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Understanding probability concepts is essential when dealing with real-world scenarios involving
randomness and chance. One such scenario involves a bag of chips where a specific percentage of
the chips are blue, and a sample is drawn to analyze the likelihood of certain outcomes. In this article,
we explore the probability calculations, statistical implications, and practical applications related to
selecting a sample of chips from a bag with known blue chip proportions.

---

Introduction to the Scenario

Imagine a bag filled with chips, a common snack enjoyed worldwide. Within this bag, 27.5% of the
chips are blue. You decide to randomly select 5 chips from the bag, one after another, with the goal of
understanding the probability that a certain number of these chips are blue. This scenario is a classic
example of applying binomial probability concepts and helps illustrate the broader principles of
probability theory.

Key Details:

- Total chips in the bag: Unknown (but not necessary for probability calculations)
- Percentage of blue chips: 27.5%
- Number of chips selected: 5
- Selection process: Random and independent (assuming sampling without replacement, but often
approximated as with replacement for simplicity)

---

Understanding the Basic Probability Concepts

Before delving into calculations, it is essential to review some foundational probability principles
relevant to this scenario.

Probability of Drawing a Blue Chip

Given that 27.5% of the chips are blue, the probability (P) of selecting a blue chip in a single draw is:



\[ P(\text{Blue}) = 0.275 \]

Correspondingly, the probability of selecting a non-blue (other color) chip is:

\[ P(\text{Not Blue}) = 1 - 0.275 = 0.725 \]

Sampling Methods and Assumptions

- Sampling With Replacement: After each draw, the chip is replaced back into the bag, maintaining
the same probability for each draw. This simplifies calculations since each draw is independent.
- Sampling Without Replacement: The chip is not replaced after drawing, which slightly alters
probabilities after each selection but can still be approximated using the binomial distribution when
the total number of chips is large.

For simplicity, most probability calculations assume sampling with replacement or large populations
where the approximation holds.

---

Binomial Probability Model

The scenario of selecting chips where each draw is independent and has two outcomes (blue or not
blue) fits the binomial probability model.

What Is the Binomial Distribution?

The binomial distribution describes the number of successes (e.g., blue chips) in a fixed number of
independent Bernoulli trials (each draw), each with the same probability of success.

Parameters:

- Number of trials (n): 5 (number of chips selected)
- Probability of success (p): 0.275 (probability of drawing a blue chip)
- Random variable (X): number of blue chips in the sample, where \( X \in \{0,1,2,3,4,5\} \)

Probability Mass Function (PMF):

\[
P(X = k) = \binom{n}{k} p^{k} (1 - p)^{n - k}
\]

Where:

- \( \binom{n}{k} \) is the binomial coefficient, representing combinations of selecting k successes
out of n trials.



---

Calculating Probabilities for Different Outcomes

Using the binomial formula, we can determine the probability of drawing exactly k blue chips out of 5.

Probability of Zero Blue Chips (X=0)

\[
P(X=0) = \binom{5}{0} (0.275)^0 (0.725)^5 = 1 \times 1 \times (0.725)^5
\]

Calculating:

\[
(0.725)^5 \approx 0.183
\]

Result: Approximately 18.3% chance of selecting no blue chips in the sample.

---

Probability of Exactly One Blue Chip (X=1)

\[
P(X=1) = \binom{5}{1} (0.275)^1 (0.725)^4
\]

Calculating:

\[
\binom{5}{1} = 5
\]
\[
(0.275)^1 = 0.275
\]
\[
(0.725)^4 \approx 0.251
\]

So,

\[
P(X=1) = 5 \times 0.275 \times 0.251 \approx 5 \times 0.069 \approx 0.345
\]



Result: About 34.5% chance of exactly one blue chip.

---

Probability of Exactly Two Blue Chips (X=2)

\[
P(X=2) = \binom{5}{2} (0.275)^2 (0.725)^3
\]
\[
\binom{5}{2} = 10
\]
\[
(0.275)^2 \approx 0.0756
\]
\[
(0.725)^3 \approx 0.383
\]

Calculating:

\[
P(X=2) = 10 \times 0.0756 \times 0.383 \approx 10 \times 0.0289 \approx 0.289
\]

Result: Approximately 28.9% chance of two blue chips.

