
Rot it Right: The cycling of matter and energy

Unit Overview

Many students have trouble understanding things they can’t readily see. Because of this, the tiny organisms responsible for decomposition, the process of decomposition itself and the transfer of energy and matter can be difficult concepts for students to understand. The goal of this unit is to provide students with an opportunity to explore the interdependency of living and nonliving factors in an ecological system. Students investigate the process of decomposition and examine the role that decomposers and other organisms play in the transfer of energy and matter.  

At the beginning of this unit, students participate in a terraqua column class investigation. The terraqua column activity provides an opportunity to introduce students to the scientific investigation process including how to ask questions, design an experiment, collect data and build explanations. The terraqua column investigations also provide a context for students to explore the role of producers in an ecological system. Students then expand their focus to look at how energy and matter is transferred from producers to consumers. 

After these initial steps, students are asked to observe several two-week old decomposition columns and make observations, drawing and describing what they observe.  Based on their observations and discussions students brainstorm ideas about what affects the change in the decomposition columns and what they want to investigate using a decomposition column.  Student groups design an investigation that explores the process of decomposition by changing only one factor in the decomposition columns. 

While collecting data on their decomposition investigation, students continue to build content knowledge with a reading on the role of organisms in decomposition and a food web activity that illustrates the complex interactions of organisms, including decomposers.  After several weeks of making observations and taking data, students present their findings and evidence-based explanations.  This step provides an opportunity for students to connect what they have learned from the Immersion Unit with their reasons for beginning the investigation to see if, in fact, they answered their initial questions, or if further research would be needed.  In the final step of this Immersion Unit, students reflect on and demonstrate their understanding of decomposition by writing an informational article about trash problems. This activity challenges students to relate their research on decomposition to issues of trash in the larger community.

Unit Key Concept

Unit Standards

Unit Timeline

See Timeline
Unit Advance Preparation

Preparing Columns

Prior to beginning this unit, the teacher must prepare demonstration decomposition columns for student observation and terraqua columns for a producer investigation. The Terraqua columns will provide a means for students to study plant growth through a class investigation in Step 1. Decomposition columns will be used later in this unit, beginning in step 3, but require two weeks to begin the decomposition process. The demonstration decomposition columns should be completely assembled by the teacher so they will be ready for student observations in approximately two weeks. The Terraqua columns, however, will be assembled by the students in Step 1 Lesson 1, so they require only materials preparation. The following sections provide detailed descriptions of how to prepare the materials for the Terraqua columns and to construct the Decomposition Columns. 

· Terraqua Column Preparations

Prior to beginning Step 1 with the class, the teacher needs to prepare the materials for the four terraqua columns students will use. All materials must be prepared so that they are ready to be assembled with the students during the experiment set-up. You should complete Steps 1-3 on The Terraqua Column Construction Sheet ahead of time. Removing the label, cutting the bottles, and drilling the hole in the lid can all be completed without your students. This will save more instructional time for designing the investigation and assembling the columns.

Materials

• Column Construction Worksheet

• Four 2-liter bottles with caps

• Tools: ruler, utility knife, scissors, awl, or nail

· Decomposition Column Preparation

Four demonstration columns need to be constructed and filled by the teacher. These demonstration columns will be used in Step 3 Lesson 1 when students make initial observations of decomposition. For best results, the columns should sit for at least two weeks prior to this lesson. Usually, Steps 1 and 2 take about 2 weeks, so prior to starting the unit with your students you should create the bottles. Students will observe these demonstration decomposition bottles and use them to generate their own investigation questions. Students will construct their own columns to use for their decomposition investigation in Step 3 Lesson 3. Students should start collecting bottles 4-6 weeks in advance to ensure that they will have plenty of bottles to work with. Make sure you have a few extra bottles available for student groups that encounter a problem with constructing their bottles and need to start over. 

The demonstration decomposition columns will be used to generate excitement and discussion, so they should be as interesting as possible. Using a mixture of organic materials, such as grass clippings, green leaves, soil, small critters and fruit and vegetable peels will ensure a lively column.  Fruit and vegetable peels provide the most dramatic results. DO NOT include any dairy or meat products.  The high fat content in these products causes a horrible smell as they decompose.

The columns can be used to compare the relative rates of decomposition between organic and inorganic materials. One column could contain items commonly found in your garbage or a landfill, such as plastic utensils, straws, Styrofoam cups, and paper.  These items will not change much over the course of the unit and provide the context for an interesting discussion about waste disposal problems.

Once the demonstration columns are assembled the teacher can set them out in the classroom to initiate student interest. Preferably, all columns should be placed near a window, but somewhere out of direct sunlight. Try to find a place with a relatively consistent temperature. Do not place on top of a heater or air conditioner. The contents of the columns should be kept moist to aid the process of decomposition. Check your bottles every few days and add a small amount of water as needed.   

This unit provides Decomposition Column Construction guidelines for using 16 oz bottles. Refer to the student direction sheet for instructions on the construction of the bottles found in Step 3. If you would prefer to use larger 2-liter bottles, please refer to www.bottlebiology.org for information on construction with 2-liter bottles.

Materials for the 4 Demonstration Decomposition Columns

• eight, 0.5L (16oz) bottles of the same brand, with caps 

• Tools: ruler, utility knife, push pin, and hairdryer (optional)

• soil, water, plant matter, compost, pill bugs and other organisms

• foam cups, plastic bags, straws, plastic utensils, and other typical landfill items.

Student Groups

The benefits to having the students work in teams on this unit are numerous. Beyond control over supplies and investigations, students often come up with better investigative questions when they work together as a group. Students challenged to develop a question and conduct an investigation on their own often choose easy questions, as they feel responsible for answering them. They prefer to choose one that is easy, so they are sure they’ll get the right answer. Working in groups helps to eliminate this issue. Working in groups also promotes rich classroom discussions. Students working in groups tend to share more experiences with the class than in situations where they conduct research by themselves or even in pairs. Groups can be designated ahead of time or be chosen on the basis of interest in a particular investigation question.  The students should remain in the same groups for the duration of Step 3, Step 4, and Step 5.

Science Notebooks

Throughout this unit students will be asked to make use of a science journal or notebook. They will record their observations on the Terraqua columns, 6 sets of observations on their decomposition columns, notes on readings, and questions in their science journals throughout the unit. Pocket folders with prongs for loose leaf paper work very well. Students can record their work on single sheets of paper and add these to their folders and put the worksheets in the pockets. They can also three-hole punch their worksheets and add them to the journal. Science Journals are not static, as students acquire new information they need to be able to add pages to the journal. Try not to think of them as something that students need to “fill up”. The purpose of a science notebook is not only to keep all of the work in a central location, but also to encourage students to look at past data and compare it with new data. Refer to the section on “Journaling” in the Immersion Toolbox for a more detailed description of the protocol for recording observations. Suggestions for things to record in the journal are provided in the individual lessons of this unit. 

Unit Formative and Summative Assessment

Formative Assessment

Many opportunities for formative assessment are embedded in this unit.  Students will be asked to fill out a variety of worksheets and data tables. These worksheets, in conjunction with science notebook pages can be used as a portfolio to represent the work of each student. The worksheets should also be used throughout the unit as benchmarks of understanding.  The worksheets can be periodically collected and reviewed to help the teacher assess the progress of each student.  

In addition to the worksheets, reflective assessment questions are included with each lesson. These questions, called REAP Debriefs are a series of questions that progress from recall to extension to applications of knowledge, and, finally, to using existing knowledge to predict. 

Using the REAP Debriefs

At the bottom of each Lesson Snapshot page you will find a series of questions called REAP Debriefs. REAP stands for Recall, Extend, Apply and Predict. These series of questions are a simple technique that you can use in just a few minutes to review what the students have learned, encourage them to extend their thinking a bit further, prompt them to apply what they have learned to other relevant related topics, and finally engage them in thinking about something that they have not directly observed, but can make educated guesses about. You can conduct these as a class discussion, in small groups at the center, or even use them individually if time permits. Consider supplementing them with drawings or having students write out simple answers.

· Guiding Student Responses

Some students will be able to answer the questions right away, while others will need additional guiding questions before they are able to develop a clear answer. The questions increase in cognitive difficulty. Recall questions are the easiest. Predict questions are often the most advanced. Students should demonstrate confidence and ability when answering the first few questions. Students should demonstrate continual improvement in answering the Apply and Predict questions, but they are not expected to master these skills. The skills of applying and predicting will be further developed in later grades, but they are introduced in this unit. These skills are critical to science investigations and are a natural extension to students’ curiosities.

· Right Answers?

Some questions do have right answers. These are most often the Recall and Extend questions. Suggested answers are often included after the questions in italics. More detailed answers are included in the implementation guides for each lesson. While these are good answers, other answers may be valid with proper reasoning. 

The Apply and Predict questions often have no single right answer, but they do have valid answers. To gauge student understanding, look for what evidence they use to justify their response. If they have good reasons for what they think (i.e. reasons that have some basis in their prior knowledge or their direct observations), then their prediction is likely valid. There may be occasions, however, when student answers may be completely wrong. These misconceptions should be addressed and explained before fishing the unit, but at the prediction stage it is most important to look for valid reasoning. 

· Example REAP Debrief

The following is an example of how the REAP Debriefs look in lessons.

After learning about food webs students:

Recall their new knowledge-Which animals are herbivores? 

Extend their new knowledge-Would it be possible to have a food chain without an herbivore?

Apply their knowledge to their daily lives- What would a food web drawing look like for your decomposition bottle?

Predict something related to what they have learned- If you took the contents of your column outside and dumped them under a bush, what might change about your food web? 

Summative Assessment

At the end of this unit students are asked to directly apply their data and research findings to think about answers to a social problem.  They will think about the relationships between the processes of decomposition and waste disposal problems.  Students will write an informational article to be submitted to a mock newspaper.  The students will share their articles with others and discuss how their findings will inform their trash decisions in the future.  

Unit Content Background
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In 2002, the city of Los Angeles generated 3.5 million tons of solid waste. LA County generates 38,000 tons of solid waste per day, 13.9 million tons per year.  We are constantly looking for ways to recycle goods and reduce our consumption. With state mandated recycling in many states across the country, we are looking for new and innovative ways to recycle. Perhaps we should look back to nature. Nature has its own way of recycling.

Nature recycles its garbage. This recycling is carried out by decomposers. The organisms that make up the decomposers consist largely of microorganisms like tiny bacteria and fungi, which break down plant and animal waste.  Decomposers break down nature’s waste and make nutrients available to themselves and other living things. This process is known as decomposition.
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The Rot It Right: The cycling of matter and Energy Immersion Unit gives students a window to the life on a forest floor, in a compost pile or even a local landfill. They can see the living (biotic) and nonliving (abiotic) worlds interact as they pose their own questions about decomposition and test their ideas. Students can observe different substances as they decompose (or not) and students explore how moisture, air, temperature, or light affects the process of decomposition on different substances.

The amount of trash we generate is a real world problem and scientists strive to invent things that will more rapidly and safely decompose and find ways to recycle materials that will not decompose. Many landfills seal garbage in the earth, excluding air and moisture. How might this affect decomposition? Will a foam cup or a plastic bag ever break down or decompose? These are the kinds of questions that we as a society are faced with everyday. Students can use the Bottle Biology Decomposition Columns to explore these types of real-world issues as they design their own experiments, gather firsthand evidence, and relate their findings to their own lives.

Immersion Toolbox

Inquiry

As the students work through this unit, it is important that they work towards a solid understanding of content.  With that said, it is equally important that the students are given an opportunity to use critical thinking and problem solving skills.  By allowing students to fully engage in the process of inquiry they are in a position to ask questions and look for answers on their own, with guidance from the teacher when it is needed.  

Inquiry Map

Immersion Units and the Science Inquiry Cycle
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Asking Good Questions

One of the most difficult questions for any student to answer is, “What questions do you have about X?”  Students often do not fully understand what questions they have about an object or organism until they spend time observing it and reflecting on their observations.  The success of any investigation is rooted in a sound experimental question.  The role of the teacher in this process is to guide the students in refining the questions that their own curiosities generate into good investigation questions. 

Imagine a classroom that is studying one specific decomposer, the worm.  The following steps are a sample process used to guide students towards investigative questions.

1. Initial Observations:  Begin by asking students to make observations about the worm.  The initial observations should be casual and in a group to encourage discourse among the group members.  Often different students will notice different aspects of the behavior or attributes of the worm.  To encourage the most sincere observations do not give the students strict guidelines, simply let them watch and learn.  As the students are working, walk around the room, ask them what they notice, and encourage them to observe carefully. 

2. Formal Observations:  After the students have had the opportunity to casually observe the worm give them formal instructions for observing.  Using a guided worksheet or journal procedure ask the students to draw a sketch of the worm and write about the behavior and attributes of the worm.  Make sure they include their name, date and location on their observation sheet as well as labels to accompany their drawing.  Encourage them to include other observations including descriptions of the appearance, color, smell, and texture of the worm. They should also write down their observations about the behavior of the worm. At the bottom of their observation sheet ask the students to record what they wonder about the worm. Give each group five minutes to discuss their formal observations.  Ask each group to pick out three notable things from their discussion to report to the entire class.  

3. Class Discussion:  Ask each group to report on three notable observations from their group.  Record their observations on the board, even if there are duplicate observations among the groups.  



Example:  The worm……

· moves slowly

· is light brown

· has a pink band around it in one section

· is slimy

· has dirt on it

· can be long or short

· can squeeze it’s body like an accordion

· has no eyes

· moves under the wet paper towel

· leaves a slime trail

· has tiny little hairs on it

· you can see stuff inside of it

4. Sort and Classify:  Working together as a class, ask the students to look at the list of observations on the board and think about how they might group the observations together to create 2-3 categories.  Ask the students to share their ideas about grouping and work together as a class to group the observations.


Example:



Group #1—The worm’s body 

· is light brown

· has a pink band around it in one section

· is slimy

· has no eyes

· has dirt on it

· has tiny little hairs on it

· you can see stuff inside of it


Group #2—What the worm does 

· moves slowly

· can be long or short

· moves under the wet paper towel

· leaves a slime trail

· can squeeze its body like an accordion

Ask the students to share what they wondered about the worms and record those “wonderings” in the group that they most closely align with.  

	Group #1
	Wonderings

	Is light brown
	What is inside of the worm?

	Has a pink band around it in one section
	Why is the worm slimy?

	Is slimy
	What are the hairs for?

	Has no eyes
	Why don’t worms have eyes?

	Has dirt on it
	Where is a worm’s mouth?

	Has tiny little hairs on it
	Why does the worm have dirt on it?

	You can see stuff inside of it
	


	Group #2
	Wonderings

	Moves slowly
	How can worms move without legs?

	Can be long or short
	How long can a worm stretch?

	Moves under the wet paper towel
	Why does the worm go under the wet paper towel?

	Leaves a slime trail
	

	Can squeeze its body like an accordion
	


5. What are we asking?: After the class has sorted through the observations and initial questions discuss the overarching theme of each category.  If there are a few observations and questions all about the same theme discuss what unites the individual statements.  Engage in this process to help the students maintain the ownership of their observations and questions, while broadening the scope of their questions.  


Example:

	Group #1
	Wonderings

	Is light brown
	What is inside of the worm?

	Has a pink band around it in one section
	Why is the worm slimy?

	Is slimy
	What are the hairs for?

	Has no eyes
	Why don’t worms have eyes?

	Has dirt on it
	Where is a worm’s mouth?

	Has tiny little hairs on it
	Why does the worm have dirt on it?

	You can see stuff inside of it
	


The observations and initial questions in group #1 all relate to the body form and function of a worm.  The students are asking questions about unique body parts of the worm and what purpose they serve.  

