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Unit 5: Investigation 1 — Sea Level Rise





1 day
	Course Level Expectations

	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.

1.2.2 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.

2.2.2 Choose from among a variety of strategies to estimate solutions to problems and find values of formulas, functions and roots.

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).

	Overview

	In this Investigation, students will explore ways to fit a trend line to data in a scatter plot and use the trend line to make predictions. Students will create the appropriate visual and graphical representation of real data.

	Assessment Activities

	Evidence of success: What students will be able to do
The students will be able to fit a trend line to data and use it to make predictions.

Assessment strategies: How they will show what they know
The students will create a scatter plot of the data, fit a trend line to the data, find the equation of the trend line, and use the equation to make predictions. 

	Launch Notes:

· Real Life Context — Sea Level Rise

The teacher will use the PowerPoint slides to display a photograph of the planet Earth followed by a photograph of the Hubbard Glacier in Alaska with a large piece falling into the ocean. These two images will be used to hook the students into a study of the sea level rise since 1888 and how to predict how much the sea will rise by the years 2010 and by 2020. See the Teacher Notes Investigation 1 for more details and suggestions.
	Closure Notes:

The investigation closes with the students using their trend line to answer the statement that drove the lesson, “If this trend continues, predict how much the sea level will have risen by 2010 and 2020.” Additionally, the students will be asked to predict the year in which the sea level will have risen 23 centimeters since 1888. Finally, the students will discuss that the independent variable (time in years since 1888) does not cause the dependent variable (rise in sea level in centimeters since 1888). At this point, students may visit some Web sites to investigate the predicted effects that may occur because of the rise in sea level. See lesson extension for more detail. 

If time permits, the teacher may consider using an exit ticket to determine the students’ depth of understanding to inform his/her instruction for the next lesson.

The teacher should let the students know that they will be studying trend lines over the next three weeks and using them to make real-world predictions.

	Important to Note: vocabulary, connections, common mistakes, typical misconceptions

· New vocabulary in this lesson — trend line.


	Learning Strategies

	Learning Activities — See teacher notes for greater detail

1.1 Begin the lesson by displaying the first slide of the Sea Level Rise PowerPoint, (an alternative is to use the SMART Notebook file or print the PowerPoint slides onto overhead transparencies — See Activity 1.1 PowerPoint Presentation), click to the second slide, which includes a picture of a glacier and a data table, and pose the question, “What do you think today’s lesson is going to focus on?” Discuss how to interpret the information in the table. Ask, “How large is a centimeter?” Ask students to estimate the change in centimeters from 1900 to 1920. “If this trend continues, can we predict how much the sea level will have risen by 2010 and 2020?” If the students do not suggest graphing the data, then probe them by asking, “How could you represent the data differently/visually?”

1.2 Distribute the worksheet (Activity Sheet 1.2) that contains the data and a blank graph. Have the students graph the scatter plot independently. Ask the class, “How do we use this graph to help us answer the question?” Students may recognize the linear trend of the data and the teacher may use probing questions to lead the class toward drawing a trend line to fit the data. Once each student has drawn a trend line for his or her scatter plot, share them with the class and compare the different trend lines. Since students will have different trend lines, for the purpose of further discussion you may choose to use the trend line from slide 6 to make predictions. Ask the class, “How do we use the trend line to help us make our predictions?” Use Slide 7 to support a class discussion about how to find two coordinates to make the prediction.

1.3 Have the class identify two points on the trend line and have each student use the two points to write an equation of the trend line. Discuss that these two points may be, but do not have to be data points. However, they should be exact points on the coordinate plane. Have the students use their equations to predict the sea level in 2010 and 2020. Then, have them predict by which year the sea level will have risen 23 centimeters since 1888. Why might we want to make this prediction? Discuss that although we have used the year to predict the change in sea level, the passage of time is not responsible for the rising sea level (causation). See detailed teacher notes for additional information. Tell the class that during this unit they will be studying trend lines and using them to make predictions about several interesting relationships.

