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Sea Ice Analysis- Algebra
The changing climate is an important topic for both scientific analysis and worldly knowledge. This lesson uses data collected by the National Snow and Ice Data Center to create and use statistical analysis as a tool to evaluate the sea ice loss. Students will use technology to quickly generate graphs for each month looking for trends, patterns, or deviations over time. 
Standards and Objectives
Aligned Standards
· MAFS.912.S-ID.1.1
Represent data with plots on the real number line (dot plots, histograms, and box plots). 
· MAFS.912.S-ID.1.2
Use statistics appropriate to the shape of the data distribution to compare center (median, mean) and spread (interquartile range, standard deviation) of two or more different data sets. 
· MAFS.912.S-ID.1.3
Interpret differences in shape, center, and spread in the context of the data sets, accounting for possible effects of extreme data points (outliers). 
· SC.912.E.7.2
Cite evidence that the ocean has had a significant influence on climate change by absorbing, storing, and moving heat, carbon, and water.
· SC.912.L.17.4
Describe changes in ecosystems resulting from seasonal variations, climate change and succession.

Learning Objectives: What should students know and be able to do as a result of this experience?
· Students should be able to create boxplots and histograms using technology and large amounts of data and compare each type of graph for their benefits and limitations in context of sea ice analysis.
· Students should be able to compare the graphs over time to find trends, patterns, and discrepancies in the sea ice extent data and relate their science knowledge, i.e. seasons, to the cyclical pattern presented in the graphs.
· Students should be able to use the data analysis as an impetus to make changes in their lives that can have a positive effect in helping to minimize Arctic Sea Ice loss. 
Lesson Procedure
Introduction
· Lesson opener/attention getter: How much does the polar bear rely on sea ice? How would the polar bear be affected by the loss of sea ice? What other effects do we see from a changing climate? Does each month show similar changes in the extent of sea ice?
· Key talking points about the lesson topic: The planet is enduring a rapid rate of climate change. Data collected in different forms has shown that the Earth’s mean temperature has increased and this rate has not shown any signs of slowing down. One of the largest-scale impacts that has been observed and measured is the loss of ice in both the northern and southern pole regions and glaciers all over the world.
· Main investigation question (Guiding Question): How can histograms and boxplots help us analyze large amounts of data?

Guided Practice
· Instructions for setting up and leading the activity that the students will complete with teacher guidance: Students will use the data resource from the National Snow and Ice Data Center to gain access to the Arctic Ice Extent collected by NOAA since October of 1978. Data from each student or group of students could vary depending on the month of the year that the data was collected from. The students should be shown how to go to the website, locate the data, and copy into Geogebra for analysis. Data is located at http://nsidc.org/data/search/#keywords=sea+ice/sortKeys=score,,desc/facetFilters=%257B%257D/pageNumber=1/itemsPerPage=25. Find the “get data” tab on the sea ice index section and click on FTP. Registration is not required to gain access to the sea ice data.
· How will you check for student understanding? (Formative Assessment): The teacher will ask students questions while the demonstration is taking place.
A. Where is the information for ice analysis found?
B. How is the ice measured?
· Common errors/misconceptions to anticipate and how to respond: The students’ understanding of area may need a comparison. Figure out how much area the school covers, or the town/city, to give an example comparison for sea ice lost in square kilometers. The National Snow and Ice Data Center uses many forms of data and analysis tools. The most common way to measure and analyze sea ice is by extent. Area and extent are both measured but both have their pros and cons for analysis. See this link for an explanation of each: http://nsidc.org/arcticseaicenews/faq/#area_extent
Independent Practice
· Instructions for facilitating the activity that the students will complete independently or in groups: Students will use Geogebra to create statistical analysis of the data that they collect from the NOAA ice sheet data. Starting with 1979, each student/group will take the data from a particular month and create a box plot and histogram. Student will eventually combine each month’s graph to create a histogram display of 12 graphs (and a 12-boxplot display) to look for patterns or trends in the data. Student procedure and directions are found on the student handout. 
· How will you check for student understanding? (Formative Assessment): The teacher will circulate around to the students and determine how well they are interacting with the data and program. The teacher should ask questions regarding and look for issues with: 
· Knowing how to interpret boxplots which show variability in data, what overlapping data in boxplots represent
· Knowing how to create histograms and set up consistent intervals
· Interpreting patterns, trends, deviations over multiple displays 
· Use of extent data and not area data
· Use of prior scientific knowledge to account for patterns or trends in data, i.e. seasons and ocean effect on sea ice extent
· Common errors/misconceptions to anticipate and how to respond: Lack of prior knowledge of how to interpret boxplots and histograms could pose a problem. Students should be informed about the basic features of Geogebra and how to make the programming efficient i.e., pull down copying of formulas and changing axis dimensions. In order for students to combine their graphs as a group graph with all twelve months, the histograms need to have the same intervals and the same scale for both axes. It is suggested to use 0.5 intervals, spacing of 0.5, min value of 2, and max value of 17. The x-axis should be from 2 to 17; the y-axis should be from 0 to 19, spacing of 1. The boxplots must also use the same x-axis and spacing in order for the graphs to be to scale and comparable.

