If You Flip A Fair Coin 6 Times, What Is
The Probability That You Will Get
Exactly 4 Tails

If You Flip A Fair Coin 6 Times, What Is The Probability That You Will Get Exactly
4 Talils is a fascinating question that combines elements of probability theory,
combinatorics, and basic statistics. Understanding how to calculate such probabilities can
help in grasping fundamental concepts that are applicable in various fields, from gambling
and gaming to data science and decision-making processes. In this comprehensive article,
we will explore this problem in detail, breaking down the concepts step-by-step, and
providing insights into similar probability scenarios.

Understanding the Basics of Coin Flips and
Probabilities

Before diving into the specific problem, it's essential to understand the foundational
concepts involved in probability calculations related to coin flips.

What Is a Fair Coin?

A fair coin is a coin that has an equal chance of landing on heads or tails when flipped.
This means:

- Probability of heads (H) = 1/2

- Probability of tails (T) = 1/2

Probabilities in Multiple Coin Flips

When flipping a coin multiple times, each flip is independent, meaning the outcome of one
flip does not influence the others. The combined probability of a sequence of flips depends
on the individual probabilities.

Calculating the Probability of Exactly 4 Tails in 6
Flips

Now, let's focus on the specific problem: flipping a fair coin 6 times and determining the
probability that exactly 4 of those flips result in tails.



Step 1: Recognize the Type of Problem

This is a binomial probability problem because:

- The number of trials (flips) is fixed: n = 6

- Each trial has two possible outcomes: success (tail) or failure (head)
- The probability of success (tail) in each trial: p = 1/2

- The trials are independent

Step 2: Understand the Binomial Probability Formula

The probability of getting exactly k successes (tails) in n independent Bernoulli trials is
given by the binomial probability formula:

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

Where:

-\(\binom{n}{k} \) is the binomial coefficient, representing the number of ways to choose
k successes from n trials.

- p is the probability of success on a single trial.

Step 3: Plug in the Values

For our problem:

-n==06
-k=14
-p=1/2

Calculating the probability:

\[ PX = 4) = \binom{6} {4} \left(\frac{1} {2}\right)~4 \left(\frac{1} {2 }\right)~{6 - 4} \]
Simplify:

\[ P(X = 4) = \binom{6}{4} \left(\frac{1} {2 }\right) "4 \left(\frac{1} {2 }\right)~2 \]

\[ P(X = 4) = \binom{6}{4} \left(\frac{1}{2}\right)”~ {6} \]

Step 4: Calculate the Binomial Coefficient

The binomial coefficient \( \binom{6}{4} \) is calculated as:

\[ \binom{6}{4} = \frac{6!}{4!(6-4)!'} = \frac{6!}{4! \times 2!} \]
Calculate factorials:

-\(6! = 720\)

-\(4! = 24))
-\2!1 = 2))



Plug in:

\[ \binom{6}{4} = \frac{720}{24 \times 2} = \frac{720}{48} = 15\]

Step 5: Final Calculation
Now, the probability:

\[ P(X = 4) = 15 \times \left(\frac{1} {2}\right)~6 = 15 \times \frac{1}{64} \]
\[ P(X = 4) = \frac{15} {64} \]

This fraction can be left as is, or converted to a decimal:

\[ \frac{15} {64} \approx 0.234375 \]

Therefore, the probability of flipping exactly 4 tails in 6 coin flips is \( \frac{15}{64} \) or
approximately 23.44%.

Understanding the Results and Implications

The calculated probability indicates that in 100 independent trials of flipping a fair coin 6
times, approximately 23 or 24 of those trials will result in exactly 4 tails. This insight is
valuable in many contexts, such as:

- Estimating outcomes in games of chance
- Planning probabilistic experiments
- Understanding potential outcomes in real-world scenarios involving binary events

Additional Examples of Similar Problems

To deepen understanding, consider these variations:

- What is the probability of getting exactly 3 tails in 6 flips?
- What is the probability of getting at least 4 tails?

- What is the probability of getting fewer than 2 tails?

