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Carbon and Climate 
Based on “The Carbon Cycle Game” by Jennifer Ceven  

& “Rock Cycle Simulation” by Pamela Blanchard. 
By Margaurete Romero, Luanna Prevost, and Paul Thurman 

 
Focus on Inquiry 
The student will collect and analyze data on the movement of carbon atoms through the carbon cycle. 
 

Lesson Content Overview 
Students will be introduced to climate change caused by greenhouse gases and participate in a 
simulation of the carbon cycle. Students will develop an understanding of how the movement of carbon 
atoms can contribute to climate change. Students will model the carbon cycle. 
 

Duration 
65 minutes 

Setting 
Classroom 

Grouping 
Individually or in pairs 

PTI Inquiry Subskills 
1.3, 3.1, 4.2, 4.4, 5.8, 7.3 

 

Lesson 
Components 

Estimated 
Time 

Inquiry 
Subskills 

Used 

Technology 
Used 

Level of 
Student 

Engagement 
Brief Description 

Engage 10 1.3 
computer, 
projector, 
EdPuzzle 

2 Fossil Fuels and Climate Change EdPuzzle 

Explore 20 3.1 none 3 
Two rounds of the carbon cycle game: typical 
cycle & rapid release of carbon from fossils 

Explain 20 
4.2, 4.4, 
5.8, 7.3 

none 2 
Use worksheet to explain the differences 
between the two rounds of data collection 

Expand 10 5.8, 7.3 none 3 
Explain the impact of fossil fuel use on 
agriculture, natural systems 

Evaluate 5 7.3 none 2 Multiple choice & Short answer questions 

Level of Student Engagement 
1 Low Listen to lecture, observe the teacher, individual reading, teacher demonstration, teacher-centered instruction 

2 Moderate Raise questions, lecture with discussion, record data, make predictions, technology interaction with assistance 

3 High Hands-on activity or inquiry; critique others, draw conclusions, make connections, problem-solve, student-centered 
 

Next Generation Science Standards – Inquiry 
NGSS Practice 2:Developing and Using Models 
NGSS Practice 6: Constructing explanations 
NGSS Practice 7: Engaging in arguments from evidence 
NGSS Practice 8: Obtaining, Evaluating and Communicating Information 

Next Generation Science Standards – Earth Science 
MS-LS2-3. Develop a model to describe the cycling of matter and flow of energy among living 

and nonliving parts of an ecosystem. 

Florida Science Standards – Nature of Science 

SC.8.N.3.1: Select models useful in the investigations 

Florida Science Standards – Earth Science 

SC.8.L.18.3: Construct a scientific model of the carbon cycle to show how matter and energy are 
continuously transferred within and between organisms and their physical environment.  
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Materials and Advance Preparation 
Materials List 

Class set: 

 Station labels 

 Die  
 

Student materials: 

 Data collection sheets 

 Graphing Worksheets 

 Short Answer Worksheet 
 

Blackline Masters 
1. Blackline Master #1: Station Labels and die information 
2. Blackline Master #2: Round 1 Data collection sheet 
3. Blackline Master #3: Round 2 Data collection sheet 
4. Blackline Master #4: Round 1 graphing sheet 
5. Blackline Master #5: Round 2 graphing sheet 
6. Blackline Master #6: Worksheet 
7. Blackline Master #7: Evaluation 
8. Blackline Master #8: Answer Key 

 

Advance Preparation 
1. Prepare the die cubes as directed on Blackline Master #1. Prepare station labels to identify each 

station. 
2. Make copies of Blackline Master #2, #3, #4, #5, #6 for each student. 

 

Lesson Information 
Learning Objectives 

1.  The student will be able to use the data collected in this lesson to correctly describe their path 
through the carbon cycle. 

2.  The student will be able to correctly (standard) state, based on their data (condition), and that their 
journey may have taken longer in some places in the rock cycle (task). 

3. The student will be able to understand the effect of fossil fuel combustion due to industrialization on 
the carbon cycle and connect this to climate change. 

 
Prior Knowledge Needed by the Students 

 Some familiarity with photosynthesis, cellular respiration and food webs 
 
Background Information 

Climate change impacts include increasing temperature, changes in precipitation, rising sea 
levels and ocean acidification. This lesson focuses on the resulting temperature increase from rising 
levels of atmospheric carbon dioxide. 

