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Find The Ares Under The Standard Normmi Curve That Les Outside The Incerval
Between The Following : Valoes. Understanding the area under the standard
normal curve outside a specified interval is crucial in statistics,
especially in hypothesis testing, confidence interval estimation, and
probability calculations. This article provides a comprehensive overview of
how to determine these areas, their significance, and practical applications.

Introduction to the Standard Normal
Distribution

The standard normal distribution, also known as the Z-distribution, is a
probability distribution with a mean of 0 and a standard deviation of 1. It
is symmetric about the mean, with the total area under the curve equal to 1.
This distribution is fundamental in statistics because many real-world
variables approximate a normal distribution, and it simplifies calculations
involving probabilities.

Understanding Areas Under the Curve

The area under the standard normal curve between two points, say Z1 and Z2,
corresponds to the probability that a standard normally distributed random
variable falls within that interval. Conversely, the area outside that
interval represents the probability that the variable falls outside the
specified bounds.

Key Concepts:

Area between two Z-values: The probability that a value falls between Z1
and Z2.

Area outside an interval: The probability that a value falls below Z1 or
above Z2.

Symmetry of the normal curve: The distribution's symmetry allows easy
calculation of tail areas.

Calculating Area Outside an Interval

Suppose you are given a specific interval between two values, and you need to



find the total area under the standard normal curve outside this interval.
The process involves:

1. Calculating the area to the left of Z1 (the lower bound).
2. Calculating the area to the right of Z2 (the upper bound).
3. Summing these two areas to find the total area outside the interval.

Mathematically, if the interval is between Z1 and Z2, then:

Area outside the interval = P(Z < Z1) + P(Z > Z2)

Alternatively,

Area outside the interval = 1 - P(Z1 < Z < Z2)

since the total area under the curve is 1.

---

Step-by-Step Guide to Find the Area Outside the
Interval

Step 1: Identify the Z-values

Determine the Z-scores corresponding to your interval's bounds. If you are
working with raw data, convert the raw scores to Z-scores using:

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

where:
- \(X\) = raw score
- \(\mu\) = mean of the distribution
- \(\sigma\) = standard deviation

Step 2: Use Standard Normal Table or Calculator

Consult a standard normal distribution table or use statistical
software/calculators to find:

- \(P(Z < Z_1)\), the cumulative probability up to Z1
- \(P(Z < Z_2)\), the cumulative probability up to Z2

Note that for tail areas, these cumulative probabilities are essential.

Step 3: Calculate the Tail Areas

- Left tail: \(P(Z < Z_1)\)
- Right tail: \(P(Z > Z_2) = 1 - P(Z < Z_2)\)



Total area outside the interval:

\[
\text{Area outside} = P(Z < Z_1) + (1 - P(Z < Z_2))
\]

Step 4: Interpret the Results

The resulting area represents the probability that a randomly selected value
from the distribution falls outside the specified interval.

---

Practical Examples

Example 1: Find the area outside the interval between
Z = -1.5 and Z = 2.0

Step 1: Find the cumulative probabilities

- \(P(Z < -1.5) \approx 0.0668\)
- \(P(Z < 2.0) \approx 0.9772\)

Step 2: Calculate tail areas

- Left tail: 0.0668
- Right tail: \(1 - 0.9772 = 0.0228\)

Step 3: Sum tail areas

\[
0.0668 + 0.0228 = 0.0896
\]

Result: Approximately 8.96% of the data falls outside the interval between Z
= -1.5 and Z = 2.0.

---

Applications of Area Calculations Outside an
Interval

Understanding how to find the area outside a specified interval under the
standard normal curve has numerous applications:

Hypothesis Testing: Determining p-values for test statistics.

Confidence Intervals: Calculating the probability of observing data



outside the interval.

Quality Control: Identifying the proportion of products outside
specification limits.

Risk Assessment: Estimating the likelihood of extreme events.

Common Z-values and Corresponding Areas

| Z-Value | Cumulative Probability \(P(Z < Z)\) | Area outside the Z-value
(tails) |
|---------|--------------------------------------|---------------------------
-------|
| -1.96 | 0.0250 | 0.9750 (area outside on both tails) |
| -1.64 | 0.0500 | 0.9500 |
| 0 | 0.5000 | 0.5000 (symmetrical tails) |
| 1.64 | 0.9500 | 0.0500 |
| 1.96 | 0.9750 | 0.0250 |

This table illustrates the probabilities associated with common critical Z-
values used in hypothesis testing and confidence intervals.

Tools for Calculating Areas

Modern technology simplifies the process of finding these areas:

Scientific Calculators: Many have built-in functions for standard normal
probabilities.

Statistical Software: R, Python (SciPy library), SPSS, SAS, and others
provide functions for normal distribution calculations.

Online Z-Score Calculators: User-friendly tools for quick probability
computations.

