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	Unit 5: Scatter Plots and Trend Lines 
	4 weeks

	Unit Overview

	Essential Questions:
How do we make predictions and informed decisions based on current numerical information?

What are the advantages and disadvantages of analyzing data by hand versus by using technology?

What is the potential impact of making a decision from data that contains one or more outliers?

	Enduring Understandings:
Although scatter plots and trend lines may reveal a pattern, the relationship of the variables may indicate a correlation, but not causation.

	UNIT CONTENTS

Note:
The bolded Investigations are model investigations for this unit. 
Investigation 1:
Sea Level Rise (one day)

Investigation 2:
Explorations of Data Sets (four days)

Investigation 3:
Forensic Anthropology: Technology and Linear Regression (four days)

Investigation 4:
Exploring the Influence of Outliers (three days)

Investigation 5:
Piecewise Functions (three days)

Performance Task:
Linearity Is in the Air — Can You Find It? (four days)
End-of-Unit Test 
(one day)
Appendices:
Materials for Investigations 2 and 5, the Unit Performance Task materials including samples of student handout, checklist and rubric, Unit 5 Calculator Instructions, and the end-of-unit test.

	Course Level Expectations
What students are expected to know and be able to do as a result of the unit

	1.1.1 Identify, describe and analyze patterns and functions (including arithmetic and geometric sequences) from real-world contexts using tables, graphs, words and symbolic rules.

1.1.5 Describe the independent and dependent variables and how they are related to the domain and range of a function that describes a real-world problem.

1.1.9 Illustrate and compare functions using a variety of technologies (i.e., graphing calculators, spreadsheets and online resources).

1.1.10 Make and justify predictions based on patterns.

1.2.1 Represent functions (including linear and nonlinear functions such as square, square root and piecewise functions) with tables, graphs, words and symbolic rules; translate one representation of a function into another representation.

1.2.2 Create graphs of functions representing real-world situations with appropriate axes and scales.

1.2.4 Recognize and explain the meaning and practical significance of the slope and the x- and y-intercepts as they relate to a context, graph, table or equation.

1.3.1 Simplify expressions and solve equations and inequalities.

1.3.3 Model and solve problems with linear and exponential functions and linear inequalities.

1.3.5 Pose a hypothesis based upon an observed pattern and use mathematics to test predictions.

2.1.1 Compare, locate, label and order real numbers including integers and rational numbers on number lines, scales and coordinate grids.

2.1.2 Select and use an appropriate form of number (integer, fraction, decimal, ratio, percent, exponential, irrational) to solve practical problems involving order, magnitude, measures, locations and scales. 
2.1.3 Analyze and evaluate large amounts of numerical information using technological tools such as spreadsheets, probes, algebra systems and graphing utilities to organize.
2.2.4
Judge the reasonableness of estimations, computations and predictions.

4.1.1 Collect real data and create meaningful graphical representations (e.g., scatterplots, line graphs) of the data with and without technology.

4.1.2 Determine the association between two variables (i.e., positive or negative, strong or weak) from tables and scatter plots of real data.

4.2.1 Analyze the relationship between two variables using trend lines and regression analysis.

4.2.2 Estimate an unknown value between data points on a graph or list (interpolation) and make predictions by extending the graph or list (extrapolation).

4.2.3 Explain the limitations of linear and nonlinear models and regression (e.g., causation v. correlation).

	Vocabulary

	bivariate data
causation
correlation
correlation coefficient
data
data set
dependent variable
domain
extrapolation 
graphical representation
histogram
hypothesis
	independent variable
inference
interpolation 
line of best fit
linear regression
linear relationship/model
lurking variable
mean (average)
median
measures of central tendency
mode
nonlinear relationship/model
	ordered pair
outlier
piecewise function
prediction
regression equation
scale
scatter plot
slope
trend line
variable
x-intercept
y-intercept

	Assessment Strategies

	Performance Task(s)

Authentic application in new context 
	Other Evidence

Formative and summative assessments 

	Linearity Is in the Air — Can You Find It?
NOTE: Initiate towards the beginning of the unit.
During the unit, students will develop a hypothesis about a real-world linear situation interesting to them, find relevant data, model the data, analyze the mathematical features of the model, and make and justify a conclusion. By the end of the unit, all students will present their findings to the class.
	Warm-ups, class activities, exit slips, and homework have been incorporated throughout the investigations.

End-of-Unit Test

	INVESTIGATION 1 — Sea Level Rise (one day)

	Students will explore ways to fit a trend line to data in a scatter plot and use the trend line to make predictions.

See Model Investigation 1.

	INVESTIGATION 2 — Explorations of Data Sets (four days)

	Students will develop a deeper understanding of trend lines and predictions. They will use various linearly related data sets to develop understanding of the underlying concepts in the unit, including independent variable, dependent variable, trend line, correlation, causation, meaning of the slope and intercepts in context, interpolation and extrapolation.

Suggested Activities

2.1 Choose three of the data sets and matching scatter plots that students gathered as their homework assignment from Investigation 1 (one of each of the following trends: positive, negative and no apparent trend). Students may compare and contrast the three different scatter plots, perhaps in small groups first. A class discussion may conclude with defining and identifying positive, negative and no correlation. Note: We are using the term correlation here to describe an apparent trend but are not finding the correlation coefficient or linear regression. To further explore trend lines, compare two positively correlated data sets (one strong and one weak) of interest to the students. Students may graph the data, sketch the trend line, and identify the direction and strength of the trend line. Similarly, students may explore and compare two negatively correlated data sets (strong and weak). If students are ready to work independently, this may be a homework activity. For other students, you might provide the trend lines and have students compare and describe them in the context of the variables.
2.2 Using the equation of a trend line from four data sets above, students should identify and explain each of the following in the context of the given situation: slope, y-intercept, x-intercept. You may assign a different data set to each of four different groups and then have students report their group findings to the class. Provide a scenario, scatter plot, trend line and the equation of the trend line and see how well students can identify and explain the slope and y-intercept in the context of the situation. Or you may give students a data set and have them graph the scatter plot, fit a trend line to the data, determine the type and relative strength of the correlation, find the equation of the trend line, and identify and explain the slope and intercepts in the context of the situation. To check for understanding, choose a trend line and pick a coordinate point on it. Students should be able to write a sentence or orally explain what the coordinate pair means in the context of the situation. 

