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What are the appropriate methods for collecting data?  Why collect data in the first place?  Sometimes as 

researchers we may be required to find answers to specific questions with an acceptable level of uncertainty. 

For instance we may wish to know “What percent of Americans believe we should have been involved in a war 

in Afghanistan?”  Or perhaps “What proportion of Americans save at least 10% of their income?”  To answer 

these questions we obviously can’t question the entire American population since it is not practical or even 

feasible so we will pose these questions with a survey to a sample (part of) of the population (the whole group 

we want information about).  A survey is one example of what is referred to in statistics as an observational 

study.  When we observe subjects and measure variables of interest while making no attempt to influence the 

response we are conducting an observational study.  But how can we be sure that the sample in an observational 

study truly represents the entire population accurately? 

 

Sample design is the method for choosing a sample from the population. Sampling refers to studying data from 

part of a population in order to gain information about the entire population. When choosing a sample from the 

population we must be sure to eliminate any bias in the selections process.  This is critical in the design process. 

We must be sure that the sample is a random representation of the population. The idea of a random sample is 

fundamental in sample design since it reduces (or hopefully eliminates) any bias in the selection process. If we 

collect data from the entire population we are conducting a census.  The United States conducts a census every 

ten years.  The last one was conducted in 2010. 

 

1.  You may hear results from polls or other statistical studies reported in the media with the emphasis that the 

samples were randomly selected.  Discuss the following two questions in your group. 

 

a.  Why do you think there is an emphasis on “random selection”? 

 

 

 

b.  What do you think could be the problem with allowing a good statistician to choose respondents for a survey 

as opposed to randomly selecting the respondents? 

 

 

 

 

 

 

 

2.  In this activity you will compare subjective sampling with random sampling and determine which method 

better represents the entire population. The goal is to learn why randomization is an important part of sample 

design. 

 

a.  Near the end of this investigation you will find a sheet of 100 rectangles. DO NOT LOOK  at the sheet of 

rectangles until your teacher tells you to.  When given the signal from your teacher you will have 8 seconds to 

look at the sheet of rectangles and estimate the average area of these rectangles.  
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Estimated Average Area: 

 

b.  Now select five rectangles, that in your judgment, are representative of the rectangles on the page.  Write 

down the number of the rectangle and the corresponding area for each of the five rectangles in the table below. 

Calculate the average area of these five rectangles and compare this average with your estimate from part a.  

 

Rectangle # 

 

     

Area 

 

     

 

Calculated Average Area: 

 

 

c.  Next we will randomly select 5 rectangles. But what is really meant by random selection?  How can we be 

sure that the random selection is truly random?  Truly random values are surprisingly hard to get.  How good 

are humans at picking random numbers?  To illustrate this idea quickly pick a number at random from the 

numbers shown below. 

1 2 3 4 
What number did you pick? 

 

 

 

Complete the table below showing the percentages of those in your class you picked each corresponding 

number.  

 

Number 1 2 3 4 

Class Count 

 

    

Percent 

 

    

 

Based on these table results do you think humans can randomly select a number? 

 

 

(Note that about 75% of the population will “randomly” pick the number three.)  
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d. Humans’ can’t effectively select values randomly. So how should 

we generate random values?  Computers and calculators have become 

popular methods and even though they do a much better job at it than 

humans, computers and calculators can’t generate truly random 

numbers either. They must use some type of algorithm to produce 

these numbers. This is why the lottery uses numbered balls in mixing 

machines.  But we will use our graphing calculator or a table of 

random digits.  Use your graphing calculator (or the attached table of 

random digits) to generate a random integer from 1 to 100 inclusive as 

shown in the screen shot at the right.  Enter the five random numbers 

in the table below and find the corresponding area for the rectangle with that number.  Compute the average 

area of these five random rectangles.  

 

Rectangle # 

 

     

Area 

 

     

 

Calculated Average Area: 

 

 

f.  Using Fathom enter your three averages so we can create three dots plot for the class data of calculated 

average areas.  After everyone has entered all three of their averages estimate the centers of the three dot plots 

and compare the overall distributions. How do the plots compare to each other?  

