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 Overview of Unit

The unit on animal metabolism addresses three key carbon-transforming processes: digestion, biosynthesis (growth), and cellular respiration (movement, weight loss). The unit is designed to include six core activities to cover these processes, with supplemental activities for additional investigation and application:

Core Activities
1. What makes up the foods we eat? 
2. What happens to food in our bodies? 
3. You Are What You Eat—Part 1 
4. You Are What You Eat—Part 2 
5. Movement & Weight loss- Exercise and Cricket Demonstrations 
6. Modeling Cell Respiration 

Optional Inquiry Activities
1. Indicator lab 
2. Energy in Food with Vernier
3. Crickets with Vernier
4. Marshmallows with Vernier

Optional Accounting (Explaining) Activities
1. Hibernating Black Bears
2. Telling a Starch Story
3. Building and Breaking Molecules

Optional Citizenship Activities
1. Eat Less Beef: Diet and the Environment
2. Sustainable Table & Low Carbon Diet


Description of Core activities:

Activity 1 introduces students to the major macromolecules found in food—carbohydrates, lipids, and fats. The activity begins by asking students to share what they know about substances found in their food. From everyday experiences, students are likely aware of major macromolecules by these names—carbohydrates, fats, and proteins. These are common descriptors in our language about food and diet. But students likely do not have an understanding of the molecules at the atomic-molecular scale. Students use the Powers of Ten and the “room analogy” to help them understand the size of these molecules in relation to cellular and macroscopic scales. Embedded assessment What Makes Up the Food We Eat can be used to elicit students’ initial ideas about similarities and differences between molecules and how their understanding of food compares to scientists’ ideas.

Activity 2 builds on the first activity by tracing macromolecules through digestion. Students engage in an activity in which they record data given to them about what happens to the molecules during digestion. The key idea of this activity is to help students learn that macromolecules (polymers) are broken down into micro- molecules (monomers) to be transported through the body and across membranes, and then reassembled back into polymers in the cell. Embedded assessment What Happens to Food in Our Bodies includes an “on your own” section in which students trace the path of various food molecules through digestion. This gives students the opportunity to show what they have learned thus far about digestion.

Activity 3 begins by reinforcing what students learned about digestion during Activity 2 using a Powers of Ten Chart that tracing food through digestion and helps students see the relative size of molecules in relation to the cellular membranes they cross. Students revisit the idea of monomers being reassembled into polymers in the cell. Students engage in an activity where they study data about the composition of various foods and body structure. Students learn that the body has a similar composition to many of the foods we eat. At the macroscopic scale our bodies look very different from food we ingest, but at the atomic-molecular scale, our structure is made of many of the same molecules. The Process Tool is constructed to show how matter and energy change during biosynthesis. A set of Powers of Ten Chart on growth can be used to show that materials that make up food are similar to materials that make up people’s bodies at an atomic-molecular scale by zooming into an egg and into a person’s finger. Embedded assessment You Are What You Eat asks students to compare the composition of humans to the food they eat, and explain how food becomes part of the body.

In Activity 4 students conduct mealworm investigations to measure mass changes as mealworms grow. During the investigation, students observe that mealworm mass increases as they eat food, and the mass of food decreases. Thus, their investigations show that the new mass of the mealworms can be attributed to the food they eat and they construct a Process Tool to show growth in animals. BUT students also observe that the changes in mealworm mass are not exactly the same as changes in food mass (and that the overall mass of the system decreases). This activity helps students conclude that only part of the food taken in by animals is incorporated into the body structure during growth, but some food must go on another pathway—cellular respiration. Embedded assessment Questions about Mealworm Observations targets students’ developing understanding about matter and energy during growth (questions 3 and 5) and what happens to matter during respiration (question 4).

The purpose of Activity 5 is for students to think about macroscopic experiences that can inform their understanding of cellular respiration in animals. In the mealworm investigations students learned that some of the matter animals eat is incorporated into their bodies through growth, but not all. In Activity 5 they learn that much of this food is used to help animals move and function, especially the carbohydrates and lipids that we consume. Students engage in basic exercise activities in which they record the different things happening in their bodies (e.g., breathing harder, getting hot, being able to move body parts etc). Students begin to use the Process Tool to describe what happens to matter and energy when they move at the macroscopic scale. Students consider the question, “what happens when animals lose weight? Where does the mass go?” They observe start and end mass measurements for a cup of crickets that has respired for 24 hours. They use the Process Tool to track changes in solid body part material that make up the cricket into gases given off by the cricket, relating these gases back to their exercise activities. At the end of the activity students observe a short set of Powers of Ten Chart that trace air through the body, revisiting the idea of scale. Students briefly discuss the question, “how are eating and breathing related?”—which can be used to assess how students explain the movement of molecules in the body to cells. The embedded assessment on the Movement and Weight Loss homework page includes three Process Tools for students to construct as well.

In Activity 6 students model an atomic-molecular account of cell respiration using molecular model kits. In the previous lesson students constructed Process Tools for movement and weight loss, mostly at the macroscopic scale, but the model kits allows students to trace matter and energy transformations at the atomic-molecular scale. Students consider the rule of thumb that C-C and C-H bonds are high in chemical energy and use this rule to help explain why cells chemically change materials. They also use the molecular model kits to demonstration conservation of atoms—accounting for all the atoms before and after the modeling simulation. Embedded assessment Modeling Cell Respiration includes questions about tracing matter and energy at atomic-molecular scale (e.g., explaining where the “C” in CO2 comes from), but discussion and construction of an atomic-molecular Process Tool could also be used for assessment.


Optional Inquiry Activities: Inquiry lessons include activities in which students engage with the material world in order to collect and use data to generate explanations. The optional inquiry activities may go beyond the experiences included in the core activities OR may be used in tandem with core activities. They provide opportunities for students to gather additional data that would further support developing scientific explanations.

Optional Account Activities: Account lessons provide opportunities for students to apply what they know to new contexts—in many ways these activities can be likened to “application” or “extension” activities, in which students work on refining their explanations about different processes.

Optional Citizenship Activities: Citizenship activities not only provide real-world situations and issues for students to consider, but also provide a chance for students to use their scientific knowledge to consider different courses of action.

[bookmark: _Toc109198034][bookmark: _Toc109198207]
Special Materials and ADVANCE PREPARATION

All Core Activities: Have Powers of Ten Chart ready for use, especially in Activities 2, 3, 5, and 6.  .


Activity 1: Need to assemble or prepare 10 Paperclips sets. Each set includes 20 silver, 4 gold, 30 colored, 20 shaped paperclips. Consider adding a key for each set so students know which paperclips represent which molecules, or use the transparency provided in activity 1.


Activity 4: Purchase of mealworms is required to complete the lab. Note that you can order mealworms for very cheap online- roughly $40 for several thousand mealworms. It’s more expensive at pet stores—maybe the same price for only 1000 mealworms but this may be enough to use with 45-50 groups of students. The mealworms may come in a plastic container (with holes for ventilation) already with their food—thus creating a system that is already assembled. If they do not, you may need to purchase bran cereal or wheat bran or other type of food source (meal, wheat and oat flours, ground cat or dog food can be used). If the system is already assembled, then students will need to break the system apart on Day 1 to weigh each component—the food, the worms, and the container. They will do this again on the final day, weighing each component individual (thus, the tweezers come in handy for separating the worms from their food!). Each group needs at least 5-10g of mealworms and mealworms should have at least 3x their mass of food available (or more).

NOTE: the mealworm lab needs at least 4 days or more for clear results. Consider starting this lab prior to Activity 1 and providing time for students to monitor mass changes between the start and finish of the lab. Only start and end mass recordings are necessary but the student observation sheet includes additional space for other recordings.


Activity 5: Purchase of house or field crickets is required to complete the cricket demonstration. Crickets can be purchased from a local pet store. At least 1 dozen is required but consider purchasing more for faster and more obvious results, and consider running individual demonstrations for each class period, so that students can pool the data across multiple trials.

NOTE: the cricket demonstration requires at least 24 hours for recording change in mass. Start the demonstration prior to the day that you wish to discuss weight loss (for example, start the day that the mealworms activity concludes, so that the results for the crickets can be discussed the following day).

NOTE: Activity 5 also includes a quick demonstration with BTB solution (use 0.04% solution). You will need clear plastic cups or glass beakers and straws to complete this demonstration.


Activity 6: Assemble molecular model kits. Provide each group with 2 large trays or containers so that students can account for all the stuff in tray 1 (reactants) ending up in tray 2 (products).

See full material list in Appendix A 
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Activity 1: What Makes Up The Foods We Eat?

General Overview
Elicit student ideas: What makes up food?						~5 minutes
What Makes Up the Foods We Eat? Worksheet[footnoteRef:2]*					~20 minutes [2: * Adapted from NCOSP (2007) Matter and Energy in Life Systems, Cycle 2, Activity1.] 

Food molecules and Scale								~25 minutes
					
Total Estimated Time: 50 minutes

Purpose & Tools
Students are introduced to the major macromolecules found in food—carbohydrates, lipids, and fats—and begin to learn about the subunits these molecules are made of. 

The activity begins by asking students to share what they know about substances found in their food. From everyday experiences, students are likely aware of major macromolecules—these are common descriptors in our language about food, and diet. But students likely do not have an understanding of the molecules at the atomic-molecular scale.

This activity focuses on MATTER and SCALE principles. In terms of matter, this activity helps to establish one of the key matter inputs involved in metabolic processes. While students do not use the Process Tool in today’s activity, they will need to use this information later in the unit, as they build various Process Tools for metabolic processes. Today’s activity helps students move from macroscopic descriptors—carbohydrate, fats, proteins—to an atomic-molecular understanding of these materials’ structure. SCALE becomes the focus of the latter half of the lesson. Students use the “Room Model” and Powers of Ten to locate these molecules’ sizes relative to other systems, such as the size of a typical cell. Students use the room to represent a cell, thus making 1-3 cm objects likened to the size of molecules found in the cell. At this point students engage in building the various macromolecules using paperclips and consider the size of these paperclips in relation to the size of the room (size of molecules to size of cells).

Materials
Student copies What Makes Up the Foods We Eat?
Transparency Comparing Food Molecules
Transparency Building Models of Food Molecules
Paperclip Sets for each group (20 silver, 4 gold, 30 colored, 20 shaped per group)
Powers of 10 Chart
Optional: Transparency or chart of the “Room Model” table

Advance Preparation
· Sort paperclips into sets for the groups to use; can adjust paperclip number depending on whether you want individual students or partners building the models
· Make copies of student pages
· Make transparencies

Procedures

Elicit Student Ideas								~5 minutes

Ask students, “What did you eat for breakfast/lunch?” Follow up with probes, “What is found in what you ate?” Students may mention “sugar”, “proteins”, “fat”, etc. Probe what students already know about these materials. Ask students, “Why do we eat these things?” and “What happens to them inside our bodies?” This is a chance for the teacher to gather initial information about what the students may already know about the substances found in food.

What Makes Up the Food We Eat?						~20 minutes

Pass out the worksheet, What Makes Up the Food We Eat? Read through the first page together. Students are expected to sort the molecules in Figure 2-1 into groups. They can choose how to define their groups, although most will likely base their sorting on shape. 

Have students share their groups, and explain why they grouped molecules the way they did.

Either as a class or in partners, have students read through the next 2 pages, identifying the molecules from Figure 2-1 as carbohydrates, proteins, or fats. 

Discuss the similarities and differences between the three types of macromolecules in terms of the atoms they are made of and chemical energy. Consider building a model of glucose, an amino acid, a glycerol molecule and short fatty acid chain to show students the atoms and bonds that make up the molecules.

Scale and Food Molecules							~25 minutes

Introduce the “Room Model” to students. Explain to students that atoms, molecules, and cells are on a scale that we cannot see with our eyes. Ask students if they remember what scale this is (atoms and molecules are at the 10-9, atomic-molecular scale) and cells are roughly 10-5. Point to the Powers of Ten wall Chart if necessary

The great differences in size of these things make it difficult for us to comprehend. In order to make the size of really small things more comprehensible, we can use models that are visible to us at the macroscopic scale. The “Room Model” helps us mimic the relative size of cells and things found in cells. 

The room and macroscopic things found in the room will represent the cell and cell structures. Students will use paper clips to represent various molecules and will be able to link those clips to build the different types of molecules in Figure 2-1. Below is a table that shows objects that can be used in the model

	Atomic-molecular or Cellular Object

	Actual Size
	Macroscopic Object
	Macroscopic Size

	Typical cell

	10-5 m
	Room
	10 m

	Ribosome

	10-7 m
	Stapler
	10 cm

	Fat molecule
	10-8 m
	Linked mini paperclips

	3 cm

	Protein molecule
	10-8 m
	Linked mini paperclips

	3 cm

	Starch molecule
	10-8 m
	Linked mini paperclips

	3 cm

	Glucose
	10-8 m
	Mini paperclip

	1 cm

	Atom
	10-9 m
	Tip of Pencil/Pen
	1 mm





OPTIONAL:
Within the context of the room as a cell, students can build models of the different molecules that make up food using the paperclips. Have students use mini paper clips to build carbohydrate and fat molecules (silver for carbohydrates; gold for fat). Use the specialty shape paperclips to build different types of proteins. Consider identifying particular colors to only be used in certain molecules. See the suggested Building Models of Food Molecules. This could be copied and given to student groups or used as an overhead transparency.

Carbohydrates and Lipids- Models
[image: paperclipmetassorted]
Amino Acid and Protein Models














NOTE: Consider using the Comparing Food Molecules transparency to have students compare the atoms and bonds that make up the different food molecules. This comparison will prepare students to think about similarities (in terms of matter and energy) among the molecules.

Connections: Consider using Food Indicator Lab and Energy in Food Lab as additional inquiry activities to correspond with Activities 1-4.



Name: ___________________________________ Date: ____________ Period: _____


What Makes Up the Foods We Eat?


[image: ]Imagine eating a pizza with all the works. Imagine if you could ‘see’ all the food molecules that make up that pizza just after it entered your mouth. These molecules are at the atomic-molecular scale. The molecules might look like what you see in Figure 2-1.

Group the molecules that you see in Figure 2-1 into 2 to 4 groups (based on any criteria that you would like) and then fill in the table below.

[bookmark: _Toc107325897][bookmark: _Toc107326054][bookmark: _Toc107387769]Table 2-1
	
[bookmark: _Toc107325898]Group
[bookmark: _Toc107325899]Name
	[bookmark: _Toc107325900]Molecules in Group
(list by number)
	What are the characteristics that the molecules in this group have in common with each other?

	[bookmark: _Toc107325901]A
	

1, 8, 10

	
Chains of similar subunits

	[bookmark: _Toc107325902]B
	

2, 4, 6, 7

	
The chains attached to a larger subunit

	[bookmark: _Toc107325903]C
	
5, 9


	
A chain of different subunits

	[bookmark: _Toc107325904]D
	
3


	
Like group A but with extra links between subunits






1

[bookmark: _Toc107325905]SCIENTISTS’ CATEGORIES OF FOOD MOLECULES

CARBOHYDRATES

Sugar and starch are part of a group of molecules called carbohydrates. Sugars are often called simple carbohydrates because they are relatively small and have simple chemical structures. One sugar that is typically found in our blood (as well as in our food) is glucose and its simple chemical structure is often represented as a hexagon.  
Other common sugars are sucrose (table sugar) and fructose. (
 
)

Sugars, like glucose, are often linked together to form molecules like starch. Starch is typically hundreds to thousands of glucose molecules linked together. Long chained molecules like starch are often called complex carbohydrates. 

Cellulose is also made up of long chains of glucose, so it is also considered a complex carbohydrate. However, the bonds holding the glucose molecules together in cellulose are different than those found in starch. Nutritionists sometimes simply refer to cellulose as fiber. 

What molecule(s) in Figure 2-1 might be sugar? ____10_____ number(s)

What molecule(s) in Figure 2-1 might be starch? ___1, 8_____ number(s)

What molecule(s) in Figure 2-1 might be fiber? ______3_____ number(s)

What is the same about these types of molecules?
All made up of similar subunits (sugars, or glucose molecules)____________________
____________________________________________________________________________________________________________________________________________

What is different?
Sugars are simple molecules, starches are chains of sugars linked together, fibers are chains of sugar with different chemical bonds/links than starches_

PROTEINS
Proteins are another major component of food. Proteins are composed of smaller subunits called amino acids. Unlike complex carbohydrates, which are made up thousands of only one type of sugar (glucose), linked together, proteins are made up of hundreds of several different types of amino acids. There are actually twenty different types of amino acids.

What molecule(s) in Figure 2-1 might be protein? ___5, 9________ number(s)

The final major components of food that has been recognized are fats and oils. Fats and oils are greasy feeling and, do not mix well with water and are chemically very similar. But fats are solid at room temperature whereas oils are liquid at room temperature. Unlike carbohydrates and proteins, fats and oils are medium-sized molecules made up of four smaller subunits. Three of the four small molecules are almost identical and are called fatty acids. These three molecules are each linked to the fourth molecule called glycerol.
What molecule(s) in Figure 2-1 might be fats/oils? _2, 4, 6, 7____ number(s)

Scientists have found that over ninety-five percent of almost all foods are composed of carbohydrates, proteins, and fats. All of these molecules are composed of carbon, hydrogen, and oxygen atoms. When molecules contain C-C (carbon-carbon) and C-H (carbon-hydrogen) bonds, the molecules are said to have high-energy bonds. This means that the molecules found in our foods contains chemical energy.

How do the scientists’ categories of food molecules compare to the groups of food molecules you suggested in Table 2-1? Students may have grouped #10 glucose into separate categories: They may have combined starch and fiber or starches and proteins. 
Make sure the class comes to agreement about groups based on molecule characteristics. _______________________________________________________

 Building Models of Food Molecules
[image: 116-classic-paperclip-money-clip-image-1]
Glucose			Silver paperclips

[image: 21DC8AFZ58L]

Glycerol			Gold/Yellow paperclips

[image: istockphoto_6289928-paper-clip]

Fatty Acids Colored paperclips






Amino Acids	Circle, Square, Triangular paperclips






Use this information to build: 	1) a STARCH molecule
2) a LIPID molecule
3) a PROTEIN molecule

Comparing Food Molecules
[image: triglyceride]




	LIPID/FAT





[image: aminoacids]

								
   AMINO ACIDS 
   IN PROTEINS



[image: glucose]



GLUCOSE 



STARCH
[image: starchmolecule]
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General Overview
Polymers and Monomers						~10 minutes
What Makes Up Food in Our Bodies- partner[footnoteRef:3]*			~30 minutes [3: * adapted from NCOSP (2007) Matter and Energy in Living Systems, Cycle 2, Activity 3] 

What Makes Up Food in Our Bodies- whole group			~20 minutes		
								
Total Estimated Time: 60 minutes


Purpose & Tools
Students learn more about how macromolecules—carbohydrates, lipids, and fats—change in the body during digestion.  

