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 UTeach Outreach   

                                                               The University of Texas at Austin

Density – Scripted Version
Lesson created by:  UTeach Outreach
Grade:  6th Grade 
Length of lesson: Two 50 minute class periods
Description of the class: 6th Grade Science
Source of the lesson: 

UTeach Outreach

University of Colorado PhET Simulation can be downloaded at:

http://phet.colorado.edu/en/simulation/density
Images and ideas:

http://www.nyu.edu/pages/mathmol/textbook/density.html
TEKS addressed:

§112.18. Science, Grade 6, Beginning with School Year 2010-2011.

(4)  Scientific investigation and reasoning. The student knows how to use a variety of tools and safety equipment to conduct science inquiry. The student is expected to:

(A)  use appropriate tools to collect, record, and analyze information, including journals/notebooks, beakers, Petri dishes, meter sticks, graduated cylinders, hot plates, test tubes, triple beam balances, microscopes, thermometers, calculators, computers, timing devices, and other equipment as needed to teach the curriculum;

(6)  Matter and energy. The student knows matter has physical properties that can be used for classification. The student is expected to:

(B)  calculate density to identify an unknown substance
TEKS addressed in PhET simulation:

§112.18. Science, Grade 6, Beginning with School Year 2010-2011.

(2) Scientific investigation and reasoning. The student uses scientific inquiry methods during laboratory and field investigations. The student is expected to:

(E) analyze data to formulate reasonable explanations, communicate valid conclusions supported by the data, and predict trends.

(3) Scientific investigation and reasoning. The student uses critical thinking, scientific reasoning, and problem solving to make informed decisions and knows the contributions of relevant scientists. The student is expected to:

(A) in all fields of science, analyze, evaluate, and critique scientific explanations by using empirical evidence, logical reasoning, and experimental and observational testing, including examining all sides of scientific evidence of those scientific explanations, so as to encourage critical thinking by the student;
(B) use models to represent aspects of the natural world such as a model of Earth's layers;
(C) identify advantages and limitations of models such as size, scale, properties, and materials.

Assumptions:
1. Students know the difference between mass and weight.

2. Students are familiar with the physical property of mass, including units of mass (grams).

3. Students are familiar with the physical property of volume, including units of volume (cm3 and liters)

4. Students know how to round numbers to the hundredths decimal place.

5. Students are proficient at using calculators (whether handheld or part of a computer application) to complete simple mathematical operations.

I. Overview 

Students will review the concept of matter in this lesson, along with, its physical properties of mass, volume, and density. In pairs, the students will use the Density PhET simulation to explore the concept of density and to answer the first Question of the Day: “How can we use density to help us identify matter?” Using the “Mystery” function, the students will calculate the density of five boxes and use a built in table function to identify what the boxes are composed of. With their investigation sheets serving as evidence, the students will develop their own understanding, later clarified by the teacher, as to why things sink or float when placed in water. The teacher will facilitate a discussion on the practical applications of density and its use within STEM fields. The students will also perform a second investigation to determine how the density of an object changes as its mass changes using various samples of putty. 
II. Objectives

1. Calculate volume by using displacement.

2. Use density to identify unknown substances using the Density PhET simulation.

3. Explain why objects sink or float relative to the density of the liquid they are placed in.

4. Calculate density after determining the mass and volume of a substance.

III. Resources, materials and supplies needed: 

· For class:
· Post-its (~10 that say “Matter”)
· Scale or Triple Beam Balance
· Floating toy (such as a wooden ball)  
· Plastic container (large enough to allow floating toy to be submerged)

· Filled with a large enough volume of water to submerge the floating toy.

· Initial water level should be marked and measured on container.

· Newspaper (to keep stations clean)

· 2 clear plastic cups

· Water (~100 mL)   

· For each group of 2-3:
· Calculator (if available, one calculator should be provided per student)
· Computer with internet access (for the simulation)

· Set of post-its with letters A-E 
· For each group of 4:
· 1 graduated cylinder

· Putty (~30-40 g)

· Electronic balance (or teacher can pre-measure putty for groups)

· Ruler

IV. Advanced Preparation: 
· The simulation requires the use of Java software, which may be downloaded from: http://www.java.com. 

· Write “matter” on 10 sticky notes.

· Label butcher paper (optional – may use chalk/whiteboard instead) for Explain with
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· Pour 50 mL of water into graduated cylinders for Exploration. 
V. Supplementary worksheets, materials and handouts: 
· For class:
· Picture of different scales that are used to measure mass 

· Large piece of butcher paper with “Mystery Box Contents!” chart drawn on it (optional—can use chalkboard/whiteboard instead)

· Per student:
· Density Simulation Worksheet
· Show Off What You Know Evaluation

· “Putty, Putty Please Find the Density of Putty” data collection worksheet

VI. Background information: 
College level: 

Density is the ratio of the mass of a sample to its volume. Mass is the amount of matter of a particular sample, measured in units of grams. The units may be expressed in other factors of ten according to the SI standard (kilogram, milligram, etc.). Volume is the space occupied by the matter in question, measured in units of liters and SI factors of ten (milliliters etc.). Typical units of density are grams per milliliter and kilograms per liter, as both ratios represent water’s density with a value of one.