Since the industrial revolution, combustion of fossil fuels has increased. Fossil fuels such as 
petroleum are burned to produce electricity, power machinery, and fuel cars. The combustion of fossil 
fuels releases carbon dioxide into the atmosphere. Carbon dioxide is a greenhouse gas. Carbon dioxide 
in the atmosphere acts similarly to the glass in the greenhouse. Some of heat reflected off the earth’s 
surface is trapped by carbon dioxide and some of it stays within the atmosphere. With increasing carbon 
dioxide atmospheric concentrations, more heat is trapped within the atmosphere resulting in increasing 
temperatures. 

Carbon in the form of carbon dioxide is stored in the atmosphere. Thus the atmosphere is one 
part of the carbon cycle. The carbon cycle is shown below. Photosynthesis, consumption, respiration, 
decomposition, erosion, compression and burning are some of the main processes by which carbon 
moves through the ecosystem. 
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In addition to directly increasing atmospheric levels, increased combustion of fossil fuels can 
impact other parts of the carbon cycle indirectly. For example, some plants respond to increase carbon 
dioxide levels by increasing their rates of photosynthesis. Also, increased temperatures may lead to 
higher decomposition rates, decreasing the amount of carbon in soil. 

 
The Carbon Cycle 

https://commons.wikimedia.org/wiki/File:Carbon-cycle-full.jpg;  
 

Lesson Procedure 
Engage 

1. Send each student a link to the Greenhouse gas video: 
https://edpuzzle.com/media/5588996f0bb594e23d08291a 
(Alternatively this can be done as whole class activity if only the teacher has access to a 
computer) 

2. After students have watched the video, enhance the discussion with the following questions:  
a. What is a gas in the atmosphere that contains carbon? carbon dioxide, carbon monoxide 
b. By what processes, does carbon dioxide enter the atmosphere? cellular respiration, 

volcanic eruptions, burning of fossil fuels, burning of organic matter, oceanic respiration 
c. By what processes, does carbon dioxide leave the atmosphere? oceanic photosynthesis, 

plant photosynthesis 
3. Recap that these are processes in the carbon cycle which they will now explore. 

 
Explore 
Prior to Round 1 
Create 6 stations around the room each with the appropriate station label: Atmosphere, Plants, 
Animals, Soil, Ocean, and Fossil Fuels. (Blackline Master #1) 
There are 2 rounds with this activity with slightly different conditions (~10 minutes each).  

 
Round 1. 

1. Place the die and directions at each station. Be sure to use the pre-industrial revolution directions 
sheet for Atmosphere and Fossil Fuels. 
2. Distribute the first data collection sheet (Blackline Master #2). Go over the directions at the top of 
the sheet.  

https://commons.wikimedia.org/wiki/File:Carbon-cycle-full.jpg
https://edpuzzle.com/media/5588996f0bb594e23d08291a
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3. Model how to do two or three die tosses and how to record that data on the lab sheet. Discuss 
what to do if they toss the same station more than once (they write down each toss every time). 
Emphasize to students that dice should stay on top of the desks and off the floor. 
4. Assign students to the starting stations randomly and evenly. Make sure students push in their 
chairs and stow their bookbags so that tripping hazards are reduced. 
5. Remind the students that they are representing atoms of carbon moving through the carbon cycle 
and that they should record their movements on the data sheet (PTI 3.1, 3.7, 5.3, 5.8) 
6. Begin the first round of data collection (consider putting a countdown timer on your SmartBoard; for 
example: http://www.classtools.net/education-games-php/timer). Circulate around the room to make 
sure that students are properly recording their data. 
7. When the 10 minutes are up ask students: Where did you spend the most time? What might have 
happened as you moved between atmosphere and plant (some other transition)? Have students use 
their imagination to give a concrete or descriptive example where possible. 

