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Statisticstc \l1 "ChapterTenStatistics
Why Learn This
We are bombarded by statistics every day of our lives. We make decisions on a daily basis about what products to buy, which foods to eat, what politicians to support; and many of these decisions are based in whole or in part on “statistical” information we have seen on television, in newspapers, or heard elsewhere. Statistics deals with the collection and summarization of data, and the methods of drawing conclusions about a population based on data from a sample of the population.  Statistical models have become increasingly useful in a variety of fields including manufacturing, government, agriculture, medicine, the social sciences, and in all types of research. An understanding of statistics is necessary in order to be able to assess the values of competing claims. In this chapter we build upon previous work to help you understand the many uses and misuses of statistics in our society.

Learning Objectives
1.
To understand the underlying concepts of statistics.

2.
To learn to use computer software appropriately to analyze statistical data.

Performance Criteria
1.
Level of understanding demonstrated in your answers to the Critical Thinking Questions.

2.
Successful exploration of the models provided, with correct results.

Prerequisites
Some understanding of mathematics, computers, and presentation graphics is helpful, such as parts of Chapters Four (Computer Tools), Five (Mathematics Fundamentals), Six (Data Collection and Management), and Seven (Graphical Analysis).

Orientation
In this chapter you will explore some basic notions of elementary statistics, such as sampling, descriptive vs. inferential statistics, measures of central tendency, and the use of computer software to analyze data.

If you follow the news, you will find that many lead stories are based on an analysis or interpretation of statistical data, and you will often find studies that contradict the results of previous ones. In 1990, the standard tables that doctors use to determine a healthy weight for adults were revised. According to the 1990 tables, adults face no medical danger in adding 20 to 30 pounds as they approach middle age. These results brought a great sense of relief to many Americans.

But five years later, in 1995, a large study of 115,000 nurses whose health had been followed for 16 years found that women weighing just 10 to 20 pounds more than the 1990 table values faced a 20% greater risk of early death from heart disease or cancer. This study, published in the New England Journal of Medicine, suggested that any weight gain is unhealthy. 

To form an intelligent opinion about the apparently contradictory findings requires investigating the science of statistics — the science of collecting, organizing, and interpreting data.

Here is a list of the activities in Chapter together with the major theme that each emphasizes:

Activity 10.1: Fundamentals of Statistics
Theme: Mathematical Thinking

Activity 10.2: Visual Displays of Statistical Data
Theme: Communication

Activity 10.3: Averages: Mean, Median, and Mode
Theme: Assessment

Activity 10.4: The Normal Distribution
Theme: Teamwork

Activity 10.5: Statistics and Software Functions
Theme: Problem Solving

Activity 10.1:
Fundamentals of Statisticstc \l2 "Activity 10.1:Fundamentals of Statistics

Theme: Mathematical Thinking

Why Learn This
In this activity we will study the most basic concepts of the science of statistics. One of the purposes of many statistical studies is to provide an understanding of some characteristic of a large population. Often, it is impractical or impossible to measure the characteristics in the entire population, so a sample is chosen for study instead. The nature of the sample and the methods used for selecting it can have an enormous effect on the reliability of conclusions drawn from the study. Understanding the effects of decisions like this at every level will increase our confidence in our own results and increase our ability to interpret the studies of others correctly.

Learning Objectives
1.
To understand core statistical concepts such as population, sample, and bias.

2.
To understand how to set up a statistically meaningful study.

Performance Criteria
1.
The correctness and thoughtfulness of your answers to the Critical Thinking Questions.

2.
Your success in listing the key requirements for selecting a valid statistical sample.

Class Preparation
Read this activity and study the model. Be prepared to make your own plan for completing the activity.

Vocabulary
In the Problem Solving Glossary study the terms: Population, Sample, Descriptive statistics, Inferential statistics.
Information
A statistical study combines both descriptive statistics (to describe the characteristics of the sample) and inferential statistics (to generalize from the sample to the entire population). Here is a methodology for making a statistical study.

	Methodology for Making a Statistical Study
1.

