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Name:_____________________ Period:____ Date:_________
From Egg To Adult: How Does It Grow?
When children grow into adults, they gain a lot of mass. What things does a child need to grow? _______________________________________________________________________

________________________________________________________________________________________________________________________________________________________

Which of these things adds mass to the growing child? Which of these things do not add mass?
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Here are three explanations about how animals grow. Circle the one you think is best.
Why do you think your choice is best?
	


Name:_____________________ Period:____ Date:_________
Investigating Mealworms Growing
Initial Explanation and Prediction

When animals grow there are hidden chemical changes—transformations in matter and energy that take place when molecules are split apart and their atoms combine into new molecules.  In chemical changes reactants (materials that are in the system before the change) always change into products (materials that the reactants change into). 
In this investigation you will leave mealworms with some of their food for a few days, so you will have to figure out what the reactants and products are when mealworms eat and grow.  Think about what materials are losing mass (that would be the reactants) and what materials are gaining mass (that would be the products).  Try explaining and predicting how those materials change.
Your explanation: How are reactants changing into products when mealworms grow?

Your prediction: What changes in reactants or products could we measure or observe?

Using the Process Tool to show your explanation and prediction: Show your ideas about how matter and energy change when mealworms grow on the process tool diagram below.
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Name:_____________________ Period:____ Date:_________
Measurements During the Investigation
In this investigation you will make observations of mealworms growing over several days. You will measure their growth by recording mass changes. It is important to make careful measurements of mass change in the mealworms and also of their food source. Double-check all your measurements as you complete the investigation.

Mass of empty container (without lid): ____________ 

	
	
	Start Mass 
	End Mass 


	Change

	1
	Food (and waste) only


	
	
	

	2
	Mealworms only


	
	
	

	3
	Food and mealworms

combined


	
	
	

	4
	Food, mealworms, and container (without lid)
	
	
	


Note: Use the mass of the empty cup to help you find the mass in line 3. Subtract the mass of the empty cup from the overall mass in line 4, and you will find the mass for the food and mealworms combined (line 3). If you add lines 1 and 2, this total should match. This is a way for you to double-check your mass measurements.

Results

Briefly summarize the main patterns that you saw:

What gained mass during your investigation?

What lost mass during your investigation?

Explaining Your Results

Claims—your revised explanation: How are reactants changing into products when mealworms grow?

Using the Process Tool: Show your new ideas about how reactants changed into products on the process tool diagram below.
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Evidence—the measurements that support your explanation: What are the key observations and measurements that support your explanation?

Reasoning—connecting claims to evidence and scientific principles

Connecting explanations and evidence: How does the evidence support your explanation?

Connecting evidence and principles.  Does your explanation follow the principles that apply to chemical changes?

Yes  No  Not sure Conservation of matter: Materials (solids, liquids, or gases change into other materials, but matter is not created or destroyed.

Yes  No  Not sure Conservation of mass: The masses of reactants and products are equal.

Yes  No  Not sure Conservation of energy: Energy is not created or destroyed.

Yes  No  Not sure Conservation of atoms: Atoms are not created or destroyed.
Name: ________________________________ Period: _______ Date: ___________
Exploring Food Labels

Use the nutrition labels to compare the foods on your handout.  
1. Find the amounts of organic materials in the food: carbohydrates, fats, and proteins.

2. How much is the total weight of minerals and vitamins (see your handout)?

3. How much water is in your food (you will have to calculate this)?

4. Find the amount of chemical energy in your food.

5. For line 10, find another food that you are interested in.  You can bring a food label from home or look up a food on the website at the bottom of the nutrition labels: www.NutritionData.com.  
	
