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Find the following lesson concepts at: www.engageny.org, using the reference in the right-hand column:

		
Unit 4 – Statistics:
 
Topic 1 – Central Tendency
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[bookmark: _GoBack]Lesson 2 – Interpreting Residuals From a Line (pg. 71)			Alg M2 L15
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Algebra I


Unit 4 Topic 1 Lesson 1								   Date: __________

Finding the Measures of Central Tendency


Objective:  Students will calculate measures of central tendency, the mean, median, and mode of a given data set, values that “tend” to get to the “center” of the data.

	Mean:
	Average.  The sum of a set of data divided by the number of data.
(Do not round your answer unless directed to do so.)

	Median:
	The middle value, or the mean of the middle two values, when the data is arranged in numerical order.   Think of a "median" being in the middle of a highway.
 

	Mode: 
	The value (number) that appears the most.
It is possible to have more than one mode, and it is possible to have no mode.  If there is no mode-write "no mode", do not write zero (0). 



How do I know which measure of central tendency to use?
· Use the mean to describe the middle/center of a set of data that does not have an outlier.
· Use the median to describe the middle/center of a set of data that does have an outlier.
· Use the mode when the data is non-numeric or when asked to choose the most popular item.


	Range:
	The difference between the largest value and smallest value: highest # - lowest #.




Find the mean, median, mode and range for each data set.

1. 13, 13, 10, 8, 7, 6, 4, 5 

Mean:__________________

Median:_________________

Mode:  _________________

Range:__________________








2. 20, 30, 35, 24, 36, 47, 48

Mean:__________________

Median:_________________

Mode:  _________________

Range:__________________


Number of Hours Spent Sleeping at Night
	  5
	  8
	6
	7
	4

	  9
	  8
	7
	5
	9

	  8
	10
	7
	7
	8

	  6
	  8
	8
	7
	8

	  9
	  8
	7
	5
	9

	10
	  7
	8
	8
	6



3.  Find the measures of central tendency for the data.

	Mean:___________________

	Median:__________________

	Mode:___________________

	Range:___________________





4. Which measure of central tendency do you think gives the best indication of the number of hours the “typical” person spends sleeping each night?  Explain.








5. Suppose another person was surveyed who said that he spends 3 hours sleeping at night.  How would this affect the mean, median, mode and range?





Name:  ____________________________________  Date: ___________
Homework: Algebra Unit 4 Topic 1 Lesson 1 Finding the Measures of Central Tendency

Directions: Find the mean, median, mode and range for each set of data. Show the sum
	       calculated for the mean, and show the numbers in order when determining the
	       median.

1) Data set: 1, 5, 6, 10, 7, 2, 2, 6, 2, 5

    Data set in order:

    Sum of the numbers: __________

	Mean = 



	Mode =

	Median =


	Range =




2) Data set: 5, 5, 6, 9, 4, 3, 4, 8, 10, 4

    Data set in order:

    Sum of the numbers: __________

	Mean = 



	Mode =

	Median =


	Range =




3) A storeowner kept a tally of the sizes of suits purchased in her store. Which measure of central
    Tendency should the storeowner use to describe the average size suit sold?


4) A tally was made of the number of times each color of crayon was used by a kindergarten
    class. Which measure of central tendency should the teacher use to determine which color is the
    Favorite color of her class?


5) The science test grades are posted. The class did very well. All students taking the test scored over 75.
    Unfortunately, 4 students were absent for the test and the computer listed their scores as 0 until the test
    is taken. Assuming that no score repeated more times than the 0’s, what measure of central tendency
    would most likely give the best representation of this data? 




Algebra I

Unit 4 Topic 1 Lesson 2									           Date: _______________
Five Number Summary – Day 1

Objective: Students explain why a median is a better description of a typical value for a skewed distribution. Students calculate the 5-number summary of a data set. Students construct a box plot based on the 5-number summary and calculate the interquartile range (IQR). Students interpret the IQR as a description of variability in the data. Students identify outliers in a data distribution. 

	Five Number Summary
	
A five number summary consists of these five statistics: the minimum value, the first quartile, the median, the third quartile, and the maximum value of a set of numbers.

	Find the five number summary for the following data set:

15     26     34     44     50     61     62      74     77     88     99

	Minimum Value
	
The smallest observation or data point.

	

	First Quartile (Q1)
	
The first quartile is the median of the numbers below the median.

	

	Median
	
The median is the middle value of a set of numbers when the numbers are arranged in either ascending or descending order. 

 If there is an even number of values, the median is the mean of the two middle values.

	

	Third Quartile (Q3)
	
The third quartile is the median of the numbers above the median.

	

	Maximum Value
	
The largest observation or data point.

	



	Interquartile Range (IQR)
	
The difference between Q3 and Q1 or Q3 – Q1 for a given data distribution. 

	



Example 1:
Find the 5 number summary for the following set of data. 

Grades on a Recent Math Test
40, 55, 66, 88, 82, 95, 100, 100, 94, 93, 74, 75, 80, 90, 72




Example 2:
Find the 5 Number Summary on the Calculator:

Find the "five number summary" for the data set
 85, 100, 97, 84, 73, 89, 73, 65, 50, 83, 79, 92, 78, 10

1. Enter data in a list.  
		


2. Go to STAT – CALC and choose 1-Var Stats

		

3. On the HOME screen, when 1-Var Stats appears, type the list containing the data. 

		

4. Hit ENTER

5. When the 1-Var Stats information appears, Arrow down. The five number summary is listed as the last 5 items on
    this  screen. 

	


Reading a Box-and-Whisker Plot

25% of data
25% of data


25% of data
25% of data


Maximum
value
Q1
value
Minimum 
value


Q3
value
Median
value





6. Create a Box-and-Whisker Plot from the data above.

 


Example 3:
Consider the following scenario. A television game show, “Fact or Fiction”, was canceled after nine shows. Many people watched the nine shows and were rather upset when it was taken off the air. A random sample of eighty viewers of the show was selected. Viewers in the sample responded to several questions. The dot plot below shows the distribution of ages of these eighty viewers: 

[image: ]
1. Find the 5-number summary of the viewer ages:
a. Put the data points in ascending order:  6, 7, 8, 10, 10, 10, 11, 12, 13, 15, 15, 16, 18, 20, 20, 21, 25, 26, 27, 38,
    41, 42, 42, 44, 44,45, 46, 46, 47, 48, 49, 50, 51, 52, 52, 53, 54, 57, 57, 58, 61, 61, 61, 61, 62, 62, 62, 62, 63, 63,
    64, 64, 64, 64, 66, 66, 67, 67, 68, 68, 71, 71, 71, 71, 71, 71, 71, 71, 72, 72, 72, 72, 72, 73, 73, 73, 73, 73, 76, 76

      b. Minimum Value :
	   
          First Quartile:

          Median:

          Third Quartile:

          Maximum Value:


 2.  The mean age of the above sample is approximately 50. Do you think this age describes the typical viewer of
       this show? Explain your answer.





















Name: _________________________________  Date: ____________
Homework: Algebra Unit 4 Topic 1 Lesson 2 5-Number Summary Day 1

Answer the following questions.

1. Find the 5 number summary and display the data using a box-and-whisker plot (box plot).

	a. Number of movies rented in one month by each of 25 families: 

	       2, 8, 5, 1, 0, 10, 4, 5, 3, 2, 3, 4, 6, 4, 7, 5, 8, 10, 1, 2, 0, 1, 3, 4, 7

Minimum Value: ________

Q1: ________

Median: ________

Q3: ________

Maximum Value: ________







	b. Number of 16 contestants that participated in a state talent show:

		8, 10, 9, 14, 12, 10, 11, 23, 20, 18, 15, 16, 7, 22, 9, 11

Minimum Value: ________

Q1: ________

Median: ________

Q3: ________

Maximum Value: ________






Algebra I

Unit 4 Topic 1 Lesson 3									     Date: ________________
Five Number Summary Day 2

Objective: Students explain why a median is a better description of a typical value for a skewed distribution. Students calculate the 5-number summary of a data set. Students construct a box plot based on the 5-number summary and calculate the interquartile range (IQR). Students interpret the IQR as a description of variability in the data. Students identify outliers in a data distribution. 

1. Using the dot plot of viewer ages, construct a box plot over the dot plot by completing the following steps:
	a.  Locate the middle 40 observations and draw a box around these values.
	b.  Draw a line in the box at the location of the median.
	c.  Draw a line that extends from the upper end of the box to the largest and smallest           
                    observation in the data set. 
[image: ]
2. What percentage of the data does the box part of the box plot capture?



3. What percentage of the data falls between the minimum value and Q1?



4. What percentage of the data falls between Q3 and the maximum value?

















An advertising agency researched the ages of viewers most interested in various types of television ads. Consider the following summaries:
	Ages
	Target Products or Services

	30-45
	Electronics, home goods, cars

	46-55
	Financial services, appliances, furniture

	56-72
	Retirement planning, cruises, health care services


      
5.  The mean age of the people surveyed is approximately 50 years old. As a result the producers of the show decided
      to obtain advertisers for a typical viewer of 50 years old. According to the table, what products or services do you
      think the producers will target? Based on the sample, what percent of people surveyed would have been
      interested in these commercials if the advertising table were accurate? 





 6. The show failed to generate the interest the advertisers hoped. As a result, they stopped advertising on the show
      and the show was cancelled. Kristin made the argument that a better age to describe the typical viewer is the
      median age. What is the median age of the sample? What products or services does the advertising table suggest
      for viewers if the median age is considered as a description of the typical viewer? 