 Many of the questions in this group begin with “why”.  Questions that begin with the word “why” do not make good investigative questions because they can’t be answered with data.   The answer that students can give for “why” questions are only speculative.  For example, if a group chooses to investigate the question “Why is the worm slimy?” they can collect data on things like how often the worm is slimy, when they notice slime and the relative amount of slime on multiple worms.  From this data students can speculate that all worms are slimy and that the slime helps them move, but they cannot support this explanation with any data directly related to the question.  

	Group #2
	Wonderings

	Moves slowly
	How can worms move without legs?

	Can be long or short
	How long can a worm stretch?

	Moves under the wet paper towel
	Why does the worm go under the wet paper towel?

	Leaves a slime trail
	

	Can squeeze its body like an accordion
	


The observations and initial questions in group #2 relate to the behavior of a worm.  These stem from direct observation and intrigue with the movement of the worm.  The students are clearly noticing distinct differences between the way that a worm moves and most other organisms that have multiple legs.  

“How” questions can be puzzling for students to answer as well.  If a student tries to answer the question “How can worms move without legs?” they will have a difficult time doing this through direct observation.  They might be able to see that worms can move without legs, but not answer “how” they do it.  This type of question is best answered through book research.  A better investigative question would be “Can worms move on wet dirt and dry dirt?”  which still focuses on the movement of worms, but asks a more specific question about the movement.  

6. Additional Questions?: Give each team time to regroup and list any other questions that they have about the two topics: form/function and the behavior of the worm.  Once the team has generated a list, ask them to break their questions up into two groups: questions that can be answered with a yes/no and book research and questions that can be answered by observing the organism.  Through this process it should become clear to the students that some questions are more easily answered with a yes or no or through book research and that some questions are more appropriately answered by observing the organism.  


Example: 

	Yes/No and Book Research
	Observation Questions

	What is inside of the worm?
	What does a worm eat?  

	What are the hairs for?
	

	Where is a worm’s mouth?  
	

	
	


7. Decide on one question to ask and Design the investigation:  Ask each team of students to choose one question to use as the basis for their investigation.  Remind the students that they will still have the opportunity to refine their question after they begin designing their investigation.  They can follow a design protocol, such as the “Design an Investigation” worksheet included in this unit.  The worksheet asks students to define their question and corresponding prediction and list the materials and measurement tools that will be used to help them collect data on their question.  By thinking about how they are going to collect data, students often realize that their initial question lacks focus or is possibly too focused.  Let this process work for them and try not to intervene and change their question at this point.

8. Team Meetings:  Set-up a meeting with each team to monitor their progress.  If the students have not adequately refined their question talk them through some alternative questions.  A good question will help the students be successful in their investigations and sometimes there are parameters to the investigation that they cannot foresee, such as a warm classroom or a lack of sunlight.  



Journaling
Journaling is an important scientific tool that costs little and often reveals more than a look into a microscope.  Journal entries can include written observations, labeled drawings, date, time, weather and even small samples pressed between the pages.  The important thing to remember when drawing and/or writing for scientific purposes is that you should draw or write about only what you can see.  Students can hypothesize and guess what additional samples or missing pieces might look like, but this needs to be clear in the description.  

Journals can be used to track subtle changes over time and record descriptions of smells, textures and movement, all characteristics that can be difficult to record or track with other static measurement tools.  Encourage students to use journaling to enhance their data collection.  

If students are uncomfortable with the prospect of drawing forms ask them to begin by tracing the outline of objects or draw using shapes such as triangles, squares and circles.  They can combine many different shapes to create the overall outline of the object or organism that they are drawing.  All drawings should include labels that identify the object or organism; the labels can include adjectives that also describe the drawing.  Encourage students to use colored pencils that match the colors of their subject.  
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All entries should include:

· Name

· Date

· Location

· Drawing and/or 
written description

Additional items:

· Title (can be a name
of something similar)

· Weather

· Descriptive words

· Scale and/or size

· Sample of item

· Rubbing 

· Description of 
environment where 

organism was found.

Data Analysis

Analyzing data is a large part of what scientist do for a living and an integral part of scientific inquiry education. Developing evidence-based explanations about decomposition depends on students being able to carefully analyze data and use the data to explain a larger picture. 

Facilitating accurate data analysis can be challenging. Often the students come up with a conclusion based on their analysis of the data that reflect their data accurately.  There are several steps that you can use to guide students towards critical data analysis. 

Step 1: Engage in the question 
Students are more interested in data analysis when they know that there is something to discover in the data. When you present the data, give it to them as a challenge to figure out rather than a task to complete. Refer back to their original investigative questions.  How can their data help them support their new ideas?

Step 2: Begin with critical observations of the data
Encouraging students to make observations about their data, rather than interpret what it means is the first step in a quality data analysis. Students often look at data and immediately draw a conclusion about what they see, before they have even thought about what they are seeing. Ask them to look at the data they have collected and make a set number of observations before trying to draw a conclusion, “Make three observations about your data, before you try to decide what it means.” While they are observing their data, try asking them simple questions to make sure they are critically observing what is in front of them before determining what it means. 

· What is the largest/smallest data value? When did it occur? 

· Do any data points have the same value? When did they occur?

· Are there any data points that stick out? Is there one that is very different then the others?

Step 3: Identify trends in the data
When the students understand what the data is, they should start working on what the data is telling them.  If you have two data sets, have the students start comparing them ONLY after they have summarized the trends they see in each one individually. 

· Where is the data the most similar/different? 

· What patterns do you see in the data? 

· Where do you see changes happening in the data? When does it increase/decrease?

Step 4: Compare explanations 
After the students generate explanations for each set of data and for the comparison of the data sets, (if applicable), they need to take a minute to think about what they have concluded. They may need to do some additional research or they may have some prior knowledge to connect to their new ideas. The students may also want to compare it with the conclusions that other groups have drawn. 

· Does the data make sense? 

· Does your prior knowledge support your conclusions?

· Do your conclusions represent your data?  

Step 5: Communicate findings 

Science is progression of ideas.  By sharing their data and ideas the students will be reinforcing their own understanding of the data.  They have to fully grasp their ideas before sharing them and when they share their data others may question it.  This process of challenging data is central to the progress of science and a great lesson for students.  When given the opportunity to defend data students will either recognize the need to collect additional data or they might be able to reinforce their original ideas.  


Connecting Evidence and Explanations
How do you know that?  This question is common in scientific conversations. When scientists share what they learn with each other, usually the first question someone asks is “How do you know that?”. Scientists are interested in knowing new things, and they want to know how someone figured it out. 
Students often develop ideas that aren’t correct because they have limited experiences and develop explanations that are that are based on opinion rather than evidence. Asking students how they know something helps to make them accountable for their statements. 

Review this teacher student interaction:

It’s been 10 minutes since we put the worms back. Let’s have another look.
We don’t see the worms anymore. They are buried in the soil. They are hiding because they are afraid of us. 

How do you know that the worms are under the soil?
I know they are under the soil because I watched them start digging into the soil after we put them back into their box. 

What makes you say that the worms hiding from you?
 They went down there as soon as we put them back and they didn’t come out. 

What else could they be doing down there?
I don’t know. Maybe eating or sleeping. 

What do animals need?
Water, food, and a home. 

Where can the worms get everything they need—under the soil or on top?
Under the soil.

How do you know that?
Because there is no food on top. Their home is underneath. 

Why do you think that the worms might be under the soil? Do you think it’s because they are hiding from you?
No. It’s where their homes and food are. 

Throughout this unit, make it a habit to question student explanations that lack evidence. You can also encourage your students to do the same for each other. If they have an explanation, they should have evidence to support it. Ask things like,

How do you know that?

I heard you say “X”. What makes you think that?

I agree with you about “X” but I don’t understand why you said “Y”. 
Can you explain that a little more?

Where did you learn that?

What makes you say that?

What did you observe that makes you know that?

What evidence is there for that idea?

Can you explain why you think that?

What do you mean?

Who can repeat what he said and tell me a little more? 

Who agrees with her? Why?

Step #1

Overview

This step will provide an opportunity for the teacher to model the process of scientific investigation including how to ask questions, design an experiment, collect data and build explanations. Using terraqua columns, students participate in a class experiment to investigate the role that sunlight plays in the growth and development of plants (radishes). Students will make brief, regular observations of the radish experiment and use these data to develop evidence-based explanations about their column observations. Student observations and explanations will then be reinforced by a short reading on the important role producers have in an ecological system.

Lesson 1: Terraqua Column Investigation (60 min)

Producers require sunlight for growth and development.

Lesson 2: The Role of Producers (45 min)

Producers convert sunlight into energy that can be used by living things.

Step 1, Lesson 1
Overview

Using terraqua columns, students participate in a class experiment to investigate the role that sunlight plays in the growth of producers. Students collect data and record their observations of this initial investigation.

Lesson Title

Terraqua Column Investigation 

Key Concept

Producers require sunlight for growth and development.

Standards

3a, 6a, 6b, 6f

Time Needed

60 minutes

Materials

For the class demo

• Prepared Terraqua Column Materials (cleaned cut bottles and lids with holes) 

• Soil

• Water

• Radish Seeds

• Column Construction Worksheet

• Column Labels

Each student

• TAC Observation Worksheet

• Science Journal

• Rulers

Key Words
Experiment, Investigation, Control, Variable, Observation, Data, Producer, Energy, Ecological System

Lesson Snapshot

1. Generate a class discussion about the needs that plants have for growth and development. Have students brainstorm ideas and compile a class list on the board. Indicate to students that they will be focusing on one of these factors: Sunlight.

2. Develop questions about the role that sunlight plays in the growth of plants and model how to form the kind of question you can investigate with an experiment. 

3. Introduce students to the structure and function of the terraqua columns. Explain how they can be used as a physical model of an ecological system. 

4. As a class, design an experiment to answer your question regarding the role of sunlight  in plant growth using the Terraqua Columns. 

5. With help from the class, assemble the Terraqua Columns and demonstrate proper set-up procedures for your experimental design. 

6. Have the students record their initial observations on the Observation worksheet. Over the next week, students should make at least three more observations of the columns. 


REAP Debrief 

R What do plants need for growth and survival? Sunlight, Carbon Dioxide, Water and Minerals and Elements (usually from the soil)

E Where do plants get energy for growth and development? From the sun

A What role does sunlight play on plant growth and development? Plants use the energy from sunlight to make food. This food gives them the energy and matter to they need to grow and develop.

P How can we design an investigation that will answer our questions?

Advance Preparations

Materials Preparation

Prior to the beginning of this lesson the teacher must prepare the materials for the columns. Refer to the Terraqua Column Construction Sheet. You should complete Steps 1-3 ahead of time. Removing the label, cutting the bottles, and drilling the hole in the lid can all be completed without your students. This will save more student learning time for constructing the columns. 

Step 4-6 on the Terraqua Column Construction Sheet provide directions on how to construct the bottles with your students. 

Background Information

Terraqua Columns 

Terraqua columns are used as physical models that represent an ecological system. The model has three basic components: soil, water, air and plants. Plants grow in the upper portion of the terraqua column by taking nutrients from the surrounding soil and, with the aid of the wick, take water and other substances from the aquatic portion below. Water added to the terrestrial section on top will move down through the soil and drain into the aquatic section. 

The top unit of the terraqua column should be filled with soil collected from outside or potting soil bought from a store. The lower unit should be filled with tap water or water from a pond, lake, puddle or fish tank. Soil and water that is collected from a natural environment will most likely contain organisms such as algae, bacteria and insect larvae. Make sure that the soil and water used is the same for each terraqua column. 

Radish seeds work well in the terraqua columns. Radish is a fast-germinating and fast-growing plant that will provide ample opportunity for observations. 
Experimental Design for the Terraqua Columns

The terraqua column provides you with a model to explore the interactions in an ecological system. The model has three basic components: soil, water, and plants. By varying the treatment of just one of these components you can explore how one thing can affect the whole system. A well-designed investigation allows students to examine one difference between the columns. Observable differences can then be attributed to just one factor instead of many. 

In this investigation, students will examine the effects of sunlight on plant growth and development. The varied factor will be the amount of sunlight the columns receive. Therefore, all other components including amount and type of soil, water, radish seeds, and temperature need to be controlled. This means that these components should not vary between the different columns. 

Students should look for indicators or changes within the terraqua columns that are in response to the varied physical factor (amount of sunlight). Possible plant indicators that can be observed include percentage of seeds that germinate; plant height and weight; leaf and stem size, shape and color. Choose characteristics that will help to answer the investigation question. 

Remember that radish seeds in the terraqua column without sunlight will still grow; in fact these seedlings will most likely be taller than the seedlings with sunlight. The seedlings without sunlight, however, will have an abnormal appearance including pale color, thin shape, and small leaf size. 

The following examples include radish seedlings 7 days after planting:
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Terraqua Column with Sunlight

Terraqua Column without Sunlight
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Remember that well-designed investigations are those that change only one part of the system at a time. A good scientist keeps the investigation very simple in order to clearly identify observations resulting from the varied factor. This makes it easier to form explanations that will answer your investigation question. It is critical for students to have a solid understanding of this process. 

Scientific Journaling

Refer to the section on journaling in the Immersion Toolbox.  If this is the students’ first experience with journaling, spend a few minutes discussing a protocol for recording observations before students observe the columns. Students should try to use as many descriptive terms as possible.  Describing color, texture, height, smell, and using analogies are all great note-taking strategies.  Good notes will help students assess their own progress and draw conclusions in the end. Encourage students to ask many questions about the columns and record all of those questions in their journals. 

Scientific Illustration

Sometimes students have a hard time drawing for scientific purposes.  It is important that students realize that there is a difference between artistic and scientific drawings.  They should draw only what they see, using colors, descriptive text and labels to identify the parts of their drawing.  

Teacher Preparation

It will work best to begin this lesson at the end of a week, on a Thursday or Friday. This will give the seeds time to begin germination over the weekend and leave more time for students to make observations and collect data during the following week. Radish seeds will sprout in approximately 4 days. 

Implementation Script

1. Encourage students to think about what plants need in order to live and grow. Where do plants get the energy they need for growth and development? If students have trouble with the concept of energy, ask them how they get energy to live and grow. Have them think about what they eat and then relate this to what plants need to “eat”. Do plants “eat” food like us to get their energy? Give students a few minutes to freely brainstorm ideas as to what plants need and where they get their energy for survival. Write student responses on the board and compile a list. You may have to prompt students to think about additional factors. For example, if they forget air (more specifically carbon dioxide) tell students to hold their breath for several seconds and then ask them if they can think of anything else a plant might need. 

Students may think of a wide variety of answers that plants need for survival such as habitat requirements or tender loving care but try to keep them focused specifically on things that they use to get energy: water, soil/nutrients, air/carbon dioxide and sunlight. Tell students that the class is going to investigate one of these factors: sunlight.  This means that they are going help you design an experiment to investigate how sunlight affects the growth and development of plants. 

2. Explain to students that a very important step in designing an investigation is to develop a good scientific question that they will be able to answer during their investigation. You may want to review the “Asking Questions” topic in the Immersion Toolbox (found in the Unit Information chapter of this guide) in order to accurately model for students how to develop a good scientific question. Share with students some criteria for developing a scientific question; for example, the restrictions of questions that can be answered with a yes/no and “why” questions.  Give students several minutes to brainstorm possible questions about the role that sunlight plays in the growth and development of plants. Allow students to share their questions with the class and then synthesize their ideas into one question to use for the terraqua column investigation for example: How does sunlight effect plant growth and development? Have students write down the question that the class develops in their science journal so they can easily refer to it as they are designing and carrying out their investigation. 

3. Introduce students to the terraqua columns. You may want to begin by showing them the materials that are used to construct the columns and demonstrate how they can be put together. Draw a picture of a terraqua column on the board and point out the different part of the column and possible contents. Explain to students that the terraqua column is a physical model of an ecological system—a “mini” ecosystem. An ecological system is made up of living (biotic) and nonliving (abiotic) components that form complex interactions and relationships. Ask students to identify some of the living and non-living components that interact in the terraqua columns.                                                                                                 

Living Components

Non-Living Components
Plants



Air

Bacteria


Soil

Algae



Water

Fungi

Fish


Draw students’ attention to the terraqua columns as a tool for their investigation. Terraqua columns provide a wonderful environment to grow and experiment with plants.  

