	Background Information

	Content/Course

	Algebra 1

	Unit

	Unit 3 – Descriptive Statistics

	Essential Questions/Enduring Understandings Addressed in the Lesson

	Essential Questions

· When is mathematics an appropriate tool to use in problem solving?
· What types of problems lend themselves to data collection and analysis of that data?

· What characteristics of problems determine how to model a situation and develop a problem solving strategy?
· What characteristics of a problem lead to determining if a problem should be represented by single count/measurement variables or two categorical/quantitative variables?
· What characteristics of a problem influence the choice of representation and analysis of the data? 
· What characteristics of a problem determine the type of function that would serve as an appropriate model for the problem?

· How can mathematical representations be used to communicate information effectively?
· How can data be represented to best communicate important information about a problem?

Enduring Understandings
· Mathematics can be used to solve real world problems and can be used to communicate solutions to stakeholders.
· Some questions can be answered by collecting and analyzing data.
· It is easy to lie with statistics, so it is important to be well informed on the correct ways to interpret data.


· Relationships between quantities can be represented symbolically, numerically, graphically and verbally  in the exploration of real world situations 
· The context of a question will determine the data that needs to be collected and will provide insight on the best method for collecting the data.
· The type of data determines the best choice of representation (equations, tables, charts, graphs or verbal).


	Standard(s) Addressed in This Lesson

	S.ID.6 Represent data on two quantitative variables on a scatter-plot, and describe how 
           the variables are related.

a. Fit a function to the data; use functions fitted to data to solve problems in the context of the data. Use given functions or choose a function suggested by the context. Emphasize linear and exponential models.

S.ID.7 Interpret the slope (rate of change) and the intercept (constant term) of a linear model in 
           the context of the data.

S.ID.8 Compute (using technology) and interpret the correlation coefficient of a linear fit.

S.ID.9 Distinguish between correlation and causation.


	Lesson Title 

	Introduction to the Correlation Coefficient and Its Properties


	Relevance/Connections

	How does this lesson connect to prior learning/future learning and/or other content areas?
Connections to Prior Learning
In middle school, students have constructed and interpreted scatter plots of bivariate data. They have also informally fit linear models to data sets that suggest a linear association and have assessed the fit of their linear models by examining the closeness of the data points to the line.  This lesson extends this learning and develops a more formal process for finding a linear model for a data set that suggests a linear association between bivariate data. This lesson then explores what the correlation coefficient of a data set reveals about the fit of the linear model of a data set and ends with a discussion of correlations versus causation.  

Connections to future learning
Future lessons would need to dig a little deeper and address Standard S.ID.6b.  Students need to be able to plot and analyze residual plots as they assess the fit of a function to a data set. 

	Student Outcomes 

	The student will:
· create a scatter plot of data for a variety of circles (radius length, # of M&M’s on the circumference).  
· create a line of best fit, identify the equation of the line, interpret the meaning of the slope and y-intercept in the context of the problem 
· interpret the correlation coefficient of a linear fit.
· distinguish between correlation and causation.

	Summative Assessment
(Assessment of Learning) 

	What evidence of student learning would a student be expected to produce to demonstrate attainment of this outcome?
Students will be asked to:
· collect a set of bivariate data.
· construct a scatter plot for the data.
· use a graphing calculator to determine the linear regression model for the data. 
· use a graphing calculator to determine the correlation coefficient for the linear model.
· use the correlation coefficient to describe the goodness of fit of the linear model.
· discuss correlation versus causation with respect to the variables in the data set.

	Prior Knowledge Needed to Support This Learning
(Vertical Alignment)
	The Motivation Activity for this lesson assumes that the students are able to collect, organize, analyze and produce a linear model for a data set. This activity should activate prior knowledge of 8th grade standards which  required students to:
· construct and interpret scatter plots for bivariate measurement.
· informally fit a linear model to a scatter plot that suggests a linear association.
· use the equation of a linear model to solve problems in context.

	Method for determining student readiness for the lesson

	How will evidence of student prior knowledge be determined?  
Warm-up and motivation activities should provide evidence as to which students possess the prior knowledge needed for this lesson.  

What will be done for students who are not ready for the lesson? 
Use observations during Warm Up and Motivation to assess what skills or concepts are barriers to students be able to engage in this lesson. Use pull outs or strategic pairing of students to address issues.

