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If P(A) = .75, P(A B) = .86, And P(A B) = .56, Then P(B) = (a) 0.25 (b) 0.67 (c) 0.56(d) 0.11 and this
intriguing problem invites us to explore the fundamental concepts of probability, joint and marginal
probabilities, and how they interrelate within the framework of set theory and probability rules.
Understanding how to determine the probability of event B based on the given data about events A and B
is essential for students, data analysts, and professionals working with probabilistic models. In this article, we
will analyze the problem step-by-step, clarify the concepts involved, and provide a comprehensive
explanation to find P(B) accurately.

---

Understanding the Basics of Probability and Set Theory

What Are Probabilities?
Probabilities quantify the likelihood of an event occurring within a certain experiment or scenario. They
are numerical values between 0 and 1, where:
- 0 indicates impossibility,
- 1 indicates certainty,
- and values in between reflect varying degrees of likelihood.

For example, P(A) = 0.75 suggests there's a 75% chance that event A occurs.

Joint, Marginal, and Conditional Probabilities
When dealing with two events, A and B, several types of probabilities are key:
- Joint probability (P(A ∩ B)): The probability that both A and B occur simultaneously.
- Marginal probability (P(A) or P(B)): The probability of a single event regardless of the other.
- Conditional probability (P(A | B)): The probability that A occurs given B has occurred.

Understanding these concepts helps in solving problems involving multiple events.

---



Analyzing the Given Data

The problem provides three probabilities:
- P(A) = 0.75
- P(A B) = 0.86
- P(A B) = 0.56

However, notice that P(A B) is given twice with different values—0.86 and 0.56—which seems
inconsistent at first glance. This discrepancy likely indicates a typographical error or a misstatement in the
problem statement. For clarity, the most common notation is:
- P(A ∩ B) = value

Assuming the intended data is:
- P(A) = 0.75
- P(A ∩ B) = 0.56

And the problem asks to find P(B), with options:
a) 0.25
b) 0.67
c) 0.56
d) 0.11

---

Step-by-Step Solution to Find P(B)

Using the Formula for Conditional Probability
The foundational formula connecting these probabilities is:
\[ P(A ∩ B) = P(A) \times P(B | A) \]
or equivalently,
\[ P(A ∩ B) = P(B) \times P(A | B) \]

However, since we are asked to find P(B), and P(A) and P(A ∩ B) are given, the most straightforward
approach is to use the definition of joint probability:
\[ P(A ∩ B) = P(B) \times P(A | B) \]

But unless P(A | B) is known, we need to rely on the relationship:
\[ P(A ∩ B) = P(A) + P(B) - P(A ∪ B) \]
which involves the union of A and B.



Alternatively, the basic probability rule says:
\[ P(A ∩ B) \leq P(A) \]
and
\[ P(A ∩ B) \leq P(B) \]
because the joint probability cannot exceed the probability of either individual event.

Given P(A) = 0.75 and P(A ∩ B) = 0.56, we observe:
\[ P(A ∩ B) \leq P(A) \]
which holds, since 0.56 ≤ 0.75.

Now, the key is to find P(B). The relationship between P(A ∩ B) and P(B) is:
\[ P(A ∩ B) = P(B) \times P(A | B) \]

But without P(A | B), we need an alternative approach.

---

Using the Union Formula to Find P(B)
Recall the inclusion-exclusion principle:
\[ P(A ∪ B) = P(A) + P(B) - P(A ∩ B) \]

Since probabilities cannot exceed 1:
\[ P(A ∪ B) \leq 1 \]
and the maximum P(A ∪ B) is 1, so:
\[ P(A) + P(B) - P(A ∩ B) \leq 1 \]
which simplifies to:
\[ 0.75 + P(B) - 0.56 \leq 1 \]
or
\[ P(B) \leq 1 - 0.75 + 0.56 \]
\[ P(B) \leq 0.81 \]

But this only provides an upper bound, not the actual value.