The activity begins by reviewing the “room model” and reminding students of the relative size of macromolecules using paperclips. The paperclip models (chains) provide a chance for students to learn about or review what they know about polymers and monomers. Both terms will be introduced in the context of various examples and used throughout this lesson and subsequent lessons. 

Students then engage in an activity in which they record data given to them about what happens to these molecules during digestion. The key idea of this activity is to help students learn that macromolecules (polymers) are broken down into micro-molecules (monomers) to be transported through the body and across membranes, and then reassembled back into polymers in the cell. 

Students’ initial ideas about digestion may be limited to what students know about organ systems, namely the digestive tract. Oftentimes students are able to trace food to the stomach and intestines, but not beyond, and may have developed a story about how food becomes “energy” for the body. The digestion of polymers remains a mystery to most students, even those in high school. The following trends might be observed:
[image: FateOfFood]









This activity focuses on MATTER and SCALE principles. In terms of matter, it helps to establish one of the key matter inputs involved in metabolic processes. While students do not use the Process Tool in today’s activity, they will need to use this information later on in the unit, as they build various Process Tools for metabolic processes. Importantly, today’s activity introduces students to the idea that polymers are broken down and reassembled in cells. As in Lesson 1, SCALE is a focus in the lesson. Students review the “Room Model” and Powers of Ten to locate these molecules’ sizes relative to other systems. 

Materials
Paperclips models of macromolecules/ References for Room Model (e.g., Powers of 10 Chart)
Student copies What Happens to Food in our Bodies
Digestion Powers of Ten Chart.** OPTIONAL
Paperclip Polymers ** OPTIONAL

Advance Preparation
· Have paperclip models ready for proteins, carbohydrates, and lipids
· Make copies of student pages
· Have computer/projector or transparencies ready for Powers of Ten Chart ** OPTIONAL
· Paperclip models already assembled into polymers ** OPTIONAL

Procedures

Polymers and Monomers								~10 minutes

The initial discussion will depend on students’ prior knowledge of polymers and monomers. If students have little awareness of these terms, write both terms on the overhead or chalkboard. Ask students to share what they think these terms mean, and why? Point out that the only difference between the words is the prefixes- “poly” and “mono”. Can they guess what these prefixes mean? Hold up the paperclips models from the previous activity. Ask students to identify which molecules they believe are polymers (starch, lipids, proteins) and which are monomers (glucose, and also glycerol, amino acids). Using the paperclips, also remind students of the size of these molecules compared to the cell (which is the size of the room). 

Tell students that we know there are carbohydrates, fats, and proteins in our foods, and ask them how they think those materials get to where they need to be in the body. Elicit students’ ideas about digestion- what is digestion? Where does it happen? And why do they think it happens? (Note that by the end of the lesson students should know that digestion involves breaking down materials into the smallest units (monomers) that can be transported across membranes. This happens mostly in the stomach and intestines, then those monomers are transported by the blood to cells in the body (and then reassembled into polymers). The molecules need to be broken down in order to be transported across membranes as they are distributed throughout the body. This initial question gives the teacher a chance to see what students already know about digestion, but at this point students are not expected to have an understanding that digestion breaks materials down at the atomic-molecular scale).

What Happens to Food in Our Bodies- partners				~30 minutes

Pass out the worksheet What Happens to Food in our Bodies. Read through page 1 of the activity. Tell students that scientists are able to track molecules in the digestive track. Tell students that today they will be given data from a science lab that shows the path of a bite of pizza. Scientists collected information about the location and type of substances across time.  Students are expected to use this data to make sense of what happens to food during digestion.

Before proceeding, take a moment to review the tables and diagrams with students so that they understand what information is being asked of them, and how to use the diagrams to find it.

Have students work on this activity in partners. When students complete the data tables, they should read through the Special Case of Cellulose and the Special Case of Glycogen.

What Happens to Food in Our Bodies- whole group			~20-25 minutes

When students complete the activity, engage the class in a whole group sharing of “data” to come to consensus about what is happening during digestion.

Students should find that the number of subunits was the same at Time 0 and Time 4 (no substances disappear, remind students of conservation of matter)

Ask students to share what they observed about changes in location across time. Ask students where the food ultimately goes during digestion (cells).

Ask students to share what they observed about changes in appearance across time. What is the general pattern for all the different types of molecules? Why must the molecules be broken down during digestion? What is the purpose of digestion?

Read through the explanation of digestion if needed, and ask students if the data helps to confirm this explanation.

Then have students share their ideas about Cellulose and Glycogen.

After discussion, allow time for students to work on their own to describe the path each type of molecule takes during digestion. Collect the worksheets for assessment.


OPTIONAL or EXTENSIONS

OPTION 1: During Activity 3 students first review digestion using Powers of Ten Chart. This Powers of Ten Chart could be used at the end of Lesson 2 instead if time will allow it. The Powers of Ten Chart can be used to trace food through the body and locate changes during digestion on scale. This will reinforce the purpose of digestion (to break substances down so they can be distributed across membranes) and the scale at which this is happening.	

OPTION 2: Students can use paperclips as manipulatives to show what happens during digestion. By breaking down polymers into monomers and rebuilding into polymers, students can demonstrate how the location and appearance of molecules change across time.		


Connections: Consider using Food Indicator Lab and Energy in Food Lab as additional inquiry activities to correspond with Activities 1-4.		
Name: ___________________________________ Date: ____________ Period: _____


What Happens to Food in Our Bodies?

Scientists have procedures to chemically “label” molecules so they can be traced through the body. Imagine that before the food molecules on the diagrams were consumed by the person, they were “labeled” so that they could be followed through the digestion process. At four different time intervals, samples were taken from different places in the body.
[image: ]

Think about the molecules you learned about—carbohydrates, proteins, and fats—found in a pizza with all the works.  The molecules in Figure 2-1 represent what you might see at the atomic-molecular scale just after taking a big bite of the pizza.


What happens to the molecules as they go through your digestive system? Where do the molecules go and how are they used by your body? Today you will begin to explore these questions.

On your own: Pretend that scientists collect data on the number and types of molecules found in your system after you eat the pizza. They collect data at different times, as the molecules move through your body. The data for the different time intervals were recorded and are illustrated in the Time 0 through Time 4 diagrams. Observe the changes in location and appearance of the molecules of food for each time interval. Record your observations in the table below.



	
	OBSERVATIONS

	
TIME INTERVAL
	
Observations about Location
	
Observations about materials

	

TIME 0 – TIME 1


	All the molecules are located in the stomach and small intestines
	Most of the starches are broken down to sugars, fats and proteins are also broken down into their components, fiber doesn’t break down.

	

TIME 1 – TIME 2


	Most original components of starch, fats, and proteins are in the blood, some remaining in stomach, some have reached cells, fiber in large intestines
	The starch, fats, and proteins are completely broken down into parts in blood. Some fatty acids and sugars are in cells. Fiber is intact and in large intestine.

	

TIME 2 – TIME 3


	Starch, fats, and proteins are in blood and cells. Fiber in large intestine.
	Fat is being rebuilt in fat cells; proteins and starches are being rebuilt in other cells. Fiber is still intact in large intestine.

	

TIME 3 – TIME 4


	Starch, fats, and proteins are in cells; Fiber is excreted as waste.
	Most starches are proteins are rebuilt in cells (some sugars, amino acids and fatty acids in cells). Most fat cells are rebuilt in fat cells.



Now, count all the subunit molecules that are part of the large molecules originally in the mouth at Time 0. Then, count all the subunit molecules at Time 4 in the blood, the typical cell, and the fat cell whether they are ‘free’ or connected together to form larger molecules. Put your results for Time 0 and Time 4 in the table below.

	SUBUNITS
	Number of Subunits at Time 0

	Number of Subunits at Time 4

	
[image: sugar]

	

                 18
	

                18

	
[image: protein]


	

                 16
	

                16

	
[image: fat][image: aminoacid]

	

                 16
	

                16


Digestion and Distribution
In the diagrams, you observed that larger molecules were broken down into subunits before being reassembled in cells. This breakdown happens through the process of digestion. For food molecules to pass from the small intestine to the blood vessels, the food must first pass through the cells that line both the small intestine and blood vessels. The digestive process that goes on in the stomach and small intestine facilitates this transfer by making the molecules small enough to pass more easily into and out of cells. 

Special Case of Cellulose.
Cellulose is a major constituent of plant cell walls that cannot be digested by most animals. What this demonstrates is that not all carbon sources can be used for food. Approximately 50% of our waste (feces) consists of cellulose and other indigestible food products and 50% consists of dead bacteria which once lived in the digestive tract.
Some microorganisms that live outside our bodies can ‘digest’ cellulose. Into what subunits might these microorganisms be able to digest cellulose? Explain your reasoning. _Into glucose because cellulose is composed of linked glucose molecules and microorganisms can break down the bonds that link those chains ______________
____________________________________________________________________________________________________________________________________________
Special Case of Glycogen
Animals rarely build their structure out of carbohydrates. They use mostly proteins. They do, however, store sugar molecules in long chains like plants do. This long chained molecule is composed of subunits very similar to starch, but it is called glycogen. We have not mentioned glycogen previously because it is only a minor constituent of food. Though we store glycogen it never makes up more than about 1.5% of our total body weight. This is typical for almost all animals. How could glucose subunits that compose starch end up as part of glycogen in one of your cells? After the starch is broken down into glucose and transported through the blood it is rebuilt into glycogen inside the cell. 
ON YOUR OWN
Trace the path of molecules that make up pizza, as they are digested in your body.
1. Trace the path of glucose: _____________________________________________
Glucose isn’t broken down any further in the digestion system. It travels from stomach/ small intestines into the blood and then to the cells where is may be rebuilt as a starch or glycogen or stay as sugar_______________________________________________

2. Trace the path of starch: _______________________________________________
Starch is broken down into glucose in stomach/small intestines, then transported (as glucose) by the blood stream to cells and cells recombine glucose into starches in the cells__________________________________________________________________

3. Trace the path of fiber/cellulose: _________________________________________
Fiber isn’t broken down in digestion. It is given off as waste in the same form it entered the body ______________________________________________________________
______________________________________________________________________

4. Trace the path of proteins: _____________________________________________
Proteins break down in the stomach and small intestines into amino acids. The amino acids travel in the blood and are rebuilt into proteins that make up much of the cell structure ______________________________________________________________

5. Trace the path of fats: _________________________________________________
Fat breaks down into fatty acids in the stomach and small intestines. The fatty acids travel through the blood to cells. Fatty acids are rebuilt into fat stored in fat cells. Fatty acids and glycerol also travel to other cells____________________________________





[image: ]
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General Overview
Digestion Powers of Ten Chart (for review)						10 minutes
Initial ideas about growth							5 minutes
You Are What You Eat- partners[footnoteRef:4]*						15 minutes [4: * adapted from NCOSP (2007) Matter and Energy in Living Systems, Cycle 2, Activity 3 homework] 

Discussion with Process Tool							10 minutes
Growth Powers of Ten Chart (zoom into egg and finger)				10 minutes
						
Total Estimated Time: 50 minutes

Purpose & Tools

There are two important pathways that molecules follow after digestion—they remain in the organism and are used for body structure during growth, or the molecules are oxidized for energy during cell respiration releasing waste products (CO2 and H2O). Students will explore the former during Activities 3 and 4 and then consider cell respiration during Activities 5 and 6.

Today’s activity will begin by reinforcing what students learned about digestion during Activity 2 and the purpose of this process in getting materials to cells. The teacher will use this Powers of Ten Chart to prompt the question: Now what happens? Why did the food need to get to the cells?” 

After reviewing digestion, students share their initial ideas about how food helps people grow. The class will construct a Process Tool based on these initial ideas. Students will likely have limited understanding of growth at the atomic-molecular scale. They may have stories that rely on everyday reasoning that, “food helps us grow”, “minerals and vitamins are good for our bones and bodies”, and “protein help build muscles”. But students may not realize that growth is actually the incorporation of substances into our body structure.

Students will engage in an activity where they study data about the composition of various foods and body structure. Students learn that the body has a similar composition to many of the foods we eat. At the macroscopic scale our bodies look very different from food we ingest, but at the atomic-molecular scale, our structure is made of many of the same molecules (and atoms that make up those molecules). After the activity, the class will discuss what they learned and revise the Process Tool for growth. A set of Powers of Ten Chart on growth can be used to show that materials that make up food are similar to materials that make up people’s bodies at an atomic-molecular scale by zooming into an egg and into a person’s finger. Students can also participate in a visualization activity that uses the “room model”- visualizing that the room (walls) and objects in room are composed of paperclips (mostly the protein paperclips).

Activity 3 focuses on MATTER and SCALE and to a lesser extent ENERGY. Again, students locate substances that make up common foods and body structure using Powers of Ten. They are shown 2 sets of Powers of Ten Chart that zoom into systems and processes to show what occurs at different scales. Students begin to construct a Process Tool for growth focusing primarily on MATTER. Students initially identify food (carbohydrates, fats, and proteins) as matter inputs and parts of body as matter outputs. At the end of the lesson students revise the Process Tool to show that carbohydrates, proteins, and fats actually become carbohydrates, proteins and fats that make up much of the body structure (besides bones). Students talk about how chemical ENERGY found in food is also found as chemical energy in the molecules that make up the body structure.

Materials
Digestion Powers of Ten Chart 
Growth Powers of Ten Chart 
Computer/projector or transparencies of Powers of Ten Chart
Student copies You Are What You Eat
Process Tool for Growth

Advance Preparation
· Make copies of student worksheets
· Set-up computer and projector for Powers of Ten Chart
· Have Process Tool ready for use

Procedures

Digestion Powers of Ten Chart (for review)							10 minutes
Use the digestion Powers of Ten Chart  to review what students learned about digestion in Activity 2. This set of  trace food through various locations in the body, and zoom into those locations to show how molecules change. The Powers of Ten Chart should be used for two purposes: 1) to review that polymers break down to monomers in order to be more easily transported across membranes, but are reassembled into polymers in cells, and 2) once these materials reach the cell, what happens to them? Why do they go to the cell and how are they used after that point?

Initial ideas about growth								5 minutes
Transition into a discussion about students’ initial ideas about how food might be used for growth: Tell students we know that food helps us grow, so when food reaches the cells, how does it help us grow? Ask students to share their initial ideas and use the Process Tool to record what they believe are matter inputs for growth (food OR carbohydrates, lipids, and proteins) and matter outputs for growth (body structure, etc)

You Are What You Eat- partners							15 minutes
Pass out the worksheet You Are What You Eat. Tells students they are going to be given data about what makes up common foods and their job is to analyze the data, looking at the ratio (or amount) of materials found in food and try to use this information to make sense of how food is used for growth.

Discussion with Process Tool							10 minutes
During the activity, students should notice that the human body is composed of similar substances found in foods we eat. There are two opportunities for students to develop explanations about how this happens (bottom of page 2 and 4). While students have not learned about biosynthesis processes, they should be able to develop an initial understanding that growth involves the corporation of food into the body in the form of polymers they’ve been learning about. In particular, the materials provide a “factory analogy” that explains that proteins are uniquely important to the body structure. Use students’ explanations to revise the Process Tool (see below for possible “targets” on the Process Tool). 

ENERGY: If students are ready, consider having them develop explanations about how energy transforms during growth. What do they believe is the energy input during growth? What do they think is the energy output? Students should see that growth is about chemical energy in food becoming chemical energy stored in molecules that make up body structure (mostly proteins, which is explained in the “factory analogy”.
 (
Chemical Energy in 
C, P, L
Carbohydrates, Lipids, Proteins (solids, liquids)
Chemical Energy in Structure
Proteins (some carbohydrates, lipids) (solid)
)











 











Growth Powers of Ten Chart (zoom into egg and finger)					10 minutes

Note: the growth Powers of Ten Chart could be used after eliciting students’ initial ideas about growth (basically move to step 3 in less as opposed to the end of the lesson). 

The growth Powers of Ten Chart engage students in thinking about how people and food look different at the macroscopic scale, but are chemically similar at the atomic-molecular scale.

OPTIONAL: VISUALIZATION ACTIVITY
Consider also using the Room model to have students think about how molecules relate to cells. If a paperclip represents a monomer and many paperclips represent polymers, what do they think the cell wall and cell structures are made of? Have students pretend that the walls and all the objects in the Room are made of paperclips. This visualization technique may help students see that ultimately all structures are composed of the polymers they’ve been learning about.

Connections: Consider using Food Indicator Lab and Energy in Food Lab as additional inquiry activities to correspond with Activities 1-4.
Name: ___________________________________ Date: ____________ Period: _____


You Are What You Eat

Using chemical tests, scientists have been able to determine the chemical composition of foods we eat. The following table lists the composition of several common foods.
[image: nutrients_in_food]

Based on the table, what do you think is the chemical composition of most plants? What is your evidence? Plants are mostly made of water (about ¾ or more) and carbo-hydrates (about 1/4) (corn, beans, rice, banana, broccoli), but plants also have some proteins and fats and some plants have more of these than others, like peanuts 

Based on the table, what do you think is the chemical composition of most animals? What is your evidence? About ½ of animal material is made of water, for example beef is about 54-56% water, but animals also contain proteins and fats and traces of carbohydrates. Animals are about ¼ proteins and 1/5 or less in fat. 


Scientists have also looked at the composition of typical humans. The table below shows the composition of typical humans.
[image: humans with bones]
The 5% under the vitamins and minerals category is almost entirely due to the minerals that compare bone. If we exclude minerals in bone from the calculations, the percentage of water, carbohydrates, protein, fats, and vitamins and minerals we be as follows in the table below.
[image: humans without bones]

Compare the composition of humans (excluding what makes up the bones) and the composition of food on the previous page. What do you notice about the compositions? Excluding bones, humans are chemically similar to other animal products, such as beef or chicken. Both are mostly made of water (about 50-60%), People have slightly less protein (only 15% compared to 20-30% in animals) and more fat than chicken and beef). People only have traces of carbohydrates like other animals. 


Excluding such things as shells and bones, scientists have found that 99% of most organisms are composed of water, carbohydrates, proteins, and fats.