Define the purpose /goal of the study (e.g., predicting the outcome of an election; evaluating a health risk; etc.).

2.

Identify the population to which the study applies.

3.

Choose an unbiased sample from the population.

4.

Design an instrument (survey questions; experimental protocol; etc.) for collecting reliable data from the sample.

5.

Collect the data from every member of the sample.

6.

Compute statistics that describe and summarize the sample data (various averages, standard deviation, etc.).

7.

Infer characteristics of the entire population by generalizing from the sample data. These are called the population parameters.

8.

Analyze the results and draw appropriate conclusions about the goal of the study.

9.

Communicate your results.

10.
Assess the process by which you completed the study so that your next study can be better.




Model
Vince, a staff writer for his college newspaper, is assigned to conduct a survey to be used to predict the outcome of an upcoming hotly contested election for president of the senior class.

The class has 1500 students, and Vince tells his editor that he will interview 60 for his survey. He begins by interviewing most of the newspaper staff, then his friends in the residence hall, and then other people he sees regularly in his classes, until he has 55 responses. He then seeks out five more students in the cafeteria, bringing his total to 60. 

Based on Vince’s study, the paper predicts that Wolf will win in a landslide. The election is held the following week, and Brooks takes 67% of the vote to win handily. Here is the table of Vince’s survey data:

Table 10.1 -- College Election Survey Results

	Candidate
	Number of votes

	Wolf
	38

	Brooks
	15

	Plum
	 4

	Undecided
	 3


Critical Thinking Questions
1.
a.
What is the population in Vince’s study?

b.
What is the sample in Vince’s study?

2.
What is the purpose or goal of Vince’s study?

3.
Which step of the methodology do you feel Vince performed particularly well on? Why?

4.
Which step of the methodology do you feel Vince performed particularly poorly on? Why?

5.
Suggest a better way (in some detail) for Vince to have performed the step you selected in question 4.

6.
List the top five conditions you would recommend be met in order to ensure that a sample is unbiased.

Exercise
A famous sampling error occurred in 1936, when the Literary Digest predicted that Alf Landon would win the presidency by a wide margin over Franklin D. Roosevelt. The Literary Digest had successfully predicted several previous elections through the use of large polls. This time, there sample was unusually large: 2.4 million voters. When the election was over, Roosevelt had won by a landslide. What went wrong? The Literary Digest selected its sample by taking names from telephone books, rosters of clubs and associations, voter registration lists, mailing lists, and similar sources. Approximately 10 million postcards were sent to all of those, and 2.4 million postcards were returned, forming the final sample. At present, more than 95% of American households have telephones, but the percentage was much less in 1936. Also, Roosevelt was the incumbent. 

Describe as many reasons as you can think of why this sample might have been too biased to produce an accurate prediction.

Activity 10.2: 
Visual Displays of Statistical Datatc \l2 "Activity 10.2: Visual Displays of Statistical Data

Theme: Communication

Why Learn This
“A picture is worth a thousand words”, goes the old Chinese saying. One of the best ways to facilitate making sense of a mass of statistical data is to make a picture of it. Different ways of picturing, or graphing, data emphasize different characteristics of the data and de-emphasize others. By designing our graphs carefully, we can ensure that they reveal the most important characteristics of the underlying data.

Learning Objectives
1.
To understand the basic principles of graphing statistical data.

2.
To be able to select the most effective graph from several possibilities.

Performance Criteria
1.
The correctness and thoughtfulness of your answers to the Critical Thinking Questions.

2.
The extent of agreement with your choice of graph by your classmates and teacher.

Class Preparation
Study this activity and the model carefully. You should have completed Activity 10.1. Chapter Eight on Graphical Analysis is also highly relevant to the material presented here.

Resources
A computer with spreadsheet software (optional).

A book on elementary statistics from the library (optional).

Any of several books by Edward R. Tufte: The Visual Display of Quantitative Information (1983), Envisioning Information (1990), or Visual Explanations: Images and Quantities, Evidence and Narrative (1997) (optional). One or more of these should be available from any good library.