If a sample is composed of a homogenous mixture or substance, the density of the sample may be used to identify the type of matter. Density is not dependent on the quantity of matter contained in the sample; it is a ratio held constant when the temperature of a sample and pressure around the sample are held constant. Density can provide valuable insight in sample analysis when knowledge about the densities of materials is known.

Matter is a general term for the substance of which all physical objects are composed. Typically, matter includes atoms and other particles with mass. A common way of defining matter is as anything that has mass and occupies space. In practice, however, there is no single correct scientific definition of “matter,” as different fields use the term in different and sometimes incompatible ways. There are 5 states of matter: solids, liquids, gases, plasmas and Bose-Einstein condensates. 

Mass is the amount of matter in a sample. Mass is not measured directly, rather the weight of a sample is measured. Weight is the quantity of force exerted downwards by a sample due to gravitational attraction. It is calculated by multiplying the mass of the sample by the acceleration due to gravity. Therefore, dividing the measurement of weight by the gravitational acceleration present gives the measurement of mass. Mass is an invariant measure whereas weight is dependent upon a particular gravitational field. Thus, weight on a different planet or moon may be drastically different than weight on Earth, but the mass in either case is the same.

If volume cannot be measured readily by geometry, a sample may be submerged in fluid; the net displacement of the fluid is equal to the volume of the sample. Units of volume include cubic linear measurements (e.g. cubic meters) and liters. The conversion factor between the two forms is that one cubic centimeter equals one milliliter.

6th grade level:

Density is the mass of a substance per unit volume. In other words, it is the mass of a sample (in grams) divided by its volume (in mL = cm3). We calculate density using the formula Density = Mass/Volume. Density is a property of matter that does not depend on the amount of matter present; it is constant under constant temperature and pressure conditions. Thus, it can be used to identify unknown substances when density information for common substances is available. Most substances (especially gases, such as air) increase in density as pressure is increased or temperature is decreased.

Matter is the substance of which all physical objects are composed. It is often defined as anything that has mass and occupies space. Matter is made up of atoms. Mass (m) is the amount of matter in a sample. It is the measurement you make using a balance scale. All matter has mass, and mass is a constant atomic property (e.g. the mass of one hydrogen atom is 1.00794 atomic mass unit). Mass causes matter to have weight in a gravitational field. Weight (W) is the downward force of an object due to gravity (g) and is measured by a spring scale. Mass is constant, but weight is variable depending on the strength of gravity. 
Volume is the space taken up by a sample. It can be measured by measuring the amount of water displaced by a sample. Take a look at the two boxes below. Each box has the same volume but a different number of atoms (represented as red balls). The left box has more balls or atoms. Therefore, it has more mass per unit of volume (it has a higher density).
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VII. Possible Misconceptions

1. Mass is a quantity that you get by weighing an object. Weight is found by weighing an object using a spring scale. Mass is found using a balance scale which compares it to a known mass.
2. The amount of matter and mass of an object changes with gravitational force. These stay some objects cannot be measured because of their size or inaccessibility. Even if objects are small, their size can probably still be measured; however, this might not be possible with the tools available in a classroom—may need fancy microscopes, etc.
3. Density is how much something weighs.  Density = mass/volume
4. The density of an object depends only on its volume. Density depends on mass and volume.
5. Density for a given volume is always the same. This is only true when the type of matter is constant. Two different types of matter may have different densities, even when they have the same volume.
6. The density of two samples of the same substance with different volumes or shapes cannot be the same. A substance, if homogenous, will have the same density, regardless of volume or shape.
7. Weight determines if an object will sink or float; heavy objects always sink and light objects always float. Density determines this; objects that are denser than water—1 kg/L—will sink in water, while objects that are less dense than water will float in water.
8. The amount of water will cause objects to float or sink. However, objects will float or sink just the same in a Bucket vs. pool Objects sink or float based on their density relative to the density of water, which does not change when the quantity of water is changed.
9. Objects with holes will always sink, objects with air float. These things don’t matter. Density does.
10. Gases are not matter because most are invisible. Gases are matter. For example, H2O can take the form of a gas, liquid, or solid on Earth. Regardless of its state, H2O is the same matter; however, its density changes depending on state.
11. Gases do not have mass. Gases have mass because they are matter, and matter has mass.
12. A "thick" liquid has a higher density than water. When something is “thick” or viscous, it just means that it flows slowly. This does not correspond to density. For example, whipped cream is viscous/thick but has a low density.
13. For the demo with the floating toy: Select an object that does not have a hole in it (i.e. is solid). A wooden toy works best. Students can develop misconceptions if you choose a hollow toy since some of the water can fill the toy. 