2.3 Students might use an Internet search engine to find several sites that provide information about the definition of the terms “interpolation” and “extrapolation.” They might then write the definition in their own words, with some examples, explain the difference between interpolation and extrapolation and then share their definitions in small groups. In a whole-class discussion, students should agree on a definition to be used by the class. Pose questions to the students that require them to interpolate and extrapolate using each data set. Also, pose questions that give the students the dependent variable and require them to solve for the independent variable. Discuss what it means to make a prediction, why the prediction may be useful and the reasonableness of their predictions. 

2.4 Identify two strongly correlated data sets in advance (one in which changes in the independent variable cause changes in the dependent variable and the other set in which changes in the independent variable do not cause changes in the dependent variable) or have students generate data. Use the graphs of the two data sets to facilitate a discussion on causal relationships. To determine whether one variable causes change in another variable, one must establish some correlation, but correlation alone is not sufficient. Wikipedia gives several examples of correlation that is mistakenly assumed to prove causation. See http://en.wikipedia.org/wiki/Correlation_does_not_imply_causation or go to http://researchnews.osu.edu/
archive/nitelite.htm to see a study on nearsightedness and genetics versus the use of nightlights. To provide a more structured approach to supplement the discussion you may have some students work individually or in pairs to complete the correlation versus causation worksheet (Activity 2.4a Student Worksheet) and use the teacher notes to facilitate a discussion (Activity 2.4b Teacher Notes). As an extension, students might pose a relationship between two variables of interest and search the Internet to identify whether the relationship is causal.

Assessment
By the end of this investigation, students should be able to:

· identify the strength and direction of the trend line;
· identify and explain the slope and intercepts in the context of the problem;
· explain what a coordinate pair means in the context of the situation; and
· identify causal relationships and explain the difference between correlation and causation.



	INVESTIGATION 3 — Forensic Anthropology: Technology and Linear Regression (four days)

	Students will use technology to fit a trend line to data. They will use the correlation coefficient to assess the strength and direction of the linear correlation and judge the reasonableness of predictions.

See Model Investigation 3.

	INVESTIGATION 4 — Exploring the Influence of Outliers (three days)

	Students will identify outliers in data sets and explore the influence that outliers have on the calculation and interpretation of the slope, y-intercept, linear regression equation and correlation coefficient. 

Suggested Activities

4.1 Begin with a focus on discussing and identifying outliers in a data set. While there are definitions for outliers of single-variable data, there is no mathematical definition for an outlier in a set of two-variable data (see http://www.baseball-reference.com/players/b/bondsba01.shtml?redir, http://mathworld.wolfram
.com/Outlier.html, and http://www.itl.nist.gov/div898/handbook/prc/section1/prc16.htm). Rather, outliers must be treated informally as data points that fall outside the trend of the remaining data. As part of a whole class discussion, the teacher can present a data set that contains an outlier and is of interest to the students. Consider the case of Barry Bonds, one of the greatest sluggers in the history of baseball. Bonds has the all-time record for the most number of home runs in a career (762) and the most number of home runs in a single year (73). This latter record is most controversial, as up to that time he had never hit more than 49 home runs in a season. As an investigative reporter you want to suggest that other factors, perhaps the use of performance-enhancing drugs, contributed to his hitting almost 50 percent more home runs than in any other season. Use the site http://www.baseball-reference.com/players/b/
bondsba01.shtml?redir for statistics on Bonds. He played in the major leagues for 22 years, but for purposes of this discussion not all the data are equally relevant. First, discount the first seven years, which he spent in Pittsburgh, whose ballpark is different from the one (or ones) in which he played in San Francisco where he spent most of his career. Second, rule out years in which he did not play at least 150 games (out of 162 in a regular season), figuring that fewer games would translate to fewer home runs. Here are the modified data:

Season

Games Played

Home Runs

1986*

113

16

1987*

150

25

1988*

144

24

1989*

159

19

1990*

151

33

1991*

153

25

1992*

140

34

1993

159

46

1994

112#

37

1995

144#

33

1996

158

42

1997

159

40

1998

156

37

1999

102#

39

2000

143#

49

2001

153

73

* - Played in Pittsburgh

# - Played fewer than 150 games

The students can plot and analyze the first four data points to determine if the data has a linear trend. Then have students plot the entire data set (points) and discuss whether the last data might be considered an outlier. The data before 2001 has a decreasing linear trend, which makes Bonds’ production in 2001 even more surprising. The class may draw two trend lines, one that includes the outlier and another that does not. The class may then compare the general characteristics of the two trend lines in relation to their slopes, y-intercepts, and the direction and strength of the correlation between the two variables. The focus of this activity is to develop students’ understanding that outliers influence the slope, y-intercept, and the relative strength of the relationship between two variables, rather than on calculating these values. Students should write a newspaper article with a headline and appropriate graphs and tables that persuasively support their opinion on Bonds’ record setting performance in 2001. Students might find similar data for another famous baseball player whose career records are now being called into question (e.g., Mark McGwire, Jose Canseco, Miguel Tejada) and perform a similar analysis. Certain data may have to be eliminated here as well. Reasons for doing so should be clearly stated. Differentiation: Some students may need help in choosing appropriate data points to use in their analyses. 
4.2 Students may collect some data in class during an investigation of a topic relevant to them, such as factors that influence lung capacity (e.g., exercising, playing a wind instrument, having asthma, smoking, breathing smog) and the role it plays in a person’s general health. Lung capacity is measured in liters (of air); the range for an average person is 0 liters to 6 liters (http://www.google.com/search?q=lung+
capacity+measurement&rls=com.microsoft:en-us:IE-SearchBox&ie=UTF-8&oe=UTF-8&sourceid=ie7&rlz=1I7GGIG_en). Is lung capacity correlated with other body measurements, such as height? Students may estimate lung capacity by blowing into a balloon, finding its volume and building a scatter plot. Two sets of data might be collected; blowing before and after a short exercise. Alternatively, students may wish to search the Internet for data that is of interest or look more locally within their neighborhood, town or city. Students may work in pairs or small teams to collect data and analyze the characteristics of linear regression equations developed with and without outliers. Or students can be provided with actual data sets and asked to calculate the linear regression and its various components (e.g., slope, y-intercept and correlation coefficient) and then interpret the influence of the outliers. Students should make a brief oral or written presentation of their findings.