Plan
1.
Read the glossary and study the model and graphs.

2.
Answer the Critical Thinking Questions.

Information
In this activity we illustrate just a few of the many ways of presenting data visually.

Vocabulary
In the Problem Solving Glossary study the terms: Frequency table, Relative frequency, Cumulative frequency, Binning of data.
Model
Thirty-five students took an exam, and their scores, in ascending order, were: 45, 47, 52, 57, 63, 65, 65, 65, 65, 65, 66, 66, 67, 69, 69, 71, 73, 77, 78, 81, 82, 83, 84, 85, 87, 87, 87, 87, 87, 88, 91, 91, 93, 96, and 97. The instructor places these scores in bins as follows: 41-50, 51-60, 61-70, 71-80, 81-90, and 91-100. Here is a frequency table:

Table 10.2 -- Exam Results
	
	Exam  Results
	for   35   Students
	

	Score
	Frequency
	Relative Frequency
	Cumulative Frequency

	41 - 50
	 2
	 2/35 =  5.7%
	 2

	51 - 60
	 2
	 2/35 =  5.7%
	2 + 2 = 4

	61 - 70
	11
	11/35 = 31.4%
	2 + 2 + 11= 15

	71 - 80
	 4
	 4/35 = 11.4%
	2 + 2 + 11 + 4 = 19

	81 - 90
	11
	11/35 = 31.4%
	2 + 2 + 11 + 4 + 11 = 30

	91 - 100
	 5
	 5/35 = 14.3%
	2 + 2 + 11 + 4 + 11 + 5 = 35

	Total
	35
	35/35 = 100%
	35


Figure 10.1 -- A Histogram of Frequency Using a Bin Size of 10
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Figure 10.2 -- A Pie Chart of Frequency Using a Bin Size of 10
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Figure 10.3 -- A Histogram of Frequency Using a Bin Size of 5
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Figure 10.4 -- A Histogram of Frequency Using a Bin Size of 2
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Figure 10.5 -- A Line Graph of Frequency Using a Bin Size of 5
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Figure 10.6 -- A Scatter Plot of the Raw Exam Scores
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Figure 10.7 -- A Scatter Plot of Frequency Using a Bin Size of 5
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Critical Thinking Questions
1.
What are the advantages of binning data?

2.
What are the disadvantages of binning data?

3.
What do you think the X-axis labels represent on the two scatter plots (Figures 9.6 and 9.7)?

4.
Describe three characteristics of the data that you can see from one or more of the graphs.

•

•

•

5.
a.
Which of the graphs provided gives you the clearest picture of this set of data? Why?

b.
Which of the graphs provided gives you the least clear picture of this set of data? Why?

c.
Describe a situation in which the type of graph you chose in 5b would, in fact, give a clear picture of certain data.

6.
Describe in your own words the top three reasons for displaying data in graphs.

•

•

•

Exercise
Using spreadsheet software, produce a variety of graphs for the results of Vince’s survey in Activity 10.1. Make a case for which one presents the data most understandably.

Activity 10.3:
Averages: Mean, Median, and Modetc \l2 "Activity 10.3:Averages: Mean, Median, and Mode

Theme: Assessment

Why Learn This
One common source of confusion and disagreement results from careless use of the word “average”. In this activity we will look at the three common types of average and see the special place each has in evaluating a “typical” member of a population. Greater precision in our thinking about and expressing of the idea of “average” can lead to greater understanding of much data.

Learning Objectives
1.
To understand the three concepts of average: mean, median, and mode.

2.
To be able to select the appropriate average for a particular situation.

Performance Criteria
1.
Appropriateness of your choice of type of average for the situations described.

2.
Thoughtfulness of your answers to the Critical Thinking Questions.

Class Preparation
Study this activity and review the model from Activity 10.2 carefully.

Resources
A computer with spreadsheet software, or a calculator.

A book on elementary statistics from the library (optional).

Plan
1.
Review Activity 10.2.

