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When it comes to understanding probability in games of chance, rolling dice is one of the most classic and
straightforward activities. In this article, we explore the scenario where Tom rolls two fair six-sided dice
and adds the results from each. Our goal is to determine the probability of obtaining a total less than a
specific value. This involves understanding the total possible outcomes, calculating favorable outcomes, and
expressing the probability in simplest terms.

Understanding the Basics of Dice Probability

Before diving into calculations, it’s essential to understand some foundational concepts about dice and
probability.

Fair Dice and Their Outcomes

- Each die has six faces numbered from 1 to 6.
- When two dice are rolled, each die’s outcome is independent of the other.
- The total number of possible outcomes when rolling two dice is 36, since each die has 6 options and 6 x 6
= 36.

Sum of Two Dice

- The sum of the two dice can range from 2 (1+1) to 12 (6+6).
- Some sums are more probable than others because multiple dice combinations result in the same total.

Calculating Total Possible Outcomes

Every possible pair of dice outcomes can be represented as an ordered pair (d1, d2), where:



- d1 is the result of the first die.
- d2 is the result of the second die.

Since each die is fair and independent:

- Total outcomes = 6 (possible results for die 1) x 6 (for die 2) = 36.

Favorable Outcomes for Totals Less Than a Given Number

Suppose Tom wants to find the probability that the total sum of the two dice is less than a certain number,
say, S.

Key steps:

1. List all possible outcomes where the sum < S.
2. Count these outcomes (favorable outcomes).
3. Divide the number of favorable outcomes by 36 to get the probability.

---

Calculating the Probability for Specific Totals

Let’s explore different scenarios where the total sum is less than certain thresholds.

Example: Probability that the total is less than 5

- Possible sums less than 5 are: 2, 3, 4.
- For each sum, list the outcomes:

| Sum | Outcomes (d1, d2) |
|-------|----------------------------------------|
| 2 | (1,1) |
| 3 | (1,2), (2,1) |
| 4 | (1,3), (2,2), (3,1) |

- Total favorable outcomes = 1 + 2 + 3 = 6.

- Probability = favorable outcomes / total outcomes = 6/36 = 1/6.



Thus, the probability that the sum of two dice is less than 5 is 1/6.

---

Example: Probability that the total is less than or equal to 4

- Sums less than or equal to 4 include 2, 3, 4.

- Outcomes are the same as above:

| Sum | Outcomes |
|-------|--------------------------------------|
| 2 | (1,1) |
| 3 | (1,2), (2,1) |
| 4 | (1,3), (2,2), (3,1) |

- Total favorable outcomes = 6.

- Probability = 6/36 = 1/6.

Note: If the question specifies “less than or equal to,” include the sum of 4.

---

General Approach to Work Out Probabilities for Any Threshold

To determine the probability that the total sum is less than a certain number S, follow these steps:

1. Identify the sums less than S: List all total sums from 2 up to S-1.

2. Count outcomes for each sum: For each sum, identify all combinations of dice that produce it.

3. Sum the counts: Add the number of outcomes for each sum to find the total favorable outcomes.

4. Compute the probability: Divide the total favorable outcomes by 36.

---



Tabular Summary of Outcomes for Sums Less Than a Given
Number

| Sum | Number of Outcomes | Outcomes |
|-------|------------------------|--------------------------------------------|
| 2 | 1 | (1,1) |
| 3 | 2 | (1,2), (2,1) |
| 4 | 3 | (1,3), (2,2), (3,1) |
| 5 | 4 | (1,4), (2,3), (3,2), (4,1) |
| 6 | 5 | (1,5), (2,4), (3,3), (4,2), (5,1) |
| 7 | 6 | (1,6), (2,5), (3,4), (4,3), (5,2), (6,1) |
| 8 | 5 | (2,6), (3,5), (4,4), (5,3), (6,2) |
| 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) |

Note: For sums greater than 12, outcomes are impossible since maximum sum is 12.

---

Examples of Probability Calculations for Different Thresholds

1. Probability total is less than 7

- Sums less than 7 are: 2, 3, 4, 5, 6.

- Outcomes:

| Sum | Outcomes | Number of Outcomes |
|-------|----------------------------------------------------|---------------------|
| 2 | (1,1) | 1 |
| 3 | (1,2), (2,1) | 2 |
| 4 | (1,3), (2,2), (3,1) | 3 |
| 5 | (1,4), (2,3), (3,2), (4,1) | 4 |
| 6 | (1,5), (2,4), (3,3), (4,2), (5,1) | 5 |

- Total favorable outcomes = 1 + 2 + 3 + 4 + 5 = 15.



- Probability = 15/36 = 5/12.

2. Probability total is less than or equal to 8

- Sums: 2 through 8.