VIII. Vocabulary 
College level:
1. Density: A measure of the amount of matter contained by a given volume, defined as its mass per unit volume, given in grams/cubic centimeter. 

2. Mass: a physical quantity expressing the amount of matter in a body. The property of a body that causes it to have weight in a gravitational field.

3. Matter: the substance or substances of which any physical object consists or is composed.

4. Volume: the 3-dimensional space occupied by an object.

5. Weight: the vertical force exerted by a mass as a result of gravity.

6. Intensive property: a property that is independent of the size of the sample. Melting points, boiling points, color, conductivity, and density are examples.

7. Extensive property: a property, such as mass or volume, that depends on the quantity of material in an object
6th grade level:
1. Density (densidad): the amount of matter (given in mass) per volume; density = mass/volume

2. Mass (masa): the amount of matter in a sample; the property of a body that causes it to have weight when it experiences gravity

3. Matter (materia, sustancia): what an object is made of; elements, compounds, or mixtures

4. Volume (volumen): the 3-dimensional space occupied by an object

5. Weight (peso): the force exerted by a mass experiencing gravity

IX. Safety Considerations:

· Materials should only be used for their intended purposes.
· When students are working with computer, make sure they interact only with the PhET simulation and do not visit any other websites or use other computer functions. 
X. Questions of the Day 

How can we use density to help us identify matter? How does the density of an object change when its mass changes? 
FIVE-E ORGANIZATION
	ENGAGEMENT  
	
	Time: 3 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Hello everyone! Greet students with enthusiasm.

Please turn on your computers, log in, and then set them to half mast. We’ll be using them later. Also, please get out your interactive notebooks.
Walk around with a bunch of post-its that say “Matter” on them. Stick them all over everything (including yourself or a student).

Write student ideas on the board.

Great job!  

	1. What am I doing?
2. Why would I be doing this?
3. What do they all have in common? (Prompt students to read the post-it notes if they haven’t by this point.)
4. Based on how I’ve labeled all the things in this classroom as matter, how could we define the word matter?

	1. You’re sticking post-it notes on everything.  They have the word matter on them.
2. They all have something in common.
3. Matter!

4. It’s everything! It’s what stuff is made of. Atoms, molecules, compounds, elements.




	Exploration: PART 1
	
	Time: 25 minutes

	What the Teacher Will Do


	Probing Questions
	Student Responses

Potential Misconceptions

	Matter is what we use to describe anything that takes up space.
Hold up a floating toy.

Color, size, and shape are all physical properties of matter. Some physical properties you can observe with your eyes and others you can measure. Write Physical Properties of Matter on the board and list examples.

We can describe physical properties for our toy along with other types of matter.
Sometimes you might be given this mass in units of kilograms. 
You will need to convert this into grams by multiplying the kilograms you are given by 1000.
Write on the board, 1000 g=1kg. 

Matter also has the physical property of mass. Mass is a measurable physical property of all matter. Write mass as a physical property.

Everything composed of matter has mass. Mass is a way to quantify how much matter there is.  
Scientists use balances or scales to measure mass.
Show picture of different scales that can be used to measure mass. Review how to use a triple beam balance.
Let’s take the mass of our toy.  Put toy on scale or triple beam balance to find mass.  Record on the board and emphasize the units.
Another physical property of matter is volume.  Write volume as a physical property.  

Sometimes you may be given a volume in milliliters. 
To express the volume in liters, you need to know that one thousand milliliters equals one liter.
Write on the board 1mL = 0.001 L Emphasize these units.

Go over how to use a graduated cylinder.
Write on the board: How do we find the volume of any object?
Hold up a ball, tissue box, toy, ruler and graduated cylinder with water. 

Those are all great ideas! Let’s find the volume of our toy. 
Submerging the object in water and measuring the new water level can be used to find the volume of any object.  Using this process is called displacement.
Underneath the question, write: using displacement.
Let’s try this out!
Go over to the container of water already set up in the front of the classroom.  Let’s measure the volume of our water. Point out the marks on the container.  Emphasize the units of volume.
One mL is equivalent to one cm3.

Write on the board 1 cm3 = 1 mL. Hold up a block with the volume of 1 cm3 to explain that 1 mL is equivalent to 1 cm3. 

If you see milliliters and centimeters cubed, you know that they are equivalent. 

