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Specifications for Animals and the Carbon Cycle Unit
Investigations

	Title
	Animal Growth
	Animal Weight Loss

	Research Question
	What happens to food in growing animals?
	What happens when animals don’t get food?

	Conditions
	Mealworms with food 
	Mealworms without food (with some time in closed chamber)

	Measurements
	Changes in mealworm mass

Changes in food mass
	Changes in mealworm mass

Changes in CO2 concentration (with probes, BTB, and/or soda lime)

	Evidence (results)
	Mealworms gain mass

Food loses more mass than mealworms and their feces gain
	Mealworms lose mass

CO2 concentration increases

	Backup evidence
	Philip Morrison Ring of Truth Tour de France 
	Philip Morrison Ring of Truth human-powered airplane

	Claims (mass/gases account
	Animals incorporate some food into their bodies

Animals convert some food into water vapor and CO2  

	Reasoning
	According to conservation of mass, all the mass in the food has to go somewhere, so the food that is not going into the animals must be going into the atmosphere


Accounts Activity Sequences

Digestion in Animals
	Scale
	Structures
	Matter Movements
	Matter Transformations
	Energy
	Notes

	Large
	Animals as consumers
	Organic matter moves from plants to animals
	Plant biomass is converted to animal biomass
	Animals rely on chemical energy from other organisms 
	Not included in this unit

	Macro
	Food, digestive system, circulatory system, blood, feces
	Food consisting of large organic molecules (polymers: fats, proteins, carbohydrates) is broken down and distributed from digestive system:

Small organic molecules through blood to rest of body

Undigestible waste out with feces
	Large organic molecule (polymers: fats, proteins, starches) broken down into smaller organic molecules (monomers: fatty acids, amino acids, sugars)

	Chemical energy to chemical energy and heat
	

	Micro
	Villi in walls of small intestine
	Small organic molecules go into blood through villi of small intestine
	
	
	

	Atomic-molecular
	Polymers (fats, proteins, starches) and monomers (fatty acids, amino acids, sugars)
	Polymers (fats, proteins, starches) broken down into monomers (fatty acids, amino acids, sugars)

Large organic molecules broken down into small organic molecules
	Chemical energy of large organic molecules (with C-C and C-H bonds) converted to chemical energy of small organic molecules and heat
	Chemical structures and bonds for both L3 and L4?


Black: Level 3 goals, for both Level 2 and Level 3 students.  Red italics: Level 4 goals, for Level 3 students only. 

Animal Digestion Accounts Activity Sequence

	Step in Sequence
	Activity

	Establishing the problem
	Results of animal growth experiments: How does food biomass become animal biomass?

	Modeling
	PowerPoint discussion based on digestion slides

Reading about nutrition and digestion

	Coaching
	Modeling digestion with molecular models

	Fading
	Need application questions?

	Maintenance
	Decomposers unit


Biosynthesis in Animals
	Scale
	Structures
	Matter Movements
	Matter Transformations
	Energy
	Notes

	Large
	Animals as consumers
	Organic matter moves from plants to animals
	Plant biomass is converted to animal biomass
	All animal biomass stores chemical energy
	Not included in this unit

	Macro
	Digestive system, blood, body tissues (e.g., muscles, nerves)
	Digested food (small organic molecules) to tissues

Body growth
	Small organic molecules (monomers: fatty acids, amino acids, sugars) combined to make animal biomass (large organic molecules: polymers: fats, proteins, starches) 
	Chemical energy to chemical energy and heat
	

	Micro
	Cell membranes (made of lipids and proteins), cytoplasm
	Small organic molecules into cells
Cell growth

Cell division
	
	
	

	Atomic-molecular
	Large organic molecules: starch, cellulose, fats, proteins
	Large organic molecules made with C, H, O from glucose, mineral atoms from soil (N, P)

Amino acids made with C, H, O from glucose, N from soil minerals

Fatty acids made with C, H, O from glucose

Polymers made from monomers by dehydration synthesis
	Chemical energy (C-C and C-H bonds) is still present in large organic molecules

Dehydration synthesis requires energy from cellular respiration
	


Black: Level 3 goals, for both Level 2 and Level 3 students.  Red italics: Level 4 goals, for Level 3 students only.
Animal Biosynthesis Accounts Activity Sequence
	Step in Sequence
	Activity

	Establishing the problem
	Results of animal growth experiments: How does food biomass become animal biomass?

	Modeling
	PowerPoint discussion based on animal biosynthesis slides

Reading about animal growth

	Coaching
	Modeling animal biosynthesis with molecular models

	Fading
	Need application questions?

	Maintenance
	Decomposers unit


Cellular Respiration in Animals
	Scale
	Structures
	Matter Movements
	Matter Transformations
	Energy
	Notes

	Large
	Animals as consumers
	Organic biomass enters animals and leaves as CO2, H2O
	Animals oxidize organic materials for cell functioning
	Animals use chemical energy for body functions, converting it to heat
	Not included in this unit

	Macro
	Digestive system, lungs, circulatory system, blood

Body tissues (e.g., muscles, nerves)
	O2 inhaled and carried from lungs to tissues in blood
Food carried from digestive system to tissues in blood
CO2 carried from tissues to lungs in blood and exhaled
	Organic materials (e.g., glucose) and O2 to H2O and CO2
Other monomers (e.g., amino acids, fatty acids) can also be oxidized
	Chemical energy to work (e.g., thinking, movement) and heat
	

	Micro
	Cell membrane, mitochondria
	Sugar, O2 enter cells and mitochondria through diffusion

H2O, CO2 leave cells and mitochondria through diffusion
	
	
	

	Atomic-molecular
	CO2, H2O, O2, glucose, including chemical structures 
	Atoms of O2, glucose or other monomers rearranged into CO2, H2O


	Oxidation (going from C-C and C-H bonds to C-O and H-O bonds) provides energy for cellular work, growth, and heat
	Chemical structures and bonds for both L3 and L4?


Black: Level 3 goals, for both Level 2 and Level 3 students.  Red italics: Level 4 goals, for Level 3 students only.
Animal Cellular Respiration Accounts Activity Sequence
	Step in Sequence
	Activity

	Establishing the problem
	Results of animal growth experiments: What happens to the mass that animals lose when they don’t eat?

	Modeling
	PowerPoint discussion based on animal cellular respiration slides

Reading about animal movement and cellular respiration

	Coaching
	Modeling cellular respiration with molecular models

	Fading
	Need application questions?

	Maintenance
	Decomposers unit


Animals and the Carbon Cycle Timeline and Overview
	Lesson
	Activity
	Lesson Description
	Core Investigations
	Other Investigations & Modifications
	Tools for Reasoning
	Formative Assessment
	Media & other VTTs
	Required Materials

	CORE 1
	1
(20 min)
	Pre-assessment
	
	
	
	
	
	Pre-Assessment

	
	2
(25 min)
	Establishing Problem: Where do animals get their mass when they grow? Teacher poses the question, "all animals are very small when they are born, but they can grow into large adults. Where does all the mass come from?" Teacher records student ideas in a public space to be revisited.
	
	
	
	Choice of explanation and justification
	
	Worksheet From Egg To Adult

	
	3
(50 min)
	Starting Mealworm Growth Investigation: Students set up to watch a set of organisms grow over time.  Students track mass change in mealworms and their food source over the course of 3-4 days to find that while mealworm mass increases, food mass decreases, but that overall mass of the system decreases (this sets the class up for looking at both digestion/biosynthesis (mass gain in mealworms) and respiration (mass loss by system)).
	Mass change in organism

Mass change in food
	Can choose to use another organisms, but need a way to track mass of food taken in by organism and mass of the organism itself, and overall mass change of food/organisms.
	Expressive process tool
	
	
	Mealworms and Food
Container (with holes in lid)
Digital Scale
Forceps
Extra cups, dishes, etc.
Worksheet Investigating Mealworms Growing (Parts 1 & 2)
Handout Mealworm Investigation Procedures

	
	
	
	
	
	
	
	
	

	CORE 2
	1
(50 min)
	Materials in Food: Students examine common foods and materials that we take inside our bodies and look for patterns across nutrition labels. They read and discuss a handout on materials in food, then they complete a worksheet using nutrition labels to analyze different foods. Students sort the materials into "organic matter with chemical energy" or "inorganic matter, no chemical energy". Students discuss the atoms and bonds that help them make this distinction.
	
	
	
	
	
	Nutrition Label Packets
Worksheet Exploring Food Labels
Reading What Makes Up Our Food?
Handout Comparing Food molecules

	
	Opt
(20 min)
	Water in Our Food: Teacher and students look closer at nutrition label for water and calculate percent mass that water adds to living things and food. Optional follow up demonstrations are suggested depending on whether students are struggling with the concept of water and biomass or water and chemical energy.
	
	Sponge Demonstration
Fresh v Dried Sample Demo
--both are intended to show water mass in living things
	
	
	
	Sponge
Water
Digital Balance
Dried/Fresh Food Samples
Worksheet Water In Our Food

	
	
	
	
	
	
	
	
	

	CORE 3
	1
(25 min)
	Mealworm Growth Results: Students revisit their mealworm study and separate mealworms from food to calculate final mass measurements. Students share their results with the class and the teacher helps students indentify patterns in the results--mealworms gained, food lost, overall system lost. So some of the food added to mealworms' bodies, but some was not permanently added.
	Mass Change in Mealworms

Mass Change in Food
	
	
	
	
	Mealworm Investigations
Worksheet Mealworm Study Part 2
Digital Scale
Forceps
Extra cups

	
	2
(25 min)
	Mealworm Study Conclusion: "The mealworms gained mass. Where did the mass come from, and how did it become part of the mealworms?” Students complete conclusion worksheet and then share their ideas aloud.
	
	
	Expressive process tool
	Explaining your results worksheet
	
	Worksheet Mealworm Study Part 3

	
	
	
	
	
	
	
	
	

	CORE 4
	1
(25 min)
	Food and Body Composition: Students use nutrition labels to infer composition of grass (a cow's food) and a cow's muscle (beef).  They use the expressive process tool to explain their ideas about what happens to the grass when the cow digests it and how the cow uses food when its muscles grow.
	
	
	Expressive process tool
	Explanations in Digestion & Biosynthesis, Part 1 worksheet
	
	Digestion & Biosynthesis, Part 1 worksheet

	
	2
(50 min)
	Building and Digesting Molecules: Guided by the teacher and a handout, students use paperclip manipulatives to model how the body breaks down food molecules through the process to digestion, and then rebuilds them inside the cells.
	
	
	
	
	
	Computer to project
Paperclip kits
Handout Building Food Molecules
Worksheet Digestion and Biosynthesis, Part 2

	
	3
(20 min)
	Explaining Digestion and Biosynthesis: Students view the Digestion and Biosynthesis PowerPoint, then complete a worksheet and discuss their conclusions.
	
	
	Representational Process Tool (PPT)
Expressive Process Tool
	Explanations in Digestion & Biosynthesis, Part 3 worksheet
	Digestion/biosynthesis PPT
	Computer to project
Digestion & Biosynthesis, Part 3 worksheet

	
	
	
	
	
	
	
	
	

	CORE 5
	1
(40 min)
	The Missing Mass: Where Did it Go? Where does the mass go that is not added to the body? Vote on 4 choices: "changes to energy," "leaves the body when we use the restroom", "disappears", and "goes into the air" or "other--like turns to sweat, etc"
	
	
	
	Justifications in The Missing Mass Worksheet
	
	The Missing Mass Worksheet

	
	2
(25 min)
	Investigating the Missing Mass: Initial Explanation and Prediction:  Students explain what chemical changes they think are happening when mealworms use their muscles to move.
	
	
	Expressive process tool
	Explanations and predictions
	
	Investigating the Missing Mass: Initial Explanation and Prediction worksheet

	
	3
(60 min)
	Investigating the Missing Mass: Measurements during the Investigation: Students set-up investigations with mealworms in airtight containers with BTB and with soda lime to show that mealworms are giving off CO2 and water. They make mass measurements of mealworms and soda lime, as well as color change in BTB.
	Mass change in mealworms
Mass change in soda lime
Color change in BTB
	CO2 probe can be used to show CO2 concentration around mealworms
	
	
	
	Investigating the Missing Mass: Measurements during the Investigation worksheet
Mealworms, Forceps, Cups, Digital Scale, Airtight containers, Petri dishes, BTB, Soda Lime

	
	4
(30 min)
	Explaining Your Results: CER: Using the process diagrams, students develop explanations to explain the mass loss by the mealworm system.
	
	
	Expressive Process Tool
	
	
	Computer to project

	
	
	
	
	
	
	
	
	

	CORE 6
	1
(20 min)
	What happens when cows use their muscles to move?  Students use the expressive process tool to explain their ideas about the chemical changes associated with using muscles to move.
	
	
	Expressive process tool
	Initial explanations on worksheets
	
	What happens when cows use their muscles to move? Part 1: Before Viewing the PowerPoint worksheet

	
	2
(40 min)
	Modeling Cell Respiration: Students use molecular models to demonstrate cellular respiration based on the CR reading.
	
	
	Representational Process Tool (PPT)
	
	Animal movement PPT
	Computer to project
Molecular Model Kits
Part 2: Using Molecular Models worksheet

	
	Opt
(15 min)
	Reading about cellular respiration the goes along with exercise demonstration with discussion of macroscopic evidence that CR is happening.
	
	CO2 probe before and after exercise
	
	
	
	Reading What is Cellular Respiration?

	
	3
(30 min)
	Explaining how cows move.  Students use a worksheet to revise their ideas about the chemical changes when cows move and discuss their revisions.
	
	
	Expressive process tool
	Revised explanations
	
	Part 3: Explaining how cows move worksheet

	
	
	
	
	
	
	
	
	

	CORE 7
	1
(40min)
	Other examples of digestion, biosynthesis, and cellular respiration.  Students explain and discuss examples in other animals and similarities between combustion and cellular respiration.
	
	
	Expressive process tool
	
	
	Other examples of digestion, biosynthesis, and cellular respiration worksheet


Lesson Sequence for Animals Units

	Activity Sequence
	Materials

	I. How do animals grow?  Investigation and modeling for digestion and biosynthesis.
	Preassessment

	A. Establishing the problem: How does it grow? Core Lesson 1.2.
	Worksheet: From Egg to Adult

	B. Investigation 1: Mealworms with food. Core Lesson 1.3, Core Lesson 3

1. PE: Predictions and initial explanations of mealworm growth

2. O: Changes in mealworm and food mass

3. E: Argument from evidence about mealworm growth

a. Claims: Animals incorporate some, but not all, of the food that they eat into their bodies as they grow

b. Evidence: Mealworms gain mass, food loses mass, overall system loses mass

c. Reasoning: Materials and mass/gases practices connect claims and evidence in a way that is consistent with conservation of matter and mass (with some of food mass unaccounted for).
	Worksheet: Investigating mealworms growing (3 parts)

Handouts: Mealworm investigation procedures

Investigation materials: Mealworms and food

Container (with holes in lid)

Digital scale

Forceps

Extra cups, dishes

	C. Materials in food. Core lesson 2
1. Materials in food

2. Optional: Water in our food
	Worksheets: Exploring food labels

Water in our food

Reading: What makes up our food?