4.3 As time permits, check student progress and provide time for student teams to continue working on their Unit 5 Performance Task.

Assessment

By the end of this investigation, students should be able to:

· define an outlier;
· identify whether a potential outlier is present on a scatter plot and name the coordinates of the outlier;
· draw trend lines and provide a general description of the influence that outliers have on the slope as well as the direction and strength of the relationship between two variables; and
· describe the impact that outliers have on linear regression equations, their related components (i.e., slope, y-intercept, correlation coefficient), and the conclusions drawn from an analysis of a data set in which they are included.

	INVESTIGATION 5 — Piecewise Functions (three days)

	Students will explore situations in which the data represents more than one trend, will fit a line to each section of the data set, and will use the lines to make predictions.

Suggested Activities

5.1 You might use the Swimming World Records data and the scatter plot (See Activity 5.1a Teacher Notes and Activities 5.1b and 5.1c Student Handouts). Students might discuss the data in pairs, focusing their conversation on how the data is similar to and different from the data sets previously studied in the unit. Then, facilitate a whole class discussion. One observation the students may make is that the data has a break between 1936 and 1956. Another may be that a single line does not model the trend of the data best. Students should enter the data for 1912-1936 into 
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 on their graphing calculator and the data for 1956-2008 into 
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. This provides the opportunity to use two STAT PLOTS and calculate two linear regression models (reinforcing what inputting 
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 after LINREG tells the calculator). Discuss how these two equations can best be expressed as a piecewise function. Discuss the definition of a piecewise function and the notation. Relate the ability to make predictions to evaluating functions, for example 
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. Ask the class whether this trend can continue indefinitely.

You might use the Bike Tour activity to build on the introduction to piecewise functions. (Activity 5.2a, 5.2b, and 5.2c Student Handouts). The students might be grouped in pairs or groups of three to complete questions 1-11 on Activity 5.2b — Bike Tour Scenario 1. Use probing questions to challenge the students to think more deeply about the situation and have students share their responses. A challenge for students who finish early would be to use their knowledge from Unit 4 and this unit and try questions 12 through 14. Have students share their story about the bike tour. Lead the students, through questioning, to write the piecewise function that represents the situation. Emphasize that they are writing the equation of the line that contains the line segment. Activity 5.2c — Bike Tour Scenario 2 is a bit more challenging. You may wish to have students work in small groups to try Activity 5.2d — Trip to the Beach Scenario 3. You may want to remind students that “distance = rate ∙ time”. A good estimate for the average speed for bike riders is between 10-15 mph. See http://answers.yahoo.com/question/index?qid=20060913181418AAdPAK1.
5.2 Next, choose some activities based on the learning needs of the students in the class. Some suggestions include:

a) Begin the class with a warm-up that contains a break in the graph (not continuous). Allow the students to work in pairs to determine how to express the piecewise function correctly and then discuss it. Follow this with a problem similar to the bike tour scenarios that also contains a break in the graph. Use an exit slip similar to the warm-up to determine how many students mastered this concept.

b) Create additional scenarios similar to Activity 5.2a, b and c for the students to explore. The teacher may want to consider creating a problem where the given graph is not entirely in the first quadrant. Use an exit slip that gives the students a graph of a piecewise function and requires the students to write the function.

Assessment

By the end of this investigation, students should be able to:

· use multiple lists to input the data and calculate linear regression models;
· identify two points on each line segment and use them to calculate the equation of the line that contains that segment;
· identify the domain for which the line segment exists; 
· write the piecewise function given the graph; and
· write a story that describes the piecewise graph.

	Unit 5 PERFORMANCE TASK — Linearity Is In The Air — Can you Find It? (four days)

	This Performance Task should be introduced earlier in the unit and developed while the students are engaged in the unit. Linearity in the Air provides students an opportunity to develop the 21st century skills as they apply what they are learning in Unit 5 to investigate a linear relationship and recognize and analyze a linear relationship in a context of interest to them. Students will work in teams to develop a hypothesis about a real-world linear situation interesting to them, find relevant data, model the data, analyze the mathematical features of the model, and make and justify a conclusion. They will develop a presentation and share it with the class.

Suggested Activities

In whole class discussion, let students know that they will be investigating data of their choice that may be modeled by a linear relationship. Tell them that they are responsible for finding or generating the data. In a whole class discussion, have students develop a checklist about what to look for in the data and write it on the board. For example, students may suggest: 1) there are two variables, one independent and one dependent; 2) each of the two variables must be quantifiable (i.e., there must be two sets of numbers to compare); 3) there must be a relationship between the two numbers; and that relationship may be increasing or decreasing; 4) the rate of increase or decrease must be relatively constant; and 5) the scatter plot of the data should resemble a line. 

Have students share some possible topics of interest. Ask them to brainstorm about something they find interesting, or that they wonder about that might have a linear relationship embedded in it. Guide students to organize into work teams that are manageable in size. Encourage the students to pose a question about their chosen topic. As the teams decide on a topic and write a question, check that the discussions have resulted in a reasonable topic. If the students’ question cannot be elucidated by linear data, or if the data will be too difficult to gather, then advise students to find another topic.
Hopefully, the students are excited about exploring their chosen topic. Tell them to write a rough outline or graphic organizer of what they will do, with clear benchmark deadlines. Indicate who is responsible for what. Keep a copy of the students’ plans and check in on their progress periodically during the unit. To help students self-monitor their progress towards clear goals, you may have them help you develop a checklist of important steps or components and a guiding handout of important elements to consider. The class also may help to organize a scoring rubric. Samples of these are provided in the appendix (See Unit 5 Performance Task — Sample Student Handout, Sample Checklist, and Sample Rubric). Students may find use of a journal helpful, which will provide them with the opportunity to follow their progress from problems encountered to decisions and adjustments made throughout the investigation. The journal is akin to a scientist’s notebook where the scientist records the ideas and false starts as well as the fruitful ideas. A summary of the journal might be the basis for the presentation. 
Some of the students’ chosen questions will be broad and others narrowly defined: Do richer nations pollute more than poorer nations? Are there fewer mosquitoes on windy days? Which kinds of businesses suffer during an economic down turn? Are wealthier people happier than poorer people (Easterlin’s Paradox)? Do the bigger (heavier) hockey players on our school team spend more time in the penalty box than smaller hockey players do? Do taller basketball players make more foul shots? (Your school team programs and rosters provide a wealth of data. Perhaps presenting to the coaches/teams results from the investigation will suggest strategies to improve their season?) Does a heavier automobile have more horsepower? Do powerboats kill manatees? If we change tuna fishing practices, will the dolphins survive? Do more heavily populated areas have higher infant mortality rates? Does the amount of time spent on homework affect student grades? 
Once an overall topic is chosen, have the students do some research and narrow down their topic and refocus their question or thesis statement. Put a time limit on the research and data gathering. Be sure students have some data to work relatively soon in the unit. Students may refine their original question based on the available data. If data for a students’ topic is not readily available after a reasonable search, or if the data is not approximately linear, guide the students to modify the question or change the topic. Keep checking in with the teams and ask how the data will or will not support the thesis or answer the question. What can we learn about the situation from the data? As students gather the data, they may formulate additional questions. Is there something unusual in the data such as a break or sudden fluctuation? What might have caused the anomaly? Provide guidance to students who might be stuck with an unworkable idea or data that does not approximate a linear trend. Perhaps students cannot answer their original query, but a related idea may present itself with research and data-gathering potential. 