---

Using the Relationship Between Probabilities to Determine P(B)

Given P(A) and P(A ∩ B), the most straightforward calculation is to consider the conditional probability:
\[ P(A | B) = \frac{P(A ∩ B)}{P(B)} \]



If P(A | B) is less than or equal to 1, then:
\[ P(A ∩ B) \leq P(B) \]
which implies:
\[ 0.56 \leq P(B) \]

Similarly, P(B) must be at least 0.56.

Now, considering the options provided:
- (a) 0.25
- (b) 0.67
- (c) 0.56
- (d) 0.11

Between these, the only values consistent with P(A ∩ B) = 0.56 are 0.56 and 0.67, with 0.56 matching
exactly.

---

Final Calculation and Correct Option

To confirm, we can check the probability of A occurring given B, using:
\[ P(A | B) = \frac{P(A ∩ B)}{P(B)} \]

- For option (c) 0.56:
\[ P(A | B) = \frac{0.56}{0.56} = 1 \]
which indicates that if P(B) = 0.56, then P(A | B) = 1, meaning event A occurs whenever B occurs.

- For option (b) 0.67:
\[ P(A | B) = \frac{0.56}{0.67} \approx 0.8358 \]
which is plausible, indicating A occurs approximately 83.58% of the time when B occurs.

Considering the initial data and the logical consistency, the value that perfectly matches the joint
probability P(A ∩ B) = 0.56 is P(B) = 0.56.

---

Conclusion: The Correct Answer

Therefore, based on the analysis, the most consistent and logical choice for P(B) is option (c) 0.56. This aligns



with the given joint probability and the fundamental rules of probability theory, confirming the internal
consistency.

---

Implications and Applications of These Probability Concepts

Understanding how to compute probabilities like P(B) based on available data is vital across various fields:
- Statistics and Data Analysis: Estimating the likelihood of events based on observed data.
- Machine Learning: Probabilistic models often depend on joint and marginal probabilities.
- Risk Management: Calculating the probability of multiple risk factors occurring simultaneously.
- Decision Making: Making informed decisions based on probability estimates.

---

Summary
In summary, this problem underscores the importance of grasping the relationships between joint,
marginal, and conditional probabilities. By carefully analyzing the provided data and applying fundamental
probability formulas, we deduced that the most consistent value for P(B) is 0.56, which corresponds to
option (c). Mastery of these concepts enhances analytical skills and supports accurate decision-making in
complex probabilistic scenarios.

---

Key Takeaways:
- Always verify the consistency of the given probabilities.
- Use the inclusion-exclusion principle to relate joint and marginal probabilities.
- Recognize that P(A ∩ B) cannot exceed either P(A) or P(B).
- When multiple options are provided, test each for internal consistency with the known data.

If you encounter similar problems in your studies or work, remember to break down the relationships
step-by-step, apply core probability rules, and verify your results for logical consistency.

Frequently Asked Questions



Given P(A) = 0.75, P(A ∩ B) = 0.56, and P(A ∪ B) = 0.86, what is the
value of P(B)?
P(B) can be found using the formula P(A ∪ B) = P(A) + P(B) - P(A ∩ B). Rearranged: P(B) = P(A ∪ B) -
P(A) + P(A ∩ B) = 0.86 - 0.75 + 0.56 = 0.67. So, the answer is (b) 0.67.

If P(A) = 0.75 and P(A ∩ B) = 0.56, how do you calculate P(B)?
Using the formula P(B) = P(A ∩ B) / P(A | B), but since P(A ∩ B) and P(A) are known, and assuming
independence isn't given, the most straightforward way is to consider P(B) = P(A ∩ B) / P(A | B).
However, given the options, the calculation aligns with P(B) = 0.86 - 0.75 + 0.56, which results in 0.67, so
answer (b).

Are the given probabilities consistent with the rules of probability?
Yes, because P(A ∩ B) = 0.56 is less than both P(A) = 0.75 and P(B) (which we are trying to find). The
calculations lead to P(B) = 0.67, which is a valid probability.

What is the significance of the given probabilities P(A) = 0.75 and P(A ∩
B) = 0.56 in calculating P(B)?
They allow us to use the inclusion-exclusion principle to find P(B), specifically P(B) = P(A ∪ B) - P(A) +
P(A ∩ B).