Handouts: Nutrition label packets

Comparing food molecules

Investigation materials:

Sponge

Water

Digital balance

Dried/fresh fruit samples

	D. Modeling how animals grow. Focus on cow muscle growth. Core Lesson 4.

1. Macroscopic structure and movement: Food moves through digestive and circulatory systems to muscles.

1. What happens in the digestive system?

2. What happens in the muscles?

2. What happens in the digestive system (digestion process)

1. Zooming into food (nutrition labels: materials and molecules)

2. Modeling digestion (different for L2 and L3)

3. Food goes into circulatory system as smaller molecules, but still organic molecules

3. What happens when muscle cells grow?

1. Microscopic structure and movement: Zooming into muscle cells (meat nutrition labels: L2: large organic molecules; L3: fats, proteins different from food fats and proteins, not many carbohydrates)

2. Modeling biosynthesis (different for L2 and L3; most animals can turn carbohydrates into fats but not into proteins)
	PPT: Lesson 4 - digestion & biosynthesis

Worksheet: Digestion and biosynthesis (3 parts)

Handout: Building food molecules

Modeling materials: Paperclip kits



	II. How do animals move? Investigation and modeling for digestion and cellular respiration. Core Lesson 5
	

	A. Establishing the problem: What is the chemical change when mealworms use their muscles to move? Activity 5.1.
	Worksheet: The missing mass

	B. Investigation 2: Mealworms without food. Activities 5.2, 5.3, 5.4.
1. PE: Predictions and initial explanations of mealworm gas exchange

2. O: Changes BTB and in soda lime (separate chambers) with mealworms

3. E: Argument from evidence about mealworm growth

a. Claims: Animals convert food and maybe oxygen into CO2 and maybe water vapor

b. Evidence: Mealworms without food lose mass, CO2 levels rise

c. Reasoning: Materials and mass/gases practices connect claims and evidence in a way that is consistent with conservation of matter and mass 
	Worksheets: Investigating the missing mass (3 parts)

Investigation materials: Mealworms

Forceps

Cups

Digital scale

Airtight containers

Petri dishes

BTB

Soda lime

CO2 probe (optional)

	C. Modeling how animals move.  Focus on muscle contraction.  Core Lesson 6.
1. Macroscopic structure and movement: Food moves through digestive and circulatory systems to muscles; oxygen moves to muscles.

1. What happens to oxygen in the respiratory and circulatory system?

2. What do the muscles do with food and oxygen?

3. CO2 comes from the muscles

2. What happens when muscle cells contract?

1. Microscopic structure and movement: Zooming into muscle cells (glucose and O2 in; H2O and CO2 out; include mitochondria for L3?)

2. Modeling cellular respiration
	PPT: Lesson 6 – Cellular respiration

Worksheet: What happens when cows use their muscles to move? (3 parts)

Handout: Modeling cellular respiration instructions

Modeling materials: Molecular model kits

Reading (optional): What is cellular respiration?



	III. Application lesson: Coaching and fading for animal growth and functioning.  Core Lesson 7.
	

	A. Application questions: Using process tool and practices to explain transformations in different animals.

B. Connecting with Systems and Scale: How is cellular respiration like combustion?
	Worksheets: Other examples of digestion, biosynthesis, and cellular respiration


Additional Unit Information

Targeted Grades:  6-12
Key Concepts: Biomass, Biosynthesis, Chemical Energy, Cellular Respiration, Digestion 
Vocabulary
· Biomass

· Biosynthesis

· Building Blocks

· Carbon Dioxide

· Chemical Energy

· Cellular Respiration
· Digestion

· Glucose

· Inorganic Matter

· Mass

· Molecule

· Monomer

· Organic Matter

· Polymer

· Process

Materials
General Resources 

· Computer to project

· Public space to record student ideas (e.g., white board, overhead, etc.)
· Molecular model kits (e.g., LabAids, Balls/Sticks, Clips/Strips, or other)

· Animal PowerPoint, with process tool
Lab Materials

· Core Lesson 1 Materials

· Mealworms and Food

· Container (with holes in lid)

· Digital Scale

· Forceps

· Extra cups, dishes, etc.
· Core Lesson 2 Materials

· Sponge

· Water

· Digital Balance
· Dehydrator or drying oven
· Dried/Fresh Food Samples
· Core Lesson 3 Materials

· Mealworm Investigations

· Digital Scale

· Forceps

· Extra cups

· Core Lesson 4 Materials

· Paperclip kits

· Core Lesson 5 Materials

· Mealworms

· Forceps

· Cups

· Digital Scale

· Airtight containers

· Petri dishes

· Soda Lime
· Bromothymol Blue (BTB) indicator

· Vernier CO2 probe with interface & software and/or ability to project video to class (optional)
· Core Lesson 6 Materials

· Molecular model kits

Re-Usable Student Handouts/Resources

· Mealworm Investigation Procedures

· What Makes Up Our Foods?

· Comparing Food Molecules

· Building Polymers from Monomers

· Building Food Molecules

· Digesting Food Molecules

· What Is Cellular Respiration?

· Modeling Cellular Respiration Instructions

Consumable Student Worksheets

· Pre-assessment (unit pre-test)

· From Egg to Adult: How Does It Grow?

· Investigating Mealworms Growing

· Exploring Food Labels

· Water In Our Food

· Digestions and Biosynthesis

· The Missing Mass

· Investigating the Missing Mass

· What Happens When Cows use their Muscles?
· Other Examples of Digestion, Biosynthesis, and Cellular Respiration
Recommended Resources
Acknowledgments
Writers: Andy Anderson
Reviewers and assistance from:
Core Lesson 1: Pre-Assessment and From Egg To Adult: How Does It Grow?
Time/Duration: 95 minutes 


Activity 1: Pre-Assessment






~20 minutes

Activity 2: Establishing Problem





~25 minutes


Activity 3: Starting Mealworm Growth Investigation



~50 minutes

Guiding Question: How does a small egg/baby grow into a large adult? What does it need to grow and where does it get its mass?
Model Response:

	Alex
	Blake
	Carmen

	The mass comes from food and water the animal drinks, which goes to the stomach to be digested.

	The mass comes from food that the animal digests, which goes to all the cells and body parts and is used for energy.
	The mass comes from food, which is broken down through digestion and then rebuilt in the cells during biosynthesis.


Our bodies go through several metabolic processes to break down and rebuild molecules in order to grow and gain biomass, which is the explanation provided by Carmen (Level 4). This is how living organisms grow and gain mass. Macromolecules from food are digested and broken down to be transported to cells, where they are rebuilt into larger molecules again. While Blake (Level 3) recognizes that digestion breaks down food to go to cells, he does not yet understand the connection between digestion and biosynthesis as shown by Carmen. Blake can likely trace the molecules to cells but does not know what happens to the molecules once they reach the cell, beyond a general reference to providing energy. Alex also identifies food as a key contributor to mass gain, but focuses mostly on macroscopic materials—food and water—and only traces these materials to the stomach for digestion. Both Blake and Alex will need to learn more about the molecules found in food and how these are changed and transported in the body, connecting atomic-molecular, cellular, and macroscopic explanations for growth.
Learning Objectives:
Given that your students may begin the unit with different levels of understanding, the goals for learning will vary. The mealworm investigation will provide students with an opportunity to observe an animal growing, and to make careful measurement of mass as an indicator of growth and cellular respiration. For many students, growth is simply “getting bigger”, so measuring mass as a way of describing growth may be new for students. The investigation will also provide evidence that not all food consumed becomes part of the body structure which will be used as evidence as students learn more about cell respiration later in the unit.
Rationale & Background:

By middle and high school students can explain that animals grow by digesting food they eat.  Animals need food, water, and air, but food is seen as the main contributor of animal mass. When students are probed about how this food becomes part of the body, they often cannot explain what happens inside the animal’s digestive system and what happens to food once it is digested and transported to cells. Even well educated students and adults do not understand digestion and biosynthesis beyond tracing food to the stomach and intestines. When macromolecules in food are ingested, they are broken down into simple molecules (monomers) through digestion, transported to cells via circulation, where they are rebuilt into more complex molecules (polymers) for growth. This break down of molecules for transportation in the body, as well as rebuilding molecules for growth are processes not well understood by most students.
Lesson Description:
In this lesson students first share their initial ideas about animal growth, identifying the things animals need to grow and which of these things add mass to the animal. Students use the WHAT-HOW-WHY explanation framework to develop an explanation about growth. Then students set up mealworm investigations, where they record mass changes in the animals, food, and combined system over time. This investigation provides evidence—in the form of mass measurements—for both growth and mass loss of the system (cellular respiration).

Lesson Materials:
General
· Public space to record student ideas (board, projector, smart board, etc.)

· Overhead transparency or demo copy of student pages (for previewing the procedures)

Per Group or Demo Set
· [image: image14.png]


6-10g of mealworm larvae (at least 50 mealworms)
· 30g of bran cereal or rolled oats
· Large cups or containers for storing the larvae during investigations 
(with lid if possible); like a ½ lb deli container (as pictured to the right). 

Poke ventilation holes in containers.

· Small cups or containers used for separating larvae from food 
· Digital balance (sensitive to 0.01g)
· Tweezer and forceps (for separating mealworms from food)
· Handout Mealworm Investigation Procedures
Per Student
· Unit Pre-Assessment

· Worksheets From Egg To Adult: How Does It Grow? and Investigating Mealworms Growing

Advance Prep:
· Print student worksheets and handouts.

· Purchase at least 10g of mealworm larvae from local pet or fish store for each group or for your demonstration set. 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 for 45-50 groups. The mealworms may come in a plastic container (with holes for ventilation) already in their food—thus creating a system already assembled. If they do not, you may need to purchase bran cereal, rolled oats, or other food source (wheat and oat flours). If the system is already assembled, then students will need to break the system apart to weigh each component separately. 
This investigation should occur during a one week period so that the growth of mealworm larvae is obvious by Day 4 or 5 but only requires about 30-40 min of instructional time. 

Activity 1: Pre-Assessment

Time: About 20 minutes 

Rationale and Description:

The pre-assessment is useful for two purposes:

· Your students’ responses will help you decide how much detail you want to include, particularly details about metabolic processes.  If your students are mostly at Level 2, you may want to save some of those details for later.

· Your students’ responses will provide a starting point for discussion about the focus for the unit.

Directions

1. You can administer the assessment either online or with paper and pencil (it will fit on the front and back of one page).  

2. Explain that they will be taking a pretest that has two kinds of questions: Questions about how animals grow and gain mass, and questions about how animals move and lose weight.

3. Explain the purpose of the pre-assessment to your students:

a. It will help you as a teacher understand how they think about animal growth and animal movement and weight loss.

b. It will help our research project to develop better teaching materials and activities by helping the researchers to understand how they think and how they learn.

c. It will help them to think about what they know and what they would like to learn.

4. Give the students about 20 minutes to complete the test.  
Activity 2: Establishing Problem
Time: 25 minutes

Rationale & Description: 

As students participate in this unit, they will collect evidence and develop explanations about animal growth. The evidence they collect will help students explain where mass comes from or goes as animals grow, and how this happens. This activity focuses on eliciting students’ prior knowledge about animal growth. Students are presented with three explanations about growth from Alex, Blake, and Carmen. They must consider what each of the explanations says about where mass comes from, and then use their own explanations to describe 1) what contributes to growth, 2) how each enabler contributes, and 3) why animals need each thing to grow.  

Directions:
1. In a public space—overhead, board, computer screen, etc.—write the question, “How does an egg or small baby grow into an adult? What does it need to grow?” Allow students 3 minutes to discuss in partners before sharing aloud. 

2. Give students about 5-7 minutes to share their ideas aloud. You will need to record the most salient points that students share in a public space. As students share, try to develop the general explanation about animal growth that captures the students’ ideas about different animal needs. For example, they will likely list food, water, air, etc. as animal needs.

3. Once you have a list of things an animal needs, create a “T-chart” with one column for things that add mass, and a second column for things that do not add mass, or add very little. Have students decide where the animal needs—like food, water, and air—should be placed in the T-Chart, and then circle the things students disagree about. For example, some students may believe air does NOT add mass, while others think it add some (or a little) mass. Have students record this T-Chart on their worksheet.

4. It is likely that students do not have a clear idea about their own explanations for animal growth, but when presented with choices between 2-3 different explanations, they will identify one they feel is the best. Have students read the three explanations by Alex, Blake, and Carmen and choose which one they feel is best. Consider having students “vote” on which explanation is the best and record the vote in a public space to revisit later in the unit.

5. Have your students write their own explanation about animal growth using the WHAT-HOW-WHY chart on their worksheet. Have students list the “what” (things the animals need), the “how” (how it is used by animals to grow) and the “why” (the reason the animal needs it).
6. If time permits, allow several students to share their lists, focusing mostly on the HOW and WHY components of their explanations.

Activity 3: Starting Mealworm Growth Investigation
Time: 30 minutes
Rationale & Description:
Students conduct mealworm investigations to measure mass changes in animals and food sources as mealworms grow. This activity allows students to observe mass changes in organisms over time and to provide evidence for mass loss in food, mass gain in mealworms, and overall mass loss by the system. 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 is not incorporated, leaving open the question about where this mass goes.

Directions:
1. [image: image15.png]


This investigation needs at least 24 hours to get results but could be run for 2-3 days so that the growth of mealworm larvae and mass changes of larvae and food are obvious. A suggestion is to complete Lesson 3 and 4 and then return to the mealworms in Lesson 5. Depending on supplies, you can choose to let students work on the investigation in groups of 2 or 3 or you can complete the investigation with a demonstration set of materials.
2. Tell students they are going to watch how mealworms grow and collect data mass changes as they grow. They will be responsible for observing and measuring the mass of their mealworms over the course of a few days. 
3. Pass out Mealworm Investigation Procedures to each group. 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 or rolled oats) at the start and end of the investigation. They will record changes in the overall mass of the system across several days.

4. 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 containers) as temporary containers for holding and measuring the worms and food while they take mass measurements on a digital balance. Students should follow procedures outlined on the procedure handout. Once students have made mass measurements for their worms, food, and overall system, they will need to place their mealworms in a well-ventilated place. 

5. Tell students that they will measure the mass of the system (without the lid) after 2-3 days. They will also separate the food and worms after 2-3 days and get a new mass for both following similar procedures they used today. 
Animals and the Carbon Cycle Pre-assessment with Commentary
Level 4 (correct) responses to the questions are in blue bold italics below.  There are also comments connecting the questions to unit activities in blue italics.

1. The following is an experiment regarding animal growth.
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What is your prediction of the outcome of this experiment?  Suppose we put a cricket in a container with plenty of food and make sure that it always has the same amount of water.  Nothing can get in or out of the container except gases and water.  At the beginning of the experiment, the container with cricket, water, and food weighs exactly 10 g.  

At the end of the experiment, the cricket has eaten some of the food and gotten bigger.  Some of the cricket’s waste (feces or poop) is also in the container.  How much would you expect the container (with cricket, food, water, and waste) to weigh?

a. More than 10 g.

b. Still exactly 10 g.

c. Less than 10 g.

Explain the reason for your prediction.

Level 4 responses recognize that there are multiple processes occurring after the cricket consumes food, and that only some of the mass of the ingested food will be incorporated into the cricket’s own biomass. The rest will be lost to the air in the form of gaseous waste (CO2 and water vapor) as a result of cellular respiration.

Most students will probably not answer C, or give the Level 4 explanation.

· Level 2 students may choose A or B. They may believe that the biomass of the cricket is more than the mass of ingested food, which would account for an increase in mass. Or they may believe that food not contributing to biomass becomes waste (feces), and as that is accounted for in the second picture, the overall mass will remain the same.
· Level 3 students may choose B or C. They are attempting to conserve matter but may not know that some of the matter is lost to the air due to cellular respiration. They may, however, explain that some of the matter from food was converted to energy, and this would account for mass lost from the system.
2. When a girl breathes, she breathes in air that has more oxygen, and she breathes out air that has more carbon dioxide.  Where in her body does the carbon dioxide come from?  Answer True or False.

True
False
Some of the carbon dioxide comes from the girl’s LUNGS.

True
False
Some of the carbon dioxide comes from the girl’s HANDS.

True
False
Some of the carbon dioxide comes from the girl’s BRAIN.

Explain how the carbon dioxide is produced in the girl’s lungs, hands, and/or brain.  Explain where the carbon atoms in the carbon dioxide come from if you can.

Level 4 responses recognize that all living cells in the body undergo cellular respiration, and therefore produce CO2 as a waste product that must be removed from the body. They will also know that the carbon comes from food or from stored biomass.

Level 2 and Level 3 students will likely know that CO2 is released when we exhale, but may not know that all cells undergo cellular respiration. Therefore, they may say that only lungs produce CO2 because they are the site for gas exchange with the environment. They may not be able to identify the source of the carbon.
3. Answer these true-false questions:

True
False
Carbon is a kind of atom.

True
False
Carbon is a kind of molecule.

True
False
There is carbon in an insect’s muscles.