How do you think the foods we eat become part of our bodies when we grow? Students may say general things about our bodies digesting food, or name locations of specific materials (minerals go to bones, proteins to muscles, etc). A good answer at this point in the unit would include ideas about digestion, transportation through blood, and something about getting the materials to cells._________________________________

Think back to what molecules look like in your cells at Time 3 and at Time 4. 
TIME 3
[image: cells time 3]
TIME 4
[image: cells time 4]
Reassembly and Growth
The breakdown of larger molecules into subunits during digestion also facilitates the reassembly of new molecules which are needed for growth and maintenance of organisms’ bodies. Sometimes the main function of these reassembled molecules is to make the structure of the organism. Other times these newly assembled molecules serve mainly as storage materials for later use within the organism. 

Cells are often likened to factories. If cells are like factories, then proteins would 1) make up most of the structure of the buildings, 2) make up most of the machinery in the buildings, and 3) serve as factory workers within the buildings. Carbohydrates and fats can play minor but essential roles as structure, machinery and workers, but the ‘bulk’ of the carbohydrates and fats have a much different role that you will learn more about later in this unit.


Diagram 1: Mouth at Time 0

[image: mouth time 0]


Diagram 2: Cells at Time 4

[image: cells time 4]


Consider the diagrams above. We are commonly told, “You are what you eat!” Discuss the accuracy of this statement based on what you have learned so far. Be very specific when answering this question. The molecules that make up food are chemical similar to the molecules that are reassembled in our cells- they are all carbohydrates, fats, or proteins. The molecules we take in are broken down into smaller units through digestion so they can travel to cells. Inside cells they are rebuilt into similar molecules that were eaten, and are then used for different functions, such as growth, movement, or storage. 
______________________________________________________________________
______________________________________________________________________
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This is a lab investigation that spans at least four days or more. The activity plan includes information for setting up the investigation, ongoing data collections, and discussion of results. 

General Overview
Day 1: 
Set Up Mealworm investigations						~40 minutes

Days 2 and 3 (possibly 4): OPTIONAL
Ongoing: Record Mealworm Data over time					 

Day 4 or 5:
Final data collection								~ 20 minutes
Review mealworm data for patterns/conclusions				~ 15 minutes	
Process Tool for growth							~ 5 minutes
Set-Up Crickets ** see Activity 5						~ 10 minutes

Total Estimated Time: 2- 50 hour blocks, plus additional time for ongoing collection (optional)

Purpose
Students conduct mealworm investigations to measure mass changes as mealworms grow. This activity is intended to help students account for mass changes in organisms over time and further illustrate what happens to matter during growth. In addition, the data collected in the mealworm investigations offer an opportunity to transition into cellular respiration.

During the investigation, students observe that mealworm mass increases as they eat food, and the mass of food decreases. Thus, their investigations show that the new mass of the mealworms can be attributed to the food they eat. BUT students also observe that the changes in mealworm mass are not exactly the same as changes in food mass (and that the overall mass of the system decreases). This activity helps students to conclude that not only does part of the food taken in by animals get incorporated into the body structure during growth, but also that some of the food must go on another pathway.

Activity 4 primarily focuses on MATTER and to a lesser extent on both SCALE and ENERGY. This investigation encourages students to use conservation of mass to inform their explanations about growth. Students initially identify bran/meal (carbohydrates, fats, and proteins) as matter inputs that mealworms take in. Students use the Process Tool to show that carbohydrates, proteins, and fats in the bran actually become carbohydrates, proteins and fats that make up much of the body structure of the mealworms. Students talk about how chemical ENERGY found in bran is also found as chemical energy in the molecules that make up the mealworms. At the end of the lesson an important question left to investigate is what happened to the mass of the food not accounted for during growth?

Materials
5-10g of Mealworm larvae per group
15-20g of bran cereal per group
Large Paper cups or plastic containers for storing the larvae during investigations
2 small paper cups used for separating larvae from food (if necessary)
Digital Balance
1 Tweezer per group
Copies of Mealworm Investigation
Overheads to record/compare student data
Process Tool for Growth

Advance Preparation
Make copies of student handouts 
PER CLASS: At least 100g of mealworm larvae from local pet or fishing store (make sure that each group has at least 5-10g of mealworm larvae)
Bran cereal or food that comes with mealworms
Buy or gather at least 10 paper cups, tweezers, and have digital balance ready for use.

The mealworms may come in a plastic container (with holes for ventilation) already in their food—thus creating a system that is already assembled for study. If they do not, you may need to purchase bran cereal or wheat bran or other type of food source (meal, wheat and oat flours, ground cat or dog food can be used).

Note that you can order mealworms for very cheap online- roughly $40 for several thousand mealworms. It’s more expensive at pet stores—maybe the same price for only 1000 mealworms but this may be enough to use with 45-50 groups of students. You’ll need more if students work in partners.

If the system is already assembled, then students will need to break the system apart on Day 1 to weigh each component—the food, the worms, and the container. They will do this again on the final day, weighing each component individual (thus, the tweezers come in handy for separating the worms from their food!)

Procedures

Setting Up Mealworms
Prior to Activity 4, set up the mealworm investigations. This investigation should occur during a 1 week period so that the growth of mealworm larvae is obvious by Day 4 or 5. Students will conduct an investigation in which they track the overall mass change in both the mealworms and the food. Depending on supplies, the teacher can choose to let students work on the investigation in groups of 2 or 3.

Tell students they are going to watch how mealworms grow and collect data on them. They will be responsible for observing and measuring the mass of their mealworms over the course of a week. 

Pass out Mealworm Investigations. Go over the type of data students will collect. Point out that they will measure the mass of their mealworms at the start and at the end of their investigation. They will also measure the mass of the food source (bran) at the start and end of the investigation. Across time, they will record changes in the overall mass of the cup(Optional).

In order to set up the investigation students will need to make careful measurements of each component of the system. Students will use paper cups (or other container) as temporary containers for holding and measuring the worms and food.

Have students to first place their “temporary” container/paper cup on the scale and then zero out the scale. Then have students add their food source to the cup. Students should have at least 30 grams of food available (this is roughly equal to ½ to 2/3 cup of cereal). It is important to make sure the mealworms have enough food for 1 week, so adding more food is fine. Tell students to write down the mass of the food. 

Have students use a separate paper cup or container to measure the mass of the mealworms. Place the temporary container on the scale, zero out the scale. Then add the mealworms to the cup. Students should have at least 10g of mealworms in their cups. Have students record the mass of the mealworms. 

Then have students add the mass of the food and the mass of the mealworms and place in their tables. 

Lastly, have students measure the mass of the permanent container without the lid. They need to record the mass of the container just below the table (“Mass of Empty Cup”). 

Students need to add the mass of the food, worms and cup and use this mass to complete column 1 on their table.

Once this is complete, students need to place the food and worms back into the permanent container, making sure to get as much of the original material as possible. Students can double-check their accuracy by measuring the mass of the final systems and comparing this number with the sum of all the individual recordings.

Collecting Data and observations
Tell students that every day or every other day they will measure the mass of the system (without the lid). They can calculate the food/worm combined mass by subtracting the mass of the permanent container. 

Concluding the investigation
At the end of the investigation have students make a final mass measurement of the combined food and mealworms. Have them FIRST get a mass reading on the whole system (without the lid). The students will need to get mass readings for the individual components. Students will need to repeat the steps for setting up the investigation in order to record individual mass readings. 

Have students use “temporary” containers to separate the worms from their food. They will first need to set the temporary containers on the balance and zero it out before adding the worms. Get the mass of the worms, and then remove them. Set another temporary cup on the balance and zero out. Then transfer all the food to the temporary cup for the final mass reading.

Reviewing Data in Groups and as a Class
After students have collected their final readings they need to carefully review their data looking for patterns. Tell students to describe the changes in mass of the mealworms and the food. Did the mealworms grow, and if so, where do they think the matter came from? Did the amount of food change? Did the change in food match the change in mealworm mass? (The answer to this last question should be no).

As a class, have groups share their data and look for similarities across groups. Consider creating a class table to record the “difference column” from each group. Students should observe that the mass of mealworms increased, while the mass of the food decreased and the combined mass of both overall decreased. This means that the mass change in the mealworm did not match the mass change in the food. 

Example Mealworm Data:
	
	
	Start Mass Obs 1
	Obs 2
	Obs 3
	Obs 4
	End Mass Obs 5
	Difference

	
	
	Monday 2:30pm
	Tuesday
2:30pm
	Wed 8:00am
	Wed
2:30pm
	Thursday
8:00am
	

	
1
	
Food
	
15.2g

	
14.7g
	

	
14.4g
	
14.2g
	
-1.0g

	
2
	
Worms
	
7.1g

	
7.3g
	
	
7.2g
	
7.4g
	
+0.3g

	
3
	Food, Worms, Cup

	
31.8g
	
31.5g
	
31.3g
	
31.1g
	
31.1g
	
-0.7g

	
4
	Food, Worms Only

	
22.3g
	
22.0g
	
21.7g

	
21.6g
	
21.6g
	
-0.7g


Cup (without perforated lid) = 9.5g
Note: Students do not have to measure mass of food and mass of worms during observations 2, 3, and 4. It is time consuming to separate the worms from their food, so only do this for both the mass at the start and at the end. I recorded more often to investigate how quickly mass changes were detected.

Process Tool
Have students use the mealworm data to construct a Process Tool for what happened to some of the matter and energy. The Process Tool will be much like the one used in Activity 3. If time, have students brainstorm a Process Tool for the matter that did not go to growth. 
 (
Chemical Energy in C, P, L
Carbohydrates, Lipids, Proteins (solids, liquids)
Chemical Energy in Structure
Proteins (some carbohydrates, lipids) (solid)
)
















NOTE: Setting up the Cricket investigation today would be a good transition for weight loss during Activity 5. See Activity 5 for set-up info.
Name: _______________________________________ Date: ______________ Period: ________


Mealworm Investigation

My Measurements:

	
	
	Start Mass Observation #1
	
Observation
#2
	
Observation #3
	
Observation # 4
	End Mass Observation 
#5
	
Change

	1
	Food



	
	Do not need to record
	
	

	2
	Mealworms



	
	Do not need to record
	
	

	3
	Food and mealworms


	
	
	
	
	
	

	4
	Food, mealworms, and cup


	
	
	
	
	
	



Mass of empty cup: ____________ Use this number to help you find out the mass in line 3 during Observations 1-5.
Questions about Mealworm Observations

1. Did the mass of your mealworms increase or decrease? Increase



2. Did the mass of your food increase or decrease? Decrease



3. How does your data show that some of the food eaten by mealworms helps them grow? The mass of the mealworms increased by XX g. The mass of the food decreased by XX g. Some of the food the mealworms were eating became part of their body structure. ______________________________________________________________
____________________________________________________________________________________________________________________________________________


4. Did the combined mass of the food and mealworms increase or decrease? __It decreased ________________________________________________________


5. If the mass decreased, where do you think the matter went?
Some of the mass became part of the mealworms (since the mealworms increased in mass). Some of the mass of the food turned into air (students may know that it becomes CO2 and H2O as the mealworms respired)____________________________________
____________________________________________________________________________________________________________________________________________

6. There is chemical energy in food. How do you think this chemical energy changes when the mealworms grow? The chemical energy in food turned into chemical energy stored in the mealworms structure; students may know that when the mealworms respire they transform chemical energy into kinetic energy and heat _____________
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General Overview

Previous Day (or end of Activity 4)
Set-Up Crickets									~10 minutes

Review mealworm experiment							~ 5 minutes
Exercise demonstration with Process Tool							~ 20 minutes
Cricket Data and discussion								~ 15 minutes
Air Powers of Ten Chart 									~ 10 minutes

Total Estimated Time: 50 minutes

Purpose
The purpose of this activity is for students to think about macroscopic experiences that can inform their understanding of cellular respiration in animals. In the mealworm investigations students learned that some of the matter animals eat is incorporated into their bodies through growth, and some is used for other body functions. Remind students that today, they will learn that much of this food is used to help animals move and function in various ways, especially the carbohydrates and lipids that we consume. 

Students first review the mealworm data to remind them that they still have mass unaccounted for. Students engage in basic exercise activities in which they record the different things happening in their bodies (e.g., breathing harder, getting hot, being able to move body parts etc). Students begin to use the Process Tool to describe what happens when they move at the macroscopic scale. They identify food and air/oxygen as being the materials they take in (that is why they breathe, especially breathing hard when they exercise). They learn that they breathe out gases when they exercise and test this air for carbon dioxide using a simple demonstration with BTB. Then students discuss the forms of energy input (chemical energy in food) and forms of energy  that are observable as they exercise (motion, getting warm; heat).

Students then consider the question, “what happens when animals lose weight? Where does the mass go?” They take final measurements on their crickets and share their data with classmates. They use the Process Tool to track changes in solid body part material that make up the cricket into gases given off by the cricket, relating these gases back to their exercise activities. Students are introduced to “cellular respiration” at this time, but will consider this process in atomic-molecular details in Activity 6. 

At the end of the activity, students observe Powers of Ten Chart that trace air through the body, revisiting the idea of scale. Student briefly discuss the question, “how are eating and breathing related?”

Students would likely associate eating with movement and weight loss based on everyday reasoning and macroscopic experiences—we eat to give us “energy” to move; we get tired when we’re hungry; athletes eat certain foods before an event; we lose weight when we eat less or low calorie foods; we gain weight when we eat high calorie foods and don’t exercise. These are very real experiences that can be explained using scientific principles, but students tend to violate principles when explaining these events, often equating “food” with “energy” at the macroscopic scale and at the atomic-molecular scale claiming that ATP is energy as opposed to matter. 

Today’s activity occurs mostly at the macroscopic scale—students are collecting data from observations of exercising and crickets to support developing initial explanations about cellular respiration. While this term may be introduced in today’s activity, it is not fully discussed as a chemical change process until Activity 6. SCALE becomes particularly important as students watch Powers of Ten Chart that trace air to cells in the body. MATTER and ENERGY are key to constructing an initial Process Tool for cellular respiration.

Materials
Data from mealworm investigation for review
BTB solution
Clear paper cups
Straws
Crickets
Cups or other container with air ventilation holes
Digital Balance
Student Copies Movement and Weight Loss- Homework
Process Tool for Movement and Weight Loss (or Cellular Respiration)
Powers of Ten Chart for “Breathing”

Advance Preparation
Prepare BTB solution
Assembling 2 cups and 2 straws per student used in demonstration
Prepare crickets for investigation and then final mass reading
Make copies of homework 
Have Process Tool ready for use.
Have Powers of Ten Chart for “Breathing” ready for use.

Procedures

Setting Up Crickets								~10 minutes
This investigation has students observe house or field crickets over a 24-hour period. 
Crickets can be purchased from a local pet or bait shop. Show students the crickets. Place a container on the digital balance and zero the scale. Then add 15 or more crickets to the container and find record the start mass for the crickets. Then ask students to predict whether the mass will go up, down, or stay the same over time. Consider setting up a different condition for each class, in order to have multiple trials to pool data.

Review Mealworm data							~5 minutes
Review the mealworm data with the class. Remind students that they learned that part of the substances in food eaten by mealworms becomes part of their body structure during growth. Remind students that overall the mass of the food and mealworms decreased, so although the mealworms were growing, something else was happening that made the mass decrease. Tell them that today they will learn about other pathways substances follow in the cells.

Exercise Activities/Movement Process Tool				~20 minutes

This activity relies a great deal on macroscopic observations to help build an initial understanding of the process of cellular respiration. This uses the Process Tool to help students track matter and energy inputs and outputs.

Remind students of the “factory analogy”—that proteins are the key substances that make up structure, but that carbohydrates and lipids are used for other purposes. Tell students that today they will talk about how the body uses food in order to move. 

Place the Movement/running process on the Process Tool. Place “carbohydrates, lipids, and proteins” as solid and liquid material inputs. 

Select 2-4 students to participate in an exercise demonstration for their classmates. As the “demonstration students” complete exercises in front of their classmates, it is important for all students to make observations. Have students do jumping jacks or possibly run in place for a minute or so (or until they get their heart rate up)—if the student volunteers are particularly athletic, consider having them do other exercises, such as push-ups. Make sure demonstration students do enough exercises to identify the following three things: 1) they breathe harder, 2) they get warm or hot, and 3) they are moving a lot. 

Ask students what other materials go into their body when they exercise (Air). Try to get students to identify oxygen as a key matter input. Ask students what materials come out of their bodies (they breathe so air is coming out; they may sweat so water is coming out).

Tell students they are going to test the air breathed out by the demonstration students. Tell students that the BTB solution will detect carbon dioxide the student breathes out. Have the student blow through the straw; the color of the BTB should change to yellow to indicate CO2. NOTE: Consider having the students blow into a cup of BTB before and after the exercises to show that the intensity and speed of color change is different.

Place carbon dioxide as a key matter output on the Process Tool. Also, tell students that sweat is a liquid product of movement, but that we also breathe out gas water vapor when we breathe.

Now have students complete the Process Tool for energy. Ask students to think about their 5 forms of energy- light, chemical, motion, electrical, and heat. Ask them, “which of these 5 are the energy inputs?” Remind students that food has chemical energy. Then ask students if they observe anything during exercise that shows how the chemical energy changes (it changes to motion, and to heat).

Crickets and Weight Loss							~15 minutes 
During a 24-hour period, the mass of crickets decreases because crickets are giving off more materials than they are taking in—thus, they lose weight. Using the digital balance, record the end mass of the crickets and find out how much mass was lost by crickets in 24 hours.

Using the Process Tool constructed for movement have students consider what is happening during weight loss—the crickets did not have food input, so what was the source of energy-rich matter powering the body processes to keep them alive (stored carbohydrates, lipids, proteins). Point out that the mass has decreased and seems to have disappeared, but instead was given off as gases. Energy starts as chemical energy stored in the cricket bodies and changes to motion energy (to help organs function) and heat.


Example Cricket Data:
Cup: 13.6g (including mass of perforated lid)
Crickets: 3.0g (roughly 15 house crickets)
Total Start Mass: 17.6g

	Time
	Mass

	0hr
	17.6g

	3hr
	17.5g

	6hr
	17.4g

	8hr
	17.4g

	18hr
	17.3g




Air Powers of Ten Chart 								10 minutes
Similar to the digestion slides, use the air Powers of Ten Chart  to trace air to the cell. These  prompt students to think about tracing matter and scale. Pose the following question for a brief discussion: How are eating and breathing related?



