Preliminary Chapter

Introduction

Statistics is the science and art of learning from data.  It includes 

A statistically literate person will begin his/her examination of a set of data with the following questions:

Who?  What ​​​​___________ (_____________) do the data describe?  _____ ________ individuals are described by the data?

What? What ​​​​___________ (__________________ __________) are being described?  ____ ______ variables? ______  _____?


Categorical –


Examples:  


Quantitative –


Examples:  
Why? What is the ​​​​​_________ have been collected?
How? What type of study was carried out?

Two Types of Studies:

1. Experiment:

2. Observational Study:

Population vs. Sample
1. Population:

2. Sample:
Chapter 1:  Exploring Data

1.1  Displaying Distributions with Graphs

Displaying ____________ Variables: Bar Graphs & Pie Charts

The following Gallop Poll data represents the answers to the following question: Would you vote for or against a new federal law that would strictly limit the kinds of food that can be served in school meals or sold elsewhere in public schools to food that meets certain standards for nutritional value?
	Opinion
	#
	%

	For
	681
	67

	Against
	315
	31

	No Opinion
	20
	2

	TOTAL
	1016
	100%


This data can be displayed as a bar chart or pie chart:

: **What do you notice about each graph…which one tells you more!?**
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Hints:

· Always _____  _____  _______.  Also, title the _____ for bar charts and _________  __  _____ for pie charts.

· Leave _________ between each bar.  (Without spaces, the chart is a _____________)

· The vertical axes on a bar chart can be a___________or a _____________.  When reading a bar chart, be sure to determine which is being used.

· Pie charts require _____________.  All of the categories must total to _____%.  Sometimes you can make an _______  ____________.
· When trying to compare two sets of categorical data, the ​​​​​​_____     _________ is usually more effective than _________  _____  __________.
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1.1 Displaying Distributions with Graphs 

Displaying _________  _________: Dotplots & Stemplots

A dotplot can be a quick and easy way to display quantitative data.  

· It’s best for:

· Remember to _______ your dotplot and ______ both axes.

A ​​___________ (or stem and leaf plot) is another good way to quickly display small data sets.  A stemplot is often useful for data with a ________  ________.

· The “leaf” is ______________________________ 
___________________________
· The “stem” ​​​​__________________________
· You may _____ (truncate) or ______ if there are too many digits
· Provide a ______ and a _______.
· You may “_____  _______” into two or five parts to get a better idea of the shape of the distribution.  
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Both dotplots and stemplots are designed to be a _____  ____ to get information about the ________ ______ of a distribution.  

After drawing the graph, ________what you see:

· Describe the ________ of the distribution

· State the ________ and _________ of the distribution

· Look for and describe __________________________.  

Example:  The data* below shows the median starting salary of college graduates with Bachelors Degrees in various fields.  Create an appropriate graphical display and describe what you see.

Chemical Engineering


$65,700


Electrical Engineering


$60,200


Computer Science



$56,400


Economics





$50,200


Statistics





$48,600


Environmental Science


$43,300


Business Administration

$43,300


Political Science



$41,300


Philosophy





$40,000


Biology






$39,500


Communications



$38,700


Fashion Design




$36,700


Journalism





$36,300


Education





$36,200

Graphic Design




$36,000


Psychology





$36,000


Social Work




$33,400

· From www.payscale.com/best-colleges/degrees.asp
July, 2009

Displaying Quantitative Variables:  Histograms
Making and interpreting stemplots can be tedious for large data sets.  For larger amounts of data, ___________ are the most common way to display the distribution of a ___________variable.  The disadvantage of a histogram is that you _____________________________________.
Tips: 

· Divide data into classes of _________ such that each data point falls into _________ one class.  

· There is no single correct choice for the number of classes.  _______ is usually a good minimum.  

· Prepare a _________  _______ by counting the number of observations in each class.

· _______ and _______ your axes and ______ your graph.