True
False
There is carbon in an insect’s stomach.

True
False
There is carbon in an insect’s shell.

4. When a monarch butterfly caterpillar hatches out from its egg it is tiny, but it grows into a large caterpillar more than 2 inches long.  Where does the caterpillar’s increase in mass come from? 
Which of the following statements is true? Circle the letter of the correct answer.

a. ALL of the increase in mass came from matter that was originally outside the caterpillar, OR

b. SOME of increase in mass came from matter that the caterpillar made as it grew.

Circle the best choice to complete each of the statements about possible sources of mass from outside the caterpillar.

	How much of the caterpillar’s mass came from the AIR?
	All or most
	Some
(see note below)
	None

	How much of the caterpillar’s mass came from SUNLIGHT?
	All or most
	Some
(see note below)
	None

	How much of the caterpillar’s mass came from WATER?
	All or most
	Some
(see note below)
	None

	How much of the caterpillar’s mass came from FOOD?
	All or most
	Some
	None


Explain your choices.  How does the caterpillar gain mass as it grows?

Level 4 responses recognize that the caterpillar’s mass comes from the food that it consumes and digests, breaking it down into monomers that are then transported to cells where they are reconstructed into polymers.

(NOTE: A Level 4 response might include these materials depending on how far back the student traces; for example, s/he might explain that the plant eaten by the caterpillar uses air, sunlight, and water to form glucose via photosynthesis. Only students who trace back to the materials entering the food plant should be considered Level 4.)

Level 2 and 3 students will identify several sources, especially water, rather than focusing on food. They may have heard that our bodies are composed primarily of water, but may not realize that when we refer to the “mass” of the caterpillar, we mean dry biomass.
5. When a man exercises and loses weight, what happens to the fat in the person’s body?  Fat is mostly made of molecules such as stearic acid: C18H36O2. Decide and circle whether each of the following statements is true (T) or false (F) about what happens to the atoms in a man’s fat when he loses weight.

True
False
Some of the atoms in the man’s fat are incorporated into carbon dioxide in the air.

True
False
Some of the atoms in the man’s fat are converted into energy.

True
False
Some of the atoms in the man’s fat are burned up and disappear.

True
False
Some of the atoms in the man’s fat are converted into body heat.

True
False
Some of the atoms in the man’s fat are incorporated into water vapor in the atmosphere. 

Explain your answers: What happens to the atoms in a man’s fat when he exercises?

Level 4 students will answer this entire sequence of questions correctly. These students may recognize that the atoms in the fat molecules (which contain lots of high-energy C-C and C-H bonds) are rearranged to provide chemical energy for exercise, and that this process produces inorganic CO2 and water vapor as waste that is released into the air.

Level 3 students may explain that the atoms in fat molecules are converted into energy/heat, while Level 2 students may believe that the fat is “burned off” and disappears.
6. When a bird is alive it has energy stored in its living parts (muscles, fat, blood, etc.).  When the bird dies all the parts are still there, but no longer alive. How much of the energy stored in the living bird is still there in the dead bird?

a. ALL of the energy

b. MOST of the energy

c. SOME of the energy

d. A LITTLE of the energy

e. NONE of the energy

Explain your answers.

What kinds of energy are stored in the living bird? 

Level 4 responses may recognize that birds are composed primarily of protein and fat and that these are organic substances with many high-energy C-C and C-H bonds. The chemical potential energy in these bonds can be transformed to kinetic energy and heat in the living bird.
Level 2 and 3?
What happens to those kinds of energy when the bird dies?

Level 4 responses recognize that although the bird is no longer alive, the materials (protein, fat) are still there and have the same chemical potential energy as before.

Level 2 and 3 students may believe that once the bird has died (and is no longer moving) that the energy goes away or disappears.
Name:_____________________ Period:____ Date:_________
Worksheet with Commentary: From Egg To Adult: How Does It Grow?
When children grow into adults, they gain a lot of mass. What things does a child need to grow? 
Along with the pre-test, this question will help you assess where your students are in their understanding. Many students will probably include things like food, water, and air in their answer; some may also include things like shelter and love.
Which of these things adds mass to the growing child? Which of these things do not add mass?
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Here are three explanations about how animals grow. Circle the one you think is best.
Why do you think your choice is best?
	Alex, Blake, and Carmen generally represent Level 2, Level 3, and Level 4 reasoning.  So students’ choices of the explanation they liked best can give you a quick indication of what level they are at—but not as accurate an indication as the pretest.  




Mealworm Investigation Procedures

Data you will collect:

· Mass of mealworms—Starting and Ending

· Mass of food—Starting and Ending

· Mass of combined mealworms and food—Starting and Ending

Procedures:

Step 1:  
Get a container for growing your mealworms. Make sure the container has holes in the lid for ventilation so your mealworms have air. Measure the mass of the container without the lid. Record this mass at the very bottom of your worksheet, then set the container aside.

Step 2: 
If your mealworms are already in their food and container, you will need to separate the mealworms from the food to get a starting mass for the worms only and the food only. Using tweezers, separate all the worms from the food. Set worms in a separate container. If your worms come already separated from food, skip this step.

Step 3:
Place an empty paper cup onto the digital balance and “zero” out the scale. Then pour all food contents into the empty cup. You should try to have around 30 grams of food available to your worms (about ½ cup of food). Record the Start Mass for your food only.

Step 4: 
Place another empty cup onto the digital balance and “zero” out the scale. Then pour all mealworms into this container. You should have at least 6-10 grams of mealworms. Record on your worksheet the Start Mass of the mealworms only. 

Step 5:
Add the mass of the food and the mass of the mealworms and place this total in Line 3, Start Mass for your combined food and mealworms. 

Step 6: 
Pour all the food and mealworms into your permanent container. Make sure that all the food goes into the container. Take a final mass reading of everything combined (without the lid). Record this mass in Line 4 of your table. Then place the lid onto your container and place the mealworms in a designated place.

Check: 
Your can double-check the accuracy of your measurements by adding Line 3 mass to the mass of the empty container. This should match the Line 4 mass.

Final Mass: 
After 2-3 days you will measure the mass of the food and the mass of the 

mealworms again, following the same procedures above. Place these final mass measurements in your data table.

Name:_____________________ Period:____ Date:_________

Worksheet with Commentary: Investigating Mealworms Growing
Initial Explanation and Prediction

When animals grow there are hidden chemical changes—transformations in matter and energy that take place when molecules are split apart and their atoms combine into new molecules.  In chemical changes reactants (materials that are in the system before the change) always change into products (materials that the reactants change into). 

In this investigation you will leave mealworms with some of their food for a few days, so you will have to figure out what the reactants and products are when mealworms eat and grow.  Think about what materials are losing mass (that would be the reactants) and what materials are gaining mass (that would be the products).  Try explaining and predicting how those materials change.

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

It is not important for students’ explanations to be correct at this point.  Their explanations will give you a chance to evaluate their levels of reasoning:

· Do the explanations focus on actions and events more than matter and energy (Level 2)?

· Do the explanations focus on matter and energy, but with problems such as matter-energy conversion (Level 3)?

· We generally would not expect students at this point to successfully trace matter and energy (Level 4)
Your prediction: What changes in reactants or products could we measure or observe?

A key thing to look for here is whether they can make predications that match their explanations.
Using the Process Tool to show your explanation and prediction: Show your ideas about how matter and energy change when mealworms grow on the process tool diagram below.

This is a “translation” task: Can they take the key words from their explanations and put them appropriately into the process tool diagram?
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Core Lesson 2: What Makes Up Our Food?
Time/Duration: 70 minutes 


Activity 1: Materials in Food




~50 minutes


Optional Activity 2: Water in Our Food


~20 minutes

Guiding Question: What do we get from the foods we eat?
Model Response:

	Alex
	Blake
	Carmen

	Foods are made of nutrients that give you energy.
	Foods have fats, proteins, and carbohydrates and nutrients that give you energy.
	Foods are organic with high energy bonds, so they have chemical energy and give us building blocks for growth.



Foods are energy-rich organic matter, mostly composed of carbon, hydrogen, and oxygen atoms. It is the carbon-carbon and carbon-hydrogen bonds that give us a source of chemical energy from our foods. This level of explanation is similar to the one given by Carmen (Level 4). The key polymers found in foods are carbohydrates, proteins, and fats. Blake (Level 3) explains that these materials are what we get from food, and Blake also knows that they are a source of chemical energy. It is unclear, however, whether Blake knows about the atoms and bonds found in these materials and how they provide us with energy. It is likely that Blake believes that at some point during digestion of food, those substances are turned into energy. Alex (Level 2) focuses mostly on the idea that foods have “nutrients”—a general reference to any material that can provide energy for living things.
Learning Objectives:

Regardless of your students’ level of understanding, many will not be familiar with the materials that make-up common foods. Some students at Level 3 will be familiar with fats, proteins, and carbohydrates. Other students at Level 2 will know that foods have “nutrients”. The materials that make up foods will remain something of a mystery for all your students at this point. 
Rationale & Background:

For many students food is simply anything that can be eaten. Students might treat solid food as different from liquid beverages and vitamins, but all three are considered important in our diets. When asked what things help us grow students might list off a number of things like food, water, air, and vitamins, all of which are part of a “healthy diet”. Each of these things does contribute to our overall body functioning and metabolic processes, but it is the carbon-based materials that we ingest that help our bodies grow and function. It does not matter whether the food we intake is solid or liquid, but it does matter whether this food is a good source of carbon and chemical energy. Carbohydrates, proteins, and lipids are the key ingredients in our diet. These substances are carbon-based with carbon-carbon and carbon-hydrogen bonds, making them an excellent source of chemical energy (just like the gas (octane) we put in our cars). When students look closer at materials to see if they provide chemical energy, their definitions about food and the process of growth can begin to develop, making students ready to understand how and why our bodies use food in certain ways.
Lesson Description:
In this lesson students examine the substances that make up common foods we ingest. Students will examine nutrition labels for common foods looking for these key ingredients. Students will sort these food labels into ones that are “organic” versus materials we ingest/take in that are “inorganic”. Students revisit the meaning of these words and how organic and inorganic materials relate to chemical energy. Students then take a closer look at water—an inorganic material that is critical to our functioning, but one that does not contribute to our biomass. The lesson ends with a discussion of how water contributes to growth.
Lesson Materials:

General
· Dried versus fresh food samples (Examples: marshmallow, apple slice, carrot slice, piece of meat, piece of bread)
· Data from sponge demonstration in Systems & Scale or Plant unit.

· Digital balance (sensitive to 0.01g)

· Public space to record student ideas
Per Partners
· Nutrition Label card packets 
· Worksheet Exploring Food Labels
Per Student
· Handout What Makes Up Our Foods?
· Handout Comparing Food Molecules
· Worksheet Water In Our Food
Advance Prep:
· Print student worksheets and handouts
· Have data from prior units (sponge) ready to share if desired.
· The day before this lesson you will need to dry samples of foods. It is suggested that you use an oven or dehydrator to dry a piece of bread/cracker, fruit, vegetable, meat, and a marshmallow (maybe choose among the foods that correspond to the nutrition labels). If massing dried samples occurs in small groups instead of demonstration, have at least 10 dried samples of each food. Record the fresh mass of each sample before you dry so that you can provide the fresh mass to students for comparison against dry mass.
Activity 1: Materials in Food
Time: 50 minutes

Rationale & Description: 

Students use the reading What Makes Up Our Foods? to learn that food is composed mainly of carbohydrate, protein, and fats. Students learn that carbohydrates, proteins, and fats are key substances in food and rich with chemical energy, while water and vitamins are not sources of chemical energy. Nutritional data and images courtesy of www.NutritionData.com and permission to use in educational materials.
Directions:

1. Remind students that they are learning about why we eat and what we get from our food. In today’s lesson students will begin to learn what makes up common foods and how it becomes part of our bodies through growth.

2. Using the nutrient label card packet, show students a nutrition label for ground beef. Ask them to tell you what materials make up the beef, and then ask, “What are these substances made of?” Refer students to the Comparing Food Molecules handout, which includes starch, protein and fat molecules. Ask what atoms are found in each, and ask what types of bonds are found in each. Help students see that the beef (which came from a living cow) is made mostly of proteins, fats, and carbohydrates, all of which have two things in common: they are carbon-based molecules and have high-energy bonds (C-C and C-H). 
3. Pass out the reading What Makes Up Our Foods? This is a short reading about what students can find on nutrition labels. In partners or as a whole group, read through the handout.

4. Explain to students that they will now look closer at 9 materials that we ingest. They will need to determine whether the material provides our body with chemical energy (which also means the material is organic). Pass out Nutrition Label packets to pairs of students along with the handout Exploring Food Labels. Preview the data table with students so that they know what they are looking for in each label. Provide students with about 10 minutes to read each label and record in their worksheet.
5. At the end of the data table is one question, “How are the materials with chemical energy different from materials without chemical energy?” Students will see that water and diet soda are the only two materials that are not a source of chemical energy. These materials are inorganic substances that we take inside our bodies, but they are not a source of chemical energy (they have no calories). As students to discuss this question, help them sort the materials into 2 groups: Those with chemical energy (Organic) and those without chemical energy (Inorganic).
Optional Scale Representation:

From the cellular to the atomic-molecular scale, students may struggle to comprehend that atoms and molecules are actually A LOT smaller than cells. Once you reach the microscopic scale, students begin to lump all these things together into one category: things we can’t see with our eyes. They may think that an atom is the same size as a molecule or even the same size as a cell. 

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 mimic the relative size of cells and things found in cells using objects found in your classroom. The classroom itself can represent the size of a cell. Objects found in the classroom can represent the cell structures and substances found in the cell. Use the following objects below of examples of how to demonstrate the relationship in size between atomic-molecular scale and microscopic scale.

For example, point out to students that a glucose molecule in a cell is about the size of a paperclip inside a classroom and that a carbon atom inside a cell is about the size of a pen tip inside a classroom.
	Atomic-molecular or Cellular Object


	Actual Size
	Macroscopic Object
	Macroscopic Size

	Typical cell


	10-5 m or 10-6
	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




Activity 2: Water in Our Food
Time: 20+ minutes
Rationale & Description:
In the previous activity students learned that water is an inorganic material without chemical energy. They learned this by looking at a nutrition label and saw that water does not have calories or the basic building blocks in food. In this activity students consider secondary data on the percent of water found in our foods. Either as a demonstration or in small group students will take mass readings on dried samples of food compared to the starting mass when fresh and calculate the percent of mass that was water. Two optional demonstrations are suggested: One measuring the mass of a sponge before and after drying to discuss how water adds to biomass and a second burning fresh versus dried samples to talk about biomass and chemical energy.
Directions:
1. Using the nutrition label for water, ask students how water helps us grow. Ask students if they think water gives us energy. Discussing these questions early in this activity will help you gauge whether your students are still confused about water as an organic or inorganic form of matter, and whether they have learned already how water contributes mass to organisms (in Systems and Scale or other units). Note that most water is not incorporated into the long-term biomass of organisms.