4. Explain to students that the next important step is to design an investigation that will answer their question. Review the background information for designing an investigation using terraqua columns. Talk aloud to the students as you walk them through this experimental set-up process. In order to design an investigation that will answer your class question, there should be only one thing that changes throughout the investigation: amount of sunlight. It is very important that all other things remain the same—otherwise you won’t know which factor caused the changes that you will observe. Explain and share the procedure for the experimental set-up with the students while you write it out on the board. This should include the directions for constructing the terraqua columns (see Terraqua Column Construction worksheet) as well as the specific directions to follow during the investigation. Explain how to assemble the materials to make the terraqua columns including the specific amount of soil, water and number of radish seeds. Remember that these factors need to be the same for all four columns. Remind the students that light is the only factor that is different. Two of the columns will have to be place in sunlight while the other two will have to be placed in the dark (without sunlight). Students should copy this set-up procedure in their science journals. 

5. Assemble students into four groups. Each group will make one of the four columns needed for the class investigation. Give each group the materials for constructing one bottle and approximately 10 minutes to finish their construction. Walk around the room to help the students and watch them carefully to be sure they are constructing the columns correctly. The columns need to have the same amounts of soil, water, and seeds. Once the columns are constructed, label each one with a number. Choose two to be placed in the dark and two to be placed in the sun. 

6. Ask the students, “Now that we have these columns, how will you collect data from the columns to determine how light is effecting plant growth and development?”  Allow students a few minutes to brainstorm some characteristics they might look for in their terraqua columns. Characteristics are things to measure and observe that indicate how sunlight is affecting the growth and development of the plants in the terraqua columns. As a class, agree on two characteristics that students will look for in the columns as a way to help answer their investigation question. 

Suggested characteristics are included in the background section on experimental design. Characteristics such as height, weight and number of seedlings can be measured and easily recorded as a number. Characteristics such as color and texture can be recorded as an observation but are not directly measurable and are therefore difficult to record in a consistent way. One option for color is to use a set of crayons. The students can try to match the plants color to one crayon. This also works with a color wheel or paint sample cards from hardware stores. 

Hand out the terraqua column observation worksheet, one to each student. Have students write in the characteristics (one for each table) that they will be collecting data on over the next 2 weeks. They should also record the numbers of the bottles with sunlight and the numbers of the bottles without sunlight (from the column labels). Instruct students that it is very important to keep track of the date that they make their observation on. Have them put today’s date in the first box in each table. Demonstrate how they should record their observations in the adjacent boxes. Explain to students that when they make observations it is important to look very carefully in order to notice small changes. Students want to make sure their data is as accurate as possible. 

Make your first set of observations of the columns as a class. Help students record their initial observations and model the method you want them to use throughout this unit. Once students have completed their observations, place the columns in a safe place (two in sunlight, two in dark). 

7. Over the next week, have students make at least three more observations of the columns and record the data on their Observation worksheets. Observations can be done as a whole class or you can break students into two groups, giving each group one bottle that has been in sunlight and one bottle that has not been in sunlight. Observations should take approximately 10 minutes and can be completed during informal instruction time. The columns without sunlight should not be kept out in the light for long periods of time; this could effect the results of the investigation. Remind students to collect their data from these columns carefully but quickly and then return them to the dark.

See Worksheet titled “TAC Observations Worksheet”
Step 1, Lesson 2
Overview

Students develop evidence-based explanations for their column observations and read a short article on the important role producers have in an ecological system. 

Key Concept

Producers convert sunlight into energy that can be used by living things.

Standards

2a, 6a, 6b, 6c

Time Needed

45 minutes

Materials

Each Student

• Completed TAC Observations Worksheet

• Science Journal

• Producer Power reading

Key Words

Evidence, Explanation, Producer, Consumer, Organism

Lesson Snapshot

1. As a class, encourage students to review the data and observations they have collected about the Terraqua Columns. What do their observations tell them about the role of sunlight in plant growth?

2. Instruct students to read the short article on producers. 

3. After reading the article, assist the students with developing explanations supported by evidence. Students should use both their observations from the investigation and their own background knowledge to form explanations about sunlight and plants.  

REAP Debrief

R-What differences have you observed between the four Terraqua Columns?

E-When you look at your data do you see any patterns or trends?

A-Where does the energy that living plants use come from? Sunlight
P-Where do you think other organisms get the energy they need to live? From producers or other consumers
Teacher Preparation

This is the last lesson in this unit that will require students to use the Terraqua Columns. It is recommended, however, that the terraqua columns be left in the classroom so students can make informal observations of the columns. If left to grow long enough (approximately 4 weeks) students should be able to harvest small radishes that have developed from the plants in the sunlight. Many students are not aware of the different parts of plants that we eat. The radishes without sunlight will eventually die. 

Background Information

Photosynthesis

In this lesson it is important for students to understand that producers use the energy from sunlight, carbon dioxide from the air, and water to produce living tissue. The tissue takes many forms—the roots, stems, flowers, and leaves. Plants also store food in certain parts for growth next year or as stored energy when conditions are poor for growth. 

Although this lesson focuses on the importance of sunlight in providing energy for this process, there are several other important ingredients that producers need to make their own food. Producers need carbon dioxide, water, nutrients from the soil, and sunlight to produce food. This process is called photosynthesis. Fourth grade students do not need to know the term photosynthesis. However, they do need to know that plants produce their own food. 

In photosynthesis, producers use the carbon, hydrogen, and oxygen molecules found in carbon dioxide and water to make sugar. This sugar is what the plants use to grow and reproduce. It is a common misconception that plant matter comes from the soil. While the soil does provide important elements and minerals, the actual plant matter comes from the recombination of carbon dioxide and water powered by solar energy. This distinction becomes clear when you think about floating aquatic plants that have no soil to grow in. 

Carnivorous Plants
Since soil does provide important elements and minerals, plants need nutrient-rich soil for growth and development. Some plants have a special adaptation to for living in nutrient-poor soil. Most commonly known as Carnivorous Plants, these plants have the ability to trap and digest insects. The insects provide them with the important elements and minerals they cannot obtain from nutrient poor soil. The Venus Fly Trap and Pitcher Plant are examples of carnivorous plants. Carnivorous plants are still considered producers since they must produce their own food through photosynthesis. The insects they digest only supplement nutrients that they do not receive from the poor soil they grow in. They do not provide a source of food for the plants. 

Implementation Guide

1. Have students take out and review their observation worksheets. Provide each group with a Terraqua Column for observation. When you look at your data do you see any patterns or trends? What differences do you see between the columns that were kept in sunlight and columns that did not get sunlight? 

2. Use your preferred reading strategy to lead the class through a reading of the short article on producers. It is recommended that students underline, circle, or highlight the vocabulary words in the article. Students should then make a word list in their science notebook or journal. Instruct students to copy the vocabulary words onto their word list and write a definition for each term in their own words. This list should be kept in a safe place so students can add words to this list throughout the unit. 

3. Explain to students how scientists use both data and their own background information to form explanations that are supported by evidence. Ask the students to look at their observation worksheet and remind students that these are the data they have collected for their terraqua column investigation. Do you see any patterns or trends in your data? Can you summarize your data into words? In general, what happened to the first characteristic you observed? In general what happed to the second characteristic you observed? After students share some responses, write out a sentence or two (for each characteristic) on the board that summarizes the data. Have students write this evidence in their science journal. What do your data tell you about the role of sunlight in plant growth and development? Explain how their evidence can now help them form an explanation about sunlight and plant growth and development. Students should be reminded that they can also use their reading as background information to help them form an explanation for their investigation. Where do plants get the energy they need to live and grow? How do you know that sunlight gives plants the energy they need for growth and development? Ask students to share their explanations. As a class, write out a general explanation for the class and have students write this in their science journals.  

Step 1, lesson 2 Reading

Producer Power

Do all living things need food? Food provides energy to live and grow. All living things need energy. Organisms die without energy. How do plants get energy to live and grow? Plants do not have mouths. So, how do they get food? 

Plants do not need a mouth. They do not eat food. Plants make food! Plants produce their own food. We call them producers! It takes energy to produce food. Where do plants get their energy? Plants get energy from the sun. They use it to produce food. Plants need this food to live and grow. 

Plants can also store their food. They keep it for when they cannot make their own food. Sometimes it’s too dry to make food. They live on their stored food. They also store food in seeds. New plants sprout from seeds. They use the stored food to grow. Animals can eat the plant’s stored food. Think about the plant parts you eat. A kernel of corn is the seed of a corn plant. A radish is the root of a radish plant.  

Producers do more than produce food. Most producers release oxygen. Why is that important? Animals need oxygen to live. Plants use sunlight, water, and carbon dioxide. They produce food and oxygen. Next time you eat, thank a plant! Next time you take a breath, thank a plant!
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Plants are not the only producers. Some bacteria produce food. Some algae produce food. A producer is any organism that can make its own food.

Producers are very important. We cannot live without them. Producers are the only organisms that make food from sunlight. All other organisms must eat food. Humans eat producers. So do many other animals. 

Organisms that produce food are called producers. What would you call organisms that eat food instead of make food? 

Scientists call them consumers. Consumers must eat other organisms. This is how they get energy to live and grow. Humans are consumers. We are lucky to have producers since we cannot eat sunshine!  

Step #2

Overview

The students will engage in a thought provoking activity tying their own eating habits to those of other organisms.  The students will work on building an understanding of food chains and the flow of matter and energy in an ecosystem.  They will also deepen their understanding of consumer niches through a reading.  

Lesson 1: Food Chains (45 min)

Organisms need matter to live and grow.  

Energy is transferred from the sun to producers and from producers to consumers.

Lesson 2: The role of consumers (20 min)

Consumers get energy by eating producers or other consumers.  
Step 2, Lesson #1

Overview

Students engage in small-group discussions about what humans get from eating food, and then work in pairs to construct food chains based on the organisms related to an example breakfast.

Key Concepts:

· Organisms need energy and matter to live, grow, and develop.

· Energy is transferred from the sun to producers, and from producers to consumers.

Key words:

Producer, Consumer, Organism, Energy, Matter

Materials

For the Class

Breakfast Pictures

Source Organism Pictures

Per pair of students

Organism card sheets

Food chain worksheet 

Red crayon

Pair of scissors

Science journals

Lesson Snapshot

1. Pose the question “Why do we eat?” Allow student groups to discuss their ideas, develop their own answers, and record their ideas in their science journals. Repeat the process with a second question “What do we get from the food we eat?” 

2. As a class, review student ideas for the first question. Discuss if their ideas hold true for producers and other consumers. For the second question, list the student responses to those questions and group into categories of those that have to do with gaining matter, and those that have to do with gaining energy. 

3. As a class, develop a food chain that contains some of their breakfast ingredients. Begin the model with the sun and draw the arrows in the correct direction.

4. Students work in pairs rearranging cards to create additional food chains. Each student records their food chains on their own Food Chain worksheet. 

5. Use one of the student’s food chains to review the steps to create a food chain. Discuss that organism needs more than just energy to survive. Matter, as well as energy, is being passed up the food chain. 

6. Conduct the REAP Debrief  

REAP Debreif

R What is the difference between a producer and a consumer? Producers are plants and other things that make their own food. Consumer have to find food to eat. 
E Why can’t you have a food chain like this….mouse ( snake (hawk Because the sun has to start it and then a producer has to take the suns energy and change it into food. Then the mouse could ea the plant. then, it would work. 
A What does a consumer get by eating a producer? How does it help their body?  Energy and matter (tissue, nutrients, minerals, water, etc.) 
P What would happen if there wasn’t enough corn to feed all the chickens and cows? They would have to eat something else, like grass. They would die if they couldn’t find anything else to eat. 
Background Information

Food Chains: Transferring Energy and Matter
All living things depend upon energy and matter to live. This energy and matter flows from one organism to another through the food chain. Producers are the primary source of matter and energy for consumers. Producers use matter (minerals and nutrients from the soil, carbon dioxide from the air, and water) and energy from the sun to make their own food through photosynthesis. They use this food to create living tissues and to maintain their bodily functions. Plants, some bacteria, and some algae are all capable of this process.  As producers, they provide food for many consumers. 

Consumers eat producers or other consumers. They take in matter (plants or other animals) and break it down through the digestive process to release the energy they need to sustain life and to grow. Eventually, all animals and plants die and decay into the soil. Organisms called decomposers feed on this dead organic matter. They use some of the matter and energy to sustain their growth and daily energy needs. However, their specialized role in an ecosystem is that they also break down matter so that it is available for producers. 

Food Chains: Arrow Direction

Students often have difficulty drawing food chain arrows in the proper direction. They tell you that the chicken eats the corn, but when it comes time to draw the arrow, they draw it from the chicken into the corn. There are a couple strategies for dealing with this issue. First, recognize that it may be related to how the students structure their sentences about who eats who. They often start their sentence by saying the consumer and end with the producer. So if they follow their statement they would start their arrow at the “chicken” and end it at the “corn”—exactly backwards of how it should be. Try encouraging them to say things like “the corn is eaten by the chicken” or “the corn goes into the chicken’s mouth” instead. 

You can also employ a “talking it through” strategy each time a student draws an arrow. Model how to talk through drawing an arrow and encourage them to do the same. For example, “The energy from the sun (start your pencil at the sun) goes (pull the pencil over toward the corn) INTO (make the arrow point) the corn”. Talk them through it each time you draw an arrow.  

Another strategy to make sure the arrow is going in the correct direction, is asking themselves, “Does this make sense?” “Does the energy go from the chicken to the corn?” Or “Does the energy go from the corn to the chicken?”

Implementation Guide

1. Group students into teams of four and make sure they have their science journals. Within the group of four, plan for students to have a partner with whom they will work when working as pairs later in the lesson. You will be asking the students a series of questions they need to reflect on as a team, and then develop their own answers for.  Have students record their thoughts in their science journals. 

Introduce the first question “Why do we eat?” and allow two or three minutes for the groups to discuss their ideas. Stop the discussion and give students a minute or two to write down their answers and ideas. 

Pose the next question, “What do we get from the food we eat?”. As you walk among student groups, prompt them to move their discussions from being opinion-based to evidence-based. Ask them how they know their answers are true. Did they read it somewhere? Do they have a personal experience that makes them believe that? Stop the discussion after no more than 2-3 minutes of discussion time. Give students one or two minutes to write down their thoughts. 

2. Conduct a class discussion about student ideas on these two questions. Why do we eat? Because we’re hungry. Because its time for a meal. Because it tastes good. Ask the students if they think that other organisms eat for the same reasons. What about producers? Do they “eat”? No, they don’t have to eat. They make their food from the sun’s energy, water, and carbon dioxide. Can we make our food? What about other animals, can they make their own food? No, animals are consumers. They have to consume things.  

Now, ask the second question—What do we get from the food we eat? Write down student answers on the board. Make two unlabeled groups. In the first group write anything that has to do with matter. The second group deals with energy. For example, 

	What do we get from what we eat?

	Column 1
	Column 2

	get bigger
	have more energy to play

	grow taller
	feel less sleepy

	feel full
	do better on tests

	stop feeling hungry
	be nicer 

	a bigger stomach
	think better


Column 1 pertains to the big category of Matter. Eating takes in physical substances into our bodies. Substance, or matter, is the stuff that takes up space inside of us and forms our bodies. It allows us to grow and makes us feel full. 

Column 2 pertains to the big category of Energy. We get energy from breaking down our food into very small pieces. When we do this we can use the energy that is contained in the food to breathe, walk, play, talk, and move. It also makes us “feel” more alert, focus, and can improve the way that our brain functions. Explain that this is why you are always telling your students to eat breakfast before they come to school—so they can think better and do better in school. 