	Learning Experience

	Standards for Mathematical Practice
(SMP)
	Component
	Details

	
	Warm Up/Drill

	Warm Up 
See attached document.
 


	SMP #5 
Use appropriate tools strategically.
· Use of compass, straightedge for measurement, choice of unit, constructing scatter plot

SMP #6
 Attend to precision.
· Understanding rounding while performing statistical calculations, use mathematical vocabulary properly while discussing results, labeling axes and appropriate scales on the scatter plot, accurately state whether data points are outliers or influential points

	Motivation
	Teacher Note: This Motivating Activity should activate prior knowledge of scatter plots and line-of-best fit learned in 8th grade. The activities which follow the Motivating Activity will build upon this knowledge and allow students to come to understand correlation coefficients as well as Correlation versus Causation. This is a lengthy lesson plan.  The activities will need to be completed over several class periods. The number of classes needed to complete the activities will depend on the length of the classes in your system. 

Motivation Activity

Materials Needed
· Compass
· Ruler
· M & M’s 
Preparation
· Place M&M’s in small cups. One cup per student.
Implementation      
· Ask students to  “Turn and Talk” about the following questions and then have several pairs of students share highlights of their conversations with the whole class. 

1. “What is the relationship between the radius of a circle and the number of M&M’s that it takes to make the circle?”Students may say that the bigger the radius is, the more candy you will need.  Say that we will explore this relationship by examining data.  
2. “What are the variables involved in this question and are the values of those variables categorical or quantitative?”  Students should identify the variables as the number of M&Ms and the length of the radius.  Also, both are quantitative which should lead to a discussion about how to collect data to begin an investigation.

· Instruct  students to:
· use a compass to construct a circle on his/her paper or a copy of the provided handout. (Note: Instruct different students to construct “small”, “medium”, or “large” circles by opening their compasses to various lengths). 
·  mark the center of a circle.
· measure the length of the radius of their circles and record this measurement on their papers. Allow students to measure without guidelines. It is likely, someone in the class will ask about which unit they should use when measuring the radius. This should lead to a discussion of the need for consistent use of units.  If no student initiates this conversation, facilitate by pointing out two similar sized circles with very different “measurements” and ask why the numbers could be so different.  Once a unit is specified, discussion may turn to precision in measurement, e.g., measuring to the nearest [tenth of a centimeter].
·  Distribute a small cup of M&Ms to each student.
·  Instruct students to line up the candies around the circumference of their circle.  Students will line up their candies in different ways; allow this to occur to set the stage for a discussion of reasons for variability in class results. This will offer the opportunity to subsequently discuss the need for uniformity in experimental procedures. Theoretically, the context for this investigation would yield no variability at all, since circles with the same radius have identical circumferences! 
· Facilitate a discussion on how to share/organize class data.  Ask students for a definition of  bivariate data. 
· Instruct students to record class data in a chart  
·  Ask “What would be the best way to organize the data in order to gather the information needed to answer the original question?” Remind students of the original question.” What is the relationship between the radius of a circle and the number of M&M’s that it takes to make the circle?” If no one suggests plotting points, suggest a scatterplot as a representation that would show the relationship between the radius of the circle and the number of M&M’s needed to create the circle. (quantitative variables)
· Display a set of axes and ask students what the appropriate labels would be for each axis.  Discuss independent and dependent variables at this time.  It is not clear cut as to which variable is independent but typically in this context the radius would be the independent variable.  
· Once axes are labeled, ask about what would be an appropriate scale for each axis. Let students create their scales, monitor for errors.
· Instruct students to plot the points on their own paper.  Simultaneously plot the class data on the board.
· Display the demonstration graph and ask students if their graphs match.
·  Facilitate a discussion about what the scatter plot shows. Discuss outliers and/or influential points. In regression, an outlier is seen as separated from other points; in this context it would come from a circle that was considerably smaller or larger than all the others. It should still follow the trend of the data. By contrast, an “influential” point stands apart from the line-of-best-fit, even if the line were extended. It is “influential” because its inclusion in the data set changes the location/orientation of the line of best-fit.    Students should investigate what might have occurred, e.g. incorrect measurement, different unit of length used and decide if the point should be included in the analysis.
Key Questions
· What does this graph tell us about the relationship between radius length and number of candies? As radius increases, so does number of candies.
· How would you characterize the shape of this relationship?  The relationship is linear.
· What does it mean that it’s “linear”?  Consider what it means to be linear  compared to if we saw a pattern where the points start to curve upward. The linearity indicates that there is a constant relationship/ratio between the change in radius and the change in number of candies.
· Does it appear that the relationship is very strong? Yes, because the points almost form a line. They are not spread much from that line.
· Where would you draw a line that best “captures” or “summarizes” the pattern of points ? This is called a “line-of-best-fit.”