7. What percentage of the viewers have ages between Q1 and Q3? The difference between Q3 and Q1, or Q3 – Q1 is
     called the interquartile range or IQR. What is the interquartile range for this data distribution?





8. The IQR provides a summary of the variability for a skewed data distribution. The IQR is a number that specifies
     the length of the interval that contains the middle half of the ages of the viewers. Do you think producers of the
     show would prefer a show that has a small or large interquartile range? Explain your answer.






 9. Do you agree with Kristin’s argument that the median age provides a better description of a typical viewer?
     Explain your answer.

Outliers

Example 4:
Students at Waldo High School are involved in a special project that involves communicating with people in Kenya. Consider a box plot of the ages of 200 randomly selected people from Kenya. 

[image: ]
A data distribution may contain extreme data (specific data values that are unusually large or unusually small relative to the median and the interquartile range).  A box plot can be used to display extreme data values that are identified as outliers. 
The “*” in the box plot are the ages of four people from this sample.  Based on the sample, these four ages were considered outliers.  
1. Estimate the values of the 4 ages represented by an “*”.

An outlier is defined to be any data value that is more than 1.5×(IQR) away from the nearest quartile. 
2. What is the median age of the sample of ages from Kenya?  What are the approximate values of Q1 and Q3?  What
     Is the approximate IQR of this sample?  



3. Multiply the IQR by 1.5.  What value do you get?  


4. Add  to the 3rd quartile age (Q3).  What do you notice about the four ages identified by an *?



5. Are there any age values that are less than ?  If so, these ages would also be considered outliers.


6. Explain why there is no * on the low side of the box plot for ages of the people in the sample from Kenya.


How to tell the shape of the distribution by the box plot:
· Symmetric
[image: symmetrc]
· Left skewed – tail to the left
[image: left_skew]
· Right skewed – tail to the right
[image: rt_skew]

[image: ]











Name: _________________________________  Date: _____________
Homework: Algebra Unit 4 Topic 1 Lesson 3 5-Number Summary Day 2

Consider the following scenario.  Transportation officials collect data on flight delays (the number of minutes a flight takes off after its scheduled time).
Consider the dot plot of the delay times in minutes for 60 BigAir flights during December 2012:
[image: ]
How many flights left 60 or more minutes late?



Why is this data distribution considered skewed?  




Find the 5-number summary for this data set.




Draw a box plot of the flights for December using the number line below.


[image: ]
What is the interquartile range or IQR of this data set?








The mean of the 60 flight delays is approximately 42 minutes.  Do you think that 42 minutes is typical of the number of minutes a BigAir flight was delayed?  Why or why not?






BigAir later indicated that there was a flight delay that was not included in the data.  The flight not reported was delayed for 48 hours.  If you had included that flight delay in the box plot, how would you have represented it?  Explain your answer.

























Algebra I


Unit 4 Topic 1 Lesson 4							Date: __________
Five Number Summary Day 3


Objective: Students calculate the 5-number summary of a data set. Students construct a box plot based on the 5-number summary and will analyze the data.

[image: ]
[image: ]


[image: ]




        c.  What measure(s) of central tendency can we easily identify from the boxplot? What measure (s) of
              central tendency can we not determine if we have only a boxplot and not all of the data?  Explain.


         d.  What measure(s) of spread can we easily calculate from the boxplot?

[image: ]






[image: ]
[image: ]
[image: ]

[image: ]










[image: ]






[image: ]




























Name: ______________________________  Date: ____________
Homework: Algebra Unit 4 Topic 1 Lesson 4 5-Number Summary Day 3


[image: ]





     


     In #4-5, using the box and whisker plot given, determine whether or not the min/max should have
     been displayed as an outlier.
[image: ]
          4.






[image: ]           5.   
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Topic 2: Display Data & Compare Distributions


Lesson 1: Distributions & Their Shapes				
Lesson 1: Distributions & Their Shapes
                 Supplement
				
Lesson 2: Describing the Center of a
                 Distribution

Lesson 3: Summarizing Deviations from The
                 Mean

Lesson 4: Measuring Variability For
      Symmetrical Distributions

Lesson 5: Comparing Distributions

Lesson 6: Comparing Distributions Supplement











Algebra I

Unit 4 Topic 2 Lesson 1								 Date:  ____________
Distributions and Their Shapes

Objective: Students use informational language to describe the shape, center of variability of a distribution based on a dot plot, histogram, or box plot.  Students recognize that a first step in interpreting data is making sense of the context.  Students make meaningful conjectures to connect data distributions to their context and the questions that could be answered by studying the distribution.

Statistics is all about data. Without data to talk about or to analyze or to question, statistics would not exist. There is a story to be uncovered behind all data – a story that has characters, plots, and problems in the data. The questions or problems addressed by the data and their story can be disappointing, exciting, or just plain ordinary! This unit is about stories that begin with data.

Data are often summarized by graphs; the graphs are the first indicator of variability in the data.
	Name
	Definition
	Representation

	
Dot Plots
	
A plot of each data value on a scale or number line.

	[image: ]

	
Histograms

	
A graph of data that groups the data based on intervals and represents the data in each interval by a bar.








	[image: ]

	
Box Plots
(Box-and-Whisker plots)
	
A graph that provides a picture of the data ordered and divided into
  four intervals that each contains
  approximately 25% of the data.








	[image: ]



	Symmetrical Distributions
	Skewed Distributions

	A symmetric distribution is one where the left and right hand sides of the distribution are roughly equally balanced around the mean. The histogram below shows a typical symmetric distribution.
	A distribution that is skewed right (also known as positively skewed) is shown below.
	A distribution that is skewed left (also known as negatively skewed) is shown below.

	
	[image: Image]
	[image: Image]

	[image: Image]
	
[image: Image]
	
[image: Image]

	For symmetric distributions, the mean is approximately equal to the median. 
	For a right skewed distribution, the mean is typically greater than the median. Also notice that the tail of the distribution on the right hand (positive) side is longer than on the left hand side.
	For a left skewed distribution, the mean is typically less than the median. Also notice that the tail of the distribution on the left hand (negative) side is longer than on the right hand side.

	The typical value of the distribution is represented by the mean. 
	The typical value of the distribution is 
presented by the median.



Create a histogram for the following information and then answer the questions.  Twenty-five people were attending an event.  The ages of the people are indicated below:  3, 3, 4, 4, 4, 4, 5, 6, 6, 6, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, 16, 17, 22, 22, 25
		Intervals
	Tally
	Frequency

	0 – 4
	
	

	5 – 9
	
	

	10 – 14
	
	

	15 – 19  
	
	

	20 – 24
	
	

	25 – 29 
	
	



	[image: ]












1.  Would you describe your graph as symmetrical or skewed?  Explain your choice.


2. Identify a typical age of the twenty-five people.

3. What event do you think the twenty-five people were attending?  Use your histogram to justify your conjecture.



Answer the following questions on the given dot-plot.
[image: ]
4. What do you think this graph is telling us about the ages of the 80 viewers in this sample?




5. Can you think of a reason why the data presented by this graph provides important information?  Who might be interested in this data distribution?



6. Based on your previous work with dot plots, would you describe this dot plot as representing a symmetric or a skewed data distribution?  Explain your answer.



Answer the following question based on the given box-and-whisker plot.
[image: ]
7. What do you think the box plot tells us about 
the number of miles walked by the 22 juniors?






8. Why might understanding the data behind this 
graph be important?









Name: _________________________________  Date: ________________
[image: ]Homework: Algebra Unit 4 Topic 2 Lesson 1 Distributions and Their Shapes

   Create a histogram for the following data and then answer the questions.

   A different forty people were also attending an event.  The ages of the people are:
       6, 13, 24, 27, 28, 32, 32, 34, 38, 42, 42, 43, 48, 49, 49, 49, 51, 52. 52, 53
       53, 53, 54, 55, 56, 57, 57, 60, 61, 61, 62, 66, 66, 66, 68, 70, 72, 78, 83, 97
	Intervals
	Tally
	Frequency

	0 – 9
	
	

	10 – 19
	
	

	20 – 29
	
	

	30 – 39 
	
	

	40– 49
	
	

	50 – 59 
	
	

	60 – 69
	
	

	70 – 79
	
	

	80 – 89
	
	

	90 – 99
	
	


[image: ]













1.  Would you describe your graph of ages as symmetrical or skewed?  Explain your choice.



2. Identify a typical age of the forty people.



3. What event do you think the forty people were attending?  Use your histogram to justify your conjecture.





Turn Over…More Problems on Back

Use the given dot-plot to answer the following questions.
[image: ]
4. What do you think this graph is telling us about the flight delays for these flights?






5. Can you think of a reason why the data presented by this graph provides important information?  Who might be interested in this data distribution?






6. Based on your previous work with dot plots, would you describe this dot plot as representing a symmetric or a skewed data distribution?  (Recall that a skewed data distribution is not mound shaped.)  Explain your answer.





















Algebra I

Unit 4 Topic 2 Lesson 1 - SUPPLEMENT					 Date:  ____________
Distributions and Their Shapes

Objective: Students use informational language to describe the shape, center of variability of a distribution based on a dot plot, histogram, or box plot.  Students recognize that a first step in interpreting data is making sense of the context.  Students make meaningful conjectures to connect data distributions to their context and the questions that could be answered by studying the distribution.

