Student Worksheet Rubric for Section 5 - Conclusion/Assessment

Question 5.1: What is at least one reason that marine microorganisms are linked to global climate change? 

	Level
	Description/Example

	Proficient
	General: 
· Student provides an example and description of the microbial carbon pump that links atmospheric carbon dioxide, photosynthesis, and deep-ocean deposition
Example student response: 
· Marine microorganisms are globally important because they photosynthesize and produce half of the oxygen on earth. They are the main portion of the global biological carbon pump that absorbs carbon dioxide from the atmosphere and sequesters it the oceans for thousands to millions of years. This happens when phytoplankton convert carbon dioxide into biomass (photosynthesis), and then they die and sink to the bottom of the ocean where heterotrophs cannot consume them. This process helps contain some of the excess anthropogenic carbon emissions, slowing climate change.

	Emergent
	General: 
· Student is missing the link to deep-ocean carbon sequestration.
Example student response:
· Marine microorganisms are globally important because they photosynthesize and produce half of the oxygen on earth. They are the main portion of the global biological carbon pump that absorbs carbon dioxide from the atmosphere. This happens when phytoplankton convert carbon dioxide into biomass via photosynthesis.

	Basic
	General: 
· Student does not link photosynthesis to removal of carbon dioxide from the atmosphere.
Example student responses:
· Phytoplankton produce half of Earth’s oxygen.








Question 5.2: How do ocean microorganisms impact you directly?

	Level
	Description/Example

	Proficient
	General: 
· Student indicates that they are directly impacted by marine microorganisms due to:
· Providing 50% of earth’s oxygen
· They are the main driver of CO2 absorption in the ocean
· Effect products they get from the ocean, such as seafood

Example student response: 
· 50% of the oxygen I breathe is from the ocean. The microorganisms in the oceans also help buffer the effects of climate change by absorbing carbon dioxide and sinking into the ocean. This impacts me because climate change is having worldwide consequences from the melting of the ice caps to the rising of sea levels, I will likely experience global changes in my lifetime because of it. Also, I like to eat seafood and climate change effects the fishing industry. 

	Emergent
	General: 
· Student indicates that they are directly impacted by marine microorganisms due to several reasons but lacks detail.

Example student response:
· I am impacted by marine microbes because I breathe the air they produce. I also benefit from many marine products that are possible because of them, like sushi.

	Basic
	General: 
· Student list one or more reasons without describing the personal impact in detail.
Example student response:
· I am impacted by the oxygen produced by microorganisms in the ocean.






Question 5.3: Explain how microorganisms are essential to marine food webs.

	Level
	Description/Example

	Proficient
	General: 
· Student displays an understanding of how interactions on the microbial scale affect larger organisms. They include specific interactions or types of interaction between microorganisms and macroorganisms.
Example student response: 
· Microbial interactions impact their effect on the globe. Microbes are at the base of aquatic food webs. Phytoplankton and bacteria become food for primary and secondary consumers like zooplankton and small fish. Small fish and zooplankton become food for larger fish and higher trophic levels, leading all the way up to large ocean predators like sharks and whales. 

	Emergent
	General: 
· Student explains microbial interactions and how they affect the food web, but do not explore more than one or two types of interactions.
Example student response:
· Marine microbes are the base of the food web and they provide food for zooplankton and small fish.

	Basic
	General: 
· Student explanation lacks details of interactions and does not link it to how interactions between a few cells can have a global impact.
Example student response:
· Marine microbes are important for the food web because are so many of them and they feed bigger animals.






Question 5.4: How can studying marine microbiology inform change in public policy?


	Level
	Description/Example

	Proficient
	General: 
· Student describes how scientific inquiry can be used to initiate change by informing the public and working with policy makers to make informed decisions.
Example student response: 
· By studying microbial interactions and the oceans, scientists can help raise awareness in the community for important issues and topics. Additionally, using their data, they can help impact policy creation and change, to help keep the oceans from deteriorating or failing to provide their crucial functions by helping to make informed decisions. Their models and data can help to make choices that will have meaningful impacts that are more likely to succeed. Scientists can advocate for specific policy changes and help legislators choose what to support.

	Emergent
	General: 
· Student describes how studies of the oceans can be used to implement meaningful change but does not include specifics or examples of how the information can be used beyond informing.
Example student response:
· Scientists can help to inform change by using their data to help policy makers make policies. Their data can be used to choose the best policies to implement.

	Basic
	General: 
· Student description is vague and does not clearly indicate how the science can help to inform change or avenues that can be used to create meaningful change.
Example student response:
· Scientists can inform world leaders to help create change and protect the environment.