 
Round 2 

8. At station Atmosphere and station Fossil Fuels, quickly remove the pre-industrial revolution 
directions sheet and replace them with post-industrial revolution directions sheet. 
9. Distribute the second worksheet (Blackline Master #2) 
10. Reassign students to the starting stations randomly and evenly. 
11. Remind the students that they are representing atoms of carbon moving through the carbon cycle 
and that they should record their movements on the data sheet 
12. Emphasize that it is now after the industrial revolution by asking the following questions (students 
will write their predictions on Worksheet 2): 

a.  What happened during the industrial revolution? student responses will vary but could include 
that there was an increased burning of fossil fuels to run machines and vehicles. 
b. How might that affect carbon atoms in each pool (station)? student responses will vary but 
could include that there would be more carbon atoms in the atmosphere 

13. Begin the second round of data collection. Circulate around the room to make sure that students 
are properly recording their data. 
14. When the 10 minutes are up, ask students the following questions: 

a. Where did you spend the most time? student responses will vary 
b. By what process did you get to this station? student responses will vary 

15. Instruct the students to move on to plotting out the graphs for Round 1 & 2 (Blackline Master #3 & 
#4). 
  

Explain 
1. Have students plot their data for each round (Blacklist Master #3 and #4). Questions you could 

ask students as they work include: 
a. What type of graph would you use? Bar graph 
b. What is your dependent variable? Number of times at that station 
c. On which axis does the dependent variable plotted? Y-Axis 
d. What is your independent variable? Each type of carbon sink 
e. On which axis does the independent variable plotted? X-Axis 
f. Have you given your graphs titles? Yes/No 

2. Have the students complete Part A of the worksheet. Tell students to compare their graph with 
their neighbor’s to look for similarities.  

3. Discuss as a class where most of the carbon resides in Round 1 compared to Round 2 
 

Expand 
1. What about other parts of the cycle? Draw out the carbon cycle. 
2. What other parts of the carbon cycle might be affected by the increases use of fossil fuels? 
3. Label your drawing to reflect these changes. 
4. Ask students, how might these changes affect you?  

 
 

http://www.classtools.net/education-games-php/timer
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Evaluate 
1. Check for Understanding: Carbon and Climate (Blackline Master #7) 
2. Answer key Blackline Master #8 

 
 

WRAP UP. 
Bring the lesson to a close by allowing students to share their carbon cycle drawings with other 
members of their group, looking for similarities and differences. 

 
Supplementary Resources 

 
Teachers & Students 
NOAA Educational Resources. The Carbon Cycle. 

http://www.education.noaa.gov/Climate/Carbon_Cycle.html 
 

 
CITATION OF SOURCES. 

Based on the following: 
Ceven, Jennifer. The Carbon Cycle Game by Jennifer Ceven 
http://oceanservice.noaa.gov/education/pd/climate/teachingclimate/carbon_cycle_game.pdf 
 
Blanchard, Pamela. 2015. The Rock Cycle Simulation. 
http://science4inquiry.com/LessonPlans/EarthScience/RockCycle/Lesson%20Rock%20Cycle%20Sim
ulation%20with%20links.pdf 
 
The Carbon Cycle Game - USF Integrative Biology 
 
Greenhouse Effect Easy to Understand https://www.youtube.com/watch?v=CxUK2TizQ4g 
 

 

____ Yes, I cited all materials and resources used in this lesson.                Margaurete Romero, 

Paul Thurman & Luanna Prevost 

         Lesson author signature  

 
 

http://www.education.noaa.gov/Climate/Carbon_Cycle.html
http://oceanservice.noaa.gov/education/pd/climate/teachingclimate/carbon_cycle_game.pdf
http://science4inquiry.com/LessonPlans/EarthScience/RockCycle/Lesson%20Rock%20Cycle%20Simulation%20with%20links.pdf
http://science4inquiry.com/LessonPlans/EarthScience/RockCycle/Lesson%20Rock%20Cycle%20Simulation%20with%20links.pdf
https://www.youtube.com/watch?v=CxUK2TizQ4
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Atmosphere 
Plants 

Animals 
Soils 

Fossil Fuels 
Ocean 

 
 
 
 
 
 

Blackline Master #1 
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Instructions for Stations 

Pre-Industrial Revolution Atmosphere 

If you roll a: Then do this: 

1 Stay 

2 Photosynthesis, Go to Plant 

3 Stay 

4 Photosynthesis, Go to Plant 

5 Gas exchange, Go to Ocean 

6 Stay 

 

Plants 

If you roll a: Then do this: 

1 Decomposed, Go to Soil 

2 Stay 

3 Consumed, Go to Animal 

4 Consumed, Go to Animal 

5 Stay 

6 Respired, Go to Atmosphere 

 