HOMEWORK: Pass out Movement and Weight Loss- Homework for students to complete on their own
Name: ____________________________________ Date: _________ Period: ______

Movement and Weight loss- Homework

1. Think about how food and air help you move and exercise. How does matter and energy change in your body when you move and exercise? Use the Process Tool below to show how both change as the girl runs.
[image: GRprocess]


 (
Kinetic/Motion
)
 (
HEAT
) (
Chemical energy
)



 (
Water vapor (gas)
) (
Carbohydrates, Lipids, Proteins (solids, liquids)
)

 (
Carbon Dioxide (gas)
) (
Oxygen (gas)
)




2. Some food and air help animals to grow and some helps them to move.  Trace the two different paths.
 (
Carbohydrates, Lipids, Proteins (solids) in body structure and cells
) (
Chemical Energy
) (
HEAT
) (
Kinetic/Motion
) (
Carbon Dioxide (gas)
) (
Water vapor (gas)
)[image: DblAnimal]
 (
Body Structure (Mostly P, some L and C) (solids)
) (
Water vapor (gas)
) (
Carbon Dioxide (gas)
) (
Oxygen (gas)
) (
Chemical Energy
) (
HEAT
) (
Kinetic/Motion
)[image: CricketProcessTool]3. What do you think happened to the matter and the energy in the crickets?

4. Think about your cricket investigation and what you learned about how animals change matter. When people and other animals lose weight, where does the mass go? What happens to the mass? The mass of the materials in our body, such as proteins, fats, and carbohydrates, are transformed into carbon dioxide and water. The mass goes into the air as gases given off by the body. ___________________________________
____________________________________________________________________________________________________________________________________________

5. What happens to energy when animals lose weight?  What are things that you can see and feel that support your answer? The chemical energy stored in molecules in our bodies is changed into kinetic energy (as animals move) and heat. We can tell that energy changes forms because we can observe kinetic energy in the form of movement and organ functions (like heartbeat) and heat in the form of body temperature. _______
______________________________________________________________________
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General Overview
Review exercise and cricket Process Tools						~ 10 minutes
Modeling Cell Respiration								~ 30 minutes
Revisit Movement/Weight Loss Process Tools					~10 minutes

Total Estimated Time: 50 minutes

Purpose
In this lesson, students model an atomic-molecular account of cell respiration. In the previous lesson, students constructed Process Tools for movement and weight loss, mostly at the macroscopic scale. Today’s activity will provide an atomic-molecular understanding of the matter and energy transformation happening in both macroscopic events.

Students first review both the exercise and cricket demonstrations, considering the question, “Why do the materials change? What is the purpose?” Students are given a definition of cellular respiration and asked if this definition makes sense given their observations of exercise and crickets. Students then complete a modeling activity in which they build glucose and oxygen and model how these materials change during cellular respiration—the atoms are rearranged into waste products of carbon dioxide and water. Students consider the rule of thumb that C-C and C-H bonds are high in chemical energy and use this to help explain why cells chemical change materials (in order to harness usable, kinetic energy and giving off heat).

Students may still struggle with understanding HOW and WHY materials change during cell respiration. They may still believe that matter turns into energy, and may not connect macroscopic experiences to chemical changes happening at the atomic-molecular scale. 

This lesson addresses SCALE, MATTER, and ENERGY. In terms of scale, students revisit their prior macroscopic Process Tools and revise these based on new atomic-molecular understanding. Students learn that changes in MATTER actually occur because of a rearrangement of atoms. They also learn that our need for certain forms of ENERGY ultimately drives cellular respiration. Students use the rule of thumb—C-C and C-H bonds are high in chemical energy—to help them understand energy transformations during cellular respiration.

Materials
Student copies of Modeling Respiration
Molecular model kits
Process Tool- Cell Respiration (and movement, weight loss)

Advance Preparation
Make copies of student worksheets
Prepare molecular model kits for use
Have Process Tool ready for use

Procedures

Review and Preview								~10 minutes
Review what students learned during activity 5 when they constructed the Process Tool for exercising and weight loss and identified important matter and energy changes that happen during these two macroscopic events. Pose the questions, “Why do the matter inputs change into gases? What is the purpose?” 

Remind students about the Factory analogy—proteins are used mostly for structure while carbohydrates and lipids have other uses. Tell students that these materials are used for a process called Cellular Respiration. Define cellular respiration and write the following equations on the board:

Cellular respiration is the process by which cells change chemical energy found in energy-rich substances (carbohydrates, lipids, proteins) into usable, kinetic energy and heat.  

MATTER		Glucose + Oxygen 		 	Carbon dioxide + Water
ENERGY		Chemical Energy			Motion Energy + Heat

Ask students if this definition and equation makes sense given their exercise and cricket demonstrations.
Explain to students that most carbohydrates and lipids are ultimately converted to monomers, such as glucose, in order to undergo cellular respiration. That is why the equation for cellular respiration uses “glucose” as the key matter input.

In addition, remind students what they learned during Systems and Scale—that C-C and C-H bonds are high in chemical energy. They will need this to make decisions about high-energy and low-energy materials.

Modeling Cell Respiration							~30 minutes

In groups, students will build models to demonstrate changes in substances during cellular respiration. Pass out the Modeling Cell Respiration worksheet. Consider walking through their handouts as a whole group before breaking off into groups of 2-3 students. It is also possible to conduct the whole activity as a class, going step by step together. This way, focused discussions could occur during the modeling activity as opposed to after.

Key ideas to remind students of before the modeling activity:

· Scale- remind students of the room model—that the changes they are modeling happen at a scale the size of a paperclip inside cells the size of a room. 

Key ideas to address during and after modeling activity:
· Matter- glucose is a monomer that comes from food we consume (or from stored carbohydrates in our bodies. Oxygen comes from breathing. Glucose is oxidized through the process of cellular respiration. During this chemical change, the atoms that originally made up glucose and oxygen are rearranged in waste products of carbon dioxide and water. The rearrangement of these atoms is important for understanding energy.

· Energy- energy is key. The reason our bodies oxidize glucose is to harness energy from C-C and C-H bonds in glucose to use as kinetic energy and heat. Thus, cells rebuild these atoms into materials with low-energy bonds (carbon dioxide and water).

Discussion and Process Tool							10 minutes

In completing the modeling activity, students have been given a new tool for understanding chemical change—they now can use bond types to help explain energy transformations during chemical changes. The new rule—C-C and C-H bonds are high in chemical energy, while C-O and H-O bonds are not high in chemical energy—is a new rule of thumb that will help students compare different materials and different processes. This is also a rule that allows for students’ explanation of energy transformation to occur at the atomic-molecular level. As students share their results, highlight this new rule of thumb as a very powerful and useful tool for them to keep in mind as they learn about other processes. 

Revisit the movement and weight loss Process Tools from the previous lesson. Help students construct an atomic-molecular version of this tool using chemical formulas and C-C and C-H bonds.

Pose these questions:

How does cellular respiration explain what we experience when we run? (Getting hot, sweating, breathing hard, etc)

How does cellular respiration explain where mass goes when people lose weight?

If time, construct the following summary diagram to trace the path of food in the body.

 (
Growth (biosynthesis) Polymers become structure or stored
 
materials
)

 (
Digestion: Breaks down polymers into monomers to get to cells
)
 (
Cell Respiration (movement, weight loss)- substances  are oxidized to power cell functions
) (
Ingested Food
)
Name: __________________________________ Date: _____________ Period: _____


Modeling Cell Respiration

In your groups, you will use molecular model kits to model the process of cellular respiration. You will build the substances that go into cells, and then use the models to show how those substances change inside cells. Follow the directions below to build your models:

Look at the equation for cell respiration:

MATTER		Glucose + Oxygen 		 	Carbon dioxide + Water
ENERGY		Chemical Energy			Motion Energy + Heat

Glucose is a sugar that comes from food, and oxygen comes from the air that you breathe. In order to model cell respiration, you will first need to build both your glucose and oxygen molecules.

[image: glucose ring]Build Glucose Molecule
Step 1: Build the Glucose Ring. Look at the diagram to the right. This shows the first part of the glucose molecule. It shows 5 carbon atoms (black) and 1 oxygen atom (grey). This ring will start your glucose molecule.

Step 2: Look at the diagram and circle on the right. You will work first with the carbon that is to the left of the oxygen in your ring. On this carbon, first connect a second carbon. On this second carbon, attach 2 hydrogen atoms and 1 oxygen. Attach another hydrogen to the oxygen. Then attach 1 hydrogen to the carbon that is on the ring. There should be no empty holes.
Step 3: Move to the next two carbons on the ring. Attach 1 oxygen and 1 hydrogen to these carbons. Then attach another hydrogen to each oxygen. Make sure it looks similar to the diagram to the right. There should be no empty holes on these atoms.




Step 4: Move to the last two carbons on the ring. Attach 1 oxygen and 1 hydrogen to these carbons. Then attach another hydrogen to each oxygen. Make sure it looks similar to the diagram to the right. There should be no empty holes on these atoms.





Check that there are no empty holes on your glucose molecules and that it looks like the diagram. Now you’re ready to build your oxygen molecules!


Build Oxygen Molecules.

Step 5: You will need 12 oxygen atoms to build 6 oxygen molecules. Each molecule contains 2 oxygen atoms. These are bonded together twice (a double-bond). Build 6 oxygen molecules that look like the molecule on the right,
Look at your glucose and oxygen molecules. Glucose is a sugar that our bodies get directly from food or from breaking down more complex substances. Oxygen comes from the air that we breathe. Count the number of atoms that you have total.

How many carbon atoms are in your molecules?	_____6_______
How many oxygen atoms are in your molecules?	_____18_______
How many hydrogen atoms are in your molecules?	_____12_______

Look at the glucose molecule. Does glucose have chemical energy? Why or why not? Yes, it has chemical energy because it contains C-C and C-H bonds______________
_____________________________________________________________________

Look at the oxygen molecules. Does oxygen have chemical energy? Why or why not? No because oxygen only has O-O bonds which are not high in energy_____________
_____________________________________________________________________

Record this information in the table below:
	
	Matter
	Energy

	
	Carbon atoms
	Oxygen atoms
	Hydrogen atoms
	Chemical Energy
Yes or No?

	Glucose
	6

	6
	12
	YES

	Oxygen
	0

	12
	0
	NO

	Total Atoms
	6

	18
	12
	
LEAVE BLANK



Think about this question: Using the information above, do you think oxygen supplies chemical energy for the cell to work? No, because oxygen doesn’t contain C-C and C-H bonds which are high-energy bonds.

The glucose and oxygen make it to a cell in your brain. In order for that cell to have usable energy, it must break down the glucose molecule. Use what you know about cell respiration to break down the glucose and oxygen molecules to make the waste products of cell respiration: carbon dioxide and water.

Glucose + oxygen 				carbon dioxide + water 


Below are diagrams of carbon dioxide and water to help you reassemble your molecules. Make as many carbon dioxide and water molecules as you can with the atoms that were originally in the glucose and oxygen. 

 (
CARBON DIOXIDE MOLECULE
) (
WATER MOLECULE
)







Once you have made your carbon dioxide and water molecules, count the number of atoms in those molecules.

How many carbon atoms are in your molecules?	___6_________
How many oxygen atoms are in your molecules?	___18_________
How many hydrogen atoms are in your molecules?	___12_________

Check to see that you have the same number of atoms that you started with. There should be no extra atoms either. All of the atoms you began with should be part of either a carbon dioxide or water molecule. Remember atoms cannot be created or destroyed!

Look at the bonds in the carbon dioxide and water molecule. What type of bonds are they? Do you think these molecules have chemical energy?  Complete the table below.
	
	Matter
	Energy

	
	Carbon atoms
	Oxygen atoms
	Hydrogen atoms
	Chemical Energy
Yes or No?

	Began with…
	
	
	
	

	Glucose

	6
	6
	12
	YES

	Oxygen

	0
	12
	0
	NO

	End with…
	
	
	
	

	Carbon Dioxide
	6

	12
	0
	NO

	Water
	0

	6
	12
	NO



Answer the following questions:

1.  The carbon dioxide we breathe out contains carbon. Using what you learned about cell respiration, where was this carbon atom before it was in carbon dioxide? This carbon atom was found in glucose (and other molecules such as starch, fats, and proteins that are found in the body). When the atoms rearrange in respiration, the carbon atom is used to make carbon dioxide that we breathe out. _________________

2. You modeled that cell respiration is a process where cells take substances with chemical energy and rearrange the atoms into substances that do not have chemical energy. What happens to the energy during this process? The energy starts out as chemical energy in glucose, but is transformed into other forms, such as kinetic/motion and heat and the matter products given off are no longer forms of chemical energy. 
______________________________________________________________________
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Activity: Food Indicator Lab[footnoteRef:5]* [5: * adapted from NCOSP (2007) Matter and Energy in Living Systems, Cycle 2, Activity 2] 


General Overview
Introduction									5 minutes
Experiment #1 Fats/Oils							15 minutes
Experiment #2 Sugar								20 minutes
Experiment #3 Starch								10 minutes
Experiment #4 Protein							10 minutes
Experiment #5 Common Foods						20 minutes
Conclusions									10 minutes						
Total Estimated Time: 90+ minutes

Purpose & Tools
The indicator lab allows students to interact with the material world by testing various solutions and common foods for the key chemical groups they are learning about during the metabolism unit. Not only does this lab provide first-hand experience that these substances are actually found in foods, but it helps to build students understanding of important matter inputs during metabolic processes. For this reason, the lesson primarily focuses on establishing MATTER inputs taken in by animals.

The lab activity would make a nice addition to Core activity #1 in which students read about the key components that make up our foods.

NOTE: consider doing experiments 1-4 as a demonstration for the class, and then having students complete Experiment 5 on their own.

Materials
Student copies of What Makes Up the Foods We Eat?
See individual experiments for a list of necessary materials

Advance Preparation
Make copies of student handout
Assembled required materials
IMPORTANT: Prepare solutions for Experiments 1-5: Solution #1 is vegetable oil; Solution #2 is sugar water; Solution #3 is starch dissolved in water; Solution # 4 is egg white. For Experiment #5 consider mixing common food with water to create solutions to test, such as soaking potatoes and vitamins in water. Other recommended foods may include bread, white frosting, milk, and tofu. 


Procedures

Introduction										5 minutes

Pass out What Makes Up the Foods We Eat? worksheet. Read the first few paragraphs with students and demonstrate materials to students, so that they are aware of what materials they will need to complete the investigation, where to find these materials, and where to place used materials.

Experiment #1-4									55 minutes

Students work in small groups to test solutions for important chemical substances. Students are only given numbered solutions. Have students proceed through the lab investigation as directed in their worksheet. Consider stopping the groups between each experiment to pool their observations and discuss any disagreements between groups.

At the end of experiments 1-4, share the solutions with students, and ask them if their observations make sense given the actual solution content.

Note that this section could be completed as a whole group demonstration as opposed to small group investigations.

Experiment #5 Common Foods							20 minutes

Students will test 3 common foods and 1 vitamin for ONE of the chemical substances, and then pull their data as a class to determine what substances are found in each of the samples. Follow the procedures laid out in Experiment #5.

Conclusions										10 minutes

If not completed previously, have students share the results of their experiments. Be particularly attentive to any disagreements between groups, asking them to use their observations to support the conclusions they draw. Also, probe to see whether their findings resonate with what they already believed to be true, or if they learned something unexpected during the lab.
Name: ____________________________________ Date: ___________ Period: ________


What Makes Up the Foods We Eat?

How can we determine the composition of our foods?
All food is primarily composed of carbohydrates, proteins and fats. However, do foods always contain all three types of food molecules, or do some foods contain just protein and others just carbohydrates, and still others just fats and carbohydrates? In this activity, you will learn how scientists determine which components (carbohydrates, proteins, and fats) are found in which types of food.

Learning to use chemical indicators
Scientists recognize that specific groups of molecules (like carbohydrates, proteins, and fats) can react with other chemicals in consistently predictable ways. Scientists have even found that certain chemicals, when reacting with specific other chemicals, will actually change color. These chemicals that change color in this way are called indicator chemicals or just indicators.

In this activity, you will learn the appropriate procedures for determining if a particular food contains carbohydrates, proteins, and/or fats. In the case of carbohydrates, you will use one procedure to determine if the food contains the complex carbohydrate starch, and a different procedure to determine if the food contains simple carbohydrates, or sugars. 


Experiment #1: Testing for Fats and Oils

Materials: You will need the following for your group:
one piece of filter paper, 90 mm diameter
clean piece of paper
forceps
one Petri dish half, larger than 90 mm diameter
five droppers
indicator solution #1
glass bowl or large Petri dish
timers
gloves
pencil
Four solutions and 1 sample of water (5 samples total)


[image: ]Procedure: Testing for Fats/Oils

Indicator #1 (Sudan IV) for testing fats/ oils


With your group: Place the filter paper on a clean piece of paper (not on the laboratory counter which may be dirty). Using a pencil, draw four circles approximately 1 cm in diameter on each piece and label the circles with the numbers corresponding to each solution. Draw the circles so that they are away from the edge and as far away from each other as possible. Place a circle in the center for your water sample (label with a “W”). See Figure 2-2.

Place one drop of each of the four different test solutions into the labeled circles (solutions #1-4). Make sure to use a different dropper for each solution.

Place the filter paper in a Petri dish half. Indicator #1 can stain your hands and clothing, so put on gloves and protect porous surfaces. Cover the paper with Indicator #1 (approximately 10 ml) and let the paper soak in the Indicator for three minutes.

While the paper is soaking, fill the glass bowl or large Petri dish half with water.  

After three minutes, place the filter paper into the bowl or Petri dish that is half full of water. Rinse gently for one minute. Remove the filter paper from the water with the forceps, place in an empty Petri dish half, and observe the color of the circles.

Record your observations in the table below. 

The filter paper can be disposed of in a designated solid waste container. The Indicator solution in the Petri dish should be rinsed with alcohol and can be disposed of in a designated liquid waste container.

Observations of Indicator #1 (Test for Fats/Oils)

	
	#1
	#2
	#3
	#4
	W

	Color of reaction


	
	
	
	
	




Keep track of which solutions likely have fats/oils in them.





Experiment #2: Testing for Simple Carbohydrates (Sugar)

Materials: You will need the following for your group:
goggles
ruler
permanent pen (Sharpie)
five test tubes
test rack
test tube holder
250 ml beaker
hot plate
indicator solution #2 (Benedict’s solution)
4 solutions plus water sample (5 samples total)
timer
disposable pipettes

Procedure: Testing for Simple Carbohydrates (Sugars)- Benedict’s Solution

1. Label the test tubes with the numbers corresponding to each of the solutions. Use “W” for water sample.
2. Using a ruler, draw a line on each test tube 1 cm from the bottom of the tube.  Place the marked test tubes in the test tube rack.
3. Place 100 ml of water in a 250 ml beaker and place it on a hot plate. Set the temperature control to high until the water boils.
4. Fill test tubes to the line with the test solutions so that there is one test solution in each of the tubes. Fill the 5th test tube to the line with your water sample.
5. Fill a dropper with indicator solution #2. What color is the indicator solution? ____________
6. Add 10 drops of indicator solution #2 to each test tube. Gently shake the test tubes to mix.
7. Using a test tube holder/tongs, carefully place the tubes into the boiling water for 2 minutes.
8. Using the test tube holder remove the tubes and observe the color in each test tube. 
9. Turn off the hot plate.
10. Record your observations in the table below.
11. The solutions with the indicator can be disposed of in a designated waste container.
12. Wash the test tubes with soapy water and rinse.


