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Animals Unit Overview
Animals is one in a series of six units (Systems and Scale, Animals, Plants, Decomposers, Ecosystems, Human Energy Systems) developed by the Carbon: Transformations in Matter, and Energy (Carbon TIME) Project.  In the Carbon TIME project we are developing a series of six teaching modules that can be used at the middle school or high school level. They are based on research focusing on learning progressions leading to environmental science literacy, described below.  The purpose of these units is to enable students to uncover the chemical basis of life and lifestyles.  

Key scientific ideas about carbon-transforming processes.  The chemical basis of life and lifestyles lies in carbon-transforming processes in socio-ecological systems at multiple scales, including cellular and organismal metabolism, ecosystem energetics and carbon cycling, carbon sequestration, and combustion of fossil fuels.  These processes: (a) create organic materials (photosynthesis), (b) transform organic materials (biosynthesis, digestion), and (c) oxidize organic materials (cellular respiration, combustion).  We think that it is important for students to understand carbon-transforming processes for many reasons; among them: the primary cause of global climate change is the current worldwide imbalance among these processes.

The reason these processes are unbalanced lies in the nature of organic materials: foods, fuels, and biomass (the tissues of living and dead organisms).  All organic materials contain carbon and hydrogen, and store chemical energy in their carbon-carbon and carbon-hydrogen bonds that can be released when those materials combine with oxygen.
  

Virtually all of the chemical energy on Earth is stored in organic materials, and we need that chemical energy to maintain our lifestyles, so we burn organic materials—especially fossil fuels.  So understanding these process is essential for students to act as informed citizens—what we call environmental science literacy.

Describing student learning in terms of learning progression levels. We have found that in order to achieve our program goals, students must learn new knowledge and practices—the science content described above.  Underlying those changes, however, is an even more fundamental kind of learning—what we refer to as mastering scientific discourse.

Our everyday accounts of carbon-transforming processes are based on force-dynamic discourse or reasoning.  Force-dynamic reasoning construes the events of the world as caused by actors (including people, animals, plants, machines, and flames), each with its own purposes and abilities, or by natural tendencies of inanimate materials.  In order to accomplish their purposes, the actors have needs or enablers that must be present.  For example, force-dynamic reasoning explains the growth of a tree by identifying the actor (the tree), its purpose (to grow), and its needs (sunlight, water, air, and soil).  Force-dynamic predictions involve identifying the most powerful actors and predicting that they will be able to overcome antagonists and achieve their purposes as long as their needs are met.

This approach to reasoning about socio-ecological processes contrasts sharply with principled scientific discourse, which construes the world as consisting of hierarchically organized systems at different scales.  Rather than identifying the most powerful actors, scientific reasoning sees systems as constrained by fundamental laws or principles, which can be used to predict the course of events.  Each of our learning progressions involves students learning to apply fundamental scientific principles to the phenomena of the world around them.

So it is useful to think of learning science as like learning a second language.  Students at the beginning of the learning progression are monolingual: They have mastered force-dynamic discourse but know little of the nature and power of scientific discourse.  So our goal is to help students become “bilingual,” able to use force-dynamic or scientific discourse as the occasion demands.  This is a difficult goal in part because force-dynamic and scientific discourse often use the same words (e.g., energy, growth, food, nutrient, matter) with different meanings. The differences can remain hidden to both teachers and students, creating the appearance of common understanding while profound differences remain.

We define students’ progress toward mastering scientific knowledge, practices, and discourse in terms of four levels of achievement, ranging from Level 1 (completely dependent on force-dynamic discourse) to Level 4 (able to choose between force-dynamic and principled scientific accounts of carbon-transforming processes).  Very briefly, the levels we have identified are as follows:

Level 1: Pure force-dynamic accounts: Students have no choice but to rely on force-dynamic discourse.  Their accounts focus on actors, enablers, and natural tendencies of inanimate materials, using relatively short time frames and macroscopic scale phenomena.

Level 2: Elaborated force-dynamic accounts: Students’ accounts continue to focus on actors, enablers, and natural tendencies of inanimate materials, but they add detail and complexity, especially at larger and smaller scales.  The include ideas about what is happening inside plants and animals when they grow and respond, for example, and they show awareness of larger scale connections among phenomena such as food chains and how decay enriches the soil.

Level 3: Incomplete or confused scientific accounts: Students show awareness of important scientific principles and of models at smaller and larger scales, such as cells, atoms and molecules, and cycling of gases and materials in ecosystems.  They have difficulty, though, connecting accounts at different scales and applying principles consistently.  In particular, they often confuse matter and energy and fail to account for the mass of gases in their accounts.
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Level 4: Coherent scientific accounts: Students successfully apply fundamental principles such as conservation of matter and energy to phenomena at multiple scales in space and time.  In general, our descriptions of Level 4 performances are consistent with current national science education standards and with the draft framework for new standards.
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Purpose and structure of Carbon TIME units.  Each of our six units (Systems and Scale, Animals, Plants, Decomposers, Ecosystems, Human Energy Systems) focuses on familiar systems and events that involve carbon-transforming processes.  Each unit is designed to help students at Level 2 in the learning progression (the most common starting point for middle school and high school students) advance to Level 3 or Level 4.

All of the units focus on conservation of matter and energy as fundamental principles, and all follow a general instructional model (see figure) that engages students in both inquiry and application (accounts) practices.  The investigations follow a PEOE (predict-explain-observe-explain) sequence.  Teaching of application practices is based on a cognitive apprenticeship model: (a) students are put in situations where they can observe other people engaging in the activity—modeling, (b) the students engage in the practice with scaffolding or support from others—coaching, and (c) the support is gradually withdrawn until the students are independently engaged in the practice—fading. 

The central role of the Three Questions.  We believe that we can help students move to higher levels in the learning progression most effectively by focusing both the inquiry and application sequences on Three Questions: the Movement Question, the Carbon Question, and the Energy Question.  These questions along with rules that we will expect students to follow and evidence we will expect them to look for in answering them, are presented in Table 1 below.

Table 1: The Three Questions

	Question
	Rules to Follow
	Evidence to Look For

	The Movement Question: Where are atoms moving?
Where are atoms moving from?
Where are atoms going to?
	Atoms last forever in combustion and living systems
All materials (solids, liquids, and gases) are made of atoms
	When materials change mass, atoms are moving
When materials move, atoms are moving

	The Carbon Question: What is happening to carbon atoms?
What molecules are carbon atoms in before the process?
How are the atoms rearranged into new molecules?
	Carbon atoms are bound to other atoms in molecules
Atoms can be rearranged to make new molecules
	The air has carbon atoms in CO2
Organic materials are made of molecules with carbon atoms
· Foods
· Fuels
· Living and dead plants and animals

	The Energy Question: What is happening to chemical energy?
What forms of energy are involved?
How is energy changing from one form to another?
	Energy lasts forever in combustion and living systems
C-C and C-H bonds have more stored chemical energy than C-O and H-O bonds
	We can observe indicators of different forms of energy
· Organic materials with chemical energy
· Light
· Heat energy
· Motion


Comments on goals based on the Three Questions.  Our focus on the Three Questions arises from our reading of the data from the first pilot tests of our units during the 2011-12 school year, as well as our reading of data from other projects (e.g., Jin & Anderson, in press).  We are convinced that our first priority for student learning should be to engender a sense of necessity about conservation of matter and energy, along with the ability to apply these principles to carbon-transforming processes.

The essential understandings that students should have from Animals are summarized in the three columns of the Three Questions Poster—Table 1 above, which is available as a wall poster and as a handout.  Each of the three columns in this poster is important:

· The Movement Question, the Carbon Question, and the Energy Question.  Students should understand that a good explanation of a process such as decomposition of a tree includes answers to each of these questions.  Note that each question focuses on a different aspect of the process:

· The Movement Question focuses on physical movements of materials.

· The Carbon Question focuses on chemical change—atoms being rearranged into new molecules.

· The Energy Question focuses on transformation of energy.

· Rules to Follow.  Students should understand that the matter and energy conservation laws are never broken in chemical and physical changes: Atoms last forever and energy lasts forever.
· Evidence to Look For.  Students should understand that evidence from investigations can inform them about answers to the three questions.  In particular:

· Mass changes can tell about answers to the Movement Question because the mass of a system can change ONLY if atoms move in or out of the system.

· Changes in the color of BTB can help to answer the Carbon Question by showing what is happening to carbon dioxide

Energy indicators can help them identify the four forms of energy discussed in this unit: light, chemical energy in organic molecules, heat, and work/motion.
Specifications for Animals Unit

Animals builds on student learning in Systems and Scale about organic and inorganic materials, how all systems exist at multiple scales, and transformation of materials and energy during chemical change. In Animals students learn how the processes of digestion and biosynthesis transform food molecules into the biomass of an organism during growth, and how the process of cellular respiration transforms organic materials to inorganic materials and chemical energy to energy for function and movement of organisms.

Animals Unit At a Glance
	Lesson 1: Pre-test and Discussion of What Happens to the Food Animals Eat?
	Time Estimate

	Activity 1: Animals Unit Pre-Test
	20 min

	Activity 2: What Happens to the Food Animals Eat?
	20 min

	Lesson 2: What Makes Up Our Food?
	

	Activity 1: Materials in Food 
	50 min

	Activity 2: Learning About Biomass: Water in Our Food
	20+ min

	Activity 3: Food Molecules Quiz and Discussion
	30 min

	Lesson 3: Investigating Mealworms Eating Food
	

	Activity 1: Initial Mealworm Explanations and Predictions
	30 min

	Activity 2: Investigating Mealworms Eating
	60 min

	Lesson 4: Explaining Animals Growing: You Are What You Eat
	

	Activity 1: Explaining What Happens When Animals Grow
	25 min

	Activity 2: Digestion and Biosynthesis in Cows
	50 min

	Activity 3: Explaining Digestion and Biosynthesis
	20 min

	Lesson 5: Modeling How Animals Use Energy to Move
	

	Activity 1: Mealworms Using Energy to Move and Missing Mass
	20 min

	Activity 2: Using Molecular Models to Explain Cellular Respiration
	40 min

	Lesson 6: Other Examples of Digestion, Biosynthesis and Cellular Respiration
	

	Activity 1: Other Examples of Digestion, Biosynthesis and Cellular Respiration
	45 min

	Activity 2: Animals Unit Post-Test
	20 min


Learning Objectives for Middle and High School Students

The table below lists the key goals for student learning in terms of inquiry and application practices and the challenges that those goals pose for Level 2 students (including most middle school students and many high school students and Level 3 students (including some high school students).

	Type of Objective
	Learning Objective
	Challenges for Level 2 Students
	Challenges for Level 3 Students

	Inquiry: Measurement
	Measure mass changes in mealworms and their food

Detect changes in CO2 concentration in chambers with mealworms and their food
	Level 2 students may have trouble reading digital balances and attaching meaning to measurements in small fractions of grams.

Level 2 students will not think of air as a mixture of different gases, so while they can understand that BTB detects CO2, they will not think of CO2 as one of the mix of gases in the air.
	Level 3 students may have trouble accounting for tare weight and interpreting small fluctuations in readings on digital balances.  They will have difficulty identifying threats to accuracy and precision in measurement.

	Inquiry: Arguments from evidence
	Construct arguments that use evidence about changes in mass of mealworms and CO2 concentration to defend claims about movements of atoms during 1) growth (digestion and biosynthesis) and 2) during function and movement (cellular respiration).
	Level 2 students will not interpret changes in mass as evidence of movements of atoms, believing instead that animals need food for “energy to grow,” that an organism dynamically grows “by itself” as it gets older and that food is “burned up” by the organism. They will also believe that oxygen can be converted to CO2—they will not be committed to the idea that the carbon must have come from somewhere.
	Level 3 students will see the relevance of evidence to claims, but they will not systematically consider alternate hypotheses or show how evidence supports or refutes specific claims.

	Inquiry: Collective validation
	Find patterns in data collected by multiple groups about changes in mass of mealworms or food and CO2 concentration. 
	Level 2 students may focus primarily on their own results rather than seeing the value of multiple measurements.
	Level 3 students will understand that multiple measurements are valuable, but they will have few strategies for finding patterns across multiple trials.

	Application: Movement question
	Describe systems and processes in a hierarchy of scales, including atomic-molecular, macroscopic, and large scale.

Draw and explain movements of materials during 1) growth of an animal and 2) function/movement of an organism, including air and food entering the animal, and waste, air enriched in CO2 and water vapor leaving the animal.
	Level 2 students will explain what happens as an action of the organism (the mealworm grows, burns up food).  They will not interpret weight loss in the food and weight gain of the organism as evidence that atoms are moving.
	Level 3 students will describe a general movement of materials in an organism and food, not include all relevant materials (fuel, oxygen, CO2, water vapor) in their accounts.

	Application: Carbon question
	Identify the most abundant organic materials in foods—fats, proteins, and carbohydrates—and use food labels to find out how concentrated they are in different foods and animal tissues.
Explain the chemical changes that occur when an animal digests food and creates new biomass.

Explain the chemical changes that occur during cellular respiration, representing the changes with molecular models and chemical equations.
	Level 2 students will explain what happens as an action of the organism (the mealworm grows, burns up food) rather than as a chemical change in which atoms and mass are conserved.  They will recognize that organisms get larger as they grow, but not trace those materials through chemical processes. They will recognize that organisms need and use food and oxygen, but they will not try to trace those materials through the chemical change process. 
	Level 3 students will recognize that a chemical change is taking place, but they will not be able to successfully trace all the materials through the organism.  They may say that the food is converted to energy.

	Application: Energy question
	Identify forms of energy involved in growth and movement of animals: chemical energy, movement, and heat energy.
Explain energy transformations during 1) growth: chemical energy stored in C-C and C-H bonds of food is preserved as polymers are broken down to monomers then reassembled as animal biomass and 2) function/movement of an organism: Chemical energy stored in C-C and C-H bonds of organic molecules are transformed into motion and heat.
	Level 2 students will recognize that an organism needs energy, but may associate with vitality (dead organisms have no energy) rather than with organic materials.

Level 2 students will recognize motion and heat are forms of energy in the organism, but they will not be committed to the idea that the energy must have a source.  (The mealworm could create energy.)
	Level 3 students are likely to identify food as a source of energy for animals, but they may not distinguish between food as a material and chemical energy stored in the food.


Timeline and Overview
The table below summarizes the sequence of unit activities, showing how they address the inquiry and application goals and how they fit into the instructional model for the unit.
	Structure and Sequence
	Guiding Question
	Activity Description


	Learning Objectives
	Background Information 

	Lesson 1: Pre-assessment and discussion of what happens to the Food that Animals Eat?
Guiding Question: What happens to the food that animals eat?
Lesson Description: In this lesson students take a pre-test and then share their initial ideas about what happens to the food that animals eat. 

	Activity 1: Unit Pretest

20 min
	How do students understand animal growth and function? 
	Students complete a pretest assessing their understanding of growth and function
	Students will express their initial ideas about how animal growth and function during the pre-test


	This is a formative assessment activity. You can track students’ progress by having them retake the unit pre-test as a post-test at the end of the unit and comparing the results of the two assessments.

	Activity 2: What happens to the food that animals eat?

