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Understanding how to use the standard normal distribution to find probabilities is a fundamental
skill in statistics. In particular, calculating the probability P(Z < -2.33 or Z > 2.33) involves
understanding symmetry and the properties of the standard normal curve. This particular problem
asks us to identify the correct probability from the options provided: A. 0.7888, B. 0.0198, or C.
0.9809. In this article, we will explore how to approach such problems step-by-step, including
concepts like the standard normal distribution, symmetry, cumulative distribution functions, and
how to interpret z-scores to find these probabilities accurately.

Understanding the Standard Normal Distribution

What Is the Standard Normal Distribution?

The standard normal distribution is a special case of the normal distribution where:
e The mean (p) is 0.

e The standard deviation (o) is 1.

It is often represented by the letter Z, which is a standardized variable that measures how many
standard deviations a data point is from the mean.

Properties of the Standard Normal Distribution

Some key properties include:
e Symmetry about the mean (Z = 0).
e The total area under the curve equals 1.

e Probabilities are found using the cumulative distribution function (CDF), which gives the
probability that Z is less than a specific value.



Finding Probabilities Using Z-Scores

What Is a Z-Score?

A z-score indicates how many standard deviations an element is from the mean:

\[ Z = \frac{X - \mu}{\sigma} \]

In problems like the one we're discussing, the z-scores -2.33 and 2.33 are used because they
correspond to specific points on the standard normal curve.

Using the Standard Normal Table or Calculator

To find probabilities such as P(Z < a), statisticians often use:
e Standard normal distribution tables (Z-tables)

» Statistical calculators or software (like R, Python, or online tools)

These tools provide the area under the curve to the left of a given z-score, which is essential for
computing probabilities in parts of the problem.

Calculating P(Z < -2.33 or Z > 2.33)

Breaking Down the Probability

Because the standard normal distribution is symmetric, the probability of Z being less than -2.33 is
equal to the probability of Z being greater than 2.33:

\[ P(Z <-2.33) = P(Z > 2.33) \]

Therefore, the probability we seek can be written as:

\[ P(Z <-2.33 \text{ or } Z > 2.33) = P(Z <-2.33) + P(Z > 2.33) \]

Using Symmetry of the Distribution

Since the distribution is symmetric:

\[ P(Z <-2.33) = P(Z > 2.33) \]

which simplifies calculations:

\[ P(Z < -2.33 \text{ or } Z > 2.33) = 2 \times P(Z > 2.33) \]

Finding P(Z > 2.33)

1. First, find P(Z < 2.33) using a Z-table or calculator.
2. Then, use the complement rule:
\[P(Z>233)=1-P(Z < 2.33)\]



Suppose the Z-table or calculator provides:
\[ P(Z < 2.33) \approx 0.9901 \]

Thus:

\[ P(Z > 2.33) =1-0.9901 = 0.0099\]

Final Calculation

Now, multiply by 2:
\[ P(Z <-2.33 \text{ or } Z > 2.33) = 2 \times 0.0099 = 0.0198 \]

This matches option B: 0.0198.

Understanding the Options and the Correct Answer

Option Analysis

- Option A: 0.7888 - This is too high and does not align with the tail probabilities we're calculating.

- Option B: 0.0198 - This is consistent with the probability calculated for the two tails beyond *+2.33.
- Option C: 0.9809 - This would represent the probability of Z being between -2.33 and 2.33, which is
the central region, not the tails.

Conclusion

Since the problem asks for the probability that Z is less than -2.33 or greater than 2.33, the correct
choice is B: 0.0198.

Practical Applications of Using Standard Normal
Distribution

In Hypothesis Testing

When conducting hypothesis tests, especially in z-tests, understanding tail probabilities helps
determine significance levels.

In Confidence Intervals

Calculating critical values often involves tail probabilities, which are derived using the standard
normal distribution.



In Quality Control and Risk Management

Tail probabilities help in assessing rare events, such as defects or failures beyond certain thresholds.