Now that the question has been posed and the data gathered, students use the techniques learned in this unit to present the data and analyze the situation. Students may ask the teacher if a particular point on the checklist is irrelevant to their topic, and the teacher may allow the students to skip that point on the checklist. Sometimes the students are so involved in the research that they forget to do the mathematics that is required. The checklist helps keep them on track, as does their timeline/deadline plan.

Next, the students report on their findings, the analysis of the question that was posed or the scenario that was studied. They may write a report as if they were writing an article for a magazine such as Discover Magazine, though their report may include more calculations than are found in a printed magazine. Remind them to use full sentences, graphs and equations to include calculations, so that the reader can double-check their results. Since public presentations have so many benefits, you may suggest that the readers make a poster, storyboard, cartoon or create a multimedia presentation such as a PowerPoint slide show or use any other method of presenting information, analyses and conclusions. Students might choose role-playing whereby the students pretend to be researchers presenting findings to a policymaking body. The students can dress professionally for the event. Be sure students include references, sources of their data, graphs, equations and calculations in the presentation. Encourage them to incorporate video clips or other visual aids to generate interest in their topic when they present.

	End-of-Unit Test (one day)

	Technology/Materials/Resources/Bibliography

	Technology:

· Classroom set of graphing calculators

· Graphing software

· Whole-class display for the graphing calculator

· Computer

· Overhead projector with view screen or computer emulator software that can be projected to whole class and interactive whiteboard

· Presentation software (PowerPoint) for Sea Level Rise and Forensic Anthropology

Online Resources: 
· http://www.cyberschoolbus.un.org/ 
· http://www.noaa.gov/
· http://en.wikipedia.org/wiki/World_record_progression_100_metres_freestyle
· http://lib.stat.cmu.edu/DASL/
· http://lib.stat.cmu.edu/DASL/Datafiles/Brainsize.html
· http://lib.stat.cmu.edu/DASL/Stories/WhendoBabiesStarttoCrawl.html  
· http://lib.stat.cmu.edu/DASL/Stories/baberuth.html
· http://illuminations.nctm.org
· http://illuminations.nctm.org/LessonDetail.aspx?ID=U135 (applet on Regression Line)

· http://illuminations.nctm.org/ActivityDetail.aspx?ID=146
· http://www.dynamicgeometry.com/JavaSketchpad/Gallery/Other_Explorations_and_Amusements/Least_Squares.html
· http://uhaweb.hartford.edu/rdecker/mathlets/mathlets.html
· http://epa.gov/climatechange/effects/coastal/index.html
· http://en.wikipedia.org/wiki/Correlation_does_not_imply_causation
· http://researchnews.osu.edu/archive/nitelite.htm
Materials:
· Props such as bones, action figures, dolls

· Rulers and tape measures with centimeter scales

· Chalk, colored pencils, white board markers

· Construction paper

· Post-It Notes

· Process and vocabulary cards
· String


Unit 5, Investigation 2

Activity 2.4a, p. 1.1

Correlation versus Causation Worksheet
Name: ______________________________________________ Date: ______________________
Is the conclusion true or false? If false, explain what might be the cause.
1. Increase in numbers of ice cream vendors is correlated with increase in outside temperatures. Therefore, ice cream vendors cause the weather to get warmer.

2. The shorter the time someone holds a driver’s license, the more likely she is to have an accident. Therefore, inexperienced drivers cause more accidents.

3. The younger a driver is, the higher his or her car insurance premiums. Therefore, young age causes high premiums.

4. Increase of flu is correlated with lower outside temperature. Therefore, cold temperatures cause flu.

5. Higher incidence of lung and mouth cancer is correlated with increased use of tobacco products. Therefore, tobacco causes cancer.

Unit 5, Investigation 2

Activity 2.4b, p. 1 of 1

Correlation versus Causation
Possible Answers
1. False. The onset of summer causes both the warmer weather and the increase in ice cream vendors. The approach of summer is the lurking variable. What causes summer? Summer occurs in the Northern Hemisphere when the tilt of the earth on its axis causes the Northern Hemisphere to be tilted toward the sun. Curiously, the Northern Hemisphere experiences summer when it is farthest from the sun in its elliptical orbit. It is the tilt of the earth, not its elliptical orbit, which causes the seasons.
2. True. Lack of experience means that a driver who finds herself in a difficult situation is not as likely to make the optimal decisions as the experienced driver is. 
3. False. Car premiums are based on the likelihood that the insured will cost the insurance company money. People who have accidents cost insurance companies money. So it is not the age of the driver that causes the high premiums. Rather, it is the fact that younger inexperienced drivers tend to have more accidents that cost the insurance company money. Younger people tend to be a higher risk. It is the higher risk that causes higher premiums.
4. False. Viruses cause the flu, not the temperature. 
5. True. Though the tobacco companies argued against this statement, the courts did find that tobacco caused cancer.