Statistics is all about data.  Without data to talk about or to analyze or to question, statistics would not exist.  There is a story to be uncovered behind all data – a story that has characters, plots, and problems in the data.  The questions or problems addressed by the data and their story can be disappointing, exciting, or just plain ordinary!  This module is about stories that begin with data.

Data are often summarized by graphs; the graphs are the first indicator of variability in the data.
	Name
	Definition
	Representation

	
Dot Plots
	
A plot of each data value on a scale or number line.

	[image: ]

	
Histograms

	
A graph of data that groups the data based on intervals and represents the data in each interval by a bar.








	[image: ]

	
Box Plots
	
A graph that provides a picture of the data ordered and divided into four intervals that each contains approximately 25% of the data.

	[image: ]



1.  Emma Watson keeps chickens in her back yard. The weights of Emma Watson’s chickens (in lbs) are
     shown.Use these data for the following questions:  14, 6, 5, 7, 7, 5, 6, 7, 6, 6, 4, 5

(a) How many chickens does Emma Watson have?


(b) What unit is used to measure the chicken’s weights?



(c) Make a dot plot of the weights.




  
Weights of Chickens (in lbs)



[image: img774.png]2. Wiz Khalifa is a math teacher. On Wiz Khalifa’s last math test, his students earned the following scores: 
    82, 96, 91, 100, 94, 78, 100, 90, 95, 88, 92, 98, 100, 82, 93, 80, 94, 90, 76, 90, 84, 100, 82, 96

[image: 81795536-9082-11e2-8d90-1231381d9129.png]
(a) Use the data to complete the frequency table to the right.
  

(b) Make a histogram of the data.



  

















3. Wale has been appointed to a committee charged with improving Newark’s high school graduation rate.
    When Wale walks into the conference room for the first meeting, the plot below is tacked to the wall. 
[image: 0cfb9dc6-825a-11e2-b2fb-22000a95170d.png]






   What observations might Wale make based on the plot?

  



[image: img643.png]4. This graph shows the highest average temperatures for each month of the year for one place in
    Washington and one place
    in California.
  
(a) Point out one thing that is      similar between the two data sets. Point out one thing that is different.

  







[image: img644.png]
(b) Which of the four box diagrams shows the Washington temperatures? Explain how you decided.






(c) Which of the four box diagrams shows the California temperatures? Explain how you decided.








Name: _________________________________  Date: ______________
[image: ]Homework: Algebra Unit 4 Topic 2 Lesson 1 Distributions and Their Shapes SUPPLEMENT

1. In June 2010, opponents of the NY Yankees scored the following number of runs:
                4, 4, 9, 0, 2, 4, 1, 2, 11, 8, 2, 2, 5, 3, 2, 4, 0.
(a) Make a dot plot for the data.




  [image: c9f40a34-825b-11e2-ae67-22000a95170d.png]

(b) Describe the distribution of this data set.







Use the given box-and-whisker plot to answer the following questions.

[image: ]2. What does the box plot tell us about the
    number of pets owned by the 30 students at
    Rivers City High School?







3. Why might understanding the data behind
    this graph be important?







Algebra I

Unit 4 Topic 2 Lesson 2 								    Date: ___________
Describing the Center of a Distribution

Objective:  Students construct a dot plot from a data set; Students calculate the mean of a data set and the median of a data set; Students observe and describe that measures of center (mean and median) are nearly the same for distributions that are nearly symmetrical; Students observe and explain why the mean and median are different for distributions that are skewed; Students select the mean as an appropriate description of center for a symmetrical distribution and the median as a better description of center for a distribution that is skewed.
[image: ]













1. Construct a dot plot for the following data and then answer the following questions.

Students from River City High School were randomly selected and asked, “How many pets do you currently own?”  The results are recorded below:
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	2

	2
	2
	2
	3
	3
	4
	5
	5
	6
	6
	7
	8
	9
	10
	12










[image: ]



2.  Calculate the mean number of pets owned by the 30 students from River City High School.  Calculate the
     median number of pets owned by the thirty students.




3.  What do you think is a typical number of pets for students from River City High School?  Explain your
     choice.


Construct a dot plot for the following data and then answer the following questions.

Twenty students were selected to measure the length of the East Hallway.  Two marks were made on the hallway’s floor, one at the front of the hallway and one at the end of the hallway.  Each student was given a 1-meter stick.  Students were asked to use their sticks to determine the length between the marks to the nearest tenth of a meter.  The results are recorded below:
	8.2
	8.3
	8.3
	8.4
	8.4
	8.5
	8.5
	8.5
	8.5
	8.5

	8.6
	8.6
	8.6
	8.6
	8.7
	8.7
	8.8
	8.8
	8.9
	8.9












[image: ]





4.  Why do you think that different students got different results when they measured the same distance of
      the east hallway?






5.  What is the mean length of the east hallway data set?  What is the median length?







6.  A construction company will be installing a handrail along a wall from the beginning point to the ending
     point of the east hallway.  The company asks you how long the handrail should be.  What would you tell
     the company?  Explain your answer.









Name: _________________________________  Date: ______________
Homework: Algebra Unit 4 Topic 2 Lesson 2 Describing the Center of a Distribution

[image: ]









1. Emma Watson keeps chickens in her back yard. The weights of Emma Watson’s chickens (in lbs.) are
    shown. Use these data for the following questions:  14, 6, 5, 7, 7, 5, 6, 7, 6, 6, 4, 5

a) What is the mean weight of the chickens?





b) What is the median weight of the chickens?




c) Does the mean or median better describe the center of this data? Explain.





2. Kendrick Lamar is coaching a high school cross country team. A few weeks into training, Kendrick Lamar
    has all of his athletes complete a 5 kilometer time trial. Kendrick Lamar records the times below:

   16:29, 16:36, 16:49, 17:01, 17:15, 17:24, 17:45, 18:06, 18:19, 18:32, 18:45, 18:57, 19:05, 19:24, 19:53,
   20:10, 20:30, 20:50

a) Create a histogram to visualize the times.







b) What are some observations that Kendrick Lamar might make about the times?






Algebra I

Unit 4 Topic 2 Lesson 3								 Date:  ____________
Summarizing Deviations from the Mean

Objective: Students calculate the deviations from the mean for two symmetrical data sets that have the same means.  Students interpret deviations that are generally larger as identifying distributions that have a greater spread or variability than a distribution in which the deviations are generally smaller.
	Name
	Definition
	Representation

	

Deviation
	

The value minus the mean.
	
[image: ]Written algebraically, this is  

For example:  Consider mean = 50.  If we have a data point of 40.  The deviation is 40 – 50 = -10.


	
Variability
	
The spread of the distribution.
	
If there is a high variability, the deviations from the mean will be greater.



A consumers’ organization is planning a study of the various brands of batteries that are available.  As part of its planning, it measures lifetime (how long a battery can be used before it must be replaced) for each of 6 batteries of Brand A and 8 batteries of Brand B.  Dot plots showing the battery lives for each brand are shown.

[image: ]

1.  Does one brand of battery tend to last longer, or are they roughly the same?  What calculations could you
     do in order to compare battery life for the two brands?





2.  Do the battery lives tend to differ more from battery to battery for Brand A or for Brand B?





3. Would you prefer a battery brand that has lifetimes that don’t vary much from battery to battery?  Why or 
    why not?





4.  The table below shows the lives (in hours) of the Brand A batteries.
	a.  Calculate the mean. 



b.  Calculate the deviations from the mean for the remaining values and write your answers in the
     appropriate places in the table.

[image: ]

     
     The table below shows the same process for Brand B batteries.
[image: ]





5.  The lives of five batteries of a third brand, Brand C, were determined.  The dot plot below shows the lives
     of the Brand A and Brand C batteries.
[image: ]

a.  What brand has the greater mean life?  (You should be able to answer this question without doing
     any calculation.)





b.  Which brand shows the greater variability?






c.  Which brand would you expect to have the greater deviations from the mean?  (Ignore the signs of
     the deviations.)




6.  The table below shows the lives for the Brand C batteries.

[image: ]

	a.  Calculate the mean of Brand C.  Be sure to include the units for your answer.



	b. Write the deviations for the mean in the appropriate spots in the chart.



c.  Ignoring the signs, are your deviations generally larger or smaller for Brand C in comparison with
     Brand A?  Does this match your answer for part C of the previous questions?





7.  The lives of 100 batteries of Brand D and 100 batteries of Brand E were determined.  The results are
     summarized in the histograms below.
[image: ][image: ]




	








	
	a.  Estimate the means for Brand D and E.  (Do not do any calculations).


	b.  Does Brand D or Brand E show the greatest variability in lives?  Or are they roughly the same?


	c.  Estimate the largest deviation from the mean for Brand D.



	d.  What would you consider to be a typical deviation for Brand D?



Name: _________________________________  Date: _____________
Homework: Algebra Unit 4 Topic 2 Lesson 3 Summarizing Deviations From The Mean
 
1. Five people were asked approximately how many hours of TV they watched per week. Their responses
    were as follows:
6    4    6    7    8
	a.   Find the mean number of hours of TV watched for these five people.

	b.   Find the deviations from the mean for these five data values.	
	Hours of TV watched
	6
	4
	6
	7
	8

	Deviations from the mean
	
	
	
	
	



2. Suppose that the two histograms below show the sleeping habits of the teens at two different high
    schools.  Wheatland High School is a small rural school consisting of 100 students while Urbandale High
    School is  located in a large city and has 3,500 students.
	[image: ]
	[image: ]

	a.  Estimate the means for Wheatland and Urbandale students.  (Do not do any calculations).

b.  Do Wheatland or Urbandale students show the greater variability in hours of sleep?  Or are they roughly the same?

c.  Estimate the largest deviation from the mean for Urbandale students.

d.  What would you consider to be a typical deviation for Wheatland students?

