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In the realm of probability theory and combinatorics, understanding how to model experiments
involving random draws from a set of objects is fundamental. Samuel's experiment, which involves a
deck of 30 cards with 6 blue cards, serves as an excellent example to explore the principles of
uniform probability models. This article delves into the details of such experiments, explaining how

to calculate probabilities, the significance of uniform models, and practical applications of these
concepts.

Understanding the Setup: The Deck of 30 Cards

Imagine a deck consisting of 30 cards, among which 6 are blue, and the remaining 24 are of other
colors. The composition can be summarized as follows:

e Total cards: 30

¢ Blue cards: 6

e Non-blue cards: 24

This setup is typical for probability experiments where each card is equally likely to be drawn,
assuming no bias or weighting. The key assumptions in Samuel's experiment are:

- All cards are equally likely to be drawn (uniform probability).
- The drawing is random, with no replacement or with replacement, depending on the scenario.

Understanding these assumptions is critical for modeling the experiment accurately and calculating
the relevant probabilities.

What Is a Uniform Probability Model?

A uniform probability model assumes that every outcome in a sample space is equally likely. When
applied to card drawing, this means each card has the same chance of being selected. For a deck of
30 cards:



- The probability of drawing any specific card is 1/30.
- The probability of drawing a blue card in a single draw is 6/30 = 1/5.

This simplicity makes the uniform model a powerful tool for calculation, especially when the
experiment involves random, unbiased selection.

Key Features of a Uniform Probability Model

¢ Equal likelihood of all outcomes
e Symmetry in probability calculations
e Applicable in scenarios with unbiased random processes

e Facilitates straightforward probability computations

In Samuel's case, the uniform model allows for easy calculation of probabilities related to drawing
blue cards or other specific outcomes.

Calculating Basic Probabilities

Using the uniform model, Samuel can determine the probability of various events. Let’s explore
some common scenarios.

Probability of Drawing a Blue Card in a Single Draw

Since there are 6 blue cards out of 30:

\[

P(\text{Blue}) = \frac{\text{Number of blue cards} } {\text{Total number of cards}} = \frac{6} {30}
= \frac{1}{5}

\]

Therefore, if Samuel draws one card at random, there's a 20% chance it will be blue.

Probability of Drawing a Non-Blue Card

Similarly:

\[



P(\text{Non-blue}) = 1 - P(\text{Blue}) = 1 - \frac{1}{5} = \frac{4}{5}
\]

Or 80%.

Multiple Draws and Probabilities

The experiment can be extended to multiple draws, with or without replacement, which affects
probability calculations.

Scenario 1: Drawing Without Replacement

Suppose Samuel draws two cards sequentially without replacement, and wants to find the
probability that both are blue.

- First draw:

\[
P(\text{First blue}) = \frac{6}{30} = \frac{1}{5}
\]

- After removing one blue card, remaining cards:

\[
\text{Remaining blue cards} = 5

\]
\[
\text{Remaining total cards} = 29

\]

- Second draw:

\[
P(\text{Second blue} | \text{First blue}) = \frac{5}{29}

\]

- Overall probability:

\[

P(\text{both blue}) = P(\text{First blue}) \times P(\text{Second blue} | \text{First blue}) =
\frac{6} {30} \times \frac{5}{29} = \frac{1}{5} \times \frac{5}{29} = \frac{1}{29}

\]

This illustrates the dependency between events in sampling without replacement.



Scenario 2: Drawing With Replacement

If Samuel replaces the card after each draw, the probabilities remain constant:

\[
P(\text{Blue in each draw}) = \frac{6}{30} = \frac{1}{5}
\]

The probability that both draws are blue:

\[
\left( \frac{1} {5} \right)~2 = \frac{1}{25}
\]

which is 4%.

Advanced Probabilities and Combinatorial Methods

Beyond simple probabilities, Samuel can explore more complex questions, such as:

- The probability of drawing exactly k blue cards in n draws.
- The expected number of blue cards in multiple draws.
- The probability of drawing at least one blue card.

These problems often involve combinations and hypergeometric distributions.

The Hypergeometric Distribution

When drawing without replacement, the hypergeometric distribution models the probability of k
successes (blue cards) in n draws:

\[
P(X = k) = \frac{\binom {6} {k} \times \binom{24}{n - k} } {\binom{30}{n}}
\]

where:

-\(\binom{a}{b}\) is the binomial coefficient, "a choose b".
-\(X\) is the random variable denoting the number of blue cards drawn.