· Instruct students to draw a line-of-best-fit on their plots. 
·  Overlay a line on the projected graph. 
· Ask what information would be needed to be able to name the equation of the line-of-best-fit. Slope and y-intercept of the line.
· Direct students to find these values using their graphs. Students will be estimating values of points on the line by carefully considering their scales. As needed, remind them of the slope “formula,” (y2-y1)/(x2-x1) and represent this on the projected line by drawing several right triangles such that the hypotenuses are various segments of the line-of-best-fit. Look out for students who use actual data values that are not on the line for the slope formula; Remind students that they must use points on the line to figure out the slope of the line.
· Ask  “What is the y-intercept of the line?” and “What does the y-intercept represent in the context of this problem?” 
· Ask “What is the slope of the line?” and “What does the slope of the line represent in the context of this problem?” 
· 



Say, “I first thought that the slope was going to be a little more than 6 because the formula for the circumference of a circle is  which does display a linear relationship between the radius and circumference of a circle which had a slope of .” At this point you could have a discussion of  why the slope of the linear relationship that they have come up with does not have a slope.  Hopefully students will mention that the radius was measured in inches while the circumference was measured in M&M’s, therefore the slope of the linear regression line is representative of . Suggest that if they were to measure the radius in M&M’s that the slope of the linear regression model might be close to 6.
· Tell students “The equation of the line-of-best-fit is called the regression equation, and it is useful in making predictions. If someone wants to know how many candies they’d need for a circle with a radius different from one they measured, how can they figure this out? “
· Ask students to predict the number of M&M’s needed for a circle of a given radius, for example r= 15.7 cm.
UDL Connections 
This activity adheres to UDL Principle III: Provide Multiple Means of Engagement; Checkpoint 8.3 in that it provides an opportunity for students to work collaboratively in such a way that should help to develop their communication skills.

[bookmark: principle3_g8_c3]Checkpoint 8.3 Foster collaboration and communication
In the 21st century, all learners must be able to communicate and collaborate effectively within a community of learners. This is easier for some than others, but remains a goal for all learners. The distribution of mentoring through peers can greatly increase the opportunities for one-on-one support. When carefully structured, such peer cooperation can significantly increase the available support for sustained engagement. Flexible rather than fixed grouping allows better differentiation and multiple roles, as well as providing opportunities to learn how to work most effectively with others. Options should be provided in how learners build and utilize these important skills.



	SMP # 5 
Use appropriate tools strategically
Students will need to be able to use the features of a graphing calculator to determine the correlation coefficient for a data set.
	Activity 1
	Teacher Note: Tell students that up to this point in the lesson that they have been refreshing their knowledge of concepts learned in 8th grade.  The focus of the lesson now shifts to new concepts.  Activity 1 requires students to find a linear regression model using technology which then leads to a discussion of the correlation coefficient and then to correlation versus causation.
Materials Needed
· Graphing calculator
Implementation
Instruct students to:
·  enter the class data from the Motivation Activity into two lists on a graphing calculator. 
·  use the features of a graphing calculator to determine a linear regression model for the data.
· compare the linear regression model to the line-of-best-fit determined previously.
·  use their linear regression model to predict the number of M&M’s needed to create a circle with the same radius as used previously. For example, r = 15.7 cm.  
· compare the predictions and speculate as to why they might be different.
· make note of the value of the correlation coefficient that is given along with the equation of the  regression model given by the calculator. 



	SMP # 3 
Construct viable arguments and critique the reasoning of others. 
Activities 2 through 4 all require students to analyze data and communicate whether provided statements contain a flaw in logic and if so explain the flaw.  