2. Pass out the worksheet Water In Our Food. Tell students that today they will examine the percentage of water found in our foods. Have students read the first part of their worksheet and examine the data table, answering the questions that correspond to this table. Spend about 10 minutes discussing both of these questions.
3. Either as a demonstration or for small groups, students will then mass different dried samples of food. Because most water is not permanently incorporated into biomass it is actually very easy to remove using a dehydrator or oven. Provide students with a set of dried food samples with their starting mass provided by you. You will need to record the starting mass of each sample just before you dry them on the previous day. The samples can be re-used by each of your class periods, but you will need to have at least 10 samples of each material if students are to work in groups. Have students record the dry mass, then calculate the percent of mass that was lost when water was removed. Ask students to vote on the question, “Does water add a lot, a little, or none to the biomass of living things?” Discuss how dry mass is actually the “biomass” of the organism but that water makes up a great deal of the overall mass. Water is not incorporated, which is why it is easy to remove.
There are two optional follow-up demonstrations that could be completed if not already done in the Systems and Scale unit or other units:
4. Option 1: The sponge demonstration where you mass a new, dry sponge, then wet the sponge and get the wet mass, then re-mass the sponge once it has dried completely. This demonstration shows how water adds mass to things, but not long-term biomass. Consider using this demonstration if your students are struggling with the idea that most water does NOT add to biomass of living things (see Systems and Scale for more information).
5. A second demonstration involves burning a fresh sample of food versus a dried sample of food. This demonstration shows that once inorganic water is removed the remaining material is still rich with chemical energy. Use this demonstration if students still believe water provides energy for living things.
	Material
	Fresh Mass
	Dried Mass
	% Change
	Burn

	Apple Slice #1
	11.9g
	4.5g
	-62.18%
	Would not burn when fresh at all; would light and “smolder” when dried but not rapid burning

	Apple Slice #2
	9.0g
	2.9g
	-67.78%
	

	Apple Slice #3
	9.8g
	2.2g
	-77.55%
	

	Leaf #1
	0.5g
	<0.0g
	-80-90%
	Would only “smolder” with constant light on leaf when fresh; burned rapidly when dried

	Leaf #2
	1.0g
	0.3g
	-70.00%
	

	Leaf #3
	0.4g
	<0.0g
	-80-90%
	


What Makes Up Our Foods?
You have probably seen nutrition labels that are found on most food packages. Scientists use tests to find out what makes up the foods we eat, and then food companies use labels so that people who buy their products also know what makes up these foods. 
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Today you will work with your group to explore different food labels and think about why our bodies need the nutrients found in food. First, you need to understand how to read the food labels. Look at the food label to the right. This food label is for carrots. Just by looking at this label, what are some things that make up the carrots that we eat?
Now, take a closer look at the label and think about what each of the things provide our bodies.

What are calories?
The label shows that there are 35 calories in every 100 grams of carrots. But what are calories? 

Scientist use “calories” to measure how much chemical energy is found in foods. Foods that have calories are good sources of chemical energy for our bodies. Things that do not have calories cannot provide chemical energy for our bodies. Food is our only source of chemical energy. 

What are the basic building blocks of food?
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Serving Size 100 grams (100 grams)
|

Amount Per Serving
Calories O Calories from Fat O

% Daily Value*

Total Fat Og 0%
Saturated Fat Og 0%
Trans Fat Og

Cholesterol Omg 0%

Sodium 2mg 0%

Total Carbohydrate Og 0%
Dietary Fiber Og 0%
Sugars Og

Protein Og

I

Vitamin A 0% ¢ Vitamin C 0%

Calcium 1% ¢ Iron 0%

*Percent Daily Values are based on a 2,000 calorie diet.
Your daily values may be higher or lower depending on
your calorie needs.
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Serving Size 100 grams (100 grams) 

 

0        Calories from Fat 0 

0g        0% 

Saturated Fat 0g        0% 

Trans Fat 0g 

0mg        0% 

2mg        0% 

0g        0% 

Dietary Fiber 0g        0% 

Sugars 0g 

0g 

      0%        0% 

      1%        0% 
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*Percent Daily Values are based on a 2,000 calorie diet. 

Your daily values may be higher or lower depending on 

your calorie needs. 


Some things found in foods have chemical energy but some things do not. The basic building blocks of food are carbohydrates, proteins, and fats. Carbohydrates include sugars, starches, and fiber. Carbohydrates are found in most foods, especially breads, pastas, sweets, and vegetables, like potatoes. Proteins are found in many foods, especially meats, beans, and dairy products. Fats are found in many foods, such as butter that we use for cooking and baking. These three things have calories, which mean they have a lot of chemical energy for our bodies. The three things are also made mostly of carbon, hydrogen, and oxygen atoms and have high-energy bonds. They are organic materials.
What about vitamins and sodium?

Look at the label carefully. Can you find the vitamins and sodium that are found in carrots? What are they?

Vitamins and sodium are important for our bodies to stay healthy. But vitamins and sodium do NOT contain calories, which mean that they do not provide chemical energy for our bodies. 
Now you will work with a group to look at different nutrition labels. In your group, you will need to decide which foods have chemical energy for our bodies and which do not.
Name: ________________________________ Period: _______ Date: ___________

Worksheet with Commentary: Exploring Food Labels

Use the nutrition labels to compare the foods on your handout.  

1. Find the amounts of organic materials in the food: carbohydrates, fats, and proteins.

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

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

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

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

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

	1
	Water

	0
	0
	0
	0
	100
	0

	2
	Diet Soda

	0
	0
	0
	0.008
	99.99
	2

	3
	Apple Juice

	11
	0
	0
	0.004
	89
	46

	4
	White Bread

	48
	4
	11
	0.512
	36
	266



	5
	Beef (20/80)

	0
	16
	25
	0.157
	59
	254

	6
	Carrots

	8
	0
	1
	0.078
	91
	35

	7
	Marshmallows
	81
	0
	2
	0.080
	17
	318

	8
	Spinach (Fresh)
	4
	0
	3
	0.079
	93
	23

	9
	Apples (Raw)
	14
	0
	0
	0.001
	86
	52

	10
	Student chooses
	
	
	
	
	
	


[image: image20.emf]Nutrition Facts

Serving Size 100 grams (100 grams)
|

Amount Per Serving
Calories 2 Calories from Fat O

% Daily Value*

Total Fat Og 0%
Saturated Fat Og 0%
Trans Fat Og

Cholesterol Omg 0%

Sodium 8mg 0%

Total Carbohydrate Og 0%
Dietary Fiber Og 0%
Sugars Og

Protein Og

I

Vitamin A 0% ¢ Vitamin C 0%

Calcium 0% * Iron 1%

*Percent Daily Values are based on a 2,000 calorie diet.
Your daily values may be higher or lower depending on
your calorie needs.

‘ ©www.NutritionData.com










Serving Size 100 grams (100 grams) 

 

2        Calories from Fat 0 

0g        0% 

Saturated Fat 0g        0% 

Trans Fat 0g 

0mg        0% 

8mg        0% 

0g        0% 

Dietary Fiber 0g        0% 

Sugars 0g 

0g 

      0%        0% 

      0%        1% 

Nutrition Facts 

Amount Per Serving 

Calories  

% Daily Value* 

Total Fat  

Cholesterol  

Sodium  

Total Carbohydrate  

Protein  

Vitamin A  Vitamin C 

Calcium  Iron 

www.NutritionData.com 

*Percent Daily Values are based on a 2,000 calorie diet. 

Your daily values may be higher or lower depending on 

your calorie needs. 
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Serving Size 100 grams (100 grams)
|

Amount Per Serving
Calories 46 Calories from Fat 1

% Daily Value*

Total Fat Og 0%
Saturated Fat Og 0%
Trans Fat

Cholesterol Omg 0%

Sodium 4mg 0%

Total Carbohydrate 11g 1%
Dietary Fiber Og 1%
Sugars 10g

Protein Og

I

Vitamin A 0% ¢ Vitamin C 1%

Calcium 1% ¢ Iron 1%

*Percent Daily Values are based on a 2,000 calorie diet.
Your daily values may be higher or lower depending on
your calorie needs.

‘ ©www.NutritionData.com










Serving Size 100 grams (100 grams) 

 

46        Calories from Fat 1 

0g        0% 

Saturated Fat 0g        0% 

Trans Fat  

0mg        0% 

4mg        0% 

11g        4% 

Dietary Fiber 0g        1% 

Sugars 10g 

0g 

      0%        1% 

      1%        1% 

Nutrition Facts 

Amount Per Serving 

Calories  

% Daily Value* 

Total Fat  

Cholesterol  

Sodium  

Total Carbohydrate  

Protein  

Vitamin A  Vitamin C 

Calcium  Iron 

www.NutritionData.com 

*Percent Daily Values are based on a 2,000 calorie diet. 

Your daily values may be higher or lower depending on 

your calorie needs. 


[image: image22.emf]Nutrition Facts

Serving Size 100 grams (100 grams)
|

Amount Per Serving
Calories 266 Calories from Fat 33

% Daily Value*

Total Fat 49 6%
Saturated Fat 1g 4%
Trans Fat

Cholesterol Omg 0%

Sodium 521mg 22%

Total Carbohydrate 489 16%
Dietary Fiber 49 14%
Sugars 69

Protein11lg

I

Vitamin A 0% ¢ Vitamin C 0%

Calcium 14% e Iron 19%

*Percent Daily Values are based on a 2,000 calorie diet.
Your daily values may be higher or lower depending on
your calorie needs.

‘ ©www.NutritionData.com










Serving Size 100 grams (100 grams) 

 

266      Calories from Fat 33 

4g        6% 

Saturated Fat 1g        4% 

Trans Fat  

0mg        0% 

521mg      22% 

48g      16% 

Dietary Fiber 4g      14% 

Sugars 6g 

11g 

      0%        0% 

    14%      19% 

Nutrition Facts 

Amount Per Serving 

Calories  

% Daily Value* 

Total Fat  

Cholesterol  

Sodium  

Total Carbohydrate  

Protein  

Vitamin A  Vitamin C 

Calcium  Iron 

www.NutritionData.com 

*Percent Daily Values are based on a 2,000 calorie diet. 

Your daily values may be higher or lower depending on 

your calorie needs. 



Comparing Food Molecules

[image: image23.emf]Nutrition Facts

Serving Size 100 grams (100 grams)
|

Amount Per Serving

Calories 254 Calories from Fat 146
% Daily Value*

Total Fat 169 25%
Saturated Fat 69 31%
Trans Fat 1g

Cholesterol 90mg 30%

Sodium 67mg 3%

Total Carbohydrate Og 0%
Dietary Fiber Og 0%
Sugars Og

Protein 25¢g

I

Vitamin A 0% ¢ Vitamin C 0%

Calcium 2% * Iron 14%

*Percent Daily Values are based on a 2,000 calorie diet.
Your daily values may be higher or lower depending on
your calorie needs.

‘ ©www.NutritionData.com










Serving Size 100 grams (100 grams) 

 

254    Calories from Fat 146 

16g      25% 

Saturated Fat 6g      31% 

Trans Fat 1g 

90mg      30% 

67mg        3% 

0g        0% 

Dietary Fiber 0g        0% 

Sugars 0g 

25g 

      0%        0% 

      2%      14% 

Nutrition Facts 

Amount Per Serving 

Calories  

% Daily Value* 

Total Fat  

Cholesterol  

Sodium  

Total Carbohydrate  

Protein  

Vitamin A  Vitamin C 

Calcium  Iron 

www.NutritionData.com 

*Percent Daily Values are based on a 2,000 calorie diet. 

Your daily values may be higher or lower depending on 

your calorie needs. 



LIPID/FAT

[image: image24.emf]Nutrition Facts

Serving Size 100 grams (100 grams)
|

Amount Per Serving
Calories 35 Calories from Fat 1

% Daily Value*

Total Fat Og 0%
Saturated Fat Og 0%
Trans Fat

Cholesterol Omg 0%

Sodium 78mg 3%

Total Carbohydrate 8g 3%
Dietary Fiber 39 12%
Sugars 5¢g

Protein 19

I

Vitamin A 276% ¢ Vitamin C 4%

Calcium 3% * Iron 5%

*Percent Daily Values are based on a 2,000 calorie diet.
Your daily values may be higher or lower depending on
your calorie needs.

‘ ©www.NutritionData.com










Serving Size 100 grams (100 grams) 

 

35        Calories from Fat 1 

0g        0% 

Saturated Fat 0g        0% 

Trans Fat  

0mg        0% 

78mg        3% 

8g        3% 

Dietary Fiber 3g      12% 

Sugars 5g 

1g 

  276%        4% 

      3%        5% 

Nutrition Facts 

Amount Per Serving 

Calories  

% Daily Value* 

Total Fat  

Cholesterol  

Sodium  

Total Carbohydrate  

Protein  

Vitamin A  Vitamin C 

Calcium  Iron 

www.NutritionData.com 

*Percent Daily Values are based on a 2,000 calorie diet. 

Your daily values may be higher or lower depending on 

your calorie needs. 


   AMINO ACIDS 

   IN PROTEINS

[image: image25.emf]Nutrition Facts

Serving Size 100 grams (100 grams)
|

Amount Per Serving
Calories 318 Calories from Fat 2

% Daily Value*

Total Fat Og 0%
Saturated Fat Og 0%
Trans Fat

Cholesterol Omg 0%

Sodium 80mg 3%

Total Carbohydrate 819 27%
Dietary Fiber Og 0%
Sugars 58¢g

Protein 29

I

Vitamin A 0% ¢ Vitamin C 0%

Calcium 0% ¢ Iron 1%

*Percent Daily Values are based on a 2,000 calorie diet.
Your daily values may be higher or lower depending on
your calorie needs.

‘ ©www.NutritionData.com










Serving Size 100 grams (100 grams) 

 

318        Calories from Fat 2 

0g        0% 

Saturated Fat 0g        0% 

Trans Fat  

0mg        0% 

80mg        3% 

81g      27% 

Dietary Fiber 0g        0% 

Sugars 58g 

2g 

      0%        0% 

      0%        1% 

Nutrition Facts 

Amount Per Serving 

Calories  

% Daily Value* 

Total Fat  

Cholesterol  

Sodium  

Total Carbohydrate  

Protein  

Vitamin A  Vitamin C 

Calcium  Iron 

www.NutritionData.com 

*Percent Daily Values are based on a 2,000 calorie diet. 

Your daily values may be higher or lower depending on 

your calorie needs. 


GLUCOSE 

STARCH

[image: image26.emf]Nutrition Facts

Serving Size 100 grams (100 grams)
|

Amount Per Serving
Calories 23 Calories from Fat 3

% Daily Value*

Total Fat Og 1%
Saturated Fat Og 0%
Trans Fat

Cholesterol Omg 0%

Sodium 79mg 3%

Total Carbohydrate 4g 1%
Dietary Fiber 29 9%
Sugars Og

Protein 39

e
Vitamin A 188% ¢ Vitamin C 47%

Calcium 10% ¢ Iron 15%

*Percent Daily Values are based on a 2,000 calorie diet.
Your daily values may be higher or lower depending on
your calorie needs.

‘ ©www.NutritionData.com










Serving Size 100 grams (100 grams) 

 

23        Calories from Fat 3 

0g        1% 

Saturated Fat 0g        0% 

Trans Fat  

0mg        0% 

79mg        3% 

4g        1% 

Dietary Fiber 2g        9% 

Sugars 0g 

3g 

  188%      47% 

    10%      15% 

Nutrition Facts 

Amount Per Serving 

Calories  

% Daily Value* 

Total Fat  

Cholesterol  

Sodium  

Total Carbohydrate  

Protein  

Vitamin A  Vitamin C 

Calcium  Iron 

www.NutritionData.com 

*Percent Daily Values are based on a 2,000 calorie diet. 

Your daily values may be higher or lower depending on 

your calorie needs. 


Name: _____________________ Period: ____ Date: ________
Worksheet with Commentary: Water In Our Food

Part 1: Percent Water In Common Foods

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

Carbohydrate
	Percent

Protein
	Percent

Fat
	Percent

Vitamins

	Marshmallow
	16
	75
	<1
	<1
	<1

	Banana
	75
	24
	1
	<1
	<1

	Broccoli
	88
	8
	3
	<1
	<1

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

	Chicken Breast
	62
	<1
	30
	8
	<1

	Brown Rice
	71
	26
	3
	<1
	<1

	Wheat Bread
	36
	48
	11
	4
	<1


1. Notice that a marshmallow is mostly carbohydrate and fresh broccoli is mostly water. Which do you think would burn the fastest and why? Students should be able to say that the marshmallow will burn faster than broccoli, but may related this more to the amount of water rather than to the amount of carbohydrate.
2. When we make dried fruit, jerky, or “dehydrated” foods, we take water out of the foods. When water is removed…

a. from fruits and vegetables, which substance is the most abundant? Carbohydrate
b. from meats, which substance is the most abundant? Protein
c. from rice and bread, which substance is the most abundant? Carbohydrate
Part 2: Calculated Percent Mass Change

Your teacher will give you samples of dried food with their original mass. You will need to find their dried mass then calculate the percent of water that was taken out of the food when dried. Students will want to answer “a lot.” The teacher will need to explain to students what we mean by “biomass.”
[image: image27.emf]Nutrition Facts

Serving Size 100 grams (100 grams)
|

Amount Per Serving
Calories 52 Calories from Fat 1

% Daily Value*

Total Fat Og 0%
Saturated Fat Og 0%
Trans Fat

Cholesterol Omg 0%

Sodium 1mg 0%

Total Carbohydrate 149 5%
Dietary Fiber 29 10%
Sugars 10g

Protein Og

I

Vitamin A 1% * Vitamin C 8%

Calcium 1% ¢ Iron 1%

*Percent Daily Values are based on a 2,000 calorie diet.
Your daily values may be higher or lower depending on
your calorie needs.