· Draw a ______ to represent the count in each class.  Remember, ___ _________ between bars (unless the count for that class is ___).
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· Discuss what you see:



* Shape –



* Center – 



* Spread – 



* Outliers

When you describe the shape of a distribution, concentrate on the main features.  Distributions with a single peak (___________) can be described as

Symmetric – 
Skewed right – 

Skewed left – 

Of course, not all distributions will be unimodal.  A distribution could have two peaks (__________), or show no real peaks (___________).

Histograms can be made using the STAT PLOT feature on your calculator (see p. 59).  Be sure to set your own WINDOW - Do not use the ZOOM STAT feature of your calculator!

Relative Cumulative Frequency Plots (Ogives) 

A histogram does not always tell us everything we want to know about a distribution.  Sometimes we want to describe the relative position of an individual within a distribution.  For this we use a relative cumulative frequency plot (Ogive).

The pth percentile of a distribution is the value such that p percent of the observations fall at or below it. 

Consider the salary data again.  Suppose we want to know the percentile of Statistics majors.  In other words, we want to know what percent of majors make less money than Stats majors.

Start with the frequency table and add two columns, Cumulative Frequency and Relative Cumulative Freq:

	Interval
	Frequency
	Cum Freq.
	Rel. Cum. Freq.

	30 < $ < 35
	         1
	        1
	       .06

	35 < $ < 40
	         6
	        7
	       .41

	40 < $ < 45
	         5
	      12
	       .71

	45 < $ < 50
	         1
	      13
	       .76

	50 < $ < 55
	         1
	      14
	       .82

	55 < $ < 60
	         1
	      15
	       .88

	60 < $ < 65
	         1
	      16
	       .94

	65 < $ < 70
	         1
	      17
	      1.00


 Now, construct a plot with the x-coordinates being the upper end of each class and the y-coordinates being the cumulative frequency.
Relative Cumulative Frequency Plot for Salary 


a)  In what percentile is a Statistician’s salary?

b) Find the center of the distribution.  What degree earns a salary closest to the center?
Time Plots show how a variable changes with time.  The time scale goes on the horizontal axis.  The variable of interest goes on the vertical axis.

Look for trends (long-term upward or downward movement) and seasonal variations.

1.2  Describing Distributions with Numbers

After displaying distributions as graphs, we frequently want more quantitative information about the center and spread of the data.

Measuring Center

The most common measure of center is the mean (or ________) which is found by adding the values of all the observations and diving by the number of observations.





[image: image6.wmf]12

...

1

n

i

xxx

xx

nn

++

==

å


Example:  Use the calculator to generate 5 random integers between 0 and 9.  Then find their mean.

The Mean can be found by entering the data into a list and using STAT Calc 1-Var Stats.  Or from 2nd STAT (LIST) >> MATH  3: mean(

Example:  Find the mean of the salary data.

Another measure of center is the Median.

To find the median, M:

1. Arrange the data in numerical order

2. If the number of observations is _____, the median is the ________ observation in the ordered list

3. If the number of observations is _____, the median is the ____________ of the two center observations

Example:  Find the Median of the 5 random numbers.

The median can also be found using STAT Calc 1-Var Stats and scrolling down to Med.  Or from 2nd STAT (LIST) >> MATH  4: median

Example:  Find the Median of the salary data.
Resistant Measures
Suppose we add the starting salary of professional basketball players to the salary list.  Blake Griffin (first pick 2009 for the LA Clippers) signed a first-year contract for $4,980,000.  What is the new mean and median salary?

The median is generally ______ resistant to outliers than the mean.  See applet at www.whfreeman.com/tps3e 

Notes on Means and Medians

· In a symmetric distribution, the mean and median are generally __________________.
· In a skewed distribution, the ______ is generally farther out along the tail than the _______.

· Be sure you know what “average” is being used.  

In common usage, “average value” usually refers to the ________, whereas “typical value” usually refers to the _________.  

1.2  Describing Distributions with Numbers

Measuring Spread:  the Quartiles

Knowing the center of a set of data does not tell us everything we need to know.  We are also interested in the spread or variability of the data.

One way to measure spread is the range, the difference between the highest and lowest measurement. 

Since the range may include outliers, a better measure of spread is found by looking at the range of the middle half of the data, called the _______________________ (IQR).