Observations of Indicator #2 (Test for Simple Carbohydrates (sugar))

	
	#1
	#2
	#3
	#4
	W

	Color of reaction


	
	
	
	
	




Keep track of which solutions have sugars in them.




Experiment #3: Testing for Complex Carbohydrates (Starch)

Materials: You will need the following for your group:
goggles
ruler
permanent pen (Sharpie)
five test tubes
test rack
test tube holder
indicator solution #3 (Potassium Iodide)
4 solutions plus water sample (5 samples total)
disposable pipettes

Procedure: Testing for Complex Carbohydrates (Starch)- Potassium Iodide

1. Used the clean test tubes from previous experiment. These tubes are already labeled with #1-4 and a “W”.
2. Fill test tubes to the line (don’t go over the line!) with the test solutions so that there is one test solution in each of the tubes. Fill the 5th test tube to the line with your water sample.
3. Fill a dropper with indicator solution #3. What color is the indicator solution? ____________
4. Add 1 drop of indicator solution #3 to each test tube. Gently shake the test tubes to mix.
5. Record your observations in the table below.
6. The solutions with the indicator can be disposed of in a designated waste container.
7. Wash the test tubes with soapy water and rinse.


Observations of Indicator #3 (Test for Complex Carbohydrates (starch))

	
	#1
	#2
	#3
	#4
	W

	Color of reaction


	
	
	
	
	




Keep track of which solutions have starch in them.

Experiment #4: Testing for Proteins

Materials: You will need the following for your group:
goggles
ruler
permanent pen (Sharpie)
five test tubes
test rack
test tube holder
indicator solution #4 (Biuret solution)
4 solutions plus water sample (5 samples total)
disposable pipettes

Procedure: Testing for Proteins- Biuret Solution

1. Used the clean test tubes from previous experiment. These tubes are already labeled with #1-4 and a “W”.
1. Fill test tubes to the line (don’t go over the line!) with the test solutions so that there is one test solution in each of the tubes. Fill the 5th test tube to the line with your water sample.
1. Fill a dropper with indicator solution #4. What color is the indicator solution? ____________
1. Add 10 drops of indicator solution #4 to each test tube. Gently shake the test tubes to mix.
1. Record your observations in the table below.
1. The solutions with the indicator can be disposed of in a designated waste container.
1. Wash the test tubes with soapy water and rinse.


Observations of Indicator #4 (Test for Proteins)

	
	#1
	#2
	#3
	#4
	W

	Color of reaction


	
	
	
	
	




Keep track of which solutions have proteins in them.



Summary Table:

Combine your observations tables from each experiment. Include a “Y” if there was a presence of the substance in the solution and an “N” if there was not a presence.

	
	#1
	#2
	#3
	#4
	W

	Color of reaction to indicator 1 Fat/Oils

	
	
	
	
	

	Color of reaction to indicator 2 
Sugar

	
	
	
	
	

	Color of reaction to indicator 3 
Starch

	
	
	
	
	

	Color of reaction to indicator 4 Protein

	
	
	
	
	

	

CONCLUSIONS
What substances are found in each solution?




	
	
	
	
	





Experiment #5: Testing Common Foods

As a class, you will determine the chemical composition of several foods plus vitamins: 
1. milk
1. potatoes
1. soda pop
1. vitamins

Each group will test each of the four foods listed above for ONE particular chemical group (fat, sugar, starch, or protein).

Your instructor will tell you which of the food molecules (starch, sugar, fat, protein) you should test for in the three foods and vitamins.

You will use the same materials as in Experiments 1-4 depending on which chemical group you are testing. In addition, you will need a sample of each of the 3 foods & vitamins listed above.

OBSERVATION FOR YOUR CHEMICAL GROUP

Chemical Group: _______________________________(Fats, Proteins, Starch, Sugar)

	FOOD
	YES/NO
	How do you know?

	Milk


	
	

	Potatoes


	
	

	Soda Pop


	
	

	Vitamins


	
	




OBSERVATIONS FROM YOUR CLASS

	Food
	Fats/Oils
	Sugar
	Starch
	Proteins

	Milk

	
	
	
	

	Potatoes

	
	
	
	

	Soda Pop

	
	
	
	

	Vitamins
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Activity: Energy Content in Food[footnoteRef:6]* [6: * Adapted from: Redding, K., & Masterman, D. (2007) Biology with Vernier. Beaverton, OR: Vernier.] 


General Overview
Explaining Equipment and Lab						~ 5 minutes
Testing Food Sample Demonstration							~ 20 minutes
Calculations									~ 10 minutes	
Questions/Discussion								~ 15 minutes					
Total Estimated Time: 50 minutes 

Purpose & Tools
This activity provides students with a macroscopic experience of energy content in food and energy transformations that occur when food is burned. As the teacher demonstrates testing food for energy content, students observe macroscopic indicators (temperature change in water; mass change in water; mass change in food sample). In addition to providing a starting point for talking about chemical energy in food, this lab also allows for a Process Tool to be constructed for combustion of food.

The class conducts a demonstration lab in which 2-3 food samples are burned (nut, marshmallow, and popcorn). The burning of the food sample is used to heat water, while a temperature probe monitors the change in temperature in the water. The class collects mass changes in water and the food source, as well. The student calculate the energy content of food using these measurements, and then discuss what this means in terms of the chemical energy found in various food sources. The class constructs a Process Tool to trace the matter and energy transformations that occurred when the food sample was burned.

Students may have little understanding of how the energy content of food is determined. They may have everyday narratives about foods that are good or bad sources of energy based on their own or other’s experiences (athletes eat certain foods before an event; kids get hyper after having a high sugar meal or snack and then tire quickly, etc). While this activity focuses on macroscopic indicators of chemical energy in foods, it allows for students to make connections between their everyday experiences and scientific explanations about energy and matter.

This lab focuses primarily on ENERGY, and to a lesser extent MATTER. Students learn about energy transformations when food burns, and discuss amounts of chemical energy found in certain foods. They use their macroscopic observations and measurements of mass change to construct a Process Tool for burning food.

This additional inquiry activity would be an excellent addition to the metabolism unit, and would fit nicely either before or after Activity 6 (modeling cell respiration).


Materials
Student copies of Energy Content in Food
Process Tool for combustion
See additional materials required for lab on lab instruction sheet.
Calculators

Advance Preparation
WARNING: Nuts should not be used in schools with precautions for nut allergies. Choose popcorn and marshmallows as safe alternatives.
Make copies of student worksheets
Prepare Process Tool for use
Assemble laboratory materials 

Procedures

Explaining Lab Investigation							5 minutes

For the sake of expedience and for logistical purpose, it is probably best to conduct this lab as a whole class demonstration. However, it can be conducted in small groups depending on time and materials available.

Prior to the start of class, have the apparatus assembled and materials ready to go.

Pass out student worksheet Energy Content in Food. Explain that today they will observe and collect data that will help them understand the chemical energy content found in a few types of food.

Explain the apparatus to students and the purpose of the lab (read paragraph 1 on lab instruction sheet). The class will burn different food samples and watch the temperature of water changes as the food burns. The class will use measurements of temperature and mass change in water, and measurements of mass change in food to determine the amount of chemical energy found in the food.

Conducting the Investigation							20 minutes

Have a few student volunteers to assist in the investigation, such as measure mass change in water and food samples.

Using the lab instruction, conduct a demonstration lab for the class. Prompt students to record key measurements on the lab worksheet.

Calculations										10 minutes

When the demonstration is complete, have students “process the data” in partners. This is where they use their measurements to ultimately calculate the chemical energy found in food. Give students approximately 10 minutes to complete these calculations and formulate answers for the summary questions. While students are working, prepare the lab investigation for the next group of students

Process Tool and Discussion							15 minutes

First, have students share their calculations. Since the whole class is working with similar data, these calculations should match. Review any differences between groups to determine errors in calculations.

Review the three summary questions with students.

For the first summary questions, use the Process Tool to record students’ ideas about how energy changed during the investigation. Students should find that chemical energy in food turned to heat and light energy during burning. In addition, have students brainstorm what happened to the matter in the change in mass of the food sample. What were the matter inputs for the reaction of the food sample (carbohydrates, lipids, proteins) plus oxygen)? Where do they think the matter went?

The second 2 questions pertain to chemical energy content in foods. The different energy content can be used to discuss why foods high in certain types of substances (fats, proteins, lipids) have different energy content, and what this means in terms of how our bodies use these materials.

Helpful Resources:

	Food Component
	kcal/g
	kJ/g

	Lipids
	9
	37

	Proteins
	4
	17

	Carbohydrates
	4
	17



	1 gram marshmallow


	Energy 
	3.2 kcal

	Energy 
	13.3 kj

	Protein, total
	0.02 g

	Lipid, total 
	0.00 g

	Carbohydrate, by difference 
	0.81 g

	Sugars, total 
	0.58 g

	Water
	0.16 g



	1 gram popcorn


	Energy 
	3.8 kcal

	Energy 
	16.0 kj

	Protein, total
	0.12 g

	Lipid, total 
	0.04 g

	Carbohydrate, by difference 
	0.78 g

	Fiber, total 
	0.15 g



	1 gram peanut


	Energy 
	5.7 kcal

	Energy 
	23.9 kj

	Protein, total
	0.25 g

	Lipid, total 
	0.48 g

	Carbohydrate, by difference 
	0.21 g

	Fiber, total 
	0.09 g




ENERGY IN FOOD[footnoteRef:7]* Lab Instructions [7: * Vernier Software & Technology  13979 S.W. Millikan Way • Beaverton, OR 97005-2886 Toll Free (888) 837-6437 • (503) 277-2299 • FAX (503) 277-2440   info@vernier.com • www.vernier.com 
] 

 
Food supplies energy for all animals—without it we could not live. The quantity of energy stored in food is of great interest to humans. The energy your body needs for running, talking, and thinking comes from the foods you eat. Not all foods contain the same amount of energy, nor are all foods equally nutritious for you. An average person should consume a minimum of 2,000 kilocalories per day. That is equivalent to 8,360 kilojoules. Calories and joules are both units of energy. We will use joules in this lab since it is the accepted SI metric standard. 

You can determine energy content of food by burning a portion of it and capturing the heat released to a known amount of water. This technique is called calorimetry. The energy content of the food is the amount of heat produced by the combustion of 1 gram of a substance. It is measured in kilojoules per gram (kJ/g). 

[image: ]MATERIALS
1 Computer
1 Vernier computer interface/software
1 Logger Pro
1 Temperature probe
1 100ml graduated cylinder
1 Digital balance
1 Food holder
2 Food samples (nut, popcorn, marshmallow)
1 Ring stand and 10cm ring
1 Small can
1 Spilt 1-hole stopper
2 One-hole rubber stoppers
2 Stirring rods
1 Utility clamp
1 Wood splint
Warm and cool water
Matches

SAFETY
· Obtain and wear goggles during entire investigation
· Do not eat food being tested during the investigation
· Keep hair and clothing away from open flame

PROCEDURES
1. Obtain a sample of food and a food holder similar to the one shown in Figure 1. Mount the food onto the food holder so that it can burn without damaging the holder. Find and record the initial mass of the food sample and food holder. 
2. Connect the Temperature Probe to the computer interface. Prepare the computer for data collection.

3. Set up the apparatus shown in Figure 1. 
a. Determine the mass of an empty can. Record the value in Table 1. 
b. Place about 50 ml of cold water into the can. 
c. Determine and record the mass of the can plus the water. 
d. Insert a stirring rod through the holes in the top of the can and hold it in place with two one-hole stoppers. Position the can 2.5 cm (~1 inch) above the food sample. 
e. Use a utility clamp and split stopper to suspend the temperature probe in the water. The probe should not touch the bottom or side of the can. 

4. Click [image: ] to begin data collection. Record the initial (minimum) temperature of the water in Table 1. 

5. Remove the food sample from under the can and use a wooden splint to light it. Quickly place the burning food sample directly under the center of the can. Stir the water constantly. 

6. If the temperature of the water exceeds 60°C, blow the flame out. Do not stop the computer yet. 
7. After 4 minutes, if the food is still burning, blow the flame out. Record the maximum temperature of the water in Table 1. 
8. Once the water temperature begins to decrease, end data collection by clicking [image: ]
9. Determine the final mass of the food sample and food holder. 
10. Place burned food, matches, and wooden splints in the container supplied by your instructor. 12. You can confirm your data by clicking the Statistics button [image: ] The minimum temperature (t2) and maximum temperature (t1) are listed in the floating box.
11. Repeat Steps 4–12 for a second food sample. Be sure to use a new 50 ml portion of cold water.
[image: ]
Alternative set-up

Name: _________________________________ Date: __________ Period: ________

ENERGY CONTENT IN FOOD

DATA 
	TABLE 1

	
	Sample 1
	Sample 2

	Food Used 

	
	

	Mass of empty can (g)

	g
	g

	Mass of can plus water (g)

	g
	g

	Mass of water heated (g)

	g
	g

	Initial temperature of water (°C)

	°C
	°C

	Final temperature of water (°C)

	°C
	°C

	Initial mass of food (g)

	g
	g

	Final mass of food (g)

	g
	g

	
	
	

	∆mass of food (g)

	g
	g

	∆t of water (°C)

	°C
	°C



1. Calculate the energy gained by the heated water. To do this, use the following equation: 
Energy gained by water (heat)(J) = (mass of water) X (∆t of water) X (4.18 J/g°C)

2. Convert the energy you calculated in Step 3 to kilojoules (1 kJ = 1000 J). 
3. Use your answer to calculate the energy content of each food sample (in kJ/g):  
Energy content of food (kJ/g) = Energy gained by water (kJ) / ∆mass of food (g)


	Table 2

	
	Sample 1
	Sample 2

	Energy gained by water (J)

	J
	J

	Energy content of food (kJ/g)

	kJ/g
	kJ/g




QUESTIONS 

1. How did energy change during this investigation? What form(s) of energy did you start with? What form(s) of energy were products? _________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Which of the tested foods is the best energy source? Why? _________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. Why might some foods with lower energy content be better energy sources than other foods with higher energy content? ____________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________




[bookmark: _Toc107387778][bookmark: _Toc107392715][bookmark: _Toc107408424][bookmark: _Toc109198052][bookmark: _Toc109198226]
Activity: Rate of respiration in crickets[footnoteRef:8]* [8: * Adapted from: Redding, K., & Masterman, D. (2007) Biology with Vernier. Beaverton, OR: Vernier.] 


General Overview:
Introduction/Set-up								~ 5 minutes
Predictions									~ 10 minutes
Data Collection								~ 10-15 minutes
Results & Discussion								~ 20 minutes

Estimated Time: 50 minutes

Purpose:
This activity records the CO2 and O2 levels of crickets using probeware. The activity will be completed as a demonstration to the whole class, since it requires a computer, software, and careful set-up and calibration of the sensors. The sensors will measure the CO2 and O2 levels in parts per million (ppm) and demonstrate that animals do cellular respiration as indicated by the increasing CO2 and decreasing O2 levels. Students will respond and discuss questions that require them to explain respiration in terms of matter and energy transformations. The teacher may choose to set-up alternative demonstrations, such as placing a lamp on the crickets, in order to discuss variables that influence the rate of respiration.

Students are aware that people and animals breathe in O2 and exhale CO2 (and that the opposite is true for plants). But when asked where the change in gases occurs, many students believe the exchange only occurs in the lungs and cannot trace gases beyond the respiratory system to cells and to a metabolic process. This activity provides an opportunity to discuss where the “C” in CO2 comes from, and how matter and energy are changing in what we observe as macroscopic breathing.

The activity focuses particularly on MATTER, and to a lesser extent ENERGY. Students use the data from probes to think about matter transformations during cellular respiration. They must account for the matter inputs and outputs as the crickets respire. In addition, students consider the purpose of cellular respiration, and at this point, are asked to think about energy as a way to explain why matter changes during this process.

Note: The teacher can do the set-up and predictions at the start of class and then have students work on another activity while the sensors monitor the crickets. Then 20 minutes before the conclusion on class, the teacher and students can discuss the results. 

Consider using in combination with Core Activity # 5.

Materials:
Copies of data sheet for students
Overheads of data tables, if needed
1 computer
LoggerPro3 software
1 Labpro interface (with 4 channels)
1 CO2 sensors
1 O2 sensors
1 CO2-O2 tees
Parafilm/ tape (to seal the probes to the tee)
Crickets (6-10)
Desklamp (optional)

Advance Preparation/ Safety Considerations:
Make copies of student handouts
Make overheads if needed
Load the LoggerPro3 software on computer and play around with the sensors
Calibrate sensors if needed, see directions below
Buy/find crickets; Accumulate other supplies

Useful info for sensors

1. Be aware that the O2 sensor must be upright at all times

2. Use parafilm around the connection of the tee and respiration chamber to make a seal

3. ‘Change units’ to ppm
a. Click ‘Experiments’
b. Select ‘Change units’
c. Change units to be consistent in ppm (part per million)

4. Calibrate sensors
a. The CO2 sensor should read between 350-450 ppm.
b. If the sensor is not reading consistently in this range it will need to be calibrated. Take a paper clip/pin and press the CAL. Button on the sensor until the red light flashes 3 times, then release.
c. Repeat until the sensor consistently reads within the 350-450 range
d. The O2 sensor should read close to 209,000.00 ppm. To calibrate press the ‘zero’ located on top of the probe.
e. The CO2 sensor is the most important sensor to be calibrated, so if the O2 sensor does not cooperate, then just have students track the CO2 levels

5. If you want to talk about ‘rate of respiration’ use the regression line button and the value for the slope of the line is the rate of respiration


Detailed Procedures:
1. The teacher should have the computer and probes set-up before the start of the activity. 
SET-UP

1. On the LabPro interface, connect the cricket CO2 Gas Sensor to Channel 1 and the cricket O2 Gas to Channel 2.

2. Prepare computer for data collection by opening the LoggerPro3 software. Make sure to select the appropriate units (ppm) and ‘autoscale’ if needed.

