Tornado Sirens Lesson Plan

Objectives:  Students will synthesize their current knowledge about sound and how it travels with geometry based math skills to evaluate a realistic problem - a proposed tornado siren warning system for the city of Columbus, IN.  Students will be able to determine the proposal is inadequate and create an alternative proposal and explain why their solution is valid.   Students will develop a need to know more about the science of sound when we begin the next science unit.
Assessment:  Students will be evaluated on their ability 

· to use the GeoReflector Mirror and compass

· to develop and use a strategy for problem solving

· to complete a series of mini lessons designed to access and build upon prior knowledge necessary for the success of this assignment

· to check their own work and the work of others 

· to use the mini-lesson knowledge as a basis for solving this problem

Prior Knowledge:  Students would need to
· understand that sound would travel only a limited distance

· have a working definition of voronoi diagrams and circles
· know how to use a compass
· know how to use a GeoReflector mirror
· understand the concept of 360° applied to a circle

· be comfortable with making observations and using their own knowledge for conclusions

· feel comfortable with the idea that there was more that one correct answer

· feel comfortable with the idea that there first attempt to answer a question may not be the only or even the best answer

· understand how to work cooperatively with a partner to solve the problem

· understand that they had knowledge from books and personal experience to be successful

Materials:
· Reflective Geometry with the GeoReflector™ Activity Book copy lessons in packets requiring 10-20 minute blocks of time to complete
· Proposed plan for tornado sirens in Columbus

· Map of the city, black and white copies are for your test and drafts, color copies for the final product
· GeoReflector Mirrors
· Compass

· Colored Pencils
· Life of Pi by Yann Martel

· Science Journals

Procedure:
Assess student’s prior knowledge, determine which skills are present and which skills need to be developed 

Develop mini lessons to prepare students for goal, with emphasis on the use of tools; compass, GeoReflector Mirrors and map reading.

Discuss with students what they know already about sound and how it travels.  This step activates knowledge that student already have from their experiences and build confidence.  Students may need prompting that they already have knowledge about sound from their everyday experiences.  They know for instance that sound travels only a finite distance – you cannot hear a conversation taking place miles away, or through a barrier – you cannot hear a conversation behind closed doors.  They also understand that sound travels but cannot be seen – you cannot see radio waves.  Students should be able to relate the experience of listening to a radio station in the car when they travel – there is a point when the transmission is clear and when it becomes fuzzy. 
Read chapter 9 from Life of Pi by Yann Martel.  This chapter discusses the flight distance of animals and helps introduce the use of voronoi diagrams.  
Allow students to experience the idea of boundaries.  Ask students to select a partner and stand 1 meter away from their partner.  Take shuffle steps to close the gap and stop when they are uncomfortable.  We have a personal distance we like to protect as well as the animals or birds in Martel’s story.

Illustrate this concept with students copying a sample in their journal.  Use an animal or bird as an example to show the setting of boundaries.  Assist the students in using the GeoReflector Mirror to create a perpendicular bisector between the two animals or birds.  Repeat this exercise by adding animals or birds to the drawing.
Ask students how this type of boundary system may be found in their community.  For instance do fire stations and schools have boundaries of areas they serve?  With a local map practice showing the boundaries between schools using the GeoReflector Mirrors.

Introduce the problem and rubric.  Students will use prior knowledge and skills to solve the problem of evaluating and constructing a plan for tornado sirens for the city of Columbus.   

