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Understanding the relationship between sample size and the standard deviation of the sample mean is
fundamental in statistics, especially when planning studies or experiments. When a population has a
known standard deviation, determining the appropriate sample size ensures that the sample mean
accurately reflects the population with a desired level of precision. In this article, we will explore how to
calculate the necessary sample size to achieve a specific standard deviation (also known as the
standard error) of the sample mean, focusing on the scenario where the population standard deviation

is 20.

Understanding the Basics: Population Standard Deviation and

Sample Mean

What Is Population Standard Deviation?

- The population standard deviation (D) measures the spread or variability of individual data points
within a population.
- It indicates how much individual data points differ from the population mean (u).

- In our case, D = 20.



Sample Mean and Standard Error

- The sample mean (\(\bar{x}\)) is the average of a sample drawn from the population.
- The standard error (SE) of the sample mean quantifies how much the sample mean is expected to
vary from the true population mean.

- SE is calculated as:

\[
SE = \frac{\sigma}{\sqrt{n}}
\]

where:
- [l = population standard deviation

- n = sample size

Determining the Sample Size for a Desired Standard Error

Why Is Sample Size Important?

- Larger samples tend to produce more precise estimates of the population mean.

- The goal often involves balancing the desired precision with resource constraints.

Setting a Target for Standard Error

- Suppose you want the standard error (SE) to be at most a certain value, say, 5.

- Then, you need to find the minimum sample size (n) satisfying:

\[



SE \leq \text{desired SE}
\

- Rearranged, the formula becomes:
\[

n \geq \left( \frac{\sigma}{\text{desired SE}} \right)"2
\]

Applying the Formula with D = 20

- Let's assume a target standard error of 5 (this is adjustable based on your precision needs).

\[
n \geq \left( \frac{20}{5} \right)*2 = (4)*2 = 16
\]

- Therefore, a sample size of at least 16 is needed to have a standard error of 5 or less.

General Approach for Calculating Sample Size

Step-by-Step Process

1. Identify the population standard deviation (D). In this case, D = 20.

2. Determine the desired maximum standard error (SE). This depends on the level of precision



required.
3. Use the formula:
\[
n = \left( \frac{\sigma}{SE} \right)"2

\

to compute the minimum sample size.

Factors to Consider When Choosing the Desired SE

¢ The level of confidence needed for the estimates.
e The acceptable margin of error in the study.

¢ Resource constraints, such as time and budget.

Examples of Sample Size Calculations

Example 1: Achieving a Standard Error of 4

- Given:



- \(\sigma = 20\)
- Desired SE =4

- Calculation:

\[
n = \left( \frac{20}{4} \right)*2 = (5)*2 = 25
\]

- Result: A sample size of at least 25 is needed.

Example 2: Achieving a Standard Error of 2

- Given:
- \(\sigma = 20\)
- Desired SE = 2

- Calculation:
\[
n = \left( \frac{20}{2} \right)*2 = (10)*2 = 100

\

- Result: A sample size of at least 100 is necessary.

Implications of Sample Size on Statistical Analysis



Precision of Estimates

- Larger samples reduce the standard error, leading to more precise estimates of the population mean.

- Conversely, smaller samples result in higher variability, reducing confidence in the estimates.

Confidence Intervals

- The width of confidence intervals depends on the standard error.

- Smaller standard errors produce narrower confidence intervals, indicating more precise estimates.

Power of Statistical Tests

- Adequate sample sizes increase the power to detect true effects or differences.

- Underpowered studies (with small n) risk missing meaningful findings.

Additional Considerations in Sample Size Determination

Population Variability

- If prior data suggest that the population has greater variability, larger samples are necessary.

- Accurate estimation of D is crucial for precise calculations.

Type of Study

- Different statistical analyses have varying sample size requirements.
- For example, hypothesis testing, confidence interval estimation, and regression analysis each have

specific considerations.



Adjustments for Finite Populations

- When sampling from a finite population, a finite population correction (FPC) factor can be applied to

reduce the needed sample size.

Handling Non-Response and Dropouts

- In practical scenarios, increase the calculated sample size to account for potential non-responses or

participant dropouts.

Conclusion: How Large Should Your Sample Be?

In summary, when the population has a known standard deviation of 20, determining the appropriate
sample size hinges on the desired precision of the estimate, expressed as the standard error. By

applying the formula:

\[
n = \left( \frac{\sigma}{SE} \right)"2
\]

researchers can calculate the minimum number of observations required to achieve their targeted
accuracy. For example, to obtain a standard error of 5, at least 16 samples are necessary; for a
standard error of 2, at least 100 samples are needed. These calculations serve as vital tools in

designing statistically robust studies, ensuring that results are both reliable and meaningful.

Remember, the choice of the desired standard error should be grounded in the specific objectives of
your research, the acceptable margin of error, and resource availability. Proper planning in sample size

determination not only enhances the validity of your findings but also optimizes the use of resources,



ultimately contributing to credible and impactful research outcomes.

Frequently Asked Questions

What is the minimum sample size needed to achieve a specific
standard deviation in a population with a known standard deviation of

207

To determine the required sample size, use the formula n = (D | E)?, where D is the population
standard deviation and E is the desired standard deviation of the sample mean. Rearranged, n = (20 /
E)=

If | want the standard deviation of the sample mean to be 5, how large

should my sample be when the population standard deviation is 209

Using the formula n = (D / E)?, substitute D =20 and E=5:n=(20/5)* = 42 = 16. So, a sample size

of 16 is necessary.

How does increasing the sample size affect the standard deviation of
the sample mean when the population standard deviation is constant?

Increasing the sample size decreases the standard deviation of the sample mean, following the

relationship D/Dn. Larger n results in a more precise estimate of the population mean.