- Sum counts:

| Sum | Outcomes | Number of Outcomes |
|-------|------------|---------------------|
| 2 | 1 | 1 |
| 3 | 2 | 2 |
| 4 | 3 | 3 |
| 5 | 4 | 4 |
| 6 | 5 | 5 |
| 7 | 6 | 6 |
| 8 | 5 | 5 |

- Total outcomes: 1+2+3+4+5+6+5= 26.

- Probability = 26/36 = 13/18.

---

Implications and Applications of These Calculations

Understanding the probability of certain sums when rolling two dice has practical applications in:

- Board games: Many popular games depend on dice rolls, and knowing probabilities helps in strategizing.
- Probability theory: Serves as a fundamental example for teaching concepts of combinatorics and
probability.
- Risk assessment: In gambling or simulations, calculating likelihoods of outcomes informs decision-making.
- Educational purposes: Teaching students about outcomes, likelihood, and expectations.

---



Conclusion: Mastering Dice Probabilities

Calculating the probability that the sum of two fair dice is less than a specific value involves understanding
the total possible outcomes, enumerating favorable outcomes, and expressing the result as a fraction or
decimal. By systematically listing outcomes for each sum and summing their counts, you can determine
these probabilities with accuracy. Whether for academic purposes, game strategies, or just satisfying
curiosity, mastering these calculations enhances your understanding of probability in simple, real-world
scenarios.

---

Summary of Key Points

- Total outcomes for two dice = 36.
- Outcomes for each sum can be enumerated systematically.
- Probabilities are derived by dividing favorable outcomes by total outcomes.
- The sum ranges from 2 to 12, with different counts of outcomes for each sum.
- Calculations can be extended to any threshold to determine the likelihood

Frequently Asked Questions

What is the probability of rolling a total less than 5 when Tom rolls two
fair dice and adds the results?
First, list all outcomes where the sum is less than 5: (1,1), (1,2), (2,1), (1,3), (3,1), (2,2). There are 6 such
outcomes. Since there are 36 total outcomes when rolling two dice, the probability is 6/36, which simplifies
to 1/6.

How do you calculate the probability of getting a total less than a certain
number when rolling two dice?
Identify all possible outcomes where the sum of the dice is less than that number, count them, and then
divide by the total number of possible outcomes (36). This provides the probability of that event occurring.

If Tom rolls two dice and adds the results, what is the probability that the



total is exactly 4?
The outcomes that sum to 4 are (1,3), (3,1), and (2,2). There are 3 such outcomes. Therefore, the probability
is 3/36, which simplifies to 1/12.

Why is the probability of rolling a total less than 7 higher than that of
rolling less than 4?
Because there are more outcomes where the sum of two dice is less than 7 (such as 2,3,4,5,6) compared to
fewer outcomes where the sum is less than 4 (like 2 and 3). This leads to a higher probability for totals less
than 7.

What is the general approach to solving probability problems involving
sums of two dice?
The general approach involves listing all possible outcomes, identifying those that meet the criteria (like
sums less than a certain number), counting these outcomes, and dividing by the total possible outcomes (36)
to find the probability.

Additional Resources
Tom Rolls 2 Fair Dice And Adds The Results From Each. Work Out The Probability Of Getting A Total
Less than a certain number. This classic probability problem offers a fascinating glimpse into the principles
of combinatorics and chance, making it an excellent example to explore fundamental concepts in probability
theory. Whether you're a student, educator, or just a curious mind, understanding how to approach such
problems enhances your grasp of randomness and statistical reasoning.

---

Introduction to the Problem

Imagine Tom, an enthusiastic game player, who rolls two fair six-sided dice. Each die has faces numbered
from 1 to 6, with each face equally likely to land face up. After rolling both dice, Tom sums the numbers
showing on each die. The question posed is: What is the probability that the total of the two dice is less than
a specified number?

This problem is more than just a simple calculation—it's a gateway into understanding how probabilities are
derived from sample spaces, how to count favorable outcomes, and how to interpret these results in real-
world scenarios.

---



Understanding the Basics: Outcomes and Sample Space

The Sample Space of Two Dice Rolls

When rolling two fair six-sided dice, each die operates independently. The total number of possible
outcomes (the sample space) can be calculated as:

- Number of outcomes for the first die: 6
- Number of outcomes for the second die: 6

Total possible outcomes = 6 × 6 = 36

Each outcome can be represented as an ordered pair (d1, d2), where d1 and d2 are the results of the first
and second die, respectively.

Listing Outcomes

While listing all outcomes explicitly can be tedious, for small dice, it's straightforward:

- (1,1), (1,2), (1,3), (1,4), (1,5), (1,6)
- (2,1), (2,2), ..., (2,6)
- ...
- (6,1), (6,2), ..., (6,6)

---

Sum of Two Dice and Their Probabilities

Possible Sums and Their Frequencies

The sums of two dice range from 2 (1+1) to 12 (6+6). The number of outcomes corresponding to each sum
is:

| Sum | Number of Outcomes | Outcomes Examples |
|-------|---------------------|-----------------------------------|
| 2 | 1 | (1,1) |
| 3 | 2 | (1,2), (2,1) |
| 4 | 3 | (1,3), (2,2), (3,1) |
| 5 | 4 | (1,4), (2,3), (3,2), (4,1) |
| 6 | 5 | (1,5), (2,4), (3,3), (4,2), (5,1) |
| 7 | 6 | (1,6), (2,5), (3,4), (4,3), (5,2), (6,1) |
| 8 | 5 | (2,6), (3,5), (4,4), (5,3), (6,2) |
| 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) |

Total outcomes sum to 36, as expected.