Like percentiles, the first quartile (Q1) contains the first __% of the data, and the third quartile (Q3 ) contains the first __% of the data.  The second quartile contains the first __% of the data and is the same as the ________.

To calculate the quartiles, first find the median.  Then, the median of the first half of the data is Q1 and the median of the second half of the list is Q3 
Of course, for large data sets, you will want to use the calculator.

Example:  Find Q1 and Q3 of the salary data.

The interquartile range is the distance between the first and third quartiles:






IQR = 

An observation that falls more than 1.5 x IQR above the third quartile or below the first quartile is defined as an ________.



Outlier > Q3 + 1.5 IQR 



Outlier < Q1 – 1.5 IQR 
The five number summary of a data set consists of:

The five number summary can be used to generate a boxplot.   

· A central box spans the first and third quartiles

· A vertical line in the box marks the median

· A horizontal line extends from the box to the min and max

· Be sure to title your plot and provide a scale
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Boxplots can be oriented horizontally or vertically.  Because boxplots show less detail than histograms or stemplots, they are best used for side-by-side comparisons of two data sets.

A modified boxplot is a graph of the five number summary with outliers plotted individually.   The “whiskers” are drawn from the box to the smallest or largest observations that are not outliers.

Boxplots and modified boxplots can be made using the STAT PLOT feature on your calculator.

Boxplot and Modified Boxplot for Salary Data
[image: image8.png]




Measuring spread:  Standard Deviation

The standard deviation, s, measures spread by finding the average squared deviation of each value from the mean.
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Although you will usually use your calculator to find s, it is helpful to do the calculations by hand a few times.

For data, we’ll generate five random numbers from 1-10

	Observation, 
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Knowing how to calculate standard deviation “by hand” will help you remember what it is: a measure of the typical (or average) variation of each data point from the mean.  

Most of the time for large data sets, you will use the calculator!

Example:  Use STAT CALC 1: 1-Var Stats to find the standard deviation of the salary data.

Notes on the standard deviation:

· s2 is called the ________.  Since the sum of the deviations is always ____, we must square them before finding their sum.

· The standard deviation has the same units as the original data because we’ve taken the square root.

· s is always nonnegative.  If s = 0, then there is __ _______ in the data.
· The quantity (n – 1) is called the degrees of freedom.  It is the number of independent pieces of data you have.  Since you have already calculated the mean, only n – 1 of the remaining data is independent.

· Your calculator gives both s (divided by n – 1) and 

σ (divided by n).  When describing sample statistics, we always use __.

· s measures spread about the mean.  It only makes sense to use it when the mean is chosen as the measure of center.

· Like the mean, s is ___ ________ to outliers.

· The five number summary is much better at describing a ________ distribution or one with ________.  The mean and standard deviation should be used only for relatively ____________ distributions.

· Always plot your data before deciding how to describe it numerically!

Linear Transformations and Changing Units 
A linear transformation of a variable occurs when we add a constant “a” to each observation and/or multiply each observation by a constant “b”: 






xnew = a + bx

A linear transformation does not change the basic shape of a distribution, but it can alter the center and spread.

Example:  Ten members of the boys wrestling team will be competing in Germany.  The boys’ weights (in pounds) are


140

142

148

150

151


155

159

163

169

180

Provide appropriate graphical and numerical summaries for this data set.

Since the team is going to Germany, they want to know their weights in kilograms.  The linear transformation

xnew= 0.454 x  will convert each measurement into kg.
Provide appropriate graphical and numerical summaries for the new data set.  What do you observe?


While in Germany, each boy’s weight increases by 5 kg.

The weight gain can be described by the linear transformation    xnew = 5 + 1x.
Provide appropriate graphical and numerical summaries for the new data set.  What do you observe?


After the wrestling competition, the boys return home.  Find the mean and standard deviation of their new weights in pounds.
H
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Multiplying each observation by a positive number “b”  _______________________________________


__________________________________________.





Adding or subtracting “a” to each observation: ____


__________________________________________


__________________________________________.
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