Unit 5, Investigation 5

Activity 5.1a, p. 1 of 1


Teacher Notes

Swimming World Records
The Swimming World Records lesson is designed to be used as an extension of Unit 5: Scatter Plots and Lines of Best Fit. The data provided is for the women’s long course (100-meter freestyle swum in a 50-meter pool) swimming world records. The teacher can see the full list of data, including where the record was broken and by whom at http://en.wikipedia.org/wiki/World_record_progression_100_metres_freestyle. When the record was broken more than once in a given year, the data in the provided table only show the best record for that year. 
It is suggested that the teacher provide the class with the data and proceed as they have with the other lessons by having students determine the independent and dependent variable, graph the data and calculate the linear regression. It is suggested that since the data is given to the nearest tenth or hundredth, that students use the graphing calculator to create the graph and calculate the regression. However, the data table is long and it is very easy to make an error when inputting all this data. Another strategy would be to provide the class with a scatter plot of the data to use to discuss the general trend (see page 2 for the scatter plot).

Through discussion, the class should begin to realize that the data as an entire set is not modeled best with a single linear function. However, if they studied the two pieces independently (1912-1936 and 1956-2008), then each piece can be represented well with a linear model. This is an opportunity to have the students use four lists in the graphing calculator and two STAT plots. The linear regression for the first piece (1912-1936) is y = -0.60x + 79.88 and the linear regression for the second piece (1956-2008) is y = -0.16x + 67.60. The teacher should ask the students to explain the slope of each line and what it represents in the context of the problem. They should also ask the class why they believe there is a break in the domain of the data set. (One explanation is that many athletic competitions were canceled during World War II.) Furthermore, after having the students interpolate and extrapolate, the teacher should probe the class about whether this trend can continue indefinitely. 
To bridge into piecewise functions, the teacher should explain to the class that the two functions can be written in the following manner:
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This gives the teacher the opportunity to discuss the definition of a piecewise function, the notation, evaluating (for example, finding f [82]), domain and range.

Unit 5, Investigation 5

Activity 5.1b

Swimming World Records Data

Women’s Long Course Swimming World Records

	Year

(since 1910)
	Time (seconds)

	2
	78.8

	5
	76.2

	10
	73.6

	13
	72.8

	14
	72.2

	16
	70

	19
	69.4

	20
	68

	21
	66.6

	23
	66

	24
	64.8

	26
	64.6

	46
	62

	48
	61.2

	50
	60.2

	52
	59.5

	54
	58.9

	62
	58.5

	63
	57.54

	64
	56.96

	65
	56.22

	66
	55.65

	68
	55.41

	70
	54.79

	76
	54.73

	82
	54.48

	84
	54.01

	90
	53.77

	94
	53.52

	96
	53.3

	98
	52.88



Source: http://en.wikipedia.org/wiki/World_record_progression_100_metres_freestyle
Unit 5, Investigation 5
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Swimming World Records Scatter Plot
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Bike Tour — Scenario 1

Name: ________________________________________ Date: _____________________

Jackie has started a bike club. To increase membership, Jackie plans a leisurely bike tour (including lunchtime) for those interested in joining. The tour begins and ends at their school. 
The following graph represents Jackie’s travel around the route.


[image: image10]
1. What was Jackie’s average speed (mph) for the first hour?

2. What was Jackie’s average speed for the next hour?

3. When was lunch? How long was lunch?

4. What is the farthest Jackie gets from school?

5. What time does the group end the tour?

6. What is the first time that Jackie is 10 miles from school?

7. How many total miles did Jackie travel?

Unit 5, Investigation 5 

Activity 5.2a, p. 2 of 2

8. During what time interval is Jackie going the fastest? The slowest?

9. There was a hill on the tour. When did the group probably encounter it?

10. Create a story describing Jackie’s travels. 

11. Write the piecewise function representing Jackie’s travels.

Extension Questions
12. Differentiation. What was Jackie’s average speed for the first two hours?

13. Differentiation. What was Jackie’s speed for the entire trip?

14. Differentiation. See Scenario 2

Unit 5 — Investigation 5

Activity 5.2b, p. 1 of 2
Bike Tour — Scenario 2
Name: ________________________________________ Date: _____________________

Jan has started a bike club. To increase membership, Jan plans morning bike tour for those interested in joining that begins and ends at their school. Jan will lead the group. The average speed for bike riders is between 10-15 mph on level ground.

The following graph represents Jan’s travel around the route.
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1. What was Jan’s average speed (mph) for the first hour?

2. What was Jan’s average speed for the next hour?

3. What is the farthest Jan gets from school?

4. What time does the group end the tour?

5. What is the first time that Jan is 10 miles from school?

6. How many total miles did Jan travel?

Unit 5, Investigation 5 

Activity 5.2b, p. 2 of 2

7. During what time interval is Jan going the fastest? The slowest?
8. Did Jan ever return to school before the end of the trip?

9. Create a story describing Jan’s travels. 

10. Write the piecewise function representing Jan’s travels.
Unit 5, Investigation 5

Activity 5.2c, p. 1 of 2
Trip to the Beach — Scenario 3

Name: _________________________________________________ Date: __________________

Ying kept a diary of the family’s trip to the beach. The route was along an interstate that had mile markers posted along the way. Draw a graph from his information that illustrates the trip.

You must supply the units and scale for each axis.

	Trip to the Beach

	Time
	Mile marker

	8 a.m.
	0

	9 a.m.
	65

	10 a.m.
	100

	10:30 a.m.
	100

	Noon
	190

	1 p.m.
	190

	3 p.m.
	330



Also answer the following questions:

1. How far did the family travel after noon?

2. What was their average speed in the afternoon?

Unit 5, Investigation 5

Activity 5.2c, p. 2 of 2

3. What was their average speed during the first two hours?

4. When did they pass the 260-mile marker?

5. How many hours did they drive?

6. How long was lunch?

7. Create a story describing the family’s travels. 

8. Write the piecewise function representing the family’s travels.

Unit 5 Performance Task
Sample Student Handout
Linearity Is in the Air — Can you find it?

The purpose of this project is to be able to recognize and analyze a linear relationship in real life.

Think of something you find interesting or that you wonder about. Does it include a situation where two variables are linearly related? Your task is to find data that you think is linear. You may collect your own data experimentally, or you may find it in print or on the Internet. You must have at least five ordered pairs. Cite the source for your data. Write your report as if it were a magazine article. Use full sentences, graphs and equations, or you may choose to present your findings as a poster, storyboard, cartoon, play, use role-playing, or make a multimedia presentation (PowerPoint, video, blog). Also, include your calculations so the reader can double-check your results. Below are the elements to include in your presentation:

1. Formulate a question you would like to answer about the real life situation you are exploring. This will be the introductory paragraph of your article. Have your teacher preapprove your question before continuing with your project.
2. Collect at least five ordered pairs of data that will help you answer your question. Include a table and a graph of the data and trend line in your report. If the data is not approximately linear, modify your question or change your topic.