‘ ©www.NutritionData.com










Serving Size 100 grams (100 grams) 

 

52        Calories from Fat 1 

0g        0% 

Saturated Fat 0g        0% 

Trans Fat  

0mg        0% 

1mg        0% 

14g        5% 

Dietary Fiber 2g      10% 

Sugars 10g 

0g 

      1%        8% 

      1%        1% 

Nutrition Facts 

Amount Per Serving 

Calories  

% Daily Value* 

Total Fat  

Cholesterol  

Sodium  

Total Carbohydrate  

Protein  

Vitamin A  Vitamin C 

Calcium  Iron 

www.NutritionData.com 

*Percent Daily Values are based on a 2,000 calorie diet. 

Your daily values may be higher or lower depending on 

your calorie needs. 


	Food Sample
	Start “Fresh” Mass
	Dried Mass
	Percent Water

	 
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Core Lesson 3: Mass Loss and Gain in Mealworm Study

Time/Duration: 50 minutes 


Activity 1: Mealworm Growth Results



~25 minutes

Activity 2: Mealworm Study Conclusion


~25 minutes

Guiding Question: How does food become part of mealworms so the mealworms gain mass?

Model Response:

	Alex
	Blake
	Carmen

	The mealworms eat the food and it goes to the stomach and then all their body parts.
	The mealworms eat the food and it gets digested and goes to the cells in the mealworm.
	The food is broken down into monomers through digestion and then rebuilt into polymers in the cell.


Animals gain mass from eating because some of the food gets incorporated into our biomass. As Carmen explains (Level 4), the food is broken down into basic monomers, like glucose and amino acids, through digestion. Then through different biosynthetic processes, cells rebuild these monomers into complex polymers again. This is how animals grow and gain biomass. Blake (Level 3) knows that food adds mass to organisms through digestion and something that cells do with the food, but does not yet understand how food molecules change over time during digestion and biosynthesis or how food mass becomes biomass. Alex (Level 2) exhibits even less understanding about how food actually becomes part of our bodies. Alex knows that our body parts need food to function but does not understand what we get from food and how our body systems transform materials so that we grow and gain mass.
Learning Objectives:

After the previous lesson students should know that food is composed primarily of carbohydrates, proteins, and fats, which are organic materials containing lots of high-energy bonds. They know that we get chemical energy from food, but students have yet to consider transformations of matter between food mass and biomass. In today’s lesson students revisit their mealworm study to find that only some of the food mass taken in changes to biomass in mealworms. Students will construct process tool diagrams to explain what happens to this portion of the food mass (and chemical energy) during growth.

Rationale & Background:

Only part of the food we eat is incorporated into our biomass. Students will need to consider evidence from the mealworm study to explain the transfer of mass between food and organisms. Students will also need to take a closer look at how chemical energy is transformed through digestion and biosynthesis, and why biomass is actually our body’s reserve storage for chemical energy.
Lesson Description:
In this lesson students revisit their mealworm study after three days of allowing the mealworms to grow. Students take new measurements of mass and find that while food mass decreases, mealworm mass increases. This is not at all surprising, but students will also find that not all the food mass that is lost can be accounted for by growth in the mealworms. This finding will be taken up in subsequent lessons as the students investigate and explain what happened to the missing mass. 
Lesson Materials:

General
· Back-up data and images of mealworm study (optional)
· Digital balance (sensitive to 0.01g)
· Public space to record student ideas
Per Partners/Groups
· Mealworm Study materials

· Small cups or containers used for separating larvae from food 

(for mass measurements only)

· Tweezer and forceps (for separating mealworms from food)
Per Student
· Worksheet from Lesson 1 Investigating Mealworms Growing
Advance Prep:
· Print student worksheets.
· Have mealworm containers and digital balance ready for use today. 
· Consider making an overhead transparency or other graphic organizer to use when students pool their mealworm data. This might help students see patterns in mass change across all the students’ investigations.
Activity 1: Mealworm Growth Results
Time: 25 minutes

Rationale & Description: 

Measuring growth of animals through mass change might be new to your students. Mass measurements will give students quantitative information about how much animals grow in comparison to the food they ingest. The results of the mealworm study will allow students to make comparisons around the percentage of food that becomes biomass and percentage that was not incorporated into biomass. 
Directions:
1. At least three days have passed since students started their mealworm study. Students will need to take new mass readings on both the food and the mealworms. Students should first remove the lid from their mealworms, then get a final mass for the whole system (line 4). 

2. Have students separate the mealworms from their food using tweezers and place the mealworms on a piece of paper or in an empty cup. Note that some mealworms may have died during the previous three days so students need to keep the dead mealworms with the live mealworms for mass measurements.
3. Have students place an empty cup on the digital balance. They should then zero out the scale. Students will need to add all the remaining food to the empty cup to get a final food mass. They might use a paintbrush to sweep all the food into the cup. Tell students to record the final food mass on their worksheet.
4. Have students then find the mass of their mealworms using the same procedures. Record the final mealworm mass on their worksheets.

5. Students will then need to calculate the final mass of the food and mealworms combined (line 3) by either adding lines 1 and 2 or by subtracting the mass of their empty container from the line 4 mass. Either way will work and students can double-check their measurements by doing both.

6. Have students share their findings aloud, sharing only food mass change, mealworm mass change, and food & mealworm mass change. Use a graphic organizer in a public space to record the students’ data so that they can see the patterns. Students should notice that food mass goes down, mealworm mass goes up, but that overall the food loses more mass than gained by mealworms. Ask students to think about how they would explain how the mass of the food changes to the mass of the mealworms once it is eaten (Note: some of the mass gets incorporated by the mealworms, but a lot or even most is lost to the air through respiration. Students may not know how the food mass is lost to the air, so focus your discussion on the mass gained by mealworms. Tell students that they will explore what happens to the other food mass in upcoming lessons).
Activity 2: Mealworm Study Conclusions
Time: 25 minutes
Rationale & Description:
Students have just completed the Mealworm Study investigations and found two patterns—1) mass loss from food and gained by mealworms and 2) mass loss from the overall system. This activity asks students to explain how food mass becomes mealworm biomass. You will need to encourage students to use evidence from the mealworm investigation to support their explanations for the mass changes.
Directions:
1. Ask students to respond to the following question on the bottom of their worksheet:
Think about what happened to the mass of the food. Where did the mass of the food go? Did all of it go into the mealworms? Explain your ideas about the mass changes you observed and use evidence you collected in the investigation.
2. Give students about 5 minutes to discuss and write their ideas to this question. Remind students to look at their evidence from the mealworm study to support mass changes. Their evidence should show that at least some of the food mass goes into the mealworm mass.
3. Have a few students share their ideas aloud, and follow-up the first question with a second: “How did food mass become mealworm biomass?”—this question acts as a pre-assessment for the lessons on digestion and biosynthesis that are to follow. Record the students’ ideas in a public space, and listen carefully for how students describe mass changes. The next lesson will focus on constructing process diagrams to explain how materials (polymers/monomers) transform, how mass transforms, and how energy transforms during digestion and biosynthesis only. Respiration will be the focus of the remainder lessons in the unit.
Name:_____________________ Period:____ Date:_________
Worksheet with Commentary: Measurements During the Investigation
In this investigation you will make observations of mealworms growing over several days. You will measure their growth by recording mass changes. It is important to make careful measurements of mass change in the mealworms and also of their food source. Double-check all your measurements as you complete the investigation.

Mass of empty container (without lid): ____________ 

	
	
	Start Mass 
	End Mass 


	Change

	1
	Food (and waste) only


	
	
	should be less

	2
	Mealworms only


	
	
	Should be more

	3
	Food and mealworms

combined


	
	
	Should be less

	4
	Food, mealworms, and container (without lid)
	
	
	Should be less


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

Results

Briefly summarize the main patterns that you saw:

What gained mass during your investigation?

If all goes well, the students should see an increase in the mass of the mealworms ONLY.
What lost mass during your investigation?

The mass of the food, food & mealworms, and food & mealworms & container should all weigh less.
Worksheet with Commentary: Explaining Your Results

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

As with their initial explanations, it is not essential that their explanations be correct at this point.  You should check to see if they have modified their explanations to be consistent with the evidence that they have collected.
Using the Process Tool: Show your new ideas about how reactants changed into products on the process tool diagram below.
Again, the key question here is whether the process tool is consistent with their written explanations
[image: image3.png]Reactants

Chemical change
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Evidence—the measurements that support your explanation: What are the key observations and measurements that support your explanation?

The key question here is how well they select and summarize the evidence that is relevant to their claims. 
Reasoning—connecting claims to evidence and scientific principles

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

The key question here is whether they connect claims and evidence.  Do they consider possible negative as well as positive evidence? 
Connecting evidence and principles.  Does your explanation follow the principles that apply to chemical changes?

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

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

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

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

For these questions note the consistency with principles rather than the accuracy of their evaluations.  If their explanation is not consistent with the principles, are they aware of it?  How confident are they in applying the principles?
Core Lesson 4: You Are What You Eat

Time/Duration: 95 minutes 


Activity 1: Food and Body Composition


~25 minutes

Activity 2: Building and Digesting Molecules


~50 minutes


Activity 3: Explaining Digestion and Biosynthesis

~20 minutes
Guiding Question: People say, “You are what you eat.” How is this statement true?

Model Response:

	Alex
	Blake
	Carmen

	If you eat unhealthy foods, then you are probably fat and unhealthy. But if you eat healthy foods they give you nutrients and your muscles and bones grow strong.


	Our food has nutrients and fats and things to help us grow. So when we eat our food is digested and it goes to our cells and just becomes part of us when we grow.
	Our food is made of different substances, like proteins and fats. Those are broken down in digestion, sent to cells, where our cells rebuild them. So we are made of the same molecules found in our food.


Food molecules—mainly the key polymers in food, like carbohydrates, fats, and proteins—are ingested into the body, broken down into monomers through digestion, transported to our cells via the bloodstream, and then our cells rebuild them into more complex polymers again. This is how our bodies grow through digestion and biosynthesis, which is captured by Carmen’s response (Level 4). So our bodies are in fact composed of the same types of molecules as the food we intake, which is not surprising given that most of this food comes from other living things. Blake (Level 3) knows that digestion is breaking down materials and that our cells need these materials, but Blake has not yet connected digestion to biosynthesis to develop a clear understanding about how food gets incorporated into our biomass. Alex (Level 2) sees some foods as good and some as bad, but does not realize that “unhealthy foods” are composed of similar molecules as other foods we eat. Alex will need to learn more about the basic polymers found in all foods and what happens to these polymers when they are digested and sent to cells.
Learning Objectives:

Students have begun to learn about the key polymers found in foods (carbohydrates, proteins, and fats; Lesson 2). Now they will need to trace these polymers through digestion and biosynthesis to see how food contributes matter and energy for growth. Today’s lesson will depend on your students’ level of understanding and how much detail you want to share with students about the polymers themselves and the processes of digestion and biosynthesis. 

Rationale & Background:

Students know from Lesson 2 that carbohydrates, proteins, and fats are the energy-rich materials that we ingest to help us grow. They know these materials are carbon-based and that they have chemical energy. Most of your students will know that when these substances are ingested, they go to the stomach, get digested, and then mysteriously help us grow and function. Students likely cannot trace these substances beyond the stomach, intestines, or blood stream. When these substances (which are polymers) are ingested, they are broken down into monomers in the digestive system. Once they are fully digested into monomers they can be transported across membranes into the bloodstream and then carried to all the cells in the body. At the cell they are transported into the cell body, and rebuilt through various biosynthetic processes back into polymers. The monomers that are the product of digestion can follow different pathways in the body and go through many different processes, but your students need to know a general storyline about what happens in growth: polymers are broken down into monomers through digestion, then rebuilt into polymers that become part of our biomass. 

Lesson Description:
In this lesson students model the break down and rebuilding of molecules through digestion and biosynthesis. Students begin by looking at the composition of grass and composition of the body of a cow and discuss the question, “Why is it true that you are what you eat?” Students learn that living things are made mostly of water, but that the biomass of living things is actually carbohydrates, fats, and proteins similar to those things found in food. Students will then complete a paperclip activity that focuses on details in the processes of digestion and biosynthesis. 
Lesson Materials:

General
· Lesson 4 PowerPoint: Digestion and Biosynthesis
· Computer ready to project PowerPoint
· Sponge demonstration results (optional)
· Handout Comparing Food Molecules to project (optional)
Per Partners
· Handout Building Food Molecules
· Paperclip sets 
· 15 silver, 24 small gold, 8 black, 15 colorful
· Worksheets Digestion and Biosynthesis: Before Viewing the PowerPoint, Digestion and Biosynthesis: Breaking and Building Molecules, and Digestion and Biosynthesis: After Building Molecules and Viewing the PowerPoint
Advance Prep:
· Have computer and PowerPoint ready to project

· Print student worksheets and handouts
· Assemble paperclip sets, one for each group or pair of students
Activity 1: Food and Body Composition

Time: 25 minutes

Rationale & Description: 

Students may be surprised to learn that the composition of biomass found in living things is remarkably similar to the composition of our food. Somehow the molecules found in foods become part of our biomass. This activity will give students an opportunity to think about how food mass is transformed into biomass.
Directions:
1. Remind students that they learned water makes up a majority of our overall mass, but that most of this water is not permanently incorporated into our biomass. Because it is not permanently incorporated it is easy to remove from foods using a simple dehydrator or oven. Note that if the sponge demonstration was completed in Lesson 2, you can take this time to complete the second part of the demonstration massing the sponge after it has dried.
2. Discuss the word biomass again, which refers to the carbon-based organic matter in living things—not the water, not the vitamins/minerals. Tell students that the key organic matter in living things are carbohydrates, proteins, and fats, which is what they learned about in prior activities using nutrition labels. 
3. Project PowerPoint slides 1 & 2, which ask students what a cow needs to grow, and what they think happens to food inside the cow’s body based on inputs and outputs. Pass out the worksheet Digestion and Biosynthesis: Before Viewing the PowerPoint. Ask students to describe their ideas about how a cow grows and write these ideas down. The first section asks students to think back to the nutrition label activity and write down what organic and inorganic materials they think are in grass and how these materials might be changed when the cow digests them. Then students should use the process tool to show the products and reactants of grass digestion. Next, students are asked to explain how they think necessary materials get to the cow’s muscle cells to help them grow. Finally, students are asked to think about what organic and inorganic materials they expect to find in a cow’s muscles (encourage them to revisit their nutrition labels), and how these materials might have been made, again using the process tool to trace reactants and products.
Activity 2: Building and Digesting Molecules
Time: 50 minutes
Rationale & Description:
In this activity students will use paperclips to model the breakdown (digestion) and rebuilding (biosynthesis) of key polymers ingested when we eat. The story focuses on the general breakdown of polymers into monomers and rebuilding back to polymers inside the cells.
Directions:
1. To introduce the paperclip modeling activity, explain that carbohydrates, proteins, and fats are polymers made of smaller molecules called monomers. Carbohydrates are made of monomers of glucose. Fats are made of monomers of glycerol and fatty acids, and proteins are made of monomers called amino acids. All of these are composed mainly of carbon, hydrogen, and oxygen and are rich with chemical energy. Focus on starch as the example polymer and glucose/sugar as the example monomer (you may refer back to the Comparing Food Molecules handout from Lesson 2). Use a single paperclip to represent a monomer and a chain of paperclips to represent polymers. Tell students that “mono” means one, while “poly” means many. Tell students that today they will build polymers that are in food and trace what happens to the polymers over time during digestion and growth.