 

 

 

 

 

 

e.  After looking at the two subjective samplings and the random sample, which do you think is doing a better 

job of determining the average area of the rectangles? Why? 

 

 

 

 

 

 

3.  The actual mean area for all 100 rectangles is 7.42.  

 

a.  Do any of the three plots have a center that is very close to the true average? 

 

 

b.  Do any of the plots have a center that is larger or smaller than the true average? 

 

 

c.  Discuss the concept of bias in sampling and how it relates to the two sampling methods, subjective and 

random, we just used. 
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As you have seen in the previous activities, bias was present when you selected the rectangles and calculated 

the average areas even though you may not have been conscious of it. Notice also that we collected several 

samples of size five from the class and calculated the average of those five rectangles in the sample.  We then 

found the mean of those averages. This average of the averages (or the mean of the averages), is an important 

calculation in statistics.  

 

Bias in the selection process is problematic since it favors certain outcomes.  The type of bias present in 

selecting the rectangles is typically referred to as selection bias. Other types of bias exist as illustrated in the 

following examples. 

 

4.  You may have noticed that television news stations like to conduct call-in polls of public opinion.  The 

station will announce a question and then asks viewers to call a particular telephone number to respond “Yes” 

or another number to respond “No”.  The ABC show Nightline once asked viewers whether the United Nations 

should continue to have its headquarters in the United States.  More than 186,000 callers responded and 67% 

said “No” 

 

a.  Do you think that 186,000 is a large enough sample? 

 

 

 

b.  How much confidence would you have that the 67% who responded “No” represents the greater population 

of the United States?  Describe the type of bias you believe may be present if any? 

 

 

 

 

 

 

5.  Often you will find volunteers in shopping malls gathering information by conducting surveys.  This is 

typically a fast and inexpensive way to reach a sample of the population. 

 

a.  Do you think that people who shop at malls represent a random sample of the population as a whole?  Why 

or why not? 

 

 

 

 

b.  Do you think that the person conducting the survey may tend not to choose certain individuals to include in 

the survey?  How might that impact the survey results? 
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6.  Consider the survey question shown below. 

 

a.  Given that the threat of nuclear war is higher now than it has ever been in human history, and the fact that a 

nuclear war poses a threat to the very existence of the human race, would you favor an all-out nuclear test ban? 

 

Describe the bias in the wording of this survey question? 

 

 

What would be a more appropriate way to word this survey question? 

 

 

 

 

 

 

 

b.  Describe the type of bias present in the cartoon below? 
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Activity 4 is an example of voluntary response bias or voluntary response sampling.  Only people who feel 

strongly will respond to the call in poll. Additionally, only people with phones can call in, so in some sense this 

is also an example of selection bias.  Activity 5 illustrates another type of bias called convenience bias or 

convenience sampling.  It is fast and cheap to sample mall shoppers but people at malls tend to be upper or 

middle class, or they are teenagers or retirees that may not be representative of the entire population.  Moreover, 

the interviewers may tend to select “safe-looking” individuals from the customers.  Activity 6 and the Wizard of 

Id cartoon above are examples of misleading or poorly worded questions.   

 

One way to avoid these types of bias is to use chance when selecting a sample from the population as you did 

when selecting five random rectangles based on a random number generator.  This is the idea of simple 

random sampling. 

 

 

 

 

 

 

 

 

 

Definition:  Simple Random Sample (SRS) 

 

A simple random sample of size n consists of n cases from the population that are 

chosen in such a way that every set of size n cases has an equal chance of being 

selected.  

 

A SRS must meet these two criteria. 

 

1. All subjects have an equal chance of being selected ( 1n  ). 

2. All groups of subjects have equal chances of being selected. ( 1n  ). 
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What are the appropriate methods for collecting data?  Why collect data in the first place?  Sometimes as 

researchers we may be required to find answers to specific questions with an acceptable level of uncertainty. 