3. Place crickets in the respiration chamber. The teacher can choose whether to do a ‘cold condition’, ‘dark condition’, or ‘illuminated condition’. The teacher will need to do an illuminated condition at some point, so it may be best to start with this first. 

4. Insert the CO2–O2 Tee into the neck of the respiration chamber. Place the O2 Gas Sensor into the CO2–O2 Tee. Gently push the sensor down into the Tee until it fits snugly. The sensor is designed to seal the Tee without the need for unnecessary force. The O2 Gas Sensor should remain vertical throughout the experiment. Place the CO2 Gas Sensor into the Tee directly across from the respiration chamber. Gently twist the stopper on the shaft of the CO2 Gas Sensor into the chamber opening. Do not twist the shaft of the CO2 Gas Sensor or you may damage it. Wait a few minutes before collecting data.

5. Do not seal the respiration chambers with parafilm yet. This needs to be done immediately before data collection. Make sure that Channel 1 and 2 are measuring the crickets.

2. Pass out the student handouts. Explain the demonstration to students and show them how the equipment is set-up.

3. Have students make predictions about what they would expect to happen to CO2 and O2 in both situations. Have them record their predictions on their handouts and explain as much as they can about why they made their predictions.

4. Seal tees with parafilm and begin data collection. Click [image: ] to begin data collection. Collect data for 10-20 minutes and then click[image: ].

Questions, Discussion, and Process Tool				~20 minutes

5. After data collection stops, have students come back and examine the graphs. Again, make sure students know which channels (sensors) are O2 or CO2. 

6. Have the students respond to the questions on their handouts. Use the questions as a guide for discussion and completion of a Process Tool for cellular respiration. The point of this activity is to show students that animals respire and to have them explain as much as possible about the matter and energy transformations that happen during this process. The teacher should guide students into thinking about where the CO2 is coming from.


OPTIONAL: Consider using a light to illuminate the crickets as a way of showing how respiration rates can vary based on conditions around the crickets.

Changes to carbon dioxide (CO2) and oxygen (O2) concentrations inside a closed container after adding crickets- Sample Data from Bellevue School District, WA

 (
Crickets added at this time (176 s)
) (
Empty container
)

 (
Crickets added at this time (176 s)
) (
Empty container
)


Changes to carbon dioxide (CO2) and oxygen (O2) concentrations inside a closed container after adding crickets- Sample Data provided by Bellevue School District, WA.
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	0
	0.11
	21.09
	
	304
	0.14
	21.00

	8
	0.11
	21.09
	
	312
	0.15
	20.99

	16
	0.11
	21.09
	
	320
	0.15
	20.98

	24
	0.11
	21.09
	
	328
	0.15
	20.98

	32
	0.11
	21.09
	
	336
	0.16
	20.98

	40
	0.11
	21.09
	
	344
	0.16
	20.98

	48
	0.11
	21.08
	
	352
	0.16
	20.97

	56
	0.11
	21.09
	
	360
	0.17
	20.97

	64
	0.11
	21.09
	
	368
	0.17
	20.96

	72
	0.11
	21.09
	
	376
	0.17
	20.96

	80
	0.11
	21.09
	
	384
	0.17
	20.96

	88
	0.11
	21.09
	
	392
	0.17
	20.96

	96
	0.11
	21.08
	
	400
	0.18
	20.95

	104
	0.11
	21.09
	
	408
	0.18
	20.94

	112
	0.11
	21.09
	
	416
	0.18
	20.94

	120
	0.11
	21.09
	
	424
	0.18
	20.94

	128
	0.11
	21.09
	
	432
	0.19
	20.93

	136
	0.11
	21.09
	
	440
	0.19
	20.93

	144
	0.12
	21.09
	
	448
	0.19
	20.93

	152
	0.12
	21.08
	
	456
	0.20
	20.93

	160
	0.12
	21.08
	
	464
	0.20
	20.93

	168
	0.12
	21.08
	
	472
	0.20
	20.92

	176
	0.11
	21.04
	
	480
	0.20
	20.91

	184
	0.12
	21.07
	
	488
	0.21
	20.91

	192
	0.12
	21.08
	
	496
	0.21
	20.91

	200
	0.12
	21.07
	
	504
	0.21
	20.91

	208
	0.12
	21.06
	
	512
	0.21
	20.90

	216
	0.12
	21.05
	
	520
	0.21
	20.90

	224
	0.12
	21.04
	
	528
	0.22
	20.90

	232
	0.12
	21.03
	
	536
	0.22
	20.89

	240
	0.12
	21.03
	
	544
	0.22
	20.89

	248
	0.13
	21.02
	
	552
	0.22
	20.88

	256
	0.13
	21.02
	
	560
	0.23
	20.88

	264
	0.13
	21.01
	
	568
	0.23
	20.88

	272
	0.13
	21.00
	
	576
	0.23
	20.88

	280
	0.13
	21.00
	
	584
	0.23
	20.88

	288
	0.14
	21.00
	
	592
	0.23
	20.87

	296
	0.14
	21.00
	
	600
	0.24
	20.87




Name: ________________________________________Date: ____________ Period: ______
 
Cricket Laboratory Investigation

Make Predictions:

1. What do you think will happen to the CO2 level over time? ____________________

2. What do you think will happen to the O2 level over time?______________________

3. Explain your predictions:
	










Results and Conclusions:
Make a line graph from your teachers’ computer:

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	





Key: 	CO2 of crickets	----------
	O2 of crickets		----------
	

Summary Questions

1. Explain why the carbon dioxide and oxygen levels changed? In your explanation, include the matter inputs and matter outputs during this process.
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


2. The data show that crickets were doing cellular respiration. Why do crickets and other living organisms do cellular respiration? In your explanation, think about the role that energy plays in this process.
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________







[bookmark: _Toc107387785][bookmark: _Toc107392722][bookmark: _Toc107408431][bookmark: _Toc109198059][bookmark: _Toc109198227]
Activity: Burning Marshmallows[footnoteRef:9]* [9: * adapted from NCOSP (2007) Matter and Energy in Living Systems, Cycle 2, Activity 5] 


General Overview
Introduction									5 minutes
Small group Marshmallow investigations					20 minutes
Whole group demonstration							20 minutes	
Process Tool									5 minutes					
Total Estimated Time: 50 minutes

Purpose & Tools
In this activity, students take measurements of gas around a burning marshmallow and the mass change that occurs as it burns. Students use this information to construct a Process Tool for combustion of food, and to help inform their understanding of how cells might use food and oxygen.

Students may believe that matter disappears or becomes energy when an object burns. They may also identify macroscopic outputs, such as ash, and smoke. But they are likely to recognize that gases are products of burning. This lab helps students to identify gas products of combustion, in addition to setting the stage for students to compare cellular respiration to combustion in terms of matter and energy.

MATTER and ENERGY are key principles in this laboratory investigation. Students use macroscopic indicators and measurement of mass and gas concentration to help them build a Process Tool that traces the matter and energy transformations as marshmallow burns.


Materials
Mass investigations: Small groups (per group)
· two large marshmallows 
· quart jar with an opening large enough to comfortably light a marshmallow 
· 30 cm long wire made into a stand with one of the ends of the wire pointing up 
· open balance 
· wire shaped as a stand to hold a marshmallow 
· gas igniter 
Whole group gas investigations
· Small marshmallow 
· Vernier probes (CO2 and O2 probes)
· Glass/plastic bottle or container with an opening similar in diameter to probes and large enough to fit marshmallows
· Long Wire
· Aluminum foil or burn-resistant material in which to place burned materials 
· Matches or lighter
Student Copies of What Happens When Sugar Burns
Process Tool for Combustion

Advance Preparation
Assembled lab materials; practice Vernier marshmallow demonstration
Make copies of student worksheet
Prepare Process Tool for use

Procedures

Introduction										5 minutes

Pass out student worksheets What Happens When Sugar Burns? Read through the worksheet as a class. Review the materials that students will need and the procedures they will need to follow in the investigation. 

Explain to students that this investigation will help them understand how sugar molecules, and other molecules, are used in the body.

Mass Investigations in Small Groups						20 minutes

Have students work in groups of 2-3 to measure the mass lost when a marshmallow burns. The investigation may take 10-12 minutes. 

Then have students reconvene to discuss their results, and to share their ideas to questions 1-3.

Whole Group Burning Demonstration							20 minutes

Tell students that you are going to conduct an experiment for the class to take more measurements about what is happening to matter while the marshmallow burns. 

Have 1 student volunteer to help during the demonstration.

Students will need to record data as the demonstration occurs. Review what information they will need to record (initial and final oxygen and carbon dioxide levels.

Conduct the demonstration measuring oxygen with the class. Have students examine the container closely to see water collect on the inside of the container. As a class, think about questions 4-5. Then, read question 6 to students. The class still needs to account for carbon atoms.

Conduct the final demonstration measuring CO2 levels.

Process Tool									5 minutes

After the demonstration, have students to individually complete question 7, which is a Process Tool. Then as a class, review this Process Tool, identifying all matter and energy inputs and outputs.


Burning Marshmallow Lab Instructions

Materials
· Small marshmallow 
· Vernier probes (CO2 and O2 probes)
· Glass/plastic bottle or container with an opening similar in diameter to probes and large enough to fit marshmallows
· Long Wire
· Aluminum foil or burn-resistant material in which to place burned materials 
· Matches or lighter


Procedure: Testing Oxygen Gas Concentrations
1. Open LoggerPro by double clicking on the desktop icon. Connect the O2 probe to channel 1 of the computer interface. Prepare the computer for data collection and allow the probe to stabilize for 10 minutes before collecting data. DO NOT BLOW INTO THE PROBE. KEEP THE O2 PROBE VERTICAL AT ALL TIMES. 
2. Collect the data for 2 minutes with an empty 250ml square plastic/glass collection bottle or container. Record initial O2 levels. Continue to collect data as you proceed through the following steps. 
3. Obtain a small marshmallow and push it onto a piece of straight wire. Consider placing more than one marshmallow if possible.
4. Disengage the collection bottle from the probe. Hold the collection bottle with the opening facing down. Remember to keep the O2 probe vertical while you collect these data (have a student assist in holding it upright while you prepare marshmallow). 
5. Quickly light the marshmallow with a match or lighter, holding onto the marshmallow by the wire. Thrust the burning marshmallow into the bottle for a few seconds. 
6. Remove marshmallow and quickly re-attach the collection bottle with the O2 probe and continue recording. 
7. Collect data for 2 more minutes. Record final O2 levels. 


Procedure: Testing Carbon Dioxide Gas Concentrations
1. Open LoggerPro by double clicking on the desktop icon. Connect the CO2 probe to channel 1 of the computer interface. Prepare the computer for data collection and allow the probe to stabilize for 10 minutes before collecting data. DO NOT BLOW ON OR INTO THE PROBE AT ANY TIME. 
2. Collect the data for 2 minutes with an empty 250ml square plastic/glass collection bottle or container. Record initial CO2 levels. Continue to collect data as you proceed through the following steps. IMPORTANT! DO NOT USE THE SAME BOTTLE YOU USED IN EXPERIMENT FOR OXYGEN. 
3. Obtain a small marshmallow and push it onto a piece of straight wire. 
4. Disengage the collection bottle from the probe. Hold the collection bottle with the opening facing down. 
5. Quickly light the marshmallow with the match or lighter, holding onto the marshmallow by the wire. Thrust the burning marshmallow into the bottle for a few seconds. 
6. Remove the marshmallow and quickly re-attach the collection bottle with the CO2 probe and continue recording. 
7. Collect data for two more minutes. Record final CO2 levels. 

Changes to oxygen (O2) concentration (%) in air after burning a marshmallow in a closed container- Sample Data provided by Bellevue School District, WA

 (
Marshmallow burned at this time
) (
Empty container
)
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	0
	21.06
	
	152
	16.47

	8
	21.06
	
	160
	16.4

	16
	21.06
	
	168
	16.38

	24
	21.06
	
	176
	16.37

	32
	21.06
	
	184
	16.36

	40
	21.06
	
	192
	16.36

	48
	21.06
	
	200
	16.35

	56
	21.05
	
	208
	16.34

	64
	21.05
	
	216
	16.34

	72
	21.05
	
	224
	16.34

	80
	21.05
	
	232
	16.34

	88
	21.05
	
	240
	16.34

	96
	21.05
	
	248
	16.34

	104
	21.05
	
	256
	16.34

	112
	21.05
	
	264
	16.34

	120
	21.06
	
	272
	16.34

	128
	21.07
	
	280
	16.34

	136
	19.29
	
	288
	16.35

	144
	16.81
	
	296
	16.35





 

Changes to carbon dioxide (CO2) concentration (%) in air after burning a marshmallow in a closed container- Sample data provided by Bellevue School District, WA

 (
Empty container
) (
Marshmallow burned at this time
)

	[bookmark: _Toc107387790]Time (s)
	[bookmark: _Toc107387791]CO2 (%)
	
	[bookmark: _Toc107387792]Time (s)
	[bookmark: _Toc107387793]CO2 (%)
	
	[bookmark: _Toc107387794]Time (s)
	[bookmark: _Toc107387795]CO2 (%)

	0
	0.55
	
	208
	1.20
	
	416
	1.92

	8
	0.54
	
	216
	1.28
	
	424
	1.92

	16
	0.54
	
	224
	1.33
	
	432
	1.93

	24
	0.54
	
	232
	1.40
	
	440
	1.93

	32
	0.54
	
	240
	1.45
	
	448
	1.93

	40
	0.54
	
	248
	1.49
	
	456
	1.93

	48
	0.54
	
	256
	1.53
	
	464
	1.94

	56
	0.54
	
	264
	1.57
	
	472
	1.95

	64
	0.54
	
	272
	1.61
	
	480
	1.95

	72
	0.54
	
	280
	1.64
	
	488
	1.95

	80
	0.54
	
	288
	1.68
	
	496
	1.95

	88
	0.54
	
	296
	1.70
	
	504
	1.95

	96
	0.54
	
	304
	1.72
	
	512
	1.95

	104
	0.54
	
	312
	1.75
	
	520
	1.96

	112
	0.54
	
	320
	1.77
	
	528
	1.96

	120
	0.54
	
	328
	1.78
	
	536
	1.96

	128
	0.53
	
	336
	1.80
	
	544
	1.95

	136
	0.48
	
	344
	1.81
	
	552
	1.97

	144
	0.42
	
	352
	1.82
	
	560
	1.95

	152
	0.38
	
	360
	1.84
	
	568
	1.97

	160
	0.51
	
	368
	1.85
	
	576
	1.95

	168
	0.65
	
	376
	1.86
	
	584
	1.96

	176
	0.79
	
	384
	1.88
	
	592
	1.96

	184
	0.91
	
	392
	1.90
	
	600
	1.96




Name: ____________________________________ Date: ____________ Period: ________


What Happens When Sugar Burns?

To better understand what happens to molecules, such as those of sugar, when they seem to ‘disappear’ inside a cell, you will examine what happens to marshmallows (which are composed mostly of sugar) when we burn them. 

Materials: 
· two large marshmallows 
· quart jar with an opening large enough to comfortably light a marshmallow 
· 30 cm long wire made into a stand with one of the ends of the wire pointing up 
· open balance 
· wire shaped as a stand to hold a marshmallow 
· gas igniter 

Procedures:
1. Place the quart jar on an open balance.
2. Pierce a marshmallow onto the vertical wire of the stand.
3. Place the marshmallow and stand inside the quart jar.
4. Tare the balance.
5. Using the igniter, light the marshmallow until it starts to burn. Remove the igniter. Relight if necessary until marshmallow has completely burned.
6. Note the change in mass of the marshmallow: _________


Questions: 
1. What happened to the mass of the marshmallow as you burned it? _____________________
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________

2. Let’s pretend for the moment that the marshmallow is pure sugar (it almost is), then the marshmallow would be made up of millions and millions of sugar molecules. What do you think happened to millions of sugar molecules when you burned the marshmallow?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________


3. Burn the second marshmallow as you did in the previous experiment only this time quickly screw the lid on the jar. What happened to the burning marshmallow under these new conditions? __________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________


OBSERVATIONS OF O2 GAS LEVELS

	
	O2 %

	Initial Reading

	

	Final Reading

	



4. Look at the oxygen concentration around the marshmallow. What do you think happened to the oxygen? __________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________

5. It seems that the oxygen disappeared and the sugar disappeared. Did anything seem to appear during the burning of the marshmallow? Examine the chamber carefully.
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________


6. When sugar burns, the bonds that hold the two oxygen atoms together in the oxygen molecule (O2) and the bonds that hold the carbon, hydrogen and oxygen atoms together in the sugar molecule (C6H12O6) actually break, and the atoms rearrange themselves into new molecules. We have evidence that at least some of the hydrogen and oxygen atoms might have formed water molecules. What atom(s) still need to be accounted for if the atoms in sugar and oxygen molecules did indeed rearrange themselves into new molecules? __________________
________________________________________________________________________________________________________________________________________________________

OBSERVATIONS OF CO2 GAS LEVELS
	
	CO2 %

	Initial Reading

	

	Final Reading

	



7. What can you conclude about how matter and energy change while burning a marshmallow?
[image: MM_PT]
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Activity: Telling a Starch Story

General Overview:
Introduce the activity								~ 5 minutes
Partner work									~ 15 minutes
Whole class discussion							~ 20 minutes
(Extension ~20 minutes)

Estimated Time: 40 minutes (up to 60 minutes)

Purpose:
The purpose of this activity is for students to trace matter and energy through the processes of photosynthesis, digestion, and cellular respiration. This activity is about Accounts—that is, this is a chance for students to develop principle-based explanations about various processes, and to trace materials at the atomic-molecular scale.

This is an opportunity to assess whether students believe matter can be converted into energy. It is important for students to see that materials can contain energy in their bonds (particularly C-C and C-H bonds), and that energy is transformed from chemical energy to other forms of energy (motion/kinetic, heat, or other types of chemical energy).

Note that this activity asks that students also share their understanding of matter and energy transformation during photosynthesis, which they may or may not have learned prior to animal metabolism. In the event that plant metabolism has not been taught, have students share as much as they know about photosynthesis.

Materials:
Student copies of Telling a Starch Story
Overhead transparency of Starch Table

Advance Preparation:
Make copies of student handout
Make overhead transparency of Starch Table

Procedures:

1. Introduce the activity to students by reading through page 1 together.

2. Have students complete their Starch Story in partners.

3. After students have completed the Starch Tables, the teacher can choose to do one of two things:
· Have a class discussion about the stories, filling in an overhead diagram as students share their tables
OR
· Put students into groups of four and ask them to think of a creative way to tell their starch stories. The groups could make diagrams on overhead transparencies, poster boards, do role playing, or comic strips. This option may be more creative for students, but could potentially take 20-30 more minutes.