For objects that we can’t use a ruler for, we can use the displacement process.
If you measure in centimeters your unit for volume would be centimeters cubed, and if you used the displacement method your volume would be in milliliters. 
Select a student to read the initial water volume and model that the container has to be on a flat surface. 

Write the initial water volume on the board.  
Put the toy in the container of water.  

Because the toy doesn’t sink, we need to push it down to get the displacement.  So, we can still find the volume of objects that float in water, we just need to remember to push the object down if it floats.
Push the toy down into the water. 

Write on the board new water level. 
Right! If we want to find the volume of the toy, we need to subtract the water volume from the displacement volume. 
Write on the board: 

Toy volume=____ (final volume) mL- ____ (initial volume) mL= ____ mL

Displacement is one method for figuring out an object’s volume.
Another physical property that can help us classify and identify matter is density. Add density to list of physical properties.

Write density = mass/volume on the board. Also, write out the “÷” division sign.
Write below the equation: Density is how tightly packed matter is in a given substance.   Point out that the / sign means division by writing the traditional ÷ symbol on the board next to it.

Density is a relationship between volume and mass.
Let’s calculate the density of our toy!  Hand out calculators and have students plug in mass and volume to find the correct density.  Remember to emphasize the units of density!

If we know grams are a unit of mass and milliliters are a unit of volume, the units for density is grams divided by milliliters or grams per milliliter.  Write on board. 

Density is a relationship between mass and volume, and the units we use to express density reflect this.

This brings us to our first Question of the Day:
How can we use density to identify objects? Post Question of the Day on the board. 
BEGIN COMPUTER SIMULATION

Now that we know about density and how to calculate it, you can help me figure out a mystery!
Group students into pairs; for an odd number of students, allow one student to work by themselves.

Show students the wrapped presents.

I have a birthday coming up and I received these anonymous presents on my door. I’d like to find out what’s inside the presents to make sure it isn’t dangerous for me to open.

Great! We’ll use density!  Density is really specific to an object’s mass and volume, so calculating it will enable us to identify the contents of these boxes.
Because the principal doesn’t want you guys to actually handle the packages, we’re going to help solve this problem using a computer simulation. 
Today, we will be working in pairs and each of you will have a specific job role. One will be the driver and the other will be the navigator. 

Those are excellent ideas! The driver will be responsible for operating the computer and the navigator will assist the driver and point out where to go. Halfway through our investigation we will switch roles so everyone has an opportunity to drive and navigate. 

Pass out laptops.

Please access the simulation program on the computers we have set up (students can Google “PhET Density,” click on the first link, then click “Run Now.”). 

You will be given five minutes to play with the simulation. After five minutes have passed, we will come back together and discuss what we have observed. 

Give students five minutes to explore. Pull up PhET simulation on the projector in front of the classroom. 

Everyone please put your computers at half-mast. Wait for all computers to be halfway closed. Let’s discuss our observations! I’m going to select a few students to come up to the front and show off what you have discovered the simulation can do. 

Select a few students to come up to the front and show off what they have discovered the simulation can do. Allow the students to talk and share. 

Those are all great observations! 

Now that we are familiar with the simulation, let’s go back to our mystery box problem. 

Excellent! We will be exploring the mystery function. 
Now, let’s start our investigation to find the answer to our Question of the Day: How can we use density to help us identify matter? You will be given 20 minutes for your investigation. If you have time, you may explore some of the other functions once you complete your investigations.

Walk around and assist the students as needed. Monitor student progress and the time it takes for them to complete the task. Time can be lengthened or shortened as needed. Have the students switch roles after ten minutes of investigating.

Possible questions to guide students’ learning and thinking and to gather information about students’ understanding and learning. 


	1. Tell me a few physical properties you can observe.
2. Suppose I told you the mass of this object is 5 grams, what information does that tell you about the object?
3. I just told you the mass in grams. What is another unit you’ve used before for mass?
4. If I was given the mass in grams, how could I show an equivalent mass using kilograms?
5. If you knew that a coke bottle had two liters of soda in it, what does that tell you about the soda?
6. Besides liters, what are other units for volume?
7.  If I was given the volume in milliliters, how could I show an equivalent volume using liters?
8. How could we use this information to change milliliters into liters? 
9. How could I use these tools to find the volume of these objects?

10. Which ones would you a ruler? Graduated cylinder? 

11. What tool could we use to find the volume of our toy? 

12. Suppose if you were told the volume was in 10 mL could you say the volume in an equivalent way? 

13. Why is it important to put the container on a flat surface? 

14. (To a student) What is the volume of the water in this container?
15. What are the units on the container?
16. What changes can you observe?
17. How can we find the volume of this toy if it floats?
18. What happened to the water level when I pushed the toy down, or submerged it?  What is the water level now?
19. So now I have the volume of the water by itself and the volume of the water with the toy.  How can we use this information to find the volume of the toy?
20. What properties would you need to know about an object to determine its density? 
21. What are the units we used for mass?
22. What were the units for volume?
23. How do we find the density? 
24. What would the units for density be in that case?
25. How could we tell which package is which without opening them?
26. What does the driver of a car do? 