For instance we may wish to know “What percent of Americans believe we should have been involved in a war 

in Afghanistan?”  Or perhaps “What proportion of Americans save at least 10% of their income?”  To answer 

these questions we obviously can’t question the entire American population since it is not practical or even 

feasible so we will pose these questions with a survey to a sample (part of) of the population (the whole group 

we want information about).  A survey is one example of what is referred to in statistics as an observational 

study.  When we observe subjects and measure variables of interest while making no attempt to influence the 

response we are conducting an observational study.  But how can we be sure that the sample in an observational 

study truly represents the entire population accurately? 

 

Sample design is the method for choosing a sample from the population. Sampling refers to studying data from 

part of a population in order to gain information about the entire population. When choosing a sample from the 

population we must be sure to eliminate any bias in the selections process.  This is critical in the design process. 

We must be sure that the sample is a random representation of the population. The idea of a random sample is 

fundamental in sample design since it reduces (or hopefully eliminates) any bias in the selection process. If we 

collect data from the entire population we are conducting a census.  The United States conducts a census every 

ten years.  The last one was conducted in 2010. 

 

1.  You may hear results from polls or other statistical studies reported in the media with the emphasis that the 

samples were randomly selected.  Discuss the following two questions in your group. 

 

a.  Why do you think there is an emphasis on “random selection”? 

 

 

b.  What do you think could be the problem with allowing a good statistician to choose respondents for a survey 

as opposed to randomly selecting the respondents? 

 

 

 

 

2.  In this activity you will compare subjective sampling with random sampling and determine which method 

better represents the entire population. The goal is to learn why randomization is an important part of sample 

design. 

 

a.  Near the end of this investigation you will find a sheet of 100 rectangles. DO NOT LOOK  at the sheet of 

rectangles until your teacher tells you to.  When given the signal from your teacher you will have 8 seconds to 

look at the sheet of rectangles and estimate the average area of these rectangles.  
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Estimated Average Area: 

 

b.  Now select five rectangles, that in your judgment, are representative of the rectangles on the page.  Write 

down the number of the rectangle and the corresponding area for each of the five rectangles in the table below. 

Calculate the average area of these five rectangles and compare this average with your estimate from part a.  

 

Rectangle # 

 

     

Area 

 

     

 

Calculated Average Area: 

 

 

c.  Next we will randomly select 5 rectangles. But what is really meant by random selection?  How can we be 

sure that the random selection is truly random?  Truly random values are surprisingly hard to get.  How good 

are humans at picking random numbers?  To illustrate this idea quickly pick a number at random from the 

numbers shown below. 

1 2 3 4 
What number did you pick? 

 

 

Complete the table below showing the percentages of those in your class you picked each corresponding 

number.  

 

Number 1 2 3 4 

Class Count 

 

    

Percent 

 

    

 

Based on these table results do you think humans can randomly select a number? 

(Note that about 75% of the population will “randomly” pick the number three.)  
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d. Humans’ can’t effectively select values randomly. So how should 

we generate random values?  Computers and calculators have become 

popular methods and even though they do a much better job at it than 

humans, computers and calculators can’t generate truly random 

numbers either. They must use some type of algorithm to produce 

these numbers. This is why the lottery uses numbered balls in mixing 

machines.  But we will use our graphing calculator or a table of 

random digits.  Use your graphing calculator (or the attached table of 

random digits) to generate a random integer from 1 to 100 inclusive as 

shown in the screen shot at the right.  Enter the five random numbers 

in the table below and find the corresponding area for the rectangle with that number.  Compute the average 

area of these five random rectangles.  

 

 

Rectangle # 

 

     

Area 

 

     

 

Calculated Average Area: 

 

 

 

f.  Using Fathom enter your three averages so we can create three dots plot for the class data of calculated 

average areas.  After everyone has entered all three of their averages estimate the centers of the three dot plots 

and compare the overall distributions. How do the plots compare to each other?  

