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When Mickey tosses a coin 50 times and observes 27 heads, it naturally raises
questions about the true probability of getting a head in a single coin flip.
Is the coin fair, or is it biased? How confident can we be about the
likelihood of heads based on Mickey's experiment? This article explores these
questions in depth, examining how to interpret such experimental results
using probability theory, particularly focusing on the concept of Bayesian
inference and frequentist approaches. By understanding these methods, readers
can better analyze similar scenarios and make informed conclusions about the
underlying probabilities based on observed data.

Understanding the Basics of Coin Toss
Probability

Theoretical Probability of a Fair Coin

A fair coin has an equal chance of landing on heads or tails. Therefore, the
theoretical probability (P) of getting a head in a single flip is:

e P(head) = 0.5

This means that if you toss a fair coin many times, approximately half of the
flips should result in heads over the long run.

Experimental Data and Its Significance

Mickey's experiment involves 50 flips and results in 27 heads. To interpret
this:

e Number of trials (n): 50
e Number of heads observed (k): 27
e Observed proportion of heads (p ): 27/50 = 0.54

While 0.54 is close to 0.5, the key question is whether this small deviation
is due to chance or indicates a biased coin.



Frequentist Approach: Estimating Probability
from Data

Maximum Likelihood Estimator (MLE)

In frequentist statistics, the simplest estimate of the probability of heads
based on Mickey's data is the observed proportion:

p = 0.54

This is called the maximum likelihood estimate (MLE) — the probability wvalue
that maximizes the likelihood of observing the data.

Confidence Intervals for the True Probability

To understand the uncertainty around this estimate, statisticians often
compute a confidence interval. For a proportion, a common approximation uses
the normal distribution:

e Standard error (SE): sqgrt[ p (1-p ) / n ]

e For p =0.54 and n=50: SE »~ sqrt[0.54%x0.46/50] ~ 0.068

A 95% confidence interval is approximately:
P £ 1.96 x SE ~ 0.54 + 0.133

which gives an interval from approximately 0.407 to 0.673. This means, based
on Mickey's data, there's a 95% chance that the true probability of heads
lies within this range.

Limitations of the Frequentist Approach

While useful, this method doesn't directly tell us whether the coin is fair
or biased; it only quantifies uncertainty based on the observed data.

Bayesian Perspective: Updating Beliefs About
the Coin's Bias

Introduction to Bayesian Inference

Bayesian statistics offers a different approach by combining prior beliefs
with observed data to produce a posterior probability distribution. This
allows for a probabilistic statement about the true probability of heads.



Setting a Prior

Suppose we start with a non-informative prior, assuming all probabilities are
equally likely:

e Prior distribution: Beta(1,1)

This reflects no initial bias towards any particular probability.

Calculating the Posterior Distribution

Given Mickey's data, the posterior distribution becomes:

e Beta(a + k, B + n - k) = Beta(l + 27, 1 + 23) = Beta (28, 24)

This distribution models our updated belief about the probability of heads.

Interpreting the Beta Distribution

The mean of the Beta(28,24) distribution is:
pn=a/ (a+ B) =28/ (28 + 24) ~ 0.538

which aligns closely with the observed proportion (0.54). The variance
indicates the degree of uncertainty; narrower distributions imply more
confidence.

Calculating Probabilities of Interest

Using the posterior, we can answer questions like:

e What is the probability that the true probability of heads exceeds 0.5?

e What range of probabilities is consistent with the data at a certain
confidence level?

For example, the probability that the true bias exceeds 0.5 is:
J_{0.5}"{1} Beta(28,24) dx ~ 0.68

meaning there's about a 68% chance the coin is biased toward heads given the
data.



Key Factors Influencing the Interpretation

Sample Size and Variability

A larger number of flips reduces uncertainty. With only 50 flips, random
fluctuations can significantly affect the observed proportion.

Prior Beliefs and Their Impact

Choosing different priors can influence the posterior, especially with
limited data. A strongly biased prior (e.g., Beta(10,1)) would pull the
posterior toward bias, while a non-informative prior like Beta(1l,1) allows
the data to dominate.

Practical Significance vs. Statistical Significance

Even if the estimated probability differs slightly from 0.5, it may not be
meaningful without sufficient evidence. Statistical tests like the Bayesian
credible interval or hypothesis testing can help determine whether the bias
is statistically significant.

