
Find The Conditional Probability, In A
Single Roll Of Two Fair 6-sided Dice,
That The Sum Is Greater
Find The Conditional Probability, In A Single Roll Of Two Fair 6-sided Dice, That
The Sum Is Greater

When it comes to understanding probability, especially in games of chance like dice rolling,
grasping the concept of conditional probability is essential. Conditional probability helps us
answer questions such as: Given that a certain event has occurred, what is the probability
that another event will occur? In this article, we will explore how to find the conditional
probability that, in a single roll of two fair 6-sided dice, the sum is greater than a specific
value.

---

Understanding Basic Concepts of Probability and
Conditional Probability

Before we dive into calculations, let's review some fundamental concepts:

Basic Probability
- The probability of an event is a measure of how likely that event is to occur.
- It is expressed as a number between 0 and 1, where 0 indicates impossibility and 1
indicates certainty.
- For equally likely outcomes, probability is calculated as:

\[
P(E) = \frac{\text{Number of favorable outcomes}}{\text{Total number of possible
outcomes}}
\]

Conditional Probability
- The probability that event A occurs given that event B has already occurred is called the
conditional probability of A given B.
- Denoted as \( P(A|B) \), and calculated as:

\[
P(A|B) = \frac{P(A \cap B)}{P(B)}
\]



where:
- \( P(A \cap B) \) is the probability that both A and B occur.
- \( P(B) \) is the probability that B occurs.

In our context:
- Event A: The sum of two dice is greater than a certain value.
- Event B: The specific conditions or prior information we have (for example, the sum is
greater than or equal to a certain number).

---

Setup: Rolling Two Fair 6-Sided Dice

When two dice are rolled simultaneously:
- Each die has 6 faces numbered 1 to 6.
- The total number of possible outcomes is:

\[
6 \times 6 = 36
\]

- Each outcome is equally likely.

Sample Space for Two Dice
The outcomes can be represented as ordered pairs:

\[
\{(1,1), (1,2), ..., (6,6)\}
\]

Sum of Two Dice
The sum for each outcome is:

\[
\text{Sum} = d_1 + d_2
\]
where \( d_1 \) and \( d_2 \) are the numbers on the first and second die, respectively.

---

Calculating Probabilities for Sums Greater Than a
Value

Suppose we want to find the probability that the sum is greater than a specific value, say \(
k \).



Step 1: List Possible Sums and Outcomes
- The minimum sum is 2 (1+1).
- The maximum sum is 12 (6+6).

Step 2: Identify Outcomes Where Sum > \( k \)
- For each possible sum, count the number of outcomes that yield that sum.
- Sum outcomes can be categorized as follows:

| Sum | Number of Outcomes |
|-------|---------------------|
| 2 | 1 |
| 3 | 2 |
| 4 | 3 |
| 5 | 4 |
| 6 | 5 |
| 7 | 6 |
| 8 | 5 |
| 9 | 4 |
| 10 | 3 |
| 11 | 2 |
| 12 | 1 |

The counts are derived from the combinations that produce each sum.

---

Example: Find the Probability That the Sum Is
Greater Than 8

Let's work through a concrete example:

Question: What is the probability that, in a single roll of two fair dice, the sum is greater
than 8?

---

Step 1: Define Events
- Event A: Sum > 8
- Possible sums satisfying this are 9, 10, 11, 12.

Step 2: List Outcomes for Sums > 8

| Sum | Outcomes (Dice Pairs) | Count |
|--------|----------------------------|--------|



| 9 | (3,6), (4,5), (5,4), (6,3) | 4 |
| 10 | (4,6), (5,5), (6,4) | 3 |
| 11 | (5,6), (6,5) | 2 |
| 12 | (6,6) | 1 |

Total outcomes where sum > 8:

\[
4 + 3 + 2 + 1 = 10
\]

---

Step 3: Calculate the Probability

Since there are 36 equally likely outcomes in the sample space:

\[
P(\text{sum} > 8) = \frac{\text{Number of outcomes with sum > 8}}{\text{Total
outcomes}} = \frac{10}{36} = \frac{5}{18}
\]

Result:

\[
\boxed{
P(\text{sum} > 8) = \frac{5}{18} \approx 0.2778
}
\]

which indicates about 27.78% chance.

