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PART A  - Teacher Outline
Title: 
Carbon Cycle Simulation
Carbon’s Continuing Course
Purpose: to teach students that the carbon cycle, like many other cycles (nitrogen, water, rock etc) has various stages in which it goes through and does not necessarily move linearly through those stages.
Objectives: As a result of this activity and accompanying lesson, students will be able to:
- describe the carbon cycle by identifying its stages and how it moves throughout those stages
- explain carbon’s role on earth and its relevance to humans

Outline of Simulation:
           Students pretend that they are a carbon molecule and take a journey as this molecule through the carbon cycle.  The students travel through seven stages that are air, plants, animals, humans, fossil fuels, water, and bacterial/decomposing matter/soil.  Through this journey students can experience the path that a carbon molecule may take on earth.
           With this activity along with class notes, YouTube video, class discussion and a worksheet the following curricular outcomes should be covered.

Curriculum SLO’s:
Senior 2, Cluster 1, Dynamics of Ecosystems 
S2-1-01 Illustrate and explain how carbon, nitrogen, and oxygen are cycled through an ecosystem. GLO: D2, D3, D5, E2
S2-1-02 Discuss factors that may disturb biogeochemical cycles.  Include: natural events, human activities. GLO: A2, C8, D2, D5

JUSTIFICATION for Simulation

Simulations are “simplified representations of the real world” (Boohan, 2002, pg 127).  Therefore, logical reflection must be performed by the teacher on simulations to determine if they are worth using or how to use them effectively in their lessons.  Simulations often have the ability to engage students and get them involved in their learning.  “Students learn from thinking – thinking about what they are doing or what they did, thinking about what they believe, thinking about what others have tone and believe, thinking about the thinking processes they use-just thinking.  Thinking mediates learning, Learning results from thinking.  Thinking is engaged by activity.” (Jonassen et al., n.d., p 2).  Since learning results from thinking and thinking is engaged by activity, I think simulations can be very useful learning tools in science.  The Carbon’s Continuing Course activity allows the students to be engaged and I think it is an over all great simulation in helping students understand the carbon cycle. 

“We learn from experiencing phenomena (objects, events, activities, processes), interpreting those experiences based on what we already know, reasoning about them, and reflecting on the experiences of reasoning.” (Jonassen et al., n.d., p 2).  Carbon’s Continuing Course activity is an experience in itself and allows students to reflect on this experience as a carbon molecule will only strengthen their learning of the carbon cycle concept.  
              According to Jonassen, Peck, & Wilson (n.d), there are 5 attributes of meaningful learning and meaningful learning is a goal in our schools today.  Therefore, Carbon’s Continuing Course activity should incorporate aspects of each attribute.  The first attribute of meaningful learning is being active (manipulative/observant).  In this carbon cycle activity, the students are able to be active as a carbon molecule and observe their journey as they interpret the directions on where to go next in the carbon cycle.  The second attribute of meaningful learning deals with being constructive by articulating and reflecting.  In the carbon cycle activity the students are required to reflect on their journey and articulate how they moved from station to station through follow-up questions and a class discussion.  The third attribute of meaningful learning deals with intentions.  Therefore for the carbon cycle activity students must be aware of what the intention is of the activity and should be stated on the handout.  The fourth attribute of meaningful learning deals with authenticity.  Having students act as a carbon molecule will allow them to have a memorable and authentic experience.  The last attribute of meaningful learning is having a cooperative experience.  During this carbon cycle activity students need to cooperate in order to move around from station to station as they have to be patient and wait their turn.  As you may notice all of these attributes have been covered by Carbon’s Continuing Course activity.  Therefore, I believe that this activity if used correctly can be used for meaningful learning.

Some advantages of using this simulation are as follows:
- allows students to “explore and interact with ideas in a way that was not previously possible”    
               (Boohan, 2002, p 124)
- “first-hand experience” (Boohan, 2002, p 124) of carbon movement (being the carbon)
- simplification of reality of carbon cycle (corresponds closely, but not reality)
- little set up/equipment is needed and very little cost
- allows students to encounter carbon cycle in short period of time, rather than real time aspects
        “simulations often follow how something changes over time” (Boohan, 2002,p 125)
- set up of simulation allows for a logical ratio of time in which carbon is located at each station
- allows students to realize that carbon is not moved around linearly (This linear idea is a conceptual entity that this specific simulation could make visible and available for manipulation).
- “pupils can gain insights which practical work cannot always give them” (Boohan, 2002, p 
              124). 
- promotes active engagement as students are the carbon molecule
Some disadvantages of using this simulation are as follows:
- not reality, therefore may confuse the student
- ratio of time in which carbon is located at each station is not exactly correct 
- “factors may be difficult to control and to manipulate, and the effects may not be clear to see or 
                 interpret” (Boohan, 2002, p 124) as much as you may have thought
- needs background information to be outlined prior to activity to allow for students to know 
                what is going on and benefit from journey as a carbon molecule
- “based on assumptions and simplifications” (Boohan, 2002, 125)
                                                                                                            (Boohan, 2002)