Each can be solved using the same binomial probability approach, adjusting the
parameters accordingly.

Calculating the Probability of Other Outcomes

Let's briefly explore how to compute probabilities for other numbers of tails in 6 flips.



1. Exactly 3 Tails

Using the binomial formula:

\[ P(X=3) = \binom{6}{3} \left(\frac{1}{2}\right)"~6 \]

Calculate \( \binom{6}{3} \):

\[ \frac{6!}{3! \times 3!} = \frac{720}{6 \times 6} = \frac{720} {36} = 20\]
Probability:

\[ P(X=3) = 20 \times \frac{1} {64} = \frac{20} {64} = \frac{5} {16} \approx 0.3125\]

Approximately 31.25% chance of exactly 3 tails.

2. At Least 4 Tails

Sum probabilities for 4, 5, and 6 tails:

\[ P(X \geq 4) = P(4) + P(5) + P(6) \]

Calculate each:

-\( P(4) = \frac{15}{64} )

-\( P(5) = \binom{6}{5} \left(\frac{1}{2}\right)~6\)
-\( P(6) = \binom{6}{6} \left(\frac{1}{2}\right)~6\)
Binomial coefficients:

-\(\binom{6}{5} = 6)

-\(\binom{6}{6} =1\)

Probabilities:

-\( P(5) = 6 \times \frac{1}{64} = \frac{6}{64} = \frac{3}{32} )
-\( P(6) = 1 \times \frac{1}{64} = \frac{1}{64} )

Sum:

\[ \frac{15} {64} + \frac{6}{64} + \frac{1}{64} = \frac{22}{64} = \frac{11}{32}
\approx 0.34375\]

Approximately 34.38% chance of at least 4 tails.

Practical Applications of Probability Calculations

Understanding these calculations is not just academic; they have real-world applications:

- Gaming and Gambling: Calculating odds in card games, roulette, or slot machines.



- Quality Control: Estimating the probability of defective items in manufacturing.
- Data Science: Modeling binary classification outcomes.
- Decision-Making: Assessing risks and expected outcomes.

Using Technology to Calculate Probabilities

Modern tools like calculators, spreadsheets, and programming languages (Python, R)
make these calculations quick and accurate.

For example, in Python:

" python
from math import comb

.5

T =B
I
o+~

probability = comb(n, k) (p k) ((1 - p) (n - k))
print(f"Probability of exactly {k} tails in {n} flips: {probability}")

This code outputs:
Probability of exactly 4 tails in 6 flips: 0.234375

This demonstrates how technology can streamline probability calculations.

Conclusion

Calculating the probability of specific outcomes in repeated independent trials, such as
flipping a fair coin multiple times, is fundamental in understanding randomness and
variability. For the problem at hand—flipping a fair coin 6 times and getting exactly 4
tails—the probability is \( \frac{15} {64} \) or approximately 23.44%. This calculation
hinges on the binomial distribution, which provides a versatile framework for a wide range
of similar problems.

Whether you're a student, educator, or professional, grasping the concepts behind such

probability problems enhances your analytical skills and prepares you for more complex
statistical challenges. Remember that the principles illustrated here extend beyond

Frequently Asked Questions



What is the probability of getting exactly 4 tails when
flipping a fair coin 6 times?
The probability is 15/64, which is approximately 0.234375.

How do you calculate the probability of getting exactly 4
tails in 6 coin flips?
Use the binomial probability formula: P = C(6,4) (0.5)"4 (0.5)~2 = 15 (0.5)"6 = 15/64.

What is the binomial coefficient C(6,4) in this problem?

C(6,4) = 15, representing the number of ways to choose 4 tails out of 6 flips.

Is the probability of getting exactly 4 tails in 6 flips
higher than getting exactly 3 tails?

Yes, the probability of exactly 4 tails is higher (15/64) than that of exactly 3 tails (20/64).

How does symmetry in binomial probabilities relate to
getting 2 or 4 tails in 6 flips?

Since the coin is fair, the probabilities for 2 and 4 tails are equal because they are
symmetric around the mean number of tails.