SMP # 8 
Look for and express regularity in repeated reasoning. 
After using technology to produce a series of scatter plots and then determining the corresponding linear regression equations and corresponding correlation coefficients, students are asked to look for generalizations and draw conclusions about correlation coefficients. 
	Activities 2-4 



	Introduction to the Correlation Coefficient and Its Properties
The remaining activities in this lesson plan were taken directly from or were modified from activities included in a lesson developed by the Carnegie Foundation.  Links to both the student and instructor versions of this lesson are shown below. Modified versions of the documents are provided with this lesson plan.
 http://math.mtsac.edu/statway/lesson_3.1.3_version_1.5.A_instructor.pdf
http://math.mtsac.edu/statway/lesson_3.1.3_version_1.5.A_student.pdf


UDL Connections
Much of this lesson is building new knowledge.  When developing new concepts it is important to clarify vocabulary and symbols.  This need is discussed in UDL Principle 1: Provide Multiple Means of Representation; Checkpoint 2.1.
Checkpoint 2.1 Clarify vocabulary and symbols
The semantic elements through which information is presented – the words, symbols, numbers, and icons – are differentially accessible to learners with varying backgrounds, languages, and lexical knowledge. To ensure accessibility for all, key vocabulary, labels, icons, and symbols should be linked to, or associated with, alternate representations of their meaning (e.g., an embedded glossary or definition, a graphic equivalent, a chart or map).  Idioms, archaic expressions, culturally exclusive phrases, and slang, should be translated.
Tell Me More!
· Pre-teach vocabulary and symbols, especially in ways that promote connection to the learners’ experience and prior knowledge
· Provide graphic symbols with alternative text descriptions
· Highlight how complex terms, expressions, or equations are composed of simpler words or symbols
· Embed support for vocabulary and symbols within the text (e.g., hyperlinks or footnotes to definitions, explanations, illustrations, previous coverage, translations) 
· Embed support for unfamiliar references within the text (e.g., domain specific notation, lesser known properties and theorems, idioms, academic language, figurative language, mathematical language, jargon, archaic language, colloquialism, and dialect) 

http://www.udlcenter.org/aboutudl/udlguidelines/principle1


	Supporting Information

	
	Details

	Materials
	Each student: 
· compass
· ruler
·  worksheets
·  spaghetti strand or stirrer (optional)  
Teacher: Graphing software for demonstration, such as TinkerPlots or TI Smartview (optional)

	Technology
	Graphing calculators

	Resources
(must be available to all stakeholders)
	A lesson that could be used prior to this lesson can be found at the following link. http://math.mtsac.edu/statway/lesson_3.1.1_version_1.5.A_instructor.pdf
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Warm Up
1. “Variables” are attributes that take on a variety of values.  The items in the first column of the chart below represent examples of things that “vary”. The second column provides some possible values for the given item. Add two additional items to the first column and then provide possible values for the items.
	Variables
	“Values” of given  variables

	Eye Color
	· Blue

	
	· Brown

	
	· Green

	
	· Gray 

	Weight
	· 10 pounds

	
	· 5 kg

	
	· 6 ounces

	Make of Car
	· Ford

	
	· Chevy

	
	· Honda

	 (
Add two additional examples to the chart.
)
	

	
	

	
	

	
	

	
	

	
	



2.  (
Item
Variable
Value of a Variable
0
Cat
Job Title
1
Baby sitter
2
Cashier
3.21
Dog
8.00
Type of pets
Cash on hand
Number of pets
)The following list contains variables and values.  Identify each item as a variable or a value by checking the appropriate box.     For the items that represent variables record a possible value for the variable in the “Value of the Variable” column.  For items that represent value of variables provide a variable that could have that value  in the “Variable” column.	







3. 
a. For each “variable” in the chart shown in problem #2, indicate whether the variable is a “quantitative” or a “categorical” variable by placing them in the appropriate column of the chart below. 
	Quantitative Variables
	Categorical Variables

	
	



b. Explain the difference between “Quantitative” and “Categorical” variables.



4.   Label each number line as indicated
[image: ]a. Label each tick mark on the number line as indicated by the spacing of the tick marks.