 

 

 

 

 

 

e.  After looking at the two subjective samplings and the random sample, which do you think is doing a better 

job of determining the average area of the rectangles? Why? 

 

 

 

 

 

 

3.  The actual mean area for all 100 rectangles is 7.42.  

 

a.  Do any of the three plots have a center that is very close to the true average? 

 

 

b.  Do any of the plots have a center that is larger or smaller than the true average? 
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c.  Discuss the concept of bias in sampling and how it relates to the two sampling methods, subjective and 

random, we just used. 
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As you have seen in the previous activities, bias was present when you selected the rectangles and calculated 

the average areas even though you may not have been conscious of it. Notice also that we collected several 

samples of size five from the class and calculated the average of those five rectangles in the sample.  We then 

found the mean of those averages. This average of the averages (or the mean of the averages), is an important 

calculation in statistics.  

 

Bias in the selection process is problematic since it favors certain outcomes.  The type of bias present in 

selecting the rectangles is typically referred to as selection bias. Other types of bias exist as illustrated in the 

following examples. 

 

4.  You may have noticed that television news stations like to conduct call-in polls of public opinion.  The 

station will announce a question and then asks viewers to call a particular telephone number to respond “Yes” 

or another number to respond “No”.  The ABC show Nightline once asked viewers whether the United Nations 

should continue to have its headquarters in the United States.  More than 186,000 callers responded and 67% 

said “No” 

 

a.  Do you think that 186,000 is a large enough sample? 

 

 

 

b.  How much confidence would you have that the 67% who responded “No” represents the greater population 

of the United States?  Describe the type of bias you believe may be present if any? 

 

 

 

 

 

 

5.  Often you will find volunteers in shopping malls gathering information by conducting surveys.  This is 

typically a fast and inexpensive way to reach a sample of the population. 

 

a.  Do you think that people who shop at malls represent a random sample of the population as a whole?  Why 

or why not? 

 

 

 

 

b.  Do you think that the person conducting the survey may tend not to choose certain individuals to include in 

the survey?  How might that impact the survey results? 
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6.  Consider the survey question shown below. 

 

a.  Given that the threat of nuclear war is higher now than it has ever been in human history, and the fact that a 

nuclear war poses a threat to the very existence of the human race, would you favor an all-out nuclear test ban? 

 

Describe the bias in the wording of this survey question? 

 

 

 

What would be a more appropriate way to word this survey question? 

 

 

 

 

 

 

 

b.  Describe the type of bias present in the cartoon below? 
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Activity 4 is an example of voluntary response bias or voluntary response sampling.  Only people who feel 

strongly will respond to the call in poll. Additionally, only people with phones can call in, so in some sense this 

is also an example of selection bias.  Activity 5 illustrates another type of bias called convenience bias or 

convenience sampling.  It is fast and cheap to sample mall shoppers but people at malls tend to be upper or 

middle class, or they are teenagers or retirees that may not be representative of the entire population.  Moreover, 

the interviewers may tend to select “safe-looking” individuals from the customers.  Activity 6 and the Wizard of 

Id cartoon above are examples of misleading or poorly worded questions.   

 

One way to avoid these types of bias is to use chance when selecting a sample from the population as you did 

when selecting five random rectangles based on a random number generator.  This is the idea of simple 

random sampling. 

 

 

 

 

 

 

 

 

 

 

Definition:  Simple Random Sample (SRS) 

 

A simple random sample of size n consists of n cases from the population that are 

chosen in such a way that every set of size n cases has an equal chance of being 

selected.  

 

A SRS must meet these two criteria. 

 

3. All subjects have an equal chance of being selected ( 1n  ). 

4. All groups of subjects have equal chances of being selected. ( 1n  ). 

 

 



Section 4.1 Part a: Sampling and Surveys 

   Page 16 of 17 

 

 

 



Section 4.1 Part a: Sampling and Surveys 

   Page 17 of 17 

 

 