Name: __________________________________ Date: ____________ Period: _________

Telling a Starch Story

Work with your group to tell a story of a starch molecule.  It was in a potato that I ate last night, and right now it is supplying my brain cells with energy to think.  Tell a story that includes:


•	What the raw materials are (matter) and energy source that combined to make the starch molecule in the potato plant?
•	What happened in the leaves, stem, and roots of the potato plant to result in a starch molecule stored in the potato?
•	What happened to the starch molecule in my digestive system?
•	How the parts of the starch molecule (matter) made it to my brain?
•	How my brain cells got energy from the parts of the starch molecule?
•	What forms of matter and energy were left at the end of the process?


You will need to complete this story in partners. Everyone should fill out the chart on the next page as best as you can. The lists below suggest what might go in each column for some key stages in the process. Do you think that you could trace what happens to the individual carbon, oxygen, and hydrogen atoms as they go through the entire process? Each group should also figure out an interesting way to tell the story that includes the essential information from the chart and share their story with the other groups.


	Some important chemical processes include:

--photosynthesis
--cellular respiration
--digestion

	Some important forms of matter include:

--carbon dioxide
--water
--glucose (and other simple sugars)
--starch
	Some important forms of energy include:

--sunlight
--chemical potential energy in C-C and C-H bonds
--chemical potential energy in ATP
--heat
	Some important locations include:

--air and soil
--leaves and stems of potato plants
--potatoes
--brain cells
--blood
--digestive system




 Starch Table (You may not need every row in the table)
	Name of process
	Change in matter (from --- to ---)
	Change in form of energy (from --- to ---)
	Change in location (from ---- to ----)
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Activity: Hibernating Black Bears

General Overview
Introduce activity								~5 minutes
Black Bear Article								~25 minutes
Whole group Discussion & Process Tool					~20 minutes

Total Estimated Time: 50 minutes

Purpose
At this point, students should know that some materials have chemical energy because they contain C-C and C-H bonds and they should be familiar with the processes of cellular respiration. In this activity, students will learn about two materials with chemical energy: sugar and fat and engage in thinking about matter and energy transformation that occur in metabolic processes. This is an activity that focuses on helping students develop principle-based explanations.

When students finish this activity, they should be able to: 
· Explain why sugar and fat are energy sources for organisms’ growth, function, and movement in terms of chemical energy
· Identify chemical energy sources in the process of cellular respiration
· Explain energy transformation and heat dissipation in the process of cellular respiration

Materials
Copies of Black Bear Hibernation handouts for students
Overheads of Process Tool, Sugars and Fats and Cellular Respiration, if needed
Large Process Tool

Advance Preparation
Make copies of student handouts
Make overhead transparencies if needed

Procedures
1. Introduce the black bear article. Engage students by talking about the Problem listed on page 1 of their handouts. Ask students if they have ideas about how to explain what’s happening to the bear during hibernation. Review the procedures on the first page of the handout.

2. Have students read the Black bear article independently, but they can complete the Process Tool in partners. Remind students to think about the different types of energy (chemical energy, heat, motion energy, etc) as they complete their charts. You may have to help students make connections between macroscopic, visible things happening to the beat (eating nuts, heart beating, and warm body) and the microscopic and atomic-molecular processes that are happening in the bear’s body. 

3. After students complete the Process Tool, have them talk about and respond to the discussion questions.

4. Then, as a class, complete the Process Tool. An important goal of this activity is for students to understand that matter/mass is not converted into energy. Matter must be accounted for and energy must be accounted for. Another important goal is for students to connect the visible evidence (heartbeat, body temperature) with atomic-molecular processes and energy transformations. Try to guide students to thinking about these things during the discussion. After completing the Process Tool, have students talk about their responses to the discussion questions. Keep in mind the two goals above. Use the additional transparencies if needed.




Name:_____________________________________ Date:__________ Period: _____
Black Bear Hibernation
Investigation problem[footnoteRef:10]* [10: * This activity was originally developed by Hui Jin.] 


[image: :BlackBear1.jpg]
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You will explore the following problem: 
[bookmark: _Toc85537516]
Why do black bears lose fat during hibernation? Where does the fat go? How can we explain this using the concept of energy?
[bookmark: _Toc85537517]
Procedures:
[bookmark: _Toc85537518]Read the article - Black Bear Hibernation. As you read think about how the bear gains mass by storing food for hibernation and how the black bear uses its stored fat during hibernation. 

After you read the article, complete the energy transformation chart based on what you know about what is happening in the bear. Identify what happens in the cells of the bear and explain how energy and matter change in these cells.

Then in partners or small groups, compare your charts and discuss what you think is happening while the bear hibernate. Discuss the following questions:

What chemical process is happening while the bear hibernates? WHY is this process occurring?
Where does the bear get energy for its body to function while it sleeps? Explains what happens to the energy through this process.
The bear loses mass as it sleeps. Where does this mass go?

After your group discusses the energy charts and the three questions above, then complete the summary questions at the end of the activity. You may be asked to share your ideas or ideas from your group with the rest of the class, so make sure to explain as much as you know about what is happening as the bear sleeps.



BLACK BEAR HIBERNATION[footnoteRef:11] [11:  This article was developed from two sources: 
Rogers, L. (1992). Watchable wildlife: the black bear. USDA Forest Service, North Central Forest Experiment Station, 
St. Paul Minnesota. 
Lundberg, D. A., Nelson R. A., Wahner, H. W., Jone, J. D. (1976), Protein metabolism in the Black bear before and 
during hibernation. Mayo Clinic Proceedings. 51(11): 716-22.
] 



[image: :BlackBear2.jpg]

Black bears are classified as members of the order Carnivore, and their teeth, claws, strength, and size make them look like predators. The bears’ body is designed for storing fat and conserving heat in the winter, so they lack the agility required to catch healthy, adult prey. The few prey they catch are mainly nesting birds, newborn mammals, penned livestock, or spawning fish. Their long canine teeth are used mostly for biting into insect-ridden logs or for tearing apart carrion. Their claws are tightly curved for tree climbing, unlike grizzly claws, so black bears have an advantage over grizzly bears, deer, and wild hogs when competing for acorns, nuts, and fruits.	

A problem for bears living in northern evergreen forests is that fruits and nuts are very scarce after August. Acorns, beechnuts, and hickory nuts, which are fall foods, are scarce or absent in many of those forests, leaving the bears little food in fall. As a result, the hibernation of black bears is more an adaptation for escaping winter food scarcity than an adaptation for escaping winter cold. In the months before hibernation black bears can gain up to forty pounds of fat per week. Hibernation lasts up to 7 months in the northern regions. Bears that find food year-round in the South may not hibernate at all, but black bears in the North hibernate so deeply that they may be jostled and prodded for several minutes in mid-winter before they awaken. To survive long winters without eating, drinking, exercising, or passing wastes, hibernating bears cut their metabolic rates in half.  Sleeping heart rate drops from a summer rate of between 60 and 90 beats per minute to a hibernating rate between 8 and 40 beats per minute. Body temperature drops only slightly, though, from 99-102 F in the summer to 88-98 F during hibernation. The body temperature of hibernating bears is appreciably higher than that of other hibernating animals. During the period of hibernation, the black bear usually lose 15 – 25% of its body weight, most of which is fat. 





After reading this article, think about information that was given that can help you explain the process happening in the bear and how energy can help explain the loss of fat after hibernation.



[image: :BlackBear3.jpg]
For example, before hibernation bears eat a lot. They eat fruit, nuts, acorns, insects, and certain leaves and plants. They catch occasional small animals, but lack agility to catch most adult prey. In the months before hibernation black bears can gain up to forty pounds of fat per week. Think about the types of molecules that are being made and stored in the bears’ body during the summer and fall months. What do you know about the energy stored in these types of molecules? What does this information tell you about how the bears get and store energy for hibernation? 




Think about these questions and complete the first part of the Energy Chart.


[image: :BlackBear4.jpg]Now think about what happens during hibernation.  The sleeping heart rate drops from a summer rate between 60 and 90 beats per minute to a hibernating rate between 8 and 40 beats per minute. The bears’ body temperature drops from regular 99-102°F to 88-98°F during hibernation. But the bear is still alive and all of its body functions are still happening. Where does the bears’ body (and organs) get energy to keep functioning? What metabolic process helps you explain what is happening? What energy transformations are happening during hibernation? 

Think about these questions and complete the second part of the Energy Chart.

 Summary Questions

First, complete the Process Tool. Then answer the questions below.
[image: BearProcessTool]



1. Where do you think the mass of the bear’s fat goes during hibernation?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Where does the bear get energy for its body to function during hibernation? What form of energy is it?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. Energy is required to keep the bear’s heart beating during hibernation. Where does the energy come from and how does it change form for the heart to beat?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


4. Energy is required to keep the bear’s body temperature normal (warm). Where does the energy come from and how does it change form to keep the bear’s body warm?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________





[bookmark: _Toc85541810][bookmark: _Toc85604501][bookmark: _Toc94596414][bookmark: _Toc94596587]
Sugars and Fats: Which has more energy?

 
[image: ]
 (
Glucose molecule
)





 (
Fat molecule
)


WHICH MOLECULE IS MORE ENERGY-RICH? 


After a black bear eats fruits, the glucose molecules in the carbohydrates of fruits is digested and reconstructed into fat molecules. Fat molecules contain more C-C and C-H bonds than glucose. Think about the types of bonds in each molecule and explain why fat might be more energy-rich and an efficient source of energy for the bear. 
[bookmark: _Toc85541812]What’s Happening During Respiration?



[image: ]

							    +   O=O			O=C=O   +  H-O-H



		            FAT			            OXYGEN		   CARBON DIOXIDE  		WATER



What types of bonds are in the fat molecule? Are these high energy or low energy bonds?



What types of bonds are in the CO2 and H2O molecules? Are these high energy or low energy bonds?



Using this information, explain what is happening to energy during this process.
[bookmark: _Toc107408435][bookmark: _Toc109198063][bookmark: _Toc109198231]Activity: Building and Breaking Molecules

General Overview
Build glucose molecules							~20 minutes
Worksheet on Fats/Proteins							~10 minutes
Discussion									~15 minutes						
Total Estimated Time: 45 minutes

Purpose & Tools
This lesson can be used as an extension to Activity 6. In Activity 6, students model cellular respiration. This activity also uses the molecular model kits to model dehydration, synthesis, and hydrolysis. This modeling activity can be used to help students to understand how monomers are combined to make polymers. This activity should be connected back to Activities 2 and 3 on digestion and reassembly. Consider using the model kits to also show hydrolysis.

Materials
Directions for each group Modeling Dehydration Synthesis
Student copies Building and Breaking Molecules
Molecular model kits

Advance Preparation
Make copies of student worksheets
Prepare model kits for use

Procedures

Pass out molecular model kits to partners. Have students assemble at least 1 glucose molecule using the directions on the Modeling Dehydration Synthesis.

If there are enough materials, students can complete the rest of the activity in their groups. However, they may need to model dehydration synthesis by working with another partner group.

It may be difficult for students to locate the correct OH group to remove it. So, consider completing this part of the activity together (step 5 and 6).

Then, have students complete the Building and Breaking molecules sheet. Consider discussing hydrolysis and having students also model this process.

Modeling Dehydration Synthesis

[image: glucose ring]Build Glucose Molecule
Step 1: Build the Glucose Ring. Look at the diagram to the right. This shows the first part of the glucose molecule. It shows 5 carbon atoms (black) and 1 oxygen atom (grey). This ring will start your glucose molecule.


Step 2: Look at the diagram and circle on the right. You will work first with the carbon that is to the left of the oxygen in your ring. On this carbon, first connect a second carbon. On this second carbon, attach 2 hydrogen atoms and 1 oxygen. Attach another hydrogen to the oxygen. Then attach 1 hydrogen to the carbon that is on the ring. There should be no empty holes.


Step 3: Move to the next two carbons on the ring. Attach 1 oxygen and 1 hydrogen to these carbons. Then attach another hydrogen to each oxygen. Make sure it looks similar to the diagram to the right. There should be no empty holes on these atoms.


Step 4: Move to the last two carbons on the ring. Attach 1 oxygen and 1 hydrogen to these carbons. Then attach another hydrogen to each oxygen. Make sure it looks similar to the diagram to the right. There should be no empty holes on these atoms.


Working with another group you will model dehydration synthesis. This is how long chains of glucose are linked to form more complex carbohydrates, such as starch.

STEP 5: Remove the OH group bonded to the number 1 carbon and an H from the OH group bonded to the number 4 carbon.

STEP 6: Bond the oxygen, whose hydrogen you just removed, to the number 1 carbon. Does this new molecule appear to be stable? 

[image: dehydration synthesis]

What atoms are left over (atoms that you removed from the two glucose molecules that you bonded together)? Can these atoms be bonded together to form a stable molecule? What is that molecule?

Individual glucose molecules are separated from the chain by the reverse process that was used to bond them together. Separate the glucose molecules from each other. (Note: you must split a water molecule into H and an OH each time a glucose molecule is separated from the chain.) Keep your glucose molecules intact for a later exercise.

Both starch and glycogen can be broken down into individual sugar subunits in our digestive tract. Special proteins called enzymes recognize the chemical bonds between the subunits of the large molecules like starch and glycogen, and these enzymes facilitate the breaking of the bonds. 

The bonds holding the sugar molecules together in cellulose are slightly different than those holding the sugar molecules in starch and glycogen. The enzymes that recognize and cut the bonds between the sugar molecules in starch and glycogen cannot recognize and cut the bonds between the sugar molecules in cellulose. That is why the cellulose just passes through our digestive tract and ends up as waste.

Enzymes are also needed to help put molecules together as when making large molecules like starch, glycogen, and cellulose.





Name: ______________________________ Date: __________ Period: __________

Building and Breaking Molecules

The figure below shows a representation of a typical fatty acid and a glycerol molecule. Note: the double parallel lines linking one of the carbon and oxygen molecules, C=O, indicates that the carbon is double bonded to the oxygen. The single lines connecting the atoms represent single bonds.)

[image: fat 1]

The figure below shows how three fatty acids can be bonded to a glycerol molecule to make a fat molecule.

[image: fat 2]

In what ways is the bonding of fatty acids to glycerol to make fat similar to the bonding of glucose molecules together to make starch? ________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________

[image: AA]PROTEINS

Remember that there are many different kinds of amino acids. The figure shows two examples of amino acids.


[image: AA 2]The figure below shows how two amino acids are bonded.

When two amino acids bond, what larger molecule do they form? _______________

In what way is the bonding of amino acids together to make proteins similar to the bonding of glucose molecules to make starch? ________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________
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Activity: Sustainable Table

General Overview

ACTIVITY 1: FOOD CHOICES
Discussion of food choices							~ 10 minutes
Time on website								~ 20 minutes
Questions/Discussion								~ 10 minutes		

Total Estimated Time: 40 minutes 

ACTIVITY 2: LOW CARBON DIET
Eat Low Carbon	 website introduction					~10 minutes
Exploring website								~20 minutes
Discussion									~10 minutes

Total Estimated Time: 40 minutes 

Computer time for both activities could be combined if you need students to complete all their web exploration in one class period, with discussions for both websites in another. But the focus of the two websites is slightly different.			

Purpose & Tools
This activity provides students with an opportunity to explore issues surrounding food choices, their health, and the environment.

Circle of Responsibility website: The class will discuss the kinds of foods they eat and why they make these choices using a website that provides information about carbon footprint of various foods. The website allows students to evaluate ways to eat for a healthier body and healthier planet. Most students are aware of the USDA guide for healthy living and the food pyramid.  However, students may have little understanding of how choices they make in what they eat affect the environment, especially in terms of carbon footprints and global warming. This web research also allows students to analyze how science and society interact from a historical, political, economic, or social perspective.

Low Carbon Diet website: This website explores the carbon impact of food supply and distribution chains. Students can use a drag-n-drop activity in which they build different meals to see how these meals relate to “carbon points”. The class can use this discussion to think about how growing, distributing, buying, and consuming food relates to carbon emitted into the atmosphere.

This additional activity would be an excellent addition to the metabolism unit, and would fit nicely anywhere within the first four core activities, or as an extension at the end of the unit or a connection between organismal and environmental issues.

Materials
Student copies of Web Research: Sustainable Table
Computers with internet access, ideally one station per student

Advance Preparation
Secure computer access for appropriate time
Make use URL access is approved by school so that students can access appropriate sites
Make copies of student worksheets

Procedures

ACTIVITY 1: Circle of Responsibility

Discussion of food choices							10 minutes

Have students write down one meal they would consider ideal. Take volunteers to describe to the class what they chose and why they chose those foods. Ask them to consider where those foods came from—how far the food traveled, plant/animal growing conditions, etc. How might these factors matter in our society? That’s what this activity will help them explore.

Web research								20 minutes

Each student should access the website and fill in the worksheet; let the students know they will be asked to discuss their answers after the research is complete

Discussion									10 minutes

Call on random students to give one of their best reasons for buying local food and to summarize how “organic” is used in this context. You may want to contrast that use of the word with the different meaning when used in a chemical sense, when organic refers to having carbon atoms in the molecule. Have students compare their research with a partner and then have partners report out on one of the actions they or their partner were willing to take and why.


ACTIVITY 2: Eat Low Carbon


Introduce Carbon Impact of Food Choices				10 minutes

Go to URL: www.eatlowcarbon.org. Read “Is my lunch causing global warming?”Click on “Calculate my Impact Now”. Clicking this link will cause a pop-up window to appear. The pop-up window contains a drag-and-drop activity where students can drag various goods to a “skillet” and placing the food in the skillet will cause their CO2 point meter to go up.

Before students begin this activity, review the website and how it works. Click the link “What do these points mean?” under the CO2 meter. This will take you to the FAQ page. Scroll down the page to examine the frequently asked questions. As a class read and discuss the following “What does a point mean?”; “What is CO2e?”; “Is the point value of a food the same thing as its “carbon footprint?”; “How did you come up with the point values and is this based on real science?”

Web Exploration								20 minutes

Allow students about 20 minutes to use the drag-and-drop feature. Have students record which foods tend to be lower or higher in carbon points, and how many carbon points are associated with a typical day of food they eat.

[image: eatlowcarbon]






















Discussion									20 minutes

Have students share their typical diet and the carbon points for that diet. Try to figure out which students have the lowest and highest point value in order to compare the different types of foods included in the diets (and which relate to more CO2 production).