Conclusion: What Does Mickey's Data Tell Us
About the Coin?

Based on Mickey's experiment of 50 coin flips resulting in 27 heads, the
estimated probability of heads is approximately 54%. Using a frequentist
approach, the confidence interval suggests the true probability could
reasonably be anywhere between about 41% and 67%. This wide range indicates
considerable uncertainty due to the small sample size.

From a Bayesian perspective, starting with a neutral prior, the posterior
distribution centers around 54%, with a substantial probability (around 68%)
that the coin is biased toward heads. However, given the data, we cannot
definitively conclude that the coin is unfair; the observed deviation from
50% could easily be due to chance.

In summary:

— If Mickey's coin were fair, we'd expect about 25 heads in 50 flips on
average. Observing 27 heads is slightly above this expectation, but not
statistically significant enough to confirm bias.

- If you want to assess the likelihood that the coin is biased based on this
data, Bayesian methods provide a probabilistic answer, suggesting a moderate
chance but not certainty.

- For more conclusive results, increasing the number of flips would reduce
uncertainty and provide clearer evidence about the coin's fairness.

Understanding these statistical concepts helps in making informed decisions
based on experimental data, whether in coin flips, quality control, or
scientific research.



Frequently Asked Questions

What is the estimated probability of getting a head
based on Mickey's 50 coin tosses with 27 heads?

The estimated probability is 27/50 = 0.54 or 54%, based on Mickey's observed
results.

Given Mickey's 50 coin tosses with 27 heads, what is
the approximate probability of getting a head in a
single toss?

Approximately 0.54 or 54%, derived from the experimental frequency of heads.

Based on Mickey's experiment, how confident can we be
that the true coin bias is close to 0.547?

Using statistical methods like confidence intervals, we can estimate that the
true probability is likely close to 0.54, but there's some uncertainty due to
the sample size of 50 tosses.

If Mickey repeats the coin toss experiment many
times, what can we infer about the long-term
probability of heads?

Over many trials, the proportion of heads should approach the true
probability, which in this case is estimated to be around 0.54 based on his
current results.

Does Mickey's result of 27 heads out of 50 tosses
suggest the coin is biased?

Not necessarily; with 50 tosses, a result of 27 heads is within expected
variation for a fair coin, but further testing would be needed to determine
if the coin is biased.

Additional Resources

Mickey Tosses A Coin 50 Times And Records 27 Heads. Based On These Results,
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When Mickey tosses a coin 50 times and records 27 heads, it sparks an
interesting question about probability and statistical inference. Such an
experiment provides real-world data that can be used to estimate the
likelihood of certain outcomes in future coin tosses, or to evaluate whether
the coin is fair or biased. In this article, we will explore how to analyze
these results, understand what they tell us about the probability of heads,
and how to interpret this data within the framework of basic probability
theory and statistical inference.



Understanding the Context: The Coin Toss Experiment
Before delving into calculations, it’s essential to clarify the scenario:

— Mickey flips a coin 50 times.
— The recorded outcomes are 27 heads.
- The remaining 23 flips are tails (since 50 - 27 = 23).

This experiment produces a dataset from which we can estimate the probability
of getting a head in a single toss, often denoted as p.

The Conceptual Framework: Probability and Statistical Estimation
Theoretical vs. Experimental Probability

— Theoretical probability of heads in a fair coin: 0.5 (since a fair coin has
an equal chance for heads or tails).
- Experimental probability (or empirical probability): the ratio of observed
heads to total tosses. In this case:

\ [

\hat{p} = \frac{\text{Number of Heads}}{\text{Total Tosses}} = \frac{27}{50}
= 0.54

\1]

This estimate suggests that, based on Mickey’s experiment, the probability of

heads might be around 54%. However, given the small sample size, there is
uncertainty around this estimate.

Estimating the Probability of Heads: Point Estimate

The most straightforward estimate of the probability of heads, based on
Mickey's results, is the relative frequency:

Point Estimate:
\ (\hat{p} = 0.54\)

This means Mickey’s observed data suggests a 54% chance of getting heads on
any given toss, slightly higher than the fair coin assumption of 50%.

Confidence Intervals: Quantifying Uncertainty

While \ (\hat{p} = 0.54\) provides an estimate, it’s important to understand
the uncertainty associated with this estimate. Due to randomness, the true
probability \ (p\) might differ from \ (\hat{p}\). To express this uncertainty,
statisticians often compute a confidence interval.