The Tornado Warning Problem:

The city of Columbus needs a new tornado warning system.  You are on the city planning committee.  I am a sales person for a company that makes tornado warning systems.  I will present my proposal; you will need to decide if the proposal is a good one.  If it will not work, you must prove to the committee that it will not work and then present an alternative proposal.
Tools Given:

Proposed plan for tornado sirens in Columbus
Map of the city, black and white copies are for your test and drafts, color copies for your final product
GeoReflector Mirrors
You Need:

Compass

Colored Pencils

Assignment:

Solve the problem.  You may confer with your classmates.  You are responsible for demonstrating that the project will work or not and an alternative proposal if necessary.   Be prepared to present you solution to the class.  You will need to explain how you decided if my proposal will work or not how why the community should accept your proposal.
	Math / Science - Problem Solving: Tornado Siren Problem



Teacher Name: Mrs. Gaff 


Student Name:     ________________________________________ 


	


	CATEGORY 
	4 
	3 
	2 
	1 

	Use of Math Tools
	Student demonstrated expert use of one or more of the following tools; compass, GeoReflector mirror, ruler.
	Student demonstrated successful use of at least one or more of the following tools; compass, GeoReflector mirror   ruler.
	Student attempted to use one or more of the following tools; compass, GeoReflector mirror ruler.
	Student may have used one or more of the following tools; compass, GeoReflector mirror ruler but was not successful.

	Strategy/Procedures 
	Typically, uses an efficient and effective strategy to solve the problem(s). 
	Typically, uses an effective strategy to solve the problem(s). 
	Sometimes uses an effective strategy to solve problems, but does not do it consistently. 
	Rarely uses an effective strategy to solve problems. 

	Morning Work activities to master use of GeoReflector mirrors
	Student completed all assignments and extra credit questions successfully 
	Student completed all assignments successfully
	Student completed most assignments successfully, all assignments were attempted
	Student completed few assignments successfully, some assignments not attempted

	Checking 
	The proposed plan has been checked successfully; first with a voronoi diagram, then with the sound distance.
	The proposed plan has been checked first with a voronoi diagram, then with the sound distance.  There are few errors.
	The proposed plan has been checked with a voronoi diagram or with the sound distance.
	The proposed plan has not been checked. 

	Proposal / Explanation 
	A proposal is created and an explanation is detailed and clear. 
	A proposal is created and an explanation is clear. 
	A proposal is created and an explanation is a little difficult to understand, but includes critical components. 
	A proposal is created and an explanation is difficult to understand and is missing several components OR was not included. 


Total Points: ________________________________

Comments:  __________________________________________________________________________________________________________________________________________________________________________________
_________________________________________________________________________________________

Tornado Sirens Reflections
    One of Stephen Coveys’ 7 habits of highly effective people is to “begin with the end in mind.”  That is an important component of any lesson plan and especially those lessons for math modeling.  You need to be certain that students have the set of skills necessary to be successful.  A hands-on, minds-on project, no matter how interesting, will fail if students do not have the tools for success.
In this lesson, I sought to combine math and science skills into a single lesson, giving students a real-life application for both.  Meaningful learning leads to retained skills.  Learning is meaningful when students have background knowledge that supports a need for the learning.   I chose the tornado siren project to launch a science unit on sound and give practical application to math skills.  I have goals that will be measure student’s success using a rubric.  
Students will 

· demonstrate knowledge of math tools used
· demonstrate use of a strategy for solving the problem
· demonstrate mastery of the GeoReflector mirror as a tool showing understanding of geometry concepts and skills
· demonstrate the ability to explain their solution  
Additionally, I will be looking for the attainment of skills that will not be measured in any single lesson but will be used to assess growth over time.  My goal is to build confidence in problem-solving, use of strategies and observation skills.  I want my students to move from a sausage mentality where they are comfortable with telling and repeating of information to discovery learners where they use what they already know to create new knowledge and in the process have ownership of that knowledge.
The first task for me was to make sure that my students had the skills they needed to be successful.  A look at the final project gave me a list of skills needed.  In addition to the tangible skills, like definitions and how to use tools, students would also need a set of intangible skills, like confidence in their problem-solving ability and perseverance.  When giving an open-ended problem, it is important that students are mentally prepared to solve it.  Too often students are given direct instruction with skill practice and a test.  This process limits student’s thinking.  They are use to imitating what they are shown.  With this problem and other math-modeling exercises, it is the problem-solving process and the ability to create, not duplicate a solution that is important.