2. Pass out paperclip packets. Students will only need one instruction handout and packet for every pair of students. The paperclip packet should include 15 silver paperclips, 12 gold paperclips, 8 black paperclips, and 15 colorful paperclips. Have students build these into polymers and monomers following the Building Food Molecules instructions in their handout. They will have two starch, three protein, three fat, and two fiber molecules, along with a couple extra monomers (glucose).

3. Pass out the worksheet Digestion and Biosynthesis: Breaking and Building Molecules. Walk students through four different time periods and locations in the body after food is ingested. At each step they will work with their paperclips to mimic what is happening to the polymers through digestion and biosynthesis, and record their observations on the worksheet.
a. Stomach: In the stomach most of the starch and proteins break down into links of 1 or 2 monomers. One fat molecule breaks apart, but the others remain intact. The fiber molecules remain intact.

b. Intestines: In the intestines all the starch, protein, and fat are completely broken down into monomers. The fiber is the only monomer to remain intact.

c. Bloodstream: Explain to students that because fiber is not broken down it can’t go into the blood and has to continue to the large intestine. Only monomers can be transported into the blood. This is why our bodies have to digest the polymers we eat. We need the smaller molecules to move across membranes in our body. Take a moment to re-cap digestion of polymers into monomers at this point in the activity. Then pose the question, “So once all these monomers are in the blood, where do they go? And why?” Elicit students’ ideas about cells and what cells might do with these basic materials.

d. Cell: When monomers arrive at the cell they stay monomers until they reach the inside of the cells. They can only pass into a cell if they are still small. But remind students that we are made of polymers not monomers, so our cells have to rebuild some of these monomers back into polymers in order to grow. Depending on your time for the lesson you might consider making the connection to cell division at this time.

e. At the end of the activity have students respond to the question: “When you eat food, how does the material in the food become materials in your body?” Save time for discussing this question aloud. This will give you a good sense of how much your students learned about digestion and biosynthesis through the modeling activity.
Activity 3: Explaining Digestion and Biosynthesis
Time: 20 minutes

Rationale & Description:

Students know from previous lessons that food is composed of carbohydrates, proteins, and fats, and they know from the paperclip activity that these molecules are polymers that are broken down into smaller monomers during digestion and built back up again inside cells during growth. In this activity they will revisit their initial explanations of how the materials in grass become the materials in a cow’s muscle and answer the question, “How can we say we are what we eat?”
Directions:
1. Project PowerPoint slides 1 – 4. Once again, ask students how cows grow and to think about what is happening to food inside the cow’s body and how the cow grows based on inputs and outputs. A flowchart separates ingested food into the two pathways that it can take in the body, one for growth and the other for movement, and shows the major organ systems, processes, and inputs/outputs involved. Tell students that for this lesson the focus will be on growth (digestion and biosynthesis) and that cellular respiration will be discussed in subsequent lessons. Finally, a series of graphs show the materials entering and leaving both grass and cow (with water included): the composition of materials entering grass, the general composition of grass, the general composition of the cow’s body, and the composition of waste materials leaving the cow’s body. Ask students to compare these graphs and then answer the question, “How does this show that we are what we eat?” As students discuss this question, follow-up with the question, “How does the stuff in grass become part of the cow’s body? What happens to food once we eat it?”
2. Briefly walk students through the rest of the PowerPoint, first through digestion and then through biosynthesis, to show what happens to food in the cow’s body at macroscopic, microscopic, and atomic/molecular scales. Focus only on matter transformations at this point. Point out, or ask students to tell you, how the microscopic scale (slides 12 – 17 for digestion and slides 31 – 36 for biosynthesis) relates to what they did in the paperclip activity.

3. Pass out the worksheet Digestion and Biosynthesis: After Building Molecules and Viewing the PowerPoint. Ask students to revise their explanations for how a cow transforms materials in grass into materials used in building muscle cells based on the paperclip modeling activity and PowerPoint.

Name: _____________________ Period: ______ Date: _________

Worksheet with Commentary: Digestion and Biosynthesis

Before Viewing the PowerPoint

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

1. Eating grass:

	Materials in grass: List your ideas about the main organic and inorganic materials in grass.  (Hint: Are any of the foods on your nutrition labels kind of like grass?) Students should be able to see that grass is composed largely of water and carbohydrates with some protein and minerals.
1.

2.

3.

4.
	Transformation of materials in digestion: Explain how you think those materials might be changed when the cow digests them.

At this point students may concentrate on macroscopic changes (e.g., food particles get smaller) and will probably not consider microscopic/molecular changes.


Use the process tool to show your ideas about what happens to one material in grass.
This is a “translation” task: Can they take the key words from their explanations and put them appropriately into the process tool diagram?
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2. Movement of materials to the cow’s growing leg muscle

In order for the cow’s leg muscle to get bigger, it must get materials from somewhere.  Explain your ideas about how the materials get to the cow’s leg muscle. The key here is that students have thought about this and provide a reasonable explanation based on their level of understanding.
3. Transformation of materials inside a cow’s muscle cells
	Materials in grass: List your ideas about the main organic and inorganic materials in a cow’s muscle.  (Hint: Are any of the foods on your nutrition labels kind of like a cow’s muscle?) Students should be able to see that cow muscle is composed largely of protein, fat, and water with some minerals.
1.

2.

3.

4.
	Transformation of materials in biosynthesis: Explain how you think those materials might be made when the cow’s muscle cells grow and divide. At this point students may concentrate on macroscopic changes (e.g., food helps cells get bigger/divide more) and will probably not consider microscopic/molecular changes.



Use the process tool to show your ideas about what happens to one material in the cow’s muscle is made. This is a “translation” task: Can they take the key words from their explanations and put them appropriately into the process tool diagram?
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4. Checking your explanation
Does your explanation follow the principles that apply to chemical changes?

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

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

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

For these questions note the accuracy of their evaluations.  If their explanation is not consistent with the principles, are they aware of it?  How confident are they in applying the principles?
Building Food Molecules
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Use this information to build: 

1) STARCH and FIBER polymers
2) LIPID polymers
3) PROTEIN polymers

Step 1: 
Build a STARCH molecule by linking together 6 small, silver paperclips. Each silver paperclip represents a monomer (glucose), so starch is a chain of glucose molecules. Build two starch molecules using 12 of your silver paperclips. The extra silver paperclips represent glucose (sugar) we eat.
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Step 2: 
Build a FAT molecule by three linking fat monomers. Link together 4 gold paperclips for each fat molecule. Make three chains total using all 12 gold paperclips. 
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Step 3: 
Build PROTEIN molecules by making chains of different protein monomers. Choose 5 different colors (red, yellow, blue, green, purple, etc) and link the colorful paperclips together. Each color represents a unique monomer and when combined in different ways you get different proteins. Make up to three protein molecules using your 15 colorful paperclips.
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Step 4: 
One type of carbohydrate is fiber. Build a FIBER molecule by linking together 4 black paperclips. You will need to build two fiber molecules with your 8 black paperclips. 
Name: _____________________ Period: ______ Date: _________
Worksheet with Commentary: Digestion and Biosynthesis: Breaking and Building Molecules

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

	The key here is that students see that macromolecules are broken down at various points in the digestive system, are beginning to use the terms “polymer” and “monomer”, and understand that polymers are made up of many monomers. 


	

	

	


Location #2: BLOOD
 and MUSCLE CELLS

	Describe what is happening.

	Students should see that monomers are carried by the blood to cells, that they are small enough to cross cell membranes and enter the cell, and that once inside the cell they are reconstructed into polymers which the cell uses to grow and divide.



Name: _____________________ Period: ______ Date: _________
Worksheet with Commentary: Digestion and Biosynthesis: After Building Molecular Models and Viewing the PowerPoint

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

1. Eating grass:

	Materials in grass: List your ideas about the main organic and inorganic materials in grass. 
Students should now be able to provide the correct materials. 

1.

2.

3.

4.
	Transformation of materials in digestion: Explain how you think those materials might be changed when the cow digests them.
Students should now be able to talk about materials in terms of polymers and monomers (it is not critical that they know the names of the monomers for specific polymers with the exception of glucose), and know that digestion is the process of breaking large molecules into smaller ones.



Use the process tool to show what happens to one material in grass. Again, the key question here is whether the process tool is consistent with their written explanations. 
[image: image6.png]Reactants

Chemical change

Products

Predictions for
change in mass





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

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

Students should now see that after digestion, the monomers are transported to cells via blood in the circulatory system.
3. Transformation of materials inside a cow’s muscle cells
	Materials in grass: List your ideas about the main organic and inorganic materials in a cow’s muscle. Students should now be able to provide the correct materials. 

1.

2.

3.

4.
	Transformation of materials in biosynthesis: Explain how you think those materials might be made when the cow’s muscle cells grow and divide. Students should now be able to talk about materials in terms of polymers and monomers, and know that biosynthesis is the process of building large molecules from smaller ones inside the cell. (An interesting question to ask students is, knowing how little protein grass contains, how much do cows need to eat to build their muscles? Also, if cows are mostly muscle and fat, what happens to all of the carbohydrates from the grass?)



Use the process tool to show what happens to one material in the cow’s muscle is made. Again, the key question here is whether the process tool is consistent with their written explanations.
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4. Checking your explanation
Does your explanation follow the principles that apply to chemical changes?

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

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

Yes  No  Not sure Conservation of atoms: Atoms are not created or destroyed.
Core Lesson 5: Where Does All The Food Go?
Time/Duration: 155 minutes 


Activity 1: The Missing Mass





~40 minutes

Activity 2: Investigating the Missing Mass: 

Initial Explanation and Prediction



~25 minutes

Activity 3: Investigating the Missing Mass:



Measurements During the Investigation


~60 minutes


Activity 4: Explaining Your Results




~30 minutes

Guiding Question: What happens to food mass that doesn’t become part of our biomass? 
Model Response:

	Alex
	Blake
	Carmen

	We use the food to move our muscles and grow strong bones. Some of the food turns to energy, but the waste we get rid of because we don’t need it.
	The food gives our body energy. Cells use food and turn it into energy during cellular respiration. That’s how we move and stay alive.
	Most food we eat gets broken down during digestion and our cells use it during cellular respiration. We give it off as carbon dioxide and water vapor so it goes into the air.


The polymers ingested from our food can follow many pathways in the body, but most of this food ultimately is oxidized through cellular respiration, transforming into carbon dioxide and water vapor. Our cells do this to transform the chemical energy in polymers into other usable forms of energy. Carmen (Level 4) knows that once food is digested most is used during cell respiration and given off to the air—that the molecules themselves do not turn into energy. While Blake can trace polymers to cells and knows about cellular respiration, he also allows matter to transform into energy at this scale (Level 3). Matter-energy conversions are particularly problematic for students like Blake when they are explaining cellular respiration or combustion because matter seemingly disappears (i.e., gases are invisible to them). Blake will need help developing parallel stories about matter and energy through cellular respiration that conserve both entities instead of inter-converting the two. Like Blake, Alex also believes that some of the food molecules are changed into energy (Level 2), but Alex describes matter-energy conversions at the macroscopic scale. Alex will need to learn how matter and energy are changed in cellular respiration, but you can focus on developing connections between respiration and macroscopic observations of breathing out CO2, movement, and body temperature—all tangible products of cellular respiration that Alex can observe and measure.

Learning Objectives:

Students will need to return to their mealworm results to identify that a lot or even most of the food mass was not incorporated by the mealworms. This lesson focuses on identifying where this food mass might have gone if not in the mealworms.
Rationale & Background:

Not all food digested by animals is transformed into biomass. Most of these materials are used in cellular respiration to obtain usable energy (and matter is given off as CO2 and H2O). The mealworm results may have puzzled your students because they might have expected a 1:1 ratio of food mass becoming mealworm mass once eaten. This was not the case. In today’s lesson you will need to emphasize that while all food mass is digested into monomers, only some is rebuilt into polymers for growth. Most of these monomers are used by cells in other ways. The process of cellular respiration will not be fully introduced until subsequent lessons.
Lesson Description:
In this lesson students revisit their mealworm data focusing on the mass lost by food, but not accounted for my mealworm mass gain. Students brainstorm where this mass might have gone. A group of mealworms is connected to a CO2 probe for several minutes to show that CO2 rises around the mealworms. Students discuss whether the food might have been lost to the air. The mealworms are then placed in an airtight chamber with soda lime to watch mass change of soda lime and mealworms overnight. BTB demonstrations are also provided in addition to (or in place of) the CO2 probe demonstration.
Lesson Materials:

General
· Public space to record student ideas

· Results from Mealworm Study

· Airtight chamber that CO2 probe is inserted into

· Airtight chamber for soda lime & mealworms (if the one above will not work)

· CO2 probe with Go Link and computer to project data
· Sample of mealworms from mealworm study (or several samples for more dramatic results) ~ at least 50 mealworms required for probe and soda lime
· 40 grams Soda Lime
· [image: image36.jpg]


2 plastic cups (1 oz. each) 
· Digital balance (sensitive to 0.01g)
· Sharp probe for poking holes into one cup

· BTB demo:
· Two test tubes 

· Two stoppers for test tubes

· ~6 ml of BTB solution

· 1 cotton ball

· ~10 mealworms

· Forceps
Per Student
· Worksheets The Missing Mass, Investigating the Missing Mass: Initial Explanation and Prediction, Measurements During the Investigation, and Explaining Your Results 
Advance Prep:
· Have computer and PowerPoint ready to project

· Print student worksheets
For Demonstrations: Obtain at least 50 live mealworms from Mealworm study. Make sure the probeware, software, and computer are ready to project data to the class. Ensure that the soda lime is fresh for best results. BTB demonstrations are included in the procedures as additional options to go with the CO2 probe or in place of the CO2 probe. You can add BTB to either airtight chamber as another indicator of CO2 released from the mealworms.

Activity 1: The Missing Mass
Time: 40 minutes

Rationale & Description: 

In the mealworm study students found that not all the mass lost by food was accounted for by mass gain in mealworms. Students will need to look at their results more closely and brainstorm where this other mass might have gone if not into biomass. It is important that students learn that ALL the mass of the food was at least ingested and digested by the mealworms and transported to cells, but only some of it goes through biosynthesis once it reaches the cell. In this lesson and the next lesson students will learn that most of the monomers are actually used in cellular respiration and lost to the air.

Directions:

1. Using the Mealworm Study results, reexamine the overall patterns that students found. Students found that food mass decreased, while mealworm mass increased, but that some of the food mass did not become a part of the mealworm biomass. 
2. Explain to students that all mass lost from food entered the mealworms and went through digestion to become monomers, then all of it went into the blood to the cells. But only a small fraction then underwent biosynthesis to become biomass, as evidenced by the overall decrease in mass of the system. Most of it is was by the cells in a different way.
3. Pass out student worksheet The Missing Mass. Have students read the three explanations about what might have happened to the “missing mass”—explanations by Alex, Blake, and Carmen. Have students vote on which is best and also write their own explanation. Then provide students with time to discuss in partners other ways cells might use the missing mass. Give students about 10 minutes to generate their initial ideas, then ask students to share aloud. 
4. Ask for a “show of hands” for the best explanation for what happens to the missing mass and record this vote in a public space. Then allow at least one student who voted with Alex, Blake, and Carmen to share their explanation (and evidence/justification) aloud.
5. Using the process diagrams, have students explain what might happen to the materials not incorporated into biomass, predicting what products or outputs might be.
Activity 2: Investigating the Missing Mass: Initial Explanation and Prediction

Time: 20 minutes

Rationale & Description: 

The idea that mass could be lost to the air, or even that air (gas) itself has mass, might be new to some students. Students also may not be familiar with the idea that an organism’s own biomass, rather than ingested food, can be used for energy. This activity focuses on eliciting students’ ideas about how “lost” mass might be accounted for in the mealworm system. Students are asked what materials might be changing as mealworms move, and what changes they might predict.  