27. What does a navigator do? 

28. What do you think our drivers and navigators will do during the simulation? 

29. What did you discover the simulation can do?

30. (Optional, if needed to help guide) What do you see in the stimulation?

31. (Optional, if needed to help guide) What do you use each of these for?

32. How does the simulation model the physical properties of mass and volume? 

33. What function on the screen could we use to solve the mystery box problem?

34. What will we need to determine to find the density of one of the blocks? 

35. What is the mass/volume of each block? 

36. How can you use these physical properties to find the density? 

37. If two boxes have the same volume, what can you infer about their densities? 

38. When two boxes have the same mass, what can you infer about their densities? 

39. How is density related to an object’s ability to float? 

40. How is the work you are doing like the work of a scientist? 

41. How can you use density to identify objects? 
42. What are a few advantages and disadvantages of using a simulation?

	1. Plastic, rubber, small.
2. The amount of matter an object has. 
3. Kilograms, pounds.
4. There are 1000 grams in 1 kilogram.
5. How much space something takes up.

6. Liters, gallons (accept cubic centimeters also).
7. There is 1 mL to .001 L.
8. You could divide by one thousand. 

9. Measure it, put it in the water. 

10. Box, ball, toy. 

11. The water and the graduated cylinder!

12. 10 centimeters cubed!

13. To keep it level! 

14. Student should read container for correct number.

15. Student should read units correctly depending on how container is labeled. 
16. The toy is floating.

17. Push it under the water.

18. The water goes up.  

19. Subtraction! (Student should read the new water level and give the correct units for volume.)

20. Mass and volume.

21. Grams!
22. Milliliters
23. Mass divided by volume. 
24. Maybe Grams divided by Liters? 

25. Shake them! (bad for dangerous substances)Take an X-ray! (also bad for dangerous substances)Weigh them. (varies according to size of package)

26. Control the pedals and the steering wheel. 

27. Point out where to go!

28. Drivers will operate the computers, navigators will assist.  

29. You can change the blocks, click and drag them into the water, use same volume and same mass, etc. 

30. A scale, pool of water, etc.

31. To measure the mass and volume.

32. The pool of water helps you calculate the volume. The scale helps you find the mass of a block. 

33. Select mystery. 

34. The mass and the volume.

35. Answer depends on block. 

36. Divide mass by volume. 

37. It depends. If they are the same material then they will have the same mass and density. If not, you can’t really infer anything besides they share the same physical property of volume. 

38. It depends. If they are the same material then they will have the same volume and density. If not, you can’t really infer anything besides they share the same physical property of mass. 

39. If an object has a density less than the density of the liquid (fluid) that it is in then it will float. 

40. We are investigating a problem and trying to find a solution. We are using technology. 

41. Every material has its own unique density because density is a physical property of a material. If you know an object’s density then you can identify it. 
42. Allows you to see different materials. Already has the density calculated. There’s no mess. It doesn’t show what’s inside the boxes. It’s only 2D.


	EXPLANATION: PART 1
	
	Time: 10 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Pass out post-its with letters A-E on them to each group. Have one member from each group come to the front and stick the post-its in their correct places on the “Mystery Box Contents!” chart (either on butcher paper or drawn on the chalkboard). 

Now it's time to look over what you thought each package contained.
I see that some groups believe that they will find gold if they open package A. I congratulate those of you who expected gold because it is indeed inside. All of you figured out that package B contains apples, so you can pat yourselves on the back. Container C contains gasoline. Ice is in D, and diamonds are in container E.
That’s right. All the objects that sank in water were next to each other, and all the objects that floated were next to each other. 

All the objects that sank had similar densities, and all the objects that float had similar densities. 

The density of pure water is 1 kg/L. This is a characteristic property of pure water. 
With this knowledge, and based on what you just told me, turn and talk with your partner about why you think so objects sink, and some objects float. 

That’s right! Any object that has a density greater than water will sink, and any object that has a density less than water will float. 

I'm glad we have resolved the mystery package problem and everyone is safe. We couldn't have done this without the scientific analysis that you provided!
It probably would! Now we are going to do another investigation. 
	1. Which packages would you want to keep at your school?
2. What was the order of the boxes from least dense to most dense? 

