Museum Security Problem Lesson Plan

Objectives:  Students will synthesize their current knowledge about light and how it travels with geometry based math skills to evaluate a realistic problem - a museum in need of a security system to protect valuable works of art.  Students will develop a need to know more about the science of light when we begin the next science unit.

Assessment:  Students will be evaluated on their ability 

· to use the compass

· to develop and use a strategy for problem solving

· to use their journal as a tool for practice

· to check their own work and the work of others 

· to explain the problem-solving process and the reason for their solution

· to work in teams with one or two other students to collaboratively solve problems

Prior Knowledge:  Students would need to
· understand that light would travel an indefinite distance if uninterrupted

· understand that light would stop if there is a solid barrier

· have a working definition of ray and circle
· how to use a compass

· 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:
· Model of the museum

· Light source to test your theories (holiday lights)
· Paper map of the museum to draw your final proposal

· Compass

· Colored Pencils

· Science Journals

Procedure:

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

Discuss with students how far light travels, encouraging them to tell you what they already know, not how they can look up the answer in a book.  Use the sun, planets and stars as examples they see everyday.  These examples will reinforce that light travels a great distance.  

Explore using a light bulb things that may limit the distance light travels; barriers.  
How can we illustrate how light travels from the sun, our star, or from a light bulb.  Encourage students to use and define terms like rays and 360°.

Allow students an opportunity to review using compasses and for the specific purpose of drawing circles with a defined radius / diameter.  Students should master the use of this tool.  

Introduce the problem and rubric.  Students will use prior knowledge and skills to solve the problem of evaluating and constructing a plan for a museum security system.

Using an overhead copy of the museum floor plan, show students a sample placement of a security device.  Students should use a different colored pencil to demonstrate the placement of each security device and the area each covers.

Remind students that there is more than 1 correct answer and they will need to explain their answers to the class.

Extensions:

Students can use the internet to price security devices and include that information in their proposal.

Students can create a formal written proposal.

Museum Security System Problem

Motion detector beams work like light beams. They travel in rays 360° from the source, like our light bulb. Your task is to help this art museum find out how many motion detectors are needed to guard all the walls. How many motions detectors will you need? Where will you place the motion detectors? The museum would like to install the fewest number of motion detectors possible because they are very expensive. 
Tools Given:

Model of the museum

Light source to test your theories

Paper map of the museum to draw your final proposal

You Need:

Compass

Colored Pencils

Assignment:

Solve the problem with your partner(s).  We will work in groups of two or three.  Be prepared to present you solution to the class.  You will need to explain how you solved the problem and how do you know for sure that you have protected all the art in the museum.

	Math - Problem Solving: Museum Security 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, ruler.
	Student demonstrated successful use of at least one or more of the following tools; compass, ruler.
	Student attempted to use one or more of the following tools; compass, ruler.
	Student may have used one or more of the following tools; compass, 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. 

	Journal Notes and Try Its
	Student made detailed written entries and drawings in Science Journal 
	Student made clear written entries and drawings in Science Journal
	Student made written entries and drawings in Science Journal, some errors present
	Student made few or no written entries and drawings in Science Journal

	Checking 
	The work has been checked by two classmates and all appropriate corrections made. 
	The work has been checked by one classmate and all appropriate corrections made. 
	Work has been checked by one classmate but some corrections were not made. 
	Work was not checked by classmate OR no corrections were made based on feedback. 

	Explanation 
	Explanation is detailed and clear. 
	Explanation is clear. 
	Explanation is a little difficult to understand, but includes critical components. 
	Explanation is difficult to understand and is missing several components OR was not included. 

	Working with Others 
	Student was an engaged partner, listening to suggestions of others and working cooperatively throughout lesson. 
	Student was an engaged partner but had trouble listening to others and/or working cooperatively. 
	Student cooperated with others, but needed prompting to stay on-task. 
	Student did not work effectively with others. 


Total Points: ________________________________

Comments:  __________________________________________________________________________________________________________________________________________________________________________________
_________________________________________________________________________________________
Museum Security Problem Reflection
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 museum security project to launch a science unit on light and give practical application to math skills.  I have goals that will be measure student’s success using a rubric.  They will demonstrate knowledge of math tools used, demonstrate use of a strategy for solving the problem, do the try-it activities to master the tools, review their product with their peers, be able to explain their strategy and solution and work well with a partner.  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 students 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.

To success my students would need to be prepared as follows:  
1. Students would need to understand that light would travel an indefinite distance if uninterrupted

2. Students would need to understand that light would stop if there is a solid barrier

3. Students would need to have a working definition of ray and circle
4. Students would need to know how to use a compass

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 light by asking them a question.  
Teacher  “How far does light travel?”

