Materials:

· 11 Dice
· Reservoir Station Signs and Stickers (attached)
· Passport Worksheets (attached)
· Nitrogen Cycle Handout (attached)
· Pencils
· Picture of a 5 pound pumpkin
· Picture of a 1,500 pound pumpkin
Safety Considerations:

Students will be moving around the classroom and should be aware of their surroundings.  Aisles should be kept clear of bags and other potential hazards.

Curriculum Connection:

S2-1-01: Students will illustrate and explain how carbon, nitrogen, and oxygen are cycled through an ecosystem.

Setup:

Setup eleven reservoir stations with their appropriate sign, dice and stickers.  Give each student a copy of the passport worksheet and a copy of the nitrogen cycle handout.

Learner Difficulties:
1. Many students believe that living things only need food, water, sunlight, and shelter/habitat to exist but are unaware they need other nutrients such as nitrogen. 

2. Many students believe that air is composed mainly of oxygen.  In reality, 78% of the molecules in the Earth's atmosphere are double-bonded nitrogen atoms (N2).

3. While some students are aware of other ecological cycles, many may not realize that nitrogen has its own cycle.

4. Some students associate the word cycle with circle.  Nitrogen does not follow a circular or linear path between living things and the physical environment.  Its cycle is complex and involves many different random interactions.
5. When students think of cycles of matter the predominant thinking is the cycle keeps moving when in fact it is possible for nitrogen to stay in one reservoir for a long period of time.

All of the learner difficulties are dispelled throughout the instructional sequence.  Many are addressed during the course of the passport activity.  The remainder are taught via discussion and inquiry.
Instructional Sequence:

Evidential:

· Students are shown a picture of a 5 pound pumpkin and then shown a picture of a 1,500 pound pumpkin.  They are asked to consider why one pumpkin is much larger than the other?  After leading a discussion of possible answers, the teacher explains that nitrogen is a necessary nutrient for all forms of life and is found in the fertilizer used to grow the massive pumpkin. 
Massive pumpkins are grown using large amounts of fertilizer.  Fertilizer contains many nutrients necessary for plant growth, including nitrogen.  The pictures will provide an evidential introduction to the nitrogen cycle.  Students will start thinking about the necessity of nitrogen for life and the cycle in general. 
Theoretical:

· Have students read the first paragraph of the nitrogen cycle handout (attached).
The first paragraph of the nitrogen cycle handout provides a brief description of nitrogen’s place in the world.  This is necessary for students to understand the experience they are about to embark upon. 
Psychological:

· Ask students the following questions:

a. Where is nitrogen found on Earth? 
- In living things like plants and animals and nonliving things like air and dirt.
b. Why is nitrogen important?
- It is essential to maintaining life.  All plants and animals need nitrogen to make amino acids, proteins and DNA.
These questions tap into the students’ previous knowledge of nitrogen and get them to think about the importance of the nitrogen cycle.  It is not important for students to provide correct responses as they will discover the answers to these questions throughout the rest of the activity. 
Theoretical:

· Bring attention to the reservoir station signs that have been setup throughout the classroom.  Tell the students that each sign represents a reservoir.  Explain that reservoirs are places where nitrogen can travel with the help of bacteria, water, lightening, plants and animals.  Not all nitrogen leaves a reservoir immediately, some may remain in one spot for long periods of time before continuing along the cycle.
A minimal amount of theory is provided that allows for the evidential process to take place.  Without this knowledge, students would have difficulty understanding the different steps of the nitrogen cycle.  They will also learn that it can take a long period of time for nitrogen to move throughout the cycle.
Evidential:
· Provide each student with a passport sheet and explain that they will be playing the role of a nitrogen atom that is going through the nitrogen cycle.  At each station, students will roll a die to determine what station they will visit next.  They will also record how they arrived at their current station and attach its sticker in the appropriate place.