3. Which of the packages were able to float in water?
4. Which objects sank in the water?

5. What similarities and differences did you notice about the objects that sank and float? 

6. What does this mean? Why were those objects listed next to each other?

7. Did the objects with lower densities sink or float? What about the higher densities? 

8. Why do you think some objects sink, while others float?

9. Why is density an important physical property to know?  Why do we need to learn about it?
10. How could you use the property of density in your everyday life?
11. Do you think it would be useful to use real balances and measure water displacement in real life?


	1. Student answers will vary, but most will say diamonds or gold.

2. B,C,D,E,A

3. B, C and D float.

4. A and E sank.  

5. They were next to each other. 

6. We ranked them on density. They have similar densities.

7. The smaller densities floats, while the higher densities sink. 

8. The objects that sank, weigh more.

Objects that have a density greater than water sink, while objects that have a density less than water float. 


9. It helps us identify unknown objects in a safe way.  We need to learn about it because it is a physical property of matter.  It helps us to classify objects and predict whether or not an object will sink or float when placed in water.

10. To see if something I buy is made of real gold, or to make sure that what I have is actually the real thing.  I could find the density and then compare it to what is known.

11. Yes, maybe.



	Exploration: Part 2
	
	Time: 30 minutes

	What the Teacher Will Do


	Probing Questions
	Student Responses

Potential Misconceptions

	Pass out worksheets.
Let’s think about our first Question of the Day: How can we use density to identify objects?
Density is a physical property of matter and it is equal to mass divided by volume.
This brings us to our second Question of the Day: How does the density of an object change when its mass changes? Post Question of the Day on the board. 
In a second you will be given some materials, including a graduated cylinder filled with water, a balance, a ruler, and a calculator. Show tools as each tool is mentioned. Our objective as a class is to figure out the density of putty with those materials. In this lab, you will be doing 3 trials. 

You are going to be giving the students about 20 g of putty, and the students are going to weigh it themselves. For the 3rd trial, the students will be picking the mass that they want to use.
If there aren’t enough balances for each group to have their own, or if there isn’t enough putty, the teacher can pre-measure putty and groups can share—KEEP TRACK of which putty balls are which masses. The putty can be mashed together to make other masses, as well. 

NOTE: watch for air bubbles in the putty, which will affect the density. Also make sure that students are dropping the putty in carefully so there is minimal splashing. 
Always remember units when making measurements. 

You can measure in Liters or milliliters. These lines on your graduated cylinder represent Milliliters, so they will be easiest to work with. 
Remember, 1 cm3 is equivalent to 1 mL, so we can easily share our volumes no matter what measuring technique we use. 
In the computer simulation, we had a container of water and different materials. 

We dumped materials in the container of water; this helped us find volume by using displacement. 

So there are two ways we could figure out volume: using a mathematical formula, or measuring water displacement.

Before we begin today’s experiment, there are a few rules to go over: 

1. Be safe! Do not eat/drink any of the materials and be sure to use safety precautions. 

2. Listen and follow instructions. Do not touch the materials until direction has been given.

3. Think like scientists and work with your partner. 

Now that we have a plan to figure out how to find the density of putty, go on and find the density of the putty, for pieces with masses listed on your worksheet. 
Pass out materials per group of students: putty, graduated cylinder, cup of water, ruler and balance.

While you are performing this, make sure you are recording the mass, volume, and density on your worksheet. Once you have finished gathering all of your data, we will share our data with the class.  

Walk around and monitor students and check for understanding. Assist if needed. Make sure students are reading the graduated cylinder correctly. This should take approximately 10-15 minutes. Collect all of the materials once the students finish their investigations.
If students finish early, tell them to answer the questions below the chart.
 
	1. How did we use density to identify objects?
2. How can we use the tools given to us to calculate density?
3. If you use a ruler to calculate the volume, what units are you measuring in?
4. What if you use a graduated cylinder, what units of volume does it use?
5. How did we find the volume of the blocks in the computer simulation? 
6. What did we do with the materials? 
7. After we dumped the materials in the container of water, what did that help us find? How?
8. Does displacement work if the material is floating above the surface? Why or why not? 
9. Why does it need to go completely under the water?

	1. Density is a physical property of matter and can be calculated by dividing mass by volume. We can compare this to known densities to figure out what something is. 
2. First we could weigh out a piece of our putty. That would give us the mass in grams. Then we could drop the putty into the graduated cylinder and observe how many ml’s the water rises (or measure the object using the ruler). This would tell us the volume of the putty. If we divide those numbers, we will get density in terms of g/ml.
3. Centimeters.  


4. Milliliters, liters 







5. We dumped the blocks in the tub of water and measured the displacement. 

6. We dumped them in the container of water. 

7. Volume. Using displacement, or change, in the water level. 

8. No, it needs to be completely under the water to get the volume. 


9. To get the full volume. We only find the volume of the submerged block. 




	Explanation PART 2
	
	Time: 10 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Let’s discuss our results. 

All of your trials should have had about the same density. 