---

Conditional Probability: Sum Greater Than a
Value Given Another Condition

Now, suppose we want to find the conditional probability that the sum is greater than 8
given that the first die shows a specific value, say 3.

Example: Find \( P(\text{sum} > 8 \mid \text{first die} = 3) \)

---



Step 1: Identify the Condition
- The first die shows 3.
- The possible outcomes are:

\[
\{(3,1), (3,2), (3,3), (3,4), (3,5), (3,6)\}
\]

Total outcomes where the first die is 3: 6

---

Step 2: Outcomes Where Sum > 8 and First Die = 3
- For each of these outcomes, check if sum > 8:

| Second Die | Outcome (3, d2) | Sum | Meets condition? |
|--------------|----------------|------|-----------------|
| 1 | (3,1) | 4 | No |
| 2 | (3,2) | 5 | No |
| 3 | (3,3) | 6 | No |
| 4 | (3,4) | 7 | No |
| 5 | (3,5) | 8 | No |
| 6 | (3,6) | 9 | Yes |

Only (3,6) satisfies sum > 8.

---

Step 3: Calculate the Conditional Probability

\[
P(\text{sum} > 8 \mid \text{first die} = 3) = \frac{\text{Number of outcomes with sum >
8 and first die = 3}}{\text{Total outcomes with first die = 3}} = \frac{1}{6}
\]

Result:

\[
\boxed{
P(\text{sum} > 8 \mid \text{first die} = 3) = \frac{1}{6} \approx 0.1667
}
\]

---



General Approach to Find Conditional
Probabilities in Dice Rolls

To find the conditional probability of an event related to dice sums, follow these steps:

Define the events clearly: Specify the event of interest and the condition.1.

Identify the sample space relevant to the condition: For example, outcomes2.
where the first die is a certain value, or outcomes with a particular property.

Count favorable outcomes: Count outcomes where both the event and the3.
condition are satisfied.

Calculate the probability: Use the formula:4.

\[
P(A|B) = \frac{P(A \cap B)}{P(B)}
\]

where \( P(A \cap B) \) is the probability that both events occur, and \( P(B) \) is the
probability of the condition.

---

Conclusion and Practical Implications

Understanding how to find the conditional probability in dice rolling is not only crucial for
academic purposes but also for games, simulations, and probabilistic modeling. Whether
you are evaluating strategies in board games, designing probabilistic algorithms, or simply
curious about the mathematics behind dice, grasping these concepts provides valuable
insights.

Summary:
- The total number of outcomes for two dice is 36.
- Probabilities can be computed by counting outcomes that satisfy specific criteria.
- Conditional probability adjusts these calculations

Frequently Asked Questions

What is the probability that the sum of two fair 6-sided



dice is greater than 8?
The probability is 10/36 or approximately 27.78%. This is calculated by counting all
outcomes where the sum exceeds 8 (sums of 9, 10, 11, 12) and dividing by the total
possible outcomes (36).

How do you find the conditional probability that the
sum is greater than 8 given that at least one die shows
a 6?
First, identify the outcomes where at least one die shows a 6, then count the outcomes
among these where the sum is greater than 8. The conditional probability is the ratio of
these outcomes to all outcomes with at least one 6. The result is 5/11, approximately
45.45%.

What is the probability that the sum is greater than 8
given that the first die shows a 4?
Given the first die is 4, the second die must be at least 5 to have a sum greater than 8. The
possible outcomes are (4,5) and (4,6), so the probability is 2/6 or 1/3, approximately
33.33%.

In the context of two dice, how do you compute the
conditional probability that the sum is greater than 8
given that the first die shows an odd number?
Identify all outcomes where the first die is odd (1, 3, 5). For each, determine the outcomes
where the sum exceeds 8. Count these favorable outcomes and divide by the total
outcomes with an odd first die (3 × 6 = 18). The probability totals 3/9 or 1/3, approximately
33.33%.

