Elaboration Activity- Data Analysis- Teacher Instructions
Overview and context
In this elaboration activity, students graph, analyze, and interpret data from seven watersheds in the North Carolina piedmont to examine relationships between EPT richness (a commonly used index of stream health based on macroinvertebrate data) and seven different land cover variables. The data was obtained and analyzed by Dr. Emily Bernhardt and Dr. Dean Urban as part of their ongoing research on urban streams. Depending on their level and experience, students perform regression analysis using a spreadsheet, create scatterplots using a computer spreadsheet, and/or are provided with prepared scatterplots and regression equations. Students then work in small groups to examine the scatterplots and the regression equations, summarizing the relationships they observe in writing.

This elaboration activity gives students valuable experience analyzing and interpreting scientific data and helps them identify which land cover variables have the most important effects (both positive and negative) on stream health. Students will be able to use their findings when they complete the evaluation activity to design a neighborhood that minimizes human impacts on stream health.
Time required

This activity requires approximately 180 minutes of class time.

Materials required

Teacher instruction handout- 1 per class
Student instruction handout- 1 per group

Pencil and paper- 1 per group

Computers with computer spreadsheet software (e.g., Microsoft Excel, Google Sheets, etc.)- 1 per group 

Headphones with splitters (1 per group)

Video tutorial on using a spreadsheet- 1 electronic copy per group

Video tutorial on creating a scatterplot- 1 electronic copy per group

Video tutorial on conducting regression analysis- 1 electronic copy per group

File with data on EPT richness and land cover variables for 7 NC watersheds- 1 electronic copy per group

LCD projector for displaying data and completed scatterplots during class discussion- 1 per class

Whiteboard or chalkboard for recording class ideas- 1 per class
Teacher instructions
The teacher should break the students into groups at the start of this activity. The best group size for this activity is two students. If students vary in their comfort level with computer spreadsheets, you may want to pair students with little or no spreadsheet experience with a partner who has more experience with using computer spreadsheets.

First, student groups should work together to watch the video tutorials (first using a spreadsheet, then creating a scatterplot, finally conducting regression analysis). Ideally each student group should watch the video tutorials on their own laptop so that they can pause the video to take notes or replay sections of the video that they want to review. If you do not have access to enough headphones, an alternative approach would be the show the video tutorials to the class as a whole by connecting your laptop to an LCD projector.
After watching the video tutorials, each student group should obtain an electronic copy of the spreadsheet containing data on EPT richness and land cover variables for seven NC watersheds. Based on what they learned from the video tutorials, students should be able to use a computer spreadsheet like Microsoft Excel or Google Sheets to create seven scatterplots, each one examining the relationship between a single land cover variable and EPT richness. After creating the seven scatterplots, students should be able to conduct a simple linear regression for each scatterplot to examine the relationship between each land cover variable and EPT richness. Students should then write a brief summary of what they learned about each of the seven land cover variables, in terms of how strongly it is related to EPT richness and in terms of whether the relationship is positive or negative.
Finally, the teacher should review the results as a class. Student groups could be invited to the front of the room to display one of their scatterplots and summarize what they learned about this land cover variable from the regression analysis. After reviewing graphs and regression analysis for each of the seven land cover variables, the teacher should ask the students to identify what they learned from this elaboration activity that might help inform their neighborhood design.
Depending on the level and experience of your students (and how much time you have to devote to this activity), there are various ways to simplify this activity. One option is to ask your students to create the scatterplots but then provide them with the regression equations. Another option is to provide your students with paper or electronic copies of both the scatterplots and the regression equations. Completed graphs with regression equations are provided as part of this unit. 

If you do not have access to computers for your students to use, you can show the video tutorials to all students via your own laptop and an LCD projector (as described above for situations where headphones are not available). Then you can: 1) provide students with a paper copy of the data and ask them to create the scatterplots by hand on graph paper or 2) provide students with paper copies of the completed scatterplots. Either way you would need to provide the regression equations to your students. 
Teachers wishing to use this opportunity to further explore data analysis and interpretation with their students could couple this activity with a discussion of spurious relationships. A spurious relationship occurs when there is a mathematical relationship between two variables that, in fact, have no direct relationship with one another. The mathematical relationship may be present by coincidence or because both variables have a direct relationship with a third variable. If variable X and variable Y appear to have a strong relationship, it might be because they have a direct relationship, it might be a coincidence (and X and Y actually have no relationship), or it might be because X or directly related to variable Z and Y is also directly related to variable Z. A famous example is the correlation between ice cream sales and pool drownings. There is, of course no direct or causal relationship between ice cream sales and pool drownings. However, both ice cream sales and pool drownings are directly related to a third variable, hot weather. As students notice correlations (both positive and negative) between EPT richness and various land cover variables in this activity, it is good to be aware that the kind of data they are examining does not provide evidence that a particular land cover variable directly causes high or low EPT richness. In fact, it is possible when students are examining a correlation between EPT richness and a particular land cover variable that both variables (EPT richness and the land cover variable) are actually just related to a third variable.
Teachers wishing to use this opportunity to further explore data analysis and interpretation with their students could couple this activity with a discussion of residuals. The graph from the Moore and Palmer paper (featured in the interactive lecture in the explanation section of this unit) provides a good example that is directly related to the scientific content of the unit. In regression analysis, the best fit line describes the central tendency of the data, but there is often a lot of variation around the best fit line. Often students assume that this variation is “bad” or is due to “human error” or “measurement error” when in fact data on natural systems is simply full of variation. The variation is not just “error” but may provide important information about natural processes and systems. Differences between the data points and the best fit line are referred to as the residuals. Residuals describe the variation around the average (the best fit line). We can examine the residuals along the x axis or along the y axis, and we actually do this with the Moore and Palmer graph featured in the interactive lecture in the explanation section of this unit. We examine the residuals along the x axis when we ask “Why do you see the same taxa richness for streams with very different % impervious surface?” We examine the residuals along the y axis when we ask “How can we develop at 30% impervious surface and maintain high taxa richness?” or “Why do streams with the same percentage impervious surface vary so much in taxa richness? The R2 value is a regression is inversely related to the residuals. The R2 value gets higher when the residuals are lower.
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