	FOOD NAME
	Organic materials
	Vitamins & Minerals (grams)
	Water (grams)
	Chemical energy (calories)

	
	
	Carbohydrates (grams)
	Fat (grams)
	Protein (grams)
	
	
	

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	


Name: _____________________ Period: ____ Date: ________
Water In Our Food

Part 1: Percent Water In Common Foods

We have all heard it’s important to drink water every day. Did you know that we actually get a lot of water from food? Look at the table below to see how much water we get when we eat food.
	FOOD
	Percent Water
	Percent

Carbohydrate
	Percent

Protein
	Percent

Fat
	Percent

Vitamins

	Marshmallow
	16
	75
	<1
	<1
	<1

	Banana
	75
	24
	1
	<1
	<1

	Broccoli
	88
	8
	3
	<1
	<1

	Ground Beef (Lean)
	56
	<1
	25
	19
	<1

	Chicken Breast
	62
	<1
	30
	8
	<1

	Brown Rice
	71
	26
	3
	<1
	<1

	Wheat Bread
	36
	48
	11
	4
	<1


1. Notice that a marshmallow is mostly carbohydrate and fresh broccoli is mostly water. Which do you think would burn the fastest and why? _____________________________________

__________________________________________________________________________________________________________________________________________________

2. When we make dried fruit, jerky, or “dehydrated” foods, we take water out of the foods. When water is removed…

a. from fruits and vegetables, which substance is the most abundant? _________________

b. from meats, which substance is the most abundant? _____________________________

c. from rice and bread, which substance is the most abundant? ______________________

Part 2: Calculated Percent Mass Change

Your teacher will give you samples of dried food with their original mass. You will need to find their dried mass then calculate the percent of water that was taken out of the food when dried.


	Food Sample
	Start “Fresh” Mass
	Dried Mass
	Percent Water

	 
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Name: _____________________ Period: ______ Date: _________
Digestion and Biosynthesis

Before Viewing the PowerPoint

When a cow grows, all of its parts get bigger.  As and example, we will focus on one part: the cow’s leg muscle.  Describe your ideas about how a cow grows, making its leg muscle bigger:
1. Eating grass:

	Materials in grass: List your ideas about the main organic and inorganic materials in grass.  (Hint: Are any of the foods on your nutrition labels kind of like grass?)

1.

2.

3.

4.


	Transformation of materials in digestion: Explain how you think those materials might be changed when the cow digests them.




Use the process tool to show your ideas about what happens to one material in grass.
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2. Movement of materials to the cow’s growing leg muscle

In order for the cow’s leg muscle to get bigger, it must get materials from somewhere.  Explain your ideas about how the materials get to the cow’s leg muscle.

3. Transformation of materials inside a cow’s muscle cells
	Materials in cow muscle: List your ideas about the main organic and inorganic materials in a cow’s muscle.  (Hint: Are any of the foods on your nutrition labels kind of like a cow’s muscle?)

1.

2.

3.

4.


	Transformation of materials in biosynthesis: Explain how you think those materials might be made when the cow’s muscle cells grow and divide.




Use the process tool to show your ideas about what happens to one material in the cow’s muscle is made.
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4. Checking your explanation
Does your explanation follow the principles that apply to chemical changes?

Yes  No  Not sure Conservation of matter: Materials (solids, liquids, or gases) change into other materials, but matter is not created or destroyed.
Yes  No  Not sure Conservation of mass: The masses of reactants and products are equal.

Yes  No  Not sure Conservation of energy: Energy is not created or destroyed.

Yes  No  Not sure Conservation of atoms: Atoms are not created or destroyed.
Name: _____________________ Period: ______ Date: _________
Digestion and biosynthesis: Breaking and Building Molecules

In this activity you will use paperclips to show what happens to polymers when they go through digestion and are used to grow. At each location describe what is happening to the polymers.
Location #1: DIGESTIVE SYSTEM (STOMACH and SMALL INTESTINES)
	Describe what is happening.

	

	

	

	


Location #2: BLOOD
 and MUSCLE CELLS
	Describe what is happening.

	


Name: _____________________ Period: ______ Date: _________
Digestion and Biosynthesis: After Building Molecular models and Viewing the PowerPoint

Describe your revised ideas about how a cow can transform materials in the grass it eats into materials in its growing leg muscle

1. Eating grass:

	Materials in grass: List your ideas about the main organic and inorganic materials in grass.  