	

	
	





Algebra I

Unit 4 Topic 2 Lesson 4								   Date:  ___________
Measuring Variability for Symmetrical Distributions

Objective:  Students calculate the standard deviation for a set of data.  Students interpret the standard deviation as a typical distance from the mean.

	Name
	Definition
	Representation

	

Standard Deviation
	

The Standard Deviation is a measure of how spread out the numbers are.
	
Its symbol is σ (the Greek letter sigma)

*A low standard deviation indicates that the data points tend to be very close to the mean.

*A high standard deviation indicates that the data points are spread out over a large range of values.




Remember: In Lesson 3 we looked at what might be a typical deviation from the mean.  We’ll now develop a way to use the deviations from the mean to calculate a measure of variability called the standard deviation.

Calculating Standard Deviation:
1.  Here is the dot plot of the lives of the Brand A batteries from Lesson 4.
[image: ]

How do we measure the variability of this data?  We can calculate the Standard Deviation.
Steps:	1.  Calculate the mean.



	2.  Calculate deviations.  Square the deviations.

	Life (Hours)
	83
	94
	96
	106
	113
	114

	Deviation from the Mean
	
	
	
	
	
	

	Squared Deviations from the Mean
	
	
	
	
	
	



	3.  Add up the squared deviation (the result is the sum of the squared deviations).



	4.  Determine the number of data points (n).  In this example, n = 6.



	5.  Divide the sum of the squared deviations by n – 1.  In this example, n – 1 = 5.




	6.  Take the square root of your answer to step 5 (to the nearest hundredth).



Using Calculator to find Mean & Standard Deviation:

1.  A set of eight men had heights (in inches) as shown below:

67.0	70.9	67.6	69.8	69.7	70.9	68.7	67.2

Indicate the mean and standard deviation you obtained from your calculator to the nearest hundredth:
 					1. From the home screen, press STAT, ENTER to access the stat editor.
2. If there are numbers in L1, clear data by moving cursor to “L1” and pressing CLEAR, ENTER.
3. Move cursor to 1st element of L1, type the first data value, press ENTER.  Continue to enter data values into L1.
4. Press 2ND, QUIT to return to home screen.
5. Press STAT, select CALC, select 1-Var Stats, press ENTER.
6. The screen should now show summary statistics for your data set.
7. The mean is the     value, and the standard deviation is the Sx value.

			
[image: ]
									Mean (    ) =  _________


									Standard Deviation (Sx) =_________





[image: ]




2.  The height (in inches) of 9 women are shown below:

68.4	70.9	67.4	67.7	67.1	69.2	66.0	70.3	67.6

Use the statistical features of your calculator to find the mean and standard deviation of these heights to the nearest hundredth.

Mean =  _________				Standard Deviation = _________








3.  Ten people attended a talk at a conference. At the end of the conference, the attendees were given a
     questionnaire that consisted of four questions. The questions were optional, so it is possible that some
     attendees might answer none of the questions, while others may answer 1, 2, 3, or all 4 of the questions. 
     Therefore, the possible number of questions answered are 0, 1, 2, 3, or 4.

     Suppose that the number of questions answered by each of the ten people were as shown in the dot plot
[image: ]     below.

	



a.  What is the meaning of one dot at “4”?


	b.  Use the statistical features of your calculator to find the mean and standard deviation of the data
                 set.
Mean =  _________					Standard Deviation = _________

4.  Suppose the dot plot looked like this:
[image: ]
a. Use the statistical features of your calculator to find the mean and standard deviation of this
    distribution.

Mean =  _________					Standard Deviation = _________

b.  Remember that the size of the standard deviation is related to the size of the deviations from the
     mean. Explain why the standard deviation of this distribution is greater than the standard deviation
     in Example 3.

5.  Suppose that every person answers all four questions on the questionnaire.  
	a.  What would the dot plot look like?
[image: ]

b.  What is the mean number of questions answered? (You should be able to answer this without
     doing any calculations!)



c.  What is the standard deviation?  (Again, not necessary to do any calculations!)




Name: _________________________________  Date: _____________
Homework: Algebra Unit 4 Topic 2 Lesson 4 Measuring Variability for Symmetrical Distributions

1. The daily high temperatures (in degrees Fahrenheit) one week in January were 32, 35, 28, 34, 29, 33, and 26. Find
     the  mean and standard deviation of the temperature using your calculator. 

	Mean ( : ___________________
	Standard Deviation:  : ___________________


2. Determine the mean and standard deviation of the following quiz scores: 8, 10, 19, 23, 28, 31, 32, and 41.
	Mean ( : ___________________
	Standard Deviation:  : ___________________

3. All the members of the high school softball team were asked how many hours they studied in a typical week.  The
     results are shown in the histogram below.
[image: ]
	    Suppose that the four students represented by the histogram bar centered at 5 had all studied exactly 5
                   hours, the five students represented by the next histogram bar had all studied exactly 10 hours, and so on.
                   If you were to add up the study times for all the students in this way calculate the mean and standard
                   deviation for 	the study time in hours for the students on the high school softball team. 

	    Mean ( : ___________________
	    Standard Deviation:  : ___________________





Algebra I

Unit 4 Topic 2 Lesson 5									         Date:  ______________
Comparing Distributions

Objective: Students compare two or more distributions in terms of center, variability, and shape. Students interpret a measure of center as a typical value. Students interpret the IQR as a description of the variability of the data. Students answer questions that address differences and similarities for two or more distributions.
Example 1:  Country Data
A science museum has a “Traveling Around the World” exhibit.  Using 3D technology, participants can make a virtual tour of cities and towns around the world.  Students at Waldo High School registered with the museum to participate in a virtual tour of Kenya, visiting the capital city of Nairobi and several small towns.  Before they take the tour, however, their mathematics class decided to study Kenya using demographic data from 2010 provided by the United States Census Bureau.  They also obtained data for the United States from 2010 to compare to data for Kenya.
The following histograms represent the age distributions of the two countries: 

	
[image: ]

	
[image: ]




1. How do the shapes of the two histograms differ?


2. Approximately what percent of people in Kenya and the United States are between the ages of 0 and 10 years?


3. Approximately what percent of people in Kenya and the United States are 60 years or older?


4. The population of Kenya in 2010 was approximately 41 million people.  What is the approximate number of people in Kenya between the ages of 0 and 10 years?


5. The population of the United States in 2010 was approximately 309 million people.  What is the approximate
     number of people in the United States between the ages of 0 and 10 years?




6. The Waldo High School students started planning for their virtual visit of the neighborhoods in Nairobi and several
     towns in Kenya.  Do you think they will see many teenagers?  Will they see many senior citizens who are 70 or
     older?  Explain your answer based on the histogram.



Example 2:  Learning More about the Countries Using Box Plots and Histograms
A random sample of 200 people from Kenya in 2010 was discussed in previous lessons.  A random sample of 200 people from the United States is also available for study.  Box plots constructed using the ages of the people in these two samples are shown below.
[image: ]
7. Adrian, a senior at Waldo High School, stated that the box plots indicate the United States has a lot of older people
    compared to Kenya.  Would you agree?  How would you describe the difference in the ages of people in these two
    countries based on the above box plots? 



8. Estimate the median age of a person in Kenya and the median age of a person in the United States using the box
    plots. 


9. Using the box plot, 25% of the people in the United States are younger than what age?  How did you determine
    that age?


10. Using the box plots, approximately what percent of people in Kenya are younger than 18 years old?


Name: _________________________________  Date: _____________
Homework: Algebra Unit 4 Topic 2 Lesson 5 Comparing Distributions

1) Below are the prices of snowboards at two competing snowboard stores:
Middletown Snowboards			         Snowboard Central
         345, 350, 356, 360, 375, 405		      	         343, 370, 386, 392, 395, 402

a) Identify the 5 main statistics (5-summaries) of each set of data.

       		           Middletown Snowboards				      Snowboard Central






b) Draw a double box-and-whisker plot of the above data on the scale below:









[image: ]



c) What is the median price for a snowboard at Middletown Snowboards?



        d)   What is the lowest price you could pay for a snowboard at Snowboard Central?




        e)   What is the most expensive board at Middletown Snowboards?




        f)   What is the Interquartile Range of prices for snowboards at Snowboard Central?




        g)   Which price represents the upper quartile for Middletown Snowboards?	




        h)   What percentage of boards sold at Middletown Snowboards are greater than $350?




        i)   What percentage of boards sold at Snowboard Central are greater than $395?




        j)   Which store would you rather buy a snowboard from?  Why?



















Algebra I

Unit 4 Topic 2 Lesson 5 SUPPLEMENT							         Date:  ______________
Comparing Distributions

Objective: Students compare two or more distributions in terms of center, variability, and shape. Students interpret a measure of center as a typical value. Students interpret the IQR as a description of the variability of the data. Students answer questions that address differences and similarities for two or more distributions.
1. Using the histograms of the population distributions of the United States and Kenya in 2010,
    approximately what percent of the people in the United States were between 15 and 50 years old?
    Approximately what percent of the people in Kenya were between 15 and 50 years old?
[image: ]

a. What 5-year interval of ages represented in the 2010 histogram of the United States age distribution has
     the most people?







b. Why is the mean age greater than the median age for people in Kenya?