Animals 

If you roll a: Then do this: 

1 Stay 

2 Decomposed, Go to Soil 

3 Respired, Go to Atmosphere 

4 Stay 

5 Respired, Go to Atmosphere 

6 Respired, Go to Atmosphere 
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Soil 

If you roll a: Then do this: 

1 Stay 

2 Erosion, Go to Ocean 

3 Compression. Go to Fossil Fuels 

4 Go to Atmosphere 

5 Stay 

6 Compression, Go to Fossil Fuels 

 

Pre-Industrial Revolution Fossil Fuels 

If you roll a: Then do this: 

1 Stay 

2 Stay 

3 Stay 

4 Combustion, Go to Atmosphere 

5 Combustion, Go to Atmosphere 

6 Combustion, Go to Atmosphere 

 

Ocean 

If you roll a: Then do this: 

1 Stay 

2 Stay 

3 Stay 

4 Consumption, Go to Animal 

5 Gas exchange, Go to Atmosphere 

6 Gas exchange, Go to Atmosphere 
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Post-Industrial Revolution Atmosphere 

If you roll a: Then do this: 

1 Stay 

2 Photosynthesis, Go to Plant 

3 Stay 

4 Stay 

5 Gas Exchange, Go to Ocean 

6 Stay 

 

Post-Industrial Revolution Fossil Fuels 

If you roll a: Then do this: 

1 Stay 

2 Stay 

3 Combustion, Go to Atmosphere 

4 Combustion, Go to Atmosphere 

5 Combustion, Go to Atmosphere 

6 Combustion, Go to Atmosphere 
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Round 1: Data Collection Worksheet 
 

Originally from The Carbon Cycle Game (Jennifer Ceven) 

You are a carbon atom. Begin at your first station (write that down in row 1 in the table 
below). Roll the dice to find out where you go to next. Read the directions on the dice to 
find out what happens to you and where you go. Fill out this information in the table. 
Repeat this until the time is up or you roll 15 times (whichever comes first). 

 Station What happens Destination 

1.  
   

2.  
   

3.  
   

4.  
   

5.  
   

6.  
   

7.  
   

8.  
   

9.  
   

10.  
   

11.  
   

12.  
   

13.  
   

14.  
   

15.  
   

Blackline Master #2 
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Round 2: Data Collection Worksheet 
 

Originally from The Carbon Cycle Game (Jennifer Ceven) 

You are a carbon atom. Begin at your first station (write that down in row 1 in the table 
below). Roll the dice to find out where you go to next. Read the directions on the dice to 
find out what happens to you and where you go. Fill out this information in the table. 
Repeat this until the time is up or you roll 15 times (whichever comes first). 

 

 Station What happens Destination 

1.  
   

2.  
   

3.  
   

4.  
   

5.  
   

6.  
   

7.  
   

8.  
   

9.  
   

10.  
   

11.  
   

12.  
   

13.  
   

14.  
   

15.  
   

Blackline Master #3 
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Round 1 
Title:______________________________________________________________ 

 
Originally from The Carbon Cycle Game (Jennifer Ceven) 

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

 

Blackline Master #4 
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Round 2 
Title: ______________________________________________________________  

 
Originally from The Carbon Cycle Game (Jennifer Ceven) 

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

 

Blackline Master #5 
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Part A 

1. In Round 1, at which station did you find the most carbon atoms? (Use your 
graph of Round 1 to help you answer). _________________________________ 
 

2. Why does carbon accumulate in that location 
_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

 

3. In Round 2, at which station did you find the most carbon atoms? (Use your 
graph of Round 2 to help you answer). _________________________________ 
 

4. Compare your 2 graphs. How does the amount of carbon in the atmosphere 
change after the industrial revolution? 
_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

 
Part B 
 

5. What form does carbon take in the atmosphere? _________________________ 
 

6. What processes bring carbon into the atmosphere? 
_______________________________________________________________ 

_______________________________________________________________ 

 
7. Which of these processes has increased rapidly since the industrial revolution? 

_______________________________________________________________ 

 
8. Based on your data and the video, write out an explanation for how the level of 

carbon in atmosphere can cause a change in the Earth’s climate. 
________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