How Simulation Could Be Used: 
	Lesson Component
(1 hour 20 minutes)
	Learning/Teaching Strategies
	Teaching Notes

	Activating Activity
(5 Minutes)
(15 minutes)

(15 minutes)
	
Questioning Discussion (examples):
      - What is carbon?
      - What does carbon do?
      - Where is carbon? 
      - Carbon dioxide???
      - Why is studying carbon important?

Carbon Notes & Video
0 – 3:08 minutes:
- students fill in the blanks of their ‘clozed notes’ according to what they hear and see on the YouTube video about carbon.
- once students have most of the blanks filled, go over the notes as a class.

Carbon Questions and Video
3:08 – 4:37 minutes:
- students answer questions according to what they hear and see on the YouTube video
- list 5 ways they can reduce their carbon emissions
- once students have answers finished, go over them as a class.
	
- should spark interest in carbon and the fact that it is everywhere and affects us on earth






Clozed Notes:
- notes outline video
YouTube Video:
Carbon Cycle Cartoon
http://www.youtube.com
/watch?v=U3SZKJVKRxQ

- may need to show video more than 2 times so that the students are able to pick out key words for their notes.

	Acquiring Activity 
(15 minutes)


(15 minutes)
	
Carbon’s Continuing Course Simulation
- individually have students go through this simulation by rolling dice at each station and following the directions for each one
- they are to answer questions and record their journey on the worksheet

Simulation Discussion 
-go over answers to questions with class, discuss results

	
Materials:
- Carbon’s Continuing Course worksheet
- 7 stations and instructions
- dice (7)


	Applying Activity
(15 minutes)

	
5 Movements of Carbon in Carbon Cycle Worksheet with Diagram
- individually students fill out this worksheet according to what they have learned during this lesson.

	Worksheet:
- 5 Movements of Carbon in Carbon Cycle
 
- students are to finish this worksheet for next class where we will go over it.


CARBON CYCLE NOTES (KEY)

- Found anywhere on earth
- Makes up an important part of all living matter

Places we find carbon
- living things: plants, animals, humans 
- air (atmosphere) as CO2
- dissolved in water
- found in rocks, shells and fossil fuels

( All the movements between the different places where carbon is found makes up the CARBON CYCLE 

ON LAND:
( Plants and Trees use CO2 from the atmosphere for photosynthesis
(  Animals and Humans give off CO2 through cellular respiration
(Dead Plant and Animal Matter decompose and decay and release carbon dioxide into the atmosphere.
- when dead plant and animal matter accumulates faster than it is decomposed some of it can be compacted and transformed into fossil fuels such as gas, oil and coal (takes millions of years)
(Burning of Fossil Fuels releases carbon dioxide into the atmosphere which is called combustion
(Animals consume plants and other animals that have glucose stored in them.  The carbon is transferred to the consumer.

IN WATER:
( ocean plants use the dissolved carbon dioxide in the water for photosynthesis, and store the carbon like the land plants
( ocean animals eat the plants and consume carbon
( ocean plants and animals release carbon dioxide back into the water through respiration
( some animals use carbon in ocean to make their shells, when they die their carbon filled shells dissolve or settle on the ocean floor
( when plants and animals die they decompose in the water
( these dead plants and animals accumulate and form sediment on the ocean floor, rocks may form and wear down which also contributes to the carbon level in the water
( water moving between the different layers of the ocean also carry carbon

( Why is the carbon cycle relevant to humans?

- dramatic increase in carbon in last century

( Why is there an increase in Carbon?

human activity ex- burning of fossil fuels (more carbon released), deforestation (less 
                                        forest to take up carbon)
              limit to how much oceans and land can soak up of carbon 

( What is an example of burning fossil fuels?
- run cars, produce electricity, manufacture goods, heat homes

( Since carbon is a greenhouse gas, what does it contribute to?
- Climate Change (rise in temperature we are now seeing and rises scientists are predicting over the coming decades)

( How can we help tackle climate change?
- reducing carbon dioxide emissions


Personally, list 5 ways in which you can reduce your carbon dioxide emissions.

