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‘ WHAT'S COVERED

This tutorial will explain how to calculate standard error for both sample means and sample
proportions. It will cover both when the population standard deviation is unknown and known. Our
discussion breaks down as follows:

1. Standard Error for Sample Means
2. Standard Error for Sample Proportions (Population Standard Deviation Is Unknown)

3. Standard Error for Sample Proportions (Population Standard Deviation Is Known)

1. Standard Error for Sample Means

The standard error for sample means is used when we have quantitative data and can be calculated using the
following formula:

& FORMULATO KNOW

Standard Error of a Sample Mean
5

75

It is the sample standard deviation, s, over the square root of the sample size, n.

& EXAMPLE The amount of fallen snow, in inches, is recorded for one week in Minneapolis.

Day Sunday Monday Tuesday Wednesday Thursday Friday Saturday

m 1.5 3 475 8 0.3 2 295

What is the standard error of the sample mean?

The very first question we always want to ask ourselves is, "What type of data are we dealing with? Is this



quantitative or qualitative data (which is also known as categorical data)?"

Inches of snow is a quantitative variable, so we're looking for the standard error of a sample mean.

Recall that "s" stands for the standard deviation of the sample, and "n" is the sample size. In this case, we

have seven pieces of data for the week, so our sample size is seven.

One way to find the standard deviation is on a graphing calculator. We'll want to enter the data into a list. To
get there, go ahead and hit the "Stat" button, and hit "Enter" for edit, and we're going to insert the data into
List One.

TI-84 Plus C Silver Edition
IWWMENTS
HORHAL FLOAT AUTO REAL RADIAH HF n

At first, wé have 1.5 inches of snow, so type 1.5, then hit Enter. Next it snowed 3 inches, then it snowed a lot,
475 inches up to 8 inches. Then it tapered off to 0.3 inches. On Friday, there were 2 inches of snow. Finally,

on Saturday, there were 2.95 inches of snow.

Once we've entered all of that data, we can exit out of this screen by hitting 2nd Mode. Now, to get s, the
standard deviation of this sample, we need to get the sample statistics from that list of data. To do so, hit

the Stat button, scroll over to Calc, and we're interested in the first function, one variant statistics.



TI-84 Plus C 5ifver Edition
J_':.J TeEXAS INSTRUMENTS
HORMAL FLOAT AUTOD REAL RADIAM HF

EDIT TESTS
jl1-Var Stats
2:2-Var Stats
3: Med-Med
4:LinRes{ax+b)

Go ahead and hit Enter. We want it for List One, so we're going to hit 2nd 1, and we can see the L1in the
upper left hand corner above the one button. Hit Enter, and we get all sorts of useful data for this set of

data.

:ll‘ ﬂ

®=3.214285714
Ix=22.5
Iwi=110.685
Sx=2.525%984014
ox=2.3386Q6772
n=7

minK=.3
4Q1=1.5
| |

We have the x-bar, which is the mean. We also have s of x and sigma of x, as well as the sample size, which

is seven.

We also get the five number summary, which is quite useful for other types of problems. However, for this
problem, we're interested in the standard deviation of the sample. Remember, this is a sample, not a
population, so we want to use the value for s of x, not sigma of x. Remember, population statistics are noted

with Greek letters.

In this case, since itis just a sample, we're going to use the 2.526 (which is rounded). We'll divide 2.526 by

the square root of 7 to calculate the standard error.

2.526 _ 2.528
ST 2.64575

=0.955

The standard error equals 0.955.

Another method to calculate the standard error of the sample mean is in Excel. The first thing we need to



do is calculate s, which is the standard deviation from your sample. We'll go to the "Formulas' tab, select the
"Statistical" option and look for the standard deviation of a sample. This is indicated with "STDEV.S". The
"STDEV.P" is the standard deviation of the population, but remember, we are just dealing with a sample.

Next, insert the data, separating each data value with a comma, and hit Enter.

A B
1 |=STDEV.5(1.5,3,4.75,8,0.3,2,2.85) |

2

3

i 2525984014
2
k]

Notice how we get the same value that we got in our calculator under s of x. Now, we're going to finish
calculating the standard error, which was s divided by the square root of n. In a new cell, we'll type the equal
sign and then click on A1 with our mouse since that is where the s-value is. This automatically inserts that
value. Next, divide by the square root of n. To get the square root, we have to insert a formula. The square
root is just under "Math and Trigonometry", and is indicated with SQRT. Enter the sample size of 7.

