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 based on an activity in “Mission Mathematics,” published by NASA.
Part 1 

Your Name:  Karen M. Crounse  
Date:  March 12, 2009
Grade(s) taught:  Mathematics, Grades 11-12
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 do we know when to launch space probes to explore different planets within the solar system?

· How do we calculate the launch window?

Investigation Goals
· Students will calculate the degrees traveled per day for their given planet.

· Students will create a table to compare the location of Earth and their planet over time.

· Students will use the modulo function to simplify angles.

· Students will use Excel formulas to calculate angular location of planets as well as graph the motion of planets over time.
· Students will interpret their data to determine the launch window for their planet, summarizing their results in a written portfolio piece.

MA State Frameworks
(Selected out portion of Frameworks that apply.)
· Use symbolic, numeric, and graphical methods to solve systems of equations and/or inequalities involving algebraic, exponential, and logarithmic expressions. Also use technology where appropriate. Describe the relationships among the methods.  (12.P.10)
· 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)
· Select, create, and interpret an appropriate graphical representation (e.g., scatterplot, table, stem-and-leaf plots, box-and-whisker plots, circle graph, line graph, and line plot) for a set of data and use appropriate statistics (e.g., mean, median, range, and mode) to communicate information about the data. Use these notions to compare different sets of data.  (10.D.1)
· Use estimation to judge the reasonableness of results of computations and of solutions to problems involving real numbers.   (10.N.4)

Overview & Approximate Time
How do we know when to launch a probe to another planet?  This investigation begins by brainstorming different ways that NASA may plan for a launch.  Through first investigating the distances in the solar system as well as calculating travel times, we turn to the motion of planets to help determine when the planets will be aligned to ensure the shortest distance between them.  To simplify the calculation, orbits are assumed to be circular, with the speed of each planet constant.  Through a whole class discussion, we calculate the launch window from Earth to Planet X; students completed the analysis for their own planets in individual projects.
The approximate time for the class activity is three class hours.  Students created their own spreadsheets and wrote their papers as a home assignment, although they were given two additional class hours to work on it.
Dataset(s)

Analysis Tool(s)
· Excel
Steps for Data Analysis
· Determine equation for Earth’s and Planet X’s angular motion. (Days in a Year/360º).
· Set up Excel spreadsheet by month; complete the day’s elapsed column for three years.

· Using an Excel formula, calculate the “Degrees Traveled by Earth” column.

· Using an Excel formula, calculate the “Degrees Traveled by Planet X” column.

· Using the MOD function, create a new column with Earth’s MOD degrees traveled.

· Using the MOD function, create a new column with Planet X’s MOD degrees traveled.

· Examine the data table.  Determine where the planets cross paths.

· Create a new worksheet; list days by day.  Copy the formulas to create the same columns as the main worksheet.  Determine the dates when the planets are within 5º apart.

· Create a new worksheet; copy tables needed for graph.  Insert Scatter Plot with connected points to graph the “Degrees Traveled” for each planet by day.
Background Information

Traveling in space is very different from traveling on Earth; it is difficult to imagine
the vastness of the solar system and the distances between planets.  Through an initial discussion of space travel through different means, students begin to understand that being selective about the positions of the planets can impact the ability to reach long distances.  Although assuming orbits are circular simplifies the situation, determining when planets are aligned is an interesting task.  By diagramming positions and using Excel to number crunch, students begin to identify positions of planets at different moments in time and are able to interpret the data to find the place when one planet overtakes another.  Table calculations can be verified through a graph; the graph indicates when the paths of the planets intersect.
The initial investigation was a whole class discussion and activity using a “mock” planet, Planet X.  Students then adapted the activity to determine the launch window from Earth to the planet that they have been studying.
Example Data Analysis Product(s) (i.e. graph, map, image, etc.; something you expect students to be able to create during the investigation) 
· Attached Excel spreadsheet and graph.

· Paper describing the two methods, mathematics and an error analysis.
Student handouts for data collection & analysis (can attach these separately):

· Space Travel  - Class Handout
· Launch Windows – Class Handout
· Modulo Function 

· Project Rubric
Support for student inquiry (List strategies this investigation will use to promote student inquiry)
How do we travel to different planets?  What factors impact space travel?  This activity opens with a discussion of student ideas and misconceptions about objects in space and traveling outside of the Earth’s atmosphere.  Realizing that travel to other planets can take many years, it is clear that knowing the time when the planet is closest to Earth is an important factor in determining when to travel.
_______________________________________________________________________
Part 2

COMPLETE Part 2 AFTER YOU HAVE IMPLEMENTED THE INVESTIGATION

Today’s Date:   March 12, 2009
Number of classes that used the investigation:  Three class hours and two hours for students to work on their individual projects
Approximate number of students who completed the investigation:  25
Paste an example of student work (final graph, student analysis, etc.) from the investigation

Student work has not been collected yet!
Reflections on Implementing the Investigation
· How you feel the investigation went with students? 

Overall, the investigation went well.  Throughout the whole class activity, students asked questions both about the understanding of the calculation process and Excel techniques.  We stopped at various points to take notes on Excel keystrokes to be used as a reference when they did their own projects.

· 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?

Students asked many questions about Excel; even though each student had their own computer, I paired them up so they could support each other.  Most questions were related to the formulas and how to copy them down columns.  I explicitly showed them the difference between typing in a cell location versus “selecting” it, relating it to the difference between a constant and a variable.  This cleared up some confusion, I think.
The kids are excited about using the software and are proficient with entering data, but are still working on independently setting up a spreadsheet with formulas.  The goal was for them to practice more in their own project so that they become proficient.

· How will you carry out this investigation differently in the future?
This was an excellent activity and it really helped tie together our work with planetary motion (circles and ellipses) and space travel (looking at gravity).  Next year, I may have students practice a little with formulas first, so they can apply it more easily to this application.  I feel like students absolutely feel more comfortable with using Excel to “crunch their data” so they could move into the interpretation of the data more quickly.
Overall, I think both teacher (me!) and student enjoyed this and learned from it!