Student  “What page are we on?”

Teacher  “The answer I am looking for is not in your book but in your head.”

Student  “We didn’t study about light last year.”

Teacher  “Still the answer is something you already know, or at least have a pretty good idea about.  The answer I am looking for is already in your head.  We just need to find it.”

Students begin looking up at the ceiling and down to the floor, as if they were mentally taking measurements.

Teacher  “If you are thinking that it is the distance between the ceiling and the floor, you need to think about what you see outside.”

I begin looking out the window.  It was a sunny day.


Student  “Oh, light travels from the Sun to the Earth.”


Teacher  “Ok, how far is that?”

No one remembers for sure but several guess that it is millions of miles.  I remind them that it is just about 93,000,000 miles.

Teacher  “So, light travels from the sun to Earth, about 93,000,000, that is it, right?”

Several students agree.  In fact, it seems that several are relieved that this part is over.  It seems most of my students are most comfortable reading and repeating and answer and not discussing what they know from observation.  We review the order of the planets using the sentence; My very educated mother just served us nine pizzas (Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus and Pluto).  Then I asked them if it was possible that some light made it to Mars.  The class was divided until someone mentioned that they could see the Mars Rover on TV so there must be some light that gets to Mars.  With this evidence the students all agreed that light could get to Mars.  The class debated whether or not sunlight was able to reach each of the remaining planets.  Collectively several students reasoned that if you could see something, it was because there was light.  Since scientists can see Pluto through powerful telescopes, there must be some sunlight reaching Pluto.  Of course it could not be too much as Pluto is cold!  

Teacher  “Ok, so Pluto, or about 3,667 million miles, is as far as light can travel.”

Without hesitation, the class agreed.  They seemed relieved that the quest was over.  


Teacher  “No, light can travel even farther.”

This is the best part of the discussion.  Students are squirming in their seats.  I love it when that happens.  This is a sign that you are taking students to a level of some discomfort.  Learning is taking place.  I strive not to make them too uncomfortable or let them have this feeling for too long.  


Student  “What page is it on?”

Teacher  “Once again, the answer is not in the book but something you already know.  Think about being outside at night with you friends.  Maybe you are playing a game of flashlight tag.  You look up into the night sky.  What do you see?”
Student  “Stars!  I see stars.”

Student  “And light comes from stars.”

Student  “Stars are far away, other solar systems!”

Considering that Proxima Centauri is the closest star at 4.2 light years away, and one light year is about 6,000,000,000,000 miles it seems that we have discovered that light travels pretty far!  Our hypothesis is that light will travel forever until something blocks it.  We have based this hypothesis on our observations.  We continued our discussion by what things may stop the light from travel.  We considered solid objects as well as opaque objects that may not stop light but limit it.  

I plug in a light bulb and we make observations about the light traveling from the bulb.  We then discuss how we can illustrate how light travels.  First we draw a sun and the students suggest that we use rays to show light traveling from the sun.  I like this but then again challenge them to tell me what a ray is.  I make it a point to have students define math terms in their own words based on observations they make rather than lookup and copy down a definition.  This builds science skills needed for observation and math skills looking for patterns as well as developing vocabulary and definitions.  We agree on a definition of ray.  One student looks up the definition of ray in our math textbook to make sure that we have not forgotten anything important.  Our definition contains all the elements of the textbook definition and we decide that we like ours better because we created it with our own words and it will be easier to remember.  We call both definitions correct, even though they are stated differently, the information is the same.
We then debrief.  What I am looking for here is student confidence.  We did not lookup how far light traveled, the definition of a ray or how to illustrate the way light travels but we did accomplish all these tasks.  We were successful because we used the combine knowledge of what we already knew to answer questions.  I am comfortable that we have covered goals 1,2,3,6,7,8,9 and 10.  Throughout my instruction in this unit and others, we will again and again address these goals to build confidence.
The next day, I bring in three different style compasses for students to use.  Many of my students have a compass.  It was on their supply list for the 5th and 6th grade.  They all have the traditional bow compass with the pencil and point.  We try this style first in their science journals.  Students are to note in their journals whether the measurement on the compass is a radius or a diameter.  They use their rulers to check and I check their understanding of the tool.  Students are instructed to make several sample circles using various colored pencils and diameters.  Next I introduce two other styles, one at a time with the same instructions.  The other compasses are a bulls eye style, and require the students to use a pressure point on a flat surface to hold their compass in place; the pencil is not attached but fits into a hole on the surface of the compass.  Students in 5th and 6th grade find this style easiest to use.  Although the compass limits the diameters of the circles to a predetermined size, the increments are sufficient for our use.  Students are more successful with this style as less manual dexterity is required.
This is a perfect transition to finding out what my students know about circles.  We make a list on the board of all the things we know about circles.  I take a look at the list and ask myself what properties of circles did students not identify?  Is this something students should know? Will having this knowledge, or not, impact the success of the learning goal?  

