 
test accuracy and disease prevalence.

Legal Reasoning: Ensuring fair judgments by weighing evidence appropriately to prevent wrongful 
convictions based on statistical misunderstandings.

Investment Strategies: Making sound decisions by balancing market data with prior beliefs to make 
informed investment choices.

Scientific Research: Updating theories based on experimental data while avoiding confirmation bias.
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Conclusion

Bayesian Traps highlight the importance of careful probabilistic reasoning. By being aware of these 
common pitfalls, you can:

• Improve decision-making: Make more accurate assessments in uncertain situations.

• Enhance critical thinking: Analyze information objectively and thoroughly.

• Promote better outcomes: In fields like medicine, law, finance, and science.

Final Thoughts

Understanding Bayesian traps is essential for anyone engaged in activities that involve probability and 
decision-making under uncertainty. By recognizing these traps and adopting strategies to avoid them, 
you can ensure that your reasoning is sound and your conclusions are reliable.
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PROMPT 4.3:

To ensure a more encompassing coverage, mention a few other veridical
paradoxes with varying philosophical aspects or epistemological 
challenges.

Certainly! To provide a more encompassing coverage, here are some additional veridical paradoxes in 
probability and statistics, each presenting unique philosophical aspects or epistemological challenges:

1. The Monty Hall Problem

In this famous probability puzzle, you're a contestant on a game show with three doors. Behind one 
door is a car (the prize), and behind the other two are goats. You pick one door, say Door 1. The host, 
who knows what's behind the doors, opens another door, say Door 3, revealing a goat. He then offers 
you the chance to switch to Door 2.

Correct Answer: You should always switch doors because it gives you a 2/3 chance of winning the car, 
whereas sticking with your original choice gives you only a 1/3 chance.

Philosophical Aspects:

• Counterintuitive Probabilities: Highlights how human intuition often fails in probabilistic 
reasoning.

• Role of Information: Demonstrates how additional information affects probability assessments.
• Conditional Probability: Emphasizes the importance of updating probabilities when new 

evidence is presented.

2. Simpson's Paradox

Simpson's Paradox occurs when a trend apparent within multiple groups reverses when the groups are 
combined. For example, a treatment may appear effective in separate clinical trials but seem ineffective
when data from all trials are combined.

Philosophical Aspects:

• Aggregation Fallacy: Illustrates how combining data can lead to misleading conclusions.
• Causality vs. Correlation: Challenges our understanding of causal relationships in statistics.
• Importance of Context: Emphasizes the need to consider underlying factors and subgroup 

analyses.

3. The Two Envelopes Paradox

You're presented with two sealed envelopes, each containing money. One envelope has twice as much 
money as the other. You choose one envelope but are given the option to switch. A paradox arises 
when reasoning suggests that switching envelopes increases your expected gain, leading to an infinite 
loop of switching.
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Philosophical Aspects:

• Expected Value Confusion: Highlights misunderstandings in calculating expected values.
• Infinite Regress: Explores issues with decision-making processes that lack a clear stopping 

point.
• Probability vs. Utility: Questions the application of probability theory to real-world decisions 

involving utility.

4. Bertrand's Paradox

This paradox involves different methods of selecting a random chord in a circle and finding the 
probability that the chord is longer than the side of an inscribed equilateral triangle. Depending on the 
method used, you can get different probabilities.

Philosophical Aspects:

• Definition of Randomness: Questions what constitutes a truly random selection.
• Non-Unique Solutions: Shows that different valid approaches can yield different results.
• Subjectivity in Probability: Highlights the role of assumptions in defining probability spaces.

5. The St. Petersburg Paradox

In this theoretical game, a fair coin is flipped until it comes up heads. The payoff doubles with each 
toss that results in tails before the first heads appears. The expected monetary value of the game is 
infinite, yet most people are unwilling to pay even a modest amount to play.

Philosophical Aspects:

• Expected Value vs. Utility: Challenges the idea that people make decisions based solely on 
expected monetary value.

• Risk Aversion: Introduces the concept of diminishing marginal utility of wealth.
• Rational Decision-Making: Questions how rational agents should behave when faced with 

infinite expectations.

6. The Raven Paradox

Also known as Hempel's Paradox, it arises from the principle of confirmation in logic. Observing that 
"All ravens are black" is logically equivalent to "All non-black things are not ravens." Therefore, 
seeing a green apple (a non-black non-raven) should confirm that all ravens are black.

Philosophical Aspects:

• Confirmation Theory: Explores how evidence supports or refutes general statements.
• Problem of Induction: Challenges our understanding of how generalizations are justified.
• Logic vs. Intuition: Highlights the conflict between formal logical equivalence and common-

sense reasoning.
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7. The Ellsberg Paradox

This paradox demonstrates that people's choices violate the expected utility theory when faced with 
uncertainty. Given a choice between bets with known probabilities and bets with unknown probabilities
(ambiguity), people tend to prefer the known probabilities, even when the expected outcomes are the 
same.

Philosophical Aspects:

• Ambiguity Aversion: Highlights a preference for known risks over unknown risks.
• Challenges to Expected Utility Theory: Questions traditional models of rational decision-

making.
• Behavioral Economics: Illustrates how psychological factors influence economic choices.

8. The Sorites Paradox

Known as the paradox of the heap, it arises from the vagueness of terms. Removing one grain from a 
heap of sand doesn't seem to stop it from being a heap. Repeatedly applying this leads to the conclusion
that a single grain can still be considered a heap.

Philosophical Aspects:

• Vagueness and Ambiguity: Explores problems with imprecise concepts and language.
• Paradox of Small Differences: Highlights issues with defining boundaries in categories.
• Logic and Semantics: Questions how we apply logical reasoning to everyday concepts.

9. Parrondo's Paradox

This paradox shows that two losing strategies or games can be combined to create a winning 
expectation. Alternating between two games that are individually fair or losing can result in a winning 
outcome over time.

Philosophical Aspects:

• Nonlinear Dynamics: Demonstrates how interactions can produce unexpected results.
• Context-Dependent Outcomes: Emphasizes that the success of a strategy can depend on how it's

combined with others.
• Complex Systems Theory: Highlights the emergence of order from randomness.

10. The Friendship Paradox

The paradox states that, on average, your friends have more friends than you do. This occurs because 
people with more friends are more likely to be your friends, skewing the average.

Philosophical Aspects:

• Sampling Bias: Illustrates how our perceptions can be distorted by the networks we're part of.
• Social Network Analysis: Challenges assumptions about social connections and popularity.
• Perception vs. Reality: Explores how individual experiences may not reflect overall trends.

Veridical Paradoxes                                                                                                                                            Page 60 of 96



These paradoxes deepen our understanding of probability, logic, and human reasoning by:

• Challenging Intuitions: They reveal how intuitive thinking can lead to incorrect conclusions.

• Highlighting Cognitive Biases: They expose common biases that affect decision-making.

• Exploring Philosophical Questions: They raise fundamental questions about knowledge, 
belief, and rationality.

• Encouraging Critical Thinking: They promote careful analysis and questioning of 
assumptions.