Why is option (b) 0.67 the correct answer for P(B)?
Because applying the formula P(B) = P(A ∪ B) - P(A) + P(A ∩ B) with the given values yields 0.86 - 0.75 +
0.56 = 0.67.

Could the probability P(B) be 0.25 based on the given data?
No, because the calculations show P(B) = 0.67, not 0.25, making option (a) incorrect.

Is there enough information to determine P(B) directly from the given
data?
Yes, by using the inclusion-exclusion principle with P(A ∪ B) = 0.86, P(A) = 0.75, and P(A ∩ B) = 0.56, we
find P(B) = 0.67.

What does the value 0.56 for P(A ∩ B) imply about the relationship



between A and B?
It indicates a significant overlap between A and B, with 56% probability both events occur simultaneously.

Which of the options correctly represents P(B) based on the given
probabilities?
Option (b) 0.67 is correct, derived from the inclusion-exclusion principle.

Additional Resources
Understanding Probability Relationships: An In-Depth Analysis of P(A), P(B), and P(A ∩ B)

---

Introduction to Probability Fundamentals

Probability is a branch of mathematics that quantifies the likelihood of events occurring. It provides a
numerical measure, ranging from 0 to 1, with 0 indicating impossibility and 1 indicating certainty. In real-
world applications—such as statistics, finance, engineering, and everyday decision-making—probability
helps us model uncertainty and make informed choices.

At its core, probability deals with events, which are outcomes or sets of outcomes of a random experiment.
The fundamental concepts include:

- Sample Space (S): The set of all possible outcomes.
- Event (A, B, etc.): A subset of the sample space.
- Probability of an Event (P(A)): A measure of the likelihood that event A occurs.
- Conditional Probability (P(A|B)): The probability that A occurs given B has occurred.
- Joint Probability (P(A ∩ B)): The probability that both A and B occur simultaneously.

Understanding the relationships among these probabilities is essential, especially when analyzing how
events interact—whether they are independent, mutually exclusive, or dependent.

---



Given Data and Initial Observations

Let's analyze the problem statement:

- P(A) = 0.75
- P(A ∩ B) = 0.86
- P(A ∩ B) = 0.56

Note: There appears to be a typographical inconsistency in the problem statement, as P(A ∩ B) is given
twice with different values (0.86 and 0.56). Since the intersection of A and B cannot simultaneously be both
0.86 and 0.56, this likely indicates a mistake or a misprint.

Assumption: The second mention of P(A B) = 0.56 is intended to be P(B), or perhaps the first is P(A B), and
the second is P(B). It's common in probability problems to specify P(A), P(B), and P(A ∩ B).

Hypothesis: The intended data was:

- P(A) = 0.75
- P(B) = ? (What we need to find)
- P(A ∩ B) = 0.56

Alternatively, perhaps the problem intended to say:

- P(A) = 0.75
- P(B) = 0.86
- P(A ∩ B) = 0.56

Given the options listed for P(B):

(a) 0.25
(b) 0.67
(c) 0.56
(d) 0.11

And considering P(A) = 0.75 and P(A ∩ B) = 0.56, it's more plausible that P(B) is the unknown we need to
find, based on the given options.

Therefore, the most consistent interpretation is:

- P(A) = 0.75
- P(A ∩ B) = 0.56
- P(B) = ? (to be determined)



---

Analyzing the Core Relationship: P(A ∩ B) and P(B)

To find P(B), we need to understand how P(A), P(B), and P(A ∩ B) relate.

Key formulas:

- Conditional probability: P(A|B) = P(A ∩ B) / P(B)
- Union of two events: P(A ∪ B) = P(A) + P(B) – P(A ∩ B)

Given P(A) and P(A ∩ B), the critical question is whether the events are independent, dependent, or
mutually exclusive.

---

Are Events Independent?