Closure
· Instructions for leading the closing discussion: Pose this question to the class: How can histograms and boxplots help us analyze large amounts of data? What patterns or trends did we notice? Explain citing data. What natural phenomenon would explain these trends/patterns? If there are any questions that relate to the materials or the information presented, encourage a discussion of their findings.
· How will the students show that they met the learning objectives? (Summative Assessment): Students will be able to explain the patterns and trends using the graphs as their evidence noticing that spring and fall have the most shifts in extent while summer and winter months show more clustering at certain values of sea ice extent data.

Additional Information
Materials and Handouts Needed
· Projector connected to computer for teacher demonstration.
· One computer per student or group depending on how many computers are available.
· Geogebra software program loaded onto the computers.
· Printed or shared document of the websites needed for data. http://nsidc.org/data/search/#keywords=sea+ice/sortKeys=score,,desc/facetFilters=%257B%257D/pageNumber=1/itemsPerPage=25

Prior Knowledge Needed
· Ability to copy and paste information in a computer software program
· Basic use of Geogebra

Formative Assessment 
· Specific suggestions for conducting Formative Assessment can be found in the Investigate and Analyze phases of the lesson where it says, “How will you check for student understanding?”

Feedback to Students: 
· Specific suggestions for providing Feedback to Students can be found in the Investigate and Analyze phases of the lesson where it says, “Common errors/misconceptions to anticipate and how to respond.”

Accommodations (Differentiated Instruction Ideas)
· For students that may find the task difficult, have the data preset in a spreadsheet prior to the lesson in two columns to work with.

Extensions (Real-world and/or Cross-curricular Connections)
· Analyze other sets of data on climate and weather and see how this reflects on the sea ice melting trend. Other data includes atmospheric CO2 amounts, oxygen isotope concentrations, and ocean acidification.

Further Recommendations/Instructions 
· Have Geogebra preloaded on the computers that the students will be using.
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	Complete the following


During this activity, you will use Geogebra to quickly create multiple graphs from the data collected from the Arctic Ice Sheet database. By creating multiple boxplots and histograms for each month, you will look for patterns and trends related to the extent of Arctic Sea ice. 
	Procedure
	Complete the procedure 