2. The following is a dot plot of 60 ages from a random sample of people from Japan in 2010.

Find the 5-Number Summary and Draw a box plot over this dot plot.  

Min: _________
Q1: __________
Median: ______
Q3: __________
Max:_________
[image: ]
a. Based on your box plot, and the following box plots of the ages in Kenya and the United States, would
    the median age of people in Japan be closer to the median age of people in Kenya or the United States?
    Justify your answer.

[image: ]
b. What does the box plot of this sample from Japan indicate about the possible differences in the age
     distributions of people from Japan and Kenya?





Name: _________________________________  Date: ________________
Homework: Algebra Unit 4 Topic 2 Lesson 5 Comparing Distributions Supplement

Compare the box-and-whisker plots A and B to answer each question.

	1. What is the median of each set of 
     data?





2. Which plot has the greater
     interquartile range?




	[image: ]

	3. What is the lower quartile (Q1) of
    each set of data





5. What is the minimum value in
    plot A?





7. Which plot illustrates the larger
    range of data?





9. What percent of the data in plot
    A is greater than 80? 
	                    4. What is the upper quartile (Q3) of each set of data?






                    6. What is the greatest value in plot B?






                    8. What percent of the data in plot B is between 60 and 85?






                    10. What percent of the data in plot A is less than 65?

	
	









Topic 3 – Scatter Plots & Residuals

Lesson 1: Modeling Relationships With a Line
			
Lesson 2: Interpreting Residuals From a Line
			
Lesson 3: The Residual Plot		
	  
Lesson 4: More on Modeling Relationships
                 With a Line

Lesson 5: Analyzing Residuals

Lesson 6: Interpreting Correlations

Lesson 7: Summarizing Bivariate Categorical
                 Data








Algebra I

Unit 4 Topic 3 Lesson 1								     Date: ______________

Modeling Relationships With a Line


Objective: Students determine the least-squares regression line from a given set of data using technology.  Students use the least-squares regression line to make predictions.

	Vocabulary Word
	Definition
	Representation

	Residual
	The prediction error 
	Residual = Actual -value – Predicted -value

	Least-Squares Line

Line of Best Fit
	
The least-squares line is the line that is used to model a linear relationship.  The least-squares line is the “best” line in that it has a smaller sum of squared residuals than any other line.

	[image: ]



Kendra likes to watch crime scene investigation shows on television.  She watched a show where investigators used a shoe print to help identify a suspect in a case.  She questioned how possible it is to predict someone’s height from his shoe print.

To investigate, she collected data on shoe length (in inches) and height (in inches) from 10 adult men.  Her data appear in the table and scatter plot below.
[image: ]
1. Is there a relationship between
    shoe length and height?



2. How would you describe the
    relationship?  Do the men with
    longer shoe lengths tend to be
    taller?





When two variables  and  are linearly related you can use a __________ to describe their relationship and use the equation of that line to predict the value of the -variable based on the value of the -variable.  

3. Below is a scatter plot of the data with two linear models;  and .  Which of these
    two models does a better job of describing how shoe length () and height () are related?  Explain your choice.  
[image: ]












One way to think about how useful a line is for describing a relationship between two variables is to use the line to predict the -values for the points in the scatter plot.  These predicted values could then be compared to the actual -values.  


4.  For the line, , calculate the missing values and write them in to complete the table.

[image: ]

















 
5.  Why is the residual in the table’s first row positive and the residual in the second row negative?





The line that has the __________ sum of squared residuals for this data set compared to any other line is called the ________________________.  This line can also be called the _____________________ or the ____________________ (or ____________________).

Steps to find the equation of the least-squares line on your calculator:

[image: ][image: ]1. Press STAT
2. Choose 1: Edit
3. Type data into the lists 
4. Press STAT
5. Arrow to the right for CALC
6. Choose 4: LinReg ()
7. Press enter

[image: ][image: ][image: ]



				       




6.  Enter the shoe-length and height data into your calculator to find the equation of the least-squares line.  Did you
     get ?  (The slope and -intercept here have been rounded.)






 
The slope of the least-squares line is the change in the predicted value of the -variable associated with an increase of one in the value of the -variable.

7.  Give an interpretation of the slope of the least-squares line  for predicting height from shoe size
     for adult men.






The -intercept of a line is the predicted value of  when  equals zero.  When using a line as a model for the relationship between two numerical variables, it often does not make sense to interpret the -intercept because an -value of zero may not make any sense.  

8. Explain why it does not make sense to interpret the -intercept of 25.3 as the predicted height for an adult male
    whose shoe length is zero.









Name: _________________________________  Date: _____________
Homework: Algebra Unit 4 Topic 3 Lesson 1 Modeling Relationships With A Line
[image: ]










[image: ]Answer the following questions.

Kendra wondered if the relationship between shoe length and height might be different for men and women.  To investigate, she also collected data on shoe length (in inches) and height (in inches) for 12 women.  

1. Construct a scatter plot of these data.  

2. Is there a relationship between shoe length and height for these
    12 women?

[image: ]



3. Find the equation of the least-squares line.
    (Round values to the nearest hundredth.)




4. Suppose that these 12 women are representative
    of adult women in general.  Based on the least-
    squares line, what would you predict for the
    height of a woman whose shoe length is 10.5
    inches?  What would you predict for the height of a woman who shoe length is 11.5 inches?




Turn Over…More Problems on Back

5.  One of the women in the sample had a shoe length of 9.8 inches.  Based on the regression line, what would you
     predict for her height?





6.  What is the value of the residual associated with the observation for the woman with the shoe length of 9.8?





7.  Add the predicted value and the residual you just calculated to the table below.  
[image: ]













8.  Provide an interpretation of the slope of the least-squares line.




9.  Does it make sense to interpret the -intercept of the least-squares line in this context?  Explain why or why not.  











Algebra I

Unit 4 Topic 3 Lesson 2								     Date: ______________
Interpreting Residuals From a Line


Objective: Students use the least-squares line to predict values for a given data set.  Students use residuals to evaluate the accuracy of predictions based on the least-squares line.  

	Vocabulary Word
	Definition
	Representation

	Residual
	The prediction error 
	Residual = Actual -value – Predicted -value



The gestation time for an animal is the typical duration between conception and birth.  The longevity of an animal is the typical lifespan for that animal.  The gestation times (in days) and longevities (in years) for 13 types of animals are shown in the table and scatter plot below.  
[image: ]
[image: ]














If we find the equation of the least-squares line relating longevity to gestation time for these types of animals, we can predict longevity.  How accurate is the line?

1.  Find the equation of the least-squares line.  







[image: ]The least-squares line has been added to the scatter plot.  

2.  Suppose a particular type of animal has a
     gestation time of 200 days.
     Approximately what value does the line
     predict for the longevity of that type of
     animal?









3.  Would the value you predicted in question (2) necessarily be the exact value for the longevity of that
      type of animal?  Could the actual longevity of that type of animal be longer than predicted?  Could it be
      shorter?






4.  The lion’s gestation time is 100 days and has a longevity of 15 years.  What does the least-squares line
     predict for the lion’s longevity?  How close is this to being correct?  More precisely, how much do you
     have to add to the prediction to get the lion’s true longevity?  





5.  The gestation time for the type of animal called the ocelot is know to be 85 days.  Find the longevity
     predicted by the least-squares line.  





6.  The residuals show that the actual longevity of an animal should be within six years of the longevity
      predicted by the least-squares line (meaning the largest residual was 6).  Based on this info, what
      might be a sensible range of values for the actual longevity of the ocelot?




Name: _________________________________  Date: ________________
Homework: Algebra Unit 4 Topic 3 Lesson 2 Interpreting Residuals From A Line
[image: ]








Answer the following questions.

The time spent in surgery and the cost of surgery was recorded for six patients.  The results and scatter plot are shown below.  
[image: ]












1.  Calculate the equation of the least-squares line relating cost to time.  (Indicate slope to the nearest tenth and 
     -intercept to the nearest whole number.





2.  Draw the least-squares line on the graph above.  (Hint: Substitute  into your equation to find the predicted 
     -value.  Plot the point (30, your answer) on the graph.  Then substitute  into the equation and plot the
     point.  Join the two points with a straightedge.)






Turn Over…More Problems on Back

3.  What does the least-squares line predict for the cost of a surgery that lasts 118 minutes?  (Calculate the cost to
     The nearest cent.)










4.  How much do you have to add to your answer to question (3) to get the actual cost of surgery for a surgery lasting
     118 minutes?  (This is the residual.)










5.  Remember that the residual is the actual -value minus the predicted -value.  Calculate the residual for the
     surgery  that took 149 minutes and cost $8,855.  


















Algebra I

Unit 4 Topic 3 Lesson 3							        Date: ______________

The Residual Plot


Objective: Students use the least-squares line to predict values for a given data set.  Students use residuals to evaluate the accuracy of predictions based on the least-squares line.  

	Vocabulary Word
	Definition
	Representation

	Residual
	The prediction error 
	Residual = Actual -value – Predicted -value


[image: ]
The curb weight of a car is the weight of the car without luggage or passengers.  The table to the right shows the curb weights (in hundreds of pounds) and fuel efficiencies (in miles per gallon) of five compact cars.

Using a calculator, the least-squares line for this data set where  is the curb weight (in hundreds of pounds) and  is the predicted fuel efficiency (in miles per gallon) was found to have the equation:


[image: ]The scatter plot of this data is shown, and the least-squares line is shown on the graph.  