1.

2.

3.

4.

	Transformation of materials in digestion: Explain how you think those materials might be changed when the cow digests them.




Use the process tool to show what happens to one material in grass.

[image: image5.png]Reactants

Chemical change

Products

Predictions for
change in mass





2. Movement of materials to the cow’s growing leg muscle

In order for the cow’s leg muscle to get bigger, it must get materials from somewhere.  Explain how the materials get to the cow’s leg muscle.

3. Transformation of materials inside a cow’s muscle cells
	Materials in cow’s muscle: List your ideas about the main organic and inorganic materials in a cow’s muscle. 

1.

2.

3.

4.


	Transformation of materials in biosynthesis: Explain how you think those materials might be made when the cow’s muscle cells grow and divide.




Use the process tool to show what happens to one material in the cow’s muscle is made.
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4. Checking your explanation
Does your explanation follow the principles that apply to chemical changes?

Yes  No  Not sure Conservation of matter: Materials (solids, liquids, or gases) change into other materials, but matter is not created or destroyed.
Yes  No  Not sure Conservation of mass: The masses of reactants and products are equal.

Yes  No  Not sure Conservation of energy: Energy is not created or destroyed.

Yes  No  Not sure Conservation of atoms: Atoms are not created or destroyed.
Name:_____________________ Period:____ Date:_________
The Missing Mass

When you measured the mass changes in mealworms and their food, the mass of the mealworms grew and the mass of the food went down.  That makes sense: the mealworms were digesting the food and using to make their muscles and other parts of their bodies through biosynthesis.  

But the food lost more mass than the mealworms gained—even if the mealworms’ waste is included.  What happened to the missing mass?

Part 1: Look at how Alex, Blake, and Carmen answer this question. Circle the explanation you think is best, and then explain why it is the best explanation.



Why do you think the explanation you circled is the best explanation? What evidence do you have to support your decision?

	


If you were asked this question, how would you explain it? What happens to the mass that doesn’t become biomass in the animal?

	


Name:_____________________ Period:____ Date:_________
Investigating the Missing Mass
Initial Explanation and Prediction

In chemical changes reactants (materials that are in the system before the change) always change into products (materials that the reactants change into).  When the mass of the reactants in a chemical change doesn’t equal the mass of the products, there must be some material that we aren’t measuring properly.

In this investigation you will leave mealworms without food for a day or so, so you will have to figure out what the reactants and products are when mealworms are moving around, but not eating or growing.  What materials do you think that the mealworms are using as energy sources for their movement?  How are those materials changing?

Your explanation: How are reactants changing into products when mealworms move?

Your prediction: What changes in reactants or products could we measure or observe?

Using the Process Tool to show your explanation and prediction: Show your ideas about how matter and energy change when mealworms grow on the process tool diagram below.
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Name:_____________________ Period:____ Date:_________
Measurements During the Investigation
In this investigation you will make observations of mealworms in a closed chamber without food. You will measure changes in carbon dioxide concentration and mass changes in mealworms and soda lime. Double-check all your measurements as you complete the investigation.

Investigation #1: Measuring the Air Around Mealworms

Observations:

	Time
	Color of BTB

	0
	

	
	

	
	


Investigation #2: Can Mass Go Into The Air?

Observations

	
	Mass (g) Day 1
	Mass (g) Day 2
	Difference in mass (g)

	Soda lime


	
	
	

	Mealworms


	
	
	


Results

Briefly summarize the main patterns that you saw:

What gained mass during your investigation?

What lost mass during your investigation?

Explaining Your Results
Claims—your revised explanation: How are reactants changing into products when mealworms move without eating?

Using the Process Tool: Show your new ideas about how reactants changed into products on the process tool diagram below.
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Evidence—the measurements that support your explanation: What are the key observations and measurements that support your explanation?