CARBON CYCLE with YOUTUBE
- Found anywhere on earth
- Makes up an ____________   part of all living matter

Places we find carbon
- _________________: plants, animals, humans 
- air (atmosphere) as CO2
- dissolved in water
- found in rocks, shells and _____________________

( All the movements between the different places where carbon is found makes up the CARBON CYCLE 

ON LAND:
( ________________and___________________use CO2 from the atmosphere for photosynthesis
(  Animals and Humans give off _____________through cellular respiration
(Dead Plant and Animal Matter decompose and decay and ____________ carbon dioxide into the atmosphere.
- when dead plant and animal matter accumulates faster than it is decomposed some of it can be compacted and transformed into _______________such as gas, oil and coal (takes millions of years)
(Burning of Fossil Fuels releases carbon dioxide into the _______________which is called combustion
(Animals consume plants and other animals that have glucose stored in them.  The carbon is transferred to the __________________.

IN WATER:
( ocean plants use the dissolved ________________in the water for photosynthesis, and store the carbon like the land plants
( ocean animals eat the plants and consume ________________
( ocean plants and animals release carbon dioxide back into the water through respiration
( some animals use carbon in ocean to make their ______________, when they die their carbon filled shells dissolve or settle on the ocean floor
( when plants and animals die they decompose in the ________________
( these dead plants and animals accumulate and form sediment on the ocean floor, rocks may form and wear down which also contributes to the carbon level in the water
( water moving between the different layers of the ocean also carry carbon
( Why is the carbon cycle relevant to humans?




( Why is there an increase in Carbon?





( What is an example of burning fossil fuels?


( Since carbon is a greenhouse gas, what does it contribute to?


( How can we help tackle climate change?


Personally, list 5 ways in which you can reduce your carbon dioxide emissions.

[image: image6.emf]5 Movements of Carbon in the Carbon Cycle
1)Photosynthesis 
Producers use the energy from the sun to combine carbon dioxide (CO2) and water (H2O) to produce glucose (C6H12O6 – sugar) and oxygen gas (O2).

energy + carbon dioxide + water ( glucose + oxygen gas

energy + CO2 + H2O ( C6H12O6 + O2 

2)Consumption
Consumers, such as animals, eat plants and other animals that have glucose stored in them.  The carbon is transferred to the consumer.

3) Cellular Respiration
The glucose stored in the things we eat reacts with oxygen gas to produce carbon dioxide, water, and energy. This energy is used to live.

glucose + oxygen gas ( carbon dioxide + water + energy 

C6H12O6 + O2 ( CO2 + H2O + energy 
4) Decomposition and Decay
Decomposers break down dead plant and animal material, which releases carbon dioxide into the atmosphere.
5) Combustion
The burning of fossil fuels release carbon dioxide into the atmosphere
[image: image1.jpg]



5 Movements of Carbon in the Carbon Cycle
Define the following terms and locate their existence on this blank diagram using your experiences from the activity and class notes.
1)Photosynthesis 

2)Consumption



3) Cellular Respiration


4) Decomposition and Decay



5) Combustion

Water

	Roll 
	Station
	Explanation



	1
	Plant
	Plant roots absorb carbon in the form of ions (ion = a form of carbon that is not connected to anything else).



	2
	Animal
	An animal drinks water.



	3
	Human
	A human drinks water .



	4 or 5
	Air
	Carbon returns to the air through evaporation.



	6
	Stay
	Carbon remains in the water as ions.
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Plant

	Roll
	Station
	Explanation



	1 or 2
	Animal
	Animals consume the plants and take in carbon.  Animals also breathe oxygen that the plants make through photosynthesis.



	3
	Humans
	Humans consume the plants and take in carbon.

	4
	Bacteria/Decomposing Matter/Soil


	Dead plants are decomposing matter.

	5
	Water
	Plants containing carbon can be in the water system.  



	6
	Stay
	Carbon remains in the plant.
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Animal

	Roll
	Station
	Explanation



	1 or 2
	Air
	Animals release carbon dioxide into the air as they perform cellular respiration.



	3 
	Plants
	Plants absorb the carbon dioxide from the cellular respiration and perform photosynthesis.



	4
	Humans
	Humans consume animals that contain carbon.



	5
	Bacteria/Decomposing Matter/Soil


	Dead animals are decomposing matter.

	6
	Stay
	Carbon remains in the animal.
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Human

	Roll
	Station
	Explanation



	1
	Air
	Humans release carbon dioxide into the air as they perform cellular respiration.



	2
	Plants
	Plants absorb the carbon dioxide from the cellular respiration and perform photosynthesis.



	3,4, or 5
	Fossil Fuels
	Combustion of fossil fuels is performed by humans.



	6
	Stay
	Carbon remains in the human.
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Air

	Roll
	Station
	Explanation



	1,2,3, or 4
	Plants
	Plants absorb carbon dioxide from the air and use it for photosynthesis.