Before you calculate the residuals for the five points, look at the scatter plot.   

1.  Will the residuals for the car whose curb weight
     is 25.33 be positive or negative?  Roughly what is
     the value of the residual for this point?






2.  Will the residual for the car whose curb weight is 27.79 be positive or negative?  Roughly, what is the
      value of the residual for this point?


The residuals for both of these curb weights are calculated as follows:
[image: ]




	Curb Weight
(100 lb)
	Actual Fuel
Efficiency (mpg)
	Predicted Fuel
Efficiency (mpg)
	Residual

	25.33
	43
	39.9
	3.1

	26.94
	38
	
	

	27.79
	30
	
	-6.1

	30.12
	34
	
	

	32.47
	30
	
	


3.  Calculate the remaining three residuals and write them in the table below.




4.  Suppose that a car has a curb weight (in hundreds of pounds) of 31. 
	a. What does the least-squares line predict for the fuel efficiency of this car?

	b. Would you be surprised if the actual fuel efficiency of this car was 29 miles per gallon?  
    Explain your answer.
Making a residual plot: Plot the original x-variable (curb weight in this case) on the horizontal axis and the
residuals on the vertical axis.  The axes and the first point for this example are shown below.  
[image: ]












5.  Finish plotting the other four residuals in the residual plot above.  

6.  How does the pattern of the points in the residual plot relate to the pattern in the original scatter plot? 
     Looking at the original scatter plot, could you have known what the pattern in the residual plot would
     be?



Why is looking at the residual plot important??
[image: ]

























7.  What does it mean when there is a curved pattern in the residual plot?





8.  What does it mean when the points in the residual plot appear to be scattered at random with no visible
     pattern?















Name: _________________________________  Date: _____________
Homework: Algebra Unit 4 Topic 3 Lesson 3 The Residual Plot
[image: ]









Answer the following questions.

[image: ]Four athletes on a track team are comparing their personal bests in the 100 meter and 200 meter events.  A table of their best times is shown below, along with a scatter plot of these results (including the least-squares line).  

[image: ]













1.  Use your calculator to find the equation of the least-squares line.





2. Use your equation to find the predicted 200-meter time for the runner whose 100-meter time is 12.95.  What is
     the residual for this athlete?




Turn Over…More Problems on Back


3.  Calculate the residuals for the other three athletes.  Write all the residuals in the table given below.  

	
Athlete
	
100m time
(seconds)
	
Actual 200m time
(seconds)
	
Predicted 200m time (seconds)
	
Residual

	1
	12.95
	26.68
	
	

	2
	13.81
	29.48
	
	

	3
	14.66
	28.11
	
	

	4
	14.88
	30.93
	
	







4.  Using the axes provided below, construct a residual plot for this data.

[image: ]

























Name: _________________________________  Date: _________________
Unit 4 Topic 3 Lesson 4: More Modeling Relationships With a Line

	1) You have been working on a science project for 8 months. Each
    Month you have measured the length of a baby alligator. The table
    shows your measurements.
	[image: ]


[image: ]
(a) Describe the relationship, if any in the scatterplot.
[image: ]
								        (b) Calculate the equation for the Line of Best Fit,
								  to the nearest tenth.

							        (c) Use the equation for the Line of Best Fit to make
 								 predictions on the alligator’s length and 									 	 calculate  the residuals.

	Month (x)
	Length (in)
	Predicted Length (in)
	Residual

	0
	22.0
	
	

	1
	22.5
	
	

	2
	23.5
	
	

	3
	25.0
	
	

	4
	26.0
	
	

	5
	27.5
	
	

	6
	28.5
	
	

	7
	29.5
	
	



	(d) Predict the length of the baby alligator at months 8, 9, 10, and 11. Plot those lengths on the
                   scatterplot. 


2) You are a biologist and are studying the bat populations. You are asked to predict the number of bats
     that will be living in an abandoned mine in 3 years. To start, you find the number of bats living in the
     mine during the past 8 years. The table shows the results of your research. 
[image: ]
[image: ](a) Find the equation of the line of best fit, to nearest
							      whole number.

							(b) Use the equation of the line of best fit to predict the 							      	      number of Bats and calculate residuals. 

	Year (x)
	Bats (thousands)
	Predicted Bats 
	Residual

	0
	327
	
	

	1
	306
	
	

	2
	299
	
	

	3
	270
	
	

	4
	254
	
	

	5
	232
	
	

	6
	215
	
	

	7
	197
	
	




                  (c) Create and label a scale for both axes.  Make a graph of the Residual Plot.  
          






	
Algebra I

Unit 4 Topic 3 Lesson 5								   Date: _______________
Analyzing Residuals


Objective: Students use a residual plot as an indication of whether the model used to describe the relationship between two numerical values is an appropriate choice.

Example 1 – The Importance of Residuals

[image: ]


[image: ]



a) Why is looking at the residual plot important??

[image: ]

b) What does it mean when there is a curved pattern in the residual plot?





c) What does it mean when the points in the residual plot appear to be scattered at random with no
    visible pattern?













Example 2 – The Meaning of Residuals
[image: ]


Consider the following questions:
· What kind of residual will point A have?


· What kind of residual will point B have?


· What kind of residual will point C have?


You also looked at the residual plot for this data set:
[image: ]


Example 3 – Why do you need the residual plot?

[image: ]

There is a clear curve in the residual plot. So what appeared to be a linear relationship in the original scatter plot was, in fact a nonlinear (curved) relationship.

How did this residual plot result from the original scatter plot?











Name: _________________________________  Date: _____________
Homework: Algebra Unit 4 Topic 3 Lesson 5 Analyzing Residuals

[image: ]
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2. Use your graphing calculator to calculate the line of best fit. Explain what the slope of the least-squares line indicates about shoe length and height.

Below is the scatterplot of the data set:

[image: ]
3. What do you think the residual plot for the data set would show?










Algebra I

Unit 4 Topic 3 Lesson 6								Date: _____________
Interpreting Correlations


Objective: Students use technology to determine the value of the correlation coefficient for a given data set.  Students interpret the value of the correlation coefficient as a measure of strength and direction of a linear relationship.  Students explain why correlation does not imply causation.


Example 1 – Positive and Negative Linear Relationships

[image: ]

1. The relationship displayed in Scatterplot 1 is a positive linear relationship.  Does the value of the y variable tend to increase or decrease as the value of x increases?  Would the best-fit line have a positive or negative slope?



2. The relationship displayed in Scatterplot 2 is a negative linear relationship.  Does the value of the y variable tend to increase or decrease as the value of x increases?  Would the best-fit line have a positive or negative slope?




3. What does it mean to say there is a positive linear relationship between two variables?



4. What does it mean to say there is a negative linear relationship between two variables? 

Example 2 – Some Linear Relationships are Stronger than Others.

[image: ]

5. It is also common to describe the strength of a linear relationship. We would say the relationship in Scatterplot 3 is weaker than Scatterplot 4.  Why?



[image: ]6.














            7.  How would a scatterplot that shows the strongest possible negative linear relationship look different from 
                  the  scatterplot you drew above?












Exercises 8-10: Strength of Linear Relationships

8. Consider Scatter Plots 5, 6 and 7 below. Place them in order from the one that shows the strongest linear
    relationship to the one that shows the weakest linear relationship. 
	[image: ]
	[image: ]

	[image: ]




	Strongest
	
	Weakest

	
	
	




9.    Explain your reasoning for choosing the order in Exercise 8.



10.   Which of the scatter plots, Scatter Plot 8 or Scatter Plot 9, shows the stronger linear relationship?  (Think
        carefully about this one!)
	[image: ]
	[image: ]



Example 3: The Correlation Coefficient 

The correlation coefficient is a number between −1 and +1 (including −1 and +1) that measures the strength and direction of a linear relationship. The correlation coefficient is denoted by the letter 𝑟. 

Several scatter plots will be shown. The value of the correlation coefficient for the data displayed in each plot is also given.

	[image: ]

	



	[image: ]
	

	[image: ]
	

	[image: ]
	



	[image: ]
	

	[image: ]
	

	[image: ]
	


11.     When is the value of the correlation coefficient positive?



12.     When is the value of the correlation coefficient negative?



13.     Is the linear relationship stronger when the correlation coefficient is closer to 0 or 1 (or -1)?





The correlation coefficient can also be found on your graphing calculator:
[image: ]


14.  Do you think the value of the correlation coefficient for this data will be positive or negative?  Explain why you
       made this choice.




15. Enter the data into your graphing calculator and calculate the line of best fit.  (**Make sure your diagnostics are
      ON: 2nd Catalog (above 0) and arrow down to Diagnostics On; Enter; Enter)



16. Find the value of the correlation coefficient and round to the nearest tenth. 




[image: ]



Example 4:  Correlation Does Not Mean There is a Cause-and-Effect (Causal) Relationship Between Variables
It is sometimes tempting to conclude that if there is a strong linear relationship between two variables that one variable is causing the value of the other variable to increase or decrease.  But you should avoid making this mistake.  When there is a strong linear relationship, it means that the two variables tend to vary together in a predictable way, which might be due to something other than a cause-and-effect relationship.
For example, the value of the correlation coefficient between sodium content and number of calories for the fast food items in the previous example was  , indicating a strong positive relationship.  This means that the items with higher sodium content tend to have a higher number of calories.  But the high number of calories is not caused by the high sodium content.  In fact sodium does not have any calories.  What may be happening is that food items with high sodium content also may be the items that are high in sugar or fat, and this is the reason for the higher number of calories in these items.
Similarly, there is a strong positive correlation between shoe size and reading ability in children.  But it would be silly to think that having big feet causes children to read better.  It just means that the two variables vary together in a predictable way.  Can you think of a reason that might explain why children with larger feet also tend to score higher on reading tests?



