Reasoning—connecting claims to evidence and scientific principles

Connecting explanations and evidence: How does the evidence support your explanation?

Connecting evidence and principles.  Does your explanation follow the principles that apply to chemical changes?

Yes  No  Not sure Conservation of matter: Materials (solids, liquids, or gases change into other materials, but matter is not created or destroyed.

Yes  No  Not sure Conservation of mass: The masses of reactants and products are equal.

Yes  No  Not sure Conservation of energy: Energy is not created or destroyed.

Yes  No  Not sure Conservation of atoms: Atoms are not created or destroyed.

Name:_____________________ Period:____ Date:_________
What Happens When Cows use their Muscles to Move?
Before Viewing the PowerPoint

When a cow moves, it gets energy from organic materials in food or stored in its body.  Explain your ideas about how a cow can use chemical energy from organic materials to move.
1. Transformation of materials when a cow moves
	Materials the cow uses: List your ideas about the main organic and inorganic materials that a cow needs to move.  (Hint: Include both materials from food and materials stored in the cow’s body, and don’t forget gases.)
1.

2.

3.

4.


	Transformation of materials in the muscle: Explain how you think those materials might be changed when the cow uses them for energy to move its muscle.




Use the process tool to show your ideas about what happens to one material in food or the cow’s body.

[image: image9.png]Reactants

Chemical change

Products

Predictions for
change in mass





2. Movement of materials to the cow’s moving leg muscle

In order for the cow’s leg muscle to move, it must get materials from somewhere.  Explain your ideas about how the materials get to the cow’s leg muscle.

Name: _____________________ Period: ______ Date: _________
Using molecular models

Use the molecular models to figure out how glucose combines with oxygen in cellular respiration:
1. Follow the instructions on the handout to make models of an ethanol molecule (C6H12O6) and about 7 oxygen molecules (O2, with a double bond)

2. The cow’s muscle cells can break the bonds in the glucose and oxygen molecules, so you can take them back apart.

3. Now they can recombine into carbon dioxide (CO2) and water vapor (H2O), releasing chemical energy for the work of the muscles.  Make as many of these molecules as you can.
4. Figure out numbers of molecules:

a. How many O2 molecules do you need to combine with one glucose molecule?

b. How many CO2 and H2O molecules are produced from one molecule?

5. Write the chemical equation for the combustion reaction: C6H12O6 + ? O2 ( ? CO2 + ? H2O

Use the table below to account for all the atoms and bonds in your models.

	
	Matter
	Energy

	
	How many
carbon atoms
	How many
oxygen atoms
	How many
hydrogen atoms
	Chemical energy: Yes or No?

(C-C; C-H Bonds)

	Began with…
	
	
	
	

	Glucose
	
	
	
	

	Oxygen
	
	
	
	

	End with…
	
	
	
	

	Carbon Dioxide
	
	
	
	

	Water
	
	
	
	


Name: _____________________ Period: ______ Date: _________
Explaining how Cows Move: After Building Molecular models and Viewing the PowerPoint

Describe your revised ideas about how a cow can use chemical energy from food and materials stored in its body to move its leg muscle.

1. Transformation of materials when a cow moves
	Materials the cow uses: List the main organic and inorganic materials that a cow uses to move. 

1.

2.

3.

4.

	Transformation of materials in the muscle: Explain how you think those materials are changed when the cow uses them for energy to move its muscle.




Use the process tool to show what happens to one material in food or the cow’s body.
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2. Movement of materials to the cow’s moving leg muscle

In order for the cow’s leg muscle to move, it must get materials from somewhere.  Explain your ideas about how the materials get to the cow’s leg muscle.

3. Checking your explanation
Does your explanation follow the principles that apply to chemical changes?

Yes  No  Not sure Conservation of matter: Materials (solids, liquids, or gases) change into other materials, but matter is not created or destroyed.
Yes  No  Not sure Conservation of mass: The masses of reactants and products are equal.

Yes  No  Not sure Conservation of energy: Energy is not created or destroyed.