---

Probability of Exactly Three Blue Chips (X=3)

\[
P(X=3) = \binom{5}{3} (0.275)^3 (0.725)^2
\]
\[
\binom{5}{3} = 10
\]
\[
(0.275)^3 \approx 0.0208
\]
\[
(0.725)^2 \approx 0.526
\]

Calculating:

\[



P(X=3) = 10 \times 0.0208 \times 0.526 \approx 10 \times 0.0109 \approx 0.109
\]

Result: About 10.9% chance of three blue chips.

---

Probability of Exactly Four Blue Chips (X=4)

\[
P(X=4) = \binom{5}{4} (0.275)^4 (0.725)^1
\]
\[
\binom{5}{4} = 5
\]
\[
(0.275)^4 \approx 0.0057
\]
\[
(0.725)^1 = 0.725
\]

Calculating:

\[
P(X=4) = 5 \times 0.0057 \times 0.725 \approx 5 \times 0.00413 \approx 0.0207
\]

Result: Approximately 2.07% chance of four blue chips.

---

Probability of All Five Chips Being Blue (X=5)

\[
P(X=5) = \binom{5}{5} (0.275)^5 (0.725)^0 = 1 \times (0.275)^5 \times 1
\]
\[
(0.275)^5 \approx 0.00156
\]

Result: About 0.156% chance all five are blue.

---



Summary of Probabilities

| Number of Blue Chips (k) | Probability \( P(X=k) \) | Approximate Percentage |
|--------------------------|------------------------|-------------------------|
| 0 | 0.183 | 18.3% |
| 1 | 0.345 | 34.5% |
| 2 | 0.289 | 28.9% |
| 3 | 0.109 | 10.9% |
| 4 | 0.0207 | 2.07% |
| 5 | 0.00156 | 0.156% |

This table provides a clear view of the likelihoods for each possible outcome when selecting 5 chips
from the bag.

---

Expected Number of Blue Chips in the Sample

The expected value (mean) of blue chips in the sample can be calculated using the formula:

\[
E[X] = n \times p
\]

Where:

- \( n = 5 \)
- \( p = 0.275 \)

Calculating:

\[
E[X] = 5 \times 0.275 = 1.375
\]

Interpretation: On average, you can expect about 1 to 2 blue chips in a random sample of five chips.

---

Practical Applications and Implications

Understanding the probability distribution in this scenario has several real-world applications,
including:

- Quality Control: Manufacturers can estimate the likelihood of defective (blue) chips in a batch.



- Market Research: Companies analyzing consumer preferences for different chip colors.
- Game Theory & Gambling: Calculating odds in games involving colored chips or similar objects.
-

Frequently Asked Questions

What is the probability that a randomly selected chip is blue if
27.5% of the chips are blue?
The probability that a randomly selected chip is blue is 27.5%, or 0.275.

In a sample of 5 chips, what is the expected number of blue
chips?
The expected number of blue chips in a sample of 5 is 5 × 0.275 = 1.375.

What is the probability that exactly 2 out of 5 randomly
selected chips are blue?
Using the binomial probability formula: P = C(5,2) × (0.275)^2 × (0.725)^3 ≈ 0.278.

What is the probability that none of the 5 selected chips are
blue?
The probability that none are blue is (0.725)^5 ≈ 0.174.

What is the probability that all 5 selected chips are blue?
The probability that all 5 are blue is (0.275)^5 ≈ 0.0002.

If a chip is selected at random, what is the complement event
to it being blue?
The complement event is that the chip is not blue, which has a probability of 1 - 0.275 = 0.725.

How does increasing the sample size affect the probability of
selecting more blue chips?
Increasing the sample size generally increases the variability, but the expected number of blue chips
increases proportionally, while probabilities of specific outcomes can be calculated using binomial
distribution.