Blackline Master #6 
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9. Based on your data, draw a model of the carbon cycle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10. What other parts of the carbon cycle might be affected by the increased use of fossil 

fuels? Label your drawing to show these changes. 
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Name __________________________________________    Date _________________ Student No. ___________ 
 
 

Checking for Understanding: Carbon and Climate 
___ 1.  Which of the following mechanisms is NOT a way that a carbon atom could enter the 

atmosphere? 
a- Photosynthesis 
b- Decomposition 
c- Respiration 
d- Combustion 

 
 
___ 2. By what process does a plant become fossil fuel? 

a- Compression 
b- Respiration 
c- Consumption 
d- Photosynthesis 
 
 

3.  The remains of an old fox who died in a forest became buried in the soil. Describe below how a 
carbon atom from the fox, can end up inside the muscle of a rabbit who also lives in the forest. NOTE: 
The rabbit does not dig up and consume any part of the fox’s remains. (Modified from Ebert-May et al 
2003) 
 
 

Blackline Master #7 
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Answer Keys 
Part A 

1. In Round 1, at which station did you find the most carbon atoms? (Use your 
graph of Round 1 to help you answer). Answers will vary 
 

2. Why does carbon accumulate in that location? Answers will vary. Carbon 
accumulates in the atmosphere when there are not enough producers to remove 
carbon dioxide from the air, or when pollution or release of carbon dioxide is 
greater than the intake. Carbon accumulates in the soil when organisms die. 
Carbon accumulates in the ocean through absorption by phytoplankton which are 
then eaten by sea life. Also, carbon is absorbed into the water as a gas. Coral 
reef is created from exoskeleton secretion by coral (made of calcium carbonate).  
 

3. In Round 2, at which station did you find the most carbon atoms? (Use your 
graph of Round 2 to help you answer). Answers will vary 
 

4. Compare your 2 graphs. How does the amount of carbon in the atmosphere 
change after the industrial revolution? 
Answers will vary but students should notice an increased level of carbon in the 
atmosphere as a result of industrial pollution like factories and transportation. 
 

Part B 
 

5. What form does carbon take in the atmosphere? Carbon dioxide 
 

6. What processes bring carbon into the atmosphere? 
Answers will vary but could include volcanic eruption, car exhaust, factory 
pollution. 
 

7. Which of these processes has increased rapidly since the industrial revolution? 
Answers will vary but should indicate man-made factors such as car exhaust and 
factory pollution. 
 

8. Based on your data and the video, write out an explanation for how the level of 
carbon in atmosphere can cause a change in the Earth’s climate. 
Answers will vary but could include that increased carbon dioxide in the atmosphere 

acts as an atmospheric insulator trapping heat. As more heat is trapped, the Earth 
warms up, the cold regions of our Earth begin to melt, the oceans warm, carbon sinks in 
the ocean begin to release carbon due to the increased temperatures, this creates even 
more carbon dioxide in the atmosphere.  
 

9. Based on your data, draw a model of the carbon cycle. Answers will vary 

 
 
10. What other parts of the carbon cycle might be affected by the increased use of fossil 

fuels? Label your drawing to show these changes. Answers will vary 

Blackline Master #8 
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Checking for Understanding: Carbon and Climate 
 

_C_ 1.  Which of the following mechanisms is NOT a way that a carbon atom could enter the 
atmosphere? 
a- Combustion 
b- Decomposition 
c- Photosynthesis 
d- Respiration 

 
 
_A_2. By what process does a plant become fossil fuel? 

a- Compression 
b- Consumption 
c- Photosynthesis 
d- Respiration 
 
 

3.  The remains of an old fox who died in a forest became buried in the soil. Describe below how a 
carbon atom from the fox, can end up inside the muscle of a rabbit who also lives in the forest. NOTE: 
The rabbit does not dig up and consume any part of the fox’s remains. (Modified from Ebert-May et al 
2003) 
As the fox decomposes, carbon is released from the decomposing body of the fox into the soil. The 

nearby plants take in this mineralized carbon, as well as the carbon dioxide gases being released by 
the decomposing body, and use it to photosynthesize. The carbon that was the fox is now part of the 
leaves on the plant. The bunny hops along for a snack, eating the leaves, and ingesting the fox. The 
carbon from the plant is digested by the bunny. Some is released as carbon dioxide waste as the 
bunny exhales and some is stored in the bunny to build tissues like the bunny’s muscles.  