Probabilities of Each Sum

The probability of each sum is the number of outcomes for that sum divided by 36:

For example,

- P(sum = 2) = 1/36
- P(sum = 3) = 2/36
- ...
- P(sum = 7) = 6/36 = 1/6

---

Calculating the Probability of a Sum Less Than a Certain Number

Suppose Tom wants to find the probability that the sum of the two dice is less than a specified number, say
k. To compute this probability, follow these steps:

1. Identify all sums less than k (i.e., all sums from 2 up to k-1).
2. Calculate the total number of outcomes that result in sums less than k.
3. Divide this count by the total number of outcomes (36).

General Formula

Probability that the sum is less than k:

\[
P(\text{sum} < k) = \frac{\text{Number of outcomes with sum less than }k}{36}
\]

---

Step-by-Step Example: Probability that Sum is Less Than 9

Let's illustrate with a concrete example:

What is the probability that the total of the two dice is less than 9?



Step 1: Identify sums less than 9

Sum values: 2, 3, 4, 5, 6, 7, 8

Step 2: Count outcomes for these sums

From the table above:

- Sum = 2: 1 outcome
- Sum = 3: 2 outcomes
- Sum = 4: 3 outcomes
- Sum = 5: 4 outcomes
- Sum = 6: 5 outcomes
- Sum = 7: 6 outcomes
- Sum = 8: 5 outcomes

Total favorable outcomes = 1 + 2 + 3 + 4 + 5 + 6 + 5 = 26

Step 3: Compute probability

\[
P(\text{sum} < 9) = \frac{26}{36} = \frac{13}{18} \approx 0.7222
\]

Thus, there's approximately a 72.22% chance that Tom's total will be less than 9 when rolling two fair dice.

---

Extending the Analysis: Probabilities for Other Thresholds

Let's consider other thresholds to see how the probability changes.

Probability that sum is less than 7

Sums less than 7 are: 2, 3, 4, 5, 6

Number of outcomes:

- Sum = 2: 1
- Sum = 3: 2
- Sum = 4: 3
- Sum = 5: 4
- Sum = 6: 5



Total = 1 + 2 + 3 + 4 + 5 = 15

Probability:

\[
P(\text{sum} < 7) = \frac{15}{36} = \frac{5}{12} \approx 0.4167
\]

Probability that sum is less than 5

Sums less than 5: 2, 3, 4

Total outcomes:

- Sum = 2: 1
- Sum = 3: 2
- Sum = 4: 3

Total = 6

Probability:

\[
P(\text{sum} < 5) = \frac{6}{36} = \frac{1}{6} \approx 0.1667
\]

---

Visualizing Probabilities

Creating visual aids enhances understanding. A common approach is to use a bar chart to depict the
probabilities of sums or a cumulative distribution chart to illustrate how probabilities accumulate as the
threshold increases.

Cumulative Distribution Function (CDF):

Plotting the cumulative probability for sum thresholds:

- P(sum < 2): 0 (impossible)
- P(sum < 3): outcomes with sum=2 → 1/36
- P(sum < 4): outcomes with sums=2 or 3 → (1+2)/36 = 3/36
- P(sum < 5): 6/36
- ...



- P(sum < 9): 26/36

This cumulative view helps to quickly assess the probability of achieving a sum below any given
threshold.

---

Practical Applications and Variations

Gaming and Odds

Understanding these probabilities is fundamental in designing fair games or assessing risks in gambling
scenarios involving dice.

Educational Purposes

This problem serves as an excellent example in teaching basic combinatorics, probability, and the use of
tables for quick reference.

Variations

- Different dice: What if the dice aren't fair or have more sides?
- Multiple rolls: What's the probability over multiple rolls?
- Different thresholds: Calculating for "greater than" or "equal to" scenarios.

---

Summary and Key Takeaways

- The total number of outcomes when rolling two fair six-sided dice is 36.
- The sums of two dice follow a specific distribution, with the most common sum being 7.
- Calculating the probability of the sum being less than a certain number involves summing the number of
outcomes for all relevant sums and dividing by 36.
- This process exemplifies fundamental probability principles, including counting outcomes and using ratios.
- Visual tools like probability tables and cumulative distribution graphs help in understanding these
probabilities intuitively.

---

Final Thoughts

The problem "Tom Rolls 2 Fair Dice And Adds The Results From Each. Work Out The Probability Of
Getting A Total Less" is a classic example that combines combinator
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