Example: Probability of drawing exactly 2 blue cards in 5 draws:

\[
P(X=2) = \frac{\binom{6}{2} \times \binom{24}{3}}{\binom{30}{5}}
\]



Calculating each component:

\[

\binom{6}{2} =15

\]

\[

\binom{24}{3} = 2024

\]

\[

\binom{30}{5} = 142,506
\]

Thus,

\[

P(X=2) = \frac{15 \times 2024} {142,506} \approx \frac{30,360} {142,506} \approx 0.213
\]

or about 21.3%.

Applications of the Model in Real-World Scenarios

Understanding the uniform probability model in Samuel's experiment has broader implications:
- Game Design: Knowing the odds of drawing certain cards helps in designing balanced games.
- Quality Control: Similar models can determine probabilities of defect detection when sampling
items.

- Simulations: Randomized simulations for testing algorithms or decision-making processes.
- Educational Purposes: Teaching fundamental concepts of probability and combinatorics.

Limitations and Assumptions of the Uniform Model

While the uniform model offers simplicity and clarity, it relies on key assumptions:
- Equal Likelihood: All cards are equally likely to be drawn, which may not hold if there are biases.
- Independence: Assumes independence in the case of replacement, but not without replacement.

- No External Factors: No external influences affect the outcome.

In real-world applications, deviations from these assumptions can lead to different probabilities,
necessitating more complex models.

Conclusion

Samuel's use of a uniform probability model to analyze his experiment with a deck of 30



cards—containing 6 blue cards—demonstrates the foundational principles of probability theory. By
assuming each card has an equal chance of being drawn, he can easily calculate the likelihood of
various outcomes, from simple single draws to complex multiple-draw scenarios. These calculations
not only enhance understanding of random experiments but also serve practical applications across
diverse fields.

Understanding the underlying principles, such as the hypergeometric distribution and the effects of
sampling with or without replacement, empowers researchers, students, and hobbyists to analyze
similar experiments effectively. While the model's assumptions may not always perfectly mirror real-
world conditions, they provide a critical starting point for probabilistic reasoning and decision-
making.

Frequently Asked Questions

What is the probability of drawing a blue card from the deck?

Since there are 6 blue cards out of 30 total cards, the probability is 6/30, which simplifies to 1/5 or
0.2.

If Samuel draws two cards without replacement, what is the
probability that both are blue?

The probability that the first card is blue is 6/30. After drawing one blue card, there are 5 blue cards
left out of 29 total, so the probability the second card is blue is 5/29. Therefore, the combined
probability is (6/30) (5/29) = (1/5) (5/29) = 1/29.

What is the probability of drawing at least one blue card in
two draws with replacement?

With replacement, the probability of drawing a blue card each time is 1/5. The probability of not
drawing a blue card in a single draw is 4/5. So, the probability of not drawing any blue in two draws
is (4/5)"2 = 16/25. Therefore, the probability of drawing at least one blue card is 1 - 16/25 = 9/25.

How would Samuel calculate the probability of drawing exactly
3 blue cards in 5 draws with replacement?

Using the binomial probability formula, the probability is C(5,3) (1/5)"3 (4/5)"2, where C(5,3) = 10.
So, the probability is 10 (1/125) (16/25) = 10 (16/3125) = 160/3125.

If Samuel randomly selects one card, what is the expected
number of blue cards in a large number of such draws?

Since each draw has a probability of 1/5 of being blue, the expected number of blue cards per draw
is 1/5. Over many draws, this expected value remains 1/5 per draw.
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Introduction

Probability models serve as foundational tools in understanding randomness and uncertainty in
various experiments. In educational and applied contexts, uniform probability models are often
employed for their simplicity and intuitive appeal, especially when each outcome is equally likely.
This article investigates a particular case where Samuel designs an experiment involving a deck of
30 cards, of which 6 are blue, and applies a uniform probability model to analyze the outcomes. We
will explore the setup, the assumptions underlying the uniform model, detailed calculations, and
implications for understanding probability in this context.

Background and Context

Understanding probability begins with clearly defining the experiment's parameters. Here, Samuel's
experiment involves drawing cards from a deck of 30 cards, with 6 designated as blue. The
remaining 24 cards are of other colors or types, but for this analysis, the key features are the total
number and the number of blue cards.

Why Use a Uniform Probability Model?

The uniform probability model assumes that each outcome within a specified set is equally likely. Its
application in this context presumes:

- The process of drawing a card is random and unbiased.
- Each card has an equal chance of being drawn.
- The experiment's conditions do not favor any particular card.

This assumption simplifies analysis and is appropriate when the process is genuinely random, and no
external factors influence the outcome.