Each paradox presents unique challenges that encourage us to examine the foundations of probability, 
statistics, and epistemology. By studying them, we gain insights into both mathematical principles and 
the complexities of human thought. Understanding these paradoxes not only enhances our grasp of 
probability and statistics but also improves our ability to reason critically in various aspects of life, 
from everyday decisions to complex scientific analyses.
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PROMPT 4.4:

Among those you have mentioned, talk first about Monty Hall Problem.

Certainly! Let's explore the Monty Hall Problem, a famous probability puzzle that demonstrates how 
human intuition can often lead us astray in probabilistic reasoning.

Scenario

You're a contestant on a game show hosted by Monty Hall. There are three closed doors: Door 1, Door 
2, and Door 3. Behind one door is a brand-new car (the prize you want). Behind the other two doors are
goats (prizes you don't want).

Gameplay

1. Initial Choice: You're asked to pick one of the three doors. Suppose you choose Door 1.
2. Host's Action: Monty, who knows what's behind each door, opens one of the other two doors, 

revealing a goat. (Monty always opens a door with a goat. He never opens the door you initially 
picked.) For example, he opens Door 3, revealing a goat.

3. The Offer: Monty asks if you'd like to stick with your original choice (Door 1) or switch to the 
remaining unopened door (Door 2).

Questions

Should you stay with your initial choice, or switch to the other unopened door? Does it matter? Is there 
any advantage to switching or staying?

Correct Answers

You should always switch doors. Switching increases your probability of winning the car from 1/3 to 
2/3.

Explanation

Understanding the Probabilities

1. Initial Probabilities: When you first choose a door, there's a 1/3 chance the car is behind your 
chosen door and a 2/3 chance it's behind one of the other two doors.

2. After Monty Opens a Door: Monty's action of revealing a goat doesn't change the initial 
probability of your chosen door (still 1/3). However, the entire 2/3 probability now rests on the 
one remaining unopened door.

3. Why Switching Helps: Staying means you win only if your initial 1/3 chance was correct. 
Switching gives you the 2/3 probability that the car is behind one of the other doors.
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Detailed Breakdown

• Possible Scenarios:
1. Car is behind Door 1 (your choice): Monty reveals a goat behind Door 2 or Door 3. If 

you switch, you lose.
2. Car is behind Door 2: Monty must reveal a goat behind Door 3. If you switch, you win.
3. Car is behind Door 3: Monty must reveal a goat behind Door 2. If you switch, you win.

• Outcomes:
1. Staying: You win in 1 out of 3 scenarios.
2. Switching: You win in 2 out of 3 scenarios.

Why the Correct Answer Is Counterintuitive

Common Intuitive Reasoning

• Equal Probability Fallacy: After Monty opens a door, it seems there are two doors left, so 
each should have a 1/2 chance of hiding the car. Based on this, many believe switching doesn't 
make a difference.

Why This Reasoning Is Misleading

1. Monty's Knowledge and Intentions: Monty knows where the car is and always avoids 
revealing it. His action of opening a door is not random; it's influenced by your initial choice.

2. Probability Doesn't Reset: The initial probabilities remain—the door you picked is still 1/3, 
and the combined probability of the other doors is still 2/3. Monty's reveal shifts the entire 2/3 
probability to the remaining unopened door.

3. Dependence of Events: Monty's choice of which door to open depends on your initial pick and 
the car's location. This dependence affects the probability distribution.

An Intuitive Analogy

• Expanding the Game: Imagine 100 doors instead of 3. You pick Door 1. Monty opens 98 
doors, all revealing goats. Only Door 1 and Door 37 remain unopened.

• Question: Should you switch to Door 37?
• Analysis:

• Initial Probability: Door 1: 1/100. Other 99 doors: 99/100
• After Monty's Reveal: The 99/100 probability that the car is not behind your door is 

now concentrated on the one remaining unopened door. Switching dramatically 
increases your chances of winning.

Key Takeaways

• Switching Doors Doubles Your Chances: In the standard three-door problem, switching 
increases your winning probability from 1/3 to 2/3.

• Monty's Action Provides Information: His deliberate choice to reveal a goat influences the 
probabilities.
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• Conditional Probability Matters: Updating probabilities based on new information is crucial 
in understanding the correct strategy.

Philosophical and Epistemological Considerations

Cognitive Biases

• Anchoring Bias: Tendency to rely heavily on the first piece of information (your initial 
choice).

• Misinterpretation of Randomness: Assuming Monty's door reveal is random when it's not.

Understanding Probability

• Objective vs. Subjective Probability: Distinguishing between the actual probabilities and what
we intuitively feel they should be.

• Role of Information: How new information (Monty's reveal) should update our beliefs.

Epistemological Challenges

• Rational Decision-Making: Making choices that maximize expected outcomes, even when 
counterintuitive.

• Learning from Paradoxes: Using such problems to refine our understanding of probability and
improve critical thinking.

Conclusion

The Monty Hall Problem showcases how human intuition can be misleading in probability. By 
analyzing the problem carefully, we see that:

• Switching doors is the optimal strategy, increasing your chances of winning from 1/3 to 2/3.
• Understanding the role of the host and the information provided is key to solving the puzzle.
• Challenging our intuitive responses can lead to better decision-making in probabilistic 

situations.
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PROMPT 4.5:

And second, talk about Simpson's Paradox.

Certainly! Let's delve into Simpson's Paradox, a fascinating phenomenon in probability and statistics 
that illustrates how aggregated data can reveal trends that are opposite to those seen in the 
disaggregated data. This paradox highlights the importance of considering context and confounding 
variables when interpreting statistical results.

Simpson's Paradox occurs when a trend apparent in several different groups of data disappears or 
reverses when the groups are combined. This paradox demonstrates that aggregated data can lead to 
conclusions that are misleading or contradictory to the underlying subgroup analyses.

Key Concepts

• Aggregation Bias: The paradox arises due to the combining (aggregating) of data from 
different groups that have varying sizes or proportions.

• Confounding Variables: Variables that influence both the independent and dependent 
variables, potentially leading to a spurious association.

• Conditional vs. Marginal Probabilities: The paradox highlights the difference between 
probabilities calculated within subgroups (conditional) and those calculated across the entire 
dataset (marginal).

Classic Examples

1. University Admissions

Scenario: A university is accused of gender bias in admissions because, overall, a higher percentage of
male applicants are admitted compared to female applicants.

Data Breakdown:
• Department A:

• Male Applicants: 100 applied, 60 admitted (60%)
• Female Applicants: 100 applied, 80 admitted (80%)

• Department B:
• Male Applicants: 200 applied, 100 admitted (50%)
• Female Applicants: 200 applied, 120 admitted (60%)

Aggregated Data:
• Total Male Applicants: 300 applied, 160 admitted (~53%)
• Total Female Applicants: 300 applied, 200 admitted (~67%)

Paradox:
• Within Departments: Females have a higher admission rate in both departments.
• Overall: Males have a higher admission rate when data from both departments are combined.
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Explanation:
• Application Distribution: More female applicants applied to the more competitive department 

(Department B) with lower overall admission rates. More male applicants applied to the less 
competitive department (Department A) with higher overall admission rates.