3. Fit a line to the data. Be sure to write the regression equation of the line in your article.

4. Explain whether the line is a good fit for the data. What is the correlation coefficient? Comment on the strength and direction of the relationship between the variables. How confident can you be about using the trend line to make predictions and draw conclusions?

5. Identify and explain the slope, x-intercept and y-intercept in context.

6. Give an example of extrapolating and interpolating from the data.

7. Give an example of solving the equation for a given value.

8. For what domain are your predictions reasonable? Support the domain you identify with an explanation.

9. Provide an answer to your question.

10. Note any historic events or circumstances that affect the behavior of the trend line or the data. Note any anomalies or outliers in the data. Explain how you handled any outliers. If appropriate, give ideas for future research or list questions raised by your analysis.

Unit 5 Performance Task
Sample Checklist
___ State an interesting question or real life situation to analyze and investigate.

___ Are the two variables that I chose linearly related?

___ Are there at least five ordered pairs of data to graph?

___ Graph ordered pairs and the line of best fit on the same coordinate axis. Label the axes with the correct units of measure and real life variable names.
___ State the linear regression or line of best fit.

___ Discuss the direction and strength of the linear relationship.
Give an example of each of the following, showing mathematical work for each:

___ Interpolation

___ Extrapolation

___ Solve the regression equation for the independent variable given the dependent variable.
___ Explain the real-life meaning of the y-intercept.
___ Explain the real-life meaning of the x-intercept
___ Explain the meaning of the slope in context.

___ Identify a reasonable domain for the situation.

___ Answer the question you posed to guide this investigation.

___ State any anomalies you have noted about your data or any historical events that coincide with features of your data.

___ Write in full sentences.

___ The mathematics is accurate.

___ Spelling, punctuation and grammar are correct.

Unit 5: Performance Task — Linearity Is in the Air — Can you find it?
Sample Evaluation Rubric

The Unit Performance Task is assessed based on the following rubric on a scale of 0 to 3 for 33 possible points.

	Component
	0 = Missing
	1 = Needs Improvement
	2 = Proficient
	3 =Advanced
	Student Self-Reflection
	Points Earned

	1. Your project includes a question that specifies two linearly related variables and guides your exploration. Your teacher has preapproved your question.
	No question is posed
	Question includes only one variable, a non-numerical variable or two variables that are not linearly related.
Your teacher has not preapproved your question.
	Question includes two linearly related variables that are briefly explained.
Your teacher has preapproved your question.
	Question includes two linearly related variables, and a clear and detailed explanation of how they are related is provided.
Your teacher has preapproved your question.
	
	

	2. Collect five ordered pairs of data that will help you answer your question. Include a table and a graph of the data in your report.
	No data is provided.
	Fewer than five ordered pairs of data are collected and presented in both table and graphical form.
	Five ordered pairs of data are collected and presented in both table and graphical form.

You provide a reference to the sources used and/or description of data collection method.
	At least five ordered pairs of data are collected and presented in both table and graphical form.
You provide a reference to the sources used and/or description of data collection method.
Proper titles and labels appear on the table (columns labeled) and graph (axes are labeled axes, scales are appropriately identified).
	
	

	3. Fit a trend line to the data and include the equation of the line in your article.
	No trend line is fit to the data.
	A trend line is fit to the data.

An equation of the line is not provided in the article.
	A trend line is fit to the data. 

An equation of the line is included in the article.
	A trend line is fit to the data.

An equation of the line is included and all elements of the equation (slope and y-intercept) are discussed in the context of the problem.
	
	

	4. Explain whether the line is a good fit for the data. What is the correlation coefficient? Comment on the strength and direction of the relationship between the variables. How confident can you be about using the line to make predictions and draw conclusions?
	No explanation of how well the line fits the data is provided.

The correlation coefficient is not identified.
	A brief explanation of how well the line fits the data is provided.

The correlation coefficient is identified but not discussed in the context of the problem.
	A detailed explanation of how well the line fits the data is provided.
The strength and direction of the relationship between the variables is identified but briefly discussed.
	A detailed explanation of how well the line fits the data is provided.

A detailed discussion of the strength and direction of the relationship between the variables is provided.
	
	

	5. Identify and explain the slope, x-intercept and y-intercept in context.
	The slope and x- and y-intercepts are not identified.
	The slope and x- or y-intercepts are identified but not discussed.
	The slope and x- and y-intercepts are identified and briefly explained in the context of the problem.
	The slope and x- and y-intercepts are identified and explained in detail in the context of the problem.
	
	

	6. Give an example of extrapolating and interpolating from the data.
	No example of extrapolating and interpolating is given.
	An example of either extrapolating or interpolating (but not both) from the data is given.
	Examples of both extrapolating and interpolating from the data are given and briefly discussed.
	Examples of extrapolating and interpolating from the data are given and discussed in detail.
	
	

	7. Give an example of solving the equation for a given value.
	No example of solving the equation for a given value is given.
	An example of solving the equation for a given value is given but not discussed or explained.
	An example of solving the equation for a given value is given and briefly discussed.
	An example of solving the equation for a given value is given and explained in detail.
	
	

	8. For what domain are your predictions reasonable? Support the domain you identify with an explanation.
	No domain is given.
	A domain for the predictions is given but not explained.
	A domain is given and briefly explained.
	A domain is given and explained in detail in relation to the context of the problem.
	
	

	9. Provide an answer to your question.
	No answer to the guiding question is provided.
	A simple answer to the guiding question is provided but not discussed.
	An answer to the guiding question is provided and briefly discussed.
	An answer to the guiding question is provided and discussed in detail.
	
	

	10. Note any historic events or circumstances that affect the behavior of the trend line or the data. Note any anomalies or outliers in the data. Explain how you handled any outliers. If appropriate, give ideas for future research or list questions raised by your analysis.
	No historic events, anomalies, and/or outliers are identified in relation to the data.
No ideas for future research are discussed.
	Historic events, anomalies and/or outliers are identified but not discussed in relation to the data.