What is the probability of getting fewer than 4 tails in 6
flips?

The probability of getting fewer than 4 tails (i.e., 0, 1, 2, or 3 tails) is 1 minus the
probability of getting 4 or more tails, which is 1 - (P(4) + P(5) + P(6)).

Can the probability of getting exactly 4 tails change if
the coin is biased?

Yes, if the coin is biased, the probability would need to account for different probabilities
for heads and tails, altering the calculation.

What is the expected number of tails in 6 flips of a fair
coin?

The expected number of tails is 6 0.5 = 3 tails.

How do you interpret the probability of 15/64 in real-



world terms?

It means that if you repeat the 6-flip experiment many times, about 23.4% of the time, you
would get exactly 4 tails.

What are some practical applications of understanding
binomial probabilities like this?

They are used in quality control, risk assessment, game theory, and any scenario involving
repeated independent trials with two outcomes.

Additional Resources
Probability of Getting Exactly 4 Tails in 6 Flips of a Fair Coin: A Comprehensive Analysis

When exploring the fascinating world of probability, one of the most accessible and
intriguing examples involves flipping a fair coin multiple times and analyzing the
likelihood of specific outcomes. In particular, understanding the probability of obtaining
exactly four tails in six flips offers insight into binomial distributions, combinatorial
calculations, and the fundamental principles underpinning probability theory. This
detailed review aims to dissect the problem from multiple angles, explore relevant
concepts, and provide a thorough understanding suitable for learners and enthusiasts
alike.

Understanding the Basics: The Nature of a Fair
Coin and Probabilistic Assumptions

Before delving into calculations, it's crucial to clarify the foundational assumptions and
definitions:

- Fair Coin Concept: A fair coin has two sides—heads (H) and tails (T)—with equal
probability, each being 0.5 or 50%. This symmetry ensures that each flip is independent
and identically distributed (i.i.d.).

- Independence of Flips: Each coin flip is independent, meaning the outcome of one flip
does not influence the next. This assumption simplifies the calculation of the joint

probability of sequences.

- Binary Outcomes: Each flip yields only two possible outcomes—heads or tails—making
this a classic binomial experiment.

- Number of Trials (n): In this scenario, n=6, indicating six consecutive flips.

- Number of Desired Outcomes (k): Specifically, we are interested in the case where



exactly 4 flips result in tails, so k=4.

Fundamentals of Binomial Probability

The problem at hand aligns perfectly with the binomial probability model, which describes
the probability of achieving a fixed number of successes (here, tails) in a fixed number of
independent Bernoulli trials.

The Binomial Distribution Formula

The probability \( P \) of observing exactly \( k \) successes in \( n \) independent Bernoulli
trials, each with success probability \( p \), is given by:

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

where:

-\(\binom{n}{k} \) is the binomial coefficient, representing the number of ways to choose
\( k'\) successes out of \( n\) trials.

-\( p ) is the probability of success on each trial (for tails, \( p = 0.5 )).
-\( (1 - p)\) is the probability of failure (heads, in this case).

In our specific problem:

\[

n =6, \quad k = 4, \quad p = 0.5
\]

Thus,

\[

P(\text{exactly 4 tails}) = \binom{6}{4} (0.5)"4 (0.5)"{6 - 4} = \binom{6}{4} (0.5)"6
\]

Calculating the Exact Probability: Step-by-Step

Let's proceed with calculating the probability explicitly.



Calculating the Binomial Coefficient \( \binom{6}{4} \)

\[

\binom{6}{4} = \frac{6!}{4! \times (6 - 4)!} = \frac{6 \times 5 \times 4!} {4! \times 2!} =
\frac{6 \times 5}{2 \times 1} = 15

\]

Calculating the Probability

\[
P = 15 \times (0.5)"6
\]

Since \( (0.5)"6 = \frac{1}{276} = \frac{1}{64} ),

\[

P = 15 \times \frac{1} {64} = \frac{15}{64}
\]

Therefore,

\[

\boxed{

\text{Probability of exactly 4 tails in 6 flips} = \frac{15} {64} \approx 0.234375
}
\]

This means there is approximately a 23.44% chance of flipping exactly four tails in six coin
tosses.