For success my students would need to be prepared as follows:  
1. Students would need to understand that sound would travel only a limited distance

2. Students would need to have a working definition of voronoi diagrams and circles
3. Students would need to know how to use a compass
4. Students will know how to use a GeoReflector mirror
5. Students would need to understand the concept of 360° applied to a circle

6. Students would need to be comfortable with making observations and using their own knowledge for conclusions

7. Students would need to feel comfortable with the idea that there was more that one correct answer

8. Students would need to feel comfortable with the idea that there first attempt to answer a question may not be the only or even the best answer
9. Students would need to understand how to work cooperatively with a partner to solve the problem

10. Students would need to understand that they had knowledge from books and personal experience to be successful

With this list in mind, I began to build the background knowledge needed for success.  Often when I teach I like to sit among my students, at the same level.  This allows me to have a conversation with the students.  And when I know I am going to challenge their thinking conventions, I want to be at a level where they are not threatened by me standing over them.  This I believe makes new learning easier as I am perceived to be on their level not trying to get them to learn something to memorize or repeat.  Our initial conversation went something like this:
Students take out their books and I begin the unit on sound by asking them a question.  
I ask, “How far does sound travel?”  This type of question is familiar to my students.  They know that the answer will not be in the book and it is ok that they did not study this last year.  No one is sure of the answer.  Next we take sometime to brainstorm how we can find an answer.  We decide to take the class outside and see how far sound will travel.  Out to the playground we go to play our own version of the popular TV commercial where the cell phone company representative tests his company’s phone service by asking “Can you hear me now?”  Working in pairs students maintain a steady strength of voice and walk away from each other asking the same question.  While our distances vary, one thing is always true.  We reach a distance where we cannot be heard.  What if we could be as loud as we wanted to be?  Students reason that even when there is a pro-football game you cannot hear the crowd from miles away.  We conclude that sound is not like light.  There is a finite or measurable distance from which sound can be heard.  
Additionally we talk about sound and barriers.  You cannot hear conversations between rooms with closed doors.  As a homework assignment, I ask my students to write a paragraph in their science journals about anything else they know about sound.  There is some discontent; they do not know anything else about sound, until I ask them if they just saw what I saw.  What they say and I answer why that sound wave of course from QMIX.  Of course they rely that you cannot see sound waves.  I reply that I thought you did not know anything else about sound.  They get the point and write their paragraphs.
Students are already familiar with the compasses from the Museum Security Problem.  But the GeoReflector mirrors are new tools.  I use lessons from Reflective Geometry with the GeoReflector™ Activity Book.  This book has 90 activities and games to use with students.  Each morning a packet of 1 to 4 pages is copied for student morning work.  Morning work is a short task that the students do when they arrive in the classroom and we finish a few minutes after announcements.  The great thing about the GeoReflector mirror is that students enjoy using the tool. The first exercise is simple.  Students use the mirror to match and copy images.  They are delighted with this new tool and ask to use it for other lessons.  Students like to use it to copy pictures for their journals or stories they are writing.