3. Explain to your students that you want them to imagine they ate a big healthy breakfast this morning like you are always telling them they should. They are going to have warm corn tortillas, eggs, sweet apple slices, and ice cold milk. As you describe each food item, tape its 8x11 picture on the board. Where did these breakfast items—corn, eggs, apples, and milk—come from? Below each ingredient, tape the Source Organism picture. 

	Breakfast Ingredient
	Tortillas
	Eggs
	Apples
	Milk

	Source Organism
	Corn
	Chicken
	Apple Tree
	Cow


Now remove the first row of breakfast ingredients. From now on they will be working with organisms only. As a class, work to label each organism as either a producer or consumer. Which of these organisms are producers? Corn and Apple Trees. Write the word producer on the blank line below the picture of the corn and the apple tree. The chicken and the cow aren’t producers. They have to eat something to get their energy, so what are they called? Consumers.  Write the word consumer on the blank line below the picture of the cow and chicken. 

Explain that you want the students to think about the corn plant that provides the corn flour for the tortillas. Where does it get its energy? If they struggle with this, ask them where the radishes that they grew earlier got their energy. Write “sun” on the board before corn. Draw an arrow that indicates how the sun’s energy moves into the corn. Talk them through it explicitly. “The energy from the sun (start your pencil at the sun) goes (pull the pencil over toward the corn) INTO (make the arrow point) the corn”. Talk them through it again. 

Ask them if it would make any sense to draw the energy arrow going the other way. What would that tell them? That the energy was going from the corn into the sun. Would that arrow make any sense? Does corn give energy to the sun? Explain that drawing it while talking themselves through it is a strategy to make sure the arrow is going in the correct direction. It is also a strategy to ask themselves after drawing the arrow, “Does this arrow make sense? Is that the way the energy goes?” 
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Now have them look at the other organisms listed on the board. Which of those organisms would get its energy from corn? Either the chicken or the cow. Repeat the process of drawing the arrow from the corn to the animal of the students’ choice. 
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Explain that this diagram is something that scientists call a food chain. It shows the way that energy goes from the sun to a producer, and then from the producer to a consumer. Ask the students to think of another organism that they could add on to their food chain. In our breakfast example, who ate something from a cow? Humans. Have a student come to the board, label the human picture as a consumer, and model talking through drawing the arrow in the correct direction from the cow to the consumer. Have the student ask the class, “Does how I drew this arrow make sense? Is that the way the energy goes?” Allow other students to agree or disagree with the arrow’s direction. 
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Hand out the Food Chain Worksheet and use this model food chain to demonstrate how student should fill in the table. Instruct them to leave the top row of the table blank as these will be used to label the columns. After students have filled in the first food chain and correctly drawn in the arrows, ask them to label each column. The first column should be labeled primary energy source (Sun), the second column should always contain examples of producers, the third and fourth columns will be consumers. Have students differentiate these consumers by labeling the third column 1st consumers and the fourth column 2nd consumers. They will further differentiate the various consumers in Step 2 Lesson 2.   

4. Explain that they will work with a partner to develop additional food chains from the organisms that provided their breakfast—corn, cows, apple tree, and chickens. They should make as many food chains as possible. If they need to add an additional organism, they should make a card for it. They will have to write its name on one of their blank cards and whether or not it is a producer or consumer. Designate partners, and hand out one copy of the Organism Card Sheet  to each pair. Have the students write whether each organism is a producer or consumer on the blank line below the organism’s name. 

Then, students will need to cut out the pictures and use them to create some of their own food chains. Once they have developed a food chain using the pictures, have the students write their food chain down on the Food Chain Worksheet. They should then rearrange their cards and make another. 

As you travel around the room: 

· Remind them to use the blank cards when they need to create additional organisms for their food chains. 

· Challenge them to make more food chains or to make their chains longer by adding another organism. 

· Model talking through drawing arrows and asking if the direction they drew it makes sense. 

When you discover a group with an incorrect food chain, ask them questions to get them to identify their error and figure out the solution. In their effort to explain, it usually becomes clear to them that they haven’t got it quite right.  Try statements like this: 

· Your diagram tells me that that the corn’s energy flows into the sun. Can you explain how that works? 

· Your diagram tells me that that the sun’s energy flows into the chicken and then into the human. I see how the chicken gets into the human, but can you explain to me how the chicken gets energy from the sun?  

5. Use one student example to review the steps for creating food chains—arrow direction and transfer of energy from the sun to producers, producers to consumers, and consumer to other consumers.  Also, review the concept that organisms require more than just energy to survive. They also need substance, or matter, to build their cells and grow larger. Ask the students to suggest what additional matter the producer in this food chain needs to take into its body to survive and grow. They need water, minerals and nutrients from the soil, and carbon dioxide. What other matter does the consumer need to take into its body to grow? They need oxygen, water, vitamins, and minerals.

6. Conduct the REAP Debrief

See worksheets titled Food Chain Worksheet and Organism Cards
Step 2, Lesson #2

Overview

Students expand their understanding of consumers through a reading.  The content of the reading will help students focus their broad understanding of consumers on each niche within this group.  

Key Concept

Consumers get their energy from eating producers or other consumers.  

Key Words

Consumer, herbivore, omnivore, carnivore

Materials

Each student

What do you consume? reading

Science Journal
Lesson Snapshot

1. Using a classroom reading strategy, have the students read the article entitled, What do you consume?. Have students individually write down what herbivores, omnivores, and carnivores they know of. 

2. Ask the students to work in groups to brainstorm a large list of consumers. Ask each group to share one organism from each category.  As a class, discuss what things each organism might eat. 

3. Discuss whether they think humans are herbivores, omnivores, or carnivores. Have students write their ideas in their science journal.

REAP Debrief

R What makes a consumer different from a producer?

E Do you have any consumers in your decomposition bottles? 

A Why can’t a consumer follow the sun in a food chain?

P What would happen if there weren’t any consumers?

Teacher Background

The Human Diet

Scientists classify humans as omnivores and most humans are omnivorous. Even most vegetarians eat some sort of animal matter—eggs, cheese, or milk. This makes them omnivores. However, not all humans are omnivores. The human species is omnivorous, but some individual members choose to adopt an herbivorous, or vegan, diet. Vegans have many reasons from limiting the type of food they eat to only plants. Some people have moral reasons for not killing and eating animals. Other people choose a plant-based diet because it reduces their impact on the environment. Medical reasons and fear of contracting an animal disease play a part in other people’s decisions. Whatever the reason, some humans choose not to be omnivores. You should be sensitive to students and their families who may have adopted vegetarian (still omnivores but significantly less reliance on animal products) or vegan (plant only) diets. 

Implementation Guide

1. Provide students with the article What do you consume?. Read the first paragraph and discuss where the students think that animals get their energy and matter. Ask each student to define consumer in their own words in their science journal. 


Continue through paragraphs 2 and 3. Stop to allow students to write down any herbivores that they can think of in their science journals. Read paragraph 4 and pause to have students add a few omnivores to their list. Read the next paragraph and pause to have students add a few carnivores to their list. 

2. Gather the students in groups to discuss their ideas about herbivores, omnivores, and carnivores. have them create a large list of herbivores by combining their individual ideas. As they look at the list, do they see any animals that may not really be herbivores? Do any animal need to be reclassified? Repeat the process with omnivores and carnivores. Ask each group to share one organism from each category. Encourage groups to share the animal that they are the least sure about having in the correct group. As a class, discuss what things each organism might eat and if they have it classified correctly. 

3. Now, ask each group to discuss the final question of the article. Are humans herbivores, omnivores, or carnivores? Students should have evidence for whatever idea they decide on. If they don’t know of any humans that really only eat plant matter than they may not come up with the idea that some humans are herbivores. 

Step 2, lesson 2 Reading

What do you consume?

Animals need energy. They also need matter. They use both to live and grow. Producers get energy from the sun. How do you get energy? How do you get matter? 

Animals must eat food. They use food to live and grow. All animals are consumers. Even humans are consumers. We consume things to give us the energy and matter we need to live. What did you consume today? 

Does everyone eat the same things? Some people do not eat meat. They are vegetarians. Do we eat the same things every day? 

Humans eat different kinds of food. So do animals. Some animals only eat plants. We call them herbivores. Herbivores are consumers that eat plants. Some eat leaves. Some eat grain. Can you think of an herbivore?

Other consumers eat plants and animals. They are omnivores. Omnivores eat plants and animals. Some eat fruit and worms. Some eat corn and fish. Can you think of an omnivore?

Other consumers only eat animals. They are carnivores. Carnivores do not eat producers. Some only eat herbivores. Some eat any other consumer they can catch. Can you think of a carnivore?

What kind of consumer are you? Do you eat only plants? Are you an herbivore? Do you eat plants and animals? Are you an omnivore? Do you eat only animals? Are you a carnivore?

Step #3

Overview

Students design an investigation around a question that they pose about decomposition.  They begin with observations of mature columns and progress to asking their own investigative questions.  They construct columns and set them up to support their investigation.  Students collect quantitative data and qualitative observations about their columns.  
Lesson 1: Observing Decomposition (45 min)

Ecosystems can be characterized by their living (biotic) and nonliving (abiotic) components.  

Lesson 2: Decomposition Investigations (60 min)

Scientific progress is made by asking meaningful questions and conducting careful investigations.  

Lesson 3: Decomposition Column Construction (75 min)

Scientists collect quantitative and qualitative data to support explanations.  

Lesson 4: Data Collection (30 min)

Scientists take measurements and make observations in order to formulate and justify explanations to their key questions. 

Step 3, Lesson #1

Student teams are given a two-week old decomposition column to investigate.  Students make observations, draw, and identify the contents in the column, and generate questions about what they observe.

Lesson Title

Observing Decomposition

Lesson Key Concept

Ecosystems can be characterized by their living (biotic) and nonliving (abiotic) components.  

Time Needed

45 minutes

Materials

Each Student 

Science Journal

“Observe” worksheet

Each Group

Four Decomposition Columns

Hand Lenses 
Rulers 
Thermometers

Balances (optional) 

Colored pencils or markers

Key Words

Abiotic, Biotic, Measure, Record, Decomposition

Lesson Overview   

1.Review observations skills used in Step 1. Discuss the term ‘decomposition”. 

2. Give each group one column to investigate for ten minutes. 

3. Ask students to complete the “Observe” worksheets and draw a picture of the column in their science journals.  

4. Rotate the columns.  Give the groups 10 minutes to examine and record their findings on their new column. Provide tools like rulers, thermometers, and hand lenses.  

5. List student observations on the board.   

6. As a class, classify the observations into categories and record each category of observations on its own piece of chart paper. 

7. Ask students to record questions and thoughts about the columns in their science journals.  

REAP Debrief

R What types of things decompose? Biotic. 

E How would you tell another person about this column?  Use size, shape, color, texture, odor and any other describing words.

A Where else have you seen decomposition happening? Refrigerator, compost pile, garbage can…

P What do you think that these columns looked like two weeks ago when I made them?

Background Information

What is decomposition?

Decomposition involves a whole community of large and small organisms that serve as food for each other, cleanup each other’s debris, compete for nutrients, and convert materials to forms that other organisms use. The bacteria and fungi initiate the recycling process by feeding on dead matter and, in turn, becoming food for other organisms. The microbes, earthworms, snails, beetles and mites, all of which may feed on the bacteria and fungi, in turn, feed larger insects and birds. All of these decomposers produce waste. The decomposer’s waste is full of nutrients and replenishes the soil for new producers to grow in. 

Why is decomposition so important?

Decomposers are so critical to life around us its hard to imagine what life might be like without them. Most scientists believe that without decomposers there would be no life on this planet. The soil has only so many nutrients in it. Producers use the nutrients in the production of plant tissue. Without decomposers the nutrients that they pulled out of the soil and trapped in their living tissues would never return to the soil for another producer to use. 

Another issue is that without decomposers the amount of waste on the planet would be astounding. Dead plants would litter the ground and with no bacteria or decomposers to break them down they would remain there. Dead animals and animal waste products would pile up. Without decomposers they would not rot. 

Eventually, the planet would not be able to support life either because the producers would run out of available nutrients or because there simply would not be any place left to live. The surface would be covered with dead plants, dead animals, and animal waste. The role of decomposers is critical to sustaining life on the planet. 

How will the columns help my students learn about decomposition?

You can think of the Decomposition Column as a miniature compost pile or landfill, or as pile of leaf litter on a forest floor. It is a model of the real decomposition process. Scientists often use models to study when the real thing is too cumbersome to study. The decomposition process in a real ecosystem is not accessible to students. There are too many factors to deal with and its hard to manipulate the system to see what effects what. Decomposition bottles replicate the process of decomposition on a scale that students can handle. 

The columns provide the students with an authentic model to investigate. Interesting smells and occasional fruit flies are to be expected with the column just as they would be in nature. Don’t be alarmed, this indicates a thriving ecosystem!

Teacher Preparation

Demonstration Columns

The demonstration columns for this lesson need to be built two weeks ahead of time. The Unit Introduction provides a detailed description of how to build the bottles and recommendations for what the demonstration bottles should contain. 

Scientific Illustration and Journaling

Review the sections on Scientific journaling in the Immersion Toolbox and refer to the teacher background sections in Step 1.  

Material Tips

Decide ahead of time if students will be allowed to remove the tops of the bottles during observations. This can provide unique observation opportunities for students, but can lead to a messy classroom if students are not careful. It can also cause changes in the columns themselves as students remove items other items may get moved around falling closer to the wet soil and decomposing faster or being lifted up to drier areas and decomposing more slowly. This is more of an issue once they begin the investigations and are actually taken repeated measurements in an effort to determine the effects of different things on decomposition. It is unlikely that changing the example bottles will result in any ill-effects on the observations of other groups or on the decomposition process in the example bottle. 

Implementation Guide

1. Explain to the students that today they will be observing another type of bottle. Review the scientific observation skills that the students used in Step 1 to observe their radish seeds. Which of their senses do they expect to use the most? The sense of sight is by far the most useful in this unit. However, smell comes in a close second. What features did they observe with the sense of sight when they studied the radish seeds? For instance, size, height, color, shape, texture, and moisture of materials in the bottle. How easy was it to observe all the aspects of the radish seeds? What did they have to do to make sure they noticed the details? Explain that these bottles are called decomposition bottles. Explain that you filled the bottles two-weeks ago and tell the students where you’ve been storing them and what if anything you have done to them in the past two weeks. Begin a discussion on the word decomposition so that all students know what the term means. What does the word decomposition make you think of? Ask students to think about their own experiences with decomposition or “rotting”.  Ask them about the banana that was left on the counter too long or what happens to a carved pumpkin after a few weeks? They will most likely be familiar with the effects of decomposition on the appearance of things.  If the things inside the bottles were rotting, what would they expect them to be like? Moldy, slimy, smelly, etc. 
2. Put students into groups of 3-5 students.  Provide each group with a two-week old decomposition bottle to observe.  Establish rules for working with the bottles. Decide if you are going to allow students to open the bottles. Be sure to review that the students will be responsible for keeping them safe and intact. They should always keep them over the tables and focus on the task at hand. Travel around the room and ask guiding questions to get the students to notice finer details or to guide them to an aspect of the bottle they may have not noticed. 

· What senses have you used to observe your bottle? Can you think of another sense or tool that you could use?

· What have you noticed about the bottle? How did you discover that? 

· Do the decomposing items in the bottle look how you expected them to? Is everything decomposing in the same way?

· How would you tell another person about your bottle? What descriptive words would you use?

· What do you wonder about the bottle? 