20 min
	What happens to the food that animals eat?
	As students participate in this unit, they will collect evidence and develop explanations about animals as they eat food. This activity begins by eliciting students’ prior knowledge about what happens to the food animals eat.
	Students will share and record the classes’ initial ideas about what happens to the food that animals eat


	Most students cannot explain that food is the main contributor to the mass of an animal, or how food gets broken down and reassembled as the body of an animal. Most students also do not associate food with the carbon dioxide that they breathe out. They know that food is “burned up” to provide energy, but they do not distinguish the “breaking down” of digestion from the “breaking down” of cellular respiration. Many students often believe that food is converted to energy.

	 Lesson 2: What Makes Up Our Food?

Guiding Question: What makes up our food?
Lesson Description: Students examine the substances that make up the common foods we ingest, group them into “organic” and “inorganic” and re-visit how these materials relate to chemical energy. Students take a closer look at water—an inorganic substance that contributes to mass but not biomass.

	Activity 1: Materials in Food

50 min
	What materials do we get from the foods we eat?
	Students 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.
	Students will identify the most abundant organic materials in foods—fats, proteins, and carbohydrates—and use food labels to find out how concentrated they are in different foods and animal tissues. And learn to associate food with the source of chemical energy for animals, and the source of materials for animal biomass.
	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. 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.



	Activity 2: Learning about biomass: Water in our food

20+ min
	Is water part of the biomass of food?
	In this activity students consider secondary data on the percent of water found in our foods. 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.
	Students will learn how water makes up a large part of food’s mass, but is not part of biomass
	Students may see water as a food, although, in a strict sense, water is not food in that it does not increase an organism’s mass in the long-term. Some students idea of “energy” may include anything that gives vitality to an organism, which may include water, however water does not provide chemical energy to organisms. Foods and organisms have a lot of water that contributes to mass, but that is not a part of biomass. 

	Activity 3: Food molecules quiz and discussion

30 min
	What is food made of?
	Students complete a quiz to assess their understanding of the molecules in food, and how to identify food molecules that have chemical energy, then discuss their answers to the questions.
	Students will apply key facts about atoms and molecules to food molecules, associate food with the source of chemical energy for animals, and the source of materials for animal biomass.
	The quiz requires students to apply these ideas about molecules of food to new situations that they have not yet discussed in class.



	Lesson 3: Investigating Mealworms Eating Food

Guiding Question: What Happens when mealworms are eating food?
Lesson Description: Students share initial ideas about what is happening when mealworms eat food. They discuss the Three Question as ways to explain chemical changes.  Finally, they compare results when they use digital balances and bromothymol blue (BTB) to measure changes in matter.  

	Activity 1: Initial mealworm explanations and predictions

30 min
	How can we measure changes in mass and CO2 concentrations while mealworms are eating food?


	Students conduct mealworm investigations to measure mass changes in animals and food sources as mealworms grow. Students make predictions and explain those predictions in terms of their initial ideas about answers to the Movement Question and the Carbon Question. 
	Students will investigate changes in mass and CO2 concentration for mealworms eating food, and construct arguments that use evidence about changes in mass of food and organisms and CO2 concentration to defend claims about movements of atoms when mealworms eat food.
	Students can make observations of mealworms eating food that will help them answer the Three Questions. In class observations are at a macroscopic level, limiting students to information about mass changes, carbon dioxide increasing or decreasing in the air around the organism, and only some forms of energy (light, motion and sometimes heat). After this lesson, students practice explaining processes of digestion and biosynthesis (animals growing) separately from cellular respiration (animals using energy to move).



	Activity 2: Investigating mealworms eating

60 min
	What do we observe about changes in mass and CO2 concentration when mealworms are eating food?
	Students work in groups of 4 to make and record observations of mass change in the mealworms and potatoes, as well as BTB color change.  They compare their observations with other groups in the class and with other classes, reaching conclusions about patterns in the observations, suggest explanations, and note unanswered questions.
	Students will measure mass changes and detect changes in CO2 concentration, find patterns in data about changes in mass and CO2 concentration, construct arguments that use evidence about changes in mass of food and organisms and CO2 concentration to defend claims about movements of atoms.
	Student inquiry practices include making measurements, making claims based on evidence, and coming to consensus on results by finding patterns in sets of data. There are many ways that students have difficulty in all of these areas, although the same set of skills are practiced in other Carbon TIME units.

	Lesson 4: Explaining Animals Growing: You Are What You Eat

Guiding Question: How is it true that you are what you eat?
Lesson Description: In this lesson students model the break down and rebuilding of molecules through digestion and biosynthesis and locate of all of those processes in the body of a cow, using the Three Questions to explain changes in matter and energy.

	Activity 1: What happens when mealworms grow

25 min
	What happens when animals grow?
	Revisit the mealworm investigation results to specifically think about what happens when animals grow. Students answer the Three Questions for mealworms growing. Then, students consider inputs and outputs from a cow’s body as a cow grows. 
	Students will explain the movement of materials, chemical changes and transformation of energy when mealworms grow.
	Growing is the macroscopic manifestation of two carbon-transforming processes: digestion and biosynthesis. Digestion and biosynthesis can be explained with answers to the Three Questions.

	Activity 2: Digestion and biosynthesis in cows

50 min
	How are food molecules re-arranged when they are ingested and when they are built into animal’s bodies?
	In this activity students will use paperclips to model the breakdown (digestion) and rebuilding (biosynthesis) of key polymers ingested when we eat. Students locate these processes on the poster of the cow.


	Students will build paperclip models of food molecules, and trace these polymers through digestion and biosynthesis to see how food contributes matter and energy for growth.


	When food molecules (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 back into polymers. 

	Activity 3: Explaining digestion and biosynthesis

20 min
	How is it true that you are what you eat?


	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?” using the Three Questions.
	Students will refine their answers to the Three Questions for digestion and for biosynthesis


	Growing is the macroscopic manifestation of two carbon-transforming processes: digestion and biosynthesis. Digestion and biosynthesis can be explained with answers to the Three Questions.

	Lesson 5: Modeling how animals use energy to move

Guiding Question: How do animals have energy to move?
Lesson Description: In this lesson 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 and make a final explanation of movement/weight loss and/or cellular respiration using the Three Questions. 

	Activity 1: Mealworms using energy to move and missing mass

20 min
	What happened to the missing mass?
	Students consider how only some food contributes to our biomass – something they saw in the mealworm study, and that some mass became gases. Students answer the Three Questions for animals moving and using “missing mass” in their explanation.
	Students will explain the movement of materials, chemical changes and transformation of energy when animals are using energy to move.

	Many students incorrectly see cellular respiration as the way we convert food or stored biomass (fat) into energy to move and exercise. 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.



	Activity 2: Using molecular models to explain cellular respiration

40 min
	How do cows use energy to move?
	Students explain the patterns of results in terms of a chemical change: the reaction of food or biomass and oxygen to produce carbon dioxide and water.  They practice describing the chemical change in three different ways: using molecular models, a chemical equation, and the Process Tool.
	Students will build molecular models of cellular respiration, and refine their answers to the Three Questions for cellular respiration.

	Using energy to move is the macroscopic manifestation of the carbon-transforming processes of cellular respiration. Cellular respiration can be explained with answers to the Three Questions.

	Lesson 6: Other examples of digestion, biosynthesis and respiration and post-test

Guiding Question: 
Lesson Description: 

	Activity 1: Explaining other examples of digestion, biosynthesis and cellular respiration

45 min
	What happens when animals eat food?
	 Students choose—or you choose for them—two examples of other organisms growing or using food for chemical energy then use the forms and procedures they used for mealworms to explain the digestion, biosynthesis and cellular respiration.
	Students will explain movement of materials, chemical changes, and transformations of energy when other animals grow and function.
	This activity is the Fading stage of the accounts activity cycle for digestion, biosynthesis and cellular respiration. It serves as formative assessment for you—you will be able to see how well they understood the mealworm and cow examples—and gives students additional practice explaining examples with less support than they had for mealworms and cow.

	Activity 2: Unit Post-test

20 min
	What have students learned about organic materials and digestion, biosynthesis and cellular respiration?
	Students retake the pretest that they took at the beginning of the unit and assess what they have learned.
	Students will take a test that assesses most of the key learning objectives for the unit.
	The Post-test is a summative assessment activity.  You can track students’ progress by having them retake the unit pre-test as a post-test and comparing the results of the two assessments.




Additional Animals Unit Information

Targeted Grades:  6-12
Key Concepts: Biomass, Biosynthesis, Chemical Energy, Cellular Respiration, Digestion 
Teaching the Animals Unit to Middle and High School Students

Animals is designed for students who have completed Systems and Scale and/or have had some experience in using atomic-molecular models to explain observable chemical changes.  

We find that the majority of students in most middle school and high school classes start at Level 2, and have trouble explaining biosynthesis, digestion and cellular respiration. You can use the pretest to check your students’ initial understanding. If most of your students are starting at Level 2, and if you haven’t yet taught biosynthesis, digestion or cellular respiration in other Carbon TIME Units (Plants or Decomposers) then we recommend that they do the entire unit. 

Middle school students may not need to at the same level of detail as high school students in their explanations of biosynthesis, digestion and cellular respiration. For example, they may not need to know the names of monomers and polymers, but instead refer to them as “small molecules” and “large molecules.” Modifications for the biosynthesis activity are suggested in Lesson 4, Activity 2.

In high school there may be extension made from the Animals unit into other areas of biology that will add more detail to the students accounts of biosynthesis, digestion and cellular respiration; for example cellular biology, biochemistry, body systems or physiology.
Vocabulary
· Biomass

· Biosynthesis

· Building Blocks

· Carbon Dioxide

· Chemical Energy

· Cellular Respiration
· Digestion

· Glucose

· Inorganic Matter

· Mass

· Molecule

· Monomer

· Organic Matter

· Polymer

· Process
Materials
Lesson 1, Activity 1: Unit Pre-test

· Animals Unit Pre- and Post-test per student
For Lesson 1, Activity 2: What happens to the food that animals eat?
· Time-lapse video of a mealworm eating a carrot


http://www.youtube.com/watch?v=xRYE0JjHYoQ
· What happens to the food that animals eat? poster (11 x 17) (in AnimalsPosters.pptx) and Post-it notes per pair of students (Option 1)

· OR Powerpoint Slide 2 in Lesson 1,3 Mealworms.pptx (Option 2)

For Lesson 2, Activity 1: Materials in Food
· Lesson 2 Food.pptx Slides 1-7
· Exploring Food Labels per group of 2 to 4 students
· Nutrient Label cards (9) one set per group of 2 to 4 students
· What Makes Up Our Foods? (Optional) reading
For Lesson 2, Activity 2: Learning about Biomass: Water in Our Food
· Water in Our Food worksheet, per student
· Fresh food massed then dried overnight (see advanced preparation below)
· Digital balance (sensitive to 0.01g), per group of 4 students
· Sponges (Optional)
· Fresh food samples, lighter & tray for burning (Optional)
For Lesson 2, Activity 3: Food Molecules Quiz and Discussion
· Food Molecules Quiz, per student
For Lesson 3, Activity 1: Initial Mealworm Explanations and Predictions
· Optional: Time-lapse video of mealworms eating a carrot (used in Lesson 1)

http://www.youtube.com/watch?v=xRYE0JjHYoQ
· Lesson1, 3 Mealworms.pptx slides 3 - 19

· The poster used to share ideas in Lesson 1: What Happens to the food than animals eat poster (11 x 17) OR Lesson1, 3 Mealworms.pptx slide 2 with ideas recorded
· Option 1: What happens when mealworms eat food? Poster (11 x 17) and Post-it notes, OR Option 2: Lesson 1, 3 Mealworms.pptx slides 7 - 9 to record ideas.
· Initial Predictions and Explanations worksheet per student
For Lesson 3, Activity 2: Investigating Mealworms Eating
· Lesson1, 3 Mealworms.pptx slides 13 - 19

· Materials for mealworm investigation: per group of 4 students
One digital balance

A large air-tight Ziplock container 

Bromothymol blue (BTB) solution to detect CO2 in the air inside the container
One plastic petri dish

One small container to hold mealworms
Mealworms (10-15 g per group)
Potato (food for mealworms)
· Mealworms Observations and Conclusions worksheet per student

· Animals Class Results.xlsx Excel file

· Class Results for Mealworms Investigation poster (11 x 17)

For Lesson 4, Activity 1: Explaining What Happens When Mealworms Grow
· Lesson 4 Cow Digestion and Biosynthesis.pptx slides 1 - 4
· Explaining What Happens When Mealworms Grow Worksheet per student
For Lesson 4, Activity 2: Digestion and Biosynthesis in Cows
· Cow Poster (11 x 17), per pair of students
· Lesson 4 Cow Digestion and Biosynthesis.pptx Slides 6 - 16
· Paper clips, 60 per pair of students
· Monomer Cards, cut into pieces, one sheet per pair of students 
· Polymer Cards, cut into pieces, one sheet per pair of students (optional, recommended for middle school)
For Lesson 4, Activity 3: Explaining Digestion and Biosynthesis
· Lesson 4 Cow Digestion and Biosynthesis.pptx, Slides 1-4 (revisited)
· Digestion and Biosynthesis: Breaking and Building Molecules, per student

For Lesson 5, Activity 1: Mealworms Using Energy to Move and Missing Mass
· Animals Class Results.xlsx Excel file

· Class Results for Mealworms Investigation poster (11 x 17)
· Student results from Observations and Conclusions Worksheet part C
· Explaining What Happens When Mealworms Move worksheet per student
For Lesson 5, Activity 2: Using Molecular Models to Explain Cellular Respiration
· Lesson 5 Cow Cellular Respiration (Optional Process Tools slides: 17-36)

· Three Questions poster (11 x 17)

· Using Molecular Models to Show How Animals Can Move worksheet per student

· Process tool for Molecular Models poster (11 x 17) per group of 4 students

· Molecular models and twisty ties: Enough atoms and bonds per pair of students to make a sugar molecule (C6H12O6) and at least 6 oxygen molecules (O2).  Per group of 4 students (two packages from the Molecules of Life kit should have enough):

At least 6 carbon atoms (black)

At least 12 hydrogen atoms (white)

At least 18 oxygen atoms (blue)

At least 28 bonds (white plastic tubes)

At least 12 twisty ties

· Cow Poster (11 x 17), per pair of students
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Lesson 1: Pre-test and Discussion of What Happens to the Food Animals Eat?
Role of this Lesson in Unit Sequence

Formative assessment

Establishing problem for unit as a whole

Eliciting students’ ideas and questions about what happens to the food animals eat
Duration: 45 minutes 
Activity 1: Animals Unit Pre-test





~20 minutes

Activity 2: Discussion of What Happens to the Food that Animals Eat?  
~25 minutes

Lesson Description:
In this lesson students take a pre-test and then share their initial ideas about animal growth, identifying the things animals need to grow and which of these things add mass to the animal. 

Learning Objectives:
Students will:
· Express their initial ideas about how animal growth and function during the pre-test

· Share and record the classes’ initial ideas about what happens to the food that animals eat
Background Information:

Most students can explain that animals grow by digesting food they eat. Animals need food, water, and air, and food is often seen as the main contributor to the mass of an animal. 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 or what happens to food once it is digested and transported to cells. 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. These processes, digestion and biosynthesis, are not well understood by most students. This lesson sets up initial ideas and guiding questions that lead to learning about these two processes.
Most students also believe that animals need food to provide energy for growth and body functions (though they less frequently associate food with body heat), and they know that we breathe in oxygen and breathe out carbon dioxide.  However, they do not associate food with the carbon dioxide that they breathe out—they rarely wonder where the carbon in the carbon dioxide comes from.  They know that food is “broken down” or “burned up” to provide energy, but they do not distinguish the “breaking down” of digestion from the “breaking down” of cellular respiration, and Level 3 students often believe that food is converted to energy.