For example, in Python, you can use SciPy:

```python
from scipy.stats import norm

Z-values
Z1 = -1.5
Z2 = 2.0

Calculate areas
area_left = norm.cdf(Z1)
area_right = 1 - norm.cdf(Z2)
area_outside = area_left + area_right

print(f"Area outside interval: {area_outside}")



```

Output: Approximately 0.0896, matching our earlier example.

Conclusion

Calculating the area under the standard normal curve outside a specified
interval is a fundamental skill in statistics. Whether you're conducting
hypothesis tests, constructing confidence intervals, or analyzing data
distributions, understanding these tail areas enables you to interpret
probabilities accurately. By mastering the process—identifying Z-values,
utilizing standard normal tables or software, and interpreting results—you
can apply these concepts effectively across diverse statistical analyses.

Remember: Always verify your Z-values, consult reliable tables or software,
and interpret the tail areas within the context of your specific problem.
This foundational understanding enhances your ability to make informed
decisions based on statistical data.

Frequently Asked Questions

What is the significance of finding areas under the
standard normal curve outside a given interval?

Finding areas outside a specified interval helps determine the probability of
a value falling in the extreme tails of the distribution, which is useful in
hypothesis testing and assessing statistical significance.

How do you calculate the area under the standard
normal curve outside a given interval between two z-
values?

You calculate the total area (which is 1), then subtract the combined area
between the two z-values, leaving the areas in the tails outside the
interval. Specifically, area outside = P(Z < z1) + P(Z > z2), where z1 and z2
define the interval.

What are the common methods or tools used to find
these tail areas under the standard normal curve?

Standard normal distribution tables, statistical software like R or Python
libraries (SciPy), and calculator functions are commonly used to find tail
areas outside specified z-values.

How does the symmetry of the standard normal curve
simplify the calculation of areas outside an
interval?

Since the standard normal curve is symmetric about zero, areas in the tails
can be found as equal halves when the interval is symmetric, simplifying



calculations by using symmetry properties.

Can you explain the concept of confidence levels in
relation to the areas outside the standard normal
interval?

Confidence levels represent the proportion of data expected to fall within a
certain interval; the areas outside the interval correspond to the
significance level (alpha), which indicates the probability of falling in the
tails and is used in hypothesis testing.

What is the process to find the values outside the
interval between two given values on the standard
normal curve?

First, convert the given values to z-scores if they are not already. Then,
find the cumulative probabilities for these z-scores, and subtract these from
1 to find the areas outside the interval in the tails.

Why is it important to understand the areas outside a
certain interval in the context of statistical
analysis?

Understanding these areas helps in assessing extremities, determining p-
values, evaluating significance levels, and making informed decisions based
on the likelihood of observing extreme data points under the null hypothesis.

Additional Resources
Find The Area Under The Standard Normal Curve That Lies Outside The Interval
Between The Following Values

Understanding the area under the standard normal curve and how to compute it
for specific intervals is a fundamental concept in statistics, especially in
hypothesis testing, confidence interval estimation, and probability
calculations. In this detailed review, we will explore the mathematical
underpinnings, practical applications, calculation methods, and
interpretative aspects related to finding the area under the standard normal
curve outside a given interval.

---

Introduction to the Standard Normal
Distribution

The standard normal distribution, often denoted as \( Z \), is a special case
of the normal distribution with a mean of 0 and a standard deviation of 1.
Its probability density function (PDF) is given by:

\[



f(z) = \frac{1}{\sqrt{2\pi}} e^{-\frac{z^2}{2}}
\]

This bell-shaped curve is symmetric about the mean, and the total area under
the curve equals 1, representing the entire probability space.

Key properties:
- Symmetry about \( z = 0 \)
- Empirical rule: approximately 68% of data lies within 1 standard deviation,
95% within 2, and 99.7% within 3.
- The cumulative distribution function (CDF), denoted as \( \Phi(z) \), gives
the probability that a standard normal variable is less than or equal to \( z
\).

---

Understanding Areas Under the Curve

In probability theory, the area under the curve between two points \( a \)
and \( b \) (where \( a < b \)):

\[
P(a \leq Z \leq b) = \Phi(b) - \Phi(a)
\]

Similarly, the area outside this interval, i.e., the total probability of the
variable falling outside \([a, b]\), is:

\[
P(Z < a \text{ or } Z > b) = 1 - P(a \leq Z \leq b) = 1 - (\Phi(b) - \Phi(a))
\]

This can be broken down as:

\[
P(Z < a) + P(Z > b) = \Phi(a) + (1 - \Phi(b))
\]

---

Problem Statement: Finding Areas Outside a
Given Interval

Given two values \( a \) and \( b \) (with \( a < b \)), the task is to find
the area under the standard normal curve that lies outside the interval \([a,
b]\). Specifically, this involves calculating:

\[
\boxed{
\text{Area outside } [a, b] = P(Z < a) + P(Z > b) = \Phi(a) + (1 - \Phi(b))
}
\]

This problem appears frequently in statistical hypothesis testing, where tail



probabilities are important, such as in calculating p-values for two-tailed
tests.