In the meantime we explore concepts that include symmetry, reflection, angles and congruence.  The lessons in this book take small steps and for many of the activities the students simply follow directions.  Lessons progress from 5th grade NCTM standards through 8th grade NCTM standards.  As we approach some of the more challenging lessons, I prepare the students in advance for the next days work.  For instance, students are not yet familiar with bisecting angles to create two congruent angles.  The day before this morning work a mini lesson is presented so students have the background information they need.  The daily lessons provide a fun opportunity to build and enhance math skills, as well as build the skills and background knowledge students will need to complete voronoi diagrams.  
Before I introduce voronoi diagrams to my students, I read chapter 9 from the book Life of Pi by Yann Martel.  In the book, Pi recalls what he learned about animal flight distance from his father’s zoo in India.  We learn that animals have a distance they require between themselves and others, especially a perceived enemy.  Some animals will flee when that distance is compromised, others will fight.  With a partner we test for our own comfortable distance between ourselves and others.  We start three feet from each other then move closer until we are uncomfortable.  
Next I introduce voronoi diagrams visually.  Placing a bird on the board we talk about his boundaries.  As we introduce more birds to the area, we continue to show the boundaries they would create for themselves.  We discuss that the boundaries are a perpendicular line between two points (or the birds).  GeoReflector mirrors are passed out and students copy this example in their science journals.  
Are there boundaries in our community?  We brain storm some ideas and decide that fire stations and schools have boundaries for the areas that they serve.  I give the students a community map and we locate 9 elementary schools.  How can we show the boundaries of the schools?  We use our GeoReflector mirrors to find the have way point or boundary between the schools.  We do this by reflecting one school onto another and draw the line created by the GeoReflector mirror.  We continue this process until we have found all the boundaries between all the schools.
We are now ready to put our knowledge to the test.  I create a proposal for a tornado warning system for the city of Columbus.   As a sales person, I tell the students that they have a really wonderful community.  It is obvious that the community put an emphasis on recreation for the children.  There are parks throughout the city for all to enjoy.  The parks are spaced throughout the community so that all can enjoy equal access to a park.  Columbus is still a relatively small community with lots of parks.  With that in mind, I propose that the tornado sirens be placed in the parks.  My sirens have a sound radius of 20 miles.
One student quickly raises her hand and notes that when she visits her grandmother, she can walk to 2 parks but she can only walk to one park from her home.  Other students quickly agree with this assessment.  Ok, that may well be true.  How can you prove to me that the parks are not spaced equally throughout the community?  Collectively we decide to use the same process we used to find the school boundaries to show the parks are not located in a manner that makes them accessible to all. 
But just because the parks are not spaced evenly throughout the community doe not prove that my proposal will not work.   Using a community map with an arbitrary scale of 1 inch equal to 10 miles students use their compass to show that the sound of the sirens would not be heard by all the citizens of Columbus.  We use an arbitrary scale because the one provided by the map represents a distance not easily duplicated with the style compasses the students will be using.  This compass allows the students to create circles with predetermined increments for the radius.

Now for the challenge, students must determine the fewest number of tornado sirens to use so that all citizens can hear the sound.  I provide black and white maps for this purpose.  Colored maps will be made available for the final product.  For many students the process began with trial and error.  A couple of students put circles on the perimeter of the circle first then filled in the rest of the space.  The fewest number of tornado sirens was discovered by a student with learning disabilities.  This meaningful hands-on activity was just what he needed to be successful.

What worked best about this lesson was the application of a multitude of math and science skills to solve a realistic problem.  This lesson was designed to create a need to know more about the science of sound.  Why should they care about sound waves?  Students also saw a use for the math skills they were learning.  Making learning meaningful and relevant to the student allows the student to own new knowledge.  Students will regain a greater degree of knowledge when they use it rather than just practice the skills.  This lesson helps students climb the ladder of Bloom’s Taxonomy by using prior knowledge, being able to understand material taught and explain it, by having a purposeful lesson to apply the knowledge, analyzing the parts of the knowledge of math and science and being able to combine them to form a new whole, and the skill of evaluation of solutions created using what they have learned.