Now, let’s go over what each group got for the average density. 

Write each average on the worksheet displayed on the doc cam or on the board. One teacher should have a calculator to begin calculating the class average density. 
You probably noticed that we have similar answers, but they are not all exactly the same.

Now, we will average these numbers to get the class average density of putty. 

So the density of putty, we can assume based on all of your calculations is about 1.17 g/cm3. If you and your partner got a number close to this one for your average, you can use that as the density of your putty. Note: any mistakes should have been caught as you were monitoring before, but if a pair of students didn’t get a close density, walk over and help them out without calling them out to the class.  
Alright, let’s turn back to the front of your worksheet where you collected data from different masses of putty. 

Some of you found that density doesn’t change regardless of the size of the substance. This is an interesting point: if we change the mass and volume of a substance, the density will stay the same. 
Density is a physical property that doesn’t change within a substance, as we saw with the putty. 

We found the density of putty by measuring the mass and volume and using the density equation: density = mass/volume. We used the class average for the density of putty because it is more accurate to use data from many masses and volumes to get a closer, more exact density. 

 
	1.  What did you and your partner get for the volume of 1 gram of putty? 

2. What do you notice about the density of each of your trials? 
3. Group 3, what did you get for the average density? Group 1 what did you get for trial 2? 
4. How can we arrive at one value to represent all of our values? 

5. How can we explain the differences in our averages? 

6. Why might we prefer to use the class average density, rather than the value each group found?

7. Did it make a difference how large or small the piece of putty was for density? Why or why not?
8. How did the density change/stay the same with different masses?

9. So when does density change in a substance, like the putty? 

10. What physical properties of the putty did we need to know to find its density? 

11. Why did we use the class average for the density of putty?


	1. 1.17 cm3  
Students should find the density to be around 1.17g/mL or 1.17g/cm^3. If they do not get close to this answer, try to see if they are having difficulties with the measurements. 
2. They are all really close together!

3. 1.17 g/mL
4. Find the average!

5. Experimental differences, scales, people, etc. 

6. By using more data, the value we agree on will be more accurate to the real density.

7. Our numbers varied slightly, but for the most part they were the same.
8. It didn’t make a difference how big the sample was, the density remained the same.

9. It doesn’t! (Misconception: with size! – density stays the same for a substance regardless of mass and volume.)

10. Measured the mass and volume and used the equation. 

11. To get a representation of the class’s data. 




	Elaboration 
                                                                                      Time: 5 -15 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Right, Let’s think about the computer simulation for a moment. 
If we don’t know that a container is completely filled with some type of matter, we can’t be certain that our calculation of density will indicate what is inside. This is the difference between our theoretical model on the computer and what actually happens in the real world. But not all is lost. As we demonstrated in the experiment, measuring the density of an object directly will give you valuable information about that object.

Good! Many engineers (structural, highway/road, bridge) use density to study rocks before they build things on top them. You wouldn’t want to build a large building on a rock with a low density because the pressure of the building might cause the rock to collapse. The same goes for building highways and bridges, etc.


Geologists, archaeologists, and paleontologists also use density when they’re trying to identify a rock or other archaeological/unearthed samples. 

Astronomers or meteorists use density to identify compounds that are found in meteors, or rocks that didn’t come from Earth.

And like you said, chemists use density to classify matter, tell the difference between unlabeled or similar looking samples. 
	1. When might finding density be useful? 

2. What have we used it for especially in the real world?




3. How could the method we used in the simulation have problems in real life?
4. What types of objects would you be particularly interested in finding the density of? Why?
5. What types of careers do you think would use density a lot?

5. What do you think astronomers might use density for?





6. What would chemist use density for?
	1. Identifying unknown objects, distinguishing between two objects that look similar, finding information about something without destroying it.

2. Identifying unknowns.





3. If the boxes weren't completely filled with the material, we wouldn't get an accurate measurement of volume. Also, the boxes themselves have their own density, which will cause our density calculations to not be exactly the same as the density of the unknown substances.
4. Rocks, liquids, solids, gasses, really anything.  To help identify the object.  
5. Geologist, chemistry
5. Identify moon rocks!







6. To figure out what stuff is! 


	Evaluation  
	
	Time: 5 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Now it’s time to show off what you know!  Pass out evaluation sheets to students.  If needed, students can use calculators. Be sure the students completely understand the material that was taught to them, and make sure they know how to clearly solve for the density of an object.

	
	


Name: _________________________

Density Simulation Worksheet

                   Formulas: Density =   mass          OR        Density = mass ( volume


                                           volume

1. What physical properties do you need to know to find the density of an object? How will you use the simulation to find these properties?
2. Fill in the following information about the Mystery boxes. Remember to include units!