• Confounding Variable: The department choice acts as a confounding variable affecting 
admission rates.

2. Medical Treatment Efficacy

Scenario: Two treatments, Treatment A and Treatment B, are tested for effectiveness in curing a 
disease.

Data Breakdown:
• Male Patients:

• Treatment A: 200 treated, 140 cured (70%)
• Treatment B: 200 treated, 130 cured (65%)

• Female Patients:
• Treatment A: 800 treated, 560 cured (70%)
• Treatment B: 800 treated, 600 cured (75%)

Aggregated Data:
• Treatment A: 1,000 treated, 700 cured (70%)
• Treatment B: 1,000 treated, 730 cured (73%)

Paradox:
• Within Gender Groups: For males, Treatment A is more effective. For females, Treatment B 

is more effective.
• Overall: Treatment B appears more effective when combining data from both genders.

Explanation:
• Patient Distribution: A higher proportion of females (who respond better to Treatment B) 

were in the sample.
• Confounding Variable: Gender acts as a confounding variable affecting treatment efficacy.

Why Does Simpson's Paradox Occur?

Weighted Averages: The paradox often arises due to differences in group sizes or proportions, leading
to weighted averages that distort the overall picture.

Confounding Variables: A lurking variable affects both the independent and dependent variables, 
creating a misleading association when data are aggregated.

Heterogeneity in Data: Variability within subgroups can be masked when data are combined, hiding 
important patterns or trends.

Veridical Paradoxes                                                                                                                                            Page 66 of 96



Philosophical and Epistemological Aspects

The Importance of Context: Emphasizes that statistical results cannot be fully understood without 
considering the context and potential confounding factors.

Challenges to Causal Inference: Highlights the difficulty in establishing causal relationships from 
observational or correlational data.

The Role of Data Presentation: Underlines the need for clear, transparent and detailed data reporting 
to avoid misinterpretation.

Policy- and Decision-Making Implications: Decisions based on aggregated data without subgroup 
analysis may lead to ineffective or unjust outcomes.

Avoiding Misinterpretation

Perform Subgroup Analyses: Analyze data within relevant subgroups to uncover hidden patterns.

Identify Confounding Variables: Use statistical methods to control for variables that may affect the 
results.

Use Appropriate Statistical Techniques: Employ methods like regression analysis to account for 
multiple variables simultaneously.

Visualize Data Effectively: Utilize visual aids to reveal trends within subgroups and the overall data.

Real-World Applications

Medical Research: Ensuring that conclusions about drug efficacy consider patient subgroups (e.g., 
age, gender, comorbidities).

Public Policy: Evaluating education outcomes by considering socioeconomic factors that may 
influence results.

Marketing Analysis: Segmenting markets to tailor strategies effectively rather than relying on 
aggregated consumer data.

Legal Cases: Assessing evidence by examining subgroup data to uncover potential biases.

An Intuitive Analogy: Apple Picking

• Imagine two orchards with different qualities of apples.
• Orchard A: High-quality apples but small harvest.
• Orchard B: Lower-quality apples but large harvest.
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• Picker Preference:
• Picker 1: Picks more from Orchard A.
• Picker 2: Picks more from Orchard B.

• Paradox: Picker 1 selects better apples in both orchards, but overall, Picker 2 appears to have 
better apples due to the larger quantity from Orchard B.

• Lesson: Without considering where the apples came from (the orchard), the overall quality 
assessment may be misleading.

Key Takeaways

• Beware of Aggregation Bias: Aggregated data can mask important differences within 
subgroups.

• Consider Confounding Variables: Identify and adjust for variables that may influence the 
relationship between variables of interest.

• Data Context Matters: Understanding the context and the structure of the data is crucial for 
accurate interpretation.

• Statistical Literacy is Essential: Awareness of paradoxes like Simpson's is important for 
anyone working with data to avoid drawing incorrect conclusions.

Conclusion

Simpson's Paradox serves as a powerful reminder of the complexities inherent in statistical analysis. It 
underscores the necessity of:

• Critical Examination of Data: Always delve deeper into the data, looking beyond surface-
level trends.

• Thoughtful Interpretation: Recognize that numbers can be deceptive if not analyzed carefully.

• Responsible Reporting: Ensure that findings are presented with sufficient context to inform 
accurate understanding.
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PROMPT 4.6:

Now, in the context of Simpson's Paradox, let's consider this 
following scenario, involving two hospitals:

Aggregate data:
- 900 of the last 1000 patients of hospital A survived (90%)
- 800 of the last 1000 patients of hospital B survived (80%)

Hospital A, grouped data:
- 100 of the last 1000 patients were in critical condition, 30 
survived, 70 did not (30%)
- That means, 900 were not in critical condition, and 870 
survived, 30 did not (96.6%)

Hospital B, grouped data:
- 400 of the last 1000 patients were in critical condition, 210 
survived, 190 did not (52.5%)
- That means, 600 were not in critical condition, and 590 
survived, 10 did not (98.3%)

To summarize the above data:

Two hospitals have the below survival rates, for patients in critical
condition:

- Hospital A: 30.0%
- Hospital B: 52.5%

Two hospitals have the below survival rates, for patients in non-
critical condition:

- Hospital A: 96.6%
- Hospital B: 98.3%

And their survival rates for all patients are as follows:
- Hospital A: 90%
- Hospital B: 80%

Hospital B has higher survival rates for patients in both critical 
and non-critical conditions -- yet it still ranks lower for the 
combined category for all patients! I think the REAL DANGER here is 
that this is a little too counter-intuitive for most people to 
navigate meaningfully.

Likewise, most people would have trouble understanding how a hospital
with higher survival rates for both male AND female patients could 
possibly have lower overall survival rate!

What does the above say about the human brain? Maybe it's best if you
expand a little on the cognitive limitations of the human brain, and 
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the implications thereof, without repeating yourself.

The scenario you've presented involving the two hospitals is a compelling illustration of how 
aggregated data can sometimes lead to conclusions that are opposite to those suggested by the data 
when it's divided into subgroups. The fact that Hospital B has higher survival rates in both critical and 
non-critical patient categories but a lower overall survival rate is indeed counterintuitive for most 
people.

This phenomenon sheds light on certain cognitive limitations inherent in the human brain, particularly 
in how we process and interpret statistical information. Let's delve into what this scenario says about 
the human brain and explore the implications.

Understanding the Scenario

Aggregate Data:

• Hospital A: 900 out of 1,000 patients survived (90% survival rate).
• Hospital B: 800 out of 1,000 patients survived (80% survival rate).

Survival Rates by Patient Condition:

• Critical Condition Patients:
• Hospital A: 30 out of 100 survived (30% survival rate).
• Hospital B: 210 out of 400 survived (52.5% survival rate).

• Non-Critical Condition Patients:
• Hospital A: 870 out of 900 survived (96.6% survival rate).
• Hospital B: 590 out of 600 survived (98.3% survival rate).