What is the general approach to find the conditional
probability that the sum is greater than a certain value
when rolling two fair dice?
Identify the total number of outcomes satisfying the given condition (e.g., sum greater than
a specific value), then identify the subset of those outcomes that also meet the
conditioning event. Divide the number of favorable outcomes by the total outcomes of the
conditioning event to find the conditional probability.

Additional Resources
Conditional Probability

---



Introduction: The Fascinating World of Dice and Probability

In the realm of probability theory, few scenarios capture the imagination quite like rolling
dice. Whether you're a seasoned statistician, a game enthusiast, or simply curious about
how chance works, understanding the probabilities associated with dice rolls offers valuable
insights into randomness and decision-making. Today, we delve into a specific, yet
fundamental problem: finding the probability that the sum of two fair six-sided dice exceeds
a certain value, given some prior condition.

This scenario exemplifies the concept of conditional probability—a cornerstone of statistical
reasoning that refines our likelihood estimates based on existing information. By dissecting
this problem, we will explore the analytical methods required to compute these
probabilities, understand their implications, and appreciate the nuances involved in
probabilistic reasoning.

---

Understanding the Basic Framework: Two Fair Six-Sided Dice

Before diving into the calculations, it’s essential to establish the foundational elements:

- Sample Space: When two fair six-sided dice are rolled, each die has outcomes ranging
from 1 to 6. The total number of possible outcomes is \(6 \times 6 = 36\), since each
outcome is an ordered pair \((d_1, d_2)\).

- Uniformity: Each of these 36 outcomes is equally likely, with a probability of
\(\frac{1}{36}\).

- Sum of Dice: The sum of the two dice can range from 2 (both dice show 1) to 12 (both dice
show 6). The probability distribution of the sum is well-known and symmetric.

---

Defining the Problem: Conditional Probability for the Sum

Suppose we are interested in the probability that the sum of the two dice exceeds a certain
threshold, say greater than 8, given that the sum is at least 5.

Mathematically, this is expressed as:

\[
P(\text{Sum} > 8 \mid \text{Sum} \geq 5)
\]

This conditional probability answers the question: Given that the sum is at least 5, what is
the likelihood that the sum exceeds 8?

---

Formalizing the Approach: Conditional Probability Formula



The fundamental tool for solving such problems is the conditional probability formula:

\[
P(A \mid B) = \frac{P(A \cap B)}{P(B)}
\]

Where:

- \(A\) is the event "Sum > 8".
- \(B\) is the event "Sum ≥ 5".

Our task reduces to calculating:

1. \(P(\text{Sum} > 8 \cap \text{Sum} \geq 5)\), which simplifies to \(P(\text{Sum} > 8)\)
because if the sum is greater than 8, it automatically satisfies being at least 5.
2. \(P(\text{Sum} \geq 5)\).

Once these are computed, their ratio yields the desired conditional probability.

---

Step-by-Step Calculation

1. List All Possible Outcomes for Relevant Conditions

- Sum > 8: sum can be 9, 10, 11, or 12.
- Sum ≥ 5: sum can be 5, 6, 7, 8, 9, 10, 11, or 12.

We need to determine:

- The total probability that the sum exceeds 8.
- The total probability that the sum is at least 5.

---

2. Computing Probabilities for Sum > 8

Possible sums greater than 8:

- Sum = 9
- Sum = 10
- Sum = 11
- Sum = 12

Number of outcomes for each sum:

| Sum | Number of Outcomes | Outcomes (Examples) |
|-------|---------------------|---------------------|
| 9 | 4 | (3,6), (4,5), (5,4), (6,3) |
| 10 | 3 | (4,6), (5,5), (6,4) |
| 11 | 2 | (5,6), (6,5) |



| 12 | 1 | (6,6) |

Calculations:

- \(P(\text{Sum} = 9) = \frac{4}{36}\)
- \(P(\text{Sum} = 10) = \frac{3}{36}\)
- \(P(\text{Sum} = 11) = \frac{2}{36}\)
- \(P(\text{Sum} = 12) = \frac{1}{36}\)

Therefore,

\[
P(\text{Sum} > 8) = \frac{4 + 3 + 2 + 1}{36} = \frac{10}{36} = \frac{5}{18}
\]

---

3. Computing Probabilities for Sum ≥ 5

Similarly, sum ≥ 5 includes sums 5 through 12.