1.4 Since the next investigation requires the use of the worksheet from this lesson, collect them or have students keep their worksheets in a notebook or folder. As a closure activity or homework, have the students find or generate a data set that is approximately linear. Have them bring the table, a scatter plot of the data, and the source of the data to class the next day. This will be collected and used in future lessons.
	Differentiated Instruction

For students who have difficulty remembering formulas needed to calculate the slope and/or equation of a line, a formula reference sheet can be provided as a memory aid. Or students can maintain a “Formula Reference” section in their notebook that includes formulas used throughout the course along with examples of how to use the formulas.

Extension: Have students read information regarding the implications of the sea level rise and/or the causes of the sea level rise. Information can be found from the United States Environmental Protection Agency Web site http://epa.gov/climatechange/effects/coastal/index.html 
on nationwide impacts, beach erosion and barrier islands, saltwater intrusion, floods, impacts on other nations, and coastal wetlands. Several nations have considerable land area at or below sea level. Go to http://www.world
viewofglobalwarming.org/pages/rising-seas.html or http://www.epa
.gov/climatechange/effects/downloads/landuse.pdf or http://www
.germanwatch.org/download/klak/fb-ms-e.pdf 
to discover some nations at risk. A recent article in the Science Daily, Sea Level Rise Due To Global Warming Poses Threat To New York City, may be of interest to students as well. The article can be found at http://www.science
daily.com/releases/2009/03/090315155112.htm.
Students may write a summary of their findings, citing the data and projected disasters.

	Resources: 
See PowerPoint and handouts

computer, projector/LCD 

	Homework:
Have the students find or generate a data set that is approximately linear. Have them bring the table, a scatter plot of the data, and the source of the data to class the next day. This will be collected and used in future lessons.  

	Post-lesson reflections: 
· The teacher should reflect on how the students progressed through each phase of the lesson to inform the next lesson. 
· If time allows at the end of the lesson, the teacher should consider using an exit ticket to determine the students’ depth of understanding to inform his/her instruction for the next lesson.

· The teacher might consider beginning the next class period with having the students summarize how they approached the Sea Level Rise problem and how they reached their predictions. 
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Sea Level Rise
The Sea Level Rise PowerPoint is designed to be used as a teaching tool to help facilitate a dialogue and introduce Unit 5: Scatter Plots and Line of Best Fit. The idea is to use this on day one of the unit. If you do not have the ability to project a PowerPoint in your classroom, then you can print the slides onto overhead transparencies. 
The first slide is simply to get the students thinking about the Earth and the second click of the mouse shows the Hubbard Glacier with a large piece of the glacier falling into the sea. Before revealing the text, the teacher may ask the class, “What do you think today’s lesson is going to focus on?” 
Once the text is revealed on slide 2, the teacher should probe the class to explain what it means to measure the sea level rise since 1888 and to define x as the number of years since 1900. Some students may struggle with both of these concepts. 
· The people at the Permanent Service for Mean Sea Level (PSMSL) measured the change in sea level in numerous places around the world and then used the average as their results. The number represents the change in sea level since 1888. Therefore, in year 0 (1900), the sea level was 1.5 centimeters higher than it was in 1888; in year 30 (1930), the sea level was 4.5 centimeters higher than it was in 1888; and in year 90 (1990), the sea level was 14 centimeters higher than it was in 1888.

· It should be noted that even though we are measuring the change in sea level compared to 1888, x is defined as the number of years since 1900.

· Ask the class, “Do you observe any trend in the data?”