· Randomly distribute students to each station and allow them to begin travelling.
A die is used to simulate the random events that occur as a part of the nitrogen cycle.  Students experience many aspects of the cycle firsthand and are exposed to a variety of possibilities.  The diverse experiences they encounter as a part of their travels create a firm conception of the nitrogen cycle within in the students’ minds.
Psychological:

· After everyone has completed their passport, discuss the following questions as a class:

a. How many different stops can you make throughout the cycle?
b. Did you get stuck at one point in your journey?  What does this mean for a nitrogen atom?

c. Were there any reservoirs that tended to have more nitrogen atoms than others?
d. Will a nitrogen atom’s journey ever end?

e. Did everyone follow the same journey?

f. Why were the journeys different?

g. What happens if a farmer uses too much fertilizer on his field?  ie. What would happen if everyone started at the fertilizer station?

h. What happens if we burn too many fossil fuels?  ie. What would happen if everyone started at the atmosphere station?
These questions require the students to analyze the experience they have just completed.  Using their previous scientific knowledge, students are asked to answer hypothetical questions about plausible, human-influenced changes to the cycle.
Evidential / Psychological:

· Ask students write about their own trip through the nitrogen cycle, including where they went and how they got there.

· Have students create their own diagram that documents their journey.  Allow the students to share and compare their diagrams with other students.
This ensures that students have an understanding of the nitrogen cycle and the possible routes a nitrogen atom may take while traversing the cycle.  It is evidential because the students are drawing conclusions based upon their experiences.  It is psychological because the students are looking for connections between their own experiences and those of other students.
Theoretical:

· Have students read the rest of the nitrogen cycle handout and compare the diagram they created to the one provided.

The remainder of the handout provides an in-depth look at the nitrogen cycle.  This provides the students with a finished conceptual product of the cycle. 
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Nitrogen Adventure Passport
       Name:____________________________
Instructions:
1. Put a sticker of your start location here:





	Start Location

Sticker above




2. Roll the die to find out where to go next. Write How I
Traveled ( Ex. Fertilizer washed into stream) in the trip #1 box below.

3. Go to that location in the room put a sticker in the Where I went box. Then roll the die to find out where to go next.

	Trip #1: How I traveled


	Where I went:

Sticker above
	Trip #4: How I traveled


	Where I went:

Sticker above

	Trip #2: How I traveled


	Where I went:

Sticker above
	Trip #5: How I traveled


	Where I went:

Sticker above

	Trip #3: How I traveled


	Where I went:

Sticker above
	Trip #6: How I traveled


	Where I went:

Sticker above


The Nitrogen Cycle
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Nitrogen is an element. It is found in living things like plants and animals. It is also an important part of non-living things like the air above and the dirt below. Atoms of nitrogen don't just stay in one place. They move slowly between living things, dead things, the air, soil and water. These movements are called the nitrogen cycle. 

Most of the nitrogen on Earth is in the atmosphere. Approximately 80% of the molecules in Earth's atmosphere are made of two nitrogen atoms bonded together (N2). All plants and animals need nitrogen to make amino acids, proteins and DNA, but the nitrogen in the atmosphere is not in a form that they can use. The molecules of nitrogen in the atmosphere can become usable for living things when they are broken apart during lightning strikes or fires, by certain types of bacteria, or by bacteria associated with bean plants. 

Most plants get the nitrogen they need to grow from the soils or water in which they live. Animals get the nitrogen they need by eating plants or other animals that contain nitrogen. When organisms die, their bodies decompose bringing the nitrogen into soil on land or into ocean water. Bacteria alter the nitrogen into a form that plants are able to use. Other types of bacteria are able to change nitrogen dissolved in waterways into a form that allows it to return to the atmosphere. 

Certain actions of humans are causing changes to the nitrogen cycle and the amount of nitrogen that is stored in the land, water, air, and organisms. The use of nitrogen-rich fertilizers can add too much nitrogen in nearby waterways as the fertilizer washes into streams and ponds. The waste associated with livestock farming also adds large amounts of nitrogen into soil and water. The increased nitrate levels cause plants to grow rapidly until they use up the supply and die. The number of plant-eating animals will increase when the plant supply increases and then the animals are left without any food when the plants die.
Source: Gardiner, Lisa. (2005). The Nitrogen Cycle. Retrieved on February 15, 2009 from http://www.windows.ucar.edu/tour/link=/earth/Life/nitrogen_cycle.html
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1,500 pound pumpkin.
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5 pound pumpkins.
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