3. When the students are finished with their initial observations, explain that they are going to start recording these observations on a data sheet. Hand out the Observe data sheet. Review the terms that are used on the worksheet, as needed. Students will most likely have made many of these observations already. Be sure that they take the time to record all of their initial observations and to make additional ones that they may have overlooked. Students may wish to describe their bottles with words that they do not know how to spell. To prevent this concern from limiting their science observations, start a word bank somewhere in the room where you can write down words that students use to describe their bottles. Travel around the room to help students with words and completing the worksheet. When they are finished, ask them to make a scientific drawing in their science journals. Remind them of the guidelines of scientific illustration—scientists draw what they see. They use the appropriate colors and include as much detail as they can. Scientists always include their name, date, and bottle number, and then label their drawings as carefully as possible.  You do not have to be an artist to be a scientific illustrator, you just have to draw what you see. The goal is to record what is in the bottle so that later you can use it a reference to help you remember what is looked like. Ask guiding questions to keep student illustrations realistic.

· Is your leaf really that green? What color could you choose that is closer to the leaf that is actually in your bottle?

· You recorded that the sides of your bottle are wet, is that part of your drawing?

4. Rotate the columns so that each group has a new bottle to observe. This time encourage students to record their observations in their science journals as they make them. Remind them that they will be using their information in the future, so be sure that they record as many observations as possible. Also make sure use both descriptive words and drawings. Provide the students with some simple tools to allow them to make more detailed observations. Hand lenses help students observe finer details. Rulers and thermometers give students an opportunity to quantify what they see.  They can measure the height of the contents of the bottles or the temperature inside the bottles. If you allow them to do so, they can remove an item from the bottle and inspect it closely. 

· What is different about this bottle compared to the first one you observed?

· How could you use a tool to improve your ability to observe your bottle?

· What do you wonder about this bottle? What did you observe that made you ask that question?

Allow about 10 minutes for observations. As you collect the bottles, ask the groups to identify three notable things that they would like to share with the class. 

5. Conduct a class discussion to gather student observations and record them on the board. It is perfectly acceptable to share something that another group also observed about their bottles. It validates the student’s observations to know that someone else also observed that feature. However, encourage the students to share things that not everyone may have seen. Is there anything that you observed that hasn’t been recorded on the list yet? If your students are repeating many of the same observations, try giving them a challenge like:

· What is the weirdest thing you observed? 

· What is the smallest/largest thing you observed?  

· What is the wettest/driest thing you observed?

· What is the smelliest thing you observed?

Example class observation list

The plastic bottle had water drops on it. 

The rock had nothing growing on it. 

The wet leaves had holes in them. The dry leaves didn’t.

The soil in the bottle was wet. 

The plastic pen was half in the soil and half out. 

There was a flying “bug” in the top of the bottle. 

The leaves were covered in white stuff. 

One end of the stick was slimy and wet, and one end was dry. 

6. As a class identify ways to classify the observations. What similarities do they notice in their observation? How could they divide them up into similar categories? What criteria will they use? Strive for 2-3 categories of observations, but you can work well with up to 4. There are many different ways to classify the same set of class observations. The example below has three different solutions for classifying the same set of observations. 

A common theme is that some things inside the bottles are rotting and other things are not. Biotic things, things that came from living organisms, decompose quickly under the right conditions. Abiotic things, things that are non-living and did not come from living things, (like rocks, foam cups, and plastic straws) do not decompose quickly, if at all. Students may observe that the abiotic materials don’t seem to have changed. They may not know the terms biotic and abiotic, but they will likely be able to make the distinction based on the things that are decomposing and the things that aren’t. If they make categories like this, lead them into a discussion of the definitions of biotic and abiotic. Another common theme is the amount of humidity or water in the bottles. Extremely dry bottles do not decompose quickly. 

Once the students agree on a way to organize their observations, record the tile of each category on a blank piece of chart paper. Have students identify which observations belong to that category. 

Example classified observation lists

	Observation Categories
	Observation Categories
	Observation Categories

	Stuff that isn’t decomposing

The wet leaves had holes in    them. The dry leaves didn’t.

The plastic bottle had water drops on it. 

The rock had nothing growing on it. 

The soil in the bottle was wet. 

The plastic pen was half in the soil and half out. 


	Water

The soil in the bottle was wet. 

The plastic bottle had water drops on it.

The wet leaves had holes in them. The dry leaves didn’t.

One end of the stick was slimy and wet, and one end was dry. 


	Natural Stuff

The leaves were covered in white stuff. 

One end of the stick was slimy and wet, and one end was dry. 

There was a flying “bug” in the top of bottle. 

The wet leaves had holes in them. The dry leaves didn’t.

The rock had nothing growing on it. 

The soil in the bottle was wet. 



	Decomposing Stuff

The leaves were covered in white stuff. 

One end of the stick was slimy and wet, and one end was dry. 

The wet leaves had holes in them. The dry leaves didn’t.


	Growth

The leaves were covered in white stuff. 

The rock had nothing growing on it. 
	Man-made things

The plastic bottle had water drops on it. 

The plastic pen was half in the soil and half out. 



	Stuff that is growing

There was a flying “bug” in the top of bottle. 

The leaves were covered in white stuff. 


	Location

The plastic pen was half in the soil and half out. 

There was a flying “bug” in the top of bottle. 


	


7. Ask the students to think about these observations and others they made. What do they wonder about these things? Have them record their questions and ideas in their science journals. Review that science journal entries always need a name and date. 

See worksheet titled Decomposition Column Observation
Step 3, Lesson #2

Student teams design an experiment based on one question about decomposition, using bottle columns.

Lesson Title

Decomposition Investigations

Lesson Key Concept

Scientific progress is made by asking meaningful questions and conducting careful investigations.

Time Needed

60 minutes

Materials

Each Student

Completed Observation worksheet

“Design an Investigation” worksheet

Science Journal

Each Group

Decomposition Columns

Paint color samples, color wheels, or crayons (optional)  

Key Words

Cause, Effect, Observation, Prediction, Investigation

Lesson Snapshot

1. Review last lesson’s journal entries. How well did they record what they saw? How could they improve their recording? Review the procedure for recording journal entries and add any other ideas that students come up with to help them organize their entries. 

2. Refer to the observations recorded in the last lesson.  Ask the students to report on anything that they wondered about the bottles. Connect these wonderings to the appropriate observation category.   

3. Ask each team to regroup and record any additional questions that they have in each category. Instruct the team to choose one question that they think could be answered through an investigation with the decomposition columns and record that question in their science journals. 

4. Provide students the Design an Investigation sheet. Discuss what predictions are and how to ask a good question. Have the students in each group record their investigation set-up, including what they think each bottle will contain. Brainstorm ways to measure decomposition in their bottles.

5. Have a short conference with each group to ensure that they have developed a good question to investigate and have access to the supplies they need. 

REAP Debrief

R What kind of observations will you make?

E How are your observations and experimental setup going to help you answer your investigation question?

A How is your experimental set-up going to help you answer your investigation question? For example, if you predict that the items in a column with no added water will decompose more slowly that a column with added water, make sure that your experiment involves setting up columns with and without water.

P What do you expect will have changed the most in your column the next time you observe them?

Background Information

Experimental Design

In this decomposition unit there are two main types of investigations that students often think of designing.  One type of investigation will vary the conditions that the two bottles are exposed to, examining environmental effects on decomposition.  The second type would vary the contents within the two bottles, examining the relative rate of decomposition between two objects.  A well-designed investigation will allow students (investigators) to study one difference between their bottles and thus be able to attribute a difference in results to just one factor, instead of many.

To test the effects of an environmental condition on decomposition a student would put the same items in two bottles, for example, the same amounts of soil, leaves, fruits, etc. and add them in the same order. Then the bottles would be subjected to different environmental conditions such as the amount of light.  Students could place one of the bottles in the light and the other in the dark.  For a well-designed investigation, all other factors that the bottles are exposed to (e.g. temperature and moisture) must be kept as consistent and similar as possible. This investigation is designed to answer the question, “What effect does light have on decomposition?” 

An investigation type that is testing the relative rate of decomposition would involve a similar design, except that one internal variable would be altered.  For example, students put soil, green grass and an apple core in bottle 1. In bottle 2, they put in soil, green grass and a banana peel.  Equal amounts (by weight or volume) of  each type of matter should be placed in each bottle. The bottles should be placed next to one another, so that each is exposed to nearly identical environmental conditions. This investigation is designed to answer the question, “What decomposes more rapidly, a banana peel or an apple core ?”

A good scientist tries to minimize variability in their experiments. If they are testing the effects of light on decomposition, there shouldn’t be anything else different about the columns. If everything else is the same, except the amount of light, they can attribute any differences in the decomposition rates of the two columns to the different amounts of light. If they allow something else to be different about the bottles like putting ¼ cup water in one bottle and ½ cup in the other, they won’t know if it’s the different amounts of water or if it’s the different amounts of light that is causing the different decomposition rates in the bottles. If there is something different about the columns, that could be what is causing the different decomposition rates. 

It is critical for students to have a clear understanding of what good experimental design is. They don’t need to use the terms testable question, control group, or independent/dependant variable, but they do need to understand that if they want a clear answer to their question they have to conduct a fair test. Work with your students to figure out how many things they are varying in their experiment. Pose the question, “If you do find a difference in how the two bottles decompose, are you really going to know what caused it, or could it be multiple things? Do you really know that it is going to be the amount of light that changed things or could it be that you put different amounts of water in the bottles? 

Teacher Preparation

Question Development

Encourage students to ask a question that they can answer in five weeks.  The investigations should test only one factor of decomposition.  Doing this will help limit the amount of data and the time it will take to see results.  If students are having a difficult time coming up with a question have them refer back to their observations of the model decomposition column. It may also be helpful to have a class discussion and list the questions that each student has.  Group the questions together based on content.  Try to narrow the field of questions through this exercise and then ask each group to choose one question to investigate. Refer to the description of experimental design for an explanation of a “fair test”.

Assessing Predictions

The students should not feel pressure when making predictions.  The predictions will not be judged on the basis of a right/wrong outcome, rather they should be judged on their relationship to observations and the data the students have collected.  A prediction is an educated guess that is often based on experiences and observations.  A prediction serves as a benchmark for assessing the results of an investigation and helps scientists decipher their results in relation to similar situations.

Tools that are commonly used for this investigation are: rulers, thermometers, measuring cups and balances.

If food scraps are used students will see dramatic changes in a few days, other organic material such as leaves, grass and sticks will take longer to show outward signs of decay.

It is helpful to have the demonstration columns in a central area of the classroom so that students can make multiple observations on their own time.  Students will need this data as evidence for their conclusions, so even casual observations will be helpful.  Data collected might include height of the material in the column, temperature of the column, color(s), odors, etc.

Tips and Hints for Investigations

Keep it Simple 

Keep your investigations very simple by changing only one thing in the system at a time. Remember that in order to best assess differences in decomposition your students need to have their investigation set up to compare only one thing between the two columns! 
Imagine that you have one bottle with an apple peel and ¼ cup water and one with a banana peel and ½ cup water. You observe that the banana peel rots faster. Was that because banana peels rot faster or was it because columns with more water rot faster. A better investigation would be to have two bottles exactly the same except one has a banana peel and one has an apple peel. 

What might they test? 
The effects of biotic factors on decomposition: The types, amounts, and ratios of plant matter (dead leaves, grass clippings, fruit peels, etc.). Remember, depending on their source, the soil will likely contain such life as fungi, insects, and countless microorganisms, so they could vary the type of the soil, too. Small animals can also be added to study the direct effects of macro invertebrates on decomposition. Students may decide to set up one column with Isopods (Pill bugs) and one without to study differences in the rates of decomposition due to the presence of the Pill bugs.

The effects of abiotic factors on decomposition: Substances that might affect decomposition include—nutrients (fertilizers), pollutants (salts, pesticides, acids), or physical factors such as temperature, light, moisture, etc.

What might they measure?

Indicators in a Decomposition Column are plants, animals,  and other system characteristics that change in response to their experiment. Indicators might be measurable such as the height of the contents or the temperature inside the decomposing matter. Color changes of the decomposing materials can be made measurable by matching the items ‘s color to a color wheel, crayon, or paint sample card from a hardware store. 

Otherwise, color would be non-measurable. Other observable but non-measurable things students might study are the presence or absence of mold or animals. Odor is a by-product of decomposition, and it can tell you a lot about the materials in your columns. Odors may be strong at first, but can mellow and become musty with time. The strongest odors arise from animal products such as meat and dairy products. Grapefruit rinds and grass cuttings can also produce strong odors. If you use food scraps, mix in plant matter such as leaves, twigs and dried grass to temper odors. Layering soil on top of contents also lessens the odor. 

How long will it take?

You will begin to see mold and other evidence of decomposition within the first few days after filling your column. Three to five weeks is plenty of time to see soft biotic material such as leaves, fruits, vegetables and grain products decompose dramatically. Bark, newspapers, wood chips, Styrofoam cups or plastic bags all take longer to decompose. Some may never decompose, even if left in the classroom for two to three months!

Material Tips

Measuring Tools:  As the students begin thinking about measurement possibilities it is important to realize that they should collect both quantitative and qualitative data.  

Non-measurable Data: Most of the data that students will collect will be in the form of casual observations, comparing and contrasting environments between bottles,

reflective writing, and their journal entries.  Encourage students to be consistent

with writing their journal entries, standardizing them as much as possible.  Ask

them to choose benchmark items to write about in each entry.  Additional

information can be included in the entries, but by watching a few specific items

decompose the students will notice more subtle changes.  

Measurable Data: As students brainstorm ways of collecting measurable data, don’t shy away from unconventional forms of measurement.  There are only a few standard forms of measurement that can be used.  The following is a list of possible measurement tools.  

· Temperature: the temperature of the column can be taken at intervals throughout the investigation. The temperature should be taken at approximately the same time every day and in the same way (e.g. the thermometer should be in the same location in the bottle)

· Ruler: A ruler can be used to measure the depth of the contents of the bottle. This could be the average depth of the material or the highest part. Either way, the students should be consistent about how they measure it. 

· Balance: The students might be interested in the weight of the materials over time.  They could weigh the bottle column before they add the contents and then subtract this weight from the weight of the full column and then they will know how much the contents actually weigh. Alternately, they could weigh the bottles and their contents each time they weigh them, knowing that the weight of the bottles doesn’t change. 

· Color: Color is an indicator of decomposition and probably one of the first noticeable signs.  Paint sample cards from a hardware store or a color wheel from the art room can be used to create a color gradient.  Students can also make their own color wheel using a wide-variety of crayon colors. This gives students a benchmark color gradient that the whole class can use to describe the color of the contents.  Students can refer to different shades of one color instead of saying that the contents are “brown”.  When observing color it might be helpful to carefully observe 2-3 items as benchmarks.  This way the color observation doesn’t become too overwhelming for the students.  

· Smell: Smell is another characteristic that students will notice right away.  They might be interested in writing about the smell of the column over time.  hey can do this using analogies; recording what other smell the column resembles.  They could work together as a class or a group to create a “stink-o-meter”.  The stink-o-meter could have a numbered scale that corresponds with smells from good to bad. 

Implementation Guide 

1. Begin by students reviewing their science journal entries from last lesson. How well did they record what they observed last time? Is there anything else that they wish they would have written down or drawn? Do they remember things that they didn’t record? Review the procedure for recording journal entries and add any other ideas that students come up with to help them organize their entries. 

2. Gather student attention to the observation charts that you created during the last lesson. You are going to connect what students wonder about their bottles to the observation category that is most closely related to their question. 

Below is an example of how this process might play out. Your students’ observations and their observation groups will most likely be different, as will their questions. Often their initial questions focus on figuring out what you originally put into the bottles to help them figure out how they have changed. 

	Observation Groups
	I Wonder

	Natural Stuff

The leaves were covered in white stuff. 

One end of the stick was slimy and wet, and one end was dry. 

There was a flying “bug” in the top of bottle. 

The wet leaves had holes in them. The dry leaves didn’t.

The rock had nothing growing on it. 

The soil in the bottle was wet. 