---

Step-by-Step Approach to Computing the Area
Outside the Interval

1. Identify the values \( a \) and \( b \):
- These are the bounds of your interval.
- Ensure \( a < b \).

2. Calculate the cumulative probabilities \( \Phi(a) \) and \( \Phi(b) \):
- Use standard normal distribution tables, a calculator, or statistical
software (e.g., R, Python, Excel).

3. Compute the probability within the interval \([a, b]\):
\[
P(a \leq Z \leq b) = \Phi(b) - \Phi(a)
\]

4. Determine the probability outside \([a, b]\):
\[
P(Z < a) + P(Z > b) = \Phi(a) + (1 - \Phi(b))
\]

---

Practical Calculation Methods

1. Using Standard Normal Tables

Standard normal tables list \( \Phi(z) \) values for various \( z \). To find
the area outside an interval:
- Lookup \( \Phi(a) \)
- Lookup \( \Phi(b) \)
- Apply the formula above.

2. Using Statistical Software

- Python (SciPy library):
```python
from scipy.stats import norm

a = -1.5
b = 2.0

area_outside = norm.cdf(a) + (1 - norm.cdf(b))
print(f"Area outside [{a}, {b}] = {area_outside}")
```

- R:
```r
a <- -1.5



b <- 2.0

area_outside <- pnorm(a) + (1 - pnorm(b))
print(area_outside)
```

- Excel:
Use the `NORM.S.DIST` function.
```excel
= NORM.S.DIST(a, TRUE) + (1 - NORM.S.DIST(b, TRUE))
```

---

Examples and Applications

Example 1:
Find the area outside the interval \([-1, 1]\).

- \( \Phi(-1) \approx 0.1587 \)
- \( \Phi(1) \approx 0.8413 \)

Calculate:

\[
\text{Area outside} = 0.1587 + (1 - 0.8413) = 0.1587 + 0.1587 = 0.3174
\]

Interpretation: Approximately 31.74% of the data lies outside the interval
\([-1, 1]\).

---

Example 2:
Find the area outside \([2, 3]\).

- \( \Phi(2) \approx 0.9772 \)
- \( \Phi(3) \approx 0.9987 \)

Calculate:

\[
\text{Area outside} = 0.9772 + (1 - 0.9987) = 0.9772 + 0.0013 = 0.9785
\]

Interpretation: About 97.85% of the data falls outside the interval \([2,
3]\), indicating this is a tail region with very small probability.

---

Special Cases and Considerations

- When \( a \) and \( b \) are symmetric about zero:
The area outside the interval simplifies, especially when \( a = -b \).



- Handling extreme values:
For large \( |a| \) or \( |b| \), the corresponding \( \Phi \) values
approach 0 or 1, simplifying calculations.

- Two-tailed vs. one-tailed:
The process described is for two-tailed probability outside an interval. For
one-tailed problems, only one tail probability is calculated.

- Confidence intervals:
Often, the area outside an interval corresponds to significance levels in
hypothesis testing, such as the alpha level.

---

Graphical Representation

Visualizing the area helps in understanding the concept:

- Sketch the standard normal curve.
- Shade the region between \( a \) and \( b \).
- The remaining unshaded regions on both tails represent the area outside the
interval.
- The total unshaded area is \( \Phi(a) + (1 - \Phi(b)) \).

This visual aid clarifies how the probabilities are partitioned across the
distribution.

---

Implications in Statistical Testing

Understanding the area outside an interval is crucial for:

- Hypothesis testing:
Calculating p-values for two-tailed tests involves finding the probability of
observing a test statistic as extreme or more extreme than the observed
value.

- Confidence intervals:
The confidence level corresponds to the proportion of the distribution within
certain bounds, with the remaining probability outside representing the
significance level \( \alpha \).

- Risk assessment:
In quality control or risk management, tail probabilities indicate rare
events.

---

Limitations and Assumptions

- The calculations assume the data follows a perfect normal distribution.



- Real-world data may deviate, requiring normality tests before applying
these methods.
- For non-normal distributions, alternative approaches or transformations are
necessary.

---

Conclusion

Finding the area under the standard normal curve outside a specified interval
between two values involves understanding the properties of the normal
distribution, leveraging the cumulative distribution function, and applying
the appropriate formulas. Whether using tables, software, or calculators, the
process is straightforward once the key probabilities \( \Phi(a) \) and \(
\Phi(b) \) are known.

This concept is fundamental in statistical inference, providing insights into
tail probabilities, p-values, and confidence levels. Mastery of these
calculations enables statisticians, data analysts, and researchers to
interpret data accurately, assess risks, and make informed decisions based on
probabilistic models.

---

In summary:

- The area outside an interval \([a, b]\) under the standard normal curve is:

\[
\boxed{
\Phi(a) + 1 - \Phi(b)
}
\]

- It quantifies the probability that a standard normal variable falls outside
the specified bounds.
- Practical calculation methods are readily available, making this a vital
tool in statistical analysis.

By understanding and applying these principles, one can effectively interpret
and utilize the properties of the standard normal distribution in various
applications.
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