The modeling process emphasized is the realistic problem.  Too often instruction is skill centered, draw a circle with a 2 inch diameter and not purposeful.  Who cares if I can draw a circle, when am I ever going to use that in real life students should rightfully ask their instructor.  Meaningful lessons give validity and purpose to student learning.  Students want to do useful work.
Student response to this lesson and even the background knowledge lessons was great.  It took some work to make sure that they felt comfortable with the fact that there could be more than one “correct” answer.  I also spent a great deal of time helping them build observation and recall skills.  They had quite a bit of personal experience that was good background knowledge for this task, however little confidence to access it and use it.  The emphasis for them was on repeating what was in the book, not trusting their own skills.  
Success with math-modeling lessons depends on the student preparation.  Students must have sufficient background information.  Care should be taken to understand the expected outcome and what knowledge must a student have mastery of in order to experience success.  Students without basic skill sets will not be able to construct new knowledge or create a model without tools – in this case skills.  Assuming background knowledge not present may lead to student failure in their attempt to complete the math modeling activity.  This type of lesson stretches students reach on the Bloom’s Taxonomy ladder.  I would be concerned that a fall from failure will create hesitancy in students to try again.
As an educator, I have begun to see math in many places since taking this class.  I approach each math and science lesson as an opportunity to develop realistic and meaningful problems for my students.  I am more aware than ever of the connection between math and science, social studies and even in the debate over what time zone Indiana should be placed.  My students are given the green light to ask “So What?” when I introduce new material and as I prepare the lesson, I prepare to the answer.
Indiana State Standards introduced, reviewed or mastered with this lesson.  

Math

5.4.1
Measure, identify, and draw angles, perpendicular and parallel lines, rectangles, triangles, and circles by using appropriate tools (e.g., ruler, compass, protractor, appropriate technology, media tools).

5.4.3
Identify congruent triangles and justify your decisions by referring to sides and angles.

5.4.5
Identify and draw the radius and diameter of a circle and understand the relationship between the radius and diameter. 
5.4.6
Identify shapes that have reflectional and rotational symmetry.

5.4.7
Understand that 90°, 180°, 270°, and 360° are associated with quarter, half, three-quarters, and full turns, respectively.
5.7.3
Apply strategies and results from simpler problems to solve more complex problems.

5.7.4
Express solutions clearly and logically by using the appropriate mathematical terms and notation. Support solutions with evidence in both verbal and symbolic work.
5.7.8
Decide whether a solution is reasonable in the context of the original situation.
Science

5.2.4
Keep a notebook to record observations and be able to distinguish inferences* from actual observations.

5.3.2
Observe and describe that stars are like the sun, some being smaller and some being larger, but they are so far away that they look like points of light.

5.6.2
Demonstrate how geometric figures, number sequences, graphs, diagrams, sketches, number lines, maps, and stories can be used to represent objects, events, and processes in the real world, although such representation can never be exact in every detail.

Math

6.4.1
Identify and draw vertical*, adjacent*, complementary*, and supplementary* angles and describe these angle relationships.

6.4.2
Use the properties of complementary, supplementary, and vertical angles to solve problems involving an unknown angle. Justify solutions.
6.4.6
Draw the translation (slide) and reflection (flip) of shapes.

6.7.1
Analyze problems by identifying relationships, telling relevant from irrelevant information, identifying missing information, sequencing and prioritizing information, and observing patterns.
6.7.3
Decide when and how to break a problem into simpler parts.

6.7.4
Apply strategies and results from simpler problems to solve more complex problems.
Science
 6.1.2
Give examples of different ways scientists investigate natural phenomena and identify processes all scientists use, such as collection of relevant evidence, the use of logical reasoning, and the application of imagination in devising hypotheses* and explanations, in order to make sense of the evidence. 

6.1.4
Give examples of employers who hire scientists, such as colleges and universities, businesses and industries, hospitals, and many government agencies. 

6.7.2
Use models to illustrate processes that happen too slowly, too quickly, or on too small a scale to observe directly, or are too vast to be changed deliberately, or are potentially dangerous.

Science

7.1.7
Explain how engineers, architects, and others who engage in design and technology use scientific knowledge to solve practical problems.

7.3.18
Describe that light waves, sound waves, and other waves move at different speeds in different materials.

7.7.2
Use different models to represent the same thing, noting that the kind of model and its complexity should depend on its purpose. 

Deborah Gaff 06/05
Math Modeling Class Summer 2005
11