Summary:

• Hospital B has higher survival rates for both critical and non-critical patients.
• Hospital A has a higher overall survival rate.

The Paradox:

Despite Hospital B performing better in both patient categories, its overall survival rate is lower than 
Hospital A's. This counterintuitive result arises because of the differing proportions of critical and non-
critical patients treated by each hospital.

Why This Is Counterintuitive

1. Misleading Aggregated Data

• Assumption of Consistency: People often assume that if a hospital performs better in all 
individual categories, it must have a better overall performance.

• Neglect of Weighted Averages: The overall survival rate is affected by the number of patients 

Veridical Paradoxes                                                                                                                                            Page 70 of 96



in each category. Hospital B treats more critical patients, which lowers its aggregate survival 
rate despite higher category-specific success rates.

2. Cognitive Biases and Heuristics

• Simplification Heuristic: The human brain tends to simplify complex information, leading to 
oversights in how different variables interact.

• Confirmation Bias: We might focus on aggregate percentages without questioning how they 
are influenced by underlying data distributions.

Cognitive Limitations of the Human Brain

1. Difficulty with Complex Statistical Concepts

• Limited Working Memory: The brain can struggle to process multiple layers of information 
simultaneously, such as different survival rates across categories and their impact on overall 
rates.

• Abstract Reasoning Challenges: Statistical paradoxes require abstract thinking and 
understanding of concepts like weighted averages and conditional probabilities, which are not 
intuitive for many people.

2. Overreliance on Heuristics

• Heuristics: Mental shortcuts that simplify decision-making but can lead to errors in complex 
situations.

• Availability Heuristic: People might rely on the most immediately available information (e.g., 
overall survival rates) without delving deeper into the data.

3. Misinterpretation of Data Aggregation

• Fallacy of Composition: Assuming that what is true for individual parts must be true for the 
whole.

• Neglecting Subgroup Sizes: Failing to consider how the sizes of subgroups (critical vs. non-
critical patients) affect aggregate statistics.

4. Confirmation Bias

• Selective Attention: Tendency to focus on information that confirms existing beliefs or 
expectations.

• Resistance to Contradictory Evidence: Difficulty accepting results that contradict intuitive 
assumptions.

5. Innumeracy

• Lack of Statistical Literacy: Many people have limited education in statistics, making it 
challenging to interpret data accurately.

• Difficulty with Probabilistic Thinking: Struggling to understand and apply probability 
concepts in practical contexts.
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Implications

1. Impact on Decision-Making

• Healthcare Choices: Misinterpretation of hospital performance data can lead patients to choose
hospitals based on misleading overall survival rates.

• Policy and Funding: Health authorities might allocate resources inefficiently if they don't 
account for underlying patient demographics and case complexities.

2. Importance of Data Literacy

• Education: Enhancing statistical education can help individuals interpret data more accurately, 
leading to better personal and professional decisions.

• Critical Thinking: Developing skills to question and analyze data rather than accepting it at 
face value.

3. Need for Transparent Data Presentation

• Contextual Information: Providing detailed breakdowns of data allows for more informed 
interpretations.

• Visualization Tools: Using graphs and charts to illustrate how subgroup performances 
contribute to overall results can make complex data more accessible.

4. Acknowledging Human Cognitive Biases

• Self-Awareness: Recognizing our cognitive limitations can prompt us to seek additional 
information or expert analysis.

• Collaborative Interpretation: Working with statisticians or data analysts when making 
important decisions based on complex data.

Addressing the Cognitive Limitations

1. Education and Training

• Statistical Education: Incorporating statistics and probability into general education curricula 
to build foundational understanding.

• Continuous Learning: Encouraging ongoing education for professionals who regularly interact
with statistical data.

2. Effective Communication of Data

• Simplifying Complex Concepts: Breaking down statistical information into understandable 
segments without oversimplifying critical details.

• Using Analogies and Examples: Relating statistical concepts to everyday experiences to 
enhance comprehension.

3. Encouraging Analytical Thinking

• Questioning Assumptions: Promoting a mindset that critically evaluates data sources, 
methodologies, and conclusions.

• Problem-Solving Exercises: Engaging in activities that challenge intuitive responses and 
require deeper analysis.
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Conclusion

The scenario you've provided highlights how Simpson's Paradox can expose the cognitive limitations 
of the human brain in processing statistical information. Our brains are wired to seek simplicity and 
consistency, which can lead us to overlook complex interactions within data. This has significant 
implications:

• For Individuals: Misinterpretation can affect personal decisions, such as choosing healthcare 
providers or interpreting medical statistics.

• For Society: Widespread misunderstandings can influence public opinion, policy-making, and 
resource allocation, potentially leading to suboptimal or unjust outcomes.

By acknowledging these limitations and investing in education and effective communication, we can 
improve our ability to navigate complex statistical landscapes. This not only enhances individual 
decision-making but also contributes to more informed and equitable societal choices.

Final Thought

Understanding and addressing our cognitive limitations is crucial in an increasingly data-driven world. 
By fostering statistical literacy and critical thinking, we empower ourselves and others to make 
decisions that are not only intuitive but also informed and rational.
PROMPT 4.7:

To conclude this chapter with another similar example, demonstrate 
how grossly humans underestimate false positives in medical tests 
with accuracy levels as high as 99%, especially when the disease is 
rare.

In your demonstration, calculate the real versus intutive probability
for a false-positive result for a test with an accuracy rate of 99%, 
first for a disease with a prevalence rate of 1 in 1.000, and then 
with another one with 1 in 10.000. (Be brief, and minimize formulas.)

Certainly! Let's explore how people often underestimate the probability of false positives in medical 
tests, especially when the disease is rare, even if the test is 99% accurate.

Scenario 1: Disease Prevalence of 1 in 1,000

Assumptions:

• Disease prevalence: 1 in 1,000 people (0.1%)
• Test accuracy:

• Sensitivity (true positive rate): 99%
• Specificity (true negative rate): 99%
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Imagine testing 1,000,000 people:

1. People with the disease:
• Total: 1,000 in 1,000,000 people have the disease
• Test positive (true positives): 99% of 1,000 = 990 people
• Test negative (false negatives): 1% of 1,000 = 10 people

2. People without the disease:
• Total: 999,000 people
• Test positive (false positives): 1% of 999,000 = 9,990 people
• Test negative (true negatives): 99% of 999,000 = 989,010 people

Total positive test results: 990 true positives + 9,990 false positives = 10,980 positives

Probability that a person who tests positive actually has the disease:

• Calculation: (True Positives) / (Total Positives) = 990 / 10,980 ≈ 9% 

Intuitive vs. Actual Probability:

• Intuitive Belief: Many think it's 99% because the test is 99% accurate.
• Reality: There's only about a 9% chance the person actually has the disease.
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Scenario 2: Disease Prevalence of 1 in 10,000

Assumptions:

• Disease prevalence: 1 in 10,000 people (0.01%)
• Test accuracy remains the same.