Summary
Using the standard normal distribution to find probabilities like P(Z < -2.33 or Z > 2.33) involves:

¢ Recognizing the symmetry of the distribution.
e Using Z-tables or calculators to find cumulative probabilities.

e Applying the complement rule to compute tail probabilities.

By following these steps, you can accurately interpret and compute probabilities associated with any
z-score, aiding in statistical analysis and decision-making.

Final Note

Always double-check your Z-table or calculator outputs, as different resources might have slight
variations. The key takeaway is that for Z-scores beyond +£2.33, the probability in each tail is
approximately 0.0099, making the total tail probability approximately 0.0198, aligning with option B.

In conclusion, the correct answer to the problem 1. Use Standard Normal Distribution To Find
P(Z <-2.330rZ > 2.33) A. 0.7888 B. 0.0198 C. 0.9809 is B. 0.0198. This example underscores
the importance of understanding the properties of the standard normal distribution and how to
leverage symmetry and cumulative probabilities to solve real-world statistical problems efficiently.

Frequently Asked Questions

What is the probability P(Z < -2.33 or Z > 2.33) using the
standard normal distribution?

The probability is approximately 0.0198.

How do you find P(Z < -2.33 or Z > 2.33) on the standard
normal distribution table?

Since the distribution is symmetric, you find P(Z > 2.33) and double it or find the individual tail
areas and sum them, which equals approximately 0.0198.



Which option corresponds to the probability of Z less than
-2.33 or greater than 2.33?

Option B: 0.0198.

Why is the probability P(Z < -2.33 or Z > 2.33) relatively
small?

Because Z-scores of +2.33 fall in the extreme tails of the standard normal distribution, which have
low probabilities.

What is the significance of the Z-score 2.33 in standard
normal distribution calculations?

A Z-score of 2.33 corresponds approximately to the 98th percentile, marking the boundary for the
upper 1.65% tail; thus, the combined tail probability is about 1.98%.

How can you verify the probability P(Z < -2.33 or Z > 2.33)
without a Z-table?

You can use statistical software or online calculators that provide cumulative distribution function
(CDF) values for the standard normal distribution.

Is the probability P(Z < -2.33 or Z > 2.33) symmetric about the
mean?

Yes, because the standard normal distribution is symmetric, making the probabilities in both tails
equal.

What is the approximate combined probability in percentage
terms for Z < -2.33 or Z > 2.33?

Approximately 1.98% of the data falls beyond +2.33 standard deviations, corresponding to the
probability 0.0198.

Additional Resources

Standard Normal Distribution: Unlocking Probabilities in Statistical Analysis



Introduction to the Standard Normal Distribution

The world of statistics is built on the foundation of probability distributions, which describe how the
values of a random variable are distributed. Among these, the standard normal distribution holds a
central position due to its symmetry, mathematical properties, and wide applicability. Recognized for
its bell-shaped curve, the standard normal distribution is characterized by a mean of zero and a
standard deviation of one. This makes it an essential tool for understanding how data behaves
relative to its average, especially in the context of z-scores.

In this article, we explore a specific probability question involving the standard normal distribution:
"Find P(Z < -2.33 or Z > 2.33)"
This problem demonstrates the practical use of the standard normal distribution table (or z-table),

and the process of calculating tail probabilities—an important concept in hypothesis testing,
confidence intervals, and quality control.

Understanding the Components of the Problem

What is a Z-Score?

A z-score indicates how many standard deviations an element is from the mean. For the standard
normal distribution:

- A z-score of 0 corresponds to the mean.
- Negative z-scores indicate values below the mean.

- Positive z-scores indicate values above the mean.

In our problem, the critical values are -2.33 and 2.33, both symmetric around zero, reflecting points
in the distribution that are far from the average.