This lesson provides students with a chance to express these ideas so that they can question and correct them later, and it provides you with formative assessment information—understanding where your students are starting.

Lesson Materials:
For Activity 1: Unit Pre-test
· Animals Unit Pre- and Post-test per student
For Activity 2: Discussion of What Happens to the Food that Animals Eat?  
· Time-lapse video of mealworms eating a carrot
http://www.youtube.com/watch?v=xRYE0JjHYoQ
· What happens to the food that animals eat? poster (11 x 17) (in AnimalsPosters.pptx) and Post-it notes per pair of students (Option 1), OR

· Powerpoint Slide 2 in Lesson 1,3 Mealworms.pptx (Option 2)
Activity 1: Animals Unit Pre-Test
Guiding Question: How do students understand animal growth and metabolism?
Duration: About 20 minutes 

Learning Objectives:

Students will:

· Express their initial ideas about how animals grow and function during the pre-test

Activity Description:

The unit pre-test 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.
Background Information: 

This is a formative assessment activity. You can track students’ progress by having them retake the unit pre-test as a post-test at the end of the unit and comparing the results of the two assessments.
Materials:
· Animals Unit Pre- and Post-test per student

Directions:
1. Describe the purpose of the pre-test. 

Explain the purpose of the pre-test to your students:

a. It will help you as a teacher understand how they think about materials like food, and about animals growing.

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.

2. Administer the pre-test.  

You can administer the assessment either online or with paper and pencil (it will fit on the front and back of one page).  
Teacher: __________________Grade:___ Period: _________ Date: ______ Initials: ____ ____ ____

Animals Unit Pre-test and Post-Test
1. The following is an experiment regarding animal growth.
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Suppose we put a cricket in a container with plenty of food and make sure that it always has the same amount of water.  The container is NOT sealed.  Gases and water are the only things that can get in or out. 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.

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.

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
	None

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

	How much of the caterpillar’s mass came from WATER?
	All or most
	Some
	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?

5. 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 exercises and 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 that he uses when he    exercises.

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?

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? Where did they come from?
What kinds of energy are stored in the dead bird (if any)?  How are they connected to the energy in the living bird?

Animals Unit Pre-test and Post-Test with Commentary
We do not recommend that you grade this pretest.  Use the students’ responses instead as formative assessment, telling you where they are starting.  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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Suppose we put a cricket in a container with plenty of food and make sure that it always has the same amount of water.  The container is NOT sealed.  Gases and water are the only things that can get in or out. 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. 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 exercises and 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 that he uses when he    exercises.

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? Where did they come from?
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 students will associate energy with life, so they will feel that the bird’s energy is lost when it dies.  Level 3 students will recognize that some of the bird’s stored energy is still in its body, but may associate the energy only with specific materials (e.g., sugar, ATP), not recognizing that virtually all of the materials making up the bird’s body have stored chemical energy.
What kinds of energy are stored in the dead bird (if any)?  How are they connected to the energy in the living bird?

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.
Activity 2: What Happens to the Food Animals Eat?
Guiding Question: What happens to the food animals eat?
Duration: 25 minutes

Learning Objectives:

Students will:

· Share and record the classes’ initial ideas about what happens to the food that animals eat

Activity Description: 

As students participate in this unit, they will collect evidence and develop explanations about animals as they eat food. The evidence they collect will help students explain where mass comes from or goes as animals grow, and how this happens. This activity begins by eliciting students’ prior knowledge about what happens to the food animals eat.
Background Information:

Most students cannot explain that food is the main contributor to the mass of an animal, or how food gets broken down and reassembled as the body of an animal. Most students also do not associate food with the carbon dioxide that they breathe out. They know that food is “burned up” to provide energy, but they do not distinguish the “breaking down” of digestion from the “breaking down” of cellular respiration. Many students often believe that food is converted to energy.

This lesson provides students with a chance to express these ideas so that they can question and correct them later, and it provides you with formative assessment information—understanding where your students are starting.

Materials:

· Time-lapse video of a mealworm eating a carrot
http://www.youtube.com/watch?v=xRYE0JjHYoQ
· What happens to the food that animals eat? poster (11 x 17) (in AnimalsPosters.pptx) and Post-it notes per pair of students (Option 1)
· OR Powerpoint Slide 2 in Lesson 1,3 Mealworms.pptx (Option 2)
Directions:
1. Class debrief from the pretest. 

Ask students to share some questions they have after taking the pretest.

2. Watch a time-lapse video of mealworms eating food
Have your students observe what happens to food as animals eat by watching a time-lapse video of mealworms and a carrot. 

3. FORMATIVE ASSESSMENT: List student ideas about what happens to the food that animals eat
Pose the question: “What happens to the food that animals eat?” Use either Option 1 (posters and Post-it notes) or Option 2 (PowerPoint slides) to record student ideas.
Some students may not use principles of conservation of matter to identify food as the source of mass for animals (and instead only associate food as a source of chemical energy). Students may think that the food disappears as it is eaten, and not recognize that atoms are transferred from the food to the organism [for the purpose of either growth or for chemical energy to function].
Lesson 2: What Makes Up Our Food?
Role of this Lesson in Unit Sequence

Activity 1: Foundational skills and knowledge: Introducing key concepts about the atomic-molecular nature of food

Activity 2: Foundational skills and knowledge: Introducing key concepts about the definition of biomass
Activity 3: Foundational skills and knowledge: Assessing student understanding of food molecules

Duration: 90 minutes 


Activity 1: Materials in Food





~50 minutes


Activity 2: Learning About Biomass: Water in Our Food

~20 minutes

Activity 3: Food Molecules Quiz




~20 minutes

Guiding Question: What makes up our food?
Learning Objectives:

Students will:

· Identify the most abundant organic materials in foods—fats, proteins, and carbohydrates—and use food labels to find out how concentrated they are in different foods and animal tissues.
· Associate food with the source of chemical energy for animals, and the source of materials for animal biomass
· Learn how water makes up a large part of food’s mass, but is not part of biomass
· Apply key facts about atoms and molecules to food molecules.
Lesson Description:
In this lesson students examine the substances that make up the 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.

Background Information:

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.
Students may see water as a food, although, in a strict sense, water is not food in that it does not increase an organism’s mass in the long-term. Some students idea of “energy” may include anything that gives vitality to an organism, which may include water, however water does not provide chemical energy to organisms. Foods and organisms have a lot of water that contributes to mass, but that is not a part of biomass. This is important for students to understand in order to measure whether or not an organism has grown, meaning added biomass. When water is removed from food (or from an organism) by drying, the weight of the biomass remains the same. 
Lesson Materials:
Activity 1: 

· Lesson 2 Food.pptx Slides 1-7
· Exploring Food Labels per group of 2 to 4 students
· Nutrient Label cards (9) one set per group of 2 to 4 students
· What Makes Up Our Foods? (Optional) reading
Activity 2:

· Water in Our Food worksheet, per student
· Fresh food massed then dried overnight (see advanced preparation below)
· Digital balance (sensitive to 0.01g), per group of 4 students
· Sponges (Optional)
· Fresh food samples, lighter & tray for burning (Optional)
Activity 3:

· Food Molecules Quiz, per student
Advance Preparation:
The day before this lesson you will need to dry samples of foods. It is suggested that you use an oven at 200°F 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 as a 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
Guiding Question: What materials do we get from the foods we eat?
Duration: 50 minutes

Activity Description: 

Students learn that food is composed mainly of carbohydrates, proteins, 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.
Background Information: 
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.
Learning Objectives:

Students will:

· Identify the most abundant organic materials in foods—fats, proteins, and carbohydrates—and use food labels to find out how concentrated they are in different foods and animal tissues.
· Associate food with the source of chemical energy for animals, and the source of materials for animal biomass

Materials: 
· Lesson 2 Food.pptx Slides 1-7
· Exploring Food Labels per group of 2 to 4 students
· Nutrient Label cards (9) one set per group of 2 to 4 students
· What Makes Up Our Foods? (Optional) reading
Directions:

1. Animals get important materials from food

Remind students that they are learning about what animals need to grow, and that they said that food is important. In today’s lesson students will begin to learn what makes up common human foods to inform how it becomes part of our bodies through growth. Humans use food the same way as other animals, although human food has lots of information available about it.
2. Identify materials that make up beef

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 (fats, carbohydrates, protein, vitamins and minerals), and then ask, “What are these substances made of?” You can type in student responses in the Lesson 2 Food.pptx slide 2.
3. Zoom to atomic-molecular scale

Tell students that now we will look at these materials on an atomic-molecular scale. Show Lesson 2 Food.pptx slide 3-5 that shows fats, carbohydrates and proteins molecules (lipids, glucose and starch, and amino acids). For each slide have students identify what atoms are found in each molecule, and what types of bonds are found in each molecule. Help students see that the beef (which came from a living cow) is made mostly of proteins and fats, which have two things in common: they are carbon-based molecules and have high-energy bonds (C-C and C-H). (Note: These bonds appear yellow in the molecule images.) Use Lesson 2 Food.pptx slide 6 to compare molecules. 
4. Food is the source of atoms for animals growing

Remind students “atoms lasts forever.” Where do students think that atoms go when animals eat them? Food is the source of materials for growing animals. During this Unit they will keep track of the atoms in food and where they go when animals eat them.
5. Food is the source of chemical energy for animals
Another thing on nutrition labels are calories, illustrated on Lesson 2 Food.pptx slide 7. What do calories tell us? This is a measurement of how much chemical energy is in food. (Scientists determine number of calories by burning the food and measuring the energy as heat.) Food is the only source of chemical energy to all animals, including humans. (Optional: Pass out the reading What Makes Up Our Foods? This is a short reading about what students can find on nutrition labels and calories as chemical energy). In partners or as a whole group, read through the handout.)
6. Students record information about nine different food items

Explain to students that they will now look closer at 9 materials that we ingest. Pass out Nutrition Label cards to groups of 2 to 4 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. Students will calculate the amount of water in food and then record the number of calories. Provide students with about 10 minutes to read each label and record in their worksheet.

7. Identify differences in materials with and without chemical energy

Ask the students and discuss: “How are the materials with chemical energy different from materials without chemical energy?” Students will see that water, salt and diet soda are the only three 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, they have no C-C or C-H bonds). Inorganic substances also are not a significant source of biomass for our bodies.
*Nutritional labels list break down fats and carbohydrates into several components. Students do not need to distinguish between different types of fat or carbohydrate molecules. However, below is information about types of fats and carbohydrates if students are curious. You may want to mention fiber, as it is an important component of plant material and is discussed later in lessons about digestion.

Types of fats:

· Saturated: no double bonds in the carbon chain

· Trans fat: one artificially made double bond

· Monounsaturated: one natural double bond

· Polyunsaturated: multiple natural double bonds 

Types of carbohydrates:

· Starch

· Sugar

· Dietary fiber (cellulose, which are indigestible by humans)
Cholesterol: similar to fat molecules and needed to build and maintain membranes and a precursor for several biochemical pathways. (Needed in small amounts like vitamins.)

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
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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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Exploring Food Labels













Lesson 2, Activity 1

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

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

2. How much is the total weight of minerals (sodium) of your food? Assume the weights of vitamins are less than 1 g (see your handout).

3. How much water is in your food? You will have to calculate this. The label gives the weight of carbohydrates, fat, protein and sodium in 100 g of that type of food. Subtract the weight of carbohydrates, fat, protein and sodium from 100 to get the remaining weight of the food, which is all water. Round to the nearest whole number. Vitamins and minerals together are less than 1 g for all foods.

4. Find the amount of chemical energy (calories) 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
	Minerals (Sodium) (grams)
	Water (grams)
	
	Chemical energy (calories)

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

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	

	10
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Lesson 2, Activity 1

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

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

2. How much is the total weight of minerals (sodium) of your food? Assume the weights of vitamins are less than 1 g (see your handout).

3. How much water is in your food? You will have to calculate this. The label gives the weight of carbohydrates, fat, protein and sodium in 100 g of that type of food. Subtract the weight of carbohydrates, fat, protein and sodium from 100 to get the remaining weight of the food, which is all water. Round to the nearest whole number. Vitamins and minerals together are less than 1 g for all foods.

4. Find the amount of chemical energy (calories) 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
	Minerals (Sodium) (grams)
	Water (grams)
	
	Chemical energy (calories)

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

	1
	Water


	0
	0
	0
	0
	100
	
	0

	2
	Table Salt


	0
	0
	0
	38
	62
	
	0

	3
	Diet Soda


	0
	0
	0
	0.007
	100
	
	0

	4
	White Bread


	4
	23
	9
	0.485
	64
	
	242



	5
	Beef (20/80)


	16
	0
	25
	0.157
	59
	
	254

	6
	Carrots


	0
	8
	1
	0.078
	91
	
	35

	7
	Marshmallows
	0
	81
	2
	0.080
	17
	
	318

	8
	Spinach (Fresh)
	0
	4
	3
	0.079
	93
	
	23

	9
	Apple Juice
	0
	11
	0
	0.004
	86
	
	46

	10
	Student chooses
	
	
	
	
	
	
	


What Makes Up Our Foods? Reading
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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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 minerals?

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

Vitamins (vitamin A and vitamin C, calcium and iron) and minerals (sodium) are important for our bodies to stay healthy. But vitamins and minerals 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.

Activity 2: Learning About Biomass: Water in Our Food
Guiding Question: Is water part of the biomass of food?
Duration: 20+ minutes
Activity 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 if water adds to biomass and a second burning fresh versus dried samples to talk about biomass and chemical energy.
Background Information:
Students may see water as a food, although, in a strict sense, water is not food in that it does not increase an organism’s mass in the long-term. Some students idea of “energy” may include anything that gives vitality to an organism, which may include water, however water does not provide chemical energy to organisms. Foods and organisms have a lot of water that contributes to mass, but that is not a part of biomass. This is important for students to understand in order to measure whether or not an organism has grown, meaning added biomass. When water is removed from food (or from an organism) by drying, the weight of the biomass remains the same. 
Learning Objectives:

Students will:

· Learn how water makes up a large part of food’s mass, but is not part of biomass

Materials:

· Water in Our Food worksheet, per student
· Fresh food massed then dried overnight (see advance preparation below)
· Digital balance (sensitive to 0.01g), per group of 4 students
· Sponges (Optional)
· Fresh food samples, lighter & tray for burning (Optional)
Advanced Preparation:

The day before this lesson you will need to dry samples of foods. It is suggested that you use an oven at 200°F 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 as a 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.
Directions:

1. FORMATIVE ASSESSMENT: Does water in food give animals chemical energy?
Using the nutrition label for water, 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.
2. Water does not give animals materials for long-term biomass

This idea can be an area of confusion for many students. Ask them if water contributes to animal biomass? Tell them that animals can drink water and water increases the animal’s mass in the short-term, but the water is not incorporated into animal tissue in the long-term. So, water does not contribute to animal biomass. Ask students what they think ultimately happens to the water that animals drink (it gets sweated or excreted). The biomass of animals is the organic materials within their cells and tissues.
3. Water makes up food mass without contributing to chemical energy or biomass

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 first three questions that correspond to this table. Discuss these questions before moving on to Part 2.
4. Students compare mass of fresh and dried foods

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:

5. 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.