My students did not identify degrees in their discussion of the circle.  This is important to understanding the problem and creating a viable solution.  When students are first introduced to circles, they are shown fractions as in pieces of a pie or a pizza.  Each piece of this first circle is a part of a whole designed to equal one.  Later we introduce circles as graph, with each part of this circle designed to total one-hundred.  Although we introduce angles, I could not find a textbook picture of angles in a circle, showing a series of angles that represent the 360° of a circle.  I drew a circle and added 90° angles until we had 4 totaling 360°.  We then discussed how the circle could be divided into even smaller acute angles, ending with the conclusion that the smallest angle represented by a whole number was 1°.  To further solidify their understanding of circles, we stood up and turned full circle.  Then we practiced turning clockwise 90 degrees, 180, 360… then counter clockwise.  These are also good learning tools because we have so many digital clocks students don’t have experience with the terms clockwise and counter clockwise.  

Next we discuss how we can apply this information about circles to our drawing representing light.  Again students squirm, isn’t learning wonderful!  I ask what the rays could represent in the circle.  Getting them to identify that you could have 360 rays in a circle takes some work.  I drew a circle around the light bulb and identify the light source as the center of our circle.  Once they see the rays and the circle together the light comes on – pun intended.
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We have now covered goals 4 and 5.  The students are ready for the museum security problem.  In addition to giving them a paper map of the museum, I have constructed three dimensional maps.  These are cardstock museums with walls about 2 inches tall.  I have also purchased holiday string lights from the local discount store.  Students at this age are just emerging into abstract thinking.  A 2-dimensional drawing may not be sufficient for students to understand how their museum security project will work.  
Students are shown how to use the model, an overhead of the museum design is used to demonstrate how to place a light and show the area covered.  The rubric is reviewed and the students are allowed to select their own partners for the project.  I am comfortable with allowing this group of students to select partners, for this activity the students are closely matched in ability.

A couple of groups of students begin with the paper and pencil museum.  By far, however, most students prefer to start with the model.  I observe them testing the position of the light in several places in the museum.  Groups develop strategies for the placement of their alarms.  These strategies are tested using the model. Students who started with the paper and pencil test their design with the models as well.  

Most students are able to solve the museum security problem with 6 or 7 security points.  They are delighted to see how others have solved the problem and that the solutions, although different are all correct.  

Student feedback from the activity is better than expected.  Some students said that they thought science was hard, now it just seems easy and useful.  I hope that I can continue to develop lessons like these. 

I experienced such great success with this lesson that I offered to teach it to another 6th grade class.  Unfortunately the results were not a successful as with my own class.  Students seemed confused about the expectations and how to do the assignment.  They wanted to know how many security devices they must have and were reluctant to attempt that discovery on their own.  What I learned was the importance of building and revisiting background knowledge for students.  Math modeling lessons are most successful when students have all the tools they need to solve the problem.  Tools in this case are not limited to compasses but they need the skills to use and understand the tools.  Upon reflection, I realized that I had used many opportunities in my classroom to be certain that my students were ready for this activity.  Knowing in advance what I wanted them to accomplish actually drove my instruction.  When we talked about circles, I thought about how they might use that information to succeed with the museum project.  Those thoughts guided my instruction.  
I had also built expectations in my classroom as part of my teaching style.  I had encouraged students to ask questions and make observations.  They were given the understanding that there may be more than one way to solve a problem and more than one “correct answer”.  Without this training, the other class was frustrated by the open-ended problem and reluctant in some cases to try to solve the problem.  While all of these students were capable of solving the problem, they were concerned about the “correct answer” and some, when they did not understand what the “correct answer” was simply failed to successfully complete the assignment. 

We need to create thinkers not test takers.  Although I believe a thinker can also be a successful test taker.  A wise person said that we cannot move forward with knowledge we already have but we can move forward with new knowledge.  This lesson made me think about the future.  How can our children invent and discover new things if we only teach them to do what we can do?  We need to teach them to discover, ask questions, make mistakes and have fun learning. 
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).

5.4.5
Identify and draw the radius and diameter of a circle and understand the relationship between the radius and diameter. 
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.
6.7.1
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. 