Ideas for future research are identified but not discussed.
	Historic events, anomalies and/or outliers are identified and briefly discussed in relation to the data.
Ideas for future research are identified and briefly discussed.
	Historic events, anomalies and/or outliers are identified and discussed in detail in the context of the problem. 

Ideas for future research are identified and discussed in detail.
	
	

	11. Writing mechanics — spelling, grammar, sentence structure and organization are proficient.
	The article is difficult to follow because it jumps around. 
The article demonstrates unacceptable use of segues and transitions.
The article contains awkward and confusing sentence structure throughout and is devoid of transitions. 
There are six or more spelling/ grammatical errors, and report does not follow rules of standard English.
	The article is difficult to follow due to sentence or paragraph structure issues. 
The article demonstrates acceptable use of segues and transitions. 
The article has three to five grammatical/ spelling errors and follows rules of standard English.
	The article has a logical sequence a reader can follow. 
The article demonstrates acceptable use of segues and transitions. 
The article uses appropriate word choice, but is occasionally awkward in its phrasing. 
The article has one to two grammatical/ spelling errors and follows rules of standard English.
	The article is logical and has an interesting sequence that the reader can easily follow. 
The article demonstrates excellent use of segues and transitions. 
The article uses sophisticated word choice. 
The article has no grammatical/ spelling errors and follows rules of standard English.
	
	

	Total Points Earned = _____ out of 33 possible points
	
	
	
	
	
	


Comments:

Unit 5 Graphing Calculator Directions

This document contains calculator directions for: 

· creating a scatter plot

· calculating linear regression

· calculating correlation coefficient

· finding y given x using “2nd trace calc 1:value” and Y1(x)

· finding x given y using the intersection of two lines

	Prepare The Calculator 
1. Turn on the Diagnostics so that the correlation coefficient r will appear.

a. Clear the home screen.
b. Press 2nd 0 CATALOG and scroll down to DiagnosticOn  then press ENTER.
c. Home screen now shows DiagnosticOn. Press ENTER. 

d. Home screen shows Done.
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	2. Set up List Editor and Clear Lists.

a. Press STAT.
b. Press 5 SET UP EDITOR.
(You will need to set up editor only if you are missing a list or if your lists are out of order — you need not set up the editor every time.)

c. Press STAT again and press 1:Edit
If there is any data in the lists, you can enter new data by typing over the existing data or you can highlight L1 at the very top of the list to clear the entire list. 

d. When you place your cursor over the list name at the top so the list name L1 is highlighted, you can operate on the entire list. Press CLEAR then ENTER to clear an entire list. Note: you must highlight the list name at the top, not the first entry.
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	PLOT THE DATA

3. Enter data in the lists.

a. Press STAT then EDIT to get to the list editor. Move the cursor to the place you wish to enter data. Type in a value. Press ENTER. 

b. Repeat entering data and pressing enter until all data in List 
1 is entered. Then enter all data in List 2. 
c. You can amend each single entry with the DEL key.

d. Be sure the length (also called the Dimension) of one list is the same as the dimension of the other list. Otherwise, when you try to plot the data you will see the error message Dimension Mismatch.
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	4. Graph a scatter plot of the data.

a. Press 2nd Y= STAT PLOT
b. Highlight Plot 1 by moving the cursor and pressing ENTER. You can also just press 1.
c. Set up the STAT PLOTS by using your cursor to highlight On, the first Type, which is a scatter plot, the Xlist, which is L1, the Ylist, which is L2, and the Mark you wish to use. 

d. Choose a scale or WINDOW by observing the minimum and maximum values of the data in the Xlist. Similarly with the data in the Ylist. Press WINDOW and enter the maximum and minimum values for x and y.

e.  Then choose the scale for each axis. (Do you wish to put tick marks on the axes by 1s, 5s or ?)

The Xres tells the calculator to use every pixel on the screen if Xres=1. The calculator will use one-fifth of the pixels if Xres=5, and so on. Leave the Xres at 1 unless you are graphing a very complicated, time-consuming function.

f. Press GRAPH.
g. An automatic window setting can be used instead of setting the window manually. Press ZOOM then press 9↓ZoomStat.
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	Fit a Model to the Data
5. Calculate and graph the Regression Equation

a. Start with a clear home screen.

b. Press STAT, cursor to the right one click to highlight CALC
c. Scroll down to 4:LinReg(ax+b), press ENTER or press key 4.
d. On the home screen will be the command LinReg(ax+b). 

e. Press 2nd 1 L1 the name of the list that contains the independent variable ( i.e., the Xlist, which is L1) 

f. Press  ,  (the comma key), which is to the right of the x2 key.

g. Enter the list that contains the dependent variable, by pressing 
2nd 2 L2, which is the Ylist.

h. Press  , 
i. The calculator will paste the regression equation into the Y1= screen so you can graph it easily. To call up Y1, press VARS, cursor right to Y-VARS. 
Press 1:Function. Then press 1:Y1.

j. The home screen should now show the command to calculate the regression the Xlist, the Ylist, and the Y where the equation will be pasted.

k. Press ENTER to execute the command. You can see the linear regression, the correlation coefficient r , and the coefficient of determination r2. You can verify that .9769 is approximately .98842. With linear regressions, we are concerned with r, the correlation coefficient.

l. Press Y= key to verify that the regression equation is indeed pasted into Y1. Note that Plot 1 at the top is highlighted. This gives you an easy way to turn on or off the plot. Just cursor to the plot number, highlight it, click enter to toggle between choosing or not choosing to graph the scatter plot. There is no need to go back into the 2nd stat plot menu.
m. Press GRAPH — beautiful!
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	Find Y Given X, and Find X Given Y
6. Interpolate, Extrapolate and Solve
a. To find a y value for a given x value by hand, you would evaluate the function at that x value. Example: find the sea level in the year 2010, which is when x = 110. f (110) = ?

Here Are Four Options for Finding Y Given X:
· On the home screen, press Vars —Yvars 1: Function 1. Y1 so that Y1 shows on the home screen. Then enter (110) ENTER. 
· Use the table feature.

· Press 2nd Trace Calc 1: Value, enter a value for x and press ENTER. This method is nearly identical to the fourth method using the TRACE feature.

· Use the TRACE feature to find a y given x. This fourth method is explained below:

i. Be sure that the x window includes the x-value you want evaluate in the function. Enlarge the window if necessary by going to WINDOW.

ii. Press TRACE. If your plots are on, the calculator will trace the data on the scatter plots, but you want to trace on the regression equation, so either turn off the scatter plots in the Y= screen or press the up/down arrows to the regression equation.