	Natural Stuff

1. What is that stuff on the leaf?

2. Everything is wet and slimy. How much water did you put in these bottles? 

3. Why does this one bottle stink so bad and the others don’t?

4. How come the rock doesn’t have any mold on it?

5. What happened to the middle of the apple or did you just put the skin of the apple in there?

6. Did you put the same amount of stuff in all the bottles or is one rotting faster? Some have a short stack of stuff and others have a tall one.  

	Man-made things

The plastic bottle had water drops on it. 

The plastic pen was half in the soil and half out. 


	Man-made things

7. Would a wood pencil change or stay the same?

8. Is the part of the pen that is under the soil rotting or does it look the same as the part that we can see sticking out of the soil?




3. Ask students to gather into their groups and record any other observations and questions they might have into each observation group. What other observations did your group make about natural things or man-made things? What other things did you wonder about each group of observations?

Instruct the teams to choose one question they have that they think could be answered with an investigation of the columns. Work with them to transform their wonderings into a question that they can test with their bottles. Notice how the Investigation Questions are more focused than the wonderings and that they involve keeping track of some aspect of the bottle over time to figure out the answer. They also involve supplies that the students have access to. Have the students record their investigation questions in their science journals.  

	Observation Groups
	Wonderings
	Investigation Questions

	Natural Stuff

The leaves were covered in white stuff. 

One end of the stick was slimy and wet, and one end was dry. 

There was a flying “bug” in the top of bottle. 

The wet leaves had holes in them. The dry leaves didn’t.

The rock had nothing growing on it. 

The soil in the bottle was wet. 


	Natural Stuff

1. What is that stuff on the leaf?

2. Everything is wet and slimy. How much water did you put in these bottles? 

3. Why does this one bottle stink so bad and the others don’t?

4. How come the rock doesn’t have any mold on it?

5. What happened to the middle of the apple or did you just put the skin of the apple in there?

6. Did you put the same amount of stuff in all the bottles or is one rotting faster? Some have a short stack of stuff and others have a tall one. 
	Natural Stuff

1. Does that stuff grow on green leaves or just dead brown ones?

2. What would happen if we didn’t put so much water in the bottles? Would they not rot as fast?

3. Is it the banana peel rotting that makes that bottle smell worse or is it the apple?

4. What things do mold grow on the fastest—rocks, sticks, leaves, or lettuce?

5. Do the insides of fruit decompose faster than the skins?

6. Does the amount of stuff you put in change how fast it rots?

	Man-made things

The plastic bottle had water drops on it. 

The plastic pen was half in the soil and half out. 


	Man-made things

7. Would a wood pencil change or stay the same?

8. Is the part of the pen that is under the soil rotting or does it look the same as the part that we can see sticking out of the soil?


	Man-made things

7. Which decomposes faster—a wood pencil, a stick of the same size, or an empty paper Pixie Stick?  

8. Does the part that’s under the soil rot faster than the parts out of the soil?




4. Provide students the Design an Investigation sheet. Students should record their investigation question on this worksheet. Discuss what predictions are. Scientists predict things before they know the answer. A prediction is their best educated guess. Their investigation will provide them with the answer, their prediction just provides them with a starting place. Remind the students that predictions are not judged or graded based on if they are right. Have each student answer questions 1 and 2. Each group will be investigating the same question, but they may each have different predictions. Their predictions will be based on their prior knowledge of decomposition and the observations they made in Step 3, Lesson 1. Remind them that their predictions will not be graded or judged based on whether or not they end up being right. They are just their best guesses at this point. As they learn more about decomposition, they will learn whether or not their prediction was accurate. 

Have the students design and record their investigation set-up. This should look like a written set of directions that includes what they think each column will contain, where they will keep the bottles and any other special instructions. For example, Bottle 1 will have 2 handfuls of soil, 1 slice of apple, and no water. Bottle 2 will have 2 handfuls of soil, 1 slice of apple, and ½ cup of water. 

Conduct a class discussion about measuring. Have the students brainstorm ways to measure decomposition in their bottles. Make a class list of ideas on the board. Now have groups discuss which of those ideas (or others that they come up with) would work to help them investigate their question. For example, the group that is trying to determine if a rotting apple is smellier than a rotting banana might need to come up with a “stink-o-meter” to help them qualify the smells coming out of their bottles. The group investigating what effects water has on decomposition rates, may decide to measure the height of their dry bottle and their wet bottle. Their prediction being that the wet bottle contents would decompose faster and thus be in smaller pieces at the bottom instead of big loosely packed pieces that took up more space in the bottle. 

Be sure that the students figure out how they are going to take these measurements. Will they need rulers, measuring cups, thermometers, or scales, or will they need to create a tool like a color wheel or stink-o-meter?

5. Have students record what supplies they will need to fill their bottles with and any measuring tools they will need. If they need something that you don’t have available, they will either need to bring it in themselves or change their investigation a little to make use of the supplies that you have. 

Travel around the room as the students complete their sheets. Have a short conference with each group to ensure that they have developed a good investigation and to make sure that they are setting reasonable expectations for measuring and supplies. 

See worksheet titled Design an Investigation 
Step 3, Lesson #3

Lesson Overview

Student teams work together to construct bottle columns. Students collect data and record their observations.

Lesson Title

Decomposition Column Construction

Lesson Key Concept

Scientists collect quantitative and qualitative data to support explanations.  

Time Needed

75 minutes

Materials

Demonstration Columns

Each Student

“Column Construction” worksheet

“Decomposition Column Data Chart” worksheet

“Decomposition Column Observation” worksheet

Science Journal

Teacher

Cutting blade, utility knife, or Exacto knife (see teacher preparation section)
Each Group

Bottle Construction Tool Kit: scissors, pushpin

Four-eight 16oz bottles—Each pair of bottles should be of the same brand

Measuring Tools

Materials to fill columns (soil, leaves etc…)

Hair dryer (optional)

Key Words

Environment, Record, Investigation 

Lesson Snapshot

1. Ask each group to review their investigative design.  

2. Hand out the Column Construction worksheet. Talk the students through this sheet and hand out necessary supplies.  Instruct students to construct their columns.

3. Hand out and explain the Bottle Data Chart and the Observation worksheets to each student.  Ask each student to complete the necessary data on both sheets.

4. Instruct students to complete the bottle construction by filling their bottles.  They should record the contents added and the quantity of each item.  


5. Ask each team to work together to record their first set of data and observations.  Each student should complete their own sheets, but the whole group should have the same data on their data charts.  

REAP Debrief

R What items will you need to construct your bottles?

E Why did you select those items?

A Do you think that you could grow radish seed in these bottles like we did with the Terraqua columns?

P How do you expect the items you placed in your bottle to change over time?

Teacher Preparation

Students should cut and assemble all of the bottle columns. To speed up the process and to increase safety, the bottles can be prepped for cutting ahead of time. Using a box cutter or a utility knife, insert the tip of the knife into the bottle to create a 1-inch slit.  When students construct the columns they can insert scissors into the pre-cut slit and eliminate the need for them to use box cutters or utility knives. 

Material Tips

Column Construction

· Constructing a column in advance is the best preparation for this segment of the unit as you will then be able to use your own experiences to help guide the students with their own columns.

· A hair dryer can be used to heat the bottle labels.  This loosens the glue and helps the labels to come off cleanly.

· The demonstration columns should be set out during the work time so that students have a reference.  

· When making the initial cut on each bottle it is easiest to start making a slit with a  knife, and then use the scissors to make the complete cut.  

· It works best to hold the bottle perpendicular to the table and insert the top arm of the scissors inside the small slit. Snip downwards. When you run out of bottle rotate the bottle so you are continually cutting downwards in front of you around the entire bottle.  

· Don’t worry if the lines that the students cut are not perfectly straight.  The bottles will function with minor imperfections.

· Use the same brand of bottle for all pieces of the column.  There are slight variations between brands that could prevent the pieces from fitting together.  It is best if one group uses all the same bottles. It eliminates one more variable in their investigations. 

Implementation Guide   
1. Have students review their science journal entries from the previous lesson. Ask them focus on their responses to the Design An Investigation sheet. How did they decide that their bottles should be created? What materials did they decide to use? How much of each? How will they measure that? 

2. As students review their journals, distribute the Column Construction sheet. Talk the students through all of the directions. Instruct each team to determine how many bottles they will construct. It is recommended that each student construct a column. Even if they only need 2 columns for their investigation, they can build as many columns as there are students in the group. For example, if a group is only comparing two columns (e.g. Which will decompose faster, a bottle without water or a bottle with ½ cup water?) but the group contains four students, that group can make 2 of each type of bottle. This way they have multiple trials of the same experiment, and will likely have better results. Alternately, groups may be investigating which grows mold the fastest, green leaves, brown leaves, lettuce, or apples. In this case they would make 4 bottles with the same amount of soil and water and then add a test item to each one. 

Have all the students participate in the column construction tasks. They should build all of their bottles before adding anything to any of them.  See the Materials Tips section at the beginning of this lesson for strategies to make this process run smoothly and safely in your classroom. 

3. Provide students with the Decomposition Column Data Chart. Explain to the students how they will need to complete it. They can use this sheet for measurable characteristics (quantitative data) like height or weight. They can also use it for qualitative characteristics like smell or color, if they came up with some standard way of measuring those things (e.g. a “stick-o-meter, or have paint chips or a hand colored color wheel to compare their bottle colors to). Students will need to keep this sheet in their science journals and add to it each time they make observations of their bottles. Groups may need multiple copies of this data sheet depending on how many characteristics they investigate and how often you have them making observations. 

Provide students with the Decomposition Column Observation Sheet.  Explain that this sheet should also be completed each time they make observations. They should include a scientific illustration. Review that scientific illustration are realistic drawings of what the students see. They are not creative artwork. These sheets also have a few blank lines for students to record more qualitative observations of their bottles or other things that they are not measuring on a regular basis. For example,

· I see white stuff growing underneath the banana peel. 

· This is the first day our column really stunk. 

· The slime mold is a lot bigger than it was last time. 

4. Have students take out their science journals and record what they add to the bottles and the amount. They can use standard or non-standard measurements (i.e. 1 cup of soil or 2 handfuls). They should add as much detail as possible about what they added. For example, they shouldn’t just write that they added a stick. They should write down that they added a stick as big around as their finger, 6 inches long, with rough dry bark. The more detail they have on what they added, the easier it will be to determine how the things have changed.  


5. Have students complete the first row of their data sheets for each characteristic that they are studying and complete an Observation sheet. They should store these in their science journals. 

See worksheets titled Decomposition Column Data Chart and Decomposition Column Observation Sheet
Step 3, Lesson #4

Lesson overview

Students use simple tools to take measurements and make observations. They record their observations and data about the progress of their decomposition columns. 

Lesson Title

Data Collection

Lesson Key Concept

Scientists take measurements and make observations in order to formulate and justify explanations to their key questions    

Time Needed

30 minutes

Materials

Each Student

 “Decomposition Column Data Chart” worksheet

“Decomposition Column Observations” worksheet

Science Journal

Each Group

Decomposition Columns

Measuring tools

Colored Pencils or markers

Hand lenses

Key Words

Measure, Observation, Record

Lesson Snapshot

1. Talk the students through a complete observation entry.  Encourage the students to help define the attributes of a complete observation.  


2. Have student teams record a set of observations on their Bottle Data and “Observation” worksheets. Provide additional copies as needed.  Travel around the room and make sure students are recording what they observe and being as descriptive as possible. 

3. Conduct REAP Debrief.

REAP Debrief 

R
What changes have you seen in your bottles?

E
Which of your bottles is decomposing the fastest/slowest?

A
What do you know that might help you explain why that bottle is decomposing faster/slower?

P
How do you think your bottles will have changed by the next time we make observations?

Background Information

Over the course of the unit students should make at least 6 sets of observations. They made their first set in Step 3, Lesson 3. This lesson is the students’ second opportunity to collect data on their columns. In Step 4, they will make their 4 remaining sets of observations. They should make 2 sets of observations per week in Step 4. Each set of observations will take about 10 minutes. After 6 sets of observations, you can have them complete Step 5 Lesson 1 or you can make a few more sets of observations and then move on to Step 5 Lesson 1. 

You are also welcome and encouraged to keep the bottles in your classroom after the investigations are complete so that students can observe the long term effects of decomposition.   

Teacher Preparation

Read over the Journaling section of the Immersion Toolbox.  

Encourage the students to open the bottles and remove a small sample occasionally.  The sample can be analyzed with a hand lens or a microscope.  If the sample is returned to the column within the class period it should not affect the investigation.

If time is tight for science in your classroom, you do not need to set aside specific timeslots for these observation sessions. You can make use of transition times. Possibilities include, students incorporating observations into their morning arrival routines or making their observations right after lunch as they get settled. 

Implementation Guide   
1. Choose an object from your classroom, such as a rock, an apple or something else that is large enough to be seen from a few feet away.  Hold up the object and ask the students to describe it.  Tell them that you are going to record their observations in the form of a journal entry, just like the entries that they will record about their decomposition columns.  Begin by writing your name on the top of the board, along with the date and your location, the classroom.  Ask students to tell you what you should include in your entry.  Ask them what information they think is important when recording an observation.  Make a list of their suggestions.  Next ask the students to describe the object that you have selected.  Create a sample observation on the board, recording using proper journal entry attributes.  If the students have not mentioned all attributes you should mention the following:

Description of color, size, and smells and using descriptive words and labels.

2. Ask students to find their Decomposition Column Data Chart in their science journals.  Have the groups study their decomposition columns. Remind them to make careful measurements with whichever tools they determined that they would use (rulers, hand lenses, scales, color wheels, “stink-o-meters”, etc. ) Be sure the data they are entering corresponds to the number on the bottle. It’s easy for students to mistakenly add data from Bottle 1 to Bottle 2’s column, etc. thus confusing the results. You may need to provide additional copies of the data sheet if students have several characteristics that they are looking at, or if they have made many sets of observations.  Provide students with a Decomposition Column Observation Sheet. Remind them that their illustrations should be scientific—not creative artwork. They should use this sheet to take detailed notes on other things they see and smell in their columns.  Students should store their Observation sheets and Data Charts in their science journals. 

During their observation process, you can travel around the room and remind students of some guidelines for observations. 

· Is that the closest pencil color you could find to color your leaf with? It doesn’t seem like its green anymore. 

· What do you notice about this piece of data? Does it seem to make sense with the other data you’ve collected? Are you sure that you recorded it on the right line?

· How could the height of Bottle 1 have dropped so much and the height of Bottle 3 gained so much? Is there any chance you’ve made an error recording your data? How could you be sure which s right? Measure it again. 
· I noticed in your description of your bottle that you said that the bottle was wetter than last time.  Did they really get wetter since you looked at it last? Did you add any water to your bottle? How could you explain why it looks wetter, even through you didn’t add any water?

3. Conduct the REAP debrief.

See worksheet titled Decomposition Column Observation
Step #4

Overview

Students study the role of decomposers in food webs and nature. They connect this knowledge back to the smaller food web occurring in their bottles. 

Lesson 1: Rotten Work  (30 min)

Decomposers are consumers that recycle matter from plants and animals.

Lesson 2: Creating Food Webs (60 min)

A food web illustrates the transfer of energy among multiple food chains, in an ecosystem.  

Step 4, Lesson #1

Lesson overview

Students read an article on decomposers and their role in decomposition.  Then they record their decomposition column data and observations.  

Lesson Title

Rotten Work

Lesson Key Concept

Decomposers are consumers that recycle matter from plants and animals.  

Time Needed

30 minutes

Materials

Each Student

“Rotten Work” article

“Decomposition Column Data Chart” worksheets

“Decomposition Column Observation” worksheets

Science Journals 

Each Group

Decomposition Columns

Key Words

Beneficial, Matter, Microorganism, Organism, Recycle, Fungi

Lesson Snapshot

1. Read an article about specific decomposers. Throughout the reading, have students examine their columns for evidence of the decomposers mentioned in the article.