What assumptions are made when calculating these
probabilities?
It is assumed that each chip is selected independently, with the probability of blue remaining constant
at 27.5% for each draw, and sampling is without replacement, or the sample size is small enough for
the approximation to hold.

Can the probability calculations be applied if sampling is done
with replacement?
Yes, if sampling is with replacement, each draw remains independent with the same probability
(27.5%), making calculations straightforward using the binomial distribution.

What is the significance of understanding probabilities in
sampling chips from a bag?
Understanding these probabilities helps in predicting outcomes, making informed decisions, and
assessing variability in random sampling processes.

Additional Resources
Understanding Probability and Sampling in the Context of Blue Chips in a Bag

---

Introduction

When analyzing the composition of items within a container—such as chips in a bag—probability
theory and statistical sampling become essential tools. The specific scenario where a bag contains
chips with a known percentage of a particular color, and a subset is selected randomly, provides a
practical illustration of these fundamental concepts. In this detailed review, we explore the problem: A
bag contains chips of which 27.5% are blue. A random sample of 5 chips is selected one after another.
We will dissect this problem from multiple angles, including probability calculations, sampling
methods, and real-world applications.

---

The Composition of the Bag: Understanding the Basic Data

Percentage of Blue Chips (27.5%)

- Numerical Breakdown:
27.5% translates to 0.275 in decimal form.
- If the total number of chips in the bag is \(N\), then the number of blue chips is \(0.275 \times N\).

- Implication of Percentage:
The percentage indicates the proportion of blue chips relative to the total. It helps determine the
likelihood of randomly selecting a blue chip in a single draw.



Total Number of Chips in the Bag (N)

- Unknown Variable:
The total number, \(N\), is not specified.
- This introduces a consideration: whether the probability calculations are based on a theoretical
infinite population or a finite one.

- Practical Assumption:
For most probability calculations, unless specified, we assume the total is large enough that the
probability remains approximately constant during sampling.

---

Sampling Without Replacement vs. With Replacement

Definitions and Differences

- Sampling Without Replacement:
Once a chip is drawn, it is not returned to the bag before the next draw.
- The probabilities change after each draw because the composition of the remaining chips alters.

- Sampling With Replacement:
After each draw, the chip is returned to the bag, maintaining the original composition for subsequent
draws.
- The probabilities remain constant across all draws.

Relevance to the Scenario

- The problem states: A random sample of 5 chips will be selected one.
- Since it mentions selecting "one" but then refers to a sample of 5, clarification is needed:
- Is the process sequentially sampling 5 chips without replacement?
- Or is it sampling with replacement, effectively making each pick independent?

- Most realistic interpretation:
For simplicity, and given the common context, we generally assume sampling without replacement,
unless specified otherwise.

---

Calculating Probabilities for Blue Chips in the Sample

Probability of Drawing a Blue Chip in a Single Draw

- Single draw probability (assuming sampling without replacement):
\[
P(\text{blue in 1st draw}) = \frac{0.275 \times N}{N} = 0.275
\]
This is straightforward because the initial probability is the proportion in the entire population.

- Subsequent draws:
The probability of drawing a blue chip on the second, third, etc., depends on prior outcomes if



sampling without replacement.

---

Extending to Multiple Draws: Probabilities and Distributions

Hypergeometric Distribution

- Definition:
The hypergeometric distribution models the probability of \(k\) successes (blue chips) in \(n\) draws
without replacement from a finite population.

- Parameters:
- Population size: \(N\)
- Number of blue chips: \(K = 0.275 N\)
- Number of draws: \(n = 5\)
- Number of observed blue chips: \(k\)

- Probability formula:
\[
P(X = k) = \frac{\binom{K}{k} \binom{N - K}{n - k}}{\binom{N}{n}}
\]

- \(\binom{a}{b}\) is the binomial coefficient "a choose b."

Practical Calculations

- Expected number of blue chips in the sample:
\[
E[X] = n \times \frac{K}{N} = 5 \times 0.275 = 1.375
\]
- On average, out of 5 chips, approximately 1 to 2 will be blue.