The Probability Expression

The expression:
P(Z <-2.33 0orZ > 2.33)

represents the probability that a randomly selected value from the standard normal distribution falls
either below -2.33 or above 2.33. Since the distribution is symmetric, these two tail probabilities are
equal, and their sum gives the total probability of the z-score falling into either tail beyond these
bounds.



Step-by-Step Approach to the Calculation

To accurately compute this probability, we employ the properties of the standard normal distribution
and the symmetry of the curve.

Step 1: Find P(Z < -2.33)

Using the standard normal distribution table or a calculator:

- The table provides P(Z < z) for positive z-scores.
- For negative z-scores, the symmetry property applies:

\[
P(Z <-a) =P(Z > a)
\]

Thus,

\[
P(Z < -2.33) = P(Z > 2.33)
\]

Step 2: Find P(Z > 2.33)

From the z-table:

- Look up z = 2.33.
- The cumulative probability P(Z < 2.33) is approximately 0.9901.

Therefore,

\[
P(Z>2.33)=1-P(Z<2.33)=1-0.9901 = 0.0099

\]

Step 3: Calculate the total probability

Since the probabilities in the tails are equal:

\[
P(Z <-2.33) + P(Z > 2.33) = 2 \times P(Z > 2.33) = 2 \times 0.0099 = 0.0198

\]



Interpreting the Results and Choosing the Correct
Option

The computed probability:

\[
\boxed{
P(Z < -2.33 \text{ or } Z > 2.33) \approx 0.0198

}
\]

Corresponds directly to option B: 0.0198.
This probability tells us that approximately 1.98% of the data in a standard normal distribution falls

beyond +2.33 standard deviations from the mean. This is a critical insight in statistical decision-
making, especially in hypothesis testing and setting significance levels.

Why Is This Important?

Understanding tail probabilities like these enables statisticians and researchers to:

- Assess rare events: Values exceeding +2.33 are relatively rare, occurring in less than 2% of cases.
- Control error rates: In hypothesis testing, such tail probabilities are used to determine significance
levels (e.g., alpha = 0.05 or 0.01).

- Design confidence intervals: The 95% confidence interval uses approximately +1.96, but
understanding these probabilities helps in more extreme scenarios.

Additional Insights: The Symmetry and Its Implications

The symmetry of the standard normal distribution simplifies calculations:

- The probability of being less than -z is equal to the probability of being greater than z.
- This symmetry allows us to compute tail probabilities efficiently.

In our specific case:

- Since P(Z > 2.33) = 0.0099, the total probability in both tails beyond +2.33 is approximately
0.0198, or roughly 1.98%.

Understanding this symmetry is crucial for interpreting results in various fields, such as finance,
engineering, and social sciences.



Practical Applications of This Calculation

The process demonstrated here is foundational for many practical applications:

- Quality Control: Identifying rare defects that fall outside acceptable limits.

- Medical Testing: Determining the likelihood of extreme test results.

- Environmental Studies: Calculating the probability of extreme weather events.
- Finance: Estimating the risk of extreme market movements.

In all these cases, knowing how to interpret tail probabilities helps in risk assessment and decision-
making.

Summary of Key Takeaways

- The standard normal distribution is a vital tool for understanding probabilities associated with
normally distributed data.

- The probability P(Z < -2.33 or Z > 2.33) can be computed using symmetry and z-tables.

- The approximate probability is 0.0198, corresponding to option B.

- Tail probabilities beyond +2.33 standard deviations are rare, occurring in about 2% of cases.

Conclusion

The ability to calculate and interpret probabilities in the tails of the standard normal distribution is a
core skill in statistical analysis. Through understanding the symmetry properties and leveraging z-
tables, analysts can efficiently determine the likelihood of extreme events. This particular
calculation, resulting in approximately 1.98%, underscores how rare such deviations are, reinforcing
the importance of these measures in hypothesis testing, quality assurance, and risk management.

In essence, mastering these concepts enhances an analyst's toolkit, empowering them to make data-
driven decisions with confidence and precision.
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