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Section 2.2 – Collecting Data 
 

Suppose you wanted to know the average depth of a river.  How could you collect the data that you 
needed to make the calculation? 

 
Once you’ve decided what you want to study and concluded that you need to look at a sample rather than the entire 
population, the next step is to decide how to get your sample from the population.  This process is trickier than it sounds.  
You can’t just stand outside your local Wal-Mart and ask people questions.  Statisticians, pollsters and researchers use a 
variety of methods based on their available resources and the type of data being collected. 
 

Random Samples 

With this sampling method, every member of the population has an equal chance of being selected.  The best way to do 
this is to assign every element of the population a number then randomly select several of those numbers and use the 
corresponding people as your sample.  As a general rule, random sampling is an effective method of getting an unbiased 
sample, i.e. a sample that truly represents the entire population. 
 

Example 1 – Getting a Random Sample Example 2 – Bias in a Random Sample 

A pollster wants to collect information on the 
opinions of the 1,024 people in a small city.  How 
could he collect a random sample from this 
population? 

The pollster could get a list of people and their phone 
numbers and assign a number to every person/phone, 
i.e. he would number them from 1 to 1,024.  If he then 
selected a random set of numbers between 1 and 1,024, 
his sample would be the people to whom the randomly 
selected numbers were assigned. 

What potential bias is there in the method used in 
Example 1? 

You could argue that the sample is biased because it only 
samples people who have phones, excluding anyone who 
doesn’t own a phone.  There’s some merit to that claim 
but, ultimately, a researcher has to live within the 
limitations of the real world.  Since the easiest way to 
contact people is by phone, most people have at least one 
phone and lists of phone numbers are relatively easy to 
get, this is a reasonable solution to the problem. 

 

 
The whole process of creating a random sample looks like this: 
 

Creating a Random 
Sample 

1. Obtain a list of everyone or everything in your population. 

2. Number the items in the list. 

3. Randomly pick numbers from the list.  Your sample will be the 

Manipulating Data – Cherry Picking 

A movie theater wants to show that they’re the most popular theater in the city.  To do this, they use a 
sample of people who live within 10 miles of the theater. 

This is an example of an invalid sampling method.  People are more likely to view movies at a theater near 
where they live.  By only taking people who lived nearby, the survey results would naturally favor the local 
theater. 
 
This process of selecting a sample that the surveyor knows will give the result that he wants is called cherry 
picking.  A better method that would give statistically valid results would be to randomly choose people from 
throughout the entire city. 
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people or things that were assigned the numbers that you 
randomly selected. 

 

Systematic Sampling 

Systematic sampling involves taking every nth element from a population and using those items as your sample.  This is 
particularly useful in manufacturing scenarios where a tester can pull, for example, every 100th item from an assembly 
line and test it for defects. 
 

Example 3 – Getting a Systematic Sample Example 4 – Bias in a Systematic Sample 

The quality assurance tester at a manufacturing 
plant needs to sample 1% of each production batch.  
If a batch consists of 1,000 pieces, how could the 
tester create a sample using a systematic sampling 
method? 

If the tester needs to test 1% of a 1,000 piece batch, that 
means she needs to look at 1000 · .01 = 10 pieces.  This 
means that she would have to select every 100th piece 
from the batch.  (100 = 1000 / 10, i.e. the number of 
pieces in the batch divided by the number of pieces in 
the sample.)  The best way to do this would be to select 
a random piece from the first 100 then take every 100th 
piece after that. 

In the previous example, why would it be a bad idea 
to always start your systematic sample with the first 
element made in a production run? 

It’s important that you randomize the starting point.  If 
you pick every 100th piece always starting from the first 
then your last piece would always be the 901st piece 
produced.  If you used this same approach every time and 
the process has a problem that only occurs near the end 
of the production run, e.g. a paint color running low, then 
your samples would never see the issue because they 
never got pieces from close enough to the end. 