[image: ] b. Label the tick marks which would represent 3, 4 and 5. 



c. Draw 3 tick marks on the number line below and provide labels for each tick mark.
[image: ]
Fitting a Function to Data Using M&M’s
Motivation Activity and Activity 1
1. Construct a circle in the space below using a compass. Mark the center of your circle with a dot.











2. Determine the radius of your circle in M& M’s.  

            Radius = _________

3. Lay M&M’s along the circumference of your circle.  How many M&M’s did it take to completely cover the circumference of your circle?
      		# of M&M’s needed to cover the circumference ________________
4. Record class data in the space below. 





Fitting a Function to Data Using M&M’s
5. Graph class data in the space below.











6. Draw a line-of-best-fit on the graph above.
7. Determine the equation of the line-of best-fit. 

8. What are the slope and the y-intercept of the line-of-best-fit? What do these numbers represent in the context of this problem?


9. Use the linear regression capabilities of a graphing calculator to determine an equation of a linear function that may be used to model the class data. 

10. Use your line-of-best-fit and the equation which resulted from performing the linear regression to predict how many M&M’s it would take to cover the circumference of a circle whose radius is 15.7 M&M’s.


Introduction to the Correlation Coefficient and Its Properties
Activity 2: Cereal Nutrition 
Consumer Reports examined 77 breakfast cereals and rated them according to their nutritional value using a scale of 0 to 100. What is not clear is which ingredients in the cereal had the most influence on their ratings.   The scatter plots shown below provide a visual of how several ingredients impact cereal ratings.

Scatter plot #1: Cereal Rating versus Sugar content

[image: ]
















· What do you observe about the connection between sugar content and the rating of the cereal?





· Is there a positive or a negative association between sugar content and cereal ratings? Justify your answer.







[image: ]Scatter plot #2 Cereal Rating versus Protein

 



















· What do you observe about the connection between protein content and the rating of the cereal?





· Is there a positive or a negative association between protein content and cereal ratings? Justify your answer.








Scatter plot #3: Cereal Rating versus Fat 
[image: ]
 


















· What do you observe about the connection between fat content and the rating of the cereal?






· Is there a positive or a negative association between fat content and cereal ratings? Justify your answer.









Conclusions
· Fat and sugar have a negative association with the ratings.
· [image: ]Protein has a positive association with the rating. 

What does the placement of the dots in a scatter plot in relation to the line-of-best fit tell you?
The line-of-best-fit or trend line shown on each scatter plot helps to illustrate the strength of the relationship between the ingredient and the rating.  What can we learn from examining the line in relation to the dots?
Example:
· Sugar: The dots on either side of the line-of-best-fit are somewhat close to the line.  This means that the amount of sugar in a cereal had an  impact on the rating that Consumer Reports issued for the cereal.

· Fat & Protein: The dots are further from the line-of-best fit which means that the fat and protein content of a cereal had less impact on the rating that Consumer Reports issued for the cereal. 

Correlation Coefficient
There is a measure of variability in scatter plots called the correlation coefficient, which is denoted by the letter r.  Technology will be used to determine the value of r for a given scatter plot.  When you determined the linear regression model for the M&M data for the class you were asked to record the value of r given by the calculator.  Now we attempt to answer “What is the significance of this number????”


Investigating the Properties of the Correlation Coefficient, r.
1. Indicate whether each graph displays a:
a. Positive association between x and y.
b. Negative association between x and y.
c. [image: ]No association between x and y.










[image: ]










2. For each set of data use a calculator to:
· create a scatter plot.
· detemine a linear regression model for the data.
· determine the correlation coefficient for the data. 
 (
X
Y
150
60
155
72
160
94
160
80
165
82
165
90
170
97
170
110
175
112
180
119
)
a. 







 (
Linear Regression Model
: ________________________________
Correlation Coefficient: _________________
)



b.  (
X
Y
50.00
160.0
50.25
160.5
50.50
161.0
50.75
161.5
52.00
164.00
54.00
168.00
54.25
168.5
55.00
170.0
)






 (
Linear Regression Equation: ________________________________
Correlation Coefficient: _________________
)


c.  (
X
Y
150
10
155
75
160
10
165
50
170
140
175
70
180
120
165
120
170
65
160
120
170
100
160
50
)









 (
Linear Regression Equation: ________________________________
Correlation Coefficient: _________________
)


 (
X
Y
150
50
155
90
160
36
160
70
165
5
165
130
170
39
170
80
175
40
180
80
)d. 
 (
Linear Regression Equation: ________________________________
Correlation Coefficient: _________________
)

 (
X
Y
20.8
44
21.4
25
21.2
71
24.2
25
24.7
37
22.5
37
)e. 