Testing 1,000,000 people:

1. People with the disease:
• Total: 100 people
• Test positive (true positives): 99% of 100 = 99 people
• Test negative (false negatives): 1% of 100 = 1 person

2. People without the disease:
• Total: 999,900 people
• Test positive (false positives): 1% of 999,900 = 9,999 people
• Test negative (true negatives): 99% of 999,900 = 989,901 people

Total positive test results: 99 true positives + 9,999 false positives = 10,098 positives

Probability that a person who tests positive actually has the disease:

• Calculation: (True Positives) / (Total Positives) = 99 / 10,998 ≈ 0.98%

Intuitive vs. Actual Probability:

• Intuitive Belief: Again, many assume it's 99%.
• Reality: There's less than a 1% chance the person actually has the disease.

Why Do People Underestimate False Positives?

Base Rate Neglect:

• Definition: Ignoring the actual prevalence (base rate) of the disease in the population.
• Effect: Overestimating the probability that a positive test result means having the disease.

Cognitive Biases:

• Simplification: Assuming high test accuracy directly translates to high certainty in results.
• Misinterpretation: Confusing the accuracy of the test with the predictive value of a positive 

result.

Key Takeaways

• High Test Accuracy Isn't Enough: Even with a 99% accurate test, the rarity of the disease 
means false positives can outnumber true positives.
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• Importance of Disease Prevalence: The lower the prevalence, the higher the proportion of 
false positives among all positive results.

• Critical Thinking Required: Always consider both the accuracy of the test and the prevalence 
of the disease to understand the true probability.

Implications

• Medical Decisions: Doctors should be cautious in interpreting positive test results for rare 
diseases and may need confirmatory tests.

• Public Understanding: Educating people about these probabilities can lead to better-informed 
health decisions and reduce unnecessary anxiety.

This demonstration shows that when a disease is rare, even highly accurate tests can produce a high 
number of false positives, leading to a much lower probability that a positive result indicates actual 
disease than one might intuitively expect.
PROMPT 4.8:

What is the probability that a person actually has the disease in the
above scenarios, after two consecutive tests return a positive 
result? Be brief.

Scenario 1: Disease Prevalence of 1 in 1,000

• After Two Positive Tests: The probability that a person actually has the disease increases to 
approximately 91%.

• Explanation: With a disease prevalence of 0.1% and test accuracy of 99%, the chance of two 
consecutive false positives is extremely low. Therefore, a second positive test greatly increases 
the likelihood that the person truly has the disease.

Scenario 2: Disease Prevalence of 1 in 10,000

• After Two Positive Tests: The probability that a person actually has the disease rises to 
approximately 50%.

• Explanation: Despite two positive results, because the disease is very rare (0.01% prevalence), 
there's still about a 50% chance that the person does not have the disease. The rarity means false
positives still significantly impact the probability.
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Key Takeaways

• Multiple Testing Improves Accuracy: Consecutive positive tests greatly increase the 
probability that a positive result is a true positive, especially for diseases with higher 
prevalence.

• Rarity Limits Certainty: For extremely rare diseases, even multiple positive results may not 
provide high certainty due to the proportionally higher chance of false positives.
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PART FIVE

Back to the Human Brain, and the "Real" Life

PROMPT 5.1:

Why does the human brain sometimes make such gross mistakes as the 
above in assessment, calculation, or interpretation? You mentioned 
earlier the human reliance on cognitive biases, heuristics and mental
shortcuts. Maybe expand on those, or mention a few others factors 
that contribute to cognitive errors, without repeating yourself.

The human brain is a remarkably complex organ capable of extraordinary feats, yet it is also prone to 
systematic errors in assessment, calculation, and interpretation. While cognitive biases, heuristics, and 
mental shortcuts play significant roles in these mistakes, several other factors contribute to cognitive 
errors. Let's explore these additional factors:

1. Overconfidence Bias

• Explanation: People often overestimate their knowledge, abilities, and the accuracy of their 
predictions.

• Impact on Errors: Overconfidence can lead individuals to ignore potential pitfalls or 
alternative solutions, resulting in miscalculations or misinterpretations.

• Example: A person may confidently interpret medical test results without consulting a 
professional, leading to incorrect conclusions.

2. Illusion of Control

• Explanation: The tendency to believe we have control over events that are actually determined 
by chance.
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• Impact on Errors: This illusion can cause people to overestimate their ability to influence 
outcomes, skewing risk assessments.

• Example: An investor might believe their strategy guarantees success in the stock market, 
ignoring inherent market volatility.

3. Anchoring Effect

• Explanation: Relying too heavily on the first piece of information encountered (the "anchor") 
when making decisions.

• Impact on Errors: Initial information unduly influences subsequent judgments, even if it's 
irrelevant.

• Example: In estimating probabilities, a person might fixate on an initial percentage mentioned, 
adjusting insufficiently when new data is presented.

4. Framing Effects

• Explanation: Decisions are influenced by how information is presented, rather than just the 
information itself.

• Impact on Errors: Positive or negative framing can alter perception and choice, leading to 
inconsistent or illogical decisions.

• Example: A medical procedure with a "90% survival rate" may be favored over one with a 
"10% mortality rate," despite being statistically equivalent.

5. Emotional Influences

• Explanation: Emotions can significantly affect cognitive processes, including attention, 
memory, and reasoning.

• Impact on Errors: Strong emotions like fear, anxiety, or excitement can cloud judgment and 
lead to impulsive or irrational decisions.

• Example: Anxiety over a rare disease might cause someone to misinterpret test results, 
believing they are more likely to have the disease than they actually are.

6. Social and Cultural Influences

• Explanation: Cultural norms, social pressures, and group dynamics shape how we process 
information.

• Impact on Errors: Conformity and groupthink can suppress individual critical thinking, 
leading to collective misjudgments.

• Example: In a group discussion, individuals might agree with an incorrect consensus rather 
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than voice dissenting but accurate information.

7. Lack of Numeracy and Statistical Literacy

• Explanation: Difficulty understanding and applying mathematical and statistical concepts.

• Impact on Errors: Misinterpretation of probabilities, percentages, and statistical significance 
leads to faulty conclusions.

• Example: Misjudging the likelihood of false positives in medical testing due to unfamiliarity 
with concepts like prevalence and predictive values.

8. Cognitive Load and Information Overload

• Explanation: The brain has limited capacity to process information at any given time.

• Impact on Errors: Excessive information can overwhelm cognitive resources, causing 
simplification strategies that result in mistakes.

• Example: A doctor faced with a multitude of symptoms may overlook key indicators due to 
information overload.

9. Attention Limitations

• Explanation: Humans have finite attentional resources and can miss important details when 
distracted.

• Impact on Errors: Inattentional blindness can cause critical information to be overlooked, 
leading to incorrect assessments.

• Example: Missing a vital piece of data in a report because attention was focused elsewhere.

10. Misinterpretation of Language and Problem Framing

• Explanation: Ambiguities or complexities in language can lead to misunderstandings.

• Impact on Errors: Misreading or misinterpreting problem statements results in flawed 
reasoning and solutions.

• Example: Misunderstanding a statistical problem due to confusing terminology, leading to 
incorrect calculations.