6. Option 2: A second demonstration involves burning a fresh sample of food versus a dried sample of food (both should burn somewhat). 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.

Sample data set of dried food for Water in Our Food worksheet, and for burning food (Option 2):
	Material
	Fresh Mass
	Dried Mass
	% Change
	 Observations

	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%
	

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

	Lettuce leaf #2
	1.0g
	0.3g
	-70.00%
	

	Lettuce leaf #3
	0.4g
	<0.0g
	-80-90%
	


Name: ____________________________________ Teacher: ___________ Date: ________

Water in Our Food











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

a. from fruits and vegetables, which substance is the most abundant? ____________________
b. from meats, which substance is the most abundant? ____________________
c. from rice and bread, which substance is the most abundant? ____________________
2. What percent of the marshmallow is biomass? 
_______________

What percent of the banana is biomass?    
_______________ 
3. Does 10 g of banana or 10 g of marshmallows provide more chemical energy? _____________
Explain your choice:  

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.  How do your calculations compare with the percentages of water from the nutrition labels?
	Food Sample
	Start “Fresh” Mass
	Dried Mass
	Percent Water
	Percent water on nutrition label

	 
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Do you think water adds…  A LOT     A LITTLE    NONE  to the biomass of living things?
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Lesson 2, Activity 2
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


4. 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
5. What percent of the marshmallow is biomass? 
____84%______

What percent of the banana is biomass?    
_____25%_____ 
6. Does 10 g of banana or 10 g of marshmallows provide more chemical energy? __marshmallows__
Explain your choice:  marshmallows have less water, so by weight, they provide more organic materials which provide more chemical energy

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.  How do your calculations compare with the percentages of water from the nutrition labels?  Students will want to answer “a lot.” The teacher will need to explain to students what we mean by “biomass.”
	Food Sample
	Start “Fresh” Mass
	Dried Mass
	Percent Water
	Percent water on nutrition label

	 
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Do you think water adds…  A LOT     A LITTLE    NONE  to the biomass of living things?
Activity 3: Food Molecules Quiz and Discussion

Guiding Question:  What is food made of?
Duration: 30 minutes

Activity Description: 

Students complete a quiz to assess their understanding of the molecules in food, and how to identify food molecules that have chemical energy, then discuss their answers to the questions.

Learning Objectives: 

Students will:

· Apply key facts about atoms and molecules to food molecules.
· Associate food with the source of chemical energy for animals, and the source of materials for animal biomass

· Recognize that water is part of an animal’s mass, but not part of biomass.
Background Information: 
This quiz is the Fading part of the application activity sequence for the molecules in food.  The quiz requires students to apply these ideas to new situations that they have not yet discussed in class.

Materials:

· Food Molecules Quiz per student
Directions:

1. Review for the quiz.  
Ask you students what the main things are that they need to remember about atoms and molecules.  If they do not come up, remind them of the three important facts about atoms: 
a. Atoms last forever (except in nuclear changes).

b. Atoms make up the mass of all materials.

c. Atoms are bonded to other atoms in molecules.
Review what they learned about molecules in food and how to read nutritional labels. Remind them that they can identify molecules with chemical energy by their bonds (C-C and C-H). And remind them how to read nutritional labels to find different molecules, and to find calories, which tell if the food has chemical energy.
2. Give students the quiz. 

Remind them that they will be graded for their answers on this quiz.

Name _______________________________ Teacher _________________ Date __________
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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% 
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Food Molecules Quiz





Lesson 2, Activity 3
You have studied three important facts about atoms:

1. Atoms last forever.

2. Atoms make up the mass of all materials.

3. Atoms are bonded to other atoms in molecules.

Use these facts and what you have learned about food to answer these questions.
1. These questions are about a food molecule, fructose, to the right.
a. What atoms are in the fructose molecule? (Circle all the atoms in fructose)

Hydrogen            Carbon           Nitrogen          Oxygen             Helium
b. After this atom is eaten by an animal, which of the atoms from the fructose will still exist in the animal? (Circle all the atoms that apply)

Hydrogen            Carbon           Nitrogen          Oxygen             Helium
c. Explain your answer.  Use the facts about atoms if they are helpful

2. Does the fructose molecule have chemical energy?  Circle one:  YES   NO

3. How do you know if a molecule has chemical energy?
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	4. To the right is the nutrition label for peanut butter. 
a. What molecules are in peanut butter? List as many as you can:

b. Does peanut butter have chemical energy? Circle one: 

YES        NO

c. Explain your answer. How do you know?

5. Water makes up a large amount of an animal’s biomass. 
Circle one:   TRUE     FALSE


Name _______________________________ Teacher _________________ Date __________
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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% 
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Lesson 2, Activity 3
You have studied three important facts about atoms:

1. Atoms last forever.

2. Atoms make up the mass of all materials.

3. Atoms are bonded to other atoms in molecules.

Use these facts and what you have learned about Powers of Ten to answer these questions.
1. These questions are about a food molecule, fructose, to the right.
a. What atoms are in the fructose molecule? (Circle all the atoms in glucose)

Hydrogen            Carbon           Nitrogen          Oxygen             Helium
b. After this atom is eaten by an animal, which of the atoms from the fructose will still exist in the animal? (Circle all the atoms that apply)

Hydrogen            Carbon           Nitrogen          Oxygen             Helium
c. Explain your answer.  Use the facts about atoms if they are helpful

Even after food is eaten, the atoms continue to exist and are the same atoms. Rule number 1 above.
2. Does the fructose molecule have chemical energy?  Circle one:  YES   NO

3. How do you know if a molecule has chemical energy?

A molecule has chemical energy if it has C-C or C-H bonds.
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	4. To the right is the nutritional label for peanut butter. 

a. What molecules are in peanut butter? List as many as you can:

Fat, carbohydrates, protein and vitamins and minerals are the most important ones for a student to be able to identify.
b. Does peanut butter have chemical energy? Circle one: 

YES        NO

c. Explain your answer. How do you know?

It has calories.
5. Water makes up a large amount of an animal’s biomass. 
Circle one: TRUE FALSE it is a large amount of animal’s mass


Lesson 3: Investigating Mealworms Eating Food
Role of this Lesson in Unit Sequence
Activity 1: Predict and Explain (PE) in Inquiry Sequence for Growing and Moving 
Activity 2: Observe (O) in Inquiry Sequence for Growing and Moving
Duration: about 1 hour, 45 min 

Activity 1: Initial mealworm explanations and predictions



~45 minutes

Activity 2: Investigating mealworms eating food




~60 minutes

Guiding Question: What happens when mealworms are eating food?
Lesson Description: Students share initial ideas about what is happening when mealworms eat food. They discuss the Three Question as ways to explain chemical changes.  Finally, they compare results when they use digital balances and bromothymol blue (BTB) to measure changes in matter.  
Learning Objectives:
Students will
· Investigate changes in mass and CO2 concentration for mealworms eating food

· Construct arguments that use evidence about changes in mass of food and organisms and CO2 concentration to defend claims about movements of atoms when mealworms eat food.
· Measure mass changes and detect changes in CO2 concentration.
· Find patterns in data collected by multiple groups about changes in mass and CO2 concentration. 

Background Information:

Students can make observations of mealworms eating food that will help them answer the Three Questions. In class observations are at a macroscopic level, limiting students to information about mass changes, carbon dioxide increasing or decreasing in the air around the organism, and only some forms of energy (light, motion and sometimes heat). The observations that students make of the system will relate to all three processes of digestion, biosynthesis and cellular respiration. After this lesson, students practice explaining processes of digestion and biosynthesis (animals growing) separately from cellular respiration (animals using energy to move).
Student inquiry practices include making measurements, making claims based on evidence, and coming to consensus on results by finding patterns in sets of data. There are many ways that students have difficulty in all of these areas, although the same set of skills are practiced in other Carbon TIME units (Systems & Scale, Plants & Decomposers).

Lesson Materials:
For Activity 1: Initial mealworm explanations and predictions
· Optional: Time-lapse video of mealworms eating a carrot (used in Lesson 1)

http://www.youtube.com/watch?v=xRYE0JjHYoQ
· Lesson1, 3 Mealworms.pptx slides 3 - 19

· The poster used to share ideas in Lesson 1: What Happens to the food than animals eat poster (11 x 17) OR Lesson1, 3 Mealworms.pptx slide 2 with ideas recorded
· Option 1: What happens when mealworms eat food? Poster (11 x 17) and Post-it notes, OR Option 2: Lesson 1, 3 Mealworms.pptx slides 7 - 9 to record ideas.
· Initial Predictions and Explanations worksheet per student

For Activity 2: Investigating mealworms eating food
· Lesson1, 3 Mealworms.pptx slides 13 - 19

· Materials for mealworm investigation: per group of 4 students
One digital balance

A large air-tight Ziplock container 

Bromothymol blue (BTB) solution to detect CO2 in the air inside the container
One plastic petri dish

One small container to hold mealworms
Mealworms (10-15 g per group)
Potato (food for mealworms)
· Mealworms Observations and Conclusions worksheet per student

· Animals Class Results.xlsx Excel file

· Class Results for Mealworms Investigation poster (11 x 17)

Advance Prep:
Purchase at least 15 g (about 150 mealworms) of mealworm larvae from a pet store for each group of four students. You can order mealworms online (roughly $40 for several thousand mealworms). Most mealworms come in a plastic container (with holes for ventilation) in meal for bedding. To save classroom time, the mealworms could be separated from the meal bedding before the investigation starts. This can be done quickly using a colander.
Activity 1: Initial Mealworm Explanations and Predictions
Guiding Question: How can we measure changes in mass and CO2 concentrations while mealworms are eating food?
Duration: 30 minutes
Learning Objectives:

Students will
· Investigate changes in mass and CO2 concentration for mealworms eating food

· Construct arguments that use evidence about changes in mass of food and organisms and CO2 concentration to defend claims about movements of atoms when mealworms eat food.

Activity Description:

Students conduct mealworm investigations to measure mass changes in animals and food sources as mealworms grow. Students make predictions and explain those predictions in terms of their initial ideas about answers to the Movement Question and the Carbon Question. This activity allows students to observe mass changes in organisms over time and to provide evidence for two areas of investigation: 1) biosynthesis and digestion and 2) cellular respiration. The investigation will support student explanations of biosynthesis and digestion with the observations of mass loss in food and mass gain in mealworms, which will be continued in Lesson 4. The student will be able to conclude that the new mass of the mealworm can be attributed to the food it eats. The investigation will also support student explanations of cellular respiration with the observation of an overall mass loss by the system, which will be continued in Lesson 5. Eventually the student will be able 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.

Background Information: 

Students can make observations of mealworms eating food that will help them answer the Three Questions. In class observations are at a macroscopic level, limiting students to information about mass changes, carbon dioxide increasing or decreasing in the air around the organism, and only some forms of energy (light, motion and sometimes heat). The observations that students make of the system will relate to all three processes of digestion, biosynthesis and cellular respiration. After this lesson, students practice explaining processes of digestion and biosynthesis (animals growing) separately from cellular respiration (animals using energy to move).

Student inquiry practices include making measurements, making claims based on evidence, and coming to consensus on results by finding patterns in sets of data. There are many ways that students have difficulty in all of these areas, although the same set of skills are practiced in other Carbon TIME units (Systems & Scale, Plants & Decomposers).

Materials: 

· Optional: Time-lapse video of mealworms eating a carrot (used in Lesson 1)

http://www.youtube.com/watch?v=xRYE0JjHYoQ
· Lesson1, 3 Mealworms.pptx slides 3 - 12
· The poster used to share ideas in Lesson 1: What happens to the food that animals eat poster (11 x 17) OR Lesson1, 3 Mealworms.pptx slide 2 with ideas recorded
· Option 1: What happens when mealworms eat food? Poster (11 x 17) and Post-it notes, OR Option 2: Lesson 1, 3 Mealworms.pptx slides 7 - 9 to record ideas.
· Initial Predictions and Explanations worksheet per student

Directions:

1. Re-watch mealworms eating food. 

Optional: Re-watch the following YouTube time-lapse video of mealworms eating carrots. 
http://www.youtube.com/watch?v=xRYE0JjHYoQ
2. Re-introduce the investigation question.

Mealworms eat food in order to grow. When mealworms are eating food, what happens? Remind students of the ideas that they had in Lesson 1:
Option 1: Show them notes that you took about students’ ideas and questions on Slide 2 of the Lesson 1, 3 Mealworms.pptx slides
Option 2: Show them Post-it notes from students’ initial explanations on the What happens to the food that animals eat poster (11 x 17)
3. FORMATIVE ASSESSMENT: Students share ideas about the Three Questions. 
Remind students of the Three Questions that scientist answer about living processes (Lesson 1, 3 Mealworms.pptx slide 5). Have students discuss how they would answer the three questions. Use one of two options for sharing ideas: Using the What Happens When Mealworms Eat Food poster (11 x 17) with Post-it notes or recording their ideas on slides 7 - 9. Save the notes for discussion after the investigation.
This discussion will show that some students are still at Level 2 with respect to both their ideas about energy and their understanding of the questions.  For example:

· Do they have a sense of necessity about the connections between mass changes and movement of atoms: Do they recognize that if the mealworms lose mass, then atoms MUST be moving out of the mealworms?

· Do they account for energy separately from matter, or do they suggest that some of the matter in the potato or mealworm might be converted to energy.

You do not need to correct these problems now; they will be addressed in the investigation and modeling activities to come.  
4. Students write initial Explanations and Predictions. Pass out Lesson 3 Activity 1: First Predictions and Explanations worksheet per student. Tell students that they will use the tools for investigation—digital balances and BTB—to investigate mealworms eating.  Ask the students “What evidence can you see that atoms are moving?” “Where do you think the atoms are coming from and going to?” Have the students write their predictions and explanations on the worksheet. You may remind them of the facts about matter and energy in Lesson 1, 3 Mealworms.pptx slide 10. Use slide 11 as students fill out the worksheets.
5. (Optional: Plan the investigation.  Slide 12 shows a picture of the materials students will have for the investigation and prompts students to plan their own procedures.  You can either plan the procedures with them or have them follow the procedures in the Lesson 3 Activity 2: Mealworms: Observations and Conclusions worksheet.)
Name _______________________________ Teacher _________________ Date __________

Mealworms: Initial Predictions and Explanations Worksheet

Lesson 3, Activity 1
You will be doing an investigation of mealworms moving.  Here are the tools that you will have:

One digital balance

A large air-tight Ziplock container 

Bromothymol blue (BTB) solution to detect CO2 in the air inside the container
One plastic petri dish

One small container to hold mealworms
Mealworms (10-15 g per group)
Potato (food for mealworms)

Make predictions that will help you answer the three questions.

	Predictions about mass changes: What are your predictions about objects or materials that will gain or lose mass?

What will gain mass?

What will lose mass?


	Predictions about changes in BTB: Do you think that BTB will change color if it is in a closed container with mealworms eating?

YES                NO

What color change do you predict?

	The Movement Question: Explaining your predictions about mass changes: Draw your ideas about how atoms are moving on the picture below.  

[image: image22.png]Nutrition Facts

Serving Size 100 grams (100 grams)

Amount Per Serving
Calories 46 Calories from Fat 1
% Daily Value*

Total Fat 0g 0%
Saturated Fat 0g 0%
Trans Fat

Cholesterol 0mg 0%

Sodium4mg 0%

Total Carbohydrate 11g 4%
Dietary Fiber Og 1%
Sugars 10g

Protein0g

Vitamin A 0% * Vitamin C 1%

Calcium 1% ¢ Iron 1%

*Percent Dally Values are based on a 2000 calorie et
Your dally values may be higher o lower depending on
your calorie needs.

| ©www.NutritionData.com






	The Carbon Question: Explaining your predictions about BTB color changes: What do you think is happening to molecules that have carbon atoms in them?