The Setup of Samuel’s Experiment
Samuel considers the following scenario:

- The deck contains 30 cards.

- Among these, 6 are blue cards.

- The remaining 24 are of other colors.

- The experiment involves drawing one or multiple cards, possibly with or without replacement.

Depending on the specific question Samuel wants to answer, the probability model will adjust
accordingly. Here, we focus primarily on the case of a single draw, which forms the basis for



understanding more complex sampling procedures.

Assumptions Underlying the Uniform Probability Model
The model relies on several key assumptions:

1. Equal Likelihood of All Outcomes: Every card in the deck has an equal probability of being
selected.

2. Randomness of the Draws: The process is free from bias, ensuring no outcome is favored due to
external factors.

3. Independence (if sampling with replacement): Each draw is independent if the card is replaced
after each draw.

4. No External Interference: The deck remains unchanged, with no cards added, removed, or
reordered during the process.

5. Known Composition: The composition of the deck (6 blue, 24 others) is known and fixed.

These assumptions are crucial for justifying the use of a uniform probability model. Violations, such
as bias in shuffling or non-random draws, undermine the model’s validity.

Calculating Probabilities: Single Draw Analysis
Total Outcomes

- Total number of possible outcomes (cards): 30
Favorable Outcomes

- Blue cards: 6

Probability of Drawing a Blue Card

Using the uniform probability model:

\[ P(\text{Blue}) = \frac{\text{ Number of blue cards} } {\text{Total cards}} = \frac{6} {30} =
\frac{1}{5} = 0.2 \]

Probability of Not Drawing a Blue Card
\[ P(\text{Not Blue}) = 1 - P(\text{Blue}) = 1 - \frac{1}{5} = \frac{4}{5} = 0.8 \]

This simple calculation illustrates how the uniform model directly translates composition into
probability.



Extensions to Multiple Draws

Depending on the nature of Samuel’s experiment, the probability calculations can extend to multiple
draws, either with replacement or without:

- With Replacement: The composition remains unchanged after each draw; probabilities stay
constant.

- Without Replacement: The composition changes after each draw, requiring adjusted calculations
based on hypergeometric distributions.

Example: Probability of Drawing Exactly Two Blue Cards in Two Draws (Without Replacement)
- Total outcomes: \(\binom{30}{2}\)

- Favorable outcomes: \(\binom{6}{2}\) (both blue) + \(6 \times 24\) (one blue, one non-blue) +
\(\binom{24}{2}\) (no blue)

- Probabilities are computed accordingly, often utilizing hypergeometric formulas.

Implications of the Uniform Model in Samuel’s Experiment

The uniform probability model provides a straightforward framework for understanding the
likelihood of various outcomes in Samuel’s experiment. Its implications include:

- Predictability: Probabilities are directly derived from the known composition, facilitating
predictions about the likelihood of drawing blue or non-blue cards.

- Educational Value: Demonstrates the connection between simple combinatorial counts and
probabilities.

- Decision-Making: Enables Samuel to assess risks or plan strategies, such as estimating the chances
of drawing a blue card in multiple attempts.

Limitations and Considerations
While the uniform model simplifies analysis, it’s essential to recognize its limitations:

- Assumption of Perfect Randomness: In real-world settings, achieving perfectly uniform randomness
can be challenging.

- No Consideration of Card Order or Additional Factors: The model treats outcomes as outcomes of a
simple random process, ignoring possible ordering or other complexities.

- Sampling Method: The model's validity depends heavily on the method of drawing (with or without



replacement). Not specifying this could lead to misinterpretation.

- Scale of the Experiment: For larger decks or more complex sampling schemes, more sophisticated
models may be necessary.

Broader Applications and Significance

Samuel’s experiment exemplifies a common scenario in probability theory: assessing the chance of
an event based on known composition and uniform likelihood assumptions. Such models are
foundational in:

- Card games and gambling analysis

- Quality control processes

- Random sampling in statistical studies
- Decision analysis under uncertainty

Understanding the mechanics and assumptions of uniform probability models enhances
interpretability and informs better experimental design.

Conclusion

Samuel’s application of a uniform probability model to an experiment with a deck of 30 cards,
including 6 blue, illustrates core principles of probability theory. By assuming each card is equally
likely to be drawn, the model allows straightforward calculation of event probabilities, providing
valuable insights into the behavior of random processes. While the model's simplicity is
advantageous, it must be applied judiciously, considering the experiment's specifics and the validity
of underlying assumptions. Overall, this example underscores the importance of probability models
in both educational contexts and real-world decision-making, serving as a stepping stone toward
more complex stochastic analyses.
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