Events A and B are independent if:

P(A ∩ B) = P(A) × P(B)

Using the known P(A) and P(A ∩ B):

If we assume independence:

P(A) × P(B) = P(A ∩ B)
0.75 × P(B) = 0.56

Solving for P(B):

P(B) = 0.56 / 0.75 ≈ 0.7467

This value (approximately 0.7467) does not match any of the options provided directly.

---



Are Events Mutually Exclusive?

Events are mutually exclusive if:

P(A ∩ B) = 0

But here, P(A ∩ B) = 0.56, which is positive, so they are not mutually exclusive.

---

Calculating P(B) Using the Intersection and Known P(A)

Now, considering the general relationship:

P(A ∩ B) ≤ min[P(A), P(B)]

Given P(A) = 0.75 and P(A ∩ B) = 0.56:

- P(B) must be ≥ 0.56 (since P(A ∩ B) ≤ P(B))
- P(B) also ≤ 1

The options for P(B) are:

- 0.25
- 0.67
- 0.56
- 0.11

Only 0.67 and 0.56 satisfy P(B) ≥ 0.56, which aligns with the intersection.

---

Deriving P(B): Applying the Inclusion-Exclusion Principle

The inclusion-exclusion principle states:

P(A ∪ B) = P(A) + P(B) – P(A ∩ B)

Since probabilities are between 0 and 1, P(A ∪ B) ≤ 1.



Suppose P(B) = 0.67 (option b):

P(A ∪ B) = 0.75 + 0.67 – 0.56 = 0.86

This is valid since P(A ∪ B) ≤ 1.

Similarly, if P(B) = 0.56 (option c):

P(A ∪ B) = 0.75 + 0.56 – 0.56 = 0.75

Again, valid, and P(A ∪ B) is less than 1.

Now, check the consistency for each option:

- For P(B) = 0.25 (option a):

P(A ∪ B) = 0.75 + 0.25 – 0.56 = 0.44 (valid)

- For P(B) = 0.11 (option d):

P(A ∪ B) = 0.75 + 0.11 – 0.56 = 0.30 (valid)

So, all options yield valid union probabilities, but the key is whether the intersection is consistent with the
assumptions.

---

Calculating P(B) Using Conditional Probability

Recall:

P(A|B) = P(A ∩ B) / P(B)

If we consider the probability of A given B is:

P(A|B) = 0.56 / P(B)

Since P(A|B) cannot exceed 1, then:

0.56 / P(B) ≤ 1 → P(B) ≥ 0.56



Looking at options:

- 0.25 → P(A|B) = 0.56 / 0.25 = 2.24 (impossible, since probability cannot be > 1)

- 0.67 → P(A|B) = 0.56 / 0.67 ≈ 0.8358 (possible)

- 0.56 → P(A|B) = 0.56 / 0.56 = 1 (possible)

- 0.11 → P(A|B) = 0.56 / 0.11 ≈ 5.09 (impossible)

Based on this, options a and d are invalid because they produce probabilities exceeding 1.

Hence, the plausible options are:

- 0.67
- 0.56

---

Final Determination and Logical Consistency

From the previous analyses:

- P(B) must be at least 0.56 for P(A ∩ B) = 0.56

- For P(B) = 0.56, P(A|B) = 1, indicating that whenever B occurs, A always occurs; this is possible but
suggests a dependent relationship where B is a subset of A.

- For P(B) = 0.67, P(A|B) ≈ 0.8358, which indicates that in about 83.58% of B's occurrences, A also occurs.

- For P(B) = 0.25 or 0.11, P(A|B) exceeds 1, which is impossible.

Therefore, the options that satisfy the basic probability rules are:

- (b) 0.67
- (c) 0.56

Between these, the value P(B) = 0.56 corresponds to the case where P(A|B) = 1, meaning B is a subset of A,
and A occurs whenever B does.

---



Conclusion: Which Option is Correct?

Given the detailed analysis, the most consistent and logically valid choice for P(B), considering the provided
data and probability rules, is:

(c) 0.56

This choice aligns with the condition P(A ∩ B) = P(B), indicating that B is a subset of A, and whenever B
occurs,

If P A 75 P A B 86 And P A B 56 Then P B A 0 25 B 0 67 C 0 56
D 0 11
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