2.
Study the model in this activity.

3.
Answer the Critical Thinking Questions.

Vocabulary
In the Problem Solving Glossary study the terms: Mean, Median, Mode, Quartile, Range, Five-Number Summary, Variance, Standard deviation. The term “average” is loosely used to refer to any one of the first three terms in the list.

Model
A city newspaper surveyed wages paid at local supermarkets and reported that the average employee makes $10.50 per hour. The 20 employees of Mal’s Market immediately request a pay raise, claiming that their average pay is only $8.10, even though they work just as hard as employees in the other stores. The manager of Mal’s rejects their request, telling them that they are in fact overpaid because their average wage is, in fact, $11.16.

Who is right?

Suppose the hourly wages of the 20 employees are, in ascending order: $7.25, $7.25, $7.50, $7.50, $7.50, $7.50, $7.75, $7.75, $8.10, $8.10, $8.10, $8.75, $8.75, $9.45, $9.45, $15.45, $17.50, $19.75, $23.25, and $26.50.

Critical Thinking Questions
1.
Compute the three averages for the exam data in Activity 10.2.

2.
Compute the five-number summary for the exam data in Activity 10.2.

3.
Compute the variance and standard deviation for the exam data in Activity 10.2.

4.
a.
Which “average” was the manager of Mal’s Market using?

b.
Which “average” were the employees of Mal’s Market using?

5.
Why do you think the manager and employees each preferred the “average” that they did?

6.
Describe a situation in which the mode might be an important “average”.

Exercises
1.
Find a newspaper or magazine article that presents some data and uses the word “average” to describe a number. Try to determine which average they are referring to. Prepare a brief report on your findings.

2.
Find ten places in newspapers or magazines where the word “average” is used without specifying which average is meant.

Activity 10.4:
The Normal Distributiontc \l2 "Activity 10.4:The Normal Distribution

Theme: Teamwork

Why Learn This
The normal distribution is extremely important because it occurs so often. A great many sets of measurements exhibit the characteristic bell shape of the normal distribution. This is almost always true when there are several different factors underlying the measurements. Knowing that we have a normal distribution, and knowing the standard deviation, permits us to make quite accurate counts of members of the population falling between specific points on the curve.

Learning Objectives
1.
To learn the nature and importance of the normal distribution.

2.
To understand how to use the standard deviation to estimate numbers of data points lying within specified boundaries.

Performance Criteria
1.
Correctness of your answers to the computational questions.

2.
Quality and thoroughness of your answers to the Critical Thinking Questions.

Class Preparation
Study this activity and its model. You should already have completed Activities 9.1 through 9.3.

Resources
A computer with spreadsheet software, or a calculator.

A book on elementary statistics from the library (optional).

Plan
1.
Review Activity 10.3.

2.
Study the model in this activity.

3.
Answer the Critical Thinking Questions.

Information
The shape of the curve of any normal distribution is very closely related to the standard deviation and the mean. This relationship enables you to estimate how many of the scores in a population will be within certain distances of the mean as follows:

1.
About 68.3% of all scores in a normally distributed population will fall within one standard deviation of the mean.

2.
About 95.4% of all the scores will fall within two standard deviations of the mean.

3.
About 99.7% of all the scores will fall within three standard deviations of the mean.

Figure 10.8 -- A Normal Distribution
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Model
Caramel College reported that the mean score of its entering freshmen on the math SAT exam was 540, with a standard deviation of 30. The entering class had 1000 students.

Critical Thinking Questions
1.
How many entering freshmen at Caramel College scored between 510 and 570 on the math SAT?

2.
How many scored above 540?

3.
How many scored above 570? Explain your answer.

4.
How many scored above 600?

5.
Does the set of exam grades in the model of Activity 10.2 exhibit a normal distribution? Explain your answer.

6.
Are the salaries at Mal’s Market (Activity 10.3) normally distributed?

7.
What relationship(s) would you expect to exist between the mean, median, and mode in a normal distribution?

8.
Describe three populations that you would expect to be normally distributed.

•

•

•

Exercise
Find out as much as you can about the normal distribution and how to tell whether a given population has one. Write a brief report of your findings.