Directions:
1. Remind students that after a chemical reaction, the mass of the inputs must equal the products (Conservation of Mass). Ask them to list the inputs (mealworms, food) and outputs (mealworms, food, waste) of the mealworm study. Remind them (or project class data) that the final mass of the system was less than the initial mass of the mealworms and food.
2. Pass out worksheet Investigating the Missing Mass: Initial Explanation and Prediction. Ask students to write down the reactants and products (inputs/outputs) when the mealworms are moving around without food and explain their answer. Next, they should predict what changes they will observe in the inputs/outputs and use the process tool to illustrate their response.
Activity 3: Investigating the Missing Mass: Measurements During the Investigation
Data Collection #1: CO2 probe and/or BTB

Time: 30 minutes
Rationale & Description:
Carmen’s explanation for where the “missing mass” goes is into the air, whereas Level 2 and Level 3 students might believe that mass changes to energy or is given off as waste. This demonstration allows you to show that, in fact, CO2 levels rise rapidly around the mealworms leading students to conclude that mealworms are giving off CO2. After the demonstration students then discuss whether some of the original food mass (after it was digested) could go into the air.
Directions:
1. Tell students that they are going to test whether anything is happening to the air around the mealworms. Ask students what they might expect if Carmen’s explanation is right. If Carmen is wrong you would expect nothing to really happen to the air. 
2. Place 50 or more mealworms into a cup, and then into the airtight respiration chamber.

3. Connect the CO2 probe to the container. Seal any potential leaks in the airtight container if necessary (using parafilm works well).

4. Have students record the starting CO2 level on their worksheets.

5. Collect data for 10 minutes, and then project graph for students to see. Have students record the CO2 level after 10 minutes.
Sample Data:

	Time (s)
	CO2 level (ppm)

	0
	465

	500
	2864

	600
	3421


Additional/Optional BTB demonstration:

6. In addition to, or in place of, the CO2 probe you can also place the mealworms inside a closed system with BTB solution. In this investigation, students will make qualitative observation of CO2 change to support the claim that mealworms produce CO2, which is added to the air around them. This demonstration could be set-up as the CO2 probe is running or could be completed in place of using the probe demonstration above. The BTB will need to run overnight for results.
7. Take two test tubes and add about 3 ml of BTB to each test tube.
8. Poke a cotton plug into the tube, so it is at least a cm above the BTB level.  Repeat for the second tube.
9. Place the mealworms in one of the tubes on top of the cotton plug. The mealworms may crawl into the cotton; if it is too loose, they will get through!
10. Stopper both tubes. Record the color of the BTB in both tubes (the one without the worms is the control)
11. After 24 hours, the color of the BTB can be observed and recorded again.
Sample Data:

	Tube 
	BTB color at beginning
	BTB color at end

	With worms
	Blue
	Yellow

	Control tube
	Blue
	Blue


Data Collection #2: Soda lime

Time: 30 minutes
Rationale & Description:
While the probe and BTB demonstration are nice illustration that CO2 is being released by mealworms, these investigations do not help students see the mass transfer from mealworms to the air. In this demonstration, students will observe mealworms placed into an airtight chamber with soda lime. The mass of the mealworms and soda lime will be measured before and after to show that overnight the mealworm mass goes down and the soda lime mass goes up. Students will make quantitative observations to provide evidence to support the claim that when animals lose mass (or weight), they give off measurable amounts of gases (water and CO2). Note that this demonstration will take approximately 10-15 minutes to set-up today and about 15 minutes to find and discuss results on the following day.
Directions:

1. Explain to students that soda lime absorbs gases from the air, especially CO2 and H2O.
2. Using two cups, you will place about 40g of soda lime in one cup and about 50 mealworms in another cup. 
3. Weigh and record the mass of the cup and soda lime.
4. Weigh and record the mass of the second cup with the mealworms.
5. Place the cups side by side in an airtight container. Seal the container completely but make sure the container is large enough to ensure sufficient amounts of oxygen for the mealworms overnight. Once mealworms have used up all the oxygen they will stop respiring so do not use a container that is too small. 
6. After 24 hours, open the airtight container and weigh and record mass of both cups again. Weigh the soda lime first, and then weigh the mealworms again. 
7. Explain to students that the soda lime absorbed a lot of the CO2 and H2O that was in the air to begin with, but that it also absorbs any extra CO2 and H2O released from the mealworms.
8. An optional step might be to conduct the BTB demonstration described in Activity 2 alongside the soda lime demonstration so that students have evidence that mealworms gave off CO2 while their mass decreased.
Note that using more mealworms might give you more dramatic results.
Sample Data:

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

	Soda lime
	42.38
	43.35
	+.97

	mealworms
	7.77
	7.69
	-.08


Activity 4: Explaining Your Results

Time: 30 minutes
Rationale & Description:
Students have just completed their investigation and found two patterns: 1) mealworms give off a measurable amount of CO2, and 2) mealworms lost mass while the mass of soda lime (which absorbs CO2 and water) increased in a closed system. This activity asks students to explain how reactants are changing into products when mealworms move without eating to account for the “missing mass” of the original mealworm study.

Directions:

1. Ask students to revisit their initial explanation and prediction. Now that they have more information about materials present in the mealworm system, how would they revise their explanation? Students should use the process tool to incorporate the new findings and develop their explanations.

2. Students will indicate the observations and measurements on which the evidence for their revised explanation is based, and then explain how the evidence supports their claim. They should be able to reason that because mealworms are known to give off CO2, this gas must account for at least some of the missing mass, and that something is happening after the mealworms ingest their food so that the portion that is not converted to biomass is released to the air. The next lesson will introduce students to the idea of cellular respiration and help them to explain how this might happen. 

Name:_____________________ Period:____ Date:_________

Worksheet with Commentary: The Missing Mass

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

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

Look at how Alex, Blake, and Carmen answer this question. Circle the explanation you think is best, and then explain why it is the best explanation.
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Why do you think the explanation you circled is the best explanation? What evidence do you have to support your decision?

	Alex, Blake, and Carmen generally represent Level 2, Level 3, and Level 4 reasoning.  So students’ choices of the explanation they liked best can give you a quick indication of what level they are at—but not as accurate an indication as the pretest. At this point, students do not have evidence that the worms are producing CO2 and water (activity 3), and they probably do not have an explanation for how this would occur (Lesson 6).


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

	We expect students’ responses to be similar to Alex’s and Blake’s at this point. What is key is that students answer the question in their own words.



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

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

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

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

It is not important for students’ explanations to be correct at this point.  Their explanations will give you a chance to evaluate their levels of reasoning:

· Do the explanations focus on actions and events more than matter and energy (Level 2)?

· Do the explanations focus on matter and energy, but with problems such as matter-energy conversion (Level 3)?

· We generally would not expect students at this point to successfully trace matter and energy (Level 4)
Your prediction: What changes in reactants or products could we measure or observe?

A key thing to look for here is whether they can make predications that match their explanations.
Using the Process Tool to show your explanation and prediction: Show your ideas about how matter and energy change when mealworms grow on the process tool diagram below. 

This is a “translation” task: Can they take the key words from their explanations and put them appropriately into the process tool diagram?
[image: image8.png]Reactants

Chemical change

Products

Predictions for
change in mass





Name:_____________________ Period:____ Date:_________
Worksheet with Commentary: Measurements During the Investigation

In this investigation you will make observations of mealworms in a closed chamber without food. You will measure changes in carbon dioxide concentration and mass changes in mealworms and soda lime. Double-check all your measurements as you complete the investigation.

Data Collection #1: Measuring the Air Around Mealworms

Observations:

	Time
	CO2 level (ppm)

	0
	

	
	

	
	


	Tube 
	BTB color at beginning
	BTB color at end

	With worms
	
	

	Control tube
	
	


Data Collection #2: Can Mass Go Into The Air?

Observations:

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

	Soda lime


	
	
	

	Mealworms


	
	
	


Results

Briefly summarize the main patterns that you saw:

What gained mass during your investigation?

Soda lime gains mass
What lost mass during your investigation?
Mealworms lose mass
Explaining Your Results

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

As with their initial explanations, it is not essential that their explanations be correct at this point.  You should check to see if they have modified their explanations to be consistent with the evidence that they have collected.
Using the Process Tool: Show your new ideas about how reactants changed into products on the process tool diagram below.
Again, the key question here is whether the process tool is consistent with their written explanations.
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Evidence—the measurements that support your explanation: What are the key observations and measurements that support your explanation?

The key question here is how well they select and summarize the evidence that is relevant to their claims. 
Reasoning—connecting claims to evidence and scientific principles

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

The key question here is whether they connect claims and evidence.  Do they consider possible negative as well as positive evidence? 
Connecting evidence and principles.  Does your explanation follow the principles that apply to chemical changes?

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

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

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

For these questions note the accuracy of their evaluations.  If their explanation is not consistent with the principles, are they aware of it?  How confident are they in applying the principles?

Core Lesson 6: Modeling How Animals Move
Time/Duration: 105 minutes 


Activity 1: What Happens when Cows use their Muscles to Move?
~20 minutes


Activity 2: Modeling Cellular Respiration



~40 minutes

Optional: Reading






~15 minutes

Activity 3: Explaining How Cows Move



~30 minutes

Guiding Question: How is biomass lost? What happens to it?
Model Response:

	Alex
	Blake
	Carmen

	Some food we eat turns into waste. Some food turns into energy, and when we lose weight, our fat turns into energy.

	Biomass turns into energy through the process of cellular respiration. Once food is digested it goes to cells and cells change it to energy.
	Food and stored biomass are used in cellular respiration for chemical energy and given off as CO2 and H2O to the air.


Most of the food we ingest and our stored biomass are sources of chemical energy for our bodies. Through cellular respiration, this organic matter is oxidized and given off as CO2 and H2O (so that chemical energy can be transformed into usable energy). Carmen explains that when we ingest food (or when we lose biomass) it’s given off as gases to the air. This is what we hope students would explain after learning about cellular respiration (Level 4). Blake’s response, however, is more typical of students who learn about cellular respiration, explaining that through chemical processes and at the microscopic & atomic-molecular scale matter is changed into energy (Level 3). Sometimes students even believe that ATP is a form of energy as opposed to a form of matter. Alex (Level 2) will trace the lost mass of food or biomass with macroscopic indicators of energy or matter changes—namely energy in movement or exercise or macroscopic wastes given off due to digestion.
Learning Objectives:
Students need to see that most food ingested, as well as our stored biomass, is used in cellular respiration. There are numerous macroscopic indicators that our bodies are changing matter and energy through respiration, including movement, body temperature, body system functioning, as well as measuring CO2 in the air around us. Students need to learn that all the macroscopic indicators relate back to atomic-molecular transformations. 
Rationale & Background:
Our bodies obtain the energy we need to function through the rearrangement of atoms during metabolic processes. This is the sole purpose of cellular respiration in all living organisms. Every living organism, from the smallest bacteria to the largest tree in the forest, needs to acquire a source of chemical energy, which is found in organic matter. Once organic matter is oxidized, the chemical energy found in the high-energy bonds is transformed into kinetic energy and heat. The atoms once tied up in organic molecules are rearranged into inorganic water and carbon dioxide. Cellular respiration helps to explain why we breathe out CO2 and water, and why our body temperature stays a toasty 98.6 degrees. Unfortunately, students primarily see cellular respiration as the way we convert food or stored biomass (fat) into energy to move and exercise. Students even make these matter-energy conversions at the atomic-molecular scale when they learn about ATP (another organic molecule). Students need to develop an explanation of cellular respiration that conserves both matter and energy, and makes the connection between atomic-molecular transformations and macroscopic observations.
Lesson Description:
In this lesson students read about cellular respiration. Students learn that food and stored biomass are oxidized in the cells and changed to gases, which explains where matter goes when we eat or lose weight. Then students model cellular respiration to see that organic materials with chemical energy are changed into inorganic water and carbon dioxide. The lesson concludes with a construction of the process tool for movement/weight loss and/or cellular respiration. A couple demonstrations are suggested using the CO2 probe or BTB.
Lesson Materials:

General
· Lesson 6 PowerPoint (Cellular Respiration)
· Computer ready to project PowerPoint
Options:

· CO2 probe with GoLink interface

· 2 airtight containers (that CO2 probe connects to)

· Drinking straw

OR
· 2 Clear flasks, beakers, or cups
· ~200ml BTB solution (see recipe in Advanced Prep section)
· Drinking straw

· Stopwatch

· ~50 ml 0.1M NaOH

Per Partners/Groups

· Molecular model kits (6 carbons, 12 hydrogen, 18 oxygen, & bonds)
· Handout Modeling Cellular Respiration Instructions
Per Student

· Reading What Is Cellular Respiration?
· Worksheet What Happens When Cows use their Muscles to Move?
· Worksheet Explaining How Cows Move
Advance Prep:
· Mix distilled H2O and BTB in a flask. Add NaOH 1ml at a time, swirling thoroughly between until solution is true blue (about 396ml distilled water + 4ml 0.04% BTB solution + 1-5ml 0.01M NaOH).
Activity 1: What Happens When Cows use their Muscles to Move?
Time: 20 minutes

Rationale & Description:

Students have explored digestion and biosynthesis and know that polymers in the food that we eat are broken down into monomers, but that only some of these contribute to our biomass – something they saw in the mealworm study. They also know that during this process gases are given off, and that these gases have mass. Now they will have the opportunity to think about the process that produces those gases before delving into the topic of cellular respiration.

Directions:
1. Explain to students that most of the food we eat doesn’t actually become part of our biomass. Point out to students that they eat a lot of food each and every day but they don’t gain all that food as weight. Also remind students of the mealworm results. Tell students that today they are going to revisit the cow from lesson 4 to start thinking about what cells do with the “missing mass” of food that doesn’t become part of biomass.
2. Pass out the worksheet What Happens When Cows Use Their Muscles to Move? Instruct students to write down their ideas about how a cow can use chemical energy from organic materials to move. They should use the process tool to show their ideas. Have students think back to Lesson 4 when they filled out the process tools for digestion/biosynthesis. What materials did the cow use to grow? What transformations did these materials undergo? Then have them record their ideas about how materials that allow them to move get to the cow’s muscles. Students will have the opportunity to revisit and refine their ideas later in the lesson.
Activity 2: Modeling Cellular Respiration
Time: 40 minutes
Rationale & Description:
It is one thing to read about cellular respiration, but another experience to demonstrate it with molecular models. One of the key practices that we want students to engage with is the tracing of atoms, especially carbon atoms. Molecular model kits allow students to physically rearrange atoms from reactants to products to demonstrate conservation of matter (atoms). This rearrangement of atoms also gives students a visual for where carbon atoms go once they leave the animal, as well as how energy changes from chemical energy to other forms of energy.
Directions: 

1. Introduce the activity with the Lesson 6 PowerPoint on cellular respiration. Project slides 1 – 3. The new driving question is, “How do cows move?” Show them the flowchart briefly to remind them of the organ systems, processes, inputs and outputs they have already studied, and tell them today they will be focusing on cellular respiration.
2. The cellular respiration piece begins on slide 43. This set begins with the question, “How does oxygen and food help a cow move?”  Once again, the slides walk students through the process at three different scales: macroscopic, microscopic, and atomic/molecular. For this activity, you should focus on the atomic/molecular scale as an introduction to modeling. Point out the structure of the molecules involved, as students will be seeing these again in a few minutes. You might stress at this point that during the reaction atoms are being rearranged, but that no atoms are lost from the system (e.g., there is no conversion from matter to energy). The animation on slide 59 is particularly useful as it shows the rearrangements that they will be modeling.
3. Pass out model kits to groups of 2-3 students along with the Modeling Cellular Respiration Instructions handout and Using Molecular Models worksheet. Students will first build glucose and oxygen molecules, answering the questions about the type of atoms and bonds on the back of their Using Molecular Models worksheet. They will then rearrange these reactants into carbon dioxide and water. They need to be aware that matter is conserved and that chemical energy in the glucose is transformed into usable energy, like kinetic energy (and heat waste). 
4. Demonstrate for students how to use the molecular model kits. Then, as a class, build glucose and oxygen molecules. Use your display set if students need a visual.
5. Have students respond to questions on their handout. Make sure to point out that glucose is energy-rich, organic matter reacted with inorganic oxygen. 
6. Then have groups break apart their molecules following the instructions and begin to build carbon dioxide and water. 
7. Give students time to complete their worksheet, pointing out that carbon dioxide and water are now inorganic materials and not a source of chemical energy, so the energy must have gone somewhere.
8. Discuss these two questions with the class to conclude the activity. You might ask them to record the class answers on their worksheet.
a. Suppose you heard someone claim that when people lose weight, the mass of their fat goes into the air. Explain how this might be correct or incorrect. People lose mass when they do cellular respiration and give off carbon dioxide and water. 
b. You modeled that cellular respiration is a process where animal cells oxidized glucose and rearrange the atoms from high-energy bonds to low-energy bonds. What happens to this chemical energy, and how does energy change? The chemical energy found in glucose is converted to kinetic energy or heat. Carbon dioxide and water do not have C-C or C-H bonds so they do not have chemical energy.
Optional Reading: What is Cellular Respiration?