1. Locate the data for a given month since 1979 in the National Snow and Ice Data Center website. http://nsidc.org/data/search/#keywords=sea+ice/sortKeys=score,,desc/facetFilters=%257B%257D/pageNumber=1/itemsPerPage=25 Locate the Sea Ice Index and click on the Get Data tab and select FTP. (There may be a prompt to register but this is optional and can be bypassed.) The data will be loaded as a file with each month separated into folders.
2. Use the month folder that you have been assigned as your data set. Open the folder and locate the area txt file. (This should be the first file in the folder.) Open the area txt file.
3. Select the information for the data including the year and the column for extent. Paste into a spreadsheet program. (You may have to import and format the data into individual rows depending on the software used)
4. Open Geogebra and select spreadsheet.
5. Using the extent data, insert the extent data into Column B and the years into Column A.
6. Use Geogebra to create a boxplot and histogram for your month. In order to compare all months, you must use the same x axis and scaling for your graphs. For the histogram you must all use the same intervals.
a. Create a boxplot; use 2 and 17 as your minimum and maximum values on x axis, space by 0.5
b. Create a histogram; space by 0.5 and use 2 and 17 as your minimum and maximum values on x-axis, on y-axis space by 1 and use 0 as your minimum and 19 as your maximum values, use intervals of 0.5 for each bar, use the slider bar to set the number of bars- this should be same for entire class
c. Copy and print your graphs to be compiled with other group data
7. Compare your month’s boxplot and histogram to the other student groups’ graphs.



	Analyze
	Answer the following questions 


1. Draw (or insert from Geogebra) the 5 Number Summary and boxplot showing Sea Ice Extent for your month.


2. Draw (or insert from Geogebra) the histogram showing Sea Ice Extent for your month.


3. Compile all the boxplots and all the histograms in chronological order. 

4. Which month shows the least amount of Arctic Ocean ice extent? ________________
Which month shows the most amount for Arctic Ocean ice extent? ________________
Using your data, explain how you know which has the most and least amount of ice extent.


5. Which month has the most variability for Arctic Ocean ice extent? ________________
Which month has the least variability for Arctic Ocean ice extent? ________________
Using your data, explain how you know which has the most and least variability.


6. Describe any patterns, trends, overlaps, shifts or deviations that you notice by analyzing all the boxplots.


7. Describe any patterns, trends, overlaps, shifts, or deviations that you notice by analyzing all the histograms. 

8. Justify the patterns, trends, overlaps, shifts, and deviations with natural phenomena.


9. Which month might be the best month to use in predictive modeling of sea ice loss? Explain your reasoning.


10. Explain how the sea ice extent change shows a relationship between the cryosphere, hydrosphere, and the atmosphere.


11. What does this say about the future of the Arctic if we continue in this direction?



12. How can this information be used to show concern for global effects?


13. What are three things the world can do to decrease these global effects?


14. What are three things you can do to decrease these global effects?
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Quick Notes for using Geogebra’s Statistical Graphing:
	Quick Notes for using Geogebra’s Statistical Graphing:

	

	How to adjust graph axis, scaling, and intervals:
After creating the boxplot choose the small right arrow button in top right of graph display window; circled in red in picture to your right. 
Choose the graph tab and turn automatic dimensions off then change the values; circled in black in picture to the right. X step and Y step represent the spacing between values on the axis.
	[image: ]

	How to use the Column Header as the title for your graphs:
After selecting the column of data and whichever graph button you are making you will get the picture to the right.
Select the gear in right top corner; shown by red line and black circle.
Drop down menu appears and to use the header as a label choose “Use Header as Title”; shown in black circle.
Then click analyze to get your graph; shown in green circle.
This is only necessary if you have a label on the data column in the spreadsheet.
	[image: ]

	Using the slider bar to set number of bars on histogram:
Once the histogram is chosen as the graph, use the slider bar to determine the number of bars to be used; noted in red circle.
	[image: ]

	To clip the graph or save as a picture:
Choose the button that has the right arrow in the top corner of the box; as shown in green circle.
Use the drop down menu to choose “copy to clipboard”; shown in red circle. This allows you to paste into Word or another document. You can use your mouse and right click and paste or shortcut CTRL+V to paste it.
If you chose to export to picture you will save to your computer and then insert the graph just as you would any picture you had saved.
	[image: ]


	


Answers:
	
	Arctic Sea Ice Extent Data 1979-2015


	January
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	February
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	March
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	May
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	June
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	August
	[image: ]

	September
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