 

 
 

Stratified Sampling 

Stratified sampling can be used when a population naturally breaks down into different categories, e.g. age or gender.  
When this happens, a researcher can take a random sample from each category or “stratum”6 and use the combined 
results as his sample.  This method has the advantage that it lets the researcher make additional conclusions based on 
individual groups within the population as well as on the population as a whole. 

                                                           
 
6 One layer would be a stratum.  Two or more layers are strata. 

Manipulating Data – Self-Selecting 

A website wants to measure support for a politician.  They put a poll on their homepage asking whether 
or not their visitors support the politician. 

In this example, the website’s visitors can choose whether or not to respond to the survey.  In this kind of 
“sampling method”, called a self-selecting survey, the majority of the people who choose to respond are often 
people who feel strongly about the issue in the question.  This approach ignores the often much larger group 
who aren't interested enough in the subject to take time away from what they were doing to answer questions 
about it. 
 
Participation bias is a similar problem researchers can encounter.  Sometimes a group of people will feel 
uncomfortable discussing a certain topic.  For example, members of some religious groups may be unwilling 
to discuss questions related to behaviors that they believe are immoral.  If a large enough group of people 
refuses to answer certain questions, the sample can stop being representative of the whole population. 
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There are two important rules you have to keep in mind when creating a stratified sample: 

1. Every member of the population has to fall into one of the groups, i.e. no person or group could potentially be 
left out of the survey. 

2. No member of the population can fall into more than one of the groups.  This eliminates the possibility that a 
person or group could be sampled more than once. 

 

Example 5 – Getting a Stratified Sample Example 6 – Problems with a Stratified Sample 

How could a student journalist get a stratified 
sample from his high school? 

American high schools classify students into four 
grades:  9th through 12th.  Each of these groups could be 
used as a single stratum.  A stratified sample could be 
created by randomly selecting students from each of the 
four grades. 
 
Notice how our high school example fits both of the two 
requirements above.  Every student is assigned to a 
grade and no student can be assigned to more than one 
grade at a time. 

What are some potential problems with using 
membership in a political party as a way to stratify a 
population? 

Political membership meets requirement (2) above 
because everyone can belong to only one political party 
at a time.  You could run into trouble with item (1) 
because some people aren’t registered members of any 
party.  You can work around this by either including a 
“non-member” group or by limiting any results you come 
up with to only people who are members of a political 
party. 

 

Creating a Stratified 
Sample 

1. Identify categories into which the population can be broken up. 

2. Make sure that the categories don’t overlap and that every 
member of the population falls into a group. 

3. Randomly select a sample from each group. 

 

Cluster Sampling 

This method is similar to a stratified sample but, instead of sampling from every group, you randomly select several of 
the groups and then take a random sample from each group.  If the individual groups are small enough you could actually 
sample every item in the group rather than just a sample.  This is an example of what’s called a “multi-stage” sampling 
method.  In the first stage, a random set of groups is chosen then, in the second stage, a random sample is taken from 
each selected group. 
 
This is probably the trickiest of all the methods to use.  Every group or cluster has to be similar to the entire population 
in order to avoid getting biased results. 
 

Example 7 – A Biased Cluster Sample 

A mayor wants to use a cluster sample to get information about the opinions of people in his city.  To do this, he 
uses zip codes as clusters.  Why is this a bad idea? 

Every zip code isn’t representative of the entire city.  For example, suppose the pollsters used by the mayor plan to 
sample ten clusters and, just by chance, they select ten rural zip codes.  Any conclusions they make would be slanted 
toward rural residents whose opinions could be very different from residents in urban areas. 
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Example 8 – Creating a Cluster Sample 

How could you create a cluster sample to sample the opinions of registered Republicans? 

You could use each state as a cluster.  Select a random number of states then sample a random selection of Republicans 
from within each state. 

This implicitly assumes that the opinions of Republicans in Illinois are going to be similar to the opinions of 
Republicans in Florida.  Whether or not that’s a good assumption is something the researcher would have to carefully 
consider before using this method. 