Activity 10.5:
Statistics and Software Functionstc \l2 "Activity 10.5:Statistics and Software Functions

Theme: Problem Solving

Why Learn This
This activity further familiarizes you with spreadsheet software and its HELP system, and builds upon key topics from earlier activities in this chapter in preparation for a statistics project. Here we will actively use the computer and statistical software to help us explore these topics.

Learning Objectives
1.
To use mathematical/statistical functions available.

2.
To summarize data in terms of central tendency measurement.

3.
To make statistical inferences from numbers in a sample to an entire population.

Performance Criteria
1.
Your success in accessing and using a software help system.

2.
Your ability to analyze data correctly.

Class Preparation
Study this activity and model carefully. Activities 9.1 through 9.4 are recommended.

Resources and Information

1.
A personal computer with spreadsheet software.

Plan

1.
Devise your own plan to apportion tasks, and complete the activity: try the steps listed under the Model answering the questions that are included there, then answer Critical Thinking questions, and assess individual and team performance.

Model
1.
Power up the computer and access your spreadsheet software.  Start by assigning to a variable called WEIGHTS the following numbers collected from a sample population:  97, 158, 162, 165, 162, 130, 121, 130, 124, 190, 110, 130, 147, 160, 142, 150, 125, 200, and 110.

2.
Summarize the data by computing a typical average (mean ). Note your result, and the name of your spreadsheet function that does this.

mean  is easy to compute, takes all data into consideration, and is reliable.  But a disadvantage of this most commonly used measure is that it is influenced by extreme (high or low) values.  Find a function to produce the highest value in WEIGHTS.  What function did you use and what was the result?

Find the lowest value in WEIGHTS.  What function did you use and what was the result?

3.
Another measure of central tendency is the middlemost value.  Which function produces this?  Note your result.

4.
The number which appears most frequently can also be an important statistic.  Find a way to identify this number. How do you do it? 

Note your results:

5.
The mean gives a measure of central tendency of some numbers but tells nothing about the spread of the numbers in the list.  Use your spreadsheet to find the spread from lowest to highest.  How do you do this?  Note your result.

6.
The range (difference between largest and smallest number) is one example of an easy way to compute a rough estimate of variation.  However, it also depends on the extremes and tells nothing about how other data are distributed between the high and low extremes.  Variation measurement (difference) between numbers and their mean is most important in statistics.  And standard deviation is the most useful measure of variation.  Before defining it, however, lets do some calculations to get prepared.

7.
Find the average of the numbers 32, 41, 47, 53, and 57.  Note it:

8.
To find deviations from this mean, subtract the mean from each number in the list (complete the table):

	Number

	Deviation from the Mean
	

	32
	
	

	41
	
	

	47
	
	

	53
	
	

	57
	
	


To check your work, find the sum of these deviations.

(It always equals 0 because positives and negatives cancel each other out!)

9.
We might be tempted to use the average of the deviations to find a measure of variation.  But because it's always 0, we avoid the problem by first squaring each deviation.  Add a third column above for squares of the deviations.

10.
Now we are ready to define standard deviation.   It is the square root of the mean (average) of the squares of the deviations.  However, in calculating the standard deviation (since the sample usually has less variation than a real entire population), a correction is made by dividing the sum of the squares of the deviations by n - 1 (one less than the number of numbers).

a)  Compute the sum of the squares in the sample in step 8:

b)  Compute  n - 1.

c)  Compute the quotient of the sum of the squares divided by n - 1.

d)  Now find the square root of this number (quotient):

11.
Standard deviation of a list of n numbers is found by the formula
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 is the mean, and [image: image11.wmf] are the numbers in the list.

12.
Use a spreadsheet function to find the standard deviation of  WEIGHTS.

Critical Thinking Questions
1.
Explain the difference between MEAN and MEDIAN:

2.
What is DEVIATION?

3.
In a huge group of data how can MIN and MAX be valuable?

4
Why analyze data from a sample rather than from an entire "population"?
_1266225877

