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Introduction 
Surveying an entire population is generally expensive in terms of both time and money. 
We live in a country of over 300 million people, spread over 50 states and almost four 
million square miles. Thus, surveying a sample from a population is a more efficient, 
cost-effective way to estimate some characteristic of a population. In this unit, we will 
study various ways samples are gathered and discuss the importance of reducing the 
effects of bias in sampling as well as non-sampling forms. 
 
Historical Perspective 
In 1920, Reader’s Digest editors mailed postcards to people in six states, asking them 
who they were planning to vote for in the presidential campaign between Warren Harding 
and James Cox. The editors selected the names from telephone directories and 
automobile registration lists. Based on the response to the postcards, the Digest correctly 
predicted that Harding would be elected.  
 
The Digest expanded the size of its poll and made correct predictions in 1924, 1928, and 
1932, but failed in 1936. Voters gave Roosevelt a third term in office by a landslide 
victory (61%). Landon won 8 electoral votes to Roosevelt's 523. The main problem was 
with the sampling frame used by the Digest-telephone subscribers and automobile 
owners. It selected a disproportionately wealthy sample. 
 
The 1936 election saw the emergence of George Gallup who correctly predicted that 
Roosevelt would beat Landon. He used quota sampling to successfully predict the 
outcome of the election is 1936, 1940, and 1944 presidential elections, but suffered the 
embarrassment of picking New York Governor Thomas Dewey over incumbent President 
Harry Truman. 
 
The Nature of Sampling 
 A sample is some part (or subset) of a larger body specially selected to represent 

the whole (the population, or full set). Sampling is the process by which this 
subset is chosen. Sampling, then, is taking any portion of a population or universe 
as representative of that population or universe. 

 For a sample to be useful, it should reflect the similarities and differences found 
in the total group. 

 The main objective of drawing a sample is to draw conclusions about the larger 
population from the smaller sample. 

 A poll is a type of sample survey dealing mainly with issues of public opinions or 
elections, or people’s attitudes about candidates for political office, or public 
issues. 

 Polls are conducted by large polling organizations such as the Roper poll, the 
Harris poll, the American Institute of Public Opinion, and the National Opinion 
Research Center. 

 A census is a survey in which information is gathered from or about all members 
of a population 



AP Statistics – A Summary of Sampling and Sampling Methods 

A Summary of Sampling and Sampling Methods  Page 2 

Sampling Concepts 
 Population/Target population: This is any complete, specified collection of 

study elements. It is usually the ideal population or universe to which research 
results are to be generalized. For example, the voting population of the U.S. 

 Element (or member): This is that unit about which information is collected and 
that provides the basis of analysis. In survey research, elements are people or 
certain types of people. 

 Sampling frame: This is the actual list of sampling units from which the sample, 
or some stage of the sample, is selected. It is simply a list of the study population. 

 Sample design: This refers to a set of rules or procedures that specify how a 
sample is to be selected. This can either be probability or non-probability. 

 Sample size: The number of elements in the obtained sample. 
 Sampling error: This is the degree of error to be expected for a given sample 

design or the difference between the sample mean and the population mean. 
 Sampling bias: This refers to the notion that those selected are not "typical" or 

"representative" of the larger populations that have been chosen from. 
 Statistic: the summary description of a given variable in a sample. 
 Parameter: the summary description of a given variable in a population. 
 Statistical inference: The process of drawing conclusions about a population 

from the information that is extracted from sample data. In statistical inference, 
we use a statistic (a result gathered from a sample) to estimate a parameter (an 
unknown fact about a population). 

 
Methods of Sampling 
Methods of sampling can be placed into one of two categories, probability sampling or 
non-probability sampling. The key distinction between the two lies in the use (or non-
use) of random chance to allow each member of the population the opportunity to be 
chosen in the sample. As such, these two categories of sampling methods can also be 
called random or non-random sampling. 
 
Probability Sampling is any sampling method in which every unit in the population has 
a chance (greater than zero) of being selected in the sample, and this probability can be 
accurately determined. In addition, the selection of persons from the population is based 
on some form of random procedure. The combination of these traits makes it possible to 
use statistics to produce unbiased estimates of population parameters. 
 
Non-Probability Sampling is any sampling method where some elements of the 
population have no chance of selection or where the probability of selection can't be 
accurately determined. It involves the selection of elements based on assumptions 
regarding the population of interest, which forms the criteria for selection. Hence, 
because the selection of elements is non-random, non-probability sampling does not 
allow the estimation of sampling errors. These conditions give rise to exclusion bias, 
placing limits on how much information a sample can provide about the population. 
Information about the relationship between sample and population is thus limited. 
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Types of Random Sampling 
Simple Random Sample – this is, as its name suggests, random sampling in its most 
basic form. In a simple random sample (SRS) of a given size n, all members of the target 
population are given an equal probability of selection and all subsets of size n have equal 
probability of selection. Furthermore, the population is not subdivided or partitioned. 
This minimizes bias and simplifies the analysis of results. 
 