 

Creating a Cluster Sample 1. Break the population into groups or clusters. 

2. Confirm that all of the clusters are similar to each other. 

3. Randomly select several of the clusters. 

4. Randomly select the elements of your sample from the clusters 
you chose in (4). 

 
Convenience Sampling 

Convenience sampling is the easiest and least reliable of all the sampling methods.  This approach involves surveying the 
members of the population that are easiest to reach.  This method is highly biased and can’t be relied on to give 
scientifically useful results. 
 

Example 9 – Getting a Convenience Sample 

How could a researcher create a convenience sample to measure the opinions of residents of a city on an 
upcoming election? 

He could do this by standing outside a store and polling people as they walk out.  This is easy for the researcher to do 
but won’t produce reliable results because the people who were at the store on a given afternoon don’t represent the 
entire population. 

 

Panel Sampling 

Panel sampling is a useful method for determining how people’s opinions change over time.  To use this approach, a 
researcher would randomly select a sample from a population and ask them a list of questions.  The researcher would 
then go back to the same group of people weeks or months later and ask them the same questions.  Comparing the results 
would tell the researcher how people’s opinions had changed. 
 

Example 10 – Using a Panel Sample 

How could a panel sample be useful to a politician? 

Politicians often want to measure the effectiveness of speeches.  To do this with a panel sample, the politician would 
ask the opinions of a panel of voters, show them a recorded version of the upcoming speech then ask their opinions 
again.  Changes between the first and second set of answers would give him an idea of how effective or ineffective 
the speech was. 
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A General Approach to Data Collection 

Suppose you’re a researcher or a pollster and you want to find out some information, say the average height of two year 
olds or who people are planning to vote for.  What steps should you take?  How would you go about collecting the data 
that you need?  The general process goes like this. 
 

Collecting Data 1. Clearly define what you want to study.  Before you can do 
any research, you have to have a clear understanding of what it 
is you’re interested in. 

2. Define your population.  Don’t go too far here.  You want the 
biggest population possible so that your results have the 
maximum usefulness but you don’t want to look for so much 
that it’s impossible to get a useful sample. 

3. Define your variables.  What is it about the population that 
you want to study?  This should be something that you can 
clearly observe or measure. 

4. Select a sample.  Pick a sampling method and use it to create a 
sample.  This is often the trickiest part of the process and often 
requires some creativity. 

(continued on the next page) 

5. Collect your data.  This is the part where you actually go out 
and ask people questions, collect samples or whatever else you 
have to do to get data from your sample. 

6. Analyze the data.  We’ll be talking about methods for doing 
this throughout the rest of the section. 

 

Example 11 – Creating a Research Study 

How would you create a research plan to find the average depth of a river. 

1. We want to determine the average depth of a river. 

2. Our population will be the depths at every point in a length of the river.  Clearly we can’t look at the depth at 
every point so we’ll need to look at only a sample of the depths. 

3. Our variable will be the depth of the river at various points. 

4. There are a variety of methods that we could use to create our sample.  You might be tempted to go with random 
sampling but that’s probably not going to be a good choice.  It’s possible that one section of the river is very 
shallow compared to other areas.  If that section is large enough, it’s possible that all of your points will come 
from there giving you a skewed idea of the entire river. 

I would suggest dividing the river into 5’ wide strips.  I would then travel across the river in the center of each 
strip, taking depth measurements every 5’.  (You might need to use a larger distance, depending on the length of 
river that you need to sample.)  This is a combination of the stratified and systematic sampling methods.  The 
individual strips of river are the strata and you’re sampling from it at regular intervals.  You can think of this as 
putting a big grid over the river and taking a sample from each square in the grid. 

5. Now you have to actually go to the river, sail around, measure the depths and write down your results. 

6. Analyzing the data is a subject that we’ll take up in the following sections. 
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