11. Evolutionary Mismatch

• Explanation: The brain evolved to handle immediate, concrete problems faced by our 
ancestors, not abstract modern challenges.

• Impact on Errors: Difficulty grappling with abstract concepts like large numbers, statistical 
probabilities, and complex systems.
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• Example: Underestimating the significance of rare events despite their potential large-scale 
impact.

12. Dunning-Kruger Effect

• Explanation: Individuals with low ability in a domain may overestimate their competence, 
while experts may underestimate theirs.

• Impact on Errors: Lack of awareness about one's limitations leads to overconfidence and 
errors.

• Example: A person with little statistical training feels confident in interpreting complex data, 
resulting in incorrect conclusions.

13. Memory Limitations

• Explanation: Short-term memory can only hold a limited amount of information, and long-
term memory is subject to decay and distortion.

• Impact on Errors: Forgetting crucial details or misremembering information affects reasoning 
and decision-making.

• Example: Misrecalling the specifics of a statistical rule, leading to its misapplication.

14. Cognitive Dissonance

• Explanation: The mental discomfort experienced when holding conflicting beliefs or when 
new information conflicts with existing beliefs.

• Impact on Errors: To reduce discomfort, people may rationalize or ignore new information, 
leading to biased interpretations.

• Example: Dismissing evidence that contradicts one's belief about a medical treatment's 
effectiveness.

15. Distractions and Multitasking

• Explanation: Attempting to process multiple streams of information simultaneously divides 
attention.

• Impact on Errors: Multitasking reduces cognitive performance, increasing the likelihood of 
mistakes.

• Example: Making calculation errors while simultaneously engaging in conversations or 
handling other tasks.
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16. Overgeneralization

• Explanation: Drawing broad conclusions from limited or specific information.

• Impact on Errors: Leads to stereotypes and incorrect assumptions that affect judgment.

• Example: Assuming that a single positive test result definitively indicates disease without 
considering statistical nuances.

17. Availability Heuristic

• Explanation: Estimating the likelihood of events based on how easily examples come to mind.

• Impact on Errors: Recent or memorable events are perceived as more common, skewing risk 
assessments.

• Example: Overestimating the prevalence of a disease after hearing about a high-profile case.

18. Hindsight Bias

• Explanation: The tendency to see events as having been predictable after they have already 
occurred.

• Impact on Errors: Affects learning and future decision-making by creating false confidence in 
one's predictive abilities.

• Example: Believing one "knew all along" that a medical test would be positive, distorting 
perception of prior uncertainty.

19. Emotional Attachment to Outcomes

• Explanation: Personal investment in a particular result can cloud objective analysis.

• Impact on Errors: Desire for a specific outcome may lead to biased interpretation of data.

• Example: Ignoring negative test results because they conflict with hoped-for diagnoses.

20. Social Desirability Bias

• Explanation: The tendency to respond or behave in a way that is perceived as favorable by 
others.

• Impact on Errors: Can lead to dishonest reporting or skewed data in surveys and studies.

• Example: Underreporting unhealthy behaviors in medical histories, affecting doctors' 
assessments.
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Implications of Cognitive Errors

• Decision-Making Consequences: Errors can lead to poor choices in critical areas like 
healthcare, finance, and safety.

• Impact on Learning: Misconceptions hinder the acquisition of accurate knowledge and skills.

• Societal Effects: Widespread cognitive errors can affect public opinion, policy-making, and 
societal well-being.

Mitigating Cognitive Errors

• Awareness and Education: Learning about cognitive biases and limitations helps individuals 
recognize and compensate for them.

• Deliberate Practice: Engaging in activities that strengthen analytical thinking and problem-
solving skills.

• Seeking Feedback: Encouraging constructive criticism and alternative perspectives to 
challenge assumptions.

• Mindfulness and Reflection: Taking time to reflect on decisions and thought processes to 
identify potential errors.

Conclusion

Human cognition is influenced by a complex interplay of factors beyond heuristics and biases. 
Emotional states, social dynamics, cognitive limitations, and various biases all contribute to errors in 
assessment, calculation, and interpretation. Recognizing these factors is the first step toward improving 
our reasoning abilities. By cultivating self-awareness, seeking continuous education, and adopting 
strategies to mitigate these influences, we can enhance our decision-making processes and reduce the 
likelihood of cognitive errors.
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PROMPT 5.2:

What real-life lessons should readers draw from the contents of the 
above conversation? Imagine a person who has mastered the entire 
conversation above. In what ways can a person benefit from the above 
in real life scenarios?

The conversation you've engaged in covers a range of probability paradoxes, cognitive biases, and the 
limitations of human reasoning when interpreting statistical information. Mastering these concepts can 
offer profound benefits in real-life scenarios. Here's how:

1. Enhanced Critical Thinking and Decision-Making Skills

• Questioning Intuition: Understanding paradoxes like the Monty Hall Problem and the Boy or
Girl Paradox teaches you to question initial gut feelings. This habit leads to more deliberate 
and accurate decision-making.

• Avoiding Cognitive Traps: Recognizing common errors such as base rate neglect and 
confirmation bias helps you avoid making flawed judgments in everyday situations.

2. Improved Statistical Literacy

• Interpreting Data Accurately: Knowledge of concepts like Simpson's Paradox and Bayesian
Traps enables you to interpret statistics correctly, which is crucial in an age where data 
influences many aspects of life.

• Assessing Risks and Probabilities: A solid grasp of probability helps in evaluating risks, such 
as understanding the likelihood of events or outcomes, which is valuable in fields like finance, 
healthcare, and engineering.

3. Better Decision-Making in Healthcare

• Understanding Medical Tests: Realizing how false positives can occur even in highly accurate
tests prevents unnecessary panic and promotes informed discussions with healthcare providers.

• Evaluating Treatment Options: Awareness of statistical nuances aids in assessing the 
effectiveness of medical treatments and making evidence-based health decisions.

4. Enhanced Problem-Solving Abilities

• Tackling Complex Problems: Exposure to paradoxes sharpens your ability to dissect complex 
issues, identify underlying assumptions, and find logical solutions.

• Applying Logical Reasoning: Strengthened analytical skills enable you to approach problems 
methodically, reducing errors caused by oversight or misinterpretation.

5. Increased Awareness of Cognitive Limitations

• Self-Awareness: Recognizing inherent cognitive biases and limitations fosters humility and 
openness to alternative perspectives.

• Continuous Improvement: Awareness of these limitations encourages ongoing learning and 
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the adoption of strategies to mitigate errors, such as seeking peer reviews or second opinions.

6. Improved Communication and Education Skills

• Explaining Complex Concepts: Ability to articulate paradoxes and statistical concepts 
enhances your communication skills, making you more effective in teaching, mentoring, or 
collaborative environments.

• Influencing and Persuading: Clear understanding allows you to present arguments 
persuasively, backed by logical reasoning and evidence.

7. Application in Professional Fields

• Business and Finance: In investment and risk management, accurately assessing probabilities 
leads to better strategic decisions and avoidance of costly mistakes.

• Legal Reasoning: Understanding statistical evidence prevents misinterpretation in legal cases, 
contributing to fairer outcomes.