A B
1 25258840141
2
3 |=a1/saRT(7) |
A B
1 2525984014
2
3 0,954732217

Notice how we get the same value as we did on our calculator for standard error, 0.955.

2. Standard Error for Sample Proportions
(Population Standard Deviation Is Unknown)

Sample proportions use data that is qualitative, or categorical. When calculating the standard error for sample
proportions, you need to consider whether or not you know the population standard deviation. If the population
standard deviation is NOT known, you will use the following formula:

& FORMULATO KNOW

Standard Error for Sample Proportions (Population Standard Deviation Unknown)
e
n
B = sample proportion of success
& =complement of

n =sample size

The formula to calculate the standard error is p-hat times g-hat, divided by n, all under the square root. We're
actually going to use the data that was given to us, which are estimates -- that's what the hat indicates.



& EXAMPLE A survey is conducted at the local high schools to find out about underage drinking. Of the
523 students who replied to the survey, 188 replied that they have consumed some amount of alcohol.

What is the standard error of the sample proportion?

These students are either answering yes or no on the survey: "Yes, I've drank some amount of alcohol" or
"No, | have not drank some amount of alcohol". That is qualitative data, also known as categorical data.

Therefore, we're dealing with a sample proportion.

Whenever we're dealing with a sample proportion, the next question we need to ask ourselves is, "Do |
know the population standard deviation?" In this case, we do not have any of that information. So we will use

the standard error formula with the sample data, p-hat and g-hat.

The first thing we need to do is to figure out what p-hat is, based off of the information given to us. In this
case, the p-hat is what we're interested in, and that is how many have answered yes to participating in
underage drinking. That would be 188 out of 523 students, or 188/523, which is about 36% of the students.

Now, we also need the complement, which would be g-hat. This is also written as 1 minus p-hat. One minus
the 188 out of 523, or 1- 0.36, tells us that 0.64, or 64%, of the students have not participated in underage
drinking. To always make sure our math is correct, remember that our p-hat and g-hat should add up to 1,

because they're complements of each other.

p+3=0.36+0.84=1

Now, we can plug in those values into the formula.

pq _ [(0.38)(0.64) _ \/ 0.2304 _ _
\/ - 23 £ =+0.00044 =0.021

We have 0.36 for p-hat, 0.64 for g-hat, and the total sample, n, was 523 students. This calculates to a
standard error that is 0.021.

3. Standard Error for Sample Proportions
(Population Standard Deviation Is Known)

When we have a sample proportion where we do know the population standard deviation, we can use the
following formula:

& FORMULATO KNOW

Standard Error for Sample Proportions (Population Standard Deviation Is Known)



Pg

n
p =population proportion of success
q =complement of p
n =sample size
We do not need to use the sample data, p-hat, to make the estimate for the standard error. We actually know
the population parameters we can use this information.

@ EXAMPLE Revisiting our prior example, a survey is conducted at the local high schools to find out about
underage drinking. Of the 523 students who replied to the survey, 188 replied that they have drank some

amount of alcohol. The proportion of underage drinkers nationally is 39%.
What is the standard error of the sample proportion?

We are still looking at the students who were surveyed about underage drinking, but notice how this
scenario added on that the proportion of underage drinkers nationally is 39%. We're still calculating the
standard error of the sample proportion, but in this case, we know the population standard deviation, which

is 39%. We're going to use the formula of square root of pq over n.

We're going to use 39%, or 0.39, for p. This is another way of indicating population proportion. We can then
use this to find g, which is the complement of p. The complement of 0.39 is calculated by 1 minus 0.39, which

equals 061, or 61%. Sometimes we'll see this written as py and qg.

The sample size, n, is still 523 students who were surveyed.

(— \/ (0.39)(0.61) \/0.23?9 — J0.000455 = 0.021

523 523

The standard error is 0.021.

SUMMARY

Today we learned how to calculate standard error, and practiced identifying which formula to use,
based on the information given for these three formulas: Sample Means, Sample Proportion
(population standard deviation is unknown), and Sample Proportion (population standard deviation is

known).

Source: THIS TUTORIAL WAS AUTHORED BY RACHEL ORR-DEPNER FOR SOPHIA LEARNING. PLEASE SEE
OUR TERMS OF USE.

[ TERMS TO KNOW


https://www.sophia.org/terms/

Standard Error

The standard deviation of the sampling distribution of sample means distribution.

B FORMULAS TO KNOW

Standard Error

5
Sample Means: T

,’ Pq
Sample Proportion (population standard deviation is unknown): n

pa

Sample Proportion (population standard deviation is known): n