	Where are atoms moving from?

Where are atoms going to?


	The Energy Question: Explaining changes in forms of energy: How do you think that energy is changing from one form to another?


Assessing Mealworms: Initial Predictions and Explanations Worksheet

Lesson 3, Activity 1
Students’ responses to the questions on this worksheet will be useful for formative assessment and for discussion of the results of their investigations.  It would NOT be appropriate to grade their responses for correctness.  Notes about what to notice about students’ responses are below.
You will be doing an investigation of mealworms moving.  Here are the tools that you will have:

One digital balance

A large air-tight Ziplock container 

Bromothymol blue (BTB) solution to detect CO2 in the air inside the container
One plastic petri dish

One small container to hold mealworms
Mealworms (10-15 g per group)
Potato (food for mealworms)

Make predictions that will help you answer the three questions.

	Predictions about mass changes: What are your predictions about objects or materials that will gain or lose mass?

What will gain mass?

Do students have a sense of necessity about mass gain and loss?  Do they recognize that if the mealworms gain mass, then something else MUST lose mass?

What will lose mass?

Do students have a sense of necessity about the connections between their predictions about mass changes and the Movement Question below?  Do they recognize that if the mealworms gain mass, then atoms MUST be coming into it?
	Predictions about changes in BTB: Do you think that BTB will change color if it is in a closed container with eating mealworms?

YES                NO

What color change do you predict?

Most students will probably predict a color change from blue to yellow.  Check to see how their predictions are connected to their ideas about the Carbon Question below.  Are they asking where the carbon atoms in the CO2 came from?

	[image: image23.png]Where are atoms moving from? Where are atoms moving to?

What molecules are carbon atoms in before the change? What molecules are carbon atoms in after the change?

What forms of energy are in the reactants? What forms of energy are in the products?

Remember: Atoms last forever (so you can rearrange atoms into new molecules, but can't add or subtract atoms)
Energy lasts forever (so you can change forms of energy, but energy units can’t appear or go away)



The Movement Question: Explaining your predictions about mass changes: Draw your ideas about how atoms are moving on the picture below.  


	The Carbon Question: Explaining your predictions about BTB color changes: What do you think is happening to molecules that have carbon atoms in them?

	Where are atoms moving from?

Do student draw arrows showing potato atoms going into the mealworm? 
Where are atoms going to?

Do students draw arrows showing BOTH air and waste leaving the mealworm?

Do students connect their arrows with their predictions about mass changes above?
	The Energy Question: Explaining changes in forms of energy: How do you think that energy is changing from one form to another?

Some students will use matter-energy conversions as part of their responses.  That is OK for now.


Activity 2: Investigating Mealworms Eating
Guiding Question: What do we observe about changes in mass and CO2 concentration when mealworms are eating food?
Duration: About 60 minutes
Learning Objectives:

Students will:

· Measure mass changes and detect changes in CO2 concentration 

· Find patterns in data collected by multiple groups about changes in mass and CO2 concentration. 

· Construct arguments that use evidence about changes in mass of food and organisms and CO2 concentration to defend claims about movements of atoms when mealworms eat food.
Activity Description: Students work in groups of 4 to make and record observations of mass change in the mealworms and potatoes, as well as BTB color change.  They compare their observations with other groups in the class and with other classes, reaching conclusions about patterns in the observations, suggest explanations, and note unanswered questions.
Background Information:
Students can make observations of mealworms eating food that will help them answer the Three Questions. In class observations are at a macroscopic level, limiting students to information about mass changes, carbon dioxide increasing or decreasing in the air around the organism, and only some forms of energy (light, motion and sometimes heat). The observations that students make of the system will relate to all three processes of digestion, biosynthesis and cellular respiration. After this lesson, students practice explaining processes of digestion and biosynthesis (animals growing) separately from cellular respiration (animals using energy to move).

Student inquiry practices include making measurements, making claims based on evidence, and coming to consensus on results by finding patterns in sets of data. There are many ways that students have difficulty in all of these areas, although the same set of skills are practiced in other Carbon TIME units (Systems & Scale, Plants & Decomposers).

Materials:

· Lesson1, 3 Mealworms.pptx slides 13 - 19

· Materials for mealworm investigation: per group of 4 students
One digital balance

A large air-tight Ziplock container 

Bromothymol blue (BTB) solution to detect CO2 in the air inside the container
One plastic petri dish

One small container to hold mealworms
Mealworms (10-15 g per group)
Potato (food for mealworms)
· Mealworms: Observations and Conclusions worksheet per student

· Animals Class Results.xls Excel file.  Use the “Mealworms Lesson 3” tab

· Class Results for Mealworms Investigation poster (11 x 17)

Directions:

1. Students collect data on mealworms eating experiment.  
Students work in groups of 4. They either follow the procedures that they developed themselves or follow the procedure in Mealworms: Observations and Conclusions worksheet.  Each student should record his or her group’s results in Part B of the worksheet. Slide 14 has a picture of the setup for the investigation. Slide 15 reminds students of the range of BTB colors.
2. Collect and compare data from different groups.  
Have each group record results on the Animals Class Results for Mealworms Investigation poster. Use the blank Class Results Excel file to record and discuss results. Slide 16: Discuss patterns that students see in the class results. Use Slides 17 and 18 to compare results from your class with results from other classes.  Do you see the same patterns?

3. Calculate the change in mass of the whole system.  
Students should use the class averages to calculate the change in mass of the potato plus mealworms before and after. Then circle whether the mass increased, decreased or stayed the same. In the data from Ms. Angle’s class the potato lost 0.54 g and the mealworms gained only 0.32 g. So overall the system lost 0.22 g. Remind students that atoms are forever, so this mass must have gone somewhere. Students may have some ideas about where the mass went. You will discuss this missing mass in Lesson 5.
4. FORMATIVE ASSESSMENT: Discuss students’ explanations of the results.  
Students should recognize that while the mass changes provide them with good evidence to answer the Movement Question, the BTB evidence provides only a partial answer to the Carbon Question.  It shows that carbon ENDS UP in CO2 in the air, but not where the carbon came from in the mealworm. Students write answers to Part C and D on their Mealworms: Observations and Conclusions worksheet. Slide 19 prompts students to return to their earlier answers to the Movement Question and the Carbon Question.  They should do two things:

· Consider whether the results suggest changes to their earlier answers to these questions.

· Identify UNANSWERED QUESTIONS that they still must answer before they can fully answer the Carbon Question, in particular.  They probably still do not know the molecules in the mealworms that are the source of the carbon dioxide. They might observe energy in that the mealworms are moving, but may not be able to trace where the energy came from.
This discussion can be helpful for formative assessment in two ways:

· It can help you assess your students’ skills in identifying sources of error and finding patterns in data (see discussion under Lesson 2 above.

· It can help you assess how well students identify the limits of the evidence.  Do they recognize that the investigation does not fully answer the Carbon Question or the Energy Question?
5. Transition to the next lessons
Remind students that eating food is necessary for mealworms to be able to grow, and to be able to use energy for things like moving. Tell students that they will use the data that they collected here to help them to be able to explain two processes that relate to animals eating: animals growing and animals moving.
Name _______________________________ Teacher _________________ Date __________

Mealworms: Observations and Conclusions Worksheet

Lesson 3, Activity 2
1. A. Procedures to follow
2. ☐ Get a small container for your mealworms during the investigation. Make sure the container is deep enough for mealworms to not crawl out, or has holes in the lid for ventilation so your mealworms have air. 

3. ☐ If your mealworms are already in their meal bedding and container, you will need to separate the mealworms from the bedding. Using the end of a pencil, separate all the worms from the meal. If your worms come already separated from bedding, skip this step.

4. ☐ Place an empty small container onto the digital balance and “zero” out the scale. Then gently pour about 15 g of mealworms into this container. Record on your worksheet the “Mass of the mealworms before” box.

5. ☐ Cut a small piece off of the potato (about 10g) and place on the scale. Record on your worksheet the “Mass of the potato before” box. 
6. ☐ Place the piece of potato that you massed into the container with worms.

7. ☐ Place the small container with the worms and food into a large Ziplock container. 

8. ☐ Place a petri dish with about 25 ml of blue BTB into the large Ziplock container near the container with the mealworms. Record the color of the BTB in the “Color of BTB before” box. Seal the large Ziplock container. 

9. ☐ Final Mass: After 24 hours you will measure the mass of the potato and the mass of the mealworms. Use the same “zeroing” procedures as above. Record mass measurements in the “Measurements After” boxes. Observe the color of the BTB and record it in the “Changes in color of BTB” box.

B. Measurements during the investigation. Record your measurements on the table below.
	Measurements Before
	Measurements After

	Mass of mealworms before

Time: _____________________

Mass: ________________ grams
	Mass of mealworms after

Time: _____________________

Mass: ________________ grams 

Change in mass: ________________ grams

	Mass of potato before

Time: _____________________

Mass: ________________ grams
	Mass of potato after

Time: _____________________

Mass: ________________ grams 

Change in mass: ________________ grams

	Color of BTB before

Time: _____________________

Color of BTB: _________________________
	Changes in color of BTB

Time: _______________ Color: ___________

Time: _______________ Color: ___________

Change in color: _______________________


C. Results for the whole class: Make notes about how the measurements and observations of other groups in the class compared to yours.
Changes in mass of mealworms
Changes in mass of the potato
Changes in color of BTB
Changes in mass of the mealworm plus potato:

    Mass of mealworms plus potato before____________
    Mass of mealworms plus potato after _____________

Did the overall change in mass of the mealworms plus potato (circle one):


INCREASE


DECREASE


STAY THE SAME

D. What questions cannot be answered by the investigation? Write your ideas below.

	UNANSWERED QUESTIONS:  What questions about movement of atoms, about molecules with carbon atoms, or about changes in forms of energy can you NOT answer based on evidence from the investigation?




Animals must eat food in order to 1) grow and in order to 2) have energy to do things like moving. You will use the evidence you collected in this investigation to help explain how animals grow and move.

Grading Mealworms: Observations and Conclusions Worksheet

Lesson 3, Activity 2
It is reasonable to grade students’ work on this worksheet.
A. Procedures to follow
1. ☐ Get a small container for your mealworms during the investigation. Make sure the container is deep enough for mealworms to not crawl out, or has holes in the lid for ventilation so your mealworms have air. 

2. ☐ If your mealworms are already in their meal bedding and container, you will need to separate the mealworms from the bedding. Using the end of a pencil, separate all the worms from the meal. If your worms come already separated from bedding, skip this step.

3. ☐ Place an empty small container onto the digital balance and “zero” out the scale. Then gently pour about 15 g of mealworms into this container. Record on your worksheet the “Mass of the mealworms before” box.

4. ☐ Cut a small piece off of the potato (about 10g) and place on the scale. Record on your worksheet the “Mass of the potato before” box. 
5. ☐ Place the piece of potato that you massed into the container with worms.

6. ☐ Place the small container with the worms and food into a large Ziplock container. 

7. ☐ Place a petri dish with about 25 ml of blue BTB into the large Ziplock container near the container with the mealworms. Record the color of the BTB in the “Color of BTB before” box. Seal the large Ziplock container. 

8. ☐ Final Mass: After 24 hours you will measure the mass of the potato and the mass of the mealworms. Use the same “zeroing” procedures as above. Record mass measurements in the “Measurements After” boxes. Observe the color of the BTB and record it in the “Changes in color of BTB” box.

B. Measurements during the investigation. Record your measurements on the table below.
Each student should be responsible for accurately recording his or her group’s measurements and observations.
	Measurements Before
	Measurements After

	Mass of mealworms before

Time: _____________________

Mass: ________________ grams
	Mass of mealworms after

Time: _____________________

Mass: ________________ grams 

Change in mass: ________________ grams

	Mass of potato before

Time: _____________________

Mass: ________________ grams
	Mass of potato after

Time: _____________________

Mass: ________________ grams 

Change in mass: ________________ grams

	Color of BTB before

Time: _____________________

Color of BTB: _________________________
	Changes in color of BTB

Time: _______________ Color: ___________

Time: _______________ Color: ___________

Change in color: _______________________


C. Results for the whole class: Make notes about how the measurements and observations of other groups in the class compared to yours.
Changes in mass of mealworms

Changes in mass of the potato
Changes in color of BTB
Each student should be responsible for recording class consensus findings about patterns of change in the mass of the mealworms and the color of BTB. Use the consensus finding or class averages to calculate the mass of the whole system below.
Changes in mass of the whole system
    Mass of mealworms plus potato before____________

    Mass of mealworms plus potato after _____________
Did the overall change in mass of the mealworms plus potato (circle one):


INCREASE


DECREASE


STAY THE SAME

D. What questions cannot be answered by the investigation? Write your ideas below.

	UNANSWERED QUESTIONS:  What questions about movement of atoms, about molecules with carbon atoms, or about changes in forms of energy can you NOT answer based on evidence from the investigation?




Animals must eat food in order to 1) grow and in order to 2) have energy to do things like moving. You will use the evidence you collected in this investigation to help explain how animals grow and move.

Lesson 4: Explaining Animals Growing: You Are What you Eat
Role of this Lesson in the Unit Sequence:

Activity 1: Explain (2nd E) in the mealworm inquiry sequence (PEOE) for growing
Activity 2: Modeling in application sequence for digestion and biosynthesis 
Activity 3: Coaching in application sequence for digestion and biosynthesis
Duration: 95 minutes 


Activity 1: What Happens When Mealworms Grow


~25 minutes

Activity 2: Digestion and Biosynthesis in Cows


~50 minutes


Activity 3: Explaining Digestion and Biosynthesis


~20 minutes

Guiding Question: How is it true that you are what you eat?
Learning Objectives:
· Explain the movement of materials, chemical changes and transformation of energy when animals grow.
· Build paperclip models of food molecules, and trace these polymers through digestion and biosynthesis to see how food contributes matter and energy for growth.
· Refine their answers to the Three Questions for digestion and for biosynthesis
Background Information:

Students know from Lesson 2 that carbohydrates, proteins, and fats are materials that we ingest to give animals mass to 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. 

Growing is the macroscopic manifestation of two carbon-transforming processes: digestion and biosynthesis. The Movement Question for digestion can be answered as atoms are moving from food to the animal’s digestive system and circulatory system. The Movement Question for biosynthesis can be answered as atoms are moving from the animal’s circulatory system to the animal’s cells to create new body parts. The Carbon Question for digestion can be answered as organic carbon in polymers are rearranged into monomers. The Carbon Question for biosynthesis can be answered as organic carbon in monomers is again rearranged into polymers. The Energy Question for both digestion and biosynthesis is that all of food polymers, monomers and biomass polymers have chemical energy.