• Science and Research: Rigorous application of statistical principles ensures valid experimental
designs and accurate interpretations of results.

8. Enhanced Personal Life Management

• Financial Decisions: Better risk assessment informs choices like insurance purchases, 
retirement planning, and managing personal investments.

• Everyday Choices: From understanding the odds in games to evaluating product warranties, 
statistical literacy improves decision quality in daily life.

9. Contribution to Society

• Informed Citizenship: Critical evaluation of statistics presented in media and politics enables 
you to make informed voting decisions and engage in meaningful public discourse.

• Public Health: Understanding epidemiological data contributes to better responses to public 
health advisories and supports community well-being.

10. Developing a Rational Mindset

• Embracing Uncertainty: Accepting that uncertainty is a natural part of life reduces anxiety 
and promotes resilience.

• Logical Consistency: A disciplined approach to reasoning enhances integrity and consistency 
in thought processes.

Real-Life Scenarios Where Benefits Manifest

• Medical Consultations: You can engage more effectively with healthcare providers, ask 
pertinent questions, and make informed consent decisions.

• Career Advancement: Employers value employees who can think critically, solve complex 
problems, and interpret data accurately.
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• Personal Relationships: Improved communication and reasoning skills enhance interpersonal 
interactions and conflict resolution.

• Education: Whether as a student or educator, a deep understanding of these concepts enriches 
the learning environment and fosters intellectual growth.

Conclusion

By mastering the content discussed, you equip yourself with tools to navigate a complex world more 
effectively. The ability to critically assess information, recognize and mitigate cognitive biases, and 
make informed decisions has far-reaching implications. It enhances personal and professional success, 
contributes to societal well-being, and empowers you to face challenges with confidence and clarity.

Key Takeaways

• Critical Evaluation: Always question initial impressions and seek evidence before forming 
conclusions.

• Lifelong Learning: Continuously update your knowledge and remain open to new information.

• Mindful Decision-Making: Be aware of the factors influencing your judgments and strive for 
rationality.

By integrating these lessons into your life, you not only improve your own decision-making but also 
become a valuable resource for others, fostering a more thoughtful and informed community.
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PROMPT 5.3:

What about betting and gambling? Isn't gambling online with real-time
AI help already a thing?

The incorporation of artificial intelligence (AI) into betting and gambling is indeed an emerging trend 
that has gained significant traction in recent years. AI technologies are being utilized by both gambling 
operators and players to enhance decision-making, improve user experiences, and increase the 
efficiency of operations.

How AI Is Used in Gambling and Betting

Predictive Analytics and Data Analysis:

1. Sports Betting:

• AI Algorithms: Machine learning models analyze vast amounts of historical data, 
player statistics, weather conditions, and other variables to predict the outcomes of 
sporting events.

• Real-Time Analysis: AI processes live data during events to adjust predictions and 
betting odds dynamically.

2. Casino Games:

• Strategy Development: AI can simulate countless game scenarios (e.g., in poker or 
blackjack) to develop optimal playing strategies.

3. Automated Betting Systems, and Betting Bots:

• Algorithmic Betting: Bots place bets automatically based on predefined criteria and 
real-time data analysis.

• High-Frequency Betting: AI enables rapid execution of bets, capitalizing on fleeting 
opportunities.

4. Enhanced User Experience:

• Personalization: AI analyzes user behavior to suggest games or bets that match their 
preferences, and adjusts the gaming environment in real-time with dynamic interfaces to 
enhance engagement.

• Customer Support: AI-powered chatbots provide instant assistance and handle 
common inquiries.
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5. Responsible Gambling Measures, and Behavioral Monitoring:

• Problem Gambling Detection: AI identifies patterns indicative of gambling addiction, 
allowing for timely intervention.

• Self-Exclusion Enforcement: Ensures that self-excluded individuals cannot access 
gambling services.

6. Security and Fraud Detection:

• Cheating Prevention: AI monitors for unusual activities that may indicate cheating or 
collusion.

• Transaction Security: Protects against fraudulent transactions and identity theft.

7. Game Development and Optimization:

• Dynamic Difficulty Adjustment: Games that adjust their difficulty based on the 
player's skill level.

• Content Generation: AI creates new game content, levels, or scenarios to keep 
experiences fresh.

Ethical and Legal Considerations

• Fairness and Transparency:
• Uneven Playing Field: Access to advanced AI tools by some bettors may create unfair 

advantages.
• Algorithmic Bias: Ensuring that AI systems do not inadvertently favor certain players 

or outcomes.

• Regulatory Compliance:
• Legal Restrictions: Gambling laws vary widely by jurisdiction, and the use of AI in 

gambling may be regulated or restricted.
• Data Privacy: Compliance with data protection laws when collecting and processing 

user data.

• Responsible Use:
• Addiction Risk: While AI can help identify problem gambling behaviors, it can also be 

used to encourage excessive betting through personalized promotions.
• Ethical Marketing: Balancing business objectives with ethical considerations in 

targeting and engagement strategies.
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Implications for Players and Operators

• For Players:
• Informed Decision-Making: AI tools can provide insights but should be used with an 

understanding of their limitations.
• Risk of Overreliance: Dependence on AI predictions may lead to significant losses if 

not approached cautiously.
• Legal Risks: Using unauthorized AI tools may violate the terms of service of gambling 

platforms or local laws.

• For Operators:
• Enhanced Operations: AI improves efficiency in managing games, setting odds, and 

providing customer service.
• Security Enhancement: Protects the integrity of games and the platform through 

advanced monitoring.
• Regulatory Compliance: Operators must ensure that their use of AI aligns with legal 

requirements and ethical standards.

Conclusion

The integration of AI into online betting and gambling is already a reality, transforming how the 
industry operates and how players engage with it. While AI offers numerous benefits—such as 
improved predictive capabilities, personalized experiences, and enhanced security—it also introduces 
challenges related to fairness, ethics, and legality.

Key Takeaways

• Awareness and Education: Both players and operators should stay informed about the 
capabilities and limitations of AI in gambling.

• Responsible Use: Ethical considerations should guide the deployment of AI to ensure it 
promotes fair play and responsible gambling.

• Legal Compliance: Adherence to laws and regulations is crucial to prevent legal issues and 
maintain the integrity of the gambling industry.

Whether you're a participant or an observer, understanding the role of AI in gambling can help you 
navigate this evolving landscape thoughtfully and responsibly.
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PROMPT 5.4:

Imagine a society where each Bachelor's degree holder is data- and 
science-literate, regardless of major. That is almost this society's 
definition of a Bachelor's degree. And another society where 
universities have significantly lowered admission requirements over 
the years, ending up graduating largely data- and science-
illiterates.

What kinds of major differences, if any, would likely be salient 
between these societies in general, and their gambling industries in 
particular?

Be brief.

Major Differences Between the Two Societies

1. Critical Thinking and Decision-Making:
• Data-Literate Society: Individuals possess strong analytical skills, leading to better 

personal and professional decisions.
• Data-Illiterate Society: A lack of critical thinking skills results in poorer decision-

making and increased susceptibility to misinformation.