Name: _________________________________  Date: _______________
Homework:  Algebra Unit 4 Topic 3 Lesson 6 Interpreting Correlations

[image: ]

[image: ]
           Explain your reasoning.


[image: ]    2.     
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Algebra I

Unit 4 Topic 3 Lesson 7									     Date: ______________
Summarizing Bivariate Categorical Data

Objective: Students distinguish between categorical data and numerical data. Students summarize data on two categorical variables collected from a sample using a two-way frequency table. 
	Numerical Data
	Values or observations that can be measured. And these numbers can be placed in ascending or descending order. Examples: Height, Arm Span and Weight.
	Ex: Height, Arm Span and Weight.

	Categorical Data
	Values or observations that can be sorted into groups or categories.
	Ex: Sex, Eye color and Favorite color.

	Bivariate Categorical Data
	Data that results from collecting data on two categorical variables. 
	Ex:


A two-way frequency table shows data that pertain to two different categories. The data from one sample group is shown as it relates to two different categories/variables. 

Example: Felipe surveyed students at his school. He found that 78 students own a cell phone and 57 of those students own an MP3 player. There are 13 students that do not own a cell phone, but own an MP3 player. Nine students do not own either device. Construct a two-way frequency table summarizing the data. 
	
	MP3 Player
	No MP3 Player
	Total

	Cell Phone
	
	
	

	No Cell Phone
	
	
	

	Total
	
	
	



Although the joint and marginal frequencies are good to know, more likely we want to know how it relates to the rest of the data. The first thing we can find is something called relative frequencies. Relative frequencies are calculated by taking the cell count/joint frequency and dividing it by the table total. In the example above, the relative frequency of students who own a cell phone who also own an MP3 player is  or  Construct a relative frequency table.
	
	MP3 Player
	No MP3 Player
	Total

	Cell Phone
	
	
	

	No Cell Phone
	
	
	

	Total
	
	
	



Another important type of frequency compares the data in respect to one specific condition and is called row conditional frequencies.  These are calculated by dividing a cell by its respective row or column total. Construct a row conditional frequency table.
	
	MP3 Player
	No MP3 Player
	Total

	Cell Phone
	
	
	

	No Cell Phone
	
	
	

	Total
	
	
	



Definitions:
· Marginal frequencies:  They are located around the “margins” of the table and represent the totals of the rows or columns of the table.  
· Joint frequencies:  Each joint cell is the frequency count of responses from the two categorical variables located by the intersection of a row and column (count or number in each cell within the main table).

Example 1:  Superhero Powers
· High school students in the United States were invited to complete an online survey in 2010. Part of the survey included questions about superhero powers.  More than 1,000 students responded to this survey that included a question about a student’s most favorite superhero power.  450 of the completed surveys were randomly selected.  A rather confusing breakdown of the data by gender was compiled from the 450 surveys:
· 100 students indicated their favorite power was “to fly.”  49 of those students were females.
· 131 students selected the power to “freeze time” as their favorite power.  71 of those students were males.
· 75 students selected “invisibility” as their favorite power.  48 of those students were females.  
· 26 students indicated “super strength” as their favorite power.  25 of those students were males.
· And finally, 118 students indicated “telepathy” as their favorite power.  70 of those students were females.

                   Part 1: Construct a two-way frequency table:
	
	To Fly
	Freeze time
	Invisibility
	Super Strength
	Telepathy
	Total

	Females
	
	
	
	
	
	

	Males
	
	
	
	
	
	

	Total
	
	
	
	
	
	


Answer the following questions based on the two-way frequency table:
	How many more females than males indicated their favorite power is “telepathy?”

	How many more males than females indicated their favorite power was “to fly?” 




                   Part 2: Construct a relative frequency table: 
	
	To Fly
	Freeze Time
	Invisibility
	Super Strength
	Telepathy
	Total

	Females
	

	
	
	
	
	


	Males
	
	
	

	
	
	

	Total
	
	

	
	
	

	



Answer the following questions based on the relative frequency table:
	What is the joint relative frequency for females and “invisibility”?  Interpret the meaning of this value.




	What is the marginal relative frequency for “freeze time”?  Interpret the meaning of this value. 


	Is there a noticeable difference between the genders and their favorite superpowers?






             Part 3: Construct a Row Conditional Frequency Table
	
	To Fly
	Freeze Time
	Invisibility
	Super Strength
	Telepathy
	Total

	Females
	

	
	
	
	
	


	Males
	
	
	

	
	
	

	Total
	
	

	
	
	

	



Answer the following questions based on the row conditional frequency table:
	6. Suppose a female student is selected at random from
    the survey, what do you think her favorite superpower
    was?
	7. Suppose a male student is selected at random from
    the survey, what do you think his favorite superpower
    was?






            Definition: 
	            Association
	Two categorical variables are associated if the row conditional relative frequencies are different for the rows of the table.  Evidence of an association is strongest when the conditional relative frequencies are quite or noticeably different.  For now, use your
best judgement; a more formal process will be introduced in 11th & 12th grade.



8. Is there an association between gender and favorite superpower based on the information found in the survey?
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Animal Gestation Time (days) | Longevity (years)
Baboon 187 20
Black Bear 219 18
Beaver 105 5
Bison 285 15
Cat 63 12
Chimpanzee 230 20
Cow 284 15
Dog 61 12
Fox (Red) 52 7
Goat 151 8
Lion 100 15
Sheep 154 12
Wolf 63 5

Data Source: Core Math Tools, www.nctm.org
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Lesson Summary

When a least-squares line is used to calculate a predicted value, the prediction error can be measured by:
residual = actual y-value — predicted y-value
On the graph, the residuals are the vertical distances of the points from the least-squares line.

The residuals give us an idea how close a prediction might be when the least-squares line is used to make
a prediction for a value that is not included in the data set.
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Substitute x = 25.33 into the equation of the
least-squares line to find the predicted fuel
efficiency.
y = 78.62 - 1.5290(25.33)
=399

Now calculate the residual.

residual = actual y value — predicted y value
43-399

= 3.1mpg

Substitute x = 27.79 into the equation of the
least-squares line to find the predicted fuel
efficiency.
y = 7862 - 1.5290(27.79)
= 36.1

Now calculate the residual.

residual = actual y value — predicted y value
30-36.1

—6.1mpg
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Our previous findings are summarized in the plots below.
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Lesson Summary

The predicted y-value is calculated using the equation of the least-squares line.

The residual is calculated using:
residual = actual y value — predicted y value

The sum of the residuals provides an idea of the degree of accuracy when using the least-squares line to
make predictions.

To make a residual plot, plot the x-values on the horizontal axis and the residuals on the vertical axis.
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Athlete 100m time | 200m time
(seconds) | (seconds)
1 12.95 26.68
2 13.81 29.48
3 14.66 28.11
4 14.88 30.93
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Example 1: Predicting the Pattern in the Residual Plot

Suppose you are given a scatter plot and least-squares line that looks like this:

y

Describe what you think the residual plot would look lil
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The residual plot has an arch shape, like this:
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Why is looking at the pattern in the residual plot important?




image2.png
Box Plot of Ages for Kenya

20

Age (years)

100




image109.png
Example 2: The Meaning of Residuals

Suppose that you have a scatter plot and that you have drawn the least-squares line on your plot. Remember that the
residual for a point in the scatter plot is the vertical distance of that point from the least-squares line.

In the previous lesson, you looked at a scatter plot showing how fuel efficiency was related to curb weight for five
compact cars. The scatter plot and least-squares line are shown below.

Fuel Efficency (mpg)

5 % 27 8 20 3% 3 3 B!
Curb Weight (hundreds of pounds)
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This point shouss the residual for point A

I

- This point shows the residual for point B

This poirt shows the residual for point C

/

- .

o7 25 2 27 2 20 3 a1 32 33
Curb Weight (hundreds of pounds)

Your teacher will now show how to use a graphing calculator or graphing program to construct a scatter plot and a
residual plot. Consider the following exercise.
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The temperature (in degrees Fahrenheit) was measured at various akitudes (in thousands of feet) above Los Angeles.
The scatter pit (below) seems to show alinear (straight ine) relationship between these two quantites.

A———

Aottt oy

ata source: Core Math Tools, ww.nctm.org

However, look at the residual plot-
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Residual
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Consider again a data set giving the shoe lengths and heights of 10 adult men. This data set is shown in the table below.

Shoe Length (x) | Height (y)
inches inches
12.6 74
11.8 65
12.2 71
116 67
12.2 69
114 68
12.8 70
12.2 69
12.6 72
11.8 71
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Linear relationships can be described a5 sither positive or negative. Below are two scatter plots that display 3 finear
relatonship between two numerical vrables x and 3.
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What do you think a scatter plot that shows the strongest possible positiv linear refationship would look fke?
‘Draw a scatter piot with 5 points that llustrates this. e
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The Consumer Reports study also collected data on sodium content (in mg) and number of calories per serving for the
same 16 fast food items. The data is represented in the table and scatter plot below.