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 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 and the location of all of those processes in the body of a cow. 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.
Lesson Materials:

For Activity 1: What Happens When Mealworms Grow
· Lesson 4 Cow Digestion and Biosynthesis.pptx slides 1 - 4
· Explaining What Happens When Mealworms Grow Worksheet per student
For Activity 2: Digestion and Biosynthesis in Cows 
· Cow Poster (11 x 17), per pair of students
· Lesson 4 Cow Digestion and Biosynthesis.pptx Slides 6 - 16
· Paper clips, 60 per pair of students
· Monomer Cards, cut into pieces, one sheet per pair of students
· Polymer Cards, cut into pieces, one sheet per pair of students (optional, recommended for middle school)
For Activity 3: Explaining Digestion and Biosynthesis
· Lesson 4 Cow Digestion and Biosynthesis.pptx, Slides 1-4 (revisited)
· Digestion and Biosynthesis: Breaking and Building Molecules, per student

Activity 1: Explaining What Happens When Mealworms Grow
Duration: 25 minutes
Guiding Question: What happens when animals grow?
Learning Objectives:

Students will:
· Explain the movement of materials, chemical changes and transformation of energy when animals grow.
Activity Description: Revisit the mealworm investigation results to specifically think about what happens when animals grow. Students answer the Three Questions for mealworms growing. Then, transition to talking about cows, a more interesting animal, and what happens when cows grow. It is easier to talk about cow anatomy and body systems, and comparing two animals helps students understand that the basic processes are very similar for all animals. Have students consider inputs and outputs from a cow’s body and remind students the rule that atoms last forever. Prepare students for the digestion and biosynthesis activities by discussing the atomic-molecular level of inputs and outputs to a cow’s body.
Background Information:

Growing is the macroscopic manifestation of two carbon-transforming processes: digestion and biosynthesis. The Movement Question for digestion can be answered as atoms are moving from food to the animal’s digestive system and circulatory system. The Movement Question for biosynthesis can be answered as atoms are moving from the animal’s circulatory system to the animal’s cells to create new body parts. The Carbon Question for digestion can be answered as organic carbon in polymers are rearranged into monomers. The Carbon Question for biosynthesis can be answered as organic carbon in monomers is again rearranged into polymers. The Energy Question for both digestion and biosynthesis is that all of food polymers, monomers and biomass polymers have chemical energy.

Materials:

· Lesson 4 Cow Digestion and Biosynthesis.pptx slides 1 - 4
· Explaining What Happens When Mealworms Grow Worksheet per student
Directions:
1. Use the investigation results to explain animals growing
Tell students that we observed animals eating at a macroscopic scale, and now we’ll use that information to talk about more specific processes of growing and moving. 
2. Think about the Three Questions in terms of growing

Pass out Explaining What Happens When Mealworms Grow Worksheet. Ask students to revisit the Three Questions, but in terms of the process of growing. Ask the students to remember the following:
· They learned that 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.
· The word biomass refers to the carbon-based organic matter in living things—not the water, not the vitamins/minerals. The key organic materials in living things are carbohydrates, proteins, and fats, which is what they learned about in prior activities using nutrition labels. Ask the students to consider whether the mealworm and the potato are organic or inorganic materials.
3. Transition to talking about cows 

Let’s think about how other animals grow too. All of the things are discussing about mealworms can be applied to all animals. So, for example, animals like humans eat food that contributes to our mass. Cows eat grass or grain that contributes to its mass. We will transition to a bigger, more interesting animal, cows, to talk about food and body composition. Project Lesson 4 Cow Digestion and Biosynthesis.pptx slides 1 & 2, which ask students what a different animal, a cow, needs to grow (Slide 1). 
4. List inputs and outputs of a cow’s body

See if the students can make a list of all the inputs and outputs of a cow’s body, then explain any they missed (Slide 2). Ask students what they think happens to food inside a cow’s body, based on the inputs and outputs of a cow’s body. (Tell students that mealworms and cows have the same inputs and outputs.) Remember that “atoms last forever” so the inputs to a cow’s body must go somewhere, and the outputs to a cow’s body must have come from somewhere. Zoom into a molecular scale to learn what these inputs and outputs are like at an atomic-molecular level (Slide 3). Identify the organic materials and types of molecules in the inputs and outputs.
5. Set up the next two activities at an atomic-molecular scale

Use slide 4 to set up the next lessons. We’ll start with growing in this lesson and talk about moving in the next lesson. When we talk about “growing” we mean “adding mass” and not “getting older.” When a mealworm is adding mass to its body where does the mass come from? Which input to mealworms adds mass? To answer all Three Questions on their worksheet, especially the Carbon and Chemical Energy questions, we need to understand more of what is happening at an atomic-molecular scale. We will think more about the atomic-molecular scale in the next two activities, especially understanding the difference between large and small organic molecules (Activity 2), and where in the cow digestion and biosynthesis occurs (digestive system, circulatory system, and all body tissues, Activity 3).
Name _______________________________ Teacher _________________ Date __________

Explaining What Happens When Mealworms Grow Worksheet

Lesson 4, Activity 1
Now let’s explain in more detail what happens when mealworms grow. Mealworms, and other animals, eat food in order to grow. Think about mealworms GROWING when you are answering the Three Questions below.  Here’s how you will answer the questions:

1. The Movement Question: Where are atoms moving?  

a. You will answer the questions below to show the important movements of atoms into an animal (a mealworm) while it is growing.

2. The Carbon Question: What is happening to carbon atoms?

a. You will use molecular models to make molecules of food and animals, and then show how the atoms can be rearranged into the bodies of animals.

b. You will use the Matter and Energy Process Tool to explain how carbon atoms in food can become carbon atoms in animals when food is digested and animals undergo biosynthesis.

3. The Energy Question: What is happening to chemical energy?

a. You will use the Matter and Energy Process Tool to explain how the chemical energy in food is changed into other forms of chemical energy in similar molecules in animal’s bodies.

A. Answering the movement question

Use the results from the mealworm investigation to answer the questions below.

	In the mealworm: What kinds of molecules are in the mealworms?

Where did those molecules come from?

What atoms are those molecules made of?

How are the materials of the mealworm’s body made?
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Drawing motions of atoms: Draw arrows to show how atoms move into, through, and out of the mealworm as it grows.



	In the potato: What kinds of molecules are in the potato?

How are those molecules are different from those in the mealworm?

How might these molecules be changed when the mealworm eats them?




Name _______________________________ Teacher _________________ Date __________
Assessing Explaining What Happens When Mealworms Grow Worksheet

Lesson 4, Activity 1
Now let’s explain in more detail what happens when mealworms grow. Mealworms, and other animals, eat food in order to grow. Think about mealworms GROWING when you are answering the Three Questions below.  Here’s how you will answer the questions:

1. The Movement Question: Where are atoms moving?  

a. You will answer the questions below to show the important movements of atoms into an animal (a mealworm) while it is growing.

2. The Carbon Question: What is happening to carbon atoms?

a. You will use molecular models to make molecules of food and animals, and then show how the atoms can be rearranged into the bodies of animals.

b. You will use the Matter and Energy Process Tool to explain how carbon atoms in food can become carbon atoms in animals when food is digested and animals undergo biosynthesis.

3. The Energy Question: What is happening to chemical energy?

a. You will use the Matter and Energy Process Tool to explain how the chemical energy in food is changed into other forms of chemical energy in similar molecules in animal’s bodies.

A. Answering the movement question

Use the results from the mealworm investigation to answer the questions below.

	In the mealworm: What kinds of molecules are in the mealworms? Organic molecules, fats, proteins, carbohydrates
Where did those molecules come from? From the food that it has eaten over time
What atoms are those molecules made of?

Carbon, hydrogen, oxygen
How are the materials of the mealworm’s body made?

They are made within the mealworm from the atoms in the food it has eaten [students may not be able to give more details than that at this point]
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Drawing motions of atoms: Draw arrows to show how atoms move into, through, and out of the mealworm as it grows. There should be atoms moving from the potato to the mealworm, atoms going through the mealworm to it’s body parts, and from the mealworm to the environment.


	In the potato: What kinds of molecules are in the potato? Organic molecules, fats, proteins, carbohydrates
How are those molecules are different from those in the mealworm? They are really similar to what is in the mealworm
How might these molecules be changed when the mealworm eats them? They are broken down and then re-assembled in the mealworm body. Some of the atoms are excreted as waste.



Activity 2: Digestion and Biosynthesis in Cows
Duration: 50 minutes
Guiding Question: How are food molecules re-arranged when they are ingested and when they are built into animal’s bodies?
Learning Objectives:

Students will:
· Build paperclip models of food molecules, and trace these polymers through digestion and biosynthesis to see how food contributes matter and energy for growth.
Activity 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. During the activity, students place monomers and polymers on a poster of a cow to represent where these processes are occurring in the body of the cow.
Background Information:
Students know from Lesson 2 that carbohydrates, proteins, and fats are materials that we ingest to give animals mass to 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.
Tips and Modifications: 

The activity is written to have students trace protein in plants to protein in the muscle of a cow, and then follow the same steps for other food polymers (starch, fat and cellulose). Another option is to have students build starch, fat and cellulose polymer models at the same time as protein, but to keep these molecules to the side of the poster. These molecules could also be transformed at each step without moving them on the poster as the poster quickly gets crowded with paperclip models. 
Middle school modification: use the monomer cards and polymer cards (without paperclips) to trace food molecules during digestion and biosynthesis. Students will not be expected to use the names of different polymers and monomers in their explanations of digestion and biosynthesis, so the emphasis can be on “large molecules” and “small molecules” and noticing what atoms make up those molecules. When polymers are rearranged into monomers (and vice-versa) students can simply trade large and small molecule cards rather than paper-clipping specific monomers together.
Materials:

· Cow Poster (11 x 17), per pair of students
· Lesson 4 Cow Digestion and Biosynthesis.pptx Slides 6 - 16
· Paper clips, 60 per pair of students
· Monomer Cards, cut into pieces, one sheet per pair of students
· Polymer Cards, cut into pieces, one sheet per pair of students (optional, recommended for middle school)
Directions:

1. Introduce the paperclip modeling activity

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 protein as the example polymer and amino acids as the example monomer (you may refer to the Comparing Food Molecules, Slide 5 in Lesson 4 Cow Digestion and Biosynthesis.pptx). 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 materials
Pass out paperclips, paper monomer strips and the Cow Poster (11 x 17) per pair of students. Each pair of students will have one sheet of monomer cards and at least 60 paperclips. Students will build food molecules, digest food molecules and build a cow muscle using the paperclips and using the Cow Poster to indicate where each process is occurring. Use Slides 6 -13 in Lesson 4 Cow Digestion and Biosynthesis.pptx to guide the activity. Show students all the different types of monomers in their packet using Slide 6.
3. Build Food Molecules

Use Slide 7 and 8 to guide students as they build molecules in food for a cow, grass. Each pair of students should make at least one starch, fat, protein and fiber molecule each. Use slide 9 to help students place the molecules in their location in the grass outside of the cow’s body.
4. Digest Food Molecules

Use slides 10 - 13 to walk students through four different time periods and locations in the body after protein is ingested. All food molecules go through this process, but just trace the location and movement of protein first. Then go through each step of “digest food molecules” and “build cow muscle molecules” for starch, fat and cellulose, tracing the location and movement of each of these molecules. At each step students will work with their paperclips and cards to mimic what is happening to the polymers through digestion, and place their molecules in the appropriate place on their poster.

a. Stomach and intestines: In the stomach and intestines the protein (and starch and fat) is completely broken down into monomers. (Because fiber is only partially digested, break one of the fiber molecules into glucose monomers; leave the other fiber molecule intact.)
b. Bloodstream: Explain to students that small molecules move across membranes in animal bodies. Only small molecules move from the intestines into the bloodstream. This is why our bodies have to digest the polymers we eat. Have students break the protein into amino acids. (Break starch and fat into their monomers. For fiber molecules, cows can digest some fiber, while people can digest none.  Fiber that is not broken down can’t go into the blood and has to continue to the large intestine.) 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.

5. Build Cow Muscle Molecules
Use slides 14 - 16 to walk students through four different time periods and locations in the body during biosynthesis of a cow muscle. At each step they will work with their paperclips and cards to mimic what is happening the monomers after digestion, and place their molecules in the appropriate place on their poster. Remind them of the information they learned from beef nutritional labels. Cow muscles are primarily protein and fat. 
a. Cell: When amino acids (or glucose, fatty acids and glycerol 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.

b. (Optional: Have students trade some sugar molecules for glycerol and fatty acid molecules.  Point out that glycerol, fatty acids, and sugar molecules are all made of the same atoms—CHO. Both cows and humans have the ability to convert sugar molecules into the building blocks of fat.  This is why eating too much sugar and starch can make you fat.)

c. Ask students what happens to molecules of food that aren’t used for biosynthesis. These molecules are either used for cellular respiration and the atoms leave the body from the cow’s mouth as CO2 (we talk about this in the next lesson), or they leave the body as waste in urine and feces. Remind students that atoms are forever so the atoms in food must go somewhere.
6. FORMATIVE ASSESSMENT: Where is the Chemical Energy?
Ask students how they can tell if a molecule has chemical energy? Remind them that molecules with C-C and C-H bonds have chemical energy. Use slide 16 to have students identify the molecules that have chemical energy. Use slide 17 to identify where the molecules with chemical energy are located. Students might identify carbon dioxide as the only molecule that does not have chemical energy. Tell student that we will discuss more about what happens to chemical energy in the molecules in a cow, and how that relates to carbon dioxide, in the next lesson.
Monomer Cards (Small Organic Molecules)
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Polymer Cards (Large Organic Molecules)
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	Fats
	Starches

	[image: image6.png]



	[image: image7.png]




	Proteins
	Cellulose (dietary fiber)


Activity 3: Explaining Digestion and Biosynthesis
Duration: 20 minutes

Guiding Question: How is it true that you are what you eat?
Learning Objectives:

Students will:

· Refine their answers to the Three Questions for digestion and for biosynthesis
Activity 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?” using the Three Questions.
Background Information:

Growing is the macroscopic manifestation of two carbon-transforming processes: digestion and biosynthesis. The Movement Question for digestion can be answered as atoms are moving from food to the animal’s digestive system and circulatory system. The Movement Question for biosynthesis can be answered as atoms are moving from the animal’s circulatory system to the animal’s cells to create new body parts. The Carbon Question for digestion can be answered as organic carbon in polymers are rearranged into monomers. The Carbon Question for biosynthesis can be answered as organic carbon in monomers is again rearranged into polymers. The Energy Question for both digestion and biosynthesis is that all of food polymers, monomers and biomass polymers have chemical energy.

Materials:

· Lesson 4 Cow Digestion and Biosynthesis.pptx, Slides 1-4 (revisited)
· Digestion and Biosynthesis: Breaking and Building Molecules, per student

Directions:

1. Review the powerpoint slides about animals growing
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. Revisit inputs and outputs of a cow (slide 2) and the graphs (slide 3) that show the composition of materials in grass, the general composition of the cow’s body, and the composition of waste materials leaving the cow’s body. Revisit the flowchart (slide 4) that 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. 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. Explain how cows “are what they eat”
Pass out the Digestion and Biosynthesis: Breaking and Building Molecules worksheet. Ask students to write 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. This will give you a good sense of how much your students learned about digestion and biosynthesis through the modeling activity.

3. Revise the Three Questions for Animals Growing
Ask students to revisit their explanation of the Three Questions for animals growing.
Name _______________________________ Teacher _________________ Date __________

Digestion and Biosynthesis: Breaking and Building Molecules

In this activity you will use paperclips to show what happens to polymers when they go through digestion and are used to grow. At each location describe what is happening to the polymers.
Part I

Location #1: DIGESTIVE SYSTEM (STOMACH and SMALL INTESTINES)
	Describe what is happening.

	

	

	

	


Location #2: BLOOD
 and MUSCLE CELLS

	Describe what is happening.

