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.  
Part 1 

Your Name:  Karen M. Crounse  
Date:  September 17, 2008
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)

· What causes the phases of the moon?

· How can I quantify the brightness of the moon?

· What mathematical function models the brightness of the moon over time?

Investigation Goals
· Students will calculate the area of the illuminated and dark surfaces of the moon for each phase.
· Students will calculate the percent of the surface that is illuminated.
· Students will graph the relationship between percent of the moon’s surface that is illuminated and time.
· Students will calculate the period and amplitude of their graphs to approximate the equation.
MA State Frameworks
(Selected out portion of Frameworks that apply.)
Demonstrate an understanding of the trigonometric functions. (12.P.4)
Given algebraic, numeric and/or graphical representations, recognize functions as trigonometric. (12.P.5)
Solve a variety of equations and inequalities using algebraic, graphical, and numerical methods; use technology where appropriate. Include trigonometric functions.  (12.9)
Solve everyday problems that can be modeled using trigonometric functions. Apply appropriate graphical, tabular, or symbolic methods to the solution. Include periodic processes.  (12.10)
Overview & Approximate Time
Students will observe the moon over the course of a month and record their observations in a journal.  Throughout the month, students will reflect on what is happening to create the different phases.  As a summary to the discussion, students will use ImageJ software to separate a montage of the moon’s phases to create a stack that simulates the moon moving through its phases for a month.  As a follow up, the students will be challenged to find a method for quantifying the illumination of the moon over time; the will entail using ImageJ to find the area of lighted pixels.  Importing this data into Excel, students will then use the spreadsheet to calculate the percent illuminated, and create a line plot showing how the percent illuminated changes over time.  Analyzing the graph, students will be introduced to the idea of trigonometric functions.
The approximate time is four one-hour classes.

Dataset(s)

Montage of the Moon 
[image: image1.jpg]



Analysis Tool(s)
· Image J
· Excel
Steps for Data Analysis
· Give a brief overview of Image J.
· Load montage of phases of the moon.
· Copy individual moon phases into separate frames of the same size.
· Stack images to create a slideshow of the moon passing through its phases.
· Using the known value of the diameter of the moon (2162 miles), set the scale.
· Use the wand tool to select the image; Use Image/Adjust/Threshold to separate the pixels into light and dark areas.
· Analyze/Measure to measure the area of the illuminated pixels.

· Leave the measurement window open and Analyze/Measure areas for each phase.
· Select “all” in the data table.  Copy the data.  Open Excel and paste the data into cells.
· Create a column for the total area of the moon to the right of the area column.  Calculate the total area (pi*(2162/2)2).  
· Create a column for the percent illuminated:  (illuminated area)/(total area)*100
· Create a line chart with the “Day of the Month” on the x-axis and the “Percent Illuminated” on the y-axis.
Background Information


Students understand mathematics when it is connected to the real-world.  By physically observing the moon, thinking about why the phases occur and analyzing the patterns in light, students will have a deeper understanding of the value and characteristics of trigonometric functions.  Through connecting the mathematics to student’s own experience and following it up with real-life images, students are more engaged; the mathematics helps explain the way the world works.  ImageJ allows a more precise way for measuring areas than if the students measured their own sketches.  In addition, by using Excel, students have the ability to graph their data, make observations and project their data to future months more easily.  It is in this way that they can discover the periodic nature of the moon phases in graphical form.
Example Data Analysis Product(s) (i.e. graph, map, image, etc.; something you expect students to be able to create during the investigation) 
· Image J Stack of Moon Images  (Attached)
· Excel Spreadsheet of Area Data and Graph  (Attached)
Student handouts for data collection & analysis (can attach these separately):

Not yet attached…
Support for student inquiry (List strategies this investigation will use to promote student inquiry)
The investigation begins with students collecting their own data on the moon.  Then, it moves to a reflection phase, where students think about the cause of the phases in a journal.  The key question is “Why does the moon change phases?”  Although most students have studied this topic in middle school, most still don’t know exactly why it occurs.  Through class demonstrations (using a flashlight and two balls), students begin to understand the process (again!).  Having students observe, reflect and hypothesize before the discussion helps to engage them in figuring it out; they want to see if their ideas are correct.  Once the students understand the cause of the phases, the next question is “What would a graph of the moon’s phases look like?”  Through brainstorming, students will bring different ideas to the conversation.  One goal is for them to understand what variables are changing; the amount of light is one variable.  Once they determine what variables they will compare, students can hypothesize what the graphs would look like.  Students can display their graphs and explain how they found them.  Then, after the data analysis, students can revise their hypotheses using their data to support their findings.  Possible questions are as follows:

· What would the graph look like if you graphed the day over the course of a year?
· What does the maximum value represent?  What is happening to the moon at this point?
· What does the minimum value represent?  What is happening to the moon at this point?

· How many days does it take before the graph repeats itself?

· Is this graph Linear?  Exponential?  Quadratic?  Why or why not?

· What other phenomena would have a similar graph?  Explain.
Through discussing the graphs, it will become clear to students that this is a new function that students have not studied; this gives them the need to learn about trigonometric functions.  After later class activities designed to understand trigonometric functions students will return to this activity and approximate the equation of the curve that they graphed.  In this way, they will apply their mathematical understanding to the real-world situation that they observed and analyzed using real-world data.
_______________________________________________________________________

Part 2

COMPLETE Part 2 AFTER YOU HAVE IMPLEMENTED THE INVESTIGATION

Today’s Date________________________

Number of classes that used the investigation________________

Approximate number of students who completed the investigation________

Paste an example of student work (final graph, student analysis, etc.) from the investigation

Reflections on Implementing the Investigation
· How you feel the investigation went with students? 

· 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?

· How will you carry out this investigation differently in the future?