However, an SRS can be vulnerable to sampling error because the randomness of the 
selection may result in a sample that doesn't reflect the makeup of the population. For 
instance, a simple random sample of ten people from a given country will on average 
produce five men and five women, but any given trial is likely to over-represent one sex 
and under-represent the other. Systematic and stratified techniques, discussed later, 
attempt to overcome this problem by using information about the population to choose a 
more representative sample.  
 
Example 1 – Drawing a Simple Random Sample from a target population 

Suppose we wish to select 100 students at random from a high school that has 2400 
students. There are numerous ways to get an SRS from such a known, defined 
population. A few ideas: 

• Write each students name on a slip of paper, mix all of the slips together in a large 
container, then reach in and grab 100 of them. Possible, but impractical. 

• Give each student a unique number from 1-2400, then use a computer program 
(know as a random number generator) to generate 100 of these numbers. 

• Give each student a unique number from 1-2400, then use a table of random digits 
to select 100 of the student numbers. 

 
In this chapter, we will generally use a random digit table to select samples. This is 
because it allows us all to arrive at the same result, given that we use the same starting 
point. At times, we will use computer programs as they are faster and more efficient. 
However, we will all get different samples in this case, which doesn’t work well when we 
are selecting a sample as part of a quiz or test question and need a “correct” answer.  
 
If you decide to use a table of random digits such as the one in our book, here’s what you 
need to do:  

1. Use the number of digits in the table that is appropriate for your population size 
(for example, if there are 500 people in the population then use 3 digits).  

2. Pick a place to start (usually a given line number), and then move left to right. 
When you run out of digits in that line, go to the next line. 

3. If you get a number outside the range of your population, skip it. 
4. If you get the same number twice, just ignore it and move on to the next number. 

This is called sampling without replacement. 
5. Once you get the complete set of randomly selected numbers, find out who those 

people are and try to get them to participate in your research study.  
 



AP Statistics – A Summary of Sampling and Sampling Methods 

A Summary of Sampling and Sampling Methods  Page 4 

Selecting our SRS Now let’s get specific to the situation posed earlier – selecting an 
SRS of 100 students from a school population of 2400. 
 

1. We have 2400 students, which is a 4-digit number. Thus we need to assign each 
student a unique, 4-digit number in the range 0001-2400. This would be done best 
by using an alphabetical listing of the students where the first student is assigned 
0001, the second 0002, and so on. Note that we use 0001, 0002, 0003,... instead of 
1,2,3... as we cannot just one-digit numbers due to the size of the population. 

2. Let’s start at Line 121 from the random digit table (reproduced below). The “/” 
represents the separation between each 4-digit number read. 

3. The first 4-digit number we read is 7148. This number is outside the acceptable 
range (it is greater than 2400) so we skip it and move on. 

4. After that we get 7099, 8429 (neither usable) followed by 0771 – our first 
selection! Our next usable result is 2245, directly followed by 1025. 

5. We now have 3 students selected. We will not go any further, but this process 
would continue until we have 100 unique identifiers in the range 0001-2400. 

 
121   7148/7 099/84 29/077 1/4863/ 6168/3 470/52 62/224 5/1025 

 
Systematic Sample – Systematic sampling requires an ordered list of the sampling frame 
(say alphabetical) and involves three steps:  

1. Determine the sampling interval, which is symbolized by "k" (it is the population 
size “N” divided by the desired sample size “n”).  

2. Randomly select a number between 1 and k, and include that person in your 
sample. 

3. Also, include each kth element in your sample. For example if k is 10 and your 
randomly selected number between 1 and 10 was 7, then your sample becomes 7 
and every 10th number after it: 7, 17, 27, 37, 47, etc....  

 
Under this systematic method, when you get to the end of your sampling frame you will 
have all the people to be included in your sample. 
 
Example 2 – Drawing a Systematic Sample from a target population 

Suppose, again, we wish to select 100 students at random from a high school that has 
2400 students. We will now show how this could be done systematically. We must first 
obtain an alphabetical listing of all 2400 students at the school from which to derive our 
sample.  Now perform the three required steps: 

1. Begin by determining the value of k, found using the formula 2400 24.
100

Nk
n

= = =   

2. Now randomly select a number between 1 and 24. Let’s use the first line of the 
random digit table. The first 2-digit number is 19, so that is our first selection. 

3. Then take every 24th student after that: 19, 43, 67, 81, 105, etc....  
 
We have our sample of 100 students, the last of which will be student number 2395. 
A few notes about the systematic method: 
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1. This method is quick and easy to implement. 
2. As long as the number from 1 to k is chosen using a random process, this can be 

viewed as a probability (or random) sampling method. 
3. A systematic sample is not an SRS. While it gives all members of the target 

population an equal chance of being chosen, it does not allow for all possible 
samples of a given size to be chosen. In fact the possible outcomes are very 
limited in this method (in the example, we only have 24 possible groupings). 