 (
Linear Regression Equation: ________________________________
Correlation Coefficient: _________________
)


 (
X
Y
150
180
155
150
160
160
160
80
165
80
165
112
170
38
170
5
175
50
180
10
)f.    







 (
Linear Regression Equation: ________________________________
Correlation Coefficient: _________________
)





 (
X
Y
150
250
155
225
160
200
165
175
170
150
175
125
180
100
)g.  






 (
Linear Regression Equation: ________________________________
Correlation
 Coefficient: _________________
)



 (
X
Y
35
65
20
50
30
60
40
55
23
47
30
53
18
43
28
52
)h. 






 (
Linear Regression Equation: ________________________________
Correlation
 Coefficient: _________________
)






3. Compare each scatter plot and its correlation coefficient. 
a. How does the value of r seem to be related to the patterns of the data points in the scatter plots?


b. What do you think the correlation coefficient measures?



c. What do you notice about the size of the values of r ?  
















Introduction to the Correlation Coefficient and Its Properties
Activity 2: Cereal Nutrition
Summary

The following are properties of the correlation coefficient r:
· r  measures the direction and strength of a linear association only.
· r is positive if there is a positive linear association.
· r is negative if there is a negative linear association.
· 

· 


The association is perfectly linear when  or. The closer  is to 1 or -1, the closer the data are to having a perfect linear association. (Assuming, of course, that you see linear association in the scatter plot.) 
 Correlation coefficients (r-values) for the cereal scatter plots shown below are 


Match each correlation coefficient to its scatter plot. [image: ]











Introduction to the Correlation Coefficient and Its Properties
Activity 3: Linear Correlation with Nonlinear Scatter Plots
What do you think?
1. If a correlation coefficient, r, is close to zero, can there be a strong association between the variables?



2. If a correlation coefficient, r , is close to 1, can the relationship between the variables be nonlinear?

3. Examine the scatter plots shown below.
[image: ]
a. Without calculating the correlation coefficients, determine which two of the scatter plots have correlation coefficients that are close to 0.  Justify your answer.



b. Does your answer to Question 3a agree with the answer you gave for Question 1? Explain your thinking.
         


4. Examine the scatter plots shown below.
a. [image: ] Without calculating the r-value, determine which two of these scatter plots have an 
r-value close to 0.94.  Justify your answer.



b. Look back at the answers you gave to Question #1 and Questions #2. Does this activity make you rethink your answers?  Explain your reasoning.

· Question 1
If a correlation coefficient, r, is close to zero, can there be a strong association between the variables?



· Question 2
If a correlation coefficient, r , is close to 1, can the relationship between the variables be nonlinear?




Introduction to the Correlation Coefficient and Its Properties
Activity 3: Linear Correlation with Nonlinear Scatter plots
[image: ][image: ]Summary
 (
          
  
Scatterplot
 4                                     
   
Scatterplot
 5                                         
        
Scatterplot
 6
)Summary Questions
1. Which of the scatter plots display :
a. a linear relationship? 
b. a nonlinear relationship?
c. no relationship?
Important points to remember:
· Some relationships shown in scatter plots are best represented by a curve instead of a line.
· The correlation coefficient r is a measure of the strength and direction of a linear relationship, but the value of r alone cannot tell you if a relationship is linear. It is important to look at the scatter plot and the residual plot.
· A correlation coefficient close to 0 does not mean that there is no relationship.  The relationship might be nonlinear. 

Introduction to the Correlation Coefficient and Its Properties
Activity 4: Correlation versus Causation
The following data about the life expectancy and number of computer users per 1000 people is to be used for Activity 4. A scatter plot of the data is on the next page. 