The equation you are tracing shows at the top of the window. The up/down cursor navigates to the various scatter plots and equations that are being graphed. If you cannot see an equation or a plot named at the top of the screen, go to 2nd WINDOW FORMAT and be sure that all the left hand options are highlighted — particularly Expression on.
iii. So far, TRACE is pressed, the regression equation shows at the top of the page, and the window is set large enough. Now you press 110 ENTER to trace to the increase in sea level for year 110 (which is year 2010). Enter another x value if you wish to evaluate y. TRACE can also be used to cursor left and right for various x values at each pixel. The up and down cursors toggle among the different functions in the Y= screen or the various STAT PLOTS.
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	b. Find X given Y: Solve an equation. When will the increase in sea level reach 23 centimeters higher than the 1888 level? 

i. Adjust the window so that the Y-window is includes y=23 and the x max is large enough to project that far into the future. 

ii. In the Y= screen type in Y2=23. (You may or may not want to turn off the scatter plot by moving the cursor up to the Plot1 on the top of the screen, and pressing ENTER to toggle off.)

iii. Press 2nd CALC 5: INTERSECT to find where y=23 intersects the graph of the regression equation. The point of intersection will give the value of x when y is 23.

iv. Press ENTER. Move the cursor next to the point of intersection by pressing the left or right arrows. Use the x and y values displayed at the bottom to help locate the cursor if it is difficult to find. Be sure that Y1 is the first curve. Press ENTER.
v. The calculator now asks you to put the cursor near the point of intersection on the second curve, which is Y2. 

vi. Press ENTER. The word Guess will appear at the bottom.

vii. Press ENTER again to see the point of intersection.

Around the year 2029, which is about 139 years after 1890, the sea will have risen 23 centimeters above the 1888 level.
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	Additional Information:
1. Any list may be used for the independent variable or the dependent variable. In fact, you can create and name a list if you wish, just insert at the top of the lists. Press 2nd INS and type the name. To indicate which list contains the independent (Xlist) data, press the keys 2nd 3 L3 to indicate list 3, for example.

2. To save one list into another list, cursor to the top of the new list where you will store the data, and enter the old list name, then press ENTER. For example if the data is in L3 and you wish to store it in list 6, cursor to the very top of list 6, highlighting the list name, press 2nd 3 L3, ENTER.
3. A common error on the calculator screen is DIM MISMATCH. You can correct this error by turning off any unused STAT PLOT, or by making sure that the lengths of the two lists being graphed as a scatter plot are equal in length.

4. Use the link cable that connects two calculators or a calculator to a computer to send and receive data. This saves the trouble of each person typing in his or her own data. With connected calculators, both calculators press 2nd LINK (the second function of the X variable key). The receiving calculator presses receive first. The sending calculator can now choose what to send and then press SEND.
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	Plotting and Analyzing Two Sets of Data 
7. Using multiple lists

a. At times, it is desirable to view two scatter plots on the same axes, or to keep one set of data and work with another set of data. You may use many lists, and insert more lists than the 6 lists readily available on the STAT EDIT. The calculator will simultaneously graph up to three scatter plots. To reset lists 1-6 without erasing them, press STAT 5:SET UP EDITOR ENTER. 
b. The following data will be used to illustrate plotting two scatter plots. Press STAT 1: EDIT to access the lists and enter the following data in lists 1 through 4. (Source: http://en.wikipedia.org/wiki/World_record_progression_
100_metres_freestyle).
List 1

List 2

List 3

List 4

Year

(since 1910)

Time (seconds)Women’s Long Course Swimming World Record
Year 

(since 1910)
Time (seconds) Men’s Long Course Swimming World Record
2

78.8
0

5

76.2
2

61.6

10
73.6
8

61.4

13
72.8
1

60.4

14
72.2
10

58.6

16
70
12

57.4

19
69.4
14

56.8

20
68
24

56.6

21
66.6
25

23
66
24
64.8
26
64.6
c. Create a scatter plot and set the window for the two sets of data by pressing 2nd Y= STAT PLOT turning on Plot 1 and then Plot 2. Use one mark for Plot 1 and different mark for Plot 2.

d. Set a window for the scatter plot manually by pressing WINDOW or automatically by pressing ZOOM9:STAT.

e. Press GRAPH.
f. Calculate the regression for lists 1 and 2. Press 2nd QUIT to go to the home screen. Clear the home screen and press STAT CALC 4:Lin Reg ENTER 2nd 1 L1, 2nd 2 L2, VARS YVARS 1:FUNCTION 1: Y1 ENTER.
g. Calculate the regression for Lists three and four. Press 2nd QUIT to go to the home screen. Clear the home screen and press STAT CALC 4:Lin Reg ENTER 2nd 3 L3, 2nd 4 L4, VARS YVARS 1:FUNCTION 1: Y2 ENTER. This regression equation will be stored in Y2.

h. Graph the data and the regression equations by pressing GRAPH. 
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	Additional Information:
1.Any list may be used for the independent variable or the dependent variable. You do not have to put the XList in L1 and the YList in L2. In fact, you can create and name a list if you wish. Press 2nd DEL INS to insert a new list at the top of the lists. Then type the name you wish. When you use commands such as STAT PLOT or LIN REG , the list names can be accessed by pressing 2nd LIST NAMES. To delete a list press 2nd + MEM 2:MemMgmt/Del ENTER 4:List ENTER. Press the up and down arrow to move to a list and press enter to select the list, press DEL ENTER. 

2. To save one list into another list, cursor to the top of the new list where you will store the data, and enter the old list name , then press ENTER. For example if the data is in L3 and you wish to store it in List 6, cursor to the very top of List 6, highlighting the list name, press 2nd 3 L3, ENTER.
3. A common error on the calculator screen is DIM MISMATCH. You can correct this error by turning off any unused STAT PLOT, or by making sure that the lengths of the two lists being graphed as a scatter plot are equal in length.

4. Use the link cable that connects two calculators or a calculator to a computer to send and receive data. This saves the trouble of each person typing in his or her own data. With connected calculators, both calculators press 2nd LINK ( the second function of the x variable key). The receiving calculator presses receive first. The sending calculator can now choose what to send and then press SEND.
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