What assumptions are made when calculating the necessary sample
size based on population standard deviation?

The calculation assumes that the population standard deviation is known, the data are normally

distributed or the sample size is large enough for the Central Limit Theorem to apply, and the sampling



is random and independent.

Can you determine the sample size needed to reduce the standard
deviation to a specific level if the population standard deviation is 209

Yes. Given the desired standard deviation E for the sample mean, the necessary sample size is n =

(20 / E)>. For example, to reduce the standard deviation to 2, n = (20 / 2)? = 100.

Additional Resources

A Population Has A Standard Deviation Of 20: How Large A Sample Is Necessary To Have A

Standard Error of the Mean Less Than 5?

In the realm of statistical analysis, understanding the relationship between population parameters and
sample characteristics is paramount. Researchers often grapple with questions such as: What sample
size is sufficient to achieve a desired level of precision? When it comes to estimating the population
mean, the standard deviation (D) plays a crucial role in determining the sample size necessary for
reliable inference. This article dives deep into this question, focusing on a population with a known
standard deviation of 20, and explores how large a sample must be to ensure the standard error of the

mean (SEM) falls below a specified threshold—in this case, less than 5.

Understanding the Core Concepts

Before delving into calculations and implications, it’s essential to clarify the foundational statistical

concepts involved.



Population Standard Deviation ([l)

The population standard deviation (D) measures the spread or dispersion of data points in the entire
population. It quantifies how much individual data points deviate from the population mean (u). In our

case, [I is given as 20.

Sample Size (n)

Sample size refers to the number of individual observations drawn from the population. It directly

influences the precision of the sample mean as an estimator of the population mean.

Standard Error of the Mean (SEM)

The SEM indicates how much the sample mean (xl:l) is expected to fluctuate around the true

population mean (u) across different samples. It is calculated as:
\[ text{SEM} = \frac{\sigma}{\sqrt{n}} \]
where:

- [l = population standard deviation

- n = sample size

A smaller SEM indicates that the sample mean is a more precise estimate of the population mean.



Defining the Problem: Achieving a Desired Standard Error

Given the population standard deviation (D = 20), the key question becomes:

"How large must n be such that the standard error of the mean (SEM) is less than 57"
Expressed mathematically:

\[ \frac{\sigma}{\sqrt{n}} < 5 \]

This inequality serves as the basis for determining the minimum sample size required.

Deriving the Sample Size Formula

Starting from the inequality:
\[ \frac{\sigma}{\sqrt{n}} < 5 \]
we substitute [l = 20:

\[ \frac{20}{\sqrt{n}} < 5 \]

To solve for n:

1. Multiply both sides by [ln:

\[ 20 < 5 \sqrt{n} \]



2. Divide both sides by 5:

\[ \frac{20}{5} < \sqrt{n} \]

\[ 4 <\sqrt{n} \]

3. Square both sides to solve for n:
\[ (4)*2 < n\]

\[16 <n ]

Thus, to ensure the standard error of the mean is less than 5, the sample size n must be greater than

16.

Therefore, the minimum sample size is n = 17, since sample sizes are discrete whole numbers.

Implications and Practical Considerations

While the calculation suggests n = 17 as the minimum, several factors influence the choice of an exact

sample size in practice.

1. Rounding and Conservatism

- Because the inequality requires n > 16, and sample sizes are integers, n = 17 suffices.

- However, researchers might choose a larger n to account for variability or potential data issues.



2. Confidence Level and Margin of Error

- The above calculation pertains to the standard error, which influences the confidence interval width.
- If the goal is to achieve a specific confidence level (e.g., 95%) with a certain margin of error, the

sample size calculation would incorporate the z-score corresponding to that confidence level.

3. Population Distribution and Normality

- If the population distribution is known to be normal or approximately normal, the sample size
requirements are straightforward.

- For non-normal distributions, larger samples may be necessary for reliable inference.

4. Practical Constraints

- Budget, time, and resource availability may limit the feasible sample size.

- Researchers often balance statistical ideals with practical realities.

Extensions: Adjusting for Confidence Intervals and Other

Parameters

While the primary focus is on standard error, researchers often desire to construct confidence intervals
for the mean with a specified margin of error (E). The general formula for sample size in such contexts

is:



\[ n = \left( \frac{z \sigma}{E} \right)"2 \]
where:

- z = z-score corresponding to the desired confidence level (e.g., 1.96 for 95%)

- E = desired margin of error

Applying this to our case, if the goal were to have a 95% confidence interval with margin of error less

than 5:
\[ n = \left( \frac{1.96 \times 20}{5} \right)*2 = \left( \frac{39.2}{5} \right)"2 = (7.84)"2 \approx 61.47 \]

Thus, approximately 62 samples would be needed to ensure the margin of error is less than 5 with

95% confidence.

Conclusion: From Theory to Practice

The calculation demonstrates that, given a population with a standard deviation of 20, a sample size of
17 is sufficient for the standard error of the mean to be less than 5. However, depending on the
context—such as the desired confidence level, margin of error, and practical constraints—researchers

might opt for larger samples.
Key takeaways:

- The sample size required depends critically on the population standard deviation and the precision
goals.
- For basic estimation of the mean with a standard error less than 5, n = 17 suffices.

- For confidence interval purposes and more stringent accuracy, larger samples are often necessary.



- Understanding these relationships helps researchers design studies that balance statistical rigor with

practical feasibility.

In summary, a population with a known standard deviation of 20 provides a clear pathway to
calculating the necessary sample size for precise estimation. Whether for academic research, policy
analysis, or business decision-making, such calculations form the backbone of effective study design

and reliable inference.
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