Sodium | Calories
(meg) (keal)
1042 268
921 303
250 260
970 300
1120 315
350 160
450 200
800 320
1190 420
570 290
1215 285
1160 390
520 140
1120 330
240 120
650 180

P

P
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w . ..
m{ *
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The table below shows how you can informally interpret the value of a correlation coefficient.

If the value of the correlation
coefficient is betweer

You can say that...

r =10

07 <r <10

There s a perfect positve inear relationship-

03<r<07

There i 2 moderate postive near rlationship.

0o<r<o3 There is a weak positive linear relationship.
r=0 There is no linear relationship.
—03<r<o0 There is a weak negative linear relationship.

—07 <r < —03

There is a moderate negative linear relationship.

-10 <r < —07

There is a strong negative linear relationsh

r=-10

There is a perfect negative linear relationship.
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Lesson Summary

*  Linear relationships are often described in terms of strength and direction.

*  The correlation coefficient is a measure of the strength and direction of a linear relations!

ns!

to+1 or -1, the stronger the linear rela

*  The closer the value of the correlation coefficient
*  Just because there is a strong correlation between the two variables does not mean there is a cause-and-
effect relationship.
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1. Which of the three scatter plots below shows the strongest linear relationship? Which shows the weakest linear
relationship?

Scatter plot 1

Scatter plot 2
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The correlation seen in the graph at the right 1
would be best deseribed as:

Choose:

high positive correlation
low positive correlation

high negative correlation
low negative correlation
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(Consumer Reports published data on the price (in dollars) and quality rating (on a scale of 0 to 100) for 10 different
brands of men's athletic shoes.

Price ($)
65

110
110

8|8

110
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a.  Construct a scatter plot of these data using the following grid.

orice (domrs)
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b.  Calculate the value of the correlation coefficient between price and quality rating and interpret this value.
Round to the nearest hundredth.




image139.png
c. Does it surprise you that the value of the correlation coefficient is negative? Explain why or why not.
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d. Isitreasonable to conclude that higher priced shoes are higher quality? Explain.
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. The correlation between price and quality rating is negative. Does this mean it is reasonable to conclude that
increasing the price causes a decrease in quality rating? Explain.
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Lesson Summary:

= Nor-symmetrical data distributionsare referredto s skewed

= Left-skewed or skewed to the left means the data spreads out longer (ke 3 tail) on the left side

= Right-skewed or skewed to the rightmeans the data spreads outlonger (1ike atail) an the right side.

= The center af a skewed data distributionis described by the median.

= Variability ofa skewed data distribution s described by the interquartile range |QR)

= The 1R describesvariability by specifyingthe length of the interval that contains the middle 50% of the
datavalues

= Outliersina data set are defined asthose values more than 1 S{1QR) from the nearest quartile. Outliers are
usually identified by an ™ or a"" ina boxplot
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Dot Plot of December Delay Times
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1. Karma’s family is interested in buying a new minivan. Karma is involved with mountain bike
racing, so the cargo volume is a very important consideration in buying the minivan. The
following is a table of the cargo space measured in cubic feet in minivans available in 2002.

Cargo Volume | Cargo Volume
98.0 cu. ft. 57.0 cu. ft.
755 56.5
735 56.5
735 755
67.0 755
98.0 63.0
67.0 1035

585
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a. Determine the five-number summary and complete the boxplot provided, labeling the
scale appropriately and indicating the value of each labeled point.

Upper quartile
Lower quartile Pper

. Maximum value
Minimum value Median

b. How does the boxplot help us visualize the data?
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‘What measure(s) of central tendency can we easily identify from the boxplot? What
measure(s) of central tendency can we not determine if we have only a boxplot and not
all of the data? Explain.

‘What measure(s) of spread can we easily calculate from the boxplot?
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h.

Sometimes data has what we call gaps and clusters. Gaps occur when the data has large
spaces between data points. Clusters occur when the data has many numbers that are very
close together. Will a boxplot reveal gaps and clusters in the data? Explain.

Explain in simple terms the significance of the data that lies between the upper and lower
quartile.

Is the maximum or minimum value an outlier? Justify your answer by showing the
process used to determine whether a number is an outlier for a boxplot.

Suppose a vehicle with 31 cubic feet of cargo volume is classified as a minivan. Would it
be considered an outlier?
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2. Karma’s family decided to choose one o

Karma explained to her friend Ro

erto al

the minivans that had the median cargo volume.
out their family’s purchase. Roberto boasted that

his family’s SUV had 77 cubic feet of cargo room. Karma and Roberto argued about whether
minivans or sports-utility vehicles tende:

internet and found data showing t
vehicles available in 2002 as listed in the

a.

to have more cargo room. Roberto searched the

he cargo volumes, in cubic feet, of the 45 sports-utility

Consumer Reports Auto Issue, April 2002.

42 1355 | 45 59 40 77 59 28 39
475 335 | 84 | 455 | 39 59 77 32 | 335
345 1395 | 43 37 35 16 30 | 465 | 29
50 | 375 | 345|455 | 455 | 45 33 | 335|435
49 37 36 | 375 | 44 | 415 | 50 | 365 59

Using technology, calculate the five-number summary of the sports-utility vehicle data. If
you do not have access to the appropriate technology, your teacher will provide the
values of the 5-number summary.
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b. Re-draw your boxplot from question 1 on the grid for the parallel boxplots provided. Add
a boxplot to display the SUV data.

Cargo Volume of SUVs and Minivans

Suv

Type

Minivan

10 20 30 40 50 60 70 80 %0 100 110
Volume in Cubic Feet
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Do all minivans have more cargo volume than sports-utility vehicles? Explain how the
graph supports your answer. Explain how you could use graphical displays of the actual
data to also support your claim.

Can we say that the minivans that are in the upper half of the boxplot have larger cargo
volume than every SUV that is not an outlier? Explain using the graphs to support your
answer.

‘What are the main points that Karma should make in trying to convince Roberto that
minivans tend to have more cargo volume? Be specific.

‘What advantage does the boxplot provide in comparing the SUV data that has 45 data
points to the minivan data that has 15 points?
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g. If you were going to draw a back-to-back stemplot for the data, what information would
you need? What information could you find from the stemplot that would not be available
with the boxplot? Which graphical display would you prefer for this data set? Explain
your position.
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3. Andrew’s cousin, Samuel, is visiting from Australia. He is interested in baseball and would
like to know more information about baseball players and their annual salaries. Andrew and
Samuel discover the following salary information about some of their favorite players.

Baseball Player Salary Baseball Player Salary

Hank Blalock $200,000 | Dave Burba $2.000,000
Frank Catalanotto $2.475.000 | Jovanny Cedeno $200,000
Doug Davis $310,000 | Carl Everett $8.666,666
Juan Gonzalez $11.000.000 | Rusty Greer $6.800.,000
Bill Haselman $800.000 | Danny Kolb $260,000
Dan Miceli $1,000,000 | Alex Rodriguez $22.,000,000

a. Create a modified boxplot for the data. Be sure to title your plot and label the five-
number summary.
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Why is it important to include a scale when displaying a boxplot? Why is it useful to
label the five-number summary?

Why is the lower whisker so small? What does it indicate about the data? Is it possible
for a boxplot to have no lower whisker? Explain.

Is Alex Rodriguez an outlier? How does he affect the median salary? How does he affect
the mean salary? Without actually calculating the mean salary, circle on your boxplot
where the mean might be located.

‘What is the maximum salary, in whole numbers of dollars that Alex Rodriguez could
receive so that his salary would not be an outlier?
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Calculate the five number summary for each data set. Identify if the data set contains any outliers
and construct a box and whisker plot to display the data.

1. Thedataare 0, 3, 10, 16, 16, 18, 20, 21, 22, 24, 25, 25, 27, 30, 35, and 41.

2. Thedataare 9, 15, 26, 30, 32, 32, 35, 36, 38, 40, 40, 45, and 59

3. The dataare 60, 55, 70, 80, 20, 60, 105, 65, 75, 100, 55, 15, 115, 65, 70, 45, and 60.
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Construct a box and whisker pot for each set of data and include any outliers. Determine the
shape of the data and what measure of center would be most appropriate for each data set.

6. Thedataare1,6,9,12,14,15,17,17,17,18, 18,18, 19,and 20.

7. Thedataare7,11,10,13,0,3,10,9,17,11, 10, 20,9, 8, and 12.
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8. The dataare 18, 25, 30, 32, 33, 33, 35, 38, 39, 40, 42, 43, 44,48, and 55.
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Box and whisker temperature diagrams
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Lesson Summary

When the relationship between two numerical variables x and y is linear, a straight line can be used to describe the
relationship. Such a line can then be used to predict the value of y based on the value of x. When a prediction is

made, the prediction error is the difference between the actual y-value and the predicted y-value. The prediction
erroris called a residual, and the residual s calculated as residual = actual y-value - predicted y-value. The least-
squares line is the line that is used to model a linear relationship. The least-squares line is the “best” line in that it

has a smaller sum of squared residuals than any other line.
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x = Shoe Length (Women) y = Height (Women) Predicted Height Residual
8.9 61 60.72 0.28
9.6 61 62.92 -1.92
9.8 66

10.0 64 64.18 -0.18
10.2 64 64.81 -0.81
10.4 65 65.44 -0.44
10.6 65 66.07 -1.07
10.6 67 66.07 0.93
10.5 66 65.76 0.24
10.8 67 66.7 0.3

11.0 67 67.33 -0.33
11.8 70 69.85 0.15
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