4. Systematic sampling may spread the members of the target population more 
evenly than an SRS, therefore providing a more representative sample. 

 
Stratified Sample – In this sampling technique the researcher divides the entire target 
population into different subgroups, or strata, and then randomly selects a sample of 
subjects from each of the different strata. These subsamples are then combined to make 
the complete sample.  This ensures that the researcher has adequate amounts of subjects 
from each subgroup in the final sample. For example, the strata chosen may be gender 
(male/female). This would guarantee a fair representation of both males and females in 
the final sample, which may lead to more reliable results. 
 
There are two types of stratified sampling: proportionate stratified (where the strata 
sample sizes are made proportional to the strata population size) and disproportionate 
stratified (strata sample sizes are not proportional to the strata population size). For 
example, suppose we wish to take a sample of size 100 from a population that is 60% 
female and 40% male. We could choose to make our sample sizes proportionate (60 
females, 40 males) or disproportionate (50 females, 50 males). The proportionate method 
is the most common and logical, as it creates a sample that “looks like” the population. 
 
Example 3 – Drawing a Stratified Sample from a target population 

Once again we will consider the task of selecting 100 students at random from a high 
school with a total population of 2400 students. To use stratification, we might decide to 
do so by grade level (9th, 10th, 11th and 12th) which will guarantee that our final sample 
properly represents each of the classes (Freshmen, Sophomore, Junior, Senior). 
 
For simplicity, let’s assume that each classes consists of exactly 600 students (25% of the 
student population). We choose to use a proportionate stratification where our final 
sample of 100 consists of 25 freshmen, 25 sophomores, 25 juniors and 25 seniors. 
 
To do this, we will number the students in each class 001-600 and, using a random digit 
table, select an SRS of 25 students in each grade level. Suppose we a start by choosing 
our 25 freshmen at Line 121 of the random digit table (shown below): 
 

121  714/87 0/998/4 29/077/ 148/63 6/168/3 47/052/ 622/24 5/102/5 
 
Our first 5 selections would thus be students 429, 077, 148, 168 and 347. We continue 
until we have exactly 25 freshmen, then repeat the process with the other three classes.  
A few notes about the stratified method: 
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1. This method requires more work than an SRS, but the final results are likely to be 
worth the extra effort since we will have a balanced, representative sample. 

2. The strata should be chosen due to some relevant variable such as grade-level in 
the previous example. An arbitrary stratification such as left-handed/right-handed 
people is not likely to yield results that make any difference. 

3. A stratified sample is not an SRS. While it gives all members of the target 
population an equal chance of being chosen, it does not allow for all possible 
samples of a given size to be chosen. Any time our method guarantees a certain 
makeup of the final sample (as stratification does) we violate that aspect of the 
SRS definition. 

 
Cluster Sample – In this type of sampling you randomly select groups or clusters rather 
than individual units. Cluster sampling may be used when it is either impossible or 
impractical to compile an exhaustive list of the elements that make up the target 
population. Usually, however, the population elements are already grouped into natural 
subpopulations and lists of those subpopulations already exist or can be created. For 
example, let’s say the target population in a study was church members in the United 
States. There is no list of all church members in the country. The researcher could, 
however, create a list of churches in the United States, and then choose a sample of 
churches, using all members of the selected churches as the sample. This is an example of 
a one-stage cluster sample. 
 
In a two-stage cluster sample, clusters are first randomly selected, then individuals from 
each cluster are randomly sampled to create the final sample to use for the study. In the 
previous example involving churches, the second stage would start with obtaining lists of 
members from those churches, then randomly selecting members from each church. 
 
Example 4 – Drawing a Cluster Sample from a target population 

One last time, let’s look at our goal of randomly sampling 100 students out of a 
population of 2400. The clusters could be classrooms during 2nd period. Suppose there 
are 80 classrooms at our school. We number them 01-80 and choose a random sample of 
20 of them. Then we take a random sample of 5 students in each of these 20 classes. Now 
we have our sample of 100 students. We could have also sampled just 10 classes, then 
selected 10 random students in each class to get our 100 students. 
 
The method described above utilized a two-stage approach. We may have also tried a 
one-stage approach by randomly selecting 3 classrooms, then using all students in those 
three classes to make our sample. This is unlikely, however, to produce a sample of 
exactly 100 students. If we are willing to accept that, then the process of a one-stage 
cluster sample will be easier to conduct and less time-consuming. 
 