How to Calculate a Confidence Interval for \ (p\):

1. Standard Error (SE):

\ [
SE = \sqrt{\frac{\hat{p} (1 - \hat{p}) }{n}}



\]

where:
- \(\hat{p}\) = 0.54
- \(n\) = 50 (number of trials)

2. For a 95% Confidence Level:
Use the z-score for 95% confidence, approximately 1.96.

3. Confidence interval:

\ [
\hat{p} \pm z \times SE
\1

Calculation:

\ [
SE = \sqrt{\frac{0.54 \times 0.46}{50}} \approx \sqrt{\frac{0.2484}{50}}
\approx \sqrt{0.004968} \approx 0.0705

\]

\ [

CI = 0.54 \pm 1.96 \times 0.0705 \approx 0.54 \pm 0.138
\]

Result:

95% Confidence Interval:
\ [

(0.402, 0.678)

\1

This interval suggests that, with 95% confidence, the true probability \ (p\)
lies somewhere between approximately 40.2% and 67.8%.

Interpreting the Results: Is the Coin Fair?
Given the data:

— The point estimate of the probability of heads is 0.54.
— The confidence interval includes 0.5, the probability for a fair coin.

Implication:

— The data does not provide strong evidence that the coin is biased.
— The observed deviation from 0.5 could be due to chance.

However, if the goal is to determine whether the coin is fair or biased,
formal hypothesis testing is necessary.

Hypothesis Testing: Is the Coin Fair?



Formulating Hypotheses:

— Null hypothesis (H,): The coin is fair, \(p = 0.5\).
- Alternative hypothesis (H,): The coin is biased, \(p \neqg 0.5\).

Test Statistic:
Using a z-test for proportions:

\ [
z = \frac{\hat{p} - p_0}{\sgrt{\frac{p_0(1 - p_0)}{n}}}
\1

where:

\ (\hat{p} = 0.54\)
- \(p_0 = 0.5\)
\(n = 50\)

Calculating:

N

z = \frac{0.54 - 0.5}{\sgrt{\frac{0.5 \times 0.5}{50}}} =
\frac{0.04}{\sgrt{\frac{0.25}{50}}} = \frac{0.04}{\sqrt{0.005}} =
\frac{0.04}{0.0707} \approx 0.566

\1]

Decision:

— The critical z-value for a two-tailed test at 5% significance is
approximately #1.96.

— Since 0.566 < 1.96, we fail to reject the null hypothesis.
Conclusion:

Based on Mickey’s data, there is no statistically significant evidence to

suggest that the coin is biased. The observed proportion (27/50) is
consistent with a fair coin within the margin of random variation.

Practical Applications: Making Future Predictions
Given the analysis:

— Best estimate for the probability of heads: about 0.54.
- Range of plausible values (95% confidence): 40.2% to 67.8%.

How can Mickey use this information?
- Estimate the likelihood of getting heads in future tosses.

— Assess fairness of the coin based on more extensive data.
— Design experiments to gather more data for precise estimates.

Improving the Reliability of the Results

The current sample size (50 flips) provides a preliminary estimate, but



larger samples lead to more accurate and reliable inferences.
Recommendations:

— Increase the number of tosses to reduce the margin of error.

— Repeat experiments to see if the estimate stabilizes.

- Use statistical tools like hypothesis testing and confidence intervals to
interpret data properly.

Summary: Key Takeaways

- Mickey’s observed proportion of heads is 27/50 = 0.54.

— The confidence interval suggests the true probability could be between
40.2% and 67.8%.

— Hypothesis testing indicates no significant evidence to declare the coin
biased.

- For more precise conclusions, larger sample sizes are recommended.

Final Thoughts

The simple act of tossing a coin multiple times serves as an excellent
illustration of basic probability principles and statistical inference.
Mickey’'s experiment, while small, provides a foundation for understanding how
real-world data can inform us about the likelihood of events. Whether
assessing fairness or predicting future outcomes, these tools help turn raw
data into meaningful insights.

Remember: In probability and statistics, the key is not only in the data but
also in understanding the uncertainty and variability inherent in any
experiment. Mickey’s 50 tosses are just the beginning of a deeper exploration
into the fascinating world of chance!
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