Slide 3 asks the question that drives the entire lesson: If this trend continues, predict how much the sea level will rise by 2010 and 2020. The teacher should pause at this point and ask the class, “How are we going to figure this out?” The students may want to calculate the slope using two points. If so, ask them which two points they would use and try to lead them to the realization that there is not a constant rate of change. Through probing and having them brainstorm how to approach this problem, they should get to the point where they decide to graph the data to get a visual of the trend. A worksheet has been provided that contains the data table and a blank graph for the students to make the scatter plot. Display slide 4 while they are plotting their points.
Give the students time to create their scatter plot. Ask them what kind of graph they have created. They should know that this is a scatter plot from prior mathematics or science classes. If not, discuss what a scatter plot is. The scatter plot is provided on slide 5 so that students can check their work and it can be referred to during discussion. The question to the class at this point in the lesson is, “Now what? How do we use this graph to help us answer the question?” If the class doesn’t quickly come up with fitting a line to the data that follows the general trend of the data, then a Think, Pair, Share may be useful in this situation to get the kids thinking about how they can proceed. 
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Note: Think, Pair, Share is exactly what it says — the students think independently about how they would approach this problem, they share their results with a partner, and then they share their thoughts with the class. This gives the students time to think about their answer and have the safety of sharing/validating their idea with a partner before sharing with the class. 
It is important to note that this trend line doesn’t necessarily go through any of the data points but follows the general trend of that data. In addition, it is important to point out that the line does not have to go through the origin (this is a common misconception).  The trend line is displayed on slide 6 along with the next question to the class, “How do we use the trend line to help us make our predictions?” Some students may be anxious because their lines are not identical to the one displayed. The teacher should point out the fact that each line may be slightly different from others, but they should all follow the general trend of the data. 
· Slide 7 displays one way of answering this question — to read the graph. However, it should be discussed that this involves estimating the y-coordinate.

· Slide 8 displays another way, which is to write an equation for the trend line using two points that it passes through. At this point, you may want to have all of the students agree on which two points they will use to calculate their line so that they get the same result (since this is the first problem they are doing). A few choices for points include (40, 7), (70, 12) and (100, 17). Be sure to reinforce that the points do not have to be data points but are required to be exact points that the line passes through.  

· Slide 9 shows the work involved to calculate the trend line using the first two points mentioned in the bullet above.

· The teacher should ask, “What is the slope of the line and what does it represent in the context of this problem?” According to the model found on slide 9, the slope is 1/6. The slope represents the rate of change of the sea level per year — the sea level will rise one-sixth of a centimeter per year or the sea level will rise 1 centimeter every six years. 
Next, display slide 10, which poses the question that has driven the lesson: If this trend continues, predict how much the sea level will have risen by 2010 and 2020. Have the students calculate the answers to this question. Once they are finished, a click of the mouse will reveal the work involved and a second click will reveal the answer. Slide 11 is provided so students can verify their results by looking at the graph — when x is 110, the corresponding y-coordinate is approximately 18.7 and when x is 120, the corresponding y-coordinate is approximately 20.3.

Slide 12 poses an additional challenge: Use the equation to predict by which year the sea level will have risen 23 centimeters since 1888. The students should substitute 23 for y and solve for x. They should get x = 136, which means that if this trend continues, by the year 2036, the sea level will have risen 23 centimeters since 1888. You can click back a slide and verify this result on the graph. Is it reasonable to use this data to predict the sea level this far into the future? 
At this point, it is important to point out that although we have used the year to predict the change in sea level, the passage of time is not responsible for the rising sea level. 
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Name: _______________________________________________________ Date: ________________


The table below shows the annually averaged change in the sea level since 1888. Let x be the number of years since 1900 and y be the increase in sea level between 1888 and year x. For example, in 1920 the sea level had risen 3 centimeters over what it was in 1888. Scientists warn that when the sea level reaches 50 centimeters above the 1888 level, catastrophic effects may occur to our seashores and low-lying cities. If present trends continue, when will this occur?
Why might we want to predict the sea level rise? Who might be affected?
	Annually Averaged Sea Level Change Since 1888

	Year

(Since 1900)

x
	Sea Level Change since 1888 (in cm)

y

	0
	1.5

	10
	1

	20
	3

	30
	4.5

	40
	7

	50
	9

	60
	11.5

	70
	12.5

	80
	13.5

	90
	14

	100
	17.5
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