2. Create a class list of all the decomposers in the article. Supplement with additional decomposers students found in their column that were not mentioned. Discuss the differences in the contents of the bottles that had lots of observable decomposers vs. those that did not. 

3. Allow students 10 minutes to record data and observations for their ongoing decomposition investigation.

REAP Debrief 

R What decomposers did you observe in your bottle?

E Where in your bottle did you see the most evidence of decomposers?

A Why don’t you think all the bottles had the same decomposers in them?

P Do you think that you will see more or less decomposers in the bottles next week? Why?

Teacher Preparation

Reading Strategies

As you progress through the reading, be sure to use your standard classroom reading strategies to increase student understanding of new vocabulary words and connect the reading back to their prior knowledge. Also, make it clear that the students need to connect the content from the article to their decomposition bottles.  

Recycling

When the idea of recycling comes up in the reading, discuss the items your class or school recycles. Question them on what they think happens to the items in the recycling bin. Some students think that they are cleaned and reused. In the past, this was the case. Sixty years ago, you simply returned the milk bottles to the milkman. They were washed, sterilized, and refilled. If one was broken, it was just thrown out. Back then they “reused” the bottles. Today, we reuse the glass the bottles are made of, but not the bottles themselves. The glass in your recycling bin is crushed into little pieces, melted, and reformed into a completely different bottle. They take the tiny little parts and use them to make something new—true recycling. 

Tally Sheets

The class list of decomposers is a resource that can be used in several ways. They can use it to expand their bottle observations by creating a tally sheet of sightings. To do this they should add a page to their science journal with the name of each organism on the side. They can record the absence or presence of each organism every observation period by marking an X next to each organism that they saw. After taking the data on each organism they should label that column with a date. 

	Organism
	April 14
	April 16
	April 19
	April 22

	White Mold
	X
	X
	X
	X

	Slime Mold
	
	X
	X
	X

	Small Fly
	
	
	X
	X

	Green Mold
	X
	X
	X
	X

	Isopod
	
	
	X
	


Math Connections

· You can make a connection to math by using the tally sheet to create a bar graph of sightings. Have the students construct a graph that has the name of each organism on X-axis and the number of sightings they have made of the organism on the Y-axis.  

· Ask the class to figure out how many bottles in the whole class that had a particular organism in it. Then, figure out what percentage of the bottles had that organism it them. You can repeat the process for several organisms to figure out which organism were most commonly found. 

Critter Key

Implementation Guide

1. Provide each student with one of their team’s decomposition bottles and the article “Rotten Work”. Read through the article with your students one or two paragraphs at a time. Use whatever reading strategy works best for your class (independent reading, round robin, highlighting key words, etc.). After reading each section ask the students to examine the bottle in front of them. Do they see any evidence of the decomposers that they read about? Have them write in their science journal all the decomposers mentioned in that section. Now, have them look at their bottle and put a check mark next to any that they observed in their bottle. Not all bottles will have all the types of decomposers in them. Repeat for each section. At the end of the reading, ask students to observe their bottles and write down any other decomposers that they see. 

2. Have the students reference their journal entries to develop a class list of decomposers. Encourage students to add additional organisms that they have observed in their bottles.  Not all decomposing organisms are mentioned in the article. Discuss the characteristics of each organism and record two or three descriptive terms after each organism. For example, instead of just recording “mold”, try differentiating the different types of molds with descriptive words. “Mold” turns into “white, fuzzy, soft mold”, “yellow, flaky mold”, and “greenish, powdery mold”.

Some students may have been observing bottles where they saw few or no decomposers at work. This may be disappointing for them, as they weren’t able to share many sightings with the class. Be sure to discuss the bottles that did not have observable evidence of decomposition. Ask the students whose bottles did not contain many observable decomposers to describe what was in their bottles. Do they have a lot of fruit, plastic, leaves, vegetables, paper, etc? Contrast their bottle’s content to the contents of bottles that did have a lot of decomposer sightings. Bottles with fruit or vegetable parts are more likely to contain more obvious decomposers.

3. Have students get into their teams with the decomposition bottles and make another round of observations to help them answer their investigation question. Provide them with additional copies of the Decomposition Column Data Chart and the Decomposition Column Observation Sheet as needed. Be sure that they are recording as many details as possible in their science journals and on their worksheets. This should take about 10 minutes. 

Step 4, Lesson 1 Reading

Rotten Work

Producers get energy from the sun. They use it to make their own food. Consumers have to eat food to live. Some consumers eat producers. Some consumers eat other consumers. What do you think decomposers eat? 

Nature does not have garbage trucks. Decomposers get rid of nature’s garbage. Decomposers eat dead producers. They eat leaves that fall from trees. They also eat dead consumers. They even eat animal waste. Find some dead matter. In it, you will find a decomposer at work. Do you have decomposers in your bottle? 

There are hundreds of decomposers in your decomposition column! Most decomposers are small. Look carefully. You might see them. Do you see anything fuzzy? This is probably mold. Do you see anything that looks like green carpet? This is probably algae. 

Some decomposers are very small. They are microorganisms. They are too small to see with our eyes. If you can’t see them, how do you know they are there?

Look for clues. Are things turning brown? Is anything slimy? Does it stink? If so, you know that decomposers are working hard. You could also use a microscope to see them. 

Not all decomposers are tiny. You may also see larger organisms. Fruit flies and mites are decomposers. So are pill bugs and millipedes. They do the same work as the smaller ones.

After a decomposer eats, they make their own waste. Their waste goes back into the soil. This makes the soil healthier. Most producers can grow better in healthy soil. 

Decomposers live in slimy and stinky homes, but they have an important job. They help clean things up. Most decomposers are not harmful to humans. They actually make the world a cleaner place to live. 

Step 4, Lesson #2

Building off the food chains created in Step 2, Lesson 1, students create their own food webs.  They apply their understanding of the transfer of matter and energy through the construction of a food web and then draw arrows to represent the transfer of energy.  

Lesson Title

Creating Food Webs

Lesson Key Concept

A food web illustrates the transfer of energy among multiple food chains, in an ecosystem.  

Time Needed

60 minutes

Materials

Each Student

Food Web Cards

Science Journals

Each Pair of Students

One piece of chart paper

Glue or tape

Markers or colored pencils

Key Words

Producer, Consumer, Herbivore, Omnivore, Scavenger, Decomposer, Energy, Food Chain, Food Web

Lesson Snapshot

1. Review the food chains that the students created in Step 2 and the terms Producer and Consumer.  

2. Introduce and discuss the terms herbivore, omnivore, carnivore, scavenger, and decomposer. Label each consumer on their Food Web cards with their proper niche.

3. Introduce combining two food chains to make a simple food web. Allow student pairs to create their own food webs with their organism cards. 

4.  Allow students 10 minutes to record data and observations for their ongoing decomposition investigation.

REAP Debrief

R Which organisms are producers/consumers/ herbivores/omnivores/carnivores?

E Would it be possible to have a food chain without an herbivore? Yes, a decomposer could eat the dead plant. Sun(Plant ( decomposer. Would it be possible to have one without a producer? No, they are the only ones that make their own food from the sun. 
A What would the food web drawing look like for your bottle?

P If you took the contents of your bottle outside and dumped them under a bush, what might change about your food web? Would there be more or less organisms involved?

Background Information

Consumer Niches

Consumers are categorized by what types of food they consume. Each consumer has its own specialized niche, or role. Herbivores are plant-eating consumers, like cows, squirrels, rabbits, grasshoppers, hummingbirds, and deer. Omnivores eat both producers and other consumers. Examples include humans, robins, opossums, raccoons, fox, ants, and black bears. Carnivores are consumers that eat meat, like lions, snakes, most spiders, bobcats, mountain lions, and hawks. Occasionally some carnivores may eat grass or other plants, but most often this is not for nutritional reasons. Students may be familiar with house cats eating catnip for its intoxicating effects or grass for its digestive benefits. However, this does not make them omnivores. 

Food Webs

The standard model of a food chain describes a linear transfer of energy from one organism to the next.  Examples of simple food chains: 
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In most ecosystems, however, energy does not flow in simple, straight paths. Very few organisms eat only one thing and rarely is one organism only eaten by one other. Ecological systems are comprised of many interdependent organisms. A food web includes interconnected food chains. 

The Role of Decomposers in a Food Web

Decomposers are a critical part of food webs because they ensure that producers have healthy nutrient rich soil to grow in. Producers get their energy for growth from the sun, but they also need carbon dioxide, water, and nutrients to grow. Decomposers help to ensure that these nutrients are available to producers. They help to provide some of the matter that producers need to grow.

Example food web that includes decomposers:

[image: image22..pict]
Movement of Energy in an Ecological System

The direction of the arrows in a food chain can be a difficult concept to grasp. It is very important that students know how to draw arrows in the correct direction and check their work, before moving on to food webs. Food webs are more complex, and keeping track of the correct direction of all the arrows can be challenging if students don’t have a firm grasp on what the arrows mean. 

As illustrated in the diagram above, arrows show the direction that energy is flowing through the ecological system. The sun provides energy to organisms that produce organic material through photosynthesis—the producers. The consumers obtain their energy by consuming producers or other consumers that have already eaten producers. Decomposers are specialized consumers that obtain their energy from organic wastes and dead producers and consumers. The arrows show where each organism is getting its energy from. 

Implementation Guide

1. Have the students pull their food chain worksheet (that they completed in Step 2) out of their science journals. Ask for a volunteer to share a food chain that includes at least 2 consumers. 
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Have the student talk you through drawing the food chain on the board. Ask them questions along the way to check for understanding. 

· What begins this food chain? Does the sun have to begin every food chain?

· What comes next? 

· Which way should the arrow point? 

· Which of these things are producers? 

· What does it mean to be a producer?

· Do food chains always have to have a producer?

· Which are consumers?

· What does it mean to be a consumer?

· Do food chains always have to have consumers? (yes, even if the plant just dies on its own. Eventually, a consumer (more specifically a decomposer) will consume it. 
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	Producer
	Consumer
	Consumer


Hand out the food web cards and ask each pair to label them as either a producer or consumer. 

2. Ask the students to name some of the consumers that they used in their food chains.  Create a list of all the consumers students used in their food chains on the board. Ask the students to think about what type of things each consumer eats. Do they all eat the same things?

If students struggle with this, ask the students to think back to their original discussion about the example breakfast. They discussed what they eat and why they eat it, but does everyone eat the same things?  Ask the students to raise their hands if they or anyone they know eats only vegetables, fruits, and other plants—a vegetarian. Do any of the consumers on their list only eat plants? Explain that these animals are called herbivores. Erase the herbivores from the consumer list and make a new column for them. Title it herbivores. Ask the students if this animal was in a food chain what would be going into it—a consumer or a producer? A producer. Herbivores only eat plants, and plants are producers. Have the students add herbivore to their key words list in their science journals. Remind them that they need to write a definition for the word in their own words. 

Now ask the students who aren’t vegetarians what they eat that makes it so they aren’t vegetarians. Explain that consumers that eat both plants and meat are called omnivores. Most people are omnivores. Have them study the remaining consumers on their initial list. Do they know of any of these animals that are omnivores? If a student suggests a consumer to be an omnivore, ask them what evidence they have that the consumer is an omnivore. Have them study their food chains as evidence. What do your food chains show that this organism is eating? Does anyone have this organism eating both plants and animals? When they identify an omnivore and have evidence that the consumer is an omnivore, make a new column and title it omnivores. Ask the students if this animal was in a food chain what would be going into it—a consumer or a producer? It could be either one. Omnivores eat plants and animals. Have the students add omnivore to their key words list in their science journals. Remind them that they need to write a definition for the word in their own words. 

If there are any animals left on their consumer list, ask the students to figure out what they eat. They can use their food chains, things they have read, or other things they have learned about animals as evidence. The students will most likely identify that some of the remaining animals hunt and eat meat. Explain that these are carnivores. Ask the students if this animal was in a food chain what would be going into it—a consumer or a producer? A consumer. Carnivores only eat animals. Have the students add carnivore to their key words list in their science journals. Remind them that they need to write a definition for the word in their own words. 

The other type of consumers they may identify are consumers that eat dead things. These consumers are divided into two groups—the scavengers and the decomposers. Scavengers eat dead things to sustain their life. They are a lot like other consumers—they only eat things that are already dead. Decomposers eat dead things to sustain their life, like scavengers. The difference between the two is that in the eating process decomposers break down the dead things into smaller parts and recycle those nutrients back into the environment. They take part of the energy and matter from the dead thing for themselves and recycle the rest. Have the students add scavenger and decomposer to their key words list in their science journals. Remind them that they need to write a definition for the word in their own words. 

Refer back to the food chain you drew on the board at the beginning of this lesson.   What different types of consumers are in this food chain? Label each one as an herbivore, omnivore, carnivore, scavenger, or decomposer. 
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Ask the student pairs to gather all their consumer cards together. They should work with their partners to label each consumer card with what niche the consumer has. Is this consumer a herbivore, omnivore, carnivore, scavenger, or decomposer? 

3. Gather student attention back to the board. Write another student food chain on the board below the first one.   
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Does this food chain have any of the same members? Ask the students to think of another way they could show these relationships without having to write the same thing on the board twice. Erase the extra Sun and Corn. 
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What arrows do they need to add to make this work? Draw another arrow from the corn into the Cow.
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Are there any other arrows that we could draw on this diagram? Does anything eat anything else on the diagram that isn’t shown with the arrows? Yes, humans eat corn and chickens. How could we show this on our diagram? Draw an arrow from the corn into the human and another from the chicken into the human. 
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Tell the students that this kind of diagram is called a food web. It is more realistic than food chains. In nature, consumers usually eat more than one thing. Many consumers may eat the same producer. 

Explain that they are going to get to rearrange their food chains to make food webs. They are going to get the animals they used last time, but they are also going to get several more cards to work with and some blank cards in case they need another organism for their food webs. 

Hand out a piece of chart paper to each pair of students. Tell them to begin by drawing a sun in the center of the page. Next ask the students to arrange the organism cards on the paper in a way that shows the energy transfer between the organisms. The web should include all of the organisms on the cards. make sure they include at least a few decomposers wherever they think it is appropriate. When they are finished, have each group explain the relationships they have developed. If their diagram makes sense, ask them to tape down the cards and draw arrows representing the transfer of energy. How are they going to draw their arrows? Review talking through drawing an arrow, and ask if the direction makes sense after they finish. They may want to begin drawing their arrows with a pencil. If the group agrees that it is going in the correct direction, they can color it with a colored pencil or marker. 

Ask each student to spend five minutes writing in their science journal. They should explain where they included the decomposers in the food web and why they included them where they did. They can cite one specific example to aid in their explanation.  

4.  Have students get into their teams with the decomposition bottles and make another round of observations to help them answer their investigation question. Provide them with additional copies of the Decomposition Column Data Chart and the Decomposition Column Observation Sheet as needed. Be sure that they are recording as many details as possible in their science journals and on their worksheets. This should take about 10 minutes.

See worksheet titled Food Web Organism Cards
Step 5

Overview

In this step, students will use their data collected from the decomposition columns to form explanations about the process of decomposition. Students will draw on background information from the previous Step and their column observations as a foundation to support their explanations about the process of decomposition. These explanations may lead students to ask other questions about decomposition, continuing the scientific process.  

Lesson 1: Developing Evidence-based Explanations (45 min)

Scientists develop explanations using observations and what they already know about the world.  

Step 5 Lesson #1

Lesson Overview

Students use their prior knowledge and recorded data and observations to develop explanations about decomposition and to develop new questions about the decomposition process. 

Lesson Title

Developing Evidence-based Explanations

Lesson Key Concept

Scientists develop explanations using observations and what they already know about the world.  