	


Part II Revising your answers to the Three Questions.  Try revising your answers to the Three Questions using the Process Tool below for animals DIGESTING food.
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Part III Revising your answers to the Three Questions.  Try revising your answers to the Three Questions using the Process Tool below for animals BIOSYNTHESIZING body parts.

Name _______________________________ Teacher _________________ Date __________

Assessing 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. Depending on grade level, you may want students to use the names of particular molecules and body parts.


	

	

	


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. Depending on grade level, you may want students to use the names of particular molecules and body parts.
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Part II Revising your answers to the Three Questions.  Try revising your answers to the Three Questions using the Process Tool below for animals DIGESTING food.
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Part III Revising your answers to the Three Questions.  Try revising your answers to the Three Questions using the Process Tool below for animals BIOSYNTHESIZING body parts.
Lesson 5: Modeling How Animals Use Energy to Move
Role of this Lesson in the Unit Sequence:
Activity 1: Explain (2nd E) in the mealworm inquiry sequence (PEOE) for energy to move
Activity 2: Modeling in application sequence for cellular respiration and coaching in application sequence for cellular respiration
Duration: 90 to 105 minutes 


Activity 1: Mealworms using energy to move and missing mass

~20 minutes


Activity 2: Using Molecular Models to explain Cellular Respiration

~40 minutes

Optional: Reading







~15 minutes

Guiding Questions: How do animals have energy to move?
Learning Objectives:
Students will:
· Draw and explain movements of materials during function/movement of an organism, including air and food entering the animal, and waste, air enriched in CO2 and water vapor leaving the animal.
· Explain the chemical changes that occur during cellular respiration, representing the changes with molecular models and chemical equations.
· Explain energy transformations during function/movement of an organism: Chemical energy stored in C-C and C-H bonds of organic molecules are transformed into motion and heat.
Lesson Description:
In this lesson students learn that food and stored biomass are oxidized in the cells and changed to carbon dioxide and water, which explains where matter goes when we exercise and 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 final explanation of movement/weight loss and/or cellular respiration using the Three Questions. 
Background Information:
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 chemical energy in other high energy bonds (in ATP), then ultimately 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, many students incorrectly 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.
Using energy to move is the macroscopic manifestation of the carbon-transforming processes of cellular respiration. The Movement Question for cellular respiration can be answered as atoms are moving from the animal to the air. The Carbon Question for cellular respiration can be answered as organic carbon in food or biomass is rearranged into carbon dioxide. The Energy Question for cellular respiration can be answered as food or biomass has chemical energy, but carbon dioxide does not.
Lesson Materials:

For Activity 1:
· Animals Class Results.xlsx Excel file

· Class Results for Mealworms Investigation poster (11 x 17)
· Student results from Observations and Conclusions Worksheet part C
· Explaining What Happens When Mealworms Move worksheet per student
For Activity 2:

· Lesson 5 Cow Cellular Respiration.pptx
· Three Questions poster (11 x 17)

· Using Molecular Models to Show How Animals Can Move worksheet per student

· Process tool for Molecular Models poster (11 x 17) per group of 4 students

· Molecular models and twisty ties: Enough atoms and bonds per pair of students to make a sugar molecule (C6H12O6) and at least 6 oxygen molecules (O2).  Per group of 4 students (two packages from the Molecules of Life kit should have enough):

At least 6 carbon atoms (black)

At least 12 hydrogen atoms (white)

At least 18 oxygen atoms (blue)

At least 28 bonds (white plastic tubes)

At least 12 twisty ties

· Cow Poster (11 x 17), per pair of students
Activity 1: Mealworms Using Energy to Move and Missing Mass
Guiding Question: What happened to the missing mass?
Duration: 20 minutes
Learning Objectives:

Students will:

· Draw and explain movements of materials during function/movement of an organism, including air and food entering the animal, and waste, air enriched in CO2 and water vapor leaving the animal.
· Explain the chemical changes that occur during cellular respiration, representing the changes with molecular models and chemical equations.
· Explain energy transformations during function/movement of an organism: Chemical energy stored in C-C and C-H bonds of organic molecules are transformed into motion and heat.
Activity Description:
Students consider how only some food contributes to animals’ biomass – something they saw in the mealworm study, and that some mass became gases. This is “missing mass” because students did not measure the mass of the air in the mealworm chambers. Students answer the Three Questions for animals moving and using “missing mass” in their explanation.
Background Information:
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 chemical energy in other high energy bonds (in ATP), then ultimately 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, many students incorrectly 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.

Materials:

· Animals Class Results.xlsx Excel file

· Class Results for Mealworms Investigation poster (11 x 17)
· Student results from Observations and Conclusions Worksheet part C
· Explaining What Happens When Mealworms Move worksheet per student
Directions:

1. Watch mealworms moving
Remind student that mealworms move around quite a bit. Moving requires energy. Where do mealworms get energy to move? Think about it while watching part of this time-lapse video: http://www.youtube.com/watch?v=faiBxCi27kg
Moving is one way that you can tell that mealworms use energy. Can you think of other indicators that mealworms (or other animals) use energy? (For example, mealworms release heat, they breathe, their bodies function and re-arrange atoms like in digestion and biosynthesis.) Tell students that today they will learn about chemical energy from organic materials in food that allow animals to move and function. 
2. Revisit mealworms eating investigation
Return to the mealworm experiment class data results in the Animals Class Results.xlsx excel spreadsheet or in the Class Results for Mealworms Investigation poster (11 x 17). What was overall change in mass of the whole system (mealworms plus potato)? Explain that most of the food we eat doesn’t actually become part of our biomass. This mass must go somewhere. Students may have an idea that this mass goes to the air. This is “missing mass” because students did not measure the mass of the air in the mealworm chambers.
3. Explain the Three Questions in terms of mealworms moving and missing mass

Have students complete the three questions gain in the Explaining What Happens When Mealworms Move Worksheet. This time, students should pay close attention to two things: thinking about mealworms moving and thinking about the overall loss of mass of the mealworm and potato.
Name _______________________________ Teacher _________________ Date __________

Explaining What Happens When Mealworms Use Energy To Move
Lesson 5, Activity 1

Now let’s explain in more detail what happens when mealworms use energy to move.  
Use the class results from the mealworm investigation to answer the questions below.

	The Carbon Question: Atoms and molecules going into a mealworm: What kinds of molecules does a mealworm eat?

What atoms are those molecules made of?

What kinds of molecules does a mealworm breathe in?

What atoms are those molecules made of?


	The Movement Question: Drawing motions of atoms: Draw arrows to show how atoms move into, through, and out of a mealworm moving.
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	Molecules that mealworm breathes out: What kinds of molecules does a mealworm breathe out?

What atoms are in those molecules?

Where did the atoms come from that a mealworm breathes out?


	

	The Energy Question: What forms of energy are in a mealworm’s body?

	What changes in forms of energy take place when a mealworm moves?


Name _______________________________ Teacher _________________ Date __________

Assessing Explaining What Happens When Mealworms Use Energy To Move
Lesson 5, Activity 1

Now let’s explain in more detail what happens when mealworms use energy to move.  

Use the class results from the mealworm investigation to answer the questions below.
	The Carbon Question: Atoms and molecules going into a mealworm: What kinds of molecules does a mealworm eat?

Organic molecules, fats, proteins, carbohydrates
What atoms are those molecules made of?

Carbon, hydrogen, oxygen, nitrogen

What kinds of molecules does a mealworm breathe in?

Air molecules, especially oxygen

What atoms are those molecules made of?

oxygen


	The Movement Question: Drawing motions of atoms: Draw arrows to show how atoms move into, through, and out of a mealworm moving.

Show atoms moving into a mealworm (breathing, oxygen coming in), show atoms moving out of the mealworm (breathing, carbon dioxide moving out). Students might also show waste being excreted.
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	Molecules that mealworm breathes out: What kinds of molecules does a mealworm breathe out?

Carbon dioxide
What atoms are in those molecules?

Carbon, oxygen
Where did the atoms come from that a mealworm breathes out?

The atoms came from either food or mealworm biomass

	

	The Energy Question: What forms of energy are in a mealworm’s body?

Chemical energy

	What changes in forms of energy take place when a mealworm moves? Chemical energy is transformed into movement, and heat.


Activity 2: Using Molecular Models to Explain Cellular Respiration
Driving Question: How do cows use energy to move?

Learning Objectives:

Students will:
· Draw and explain movements of materials during function/movement of an organism, including air and food entering the animal, and waste, air enriched in CO2 and water vapor leaving the animal.
· Explain the chemical changes that occur during cellular respiration, representing the changes with molecular models and chemical equations.
· Explain energy transformations during function/movement of an organism: Chemical energy stored in C-C and C-H bonds of organic molecules are transformed into motion and heat.
Activity Description: Students explain the patterns of results in terms of a chemical change: the reaction of food or biomass and oxygen to produce carbon dioxide and water.  They practice describing the chemical change in three different ways: using molecular models, a chemical equation, and the Process Tool.
Background Information:

Using energy to move is the macroscopic manifestation of the carbon-transforming processes of cellular respiration. The Movement Question for cellular respiration can be answered as atoms are moving from the animal to the air. The Carbon Question for cellular respiration can be answered as organic carbon in food or biomass is rearranged into carbon dioxide. The Energy Question for cellular respiration can be answered as food or biomass has chemical energy, but carbon dioxide does not.
Materials:

· Lesson 5 Cow Cellular Respiration.pptx
· Three Questions poster (11 x 17)

· Using Molecular Models to Show How Animals Can Move worksheet per student

· Process tool for Molecular Models poster (11 x 17) per group of 4 students

· Molecular models and twisty ties: Enough atoms and bonds per pair of students to make a sugar molecule (C6H12O6) and at least 6 oxygen molecules (O2).  Per group of 4 students (two packages from the Molecules of Life kit should have enough):

At least 6 carbon atoms (black)

At least 12 hydrogen atoms (white)

At least 18 oxygen atoms (blue)

At least 28 bonds (white plastic tubes)

At least 12 twisty ties

· Cow Poster (11 x 17), per pair of students
Directions: 
1) Remind students of how cow organs systems, process and inputs and outputs work.  
Introduce the activity with the Lesson 5 Cow Cellular Respiration.pptx Slide 1. The new driving question is, “How do cows move?” Show them the flowchart  (Slide 2) to 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. The inputs and outputs that are important for this process are food, and oxygen (inputs) and carbon dioxide (output) (Slide 3). 

2) Important parts of cellular respiration at a macroscopic level
      Use slide 4 and the Cow Poster to discuss the parts of a cow involved in cellular respiration on a macroscopic scale. All parts (all cells) of a cow’s body undergo cellular respiration. The input of oxygen comes in through the mouth during breathing and is circulated through the body in the circulatory system (arteries) to the whole body. Carbon dioxide is exhaled through the respiratory system. Now we will talk about what happens during cellular respiration at an atomic-molecular scale throughout the cow’s body.
3) Students use molecular models and twisty ties to model reactant molecules: sugar and oxygen.  
Pass out molecular models and twisty ties to represent energy to each group. Use Slides 5, 6 and 7 to introduce the task.  Students should work in pairs to follow the instructions in Part A of Using Molecular Models to Show How Animals Use Energy to Move worksheet.
NOTE: Although the modeling activity uses only glucose as an input to cellular respiration, all animals, including humans, can also use other organic molecules as energy sources.  In general, we use those molecules in a specific order:

· First we use glucose in our cells and blood.  Most animals have very little stored glucose, though they do store more glucose monomers by making a polymer called glycogen.

· Next we use fats stored in fat cells.
· Finally, if our body runs out of glucose and fats, we use the proteins in our muscles.  (If, like most Americans, we eat more protein than we need, we also use the extra amino acids as a fuel source for cellular respiration.)
4) Students use molecular models and twisty ties to model changes in matter and energy.  
Working in pairs, students model how the atoms of sugar and oxygen can be rearranged into the molecules of the products: carbon dioxide and water.  The product molecules have no high-energy bonds, so the chemical energy in sugar is transformed into motion energy and heat.  Use Slides 8-10 to introduce the task.  
5) Students account for atoms and energy units and write a balanced chemical equation.  Use Slide 11 to prompt students to account for atoms and write a chemical equation: Parts B and C of the Using Molecular Models to Show How Animals Can Move worksheet.  They can compare their equations with the completed equation on Slide 12. 
6) Students use the Process Tool to explain cellular respiration.  
Students use their new knowledge to complete a scientifically accurate account using the Three Questions for cellular respiration in Part D of the Using Molecular Models to Show How Animals Can Move worksheet. You can use Slides 13, 14, and 15 to prompt their work. Remind them here that this is where they can now explain the “missing mass” from the mealworm experiment. That mass was atoms that moved from the mealworm to carbon dioxide in the air.
7) Connect atomic-molecular level to macroscopic level. 
Revisit the Cow Poster (Slide 4) and have the students practice cellular respiration at a macroscopic scale. The reactant oxygen comes in through the cow’s mouth. Glucose is in the blood stream from food, or stored in the body (like in muscles). Cellular respiration occurs in all cells, and could occur in muscle cells when a cow moves. Have students move the O2 molecules to the muscle of the cow where it reacts with glucose. The reactant CO2 travels in the blood stream and is released from the cow’s mouth. The reactant H2O is excreted in urine or through sweat pores. Have students move the molecules to represent this process.
(Optional: Use Process Tool slides to help students connect accounts at the macroscopic and atomic-molecular scales.  Students often have difficulty connecting macroscopic events to atomic-molecular models.  Slides 17-36 are designed to help them do this.  They use the Process Tool to model changes in matter at energy in ways that connect scales.  By clicking on different filters, you can quickly focus on different aspects of the process: a) macroscopic or atomic-molecular, b) chemical identities and names of reactants and products, c) transformation of chemical energy to motion and heat.
Name _______________________________ Teacher _________________ Date __________

Using Molecular Models to Show How Animals Use Energy to Move










Lesson 5, Activity 2
A. Using molecular models to show how animals move.  In order for animals to move, they need energy. Animals get energy from chemical energy either in their food (like carbohydrates), or stored in molecules (like fats) in their bodies. Carbohydrates and fats contain chemical energy stored in its high-energy bonds: C-C and C-H bonds.  

When animals use carbohydrates or fats, they use oxygen (O2) in the air from breathing to produce carbon dioxide (CO2) and water (H2O). Since carbon dioxide and water have only low-energy bonds (C-O and H-O), the chemical energy is released as motion and heat.  Use the molecular models to show how this happens.
1. Work with your partner to make models of the reactant molecules: sugar and oxygen. Sugar is a carbohydrate. Show how chemical energy is stored in the high-energy bonds of sugar.
a. ☐ Make models of a sugar molecule (C6H12O6) and oxygen molecules (O2, with a double bond). Animals breathe in air, which has lots of oxygen, so make at least 6 O2 molecules.  Put these molecules on the reactant side of the Process Tool for Molecular Models poster.
b. ☐ Use twisty ties to represent chemical energy.  Put a twisty tie around each high-energy bond (C-C and C-H bonds) in the sugar molecule. Put the “Chemical Energy” card under the sugar molecule to label the energy in the C-C and C-H bonds.   Note how many energy units (twisty ties) there are in the sugar molecule.
c. Show how the atoms of the reactant molecules can recombine into product molecules—carbon dioxide and water—and show how chemical energy is released when this happens.
d. ☐ Take the sugar and some of the oxygen molecules apart and recombine them into carbon dioxide (CO2) and water (H2O) molecules.  Put these molecules on the product side of the Process Tool for Molecular Models poster.  Some things to notice:

i. How many oxygen molecules reacted with one sugar molecule? _____

ii. How many carbon dioxide molecules were produced? _____

iii. How many water molecules were produced? _____
e. ☐ Energy lasts forever, so move the twisty ties to the product side of the Process Tool for Molecular Models poster.  Carbon dioxide and water have only low-energy bonds (C-O and H-O), so what forms does the chemical energy change into? Put the correct energy cards under the twisty ties.
B. Atoms last forever!! Check yourself: did your number and type of atoms stay the same at the beginning and end of the chemical change? Use the table below to account for all the atoms and bonds in your models. 
Energy lasts forever!  Write the type of energy for reactants and products in the chemical change. 