Have students share patterns they saw in the food. For example, why are their differences between a veggie omelette, a veggie and cheese omelette, and a meat and cheese omelette. See if students can think of why meat and dairy products are higher in carbon points compared to vegetables.

Also compare locally grown and seasonal examples. Why would buying local and seasonal lead to less carbon points?
Name: ______________________________________ Date: ___________ 


Web Research:  Sustainable Table


1.  Go to the web page with this URL:  http://www.circleofresponsibility.com/


2.  Click to listen to Fedele Bauccio speak. What can this website help you do?

Make food choices that benefit your body and the planet and/or fit your values



3.  Click on Community at the top, then on the “benefits of buying local” in the text.  List the 5 best reasons (in your opinion) to buy food locally.

These are all the reasons listed on the site: Locally grown food tastes better; local produce is better for you, preserves genetic diversity, is GMO free, supports local farm families, builds community, preserves open space, helps keep your taxes in check, supports a clean environment and benefits wildlife, local food is about the future	





4. Click on Environment at the top. On this page click on the “Produce What does “organic” mean?” line.  Click on the “certified organic” and answer the following questions:


What things do farmers use to grow organic crops?

Use renewable resources and conserve soil and water


What are things used to grow crops that organic crops do not use?

Conventional pesticides , fertilizers made with synthetic  ingredients or sewage 
sludge, genetically modified ingredients or radiation



5.  Click on the “What You Can Do” bar on the left side of the page.  Choose 3 actions you would consider taking. Describe each action you chose and why you chose it.



	Action 1:  






Action 2: 






Action 3: 




Name: ________________________________________ Date: ______________

Web Research: Eat Low Carbon
1. Go to the web page with this URL: www.eatlowcarbon.org
2. Read the first page. Then click “Calculate My Impact Now!”
3. Click on “What do these points mean?” As a class, or with a classmate, read through the frequently asked questions (FAQs).  How does the choice in food we eat relate to greenhouse gases being given off into the atmosphere? Do you have any ideas about the connection? EXAMPLE: Some things, like raising livestock, use a lot of grain to raise them. Forests were cut down in order to grow the grain and provide space for livestock. The livestock gives off CO2 and methane, two greenhouse gases. 


4. Using the “Drag and Drop” feature, select the best choices to show food that you eat in a typical day. Make sure to include all the meals, snacks, and beverages. List the foods below and their CO2e value.
	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



What is the total of CO2e points for the food you consume in a typical day? __________

5. Now explore other food choices. For example, explore all the “breakfast” or “entrée” meals. Look for patterns in what increases or decreases the CO2e points. Write down your ideas below.

Pattern 1: _Meat increases CO2 points____________________________________

Why do you think this pattern increases or decreases CO2e points?
Raising livestock uses a lot of grain. Forests were cut down in order to grow the grain and provide space for livestock. The livestock gives off CO2 and methane, two greenhouse gases.


Pattern 2: Buying local vegetables decreases CO2 points_____________________

Why do you think this pattern increases or decreases CO2e points?

Local vegetables do not have to be transported, which decreases fuel. When fuel burns it puts CO2 into the air, which is a greenhouse gas.



Pattern 3: Buying seasonal decreases, eating dairy increases, etc_______________

Why do you think this pattern increases or decreases CO2e points?
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Activity: Eat Less Beef, Make More Biofuels  

General Overview
Discussion of land use							~ 5 minutes
Reading and analyzing article						~ 20 minutes
Questions/Discussion	 of Process Tool					~ 10 minutes					
Total Estimated Time: 35 minutes 

Purpose & Tools
This activity provides students with an opportunity to explore issues surrounding farmland use for producing biofuels and food for humans and animals.

One key comparison of data shows how much farmland is used to produce food for animals (assumption:  most are animals humans then eat) versus how much farmland would be necessary to feed all humans (assumption: humans will need to eat mostly plants in their diet).  The efficiency of raising chickens to eat and cattle to eat is also compared.  

Students may not realize how much agricultural land is necessary to grow the food for the animals we consume.  It is even less likely that they have considered land use in terms of energy efficiency.  

After the students read the article, they will have some data to discuss in terms of efficiency that you can relate to ENERGY pyramids and the Process Tool.

This additional activity would be an excellent addition to the metabolism unit, and would fit nicely anywhere within core activities 4-6


Materials
Student copies of Eat Less Beef, Make More Biofuels  


Advance Preparation
Make copies of student worksheets

Procedures

Discussion of LAND USE							10 minutes

First, have students list all the uses they can think of for farmland as you write them on the board/overhead for students to see.  Ask them to think about what is most efficient in terms of feeding the most people on earth. This question will be explored after the students read the article.

Article Analysis								20 minutes

Students, in pairs, read the article and fill in the worksheet; let the students know they will be asked to discuss their answers after the analysis is complete

Discussion									10 minutes
Ask students “what percentage of farmland is used to produce animal feed?” (90%) Then, generate a list of animals students think are being fed this food. Then categorize them into animals we normally eat and those we don’t.

Ask students, “Which is more efficient to raise, pound for pound, chicken or cattle?” (Chicken; 2# of grain per pound of chicken meat vs. 7# of grain needed to raise a pound of beef). Ask them if they have any ideas why. Some possibilities are that a chicken grows to slaughtering weight in about 8 weeks, but a calf must be fed 1-2 years before it reaches slaughter weight.  Refer back to the Process Tool to discuss the matter and energy implications.


			




















 
Eat Less Beef, Make More Biofuels
By Ucilia Wang May 7, 2009
A group of researchers set out to re-frame the “food vs. biofuel” debate by questioning the wisdom of raising cattle when it requires inefficient use of land that could otherwise be used for energy crops.
[image: http://www.greentechmedia.com/content/images/articles/moo.jpg]Eating less beef and more chicken: That's key to building a successful biofuel industry.
That's the catchy premise of Dartmouth College professor Lee Lynd, who is championing not simply a change to our diet but also a close examination of the best way to use the available farmland.
Speaking at a Society of Industrial Microbiology symposium in San Francisco Tuesday, Lynd said data show that raising cattle is a much more inefficient use of cropland than raising poultry. And poultry consumption has gone up among Americans, a trend that could free up land for growing crops for fuel production.
As the government and public give increasing support to boosting domestic production of biofuels, they also have to consider the costs of food – not just fuel – production because both industries require a fair amount of agricultural land, said Lynd, who is spearheading a project he called "Global Feasibility of Large-Scale Biofuel Production." A team made up of researchers from the United States, Brazil, South Africa, the Netherlands and Malaysia
"We haven't had land efficiency for food production as a goal," said Lynd, an environmental engineering design researcher and co-founder of biofuel startup Mascoma. "We just have the opposite – how to keep farmers in business in the face of overcapacity."
About 90 percent of farmland in the United States is used to produce animal feed, not for human food, said Bruce Dale, a Michigan State University professor who also spoke at the symposium. In fact, only 30 million acres of cropland, or about 6 percent of the total farmland in the country, would provide enough food for all Americans, Dale said.
About 7 lbs. of grain are used to produce every pound of beef, Dale said. It takes 1.5 lbs. to 2 lbs. of grain for every pound of chicken and other poultry.
Raising cattle also requires pastures, and that is an inefficient use of land, too, he added. Then there are other costs and environmental impact that come with turning cattle into meat products and shipping them to stores.
Lynd is seeking to re-shape the argument that the push to boost biofuel production would come at the expense of food production and leads to higher food prices.
The "food v. fuel" debate raged last year when many countries began to advocate or implement policies to increase ethanol production.
The United States has its own biofuel mandate, requiring refineries to gradually increase its biofuel output annually until they reach 36 billion gallons per year by 2022. The mandate, which was put in place as a result of a 2007 energy bill, spurred a flurry of private equity investments in corn ethanol production and the development of new biofuel technologies, such as turning non-food plants, wood wastes and even garbage at city landfills into fuels.
But it also elicited protests from environmental groups, cattle ranchers and other industry groups. Those critics said food and animal feed prices shot up because more farmers opted to grow corn for fuel or convert forests into farmland. Texas even asked the U.S. Environmental Protection Agency to modify the biofuel mandate last year.
A day earlier, the EPA proposed a new plan to boost biofuel production to meet the national mandate. The plan would require refineries to produce biofuels that contribute less greenhouse gas emissions than the biodiesel or gasoline they aim to replace. Producers would have to take into account the emissions from steps such growing crops, land use change and transporting the feedstock.
Lynd said the public and policy makers need to start thinking about what is the best use of available cropland rather than embracing the ideal that food production is a better and more sustainable use of land than energy production.
Perhaps a good approach is to persuade people to consume less beef, Lynd said. Or to accept the likelihood that food would cost more if the country were serious about relying less on foreign oil.
Some other symposium attendees aren't so sure people would embrace Lynd's premise and alter their diet in the process.
Jack Newman, co-founder of Amryis Biotechnologies, is one of them. Emeryville, Calif.-based Amryis is developing hydrocarbons, which closely resemble the makeup of crude oil, using sugarcane as feedstock. This approach is different than many other biofuel producers that are seeking to turn various plants into ethanol instead. Newman said any approach that would require people to make a big change to their lifestyle would be hard to achieve.
"I don't see much hope in persuading people to eat chicken, and I like chicken," Newman said.














Name: ____________________________________ Date: ________________


Analysis:  Eat Less Beef, Make More Biofuels

1.  What does professor Lee Lynd think is the key to building a more successful biofuel industry?  Explain how efficiency of land use is tied to this idea.

“Eating less beef and more chicken – that's key to building a successful biofuel industry.  Lynd said data show that raising cattle is a much inefficient use of cropland than raising poultry”


2.  Data Presented:  Examine each graph and the data presented in the article; label each graph from the information presented, then answer the question below.

 (
Feed for animals
) (
What is Far
ml
and Used to Produce?
) (
Food for humans
)			[image: ]
 (
How much far
ml
and would it take to feed all humans?
) (
6%
 
needed
) (
chicken
) (
beef
) (
How many pounds of grain does it take to produce 1 lb of meat?
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Explain the differences between a crop cow  human food chain and a crophuman food chain in the way they affect the environment?
90% of crops grown are used to feed animals and cows require 7 lb of grain so that we can get 1 lb of meat. So we clear more forests to grow crops to feed cows; and we get relative less food in this process compared to growing and consuming crops directly.



3.  What does the United States biofuel mandate require to happen by 2022?  


“Requiring refineries to gradually increase its biofuel output annually until they reach 36 billion gallons per year”




4.  What developments did that spur in 2007?  

Spurred a flurry of private equity investments in corn ethanol production and the development of new biofuel technologies, such as turning non-food plants, wood wastes and even garbage at city landfills into fuels




5.  What are the reasons some groups are protesting the mandate?


But it also elicited protests from environmental groups, cattle ranchers and other industry groups. Those critics said food and animal feed prices shot up because more farmers opted to grow corn for fuel or convert forests into farmland.




6.  What could we do as individuals to help free up more agricultural land for producing biofuels?  Would you be willing to do that?  Why or why not?


Alter our diets to eat less beef (students should then answer the evaluation questions according to their will)
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Appendix A: Full Material List

CORE ACTIVITIES ONLY

Instructional Tools 
Computer and projector and/or overhead projector (supplied by teacher)
Powers of Ten wall Chart
 Process Tool (Digestion, Growth/Biosynthesis, Movement/Weight Loss/Cell respiration)
Digital balance

Powers of Ten Charts
Tracing Food (digestion and growth Powers of Ten Chart)
Tracing Air
Zooming into Finger and Food
 Process Tools- digestion, biosynthesis (growth), cellular respiration (movement, weight loss)

Transparencies
Comparing Food Molecules
Building Models of Food Molecules 

Student Pages
What Makes Up the Foods We Eat?
What Happens to Food in our Bodies
You Are What You Eat
Mealworm Investigation
Movement and Weight Loss- Homework
Modeling Respiration

Other Supplies
Paperclip Sets (20 silver, 4 gold, 30 colored, 20 shaped per group)- 10 per teacher
Molecular model sets (
BTB solution (0.04%)
1-2 dozen crickets
Straws
Clear plastic cups or beakers

Mealworm Lab (per group of students)
5-10g of Mealworm larvae per group
15-20g of bran cereal per group
Large Paper cups or plastic containers for storing the larvae during investigations
2 small paper cups used for separating larvae from food (if necessary)
Digital Balance
Tweezers
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Appendix B: Michigan Science Standards
Note:  if there is a list in the HSCE, those characters in bold are addressed in that activity

Core Activities 

1. What makes up the foods we eat? 
a. B2.2B Recognize the six most common elements in organic molecules (C, H, N, O, P, S).
b. B2.2C Describe the composition of the four major categories of organic molecules (carbohydrates, lipids, proteins, and nucleic acids).
c. B2.2D Explain the general structure and primary functions of the major complex organic molecules that compose living organisms.
d. B2.5A Recognize and explain that macromolecules such as lipids contain high energy bonds.

2. What happens to food in our bodies? Digestion
a. B2.3d Identify the general functions of the major systems of the human body (digestion, respiration, reproduction, circulation, excretion, protection from disease, and movement, control, and coordination) and describe ways that these systems interact with each other.
b. B2.4f Recognize and describe that both living and nonliving things are composed of compounds, which are themselves made up of elements joined by energy-containing bonds, such as those in ATP.
c. B2.5B Explain how major systems and processes work together in animals and plants, including relationships between organelles, cells, tissues, organs, organ systems, and organisms. Relate these to molecular functions.

3. You Are What You Eat- Chemical Composition
a. B2.2E Describe how dehydration and hydrolysis relate to organic molecules. (the words “dehydration and hydrolysis” are not used in this activity, but the processes are described in other terms)
b. B2.3g Compare the structure and function of a human body system or subsystem to a nonliving system (e.g., human joints to hinges, enzyme and substrate to interlocking puzzle pieces).
c. B2.4f Recognize and describe that both living and nonliving things are composed of compounds, which are themselves made up of elements joined by energy-containing bonds, such as those in ATP.

4. You Are What You Eat- Mealworms
a. B1.1D Identify patterns in data and relate them to theoretical models.
b. B1.1E Describe a reason for a given conclusion using evidence from an investigation. 
c. B2.1C Explain cell division, growth, and development as a consequence of an increase in cell number, cell size, and/or cell products.
d. B2.4f Recognize and describe that both living and nonliving things are composed of compounds, which are themselves made up of elements joined by energy-containing bonds, such as those in ATP.
e. B2.5D Describe how individual cells break down energy-rich molecules to provide energy for cell functions.
5. Movement & Weight loss- Exercise and Cricket Demonstrations
a. B1.1D Identify patterns in data and relate them to theoretical models.
b. B1.1E Describe a reason for a given conclusion using evidence from an investigation.
c. B2.5B Explain how major systems and processes work together in animals and plants, including relationships between organelles, cells, tissues, organs, organ systems, and organisms. Relate these to molecular functions.
d. B2.5D Describe how individual cells break down energy-rich molecules to provide energy for cell functions.
e. B3.1B Illustrate and describe the energy conversions that occur during photosynthesis and respiration.

6. Modeling Cell Respiration
a. B2.2A Explain how carbon can join to other carbon atoms in chains and rings to form large and complex molecules.
b. B2.5D Describe how individual cells break down energy-rich molecules to provide energy for cell functions.
c. B3.1B Illustrate and describe the energy conversions that occur during photosynthesis and respiration.
d. B3.1C Recognize the equations for photosynthesis and respiration and identify the reactants and products for both. 
e. B3.1D Explain how living organisms gain and use mass through the processes of photosynthesis and respiration.
f. B3.1B Illustrate and describe the energy conversions that occur during photosynthesis and respiration.

Additional Inquiry Activities

1. Indicator lab (NCOSP, C2, A2)
a. B1.1C Conduct scientific investigations using appropriate tools and techniques (e.g., selecting an instrument that measures the desired quantity—length, volume, weight, time interval, temperature—with the appropriate level of precision).
b. B1.1E Describe a reason for a given conclusion using evidence from an investigation.
c. B2.4f Recognize and describe that both living and nonliving things are composed of compounds, which are themselves made up of elements joined by energy-containing bonds, such as those in ATP.

2. Energy in Food demonstration with Vernier
a. B1.1g Use empirical evidence to explain and critique the reasoning used to draw a scientific conclusion or explanation.
b. B2.2D Explain the general structure and primary functions of the major complex organic molecules that compose living organisms. 

3. Cricket demonstration with Vernier
a. B1.1D Identify patterns in data and relate them to theoretical models. 
b. B2.1A Explain how cells transform energy (ultimately obtained from the sun) from one form to another through the processes of photosynthesis and respiration. Identify the reactants and products in the general reaction of photosynthesis. 
c. B2.1B Compare and contrast the transformation of matter and energy during photosynthesis and respiration. 
d. B3.1B Illustrate and describe the energy conversions that occur during photosynthesis and respiration. 
e. B3.1C Recognize the equations for photosynthesis and respiration and identify the reactants and products for both. 
f. B3.1D Explain how living organisms gain and use mass through the processes of photosynthesis and respiration. 
g. B3.1e Write the chemical equation for photosynthesis and cellular respiration and explain in words what they mean.

4. Marshmallow demonstration with Vernier
a. B1.1D Identify patterns in data and relate them to theoretical models. 
b. B3.1B Illustrate and describe the energy conversions that occur during photosynthesis and respiration. 
c. B3.1C Recognize the equations for photosynthesis and respiration and identify the reactants and products for both. 
d. B3.1D Explain how living organisms gain and use mass through the processes of photosynthesis and respiration. 
e. B3.1e Write the chemical equation for photosynthesis and cellular respiration and explain in words what they mean.

Application & Extension Activities

1. Hibernating Black Bears
a. B2.1B Compare and contrast the transformation of matter and energy during photosynthesis and respiration. 
b. B2.2D Explain the general structure and primary functions of the major complex organic molecules that compose living organisms.

2. Telling a Starch Story
a. B2.1B Compare and contrast the transformation of matter and energy during photosynthesis and respiration. 

3. Building and Breaking Molecules: Modeling extension
a. B2.2D Explain the general structure and primary functions of the major complex organic molecules that compose living organisms.

Citizenship Activities

1.  “Eat Less Beef”
a. B1.2k Analyze how science and society interact from a historical, political, economic, or social perspective.

2.    Sustainable Table
a. B1.2k Analyze how science and society interact from a historical, political, economic, or social perspective.
b. B3.1B Illustrate and describe the energy conversions that occur during photosynthesis and respiration.
c. B3.2B Describe energy transfer through an ecosystem, accounting for energy lost to the environment as heat.
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