Time Needed

45 minutes

Materials

Each Student

Analyzing Data worksheet 

Developing an Explanation worksheet

Completed Observation Worksheets 

Science Journals 

Each Group

Decomposition Columns

Key Words

Evidence, Cause and Effect, Conclusion, Opinion, Result, Explanation

REAP Debrief

R What changes do you notice in your decomposition columns?

E Do you see a pattern in your data?

A Using your data, how can you explain the process of decomposition?
P What do you think will happen to your column if you let it decompose for another three weeks? 

Lesson Snapshot

1. Gather investigation teams together with their columns and science journals. Students should review their initial investigation question, their predictions, and their data and observations. 

2. As students review their work, handout the Analyzing Data worksheet. Students should complete the worksheet using all their collected data.  Encourage students to carefully study their data and accurately transfer their ideas. 

3. Hand out the Developing an Explanation Worksheet. Instruct students to use their Analyzing Data worksheet as evidence to develop their explanation. 

4. Have each group prepare and present a short talk to the class about their question, their explanation, and what data they have to present that will support their ideas. 

Implementation Guide

1. Have students gather into their decomposition column investigation teams.  Allow them a few minutes to get their materials organized. Instruct teams to look through their science journals and review their initial investigation question and prediction for their decomposition column investigation. With their teams, students need to review the data they have collected from their columns, both their data table and journal entries.

2. As students review their collection of data sheets, journal entries, and handouts, distribute the Analyzing Data worksheet. Then, go through the worksheet so make sure that everyone understands exactly what each question is asking and how to complete it. Remind them that when they are asked to describe something they should use some of the descriptive words that they have been using to make their observations. Remind them of any rules for writing sentences that your class has (e.g. need to be complete sentences, check spelling, use correct punctuation, etc.). 

3. Once students have analyzed their data, hand out the Developing an Explanation worksheet. Ask them to complete the first two items—their initial question and their prediction. They should write their prediction just as it was when they made. They should not change it at all. 

Now, ask them to complete the explanation part of their worksheet. Discuss that you will not be grading them on whether or not their results agree with their initial prediction. If their evidence did not support their prediction, that’s just as good as if it did support their prediction. Either way they learned something. 

4. Work with the class to develop some expectations for their class presentations. What do you think should be part of the talk you give to the class? We should show them our bottles and tell them what we did. What do you need to tell them first? Who was in our group, what question we investigated, and what we thought would happen—our prediction. What should you tell them next? What we put in the bottles and what happened to the stuff after we put it in. How will they know how you figured out what happened to the stuff? What did you do to figure out what was happening to the stuff? We’ll have to tell them what we measured. Is there anything else you should so? Tell them the answer to our question. How should we end our talks? Say thank you. Ask them if they have any questions about our investigation.

Have each group prepare their short talk to the class about their investigation according to the guidelines established by the class. You may want to write the things that need to be included on the board so that all groups know what is expected of them. Travel around the room and remind them that all explanations must be supported with evidence, so they should choose carefully what data they will present to support their ideas. Remind students that they must be able to support their shared explanations with evidence they have collected throughout their decomposition column investigation. 

Allow each group a few minutes to share their investigation findings with the class. 

After each presentation, give students a few minutes to reflect on the findings of their classmates. Ask each student to write any questions they have about that groups investigation or explanation in their science journal. Explain to students that by asking questions at the end of an investigation they are continuing the scientific process. Explain that from these questions, they could generate another set of decomposition investigations. To take it a step further, you could even have them design their own personal investigation without completing it or have them complete it for a science fair project. 

See worksheets titled Analyzing Data and Form an Explanation
Step #6

Overview

In this step, students will relate the process of decomposition to issues of trash and waste created by humans, as well as, other animals. Students will be challenged to think about how decomposers may or may not be able to help solve our trash problems. The goal of this step is to encourage students to recognize the important practical applications of scientific research by connecting their research to the world around them. 

Lesson 1: Waste and Recycling (20 min)

In decomposition, dead matter is broken down and recycled by living organisms.

Lesson 2: Reducing Waste (60 min)

Not all waste material can be recycled through the natural process of decomposition.

Step 6, Lesson 1

Lesson Overview

Students read an article on the garbage produced by humans and other animals and what role decomposers play in reducing this waste.   

Lesson Title

Waste and Recycling

Lesson Key Concept

In decomposition, dead matter is broken down and recycled by living organisms.  

Time Needed

20 minutes

Materials

Each Student

Reading, “The Decomposition Times”
Science Journals 

Key Words

Environment, Resources, Landfill, Recycle, Waste

REAP Debrief

R What do the arrows show in a food chain/web drawing? Transfer of energy
E Where do decomposers get their matter and energy from? Dead plants and animals, other natural waste products

A Why do we need decomposers?  

P What do you think our world would look like if we didn’t have decomposers?

Teacher Preparation

As you progress through the reading, be sure to use your standard classroom reading strategies to increase student understanding of new vocabulary words and connect the reading back to their prior knowledge. Also, make it clear that the students need to connect the content from the article to their decomposition bottles and previous articles.  

Lesson Snapshot

1. Read the first three paragraphs of “The Decomposition Times” article. After, stop make a food chain/web with the sun, oak tree, squirrel, fox, and decomposers. 

2. Read the next three paragraphs of the article. As a class, list the kinds of trash the class makes. Circle all the items that will NOT decompose. Students should use the knowledge gained from their investigations as evidence for deciding what decomposes and what doesn’t.


3. Read the final two paragraphs. Develop ideas for dealing with each item that they determined would NOT be broken down by decomposers.

Implementation Guide

1. Provide each student with the article “The Decomposition Times”. Work through the article with your students using whatever reading strategy works best for your class (independent reading, round robin, highlighting key words, etc.). After the first three paragraphs, stop and use the article to make a food chain. You can have students do this as a class or individually. 

· What is the producer in our food chain? The oak tree.
· Where does it get its energy? The sun. 
· How should I draw the arrow? From the sun to the tree.
· What comes next? Look at the article. The squirrel.
· How should I draw the arrow? From the tree to the squirrel.
· What eats the squirrel? The fox. Draw the arrow to the fox. 
· What else was eaten in the article? The acorn shells and the squirrel’s fur. 
· Who ate them and how do I draw them into the food chain? Put a decomposer above the Oak Tree with an arrow going into it from the tree. Put one above the squirrel, because it eats the fur. Put one above the fox, because eventually its going to die and the decomposers will eat it then. 
2. Continue reading the nest three paragraphs of the article. Then, stop and, as a class, list the kinds of trash the class makes. After you have a large list, ask the students to think about which items will decompose and which wouldn’t.   They should use the knowledge they gained through this unit as evidence for their explanations. They may not have studied the exact item, but the can predict that the plastic toy would NOT decompose based on the fact that the plastic pen in their column did NOT decompose. Circle all the items that will NOT decompose. 

3. Read the final two paragraphs. Return to the list of items they created earlier. have them focus on the items that they said would not decompose. Start with the first item on the list and question whether or not each item was really needed in the first place. If it wasn’t, how could they make a better decision next time they decide to buy something? Work with them to determine some criteria they can use for deciding whether or not they should buy that new toy. How long will they have to play with before its worth it. What solution do they have for getting rid of it when they are done? What about the extra food that they throw out—the “eyes bigger than your stomach syndrome”? Can they figure out a way to remind themselves to take smaller portions so that they have less waste if they don’t like it?

If the item they listed was one that they really needed, like bigger clothes or shoes, a bottle of water when they were thirsty, try to figure out a better solution than to sending it to the landfill. What else could you have done with this item besides throw it out?  Give to somebody else that might want it, like a neighbor, friend, or cousin. Donate it to a charity. Sell it at a rummage sale. Trade it for something somebody else has that they don’t want. Put the leftovers in the fridge and eat them for a snack later. Put it in the recycling bin. Write on the back of the piece of paper and then recycle it. You may want to teach your students the three Rs—Reduce, Reuse, then Recycle. Its always best to first try to reduce how much stuff they buy, then reuse what they can or give it to someone else to reuse, and recycle as much of the rest as possible. Recycling saves stuff from being added to the landfill, but it still uses up energy to break the old materials down and make them into something new. If you didn’t need it in the first place, why spend energy to recycle it?

Some items they may not have any other ideas for besides sending it to the landfill. This is not something only your class struggles with. There are many things that scientists haven’t figured out anything else to do with. The only options right now are to stop using the items or to put them in the landfill. Scientists are continuing to study ways to dispose of trash, and hopefully in the future they will come up with ways prevent so many things from ending up in a landfill. 

A very good way to reduce how much trash ends up in a landfill is to ask yourself before you buy something “do I really need this?”. Often the answer is “no”. If you don’t buy it, you don’t have to get rid of it. 

Classroom Extensions

The topic of trash and recycling affords many opportunities for students to conduct individual research. Students can:

· plot landfills on a map of California.

· research the condition of local landfills—discovering what problems they are having managing waste, what effects they have on the communities where they are located, and on what is being down to solve the landfills problems. You may even be able to arrange a speaker from the landfill to come to your classroom. 

· explore waste reduction tactics in their community, school, and their own homes and develop strategies for improving them. 

· keep a waste log—by weighing the amount of trash produced by their classroom each day. Together the class can brainstorm ways to reduce classroom trash and set a goal for a lower weight. As a class, you can implement those strategies and continue to monitor their progress towards a lower trash weight.

Step 6, lesson 1 Reading

The Decomposition Times

An oak tree produces acorns. A squirrel finds those acorns. It consumes the insides of the acorns. It leaves the shells on the ground. What do you think will happen to the shells? 

Decomposers will eat them in a few months. Later, a fox consumes the squirrel. The fox leaves bits of the squirrel’s fur behind. What do you think will happen to the leftover fur?

It may take a while, but decomposers will eat the fur, too. Decomposers also eat dead plants and animals. This food gives them matter and energy. They use it to live and grow. Their waste adds nutrients back into the soil. Producers use the sun’s energy, carbon dioxide, water, and these nutrients to grow. 

Now think about the trash people create. What was in the last bag of garbage that your classroom threw away? Imagine being a tiny decomposer. What would it be like to try to eat your way through that bag of trash? 

Getting rid of trash is a big job. In 2003, California made 40 million tons of trash. That is almost enough to fill 700 million garbage cans. If you stacked up those cans, they would reach to the moon and back! We don’t have trashcans stacked up to the moon. Where is all that trash? Most of it ends up in big piles called landfills. 

Decomposers can only eat a small amount of the trash in a landfill. Even things that decomposed quickly in your bottles can stay in landfills for years. There are only so many decomposers. There is just too much for them to eat. 

There are many things in landfills that will not decompose. Plastic bags, glass jars, and foam plates do not decompose. What did you throw away today that will not decompose? 

Some things that will not decompose can be recycled instead of going to the landfill. Glass bottles and plastic milk jugs are often recycled. So are newspapers and metal cans. Factories break them up into very small pieces. Then, the pieces are made into new things. It takes time, energy, and money to recycle. 

Think about these things next time you go to throw something away. Could you do anything else with it besides throw it in the landfill? Better yet, did you really need it in the first place?

Step 6, Lesson 2

Lesson overview

To connect their classroom investigations to their own community, students write an informational article about the environmental problems concerning waste   

Lesson Title

Reducing Waste

Lesson Key Concept

Not all waste material can be recycled through the natural process of decomposition.  

Time Needed

60 minutes

Materials

Each Student

All completed worksheets

Blank paper

Each Group

Internet access (optional)

Newspapers (optional)

Key Words

Review all key words  

Lesson Snapshot

1. Introduce the project on trash problems and solutions. Remind students to include all of the information the editors are looking for. Encourage them to use their data and explanations from their investigations as evidence in their article. 

2. Once students are finished writing their articles, have them share their articles with their investigation teams. 

REAP Debrief

R Where does our garbage go?

E Can all of our garbage decompose?

A How has your investigation made think about your community trash problems differently?

P What are some ways we can reduce the amount of garbage that we send to our landfill?

Background Information

Waste Disposal

Known as Municipal Solid Waste, we commonly refer to it as trash or garbage. It includes everyday items such as paper products, plastic, packaging, food, clothing, and appliances.  In the US, people generate approximately 4-5 pounds of trash per person, per day. Where does it all go? More than 70 percent of this garbage is disposed of in a landfill. The rest is recycled, stored, composted, or burned.  

A landfill is a place where garbage is buried between layers of dirt. Landfills have been known to contaminate surface and ground water. Sometimes this can also lead to the pollution of drinking water. Because of these concerns, landfills are built to prevent leakage. They are often lined and covered with impermeable material. This means that landfills are not composting sites. Garbage is buried in a landfill and therefore receives little or no sunlight, water, or air. Because of these conditions, the trash does not decompose very rapidly, if at all. 

The United States currently recycles almost 28 percent of its garbage. This number has doubled in the past 15 years. Recycling is good for plastic, paper/wood products, glass, metal, and rubber – things that can be used again or made into new products. The most common recycled items include newspapers, magazines, cardboard, metal, plastic, and glass containers, yard trimmings, and tires. During the recycling process these items are broken down into raw materials which can later be used to make new products. 

Hazardous materials must be disposed of properly so they do not threaten the environment.  These include explosives, flammable chemicals and radioactive materials. Special centers can recycle these materials or treat them so they are no longer toxic. Another method for disposing hazardous wastes is to pump the material into deep wells. This method is extremely controversial because of the danger of explosions and even earthquakes that have resulted from waste injection techniques.

Composting is good for organic waste (food scraps and yard clippings) and can be done at the household level or on a larger scale.  This is the most natural way of waste disposal. During this process waste decomposes, just like the process that was observed in the decomposition columns.   

Some garbage is burned at very high temperatures. This provides a means for generating electricity and reduces waste volume that would otherwise go into a landfill. This method, however, has the potential of releasing harmful pollutants into the air. 

In the past, people have come up with many different ways to dispose of their trash including tossing it out on the street or up on their roofs. At one time, trash was even dumped into the ocean.  This was banned by law in the 1980s in the US, but sites are still maintained to dispose of dredged material such as sand or silt.

Implementation Guide

1. Introduce the project on trash problems and solutions. Share the following scenario with the class: The editors of the local newspaper heard that our class is doing research on decomposition and waste. They would like you to submit an article that discusses the relationship between decomposition and trash problems that humans have created. They would like you to share what you have learned through your own research. Use this opportunity to tell others how your investigation has made you think about trash differently and ideas that you have about reducing trash. 

The article must include the following:

· Describe the results of your investigation. 

· Describe how the results of your investigation can inform how you think about trash problems. 

· Describe one thing your class could do to help reduce how much stuff you use or how much stuff you send to the landfill.

Instruct students to independently write a short newspaper article. This should be a reflective writing that explores their understandings and ideas regarding trash problems and solutions. Encourage students to use their data and explanations as evidence and rationale in their article. Remind students to include all of the information the editors are looking for.  

2. Gather students into their investigation teams and ask students to share their articles with their investigation teams. they can read their articles to their team or switch with a partner and read each other’s articles. 

Learner engages in scientifically oriented questions





Learners communicate and justify their proposed explanations.





Learners evaluate their explanations in light of alternative explanations, particularly those reflecting scientific understanding





Learner gives priority to evidence, which allows them to develop and evaluate explanations that address scientifically oriented questions





Learner formulates explanations from evidence to address scientifically oriented questions
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Council. 2000: Inquiry and the National Science Education 


Standards. Washington D.C.: National Academy Press





We put two peels in our columns that weighed the same. The banana peel was stringer and tougher than the apple peel. The apple peel decomposed faster. 








Which decomposes the fastest—an apple or banana peel?





That other group said that things that  were tough, like sticks and bark, rotted slower that soft leaves. Does that make sense with what we found out?





We will make two of the same decomposition columns, except we’ll put in equal weights of  apple and banana peel. We’ll pick up the peel and however much stays in one piece, we’ll weigh. 





We put in the same weight of peel, but the apple peel ended up being only half the weight of the banana peel—so, we think that apple peels decompose faster than banana peels. 
























































































































































































































