	
	Matter
	Energy

	
	How many

carbon atoms
	How many

oxygen atoms
	How many

hydrogen atoms
	How many twisty ties?
	What forms of energy?



	Began with…
	
	
	
	
	

	Sugar
	
	
	
	
	

	Oxygen
	
	
	
	
	

	Total in reactants
	
	
	
	
	

	End with…
	
	
	
	
	

	Carbon Dioxide
	
	
	
	
	

	Water
	
	
	
	
	

	Total in products
	
	
	
	
	


C. Writing the chemical equation.  Use the molecular formulas (C6H12O6, O2, CO2, H2O) and the yield sign (() to write a balanced chemical equation for the reaction: 

D. Revising your answers to the Three Questions.  Try revising your answers to the Three Questions for CELLULAR RESPIRATION using the Process Tool below. The process is the same for all animals including mealworms and cows.
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Forms of Energy Cards
	Chemical Energy


	Light Energy

	Heat Energy


	Work or Motion Energy


Name _______________________________ Teacher _________________ Date __________

Assessing: Using Molecular Models to Show How Animals Use Energy to Move










Lesson 5, Activity 2

A. Using molecular models to show how animals move.  In order for animals to move, they need energy. Animals get energy from chemical energy either in their food (like carbohydrates), or stored in molecules (like fats) in their bodies. Carbohydrates and fats contain chemical energy stored in its high-energy bonds: C-C and C-H bonds.  

When animals use carbohydrates or fats, they use oxygen (O2) in the air from breathing to produce carbon dioxide (CO2) and water (H2O). Since carbon dioxide and water have only low-energy bonds (C-O and H-O), the chemical energy is released as motion and heat.  Use the molecular models to show how this happens.

f. Work with your partner to make models of the reactant molecules: sugar and oxygen. Sugar is a carbohydrate. Show how chemical energy is stored in the high-energy bonds of sugar.
g. ☐ Make models of a sugar molecule (C6H12O6) and oxygen molecules (O2, with a double bond). Animals breathe in air, which has lots of oxygen, so make at least 6 O2 molecules.  Put these molecules on the reactant side of the Process Tool for Molecular Models poster.
h. ☐ Use twisty ties to represent chemical energy.  Put a twisty tie around each high-energy bond (C-C and C-H bonds) in the sugar molecule. Put the “Chemical Energy” card under the sugar molecule to label the energy in the C-C and C-H bonds. Note how many energy units (twisty ties) there are in the sugar molecule.
2. Show how the atoms of the reactant molecules can recombine into product molecules—carbon dioxide and water—and show how chemical energy is released when this happens.
a. ☐ Take the sugar and some of the oxygen molecules apart and recombine them into carbon dioxide (CO2) and water (H2O) molecules.  Put these molecules on the product side of the Process Tool for Molecular Models poster.  Some things to notice:

i. How many oxygen molecules reacted with one sugar molecule? _____

ii. How many carbon dioxide molecules were produced? _____

b. How many water molecules were produced? _____
c. ☐ Energy lasts forever, so move the twisty ties to the product side of the Process Tool for Molecular Models poster.  Carbon dioxide and water have only low-energy bonds (C-O and H-O), so what forms does the chemical energy change into? Put the correct energy cards under the twisty ties.
B. Atoms last forever!! Check yourself: did your number and type of atoms stay the same at the beginning and end of the chemical change? Use the table below to account for all the atoms and bonds in your models. 
Energy lasts forever!  Write the type of energy for reactants and products in the chemical change. 

	
	Matter
	Energy

	
	How many

carbon atoms
	How many

oxygen atoms
	How many

hydrogen atoms
	How many twisty ties?
	What forms of energy?



	Began with…
	
	
	
	
	

	Sugar
	6
	6
	12
	12
	Chemical energy

	Oxygen
	0
	12
	0
	0
	

	Total in reactants
	6
	18
	12
	12
	

	End with…
	
	
	
	
	

	Carbon Dioxide
	6
	12
	0
	0
	Motion energy, heat energy

	Water
	0
	6
	12
	0
	

	Total in products
	6
	18
	12
	12
	


C. Writing the chemical equation.  Use the molecular formulas (C6H12O6, O2, CO2, H2O) and the yield sign (() to write a balanced chemical equation for the reaction: 

C6H12O6 + 6O2 ( 6 CO2 + 6 H2O
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D. Revising your answers to the Three Questions.  Try revising your answers to the Three Questions for CELLULAR RESPIRATION using the Process Tool below. The process is the same for all animals including mealworms and cows.

Optional Reading: What is Cellular Respiration?

Duration: 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. 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: 



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): From the investigation in Lesson 3, BTB.
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.

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)

	
	Microscopic: 2 Micrometers (10-6)


	

	
	

	Atomic-Molecular: 100-500 Picometers (10-10)
                               

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?


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..

Lesson 6: Other Examples of Digestion, Biosynthesis and Cellular Respiration
Role of this Lesson in the Unit Sequence:

Activity 1: Fading explanations of digestion, biosynthesis and cellular respiration in the application sequences
Activity 2: Final assessment of student progress

Duration: 40 minutes 

Activity 1: Other Examples of Digestion, Biosynthesis, and Cellular Respiration
~45 minutes

Activity 2: Animals Unit Post-test






~20 minutes

Guiding Question: What happens when animals grow and move?
Learning Objectives: 

Students will:
· Explain movement of materials, chemical changes, and transformations of energy when other animals grow and move.

· Take a test that assesses most key learning objective for the unit
Lesson Description: 

Students finish the application sequence with the fading stage, by practicing explanations of digestion, biosynthesis and cellular respiration for other animals. Students retake the pretest that they took at the beginning of the unit and assess what they have learned.
Background Information:

This activity is the Fading stage of the accounts activity cycle for digestion, biosynthesis and cellular respiration. It serves as formative assessment for you—you will be able to see how well they understood the mealworm and cow examples—and gives students additional practice explaining examples with less support than they had for mealworms and cow.

The Post-test is a summative assessment activity.  You can track students’ progress by having them retake the unit pre-test as a post-test and comparing the results of the two assessments.
Lesson Materials:
For Activity 1: Other Examples of Digestion, Biosynthesis and Cellular Respiration

· Lesson 6 Other Examples.pptx
· Other Examples of Animals Growing and Using Energy to Move worksheet per student
For Activity 2: Animals Unit Post-test
· Animals Unit Pre- and Post-test per student

Activity 1: Other Examples of Digestion, Biosynthesis, and Cellular Respiration
Guiding Question: What happens when animals grow and move?
Duration: 45 minutes
Activity Description: 

Students choose—or you choose for them—two examples of other animals, then use the forms and procedures they used for mealworms to explain the carbon transforming process.
Learning Objectives: 

Students will:
· Explain movement of materials, chemical changes, and transformations of energy when other animals grow and move.
Background Information: 
This activity is the Fading stage of the accounts activity cycle for digestion, biosynthesis and cellular respiration. It serves as formative assessment for you—you will be able to see how well they understood the mealworm and cow examples—and gives students additional practice explaining examples with less support than they had for mealworms and cow.

Materials:

· Lesson 6 Other Examples.pptx
· Other Examples of Animals Growing and Using Energy to Move worksheet per student

Directions:
1. FORMATIVE ASSESSMENT: Discuss general characteristics of digestion, biosynthesis and cellular respiration.  See if your students can articulate a general pattern of what happens when animals grow and use energy to move:
a. The Materials Question: The food and oxygen enter the animal, carbon dioxide and water vapor leave the animal. In the animal, food molecules move to stomach, and converted into small molecules, and then move to the blood stream, then are re-assembled into animal biomass. Waste leaves the animal.
b. The Carbon Question: The atoms of food are broken down into smaller molecules, then reassembled as large molecules. The atoms of food or biomass and oxygen are rearranged to make molecules of carbon dioxide and water vapor. 
c. The Energy Question: Energy in high-energy C-C and C-H bonds is released as heat and light when the high-energy bonds are replaced by low-energy C-O and H-O bonds.  Note that breaking bonds requires additional energy.  The chemical energy is released when the low-energy C-O and H-O bonds are formed, NOT when the high-energy bonds are broken.
Students should be able to articulate the patterns for each of the Three Questions at this point. You can review previous activities if this is difficult for them.
2. An example of other changes when animals grow and move with the class
Use the one of the examples below, or one of your own, to work through the Three Questions with the whole class.  (For each example, some questions that students should be able to answer by answering the Three Questions are suggested.)
· A man drinks 10 cans of Sprite a day and gains weight.  How did drinking Sprite cause the man to add fat to his body?
· A girl plays tennis for 2 hours and weighs less at the end of her match than at the beginning.  What energy left her body?  What kinds of atoms left her body?  Where did they come from?
· 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).  How could the nectar from one flower help the bee to fly to the next flower? 
· A wolf gains weight by eating a rabbit.  Could a wolf gain 5 pounds by eating a four-pound rabbit?  Why or why not?
· A male penguin loses up to half his body weight while keeping his egg warm without eating (see http://www.siec.k12.in.us/west/proj/penguins/act2a.html).  Where did the energy come from to keep the egg warm?  What happened to the matter in the penguin when he lost weight?
3. Two examples of other changes when animals grow and move
Use the worksheets on the next two pages to have students predict what will happen in two more examples. Use the Lesson 6 Other Examples.pptx slide 2 to show students the examples that they can choose from.

4. Molecular models of chemical change

(Optional): Use molecular models to show what happens when your animal grows and moves.

Name _______________________________ Teacher _________________ Date __________

Other Examples of Animals Growing and Using Energy to Move Worksheet

Lesson 6, Activity 1
Choosing examples. Choose two examples of animals growing and moving from a list that your teacher will provide

A. First example: What example did you choose? _____________________

Using the Process Tool to answer the Three Questions.  Answer the Three Questions using the Process Tool below.
[image: image8.png]Where are atoms moving from? Where are atoms moving to?

What molecules are carbon atoms in before the change? What molecules are carbon atoms in after the change?

What forms of energy are in the reactants? What forms of energy are in the products?

Remember: Atoms last forever (so you can rearrange atoms into new molecules, but can't add or subtract atoms)
Energy lasts forever (so you can change forms of energy, but energy units can’t appear or go away)




CHECKING YOURSELF: Does you account follow the rules?

☐ Atoms last forever: Do your answers to the questions explain how atoms can move or be rearranged into new molecules, but are not created or destroyed?

☐ Energy lasts forever: Do your answers to the questions explain how energy changes from one form to another, but there is the same amount of energy after the process as before?

BONUS: Making molecular models.  Make a molecular model of the material you chose and show how it can combine with oxygen to produce the products. 

BONUS: Writing the chemical equation.  Use the molecular formulas  and the yield sign (() to write a balanced chemical equation for the reaction: 
B. Second example: What example did you choose? _____________________

Using the Process Tool to answer the Three Questions.  Answer the Three Questions using the Process Tool below.
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CHECKING YOURSELF: Does you account follow the rules?

☐ Atoms last forever: Do your answers to the questions explain how atoms can move or be rearranged into new molecules, but are not created or destroyed?

☐ Energy lasts forever: Do your answers to the questions explain how energy changes from one form to another, but there is the same amount of energy after the process as before?

BONUS: Making molecular models.  Make a molecular model of the material you chose and show how it can combine with oxygen to produce the products. 

BONUS: Writing the chemical equation.  Use the molecular formulas  and the yield sign (() to write a balanced chemical equation for the reaction: 

Name _______________________________ Teacher _________________ Date __________

Grading Other Examples of Animals Growing and Using Energy to Move Worksheet

Lesson 6, Activity 1
It is reasonable to grade this assignment.  General characteristics of correct responses are in bold blue italics.
Choosing examples. Choose two examples of animals growing and moving from a list that your teacher will provide

A. First example: What example did you choose? _____________________

Using the Process Tool to answer the Three Questions.  Answer the Three Questions using the Process Tool below.

For Growing (digestion and biosynthesis combined):





For Moving (cellular respiration):



CHECKING YOURSELF: Does you account follow the rules?

Check to be sure that students separate matter and energy in their accounts 

BONUS: Making molecular models.  Make a molecular model of the material you chose and show how it can combine with oxygen to produce the products. 

Some students may be able to make molecular models and write balanced equations, but we do not suggest this as a requirement for all students.
Activity 2: Animals Unit Post-Test

Guiding Question: 

What have students learned about digestion, biosynthesis and cellular respiration?
Duration: 20 minutes
Activity Description: 
Students retake the pretest that they took at the beginning of the unit and assess what they have learned.
Learning Objectives: 
· Take a test that assesses most key learning objective for the unit.  
Background Information: 
The Post-test is a summative assessment activity.  You can track students’ progress by having them retake the unit pre-test as a post-test and comparing the results of the two assessments.
Materials:

· Animals Unit Pre- and Post-test per student

Directions:

1. Pass out the unit post-test to each student.  
They should be able to answer the questions correctly, so it is reasonable to grade them at this point.
Instructional model for teaching units





WATER





TABLE SALT





DIET SODA





BEEF (80/20)





WHITE BREAD





CARROTS





MARSHMALLOWS





SPINACH (FRESH)�)





APPLE JUICE





Atoms are moving from the food





Atoms are moving to the animal’s digestive and then circulatory systems





Carbon atoms are in polymers (big molecules)





Carbon atoms are in monomers (small molecules)





Chemical energy associated with polymers (big molecules)





Chemical energy associated with monomers (small molecules)





Atoms are moving from the circulatory system





Atoms are moving to the muscle cells





Carbon atoms are in monomers (small molecules)





Carbon atoms are in polymers (big molecules)





Chemical energy associated with monomers (small molecules)





Chemical energy associated with polymers (big molecules)











Cow biomass or cow food





Air





Glucose





Carbon dioxide





Chemical energy associated with glucose





Motion energy and heat energy





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





Atoms are moving to the animal’s digestive system and circulatory system then cells





Atoms are moving from food 





Carbon atoms are broken into monomers and reassembled as polymers





Carbon atoms are polymers in food





Chemical energy 





Chemical energy 





To air from animal (CO2)


To waste from animal (H2O)





Animal body or animal food (glucose)


From air (oxygen) to animals 





Carbon dioxide 





Glucose, C6H12O6 





Motion energy, heat energy 





Chemical energy 








� This statement simplifies chemists’ understanding of the nature of chemical potential energy.  It would be more accurate to say that chemical potential energy is transformed to light and molecular motion (thermal energy) when organic materials are oxidized.  In the Earth’s oxidizing atmosphere, however, reduced materials that can be oxidized are the limiting reactants in most environments, and C-C and C-H bonds signal the presence of reduced carbon and hydrogen. 
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