In summary, the use of cluster sampling can make the job of selecting a sample easier 
when the members of the population are arranged in natural groups. This is done by 
selecting groups of individuals rather than individuals, one at a time.  
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In Review – Random Sampling Methods 
The use of a random procedure in selecting a sample from a population is a very 
important feature of statistical studies, accomplishing several goals.  
 
First, random sampling generally produces samples that are representative of the 
populations they correspond to. This is an important goal in statistical studies. 
 
Secondly, randomization removes human bias from the selection process. Random 
number generators and tables of random digits will not make the mistakes that humans do 
when they allow their own personal biases to creep into the selection process. 
 
Lastly, sampling error can easily be analyzed when the selection process is random. Non-
random methods introduce all kinds of biases, whose unknown effects cannot be properly 
measured by any statistical methods. 
 
Types of Non-Random Sampling 
Convenience Sample – Convenience sampling is probably the most common of all 
sampling techniques. With convenience sampling, the samples are selected because they 
are accessible to the researcher. Subjects are chosen simply because they are easy to 
recruit. This technique is considered easiest, cheapest and least time consuming. The end 
result is that convenience samples tend to be made up of individuals who are similar to 
one another, thus not providing a diverse, representative sample of the target population. 
 
Too see this effect, go back to our selection of 100 students at a school of 2400 students. 
One teacher might volunteer to use students in her first 3 classes of the day to create the 
sample. If we allow that as our sample, we might easily end up with students all in the 
same grade. Or perhaps the teacher only teaches honors-level courses. Now we have a 
sample of high-achieving students – clearly not representative of all students at the 
school. Survey results from either one of these samples cannot truly be trusted to reflect 
the opinions of the entire student body. 
 
Voluntary Response Sample – In this method, individuals are given the opportunity to 
volunteer to take part in a survey, often from a general appeal such as in a radio program 
call-in or an advertisement in a school newspaper. Volunteers will tend to be people that 
have an interest in the topic of the survey. While that might sound good at first, the 
reality is that the responses will probably be from people who have strong opinions on 
either end of the spectrum. Unfortunately, such responses are not likely to represent those 
of the general population. 
 
Quota Sample – Quota sampling is a non-random sampling technique wherein the 
researcher ensures equal or proportionate representation of subjects depending on which 
trait is considered as basis of the quota. The bases of the quota are usually age, gender, 
education, race, religion and socioeconomic status. The selection process uses 
convenience sampling to obtain the people to meet the quotas.  
 



AP Statistics – A Summary of Sampling and Sampling Methods 

A Summary of Sampling and Sampling Methods  Page 8 

For example, A set of quotas might be given to you as follows: find 25 African American 
males, 25 European American males, 25 African American females, and 25 European 
American females. You use convenience sampling to actually find the people, but you 
must make sure you have the right number of people for each quota.  
 
While this might sound like a stratified method, no randomness is involved in the 
selection of the sample. The use of convenience ensures the likelihood of some form of 
bias, in spite of the apparent attempt to fairly represent the population 
 
Judgment Sample – Like quota sampling, this method looks at the makeup of the 
population, then researchers attempt to choose a representative sample to fit that 
perceived makeup. No quotas are set and no randomization is utilized – all is left to the 
judgment of the researcher. Obviously this will be biased in favor of the view of the 
population, seen through the eyes of the particular researcher or researchers. 
 
As a simple example, suppose you and 4 other students at your school are asked to pick 
10 fellow students who best represent the student body. The results may be wildly 
different as each student might have a completely different picture of the makeup of the 
population of students at your school. 
 
Snowball Sample – In snowball sampling, you start with one or a few participants, ask 
them for more, find those, ask them for some, and continue until you have a sufficient 
sample size. (i.e., each research participant is asked to identify other potential research 
participants who have a certain characteristic). This technique might be used for a hard to 
find population (e.g., where no sampling frame exists). 
 
For example, if a researcher wishes to interview undocumented immigrants from Mexico, 
he or she might interview a few undocumented individuals that he or she knows or can 
locate and would then rely on those subjects to help locate more undocumented 
individuals. This process continues until the researcher has all the interviews he or she 
needs or until all contacts have been exhausted. This method suffers from the same 
drawbacks as convenience sampling as people are likely to bring in others who are 
similar to themselves, creating a narrow sample of the population.  
 
In Review – Non-Random Sampling Methods 
Non-random sampling techniques have advantages in that they are easier to undertake 
and typically less costly than random methods. Sometimes, the use of a random method 
may not be practical or possible at all. Such methods might also be useful in preliminary 
research, before a more formal study is undertaken. So these methods have their place, 
but with limited application. 
 
Unfortunately, the lack of a random procedure in selecting a sample from a population is 
a serious drawback in statistical studies. This tends to make for non-representative 
samples and does not cast a wide enough net to allow all individuals in a population to 
have an opportunity to be chosen for the sample. Thus, results from such surveys are not 
likely to give us accurate information about the greater population. 
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