Number of outcomes for each sum:

| Sum | Outcomes | Count |
|-------|--------------|--------|
| 5 | (1,4), (2,3), (3,2), (4,1) | 4 |
| 6 | (1,5), (2,4), (3,3), (4,2), (5,1) | 5 |
| 7 | (1,6), (2,5), (3,4), (4,3), (5,2), (6,1) | 6 |
| 8 | (2,6), (3,5), (4,4), (5,3), (6,2) | 5 |
| 9 | 4 (as above) | 4 |
| 10 | 3 | 3 |
| 11 | 2 | 2 |
| 12 | 1 | 1 |

Adding these counts:

\[
4 + 5 + 6 + 5 + 4 + 3 + 2 + 1 = 30
\]

Thus,

\[
P(\text{Sum} \geq 5) = \frac{30}{36} = \frac{5}{6}
\]

---

4. Final Calculation of Conditional Probability

Applying the formula:



\[
P(\text{Sum} > 8 \mid \text{Sum} \geq 5) = \frac{P(\text{Sum} > 8)}{P(\text{Sum} \geq
5)} = \frac{\frac{10}{36}}{\frac{30}{36}} = \frac{10/36}{30/36} = \frac{10}{30} =
\frac{1}{3}
\]

Thus, the probability that the sum exceeds 8 given that the sum is at least 5 is
\(\boxed{\frac{1}{3}}\).

---

Extending the Analysis: Generalization to Any Threshold

The approach demonstrated can be adapted to any threshold \(k\) (where \(2 \leq k \leq
12\)). To do this:

- Determine all outcomes where the sum exceeds \(k\).
- Count the total outcomes where the sum is at least \(k\).
- Calculate their probabilities based on uniformity.

This process involves:

- Listing outcomes or using combinatorial formulas.
- Summing the relevant probabilities.

---

Practical Implications and Insights

Understanding such conditional probabilities has broad applications:

- Gambling and Gaming: Calculating odds based on prior outcomes or known conditions.
- Risk Assessment: Estimating likelihoods in uncertain scenarios.
- Decision Making: Improving strategies by incorporating existing information.

In our example, the calculation reveals that even with the condition that the sum is at least
5, there's a one-in-three chance that the sum exceeds 8. This insight can influence game
strategies, such as deciding whether to bet or hold based on known constraints.

---

Common Pitfalls and Clarifications

- Miscounting outcomes: Always ensure the outcomes are correctly enumerated, especially
when sums are involved.
- Ignoring dependencies: Remember, in the case of independent rolls, outcomes are
unaffected by previous results. But the conditional probability adjusts the sample space to
outcomes satisfying the condition.
- Assuming symmetry: While some sums are symmetric (e.g., sums of 2 and 12), always
verify counts explicitly when calculating probabilities.



---

Final Thoughts: The Power of Conditional Probability

This deep dive into the probability that the sum exceeds a certain value, given a condition,
exemplifies the power and elegance of probability theory. By systematically enumerating
outcomes, leveraging combinatorial reasoning, and applying foundational formulas, we
obtain precise insights into random processes.

Whether for academic pursuits, gaming strategies, or real-world risk assessments,
mastering such conditional probability calculations enhances our understanding of chance
and informs smarter decision-making. As dice rolls have served as a metaphor for
randomness for centuries, so too does this analysis underscore the importance of
structured reasoning in navigating uncertainty.

---

In sum, the probability that the sum of two fair six-sided dice exceeds 8, given that the sum
is at least 5, is \(\frac{1}{3}\). This result not only demonstrates a straightforward
application of probability principles but also highlights the importance of careful
enumeration and condition-based analysis
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