Deeper Insights: Understanding the Distribution
and Its Characteristics

While the calculation provides a precise probability for the specific case, expanding the
understanding to the distribution as a whole offers more context.

Binomial Distribution Characteristics

- Symmetry: Since \( p = 0.5), the binomial distribution is symmetric around its mean.

- Mean (Expected Value):



\[
E[X] = n \times p = 6 \times 0.5 = 3

\]

- Variance:

\[

Var(X) = n \times p \times (1 - p) = 6 \times 0.5 \times 0.5 = 1.5
\]

- Standard Deviation:

\[

\sigma = \sqrt{1.5} \approx 1.2247
\]

The fact that the expected number of tails is 3 in 6 flips aligns with our intuition: equally
likely outcomes for heads and tails.

The Distribution's Shape for n=6, p=0.5

The binomial distribution with these parameters is unimodal and symmetric, peaking
around the mean:

- Probabilities for different values of \( k \):

-\( k=0\): \( \binom{6}{0} (0.5)~6 = 1/64 \approx 1.56\% \)
-\(k=1\): \( 6 \times (0.5)"6 = 6/64 \approx 9.38\% \)
-\(k=2\): \( 15 \times (0.5)"6 = 15/64 \approx 23.44\% \)
-\(k=3\): Same as \( k=3 \): \( 20/64 \approx 31.25\% \)

-\( k=4\): As calculated, \( 15/64 \approx 23.44\% \)

-\( k=5\): \( 6/64 \approx 9.38\% \)

-\(k=6\): \( 1/64 \approx 1.56\% \)

This symmetry indicates that getting exactly 4 tails is slightly less probable than getting 3
tails but still within a common range.



Alternative Perspectives and Related Questions

Understanding the core probability opens doors to various related questions and
extensions:

What is the probability of getting at least 4 tails?

This involves summing probabilities for \( k=4, 5, 6 \):
\[

P(\geq 4) = P(4) + P(5) + P(6)

\]

Calculations:

-\( P(4) = \frac{15}{64} )

-\( P(5) = \binom{6}{5} (0.5)°6 = 6/64 )

-\(P(6) = 1/64 )

Sum:

\[
\frac{15 + 6 + 1}{64} = \frac{22} {64} = \frac{11}{32} \approx 0.34375
\]

Approximately a 34.38% chance of getting at least 4 tails in six flips.

What about the probability of getting fewer than 4 tails?

Complementary probability:

\[
P(<4) =1-P(\geq4) =1 -\frac{11}{32} = \frac{21}{32} \approx 0.65625
\]

Real-World Applications and Implications

While flipping a coin may seem trivial, the principles underlying this problem have broad
applications:



- Quality Control: Determining defect rates based on sample testing.

- Statistical Hypotheses Testing: Evaluating the likelihood of observed data under a null
hypothesis.

- Game Theory and Decision Making: Analyzing strategies involving random outcomes.

- Computational Algorithms: Probabilistic algorithms often rely on binomial or Bernoulli
models.

- Educational Tools: Teaching probability fundamentals and statistical reasoning.

In all these contexts, understanding how to compute and interpret the probability of
specific outcomes in binomial experiments is essential.

Simulations and Practical Demonstrations

To cement understanding, performing simulations can be very instructive:

- Monte Carlo Simulations: Running a large number of trials (e.g., 10,000) flipping a
virtual fair coin 6 times each and recording how often exactly 4 tails occur.

- Expected Results: Approximately 23.44% of the trials should result in exactly 4 tails,
matching the theoretical probability.

- Visualization: Plotting the distribution of the number of tails across simulations can
visually demonstrate the binomial shape.

Summary and Final Remarks

In conclusion, the probability of flipping exactly four tails in six independent flips of a fair
coin is precisely \(\frac{15} {64}\), or approximately 23.44%. This calculation exempl
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