Yes  No  Not sure Conservation of atoms: Atoms are not created or destroyed.
4. Connecting with other processes

a. Suppose you heard someone claim that when people lose weight, the mass of their fat goes into the air. Explain how this might be correct or incorrect.
b. What energy source were the mealworms using when they had no food?  How were they transforming that material?

Other Examples of Digestion, Biosynthesis, and Cellular Respiration
Questions about Animals Growing and Moving
1. Choose two examples of other changes when animals grow and move
· A man drinks 10 cans of Sprite a day and gains weight

· A girl plays tennis for 2 hours and weighs less at the end of her match than at the beginning

· A bee uses energy to move its wings as it flies from flower to flower collecting nectar (the main ingredients in nectar are water and sugar

· A wolf gains weight by eating a rabbit
2. Use the Process Tool and questions on the next two pages to predict what will happen in your examples.

3. (Optional): Use molecular models to show what happens inside the cells of the animal.
Questions about Other Chemical Changes

Connect to combustion: Of the three kinds of chemical changes that you studied in animals:

· Digestion

· Biosynthesis

· Cellular respiration

Which change is most like combustion, the chemical change that you studied in Systems and Scale?  Explain your reasoning.

Stump the class: The Law of Conservation of Mass says that mass is conserved in EVERY chemical and physical change, including all changes that occur in animals.  Can you think of an example of something that an animal does where mass is not conserved?

1. Try to think of an example where mass seems to disappear—the products at the end are lighter than the reactants at the beginning.  Can anyone in the class suggest a possible explanation?

2. Try to think of an example where mass seems to be created—the products at the end are heavier than the reactants at the beginning.  Can anyone in the class suggest a possible explanation?
Name: _____________________ Period: ____ Date: ________
Predicting and Explaining an Example of Chemical Change in an Animal
1. Write your own explanation for what chemical changes are involved in this process.
	


2.  Predict what happens to the masses of materials involved in this process.
3. Explain what happens to the chemical energy stored in the C-C and C-H bonds of organic materials. 
4. Use the process tool to identify the reactants, products, and energy changes.
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5. Does your explanation follow the principles that apply to chemical changes?

Yes  No  Not sure Conservation of matter: Materials (solids, liquids, or gases) change into other materials, but matter is not created or destroyed.

Yes  No  Not sure Conservation of mass: The masses of reactants and products are equal.

Yes  No  Not sure Conservation of energy: Energy is not created or destroyed.

Yes  No  Not sure Conservation of atoms: Atoms are not created or destroyed.
Name: _____________________ Period: ____ Date: ________
Predicting and Explaining an Example of Chemical Change in an Animal

1. Write your own explanation for what chemical changes are involved in this process.
	


2.  Predict what happens to the masses of materials involved in this process.
3. Explain what happens to the chemical energy stored in the C-C and C-H bonds of organic materials. 
4. Use the process tool to identify the reactants, products, and energy changes.
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5. Does your explanation follow the principles that apply to chemical changes?

Yes  No  Not sure Conservation of matter: Materials (solids, liquids, or gases) change into other materials, but matter is not created or destroyed.

Yes  No  Not sure Conservation of mass: The masses of reactants and products are equal.

Yes  No  Not sure Conservation of energy: Energy is not created or destroyed.

Yes  No  Not sure Conservation of atoms: Atoms are not created or destroyed.
Adds Mass





Does Not Add Mass





Carmen: Food is digested and goes to cells, but then cells rebuild it into other molecules.





Alex: Food goes into the stomach and some is used and what we don’t use we get rid of.





Blake: Food is digested and goes to cells for energy. 





Do you think water adds…


              A LOT


              A LITTLE


              NONE


to the biomass of living things?





Blake: The cells in the mealworm's muscles change some of the organic matter in the food into energy. 





Alex: Some of the food gets used up when the mealworm moves.





Carmen: The mealworm gets energy by changing organic matter in the food into water and carbon dioxide.








