

Height Arm Juxtaposition: Teacher Guide
Mathematics

	Introduction
	



This activity focuses on collecting and analyzing data on two numerical variables. This kind of data analysis, known as bivariate analysis, explores the association between two variables. Students will create scatterplots and use residuals to create a line of best fit.  This lesson uses in-depth examples of how residuals are used to determine how well a line fits the data. After students explore regression and residuals “by hand” there are opportunities to use technology as well.

	FL Standards 
	


MAFS.7.SP.2: Draw informal comparative inferences about two populations.
2.3: Informally assess the degree of visual overlap of two numerical data distributions with similar variabilities, measuring the difference between the centers by expressing it as a multiple of a measure of variability. 
2.4: Use measures of center and measures of variability for numerical data from random samples to draw informal comparative inferences about two populations. 
MAFS.8.SP.1: Investigate patterns of association in bivariate data
1.1: Construct and interpret scatter plots for bivariate measurement data to investigate patterns of association between two quantities. Describe patterns such as clustering, outliers, positive or negative association, linear association, and nonlinear association. 
1.2: Know that straight lines are widely used to model relationships between two quantitative variables. For scatter plots that suggest a linear association, informally fit a straight line, and informally assess the model fit by judging the closeness of the data points to the line.
	1.4: Understand that patterns of association can also be seen in bivariate categorical data by displaying frequencies and relative frequencies in a two-way table. Construct and interpret a two-way table summarizing data on two categorical variables collected from the same subjects. Use relative frequencies calculated for rows or columns to describe possible association between the two variables.
MAFS.912.S-ID.2: Summarize, represent, and interpret data on two categorical and quantitative variables.
2.5: Summarize categorical data for two categories in two-way frequency table. Interpret relative frequencies in the context of the data (including joint, marginal, and conditional relative frequencies). Recognize possible associations and trends in the data.
MAFS.912.S-ID.2.6: Represent data on two quantitative variables on a scatter plot, and describe how the variables are related. 
a. Fit a function to the data; use functions fitted to data to solve problems in the context of the data. Use given functions or choose a function suggested by the context. Emphasize linear and exponential models.
b. Informally assess the fit of a function by plotting and analyzing residuals.
c. Fit a linear function for a scatter plot that suggests a linear association.

	Guiding Questions 
	



1. How can we compare bivariate data?
1. What patterns can we see from graphing the data?
1. How are models used to predict the value of a variable when the other variable is known?
1. How can we determine if our models are appropriate?

	Learning Objectives 
	



1. Students will collect sample data on height and arm span length.
1. Students will create scatterplots and estimate line of best fit.
1. Students will look for patterns, trends, and outliers to determine regression lines.
1. Students will use residuals to evaluate the lines of best fit.
1. Students will use technology to assist in the regression process.

	Timeline 
	



Estimated number of class periods:		2
Time per class period: 50 min

	Required Materials 
	



Meter sticks, Graph paper, Excel or Geogebra & Student Handout

	Teacher notes
	



Before the lesson, it is recommended that the teacher prepare enough rulers for measuring arm span and heights of the students.  This data collection can be assigned the night prior to help focus class time on the analysis.  Depending on the students’ familiarity with the metric measurement system, time may be needed to review measuring in centimeters and accuracy in measurement.

Students must be able to distinguish between independent and dependent variables in an experiment. The students must also know how to organize and graph the collected data, specifically how to use bivariate data and scatter plot trend lines. Students should already be familiar with graphing scatterplots and how they can visually show positive, negative and no correlational relationships. Students should also be familiar with trend lines, regression and correlation coefficient. This lab is meant to show how residuals can help determine which line can be used for the best fit line.

This lesson focuses on using Excel or Geogebra, but the teacher can adapt it to the TI-84 calculator as well.  There could be portions of this lab that are reduced or adapted to fit the needs and time allotment of the class. However, the goal of the lab is to see how useful residuals are and to be able to calculate them by hand.  This calculation may seem tedious, but it helps students build a better understanding of the concept, as well as an appreciation for technology. At the end of the lesson there is an optional STEM article showing students how math and forensics are intertwined.

	Procedure
	


0. The teacher should pass out the student handout and ask the students to think of ways to determine whose line is really the “best” line.  Discussion can occur as to how this may be done.

0. Before taking measurements, have a discussion about arm span (i.e., fingertip to fingertip) and how to measure it. Meter sticks/rules should be passed out. Collect data. In groups of two, participants will measure each other’s height and arm span. All measurements should be rounded to the nearest tenth of a centimeter. Pool the information. 

0. Teacher should lead students through the lab investigation, guiding and assisting as needed.  Some portions are better addressed as a whole group and some can be completed with a partner or individually. The teacher should preview the lesson and adjust it to fit the needs of the class.

0. The 5 tables that are attached allow students to evaluate 4 lines (y = x, y = x + 1, y = x – 1 and y = 0.75x) using residuals to determine the “best” one.  The teacher can choose which ones to use if time does not allow for all of them. The technology can then be used at the end of the investigation (5th table) to determine the actual “best” line. These tables allow us to look at the sum of the residuals on each line, so that we can determine the line with the smallest sum. 

	Skills and Practices 
	



This lesson addresses the following STEM skills and practices:
· Asking questions.
· Developing and using models.
· Planning and carrying out investigations.
· Analyzing and interpreting data.
· Using mathematics, information, and computational thinking.
· Constructing explanations.
· Obtaining, evaluating, and communicating information.
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