	Container
	Mass (kg)
	Volume (L)
	Density (kg/L)
	Float or sink in water?
	Contents (see table)

	A
	
	
	
	
	

	B
	
	
	
	
	

	C
	
	
	
	
	

	D
	
	
	
	
	

	E
	
	
	
	
	


3. Order the mystery packages from lowest density to highest density:


(Lowest) ________
________
________
________
________ (Highest)

4. In question 3 above put a SQUARE around the letters for the mystery packages that were able to float in water (or that you had to push down in order to calculate the volume – use your data!).

5. In question 3 above put a CIRCLE around the letters for the mystery packages that had a density less than 1 kg/L.

6. What do you notice about what you have squared and circled in question 3?  Are they the same?  Different?

______________________________________________________________________________

Name: ______________________________________________       Date: _________________

Show Off What You Know!

1. You discover a mystery package at your front doorstep and want to figure out what’s inside of it without opening it (after all, it could be dangerous!).  Luckily, you remember to use the physical property of density to help you identify the contents of the box.  

You find the mass of the box to be 120 kg and the volume to be 30 L.  What is the object’s density?  Show your calculations below.

2. Make a prediction – Will this mystery package sink or float in water that has a density of 1 kg/L?  Based on what you know about density, explain your choice.
Name: _______________________

Putty, Putty Please Find the Density of Putty

Data Table 

	Trial
	Mass (g)
	Volume (cm3)
	Calculations
	Density (g/cm3)

	1
	10 g
	
	
	

	2
	20 g
	
	
	

	3
	______ g
	
	
	

	Your Average Density:
	
	


Class Average Density: ___________ g/cm3

1. What do you notice about the density of each trial? 

2. How did the density change when the mass or volume changed in each trial? 

Name:___Key_____________
KEY - Putty, Putty Please Find the Density of Putty

	Trial
	Mass (g)
	Volume (cm3)
	Calculations
	Density (g/cm3)

	1
	10 g
	7
	10/7
	1.43

	2
	20 g
	16
	20/16
	1.25

	3
	Student answers will vary.

	Your Average Density: 1.15 g/cm3
	
	


Class Average Density: __1.15__ g/cm3
1. What do you notice about the density of each trial? 

The density of the putty was the same.
2. How did the density change when the mass or volume changed in each trial? 

The density of the putty was the same no matter what volume or mass we used.

Name: ___________KEY______________

Density Simulation Worksheet

*Density =   mass_  

       volume

1. What physical properties do you need to know to find the density of an object? How will you use the simulation to find these properties?

Mass and volume. You can use the scale to find the mass and the displacement method with the pool of water to find the volume. 

2. Fill in the following information about the Mystery boxes. Remember to include units!

	Container
	Mass (kg)
	Volume (L)
	Density (kg/L)
	Contents (see table)
	Float or sink?

	A
	65.14 kg
	3.38 L
	19.3 kg/L
	Gold
	Sink

	B
	0.64 kg
	1.0 L
	0.64 kg/L
	Apple
	Float

	C
	4.08 kg
	5.83 L
	0.70 kg/L
	Gasoline
	Float

	D
	3.10 kg
	3.38 L
	0.92 kg/L
	Ice
	Float

	E
	3.53 kg
	1.0 L
	3.53 kg/L
	Diamond
	Sink


3. Order the unknowns from least to most dense:


(Least) ____B____
____C____
____D____
____E____
____A____ (Most)

4-6. B, C, and D should be squared and E and A should be circled.
Sample butcher paper/chalkboard/whiteboard: 

	Mystery Box Contents! KEY

	Wood 
	Apples


	Gasoline


	Ice
	Water


	Aluminum


	Diamond


	Lead


	Gold



	
	B


	C
	D
	
	
	E
	
	A


Balances used to measure MASS
An example of what the board could look like at the end of the Part 1 of the lesson:



How can we use density to help us identify matter?
How does the density of an object change when its mass changes?
Density: the amount of matter (given in mass) per volume; density = mass ÷volume
Mass: the amount of matter in a sample; the property of a body that causes it to have weight when it experiences gravity
Matter: what an object is made of; elements, compounds, or mixtures
Volume: the amount of 3-dimensional space occupied by an object
Weight: the force exerted by a mass experiencing gravity
Journal Prompt:

Your friend gives you a rock that looks like gold and insists that it is. What could you use in your science classroom to determine if it’s real or fool’s gold?

Question of the Day:  How can we use density to help us identify matter?








Matter – what something is made of								


						


	(How do you find the volume of any object?


		Use displacement in water! 


		Remember to submerge floating objects.


 


Density =  mass										Displacement:


	    volume																										


	( how tightly packed matter is in a given substance							


									    	





Physical properties of matter: 


Color


Texture


Mass 


Volume


Density!
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