	5 or 6
	Stay
	Carbon stays in the air.
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Fossil Fuels

	Roll
	Station
	Explanation



	1
	Air
	This process occurs naturally through erosion or volcanic eruptions.  Human activity also releases carbon dioxide into the air through combustion of fossil fuels.



	2
	Water
	This process occurs naturally through erosion or volcanic eruptions in the ocean.  This process releases carbon dioxide into the water and breaks down carbon containing rocks.



	3,4,5, or 6
	Stay
	Carbon can remain in the form of a fossil fuel for a long period of time
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Bacteria/Decomposing Matter/Soil

	Roll
	Station
	Explanation



	1,2,3, or 4
	Fossil Fuels
	Decaying matter is converted by heat and pressure under the earth’s surface into fossil fuels such as coal, oil, gasoline or natural gas.  This process may take millions of years.



	5
	Air
	Carbon is released into the air as carbon dioxide or methane gas.



	6
	Stay
	Keep on DECAYING! Carbon remains in the decomposing matter.
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PART B – Student Outline

Curricular Objectives - Senior 2, Cluster 1, Dynamics of Ecosystems 
S2-1-01 Illustrate and explain how carbon, nitrogen, and oxygen are cycled through an ecosystem. GLO: D2, D3, D5, E2
S2-1-02 Discuss factors that may disturb biogeochemical cycles.  Include: natural events, human activities. GLO: A2, C8, D2, D5

Introduction to the Carbon Cycle (should be touched on before activity)
-  Carbon is found anywhere on earth
-  Carbon makes up an important part of all living matter
Places we find carbon
- living things: plants, animals, humans 
- air (atmosphere) as CO2
- dissolved in water
- found in rocks, shells and fossil fuels

( All the movements between the different places where carbon is found makes up the CARBON CYCLE 

ON LAND:
( Plants and Trees use CO2 from the atmosphere for photosynthesis
(  Animals and Humans give off CO2 through cellular respiration
(Dead Plant and Animal Matter decompose and decay and release carbon dioxide into the atmosphere.
- when dead plant and animal matter accumulates faster than it is decomposed some of it can be compacted and transformed into fossil fuels such as gas, oil and coal (takes millions of years)
(Burning of Fossil Fuels releases carbon dioxide into the atmosphere which is called combustion
(Animals consume plants and other animals that have glucose stored in them.  The carbon is transferred to the consumer.

IN WATER:
( ocean plants use the dissolved carbon dioxide in the water for photosynthesis, and store the carbon like the land plants
( ocean animals eat the plants and consume carbon
( ocean plants and animals release carbon dioxide back into the water through respiration
( some animals use carbon in ocean to make their shells, when they die their carbon filled shells dissolve or settle on the ocean floor
( when plants and animals die they decompose in the water


Carbon’s Continuing Course
CARBON IS EVERYWHERE, let’s discover its journey on earth…
  As a student doing this activity you are a CARBON molecule.  You are to act as a carbon molecule by moving throughout your cycle through seven specific stations outlined by your teacher around the classroom.  At each station you are to roll the dice and follow the directions of the corresponding number at that station.  You will record each of your rolls, station and description of what happened below.  Once you have finished your journey, you are to answer the follow-up questions. Example: Start at a station, roll the dice, follow the directions at that station for the number rolled on the dice, record your directions.

RECORDINGS
7 Stations: 
Air

Plants

Animals

Water

Humans


Fossil Fuels


Bacteria/Decomposing Matter/Soil

What happened to you as a carbon molecule?


	Turn Number
	Station
	Description of What Happened

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	

	11
	
	

	12
	
	

	13
	
	

	14
	
	

	15
	
	

	16
	
	

	17
	
	

	18
	
	

	19
	
	

	20
	
	

	21
	
	

	22
	
	

	23
	
	

	24
	
	


Follow Up Questions:
Answer the following questions according to your journey as a carbon molecule in the Carbon’s Continuing Course activity and class notes.

1. In a short paragraph outline your journey as a carbon molecule.  Include what stations you were at and how you got there.  Note any significant journey moments you encountered.



2. As a carbon molecule were you always in the same form? If there is change give an example.



3. Did you as a carbon molecule move in a liner path or did you move sporadically around to stations? Why do you think this happened?


4. Where there any stations that you were at repeatedly or for a long period of time? What were they and why do you think this happened?



References
Boohan, Richard. (2002). Learning about models, learning from models. Aspects of teaching 
       secondary science. (pp 117-129). London: Open University Press.

Carbon Cycle Cartoon. Retrieved January 21, 2010 from YouTube: 
         http://www.youtube.com/watch?v=U3SZKJVKRxQ
Jonassen, D., Peck, K., Wilson, B. (n.d) Learning with technology: A constructivist perspective.  
            New Jersey, Ohio: Merrill.