2. Innovation and Economic Growth:
• Data-Literate Society: Higher proficiency in science and data drives innovation, 

technological advancement, and economic competitiveness.
• Data-Illiterate Society: Slower innovation rates and economic stagnation due to a 

workforce lacking essential skills.

3. Public Policy and Governance:
• Data-Literate Society: Informed citizens contribute to evidence-based policymaking 

and hold leaders accountable.
• Data-Illiterate Society: Policies may be less effective, with governance susceptible to 

populism and poor oversight.

4. Health and Social Well-Being:
• Data-Literate Society: Better understanding of health information leads to healthier 

lifestyles and proactive healthcare decisions.
• Data-Illiterate Society: Increased health issues due to misunderstandings of medical 

information and susceptibility to pseudoscience.

Differences in Their Gambling Industries

1. Gambling Participation and Behavior:
• Data-Literate Society: Individuals understand odds and risks better, leading to more 

responsible gambling or reduced participation.
• Data-Illiterate Society: Higher likelihood of problem gambling due to 
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misunderstandings of probability and overestimation of winning chances.

2. Industry Practices:
• Data-Literate Society: Gambling industry may focus on entertainment value and 

transparent practices to attract informed consumers.
• Data-Illiterate Society: Industry might exploit lack of knowledge, using aggressive 

marketing and opaque odds to maximize profits.

3. Regulation and Consumer Protection:
• Data-Literate Society: Strong regulatory frameworks enforced by informed 

policymakers ensure fair play and protect consumers.
• Data-Illiterate Society: Weaker regulations and oversight may lead to unethical 

industry practices and increased social harms.

4. Economic Impact:
• Data-Literate Society: Gambling contributes modestly to the economy with an 

emphasis on sustainability and social responsibility.
• Data-Illiterate Society: Gambling may become a significant economic driver but with 

negative social consequences like addiction and financial distress.

5. Public Perception of Gambling:
• Data-Literate Society: Viewed as a recreational activity with awareness of risks; 

educational programs promote responsible behavior.
• Data-Illiterate Society: Gambling may be surrounded by myths and misconceptions, 

leading to stigmatization or unchecked enthusiasm.

Summary

The key differences hinge on the populace's ability to understand and interpret data:

• In a data-literate society, individuals make informed decisions, leading to healthier gambling 
behaviors and a well-regulated industry that prioritizes transparency and consumer protection.

• In a data-illiterate society, the lack of understanding fosters environments where gambling can 
lead to widespread social issues, and the industry may prioritize profit over ethical 
considerations due to less informed oversight and consumer base.

Veridical Paradoxes                                                                                                                                            Page 91 of 96



PROMPT 5.5:

End this conversation with a burlesque poem on the profound sadness 
of a smart fictional Chilean woman sitting on a chair in the sports 
keno of Wynn Las Vegas with a drink, after failing to pay proper 
attention to the cards during a game of blackjack, and losing a large
sum. Here is some additional information on her:

She is staying a little to the south on the strip at Flamingo Las
Vegas. In fact, she tooks selfies with the flamingos in the 
morning, and shared them on social media. (FYI: Flamingos were 
pink, because they eat shrimps primarily, and they do not know 
what a smartphone or a selfie is.)

She is in her early thirties, and wearing a black scoop-neck 
dress, with two standard drinks of alcohol in her system. She had
added 20 milligrams of CBD to her salad in oil form just three 
hours ago, so she is calm. But sad.

I don't know her name, but I'm sure you'll guess correctly.

The Gambler's Lament in Las Vegas

In Vegas where the neon lights entwine,
A Chilean beauty sips her wine divine.
Smart and savvy, in her early thirties' grace,
She wears a black dress, elegance encased.

That morning with the flamingos she did pose,
Pink feathers fluttered by her sun-kissed clothes.
She shared her selfies; smiles lit her face,
While birds, unknowing, kept their statuesque pace.

At Flamingo Las Vegas, her retreat,
She wandered north to where the high rollers meet.
At Wynn's lounge she took her seat,
A drink in hand, she faced the dealer's feat.

Two cocktails in, her focus slipped away,
CBD had softened edges of the day.
A salad dressed with calmness in its wake,
Yet at the blackjack table—her mistake.

She failed to mind the cards, the dealer's cues,
And watched aghast as fortunes she did lose.
A large sum vanished like the desert breeze,
Left her in quiet melancholy ease.
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Now seated where the sports and keno blend,
She contemplates the luck she couldn't bend.
The flamingos knew not of her despair,
Oblivious in their pink-plumed affair.

Her name unspoken, yet it might be guessed,
Perhaps it's Lucía, as you've professed.
With wisdom gained and lessons hard to learn,
She toasts to fate with dignity unturned.

So here's to nights beneath the Vegas sky,
Where even sorrow wears a suit and tie.
A burlesque tale of wits and chance unplanned,
Of a Chilean woman in a desert land.
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PROMPT 5.6:

What can Lucía do to prevent a similar outcome at the casino the next
time around? What's the best course of action?

Should Lucía invest the necessary time to better understand the 
theory of probability, as well as the Bayesian approach to life in 
general, and try to win her money back? Or, should she watch Oceans 
11 and similar other movies meticulously, and work on an alternative?

The best course of action for Lucía is to:

• Practice Responsible Gambling: By setting limits and staying informed, she can enjoy the 
entertainment value without significant financial risk.

• Enhance Personal Growth: Learning about probability can be beneficial, but it's important to 
recognize that no strategy can guarantee winnings in games of chance.

• Seek Balanced Experiences: Diversifying her activities can lead to more satisfying and less 
risky enjoyment.

Ultimately, Lucía's well-being is paramount. By making mindful decisions and prioritizing activities 
that contribute positively to her life, she can prevent similar disappointments in the future.
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PROMPT 5.7:

Okay. Now, try to use some wit and sense of humor:

Why did the Chilean woman in the black dress cross the casino floor?

Because after losing at blackjack, she finally realized the odds weren't in her favor—so she crossed the 
casino floor to find better luck with the flamingos who, unlike the cards, always know how to strike a 
winning pose!

PROMPT 5.8:

They *still* have to work on your "sense" of humor.

Say "bye" in Georgian.

 (Nakhvamdis).ნახვამდის
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Appendix

Q1:
Imagine you're presented with three identical-looking boxes:
    Box 1: Contains two gold coins.
    Box 2: Contains two silver coins.
    Box 3: Contains one gold coin and one silver coin.

You select a box at random and draw one coin from it, which turns out
to be gold. Based on this information, what is the probability that 
the other coin in the same box is also gold?

Q2:
Consider a family with two children. You know that at least one of 
the children is a boy. Given this information, you're asked: What is 
the probability that both children in the family are boys?

When prompted with the above, the following LLMs returned the following results:

Q1 (Bertrand's Box) Q2 (Two Child Problem)

chatGPT o1-preview 2/3 1/3

Grok 2 beta 2/3 1/3

Claude 3.5 Sonnet 2/3 1/3

Gemini 1.5 Flash 1/3 1/3
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