DataTools Investigation Planning and Documentation Template

Please include your initials in the file name of the electronic version of this document.

Use this template to:

1. Guide the planning of your investigation

2. Share your plan online with your DataTools colleagues

3. Report on the implementation of the investigation

• Complete Part 1 and upload the template to the DataTools Web site during the online collaboration period that precedes implementation.

• Add information to Part 2 and upload the entire template (Parts 1 and 2) to the DataTools web site during the online collaboration period that follows implementation.  
NOTE:  This investigation is not original.  It is based on a lesson in the ESRI data base.  I discovered it in the “Inquiry Resources” section and made some additions for my class.
Part 1 

Your Name:  Karen M. Crounse  
Date:  December 5, 2008
Grade(s) taught:  Mathematics, Grades 11-12
(although this lesson could be used for 10th graders and even younger…)
Key Parts of an Investigation

· Question(s)

· Goals

· MA state frameworks

· Overview & approximate time

· Dataset(s)

· Analysis tool(s)

· Main steps for analysis techniques

· Background information

· Example product(s)

· Student handouts for data collection & analysis

· Support for student inquiry

· Reflections on Implementing the Investigation (complete after implementing)
Investigation Question(s)

· How did early astronomers and mathematicians determine the circumference of the Earth?
· How can we use their ideas to develop our own method and calculation?
Investigation Goals
· Students will read and explain Eratosthenes’ method for calculating the circumference of the Earth.
· Students will use a GPS and their knowledge of circles and arcs to model Eratosthenes’ method and determine their own calculation for the circumference of the Earth.
· Students will summarize their ideas in a written portfolio assignment.
MA State Frameworks
(Selected out portion of Frameworks that apply.)
· Use estimation to judge the reasonableness of results of computations and of solutions to problems involving real numbers.   (10.N.4)

· Identify and determine the measure of central and inscribed angles and their associated minor and major arcs. Recognize and solve problems associated with radii, chords, and arcs within or on the same circle.  (10.G.3)

· Calculate perimeter, circumference, and area of common geometric figures such as parallelograms, trapezoids, circles, and triangles.  (10.M.1)

Overview & Approximate Time
To begin the investigation, students brainstorm about early methods for calculating the circumferences of the Earth.  After listing ideas, student read about Eratosthenes’ method of calculation, using the sun and a gnomon.  Students discuss the method with each other and we summarize it as a group so the process and mathematics are clear.  Then, we discuss the method we will use, based on Eratosthenes’, but using a GPS instead of the sun and a gnomon.  Students head to a local park with lots of space and find north.  Then, they walk directly south.  Using the GPS, they can find the difference in their latitudes as well as the distance that they walked.  With this information, they set up a proportion to calculate their value for the circumference of the Earth.  To summarize the ideas (both Eratosthenes’ and their own), they write a paper describing the two methods, explaining the math and complete an error analysis of their results.
The approximate time for the activity is three class hours, plus a two-hour block for data collection.  Students wrote their papers as a home assignment.
Dataset(s)

Analysis Tool(s)
· GPS
Steps for Data Analysis
· Show slide show of how to use a GPS unit.

· At park, turn on GPS Unit.
· Using the compass screen, students find north and record their latitude.

· They reset their value for “distance traveled.”

· Then, they turn around and walk directly south, along the same longitude line, and record their latitude.

· They also record the number of meters they walked.

Background Information

It is difficult to imagine how astronomers could have developed their plan for finding the circumference of the Earth, without the help of mathematics.  Eratosthenes’ was an ancient geometer who directed a great library in Alexandria (in Northern Africa).  While at the library, he read about a well in Syene (also in Northern Africa) where on the summer solstice, the sun was directly overhead.  Learning this, Eratosthenes knew that on that day, he could go directly north of Syene and measure the angle of a gnomon, and this angle would give him the angle of the sun’s rays.  This angle also represents the central angle of the Earth between Alexandria and Syene.  Eratosthenes also knew the distance between the two cities (traveled via camel).  With the central angle and the length of the arc that the angle created, he could set up a proportion to calculate the circumference of the Earth.  His value was very close to the actual value.
Students model this process using the GPS.  The GPS gives them both the starting and ending angles (they subtract to get the difference) as well as the distance they traveled.

Example Data Analysis Product(s) (i.e. graph, map, image, etc.; something you expect students to be able to create during the investigation) 
· Paper describing the two methods, mathematics and an error analysis.
Student handouts for data collection & analysis (can attach these separately):

· Inquiry Question – Handout with place for notes

· ESRI Handout – with description of both methods 
· Summary Handout

· Project Description

· Rubric
Support for student inquiry (List strategies this investigation will use to promote student inquiry)
This investigation is based on an inquiry question, “How did early astronomers and mathematicians determine the circumference of the Earth?”  Since the idea of “measuring” is an idea that students of all levels are comfortable with, this is a question that all students can answer.  However, it is the shear size of the Earth that makes it so interesting. How can we measure something that’s so big that we actually live on it?  A full hour is devoted to this discussion since it is the key to the investigation.  Throughout the discussion, curiosity builds and students begin to wonder how ancient people came up with their numbers.  This prepares students for the reading and understanding of Eratosthenes’ method and the method that we will use in the activity.
_______________________________________________________________________

Part 2

COMPLETE Part 2 AFTER YOU HAVE IMPLEMENTED THE INVESTIGATION

Today’s Date:  December 13, 2008
Number of classes that used the investigation:  Four hours and Two-Hour Data Collection (includes travel time to park)
Approximate number of students who completed the investigation:  25
Paste an example of student work (final graph, student analysis, etc.) from the investigation

[See attached brainstorm, handout and written product.]
Reflections on Implementing the Investigation
· How you feel the investigation went with students? 

Overall, the investigation went well.  The opening inquiry question was a huge motivator for my students; everyone had a different idea of how early astronomers calculated the circumference.  Many kids applied their own knowledge of measurement – break it up into parts and add the parts, while other kids tried to apply previously studied mathematics, including trigonometric ratios.  Once they learned about Eratosthenes, they were able to surmise that the method had to do with partial angles and arcs.  The data collection was a great way to get them out of the classroom and into the world to help them connect their own actual world (the Earth) with the mathematics that they had been learning.  In general, the product for this investigation, a paper summarizing the methods and mathematics, was strong for many students.  Many students are still in the revision stage of this product as well.
· Were you satisfied with the level of student engagement? What sorts of questions did student ask? What insights did they have? How proficient are they in using the software?

The level of engagement was high throughout the investigation both due to the curiosity of students and the assignment due at the end.  Students asked a variety of questions both about the process and using the GPS.  Students learned that they should hold their hands steady while walking and they needed to be sure that their longitude remained the same throughout the walk.  This was difficult for many students and caused some error in the results.  To practice using the GPS, we turned them on during our MBTA bus trip to the park and confirmed compass directions as well as distance traveled.  Most students are comfortable with the software due to the extra practice.
· How will you carry out this investigation differently in the future?
When I do this project next year, I will have a previous practice session with the GPS to make sure that students are using the tool correctly.  I will also have student practice walking along the same longitude or latitude lines to make sure they can walk straight.

Overall, however, this is definitely an activity I will do again with my class!