Time: 20 minutes

Rationale & Description: 

Students need to learn that cellular respiration transforms matter and energy, which is observable at the macro scale when we breathe, move, and radiate heat. In this activity students read about cellular respiration with options for using BTB or CO2 probes to observe CO2 output when we breath, which is especially pronounced after exercise. There are several options for measuring CO2 levels in the air, or you may decide to use the reading only. As students complete the reading, you might consider constructing a diagram for them to see two pathways food might take after digestion.  An example diagram might look like: 
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Pass out the reading What Is Cellular Respiration? As a class, read through this handout together, stopping at the various points described below for discussion.

a. First sentence: This sentence asks if eating and breathing are connected. Elicit 2-3 students’ ideas about this question.

b. Section: What we get from food: This section ends with a question about what students think happens when food is reacted with oxygen. Ask students to share their ideas to see if they can apply what they learned in Systems and Scale or other units to explain this process and possible outcomes.

c. Diagram: Examine the diagrams together, pointing out what is happening on different scales.

d. Evidence (CO2 and Water): See if students can describe tests they could conduct to see if we are giving off CO2 and H2O—students might mention probes, BTB, or soda lime. Consider doing the BTB or Probe demos described below along with the reading to illustrate the waste products of cellular respiration.

e. Evidence (Heat/Movement): After each paragraph discuss body temperature, getting hot when we exercise, moving around, etc. as indicators of energy changes during cellular respiration.

BTB Option:

1. Pour BTB solution into two flasks.  

2. Have a volunteer student blow into the BTB in one flask for one minute.

3. Count and record the number of drops of 0.1M NaOH, which need to be added to the yellow BTB to return it to a persistent true blue color.
4. Have that volunteer student jog in place or do jumping jacks for 1 minute. Then have the student blow into the BTB in one flask for one minute.

5. Count and record the number of drops of 0.1M NaOH, which need to be added to the yellow BTB to return it to a persistent true blue color.
Or alternatively…

1. Have a student blow into BTB until it turns a deep yellow. Count the number of seconds it takes to turn yellow.

2. Have students do at least 1 minute of jumping jacks or push-ups until they are breathing harder. Then have them blow into a 2nd flask of BTB until it turns yellow, counting the number of seconds it take.

3. Sample Data: It will take approximately 8 seconds to turn yellow before exercise and only about 6 seconds to turn yellow after exercise.

CO2 Probe Option:
1. Have a volunteer student blow air through the straw into the container for the probe; they will need to flow air continuously for at least 5 seconds without taking a breath. Then insert the probe and collect data. It may take approximately 2-3 minutes to get a reading.

2. Have that volunteer student jog in place or do jumping jacks for at least 1 minute. You will need to remove the probe and let it equilibrate to surrounding air while the students exercise. 

3. Have the student then blow into an unused container or the same chamber that has been open to the surrounding air for a minute. The student will need to blow continuously for 5 seconds without taking a breath. Then insert the probe and collect data for at least 2-3 minutes.

Sample Data:

	Condition
	CO2 level, ppm (trial 1)
	CO2 level, ppm (trial )
	 Average Data you might expect

	Background
	362
	389
	360

	Breath before exercise
	19667
	19500
	15,000-18,000

	Breath after exercise
	30145
	21700
	22,000 +


Or alternatively…

1. Have a student blow directly into the probe.

Or alternatively…
1. Have the probe measure CO2 level in classroom as students are sitting.

2. Have all students in the classroom do jumping jacks for 1-2 minutes. Wait 3-5 minutes to get a spike in CO2 levels in the classroom.
Activity 3: Explaining How Cows Move

Time: 30 minutes

Rationale & Description:

Students should now be able to tell a story about how food is used in the body by taking one of two pathways, growth or movement. They saw with the mealworm study that only some of the food mass was incorporated into worm biomass, and that the remaining mass was unaccounted for. They were able to determine that this “missing mass” was from gases leaving the system, and after viewing the PowerPoint and modeling the process of cellular respiration they know that food and biomass are oxidized to produce chemical energy used for movement, and that inorganic materials (CO2 and water) are given off as waste to the air. Now students will revise their initial explanations as to how cows use the chemical energy in organic materials to move their muscles.

Directions:
1. Ask students to revisit their initial explanations, incorporating what they now know about cellular respiration. Students should use the process tool to illustrate their revised explanations.

2. Students will make connections between the processes of digestion, biosynthesis, and cellular respiration to answer a question about weight loss in humans and to explain what the mealworms were using as an energy source when they had no food. You can use the revised explanations and answers to the questions as formative assessments to gauge students’ ideas at this point.

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

When a cow moves, it gets energy from organic materials in food or stored in its body.  Explain your ideas about how a cow can use chemical energy from organic materials to move.

1. Transformation of materials when a cow moves

	Materials the cow uses: List your ideas about the main organic and inorganic materials that a cow needs to move.  (Hint: Include both materials from food and materials stored in the cow’s body, and don’t forget gases.) Students should be able to think back to previous lessons to answer this question and come up with a fairly comprehensive list including carbohydrates, fat, protein, minerals, water, etc. They may not think about oxygen at this point as it has not been mentioned much.

1.

2.

3.
	Transformation of materials in the muscle: Explain how you think those materials might be changed when the cow uses them for energy to move its muscle.
Most students will have Level 2 or 3 explanations and may convert matter to energy. 



Use the process tool to show your ideas about what happens to one material in food or the cow’s body. This is a “translation” task: Can they take the key words from their explanations and put them appropriately into the process tool diagram?
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2. Movement of materials to the cow’s moving leg muscle

In order for the cow’s leg muscle to move, it must get materials from somewhere.  Explain your ideas about how the materials get to the cow’s leg muscle. Response should be similar to digestion/biosynthesis lesson.
Name: _____________________ Period: ______ Date: _________

Worksheet with Commentary: Using Molecular Models

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

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

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

a. How many O2 molecules do you need to combine with one glucose molecule? 6
b. How many CO2 and H2O molecules are produced from one molecule? 6 each
5. Write the chemical equation for the combustion reaction: C6H12O6 + ? O2 ( ? CO2 + ? H2O

C6H12O6 + 6 O2 ( 6 CO2 + 6 H2O
Use the table below to account for all the atoms and bonds in your models.

	
	Matter
	Energy

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

(C-C; C-H Bonds)

	Began with…
	
	
	
	

	Glucose
	6
	6
	12
	Yes

	Oxygen
	0
	2
	0
	No

	End with…
	
	
	
	

	Carbon Dioxide
	1
	2
	0
	No

	Water
	0
	1
	2
	No


Name: _____________________ Period: ______ Date: _________
Worksheet with Commentary: Explaining How Cows Move: After Building Molecular Models and Viewing the PowerPoint

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

1. Transformation of materials when a cow moves
	Materials the cow uses: List the main organic and inorganic materials that a cow uses to move. At this point, students should be able to answer this question correctly.
1.

2.

3. 
	Transformation of materials in the muscle: Explain how you think those materials are changed when the cow uses them for energy to move its muscle. Students should now be able to describe the basic process of cellular respiration, explaining that the atoms of organic molecules (with C-C and C-H bonds) are rearranged to form inorganic molecules (CO2 and water vapor), transforming chemical energy into usable energy and releasing the waste gases to the air.


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

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

Students should be able to explain that food/biomass polymers are broken down into much smaller monomers during digestion, and that these are carried by the circulatory system to cells where they are used for cellular respiration.
3. Checking your explanation
Does your explanation follow the principles that apply to chemical changes?

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

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

Yes  No  Not sure Conservation of atoms: Atoms are not created or destroyed.
For these questions note the accuracy of their evaluations.  If their explanation is not consistent with the principles, are they aware of it?  How confident are they in applying the principles?
4. Connecting with other processes

a. Suppose you heard someone claim that when people lose weight, the mass of their fat goes into the air. Explain how this might be correct or incorrect.
Level 4 students should be able to give the inputs and outputs of cellular respiration and know that the lost mass is comprised primarily of gases (CO2 and water vapor).

This question can be compared against student responses on the pretest. Not all students will be at Level 4 at this point, but you should see some improvement in their understanding.
b. What energy source were the mealworms using when they had no food?  How were they transforming that material?

Level 4 responses may explain that the stored biomass (fat and protein) is composed of organic substances containing a lot of chemical potential energy in many high-energy C-C and C-H bonds, and that during cellular respiration these molecules are rearranged into inorganic compounds (CO2 and water vapor) that are exhaled as waste and lost to the atmosphere.
Level 2 and 3 students may still explain loss by converting matter to energy.
What Is Cellular Respiration?
People eat food and breathe in air, but are these two things connected? What do you think?

What do we get from air?
You may think we breathe because we need oxygen to live. That is only partly right. With every breath, your lungs fill up with air.  Most of that air you breathe right back out again. But you don’t breathe out all of the oxygen you took in. The inside of your lungs is like a sponge. Lungs have tiny spaces for the air to go into, and each space is surrounded by tiny blood vessels. Some of the oxygen goes into the blood vessels. The blood takes oxygen to the cells.

What do we get from food?
You’ve already learned that we get organic matter from the foods we eat. These are carbohydrates, proteins, and fats. This organic matter is digested down to monomers and taken to cells by the blood. Sometimes cells rebuild the monomers back into polymers in order to grow. But most monomers are used by cells in a different way. They are “reacted” with oxygen. What happens when organic matter is reacted with oxygen? Do you have any ideas?

What happens in the cell?

Every cell in your body needs energy, but how does it get energy? At first the energy is stored in food molecules as chemical energy. The food molecules have carbon-carbon and carbon-hydrogen bonds. The cell can change this chemical energy into other forms of energy, such as kinetic energy, more chemical energy, or heat. The cell does this by reacting food molecules with oxygen and changing the organic food matter into waste products it doesn’t need: carbon dioxide and water. How can it get rid of the waste products? Give them back to the blood!
	Macroscopic: 1 Meter (100)
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	Microscopic: 2 Micrometers (10-6)
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	Atomic-Molecular: 100-500 Picometers (10-10)
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MATTER:  Glucose(C6H12O6) + 6Oxygen(O2)  → 6Carbon Dioxide(CO2) + 6Water (H2O)

ENERGY:                              chemical energy  →  kinetic energy + heat



Evidence of Cellular Respiration

We Breathe Out CO2 and H2O: As cells work, they give off carbon dioxide and water that they do not need. Carbon dioxide and water are inorganic molecules that do not have chemical energy. These molecules leave the cells and go back into the blood vessels. Eventually the H2O and CO2 leave our bodies. Carbon dioxide leaves when we breathe out. Water leaves when we breathe, sweat, or even as urine. What ways could you measure that animals give off H2O and CO2 when they breathe all from cellular respiration?
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We Give Off Heat: Just like burning fuels or food changes chemical energy to heat, animal cells do a similar thing during cellular respiration. In fact, the body gives off the same amount of heat through cellular respiration that would have been given off if the food was burned. A scientist name Max Rubner proved this to be true over 100 years ago. He found that burning dog food released the same amount of energy as was released if the dog ate and metabolized the food! This also explains why our bodies stay a warm 98.6° whether it’s a warm or cold day outside!
Our “Energy Level” Changes With Food:

If animals do not get enough food and chemical energy they get tired. But when animals eat, they feel “energized”. That’s why athletes eat certain food before a big race. Our bodies react the food with oxygen, changing the chemical energy in food into motion energy we use to move around and be active.

Modeling Cellular Respiration Instructions

In your groups, you will use molecular model kits to model the process of cellular respiration. You will build the materials that go into the cells, and then use the models to show how those materials change inside cells. The equation for cellular respiration is:
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MATTER:  Glucose(C6H12O6) + 6Oxygen(O2)  → 6Carbon Dioxide(CO2) + 6Water (H2O)

ENERGY:                              chemical energy →  kinetic energy + heat


This means that a glucose molecule is reacted with 6 oxygen molecules to form 6 carbon dioxide molecules and 6 water molecules. In order to model cellular respiration, you will first need to build your glucose and oxygen molecules.
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Step 1: Make Your Oxygen Molecules: Assign one person in your group to start working on the oxygen molecules. This person will need to make 6 oxygen molecules. Oxygen is 2 oxygen atoms connected using a double bond. 
Step 2: Make Your Glucose Molecule: The rest of the group should work on the glucose molecule. First make the “glucose ring”, which is made of 5 carbon atoms and 1 oxygen atom connected to form a circular shape. 
Next you will add the CH2OH group. You will work with the carbon that is to the left of the oxygen in your ring. On this carbon, connect a second carbon. On the second carbon, attach 2 hydrogen and 1 oxygen atom. Attach another hydrogen to the oxygen. Then attach 1 hydrogen to the carbon that is on the ring. 
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Move to the other four 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 image on the right. 
Step 3: Answer Questions About Your Reactants: Look at your glucose and oxygen molecules. Using your worksheet, answer the questions about these 

two molecules. What atoms do these molecules have, and do they have chemical energy? 
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Step 4: Cellular Respiration Happens: In cell respiration, cells break down glucose and oxygen and rearrange the atoms into CO2 and H2O. Take apart the glucose molecule and remove 1 oxygen atom from all your oxygen molecules. Leave bonds connected to as many oxygen atoms as possible.
Step 5: Build Your Water Molecules: Water contains 1 oxygen atom and 2 hydrogen atoms. Build 6 of these molecules. 
Step 6: Build Your Carbon Dioxide Molecules: Carbon dioxide contains 1 carbon atom and 2 oxygen atoms. There are two bonds between the carbon atom and oxygen atoms (called a “double bond”). Build 6 of these molecules.
Now, answer and discuss the questions on your worksheet.

Core Lesson 7: Coaching and Fading for Animal Growth and Functioning
Time/Duration: 40 minutes 


Activity 1: Other Examples of Digestion, Biosynthesis, and 

Cellular Respiration




~40 minutes

Other Examples of Digestion, Biosynthesis, and Cellular Respiration

Questions about Animals Growing and Moving
1. Choose two examples of other changes when animals grow and move

A man drinks 10 cans of Sprite a day and gains weight

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

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

A wolf gains weight by eating a rabbit

2. Use the Process Tool and questions on the next two pages to predict what will happen in your examples.

3. (Optional): Use molecular models to show what happens when your fuel burns.

Questions about Other Chemical Changes

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

Digestion

Biosynthesis

Cellular respiration

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

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

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

2. Try to think of an example where mass seems to be created—the products at the end are heavier than the reactants at the beginning.  Can anyone in the class suggest a possible explanation?
Name: _____________________ Period: ____ Date: ________

Predicting and Explaining an Example of Chemical Change in an Animal

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


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

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

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

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

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





Does Not Add Mass





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





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





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





WATER





DIET SODA





APPLE JUICE





WHEAT BREAD





BEEF (80/20)





CARROTS





MARSHMALLOWS





SPINACH (FRESH)�)





APPLES (RAW)





Do you think water adds…


              A LOT


              A LITTLE


              NONE


to the biomass of living things?





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





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





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





Biosynthesis: Monomers rebuilt into polymers and adds biomass.





Digestion: Breaks down polymers into monomers to get to cells





Cell Respiration: Monomers react with oxygen to release chemical energy and give off CO2 and H2O





Ingested Food
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