	Life Expectancy versus # of Internet Users per 1000 People
Of the 20 Largest Countries in the World (2009)

	Country
	Internet Users
Per 1000 people in the population.
	Life Expectancy
(years of age)

	Bangladesh
	2
	62.5

	Nigeria
	17
	82.9

	India
	53
	70.4

	Pakistan
	58
	64.4

	Egypt
	79
	73.9

	Indonesia
	87
	72.4

	Turkey
	88
	75.2

	China
	92
	74.5

	Philippines
	105
	73.2

	Iran
	113
	71.7

	Thailand
	143
	74.7

	Russia
	160
	72.9

	Brazil
	160
	76.1

	Mexico
	177
	78.3

	France
	449
	83.5

	Italy
	503
	82.9

	Germany
	583
	82.0

	United Kingdom
	646
	81.1

	Japan
	688
	84.7

	United States
	765
	80.8








































1. Describe what the data point (2, 62.5) tells about Bangladesh.



2. In this group of 20 countries, does an increase in the density of internet users (i.e., the number of internet users per 1,000 people) tend to be associated with an increase or a decrease in life expectancy?

3. The correlation coefficient for this data set is 0.62.  How does this value relate to your answer to question #2?




4. The value of the correlation coefficient suggests a fairly strong linear relationship.  Based on this observation, someone might suggest that an easy way to increase a countries life expectancy would be to get more people to use the internet. Do you think this is a reasonable conclusion? Why or why not?




Introduction to the Correlation Coefficient and Its Properties
Activity 4: Correlation versus Causation
Summary

Correlation measures association.  But association is not the same as causation.  A strong correlation between two variables is evidence that there is a relationship between the variables. In other words, the variables vary together in a predictable way. There is a lot more to proving causation than using a correlation coefficient, and that's why you've got to be very careful reading news stories, or even medical journals that claim  to show that A causes B.

1. Give a possible explanation as to why there is a strong correlation between internet users and life expectancy. 

2. Provide another example of two quantities that have a strong correlation but one does not cause the other.


Introduction to the Correlation Coefficient and Its Properties
Activity 4: Correlation versus Causation
Formative Assessment

1. Go to http://istics.net/stat/Correlations
Match the values of the correlation coefficient with the corresponding scatter plot using what you know about strength and direction of linear relationships. Click Answers to check your work. Click New Plots for a new set of scatter plots. Just below the plots, the applet keeps a running count of how many correct matches you have made. Continue matching scatter plot and correlation coefficients until you have accumulated at least 25 correct matches.



2. Go to http://www.rossmanchance.com/applets/guesscorrelation/GuessCorrelation.html
 Click on the New Sample button, which generates a scatter plot. Enter your guess for the correlation in the box called Correlation Guess and hit Enter. The applet then reveals the actual value of the correlation coefficient. It is not easy to guess the value of the correlation coefficient exactly, so if a guess is within 0.1 of the actual value, it is a pretty good guess. (For example, if you guess 0.7 and the actual value is anything between 0.6 and 0.8, you have a pretty good guess.) Click New Sample and estimate the correlation as many times as it takes for you to be comfortable with your ability to estimate the value of the correlation coefficient within 0.1.



3. Describe a scenario with two quantitative variables that are probably highly correlated due to
a third confounding variable. 
 


Confounding variable: A Confounding Variable is an extraneous variable whose presence affects the variables being studied so that the results you get do not reflect the actual relationship between the variables under investigation. When conducting an experiment, the basic question that any experimenter is asking is: "How does A affect B?" where A is the probable cause, and B is the effect. Any manipulation of A is expected to result in a change in the effect. 

For example, you want to study whether bottle-feeding (Cause) is related to an increased risk of diarrhea in infants (Effect). It would seem logical that bottle-fed infants are more prone to diarrhea since water and the bottle could get contaminated, milk could go bad, etc. But if you were to conduct this study, you would learn that bottle-fed infants are less likely to develop diarrhea than breast-fed infants. It would seem that bottle-feeding actually protected against the illness. But in truth, you would have missed a very important confounding variable - mother's education. 

If you take mother's education into account, you would learn that better-educated mothers are more likely to bottle-feed their infants, who are also less likely to develop diarrhea due to better hygienic practices of the mothers. In other words, mother's education is related to both the Cause and the Effect. Not only did the Confounding Variable suppress the effect of bottle-feeding, it even appeared to reverse it - confounding results, indeed!
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