- Probability of getting exactly \(k\) blue chips:
For example,
\[
P(X=2) = \frac{\binom{K}{2} \binom{N - K}{3}}{\binom{N}{5}}
\]

- Actual computation requires \(N\), but the general approach remains similar.

---

Approximate Calculations Using the Binomial Distribution

- When \(N\) is large, the hypergeometric distribution approximates the binomial distribution:

\[
P(X = k) \approx \binom{n}{k} p^k (1 - p)^{n - k}
\]



where \(p = 0.275\).

- Advantages:
- Simplifies calculations.
- Useful for large populations.

- Example:
- Probability of exactly 2 blue chips in the sample:

\[
P(X=2) \approx \binom{5}{2} (0.275)^2 (0.725)^3
\]

- Numerical calculation:

\[
\binom{5}{2} = 10
\]
\[
(0.275)^2 \approx 0.0756
\]
\[
(0.725)^3 \approx 0.381
\]
\[
P(X=2) \approx 10 \times 0.0756 \times 0.381 \approx 10 \times 0.0288 \approx 0.288
\]

- Interpretation:
There's approximately a 28.8% chance that exactly 2 of the 5 chips drawn are blue.

---

Probabilities of Various Outcomes

| Number of Blue Chips (k) | Approximate Probability \(P(X=k)\) | Explanation |
|---------------------------|-------------------------------------|--------------|
| 0 | Calculated via binomial or hypergeometric | No blue chips in sample |
| 1 | ... | Exactly one blue chip |
| 2 | ~28.8% | As above |
| 3 | ... | Higher counts become less likely |

Note: Precise values depend on the total number \(N\), but the approximations hold well for large
\(N\).

---

Real-World Applications and Implications

Quality Control in Manufacturing



- Ensuring Consistency:
If a factory produces chips with 27.5% blue chips, sampling a few chips helps verify batch quality.

- Sampling Plans:
Using probability models, quality inspectors can determine the likelihood of detecting blue chips in
small samples.

Consumer Expectations and Probabilistic Outcomes

- Predicting Chances:
A consumer might want to know the probability of picking at least one blue chip in 5 picks.

- Calculating "At Least One" Probability:
\[
P(\text{at least one blue}) = 1 - P(\text{no blue})
\]

- Using binomial approximation:

\[
P(\text{no blue}) = (1 - p)^n = (0.725)^5 \approx 0.196
\]

- So,

\[
P(\text{at least one blue}) \approx 1 - 0.196 = 0.804
\]

- There is approximately an 80.4% chance of picking at least one blue chip in 5 draws.

---

Limitations and Assumptions in the Model

- Assuming Independence:
In small populations, the assumption that each draw is independent (as in binomial approximation) is
less accurate.

- Population Size:
With real-world finite populations, the hypergeometric distribution is preferable.

- Uniform Randomness:
The model assumes each chip is equally likely to be picked.

- Color Uniformity:
Assumes chips are well mixed and colors are evenly distributed throughout the bag.

---

Practical Tips for Using This Data



- Estimating Total Chips:
If the total number of chips \(N\) is unknown but known to be large, probability estimates remain
valid.

- Designing Sampling Strategies:
For quality assurance, understanding the probability helps determine the sample size needed to
confidently detect blue chips.

- Decision Making:
If the goal is to detect blue chips with a certain confidence level, the probability calculations guide
how many chips to sample.

---

Advanced Considerations

Bayesian Updating

- If initial beliefs about the proportion of blue chips are uncertain, Bayesian methods can update
probabilities based on observed samples.

Variance and Confidence Intervals

- Calculating the variance of the number of blue chips in the sample provides insights into the
reliability of the estimates.

- Confidence intervals can be constructed to estimate the true proportion of blue chips based on
sample data.

---

Summary and Final Thoughts

The problem of a bag containing chips where 27.5% are blue, and a sample of 5 chips is drawn, is a
rich example illustrating core concepts of probability, sampling methods, and statistical
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