MA223
Group Activity 13 (GA13):  Identifying Components of a Statistical Study
SDG 14:  Life below water
The fourteenth sustainable development goal is to conserve and sustainably use the oceans, seas and marine resources for sustainable development.
[image: A blue sign with white text and a fish and waves

AI-generated content may be incorrect.]Oceans cover over 70% of the Earth’s surface and play a crucial role in providing support for more than 3 billion people. Yet, declining fish stocks, marine pollution, ocean acidification and habitat destruction threaten marine ecosystems and the livelihoods of coastal communities worldwide. Sustainable fishing practices, marine conservation efforts, pollution reduction can help safeguard marine life and ecosystems for future generations.
(Source:  https://sdgs.un.org/goals/goal14)
Microplastics
Plastic is the most prevalent type of marine debris found in oceans. Plastic that is less than five millimeters in length is called microplastic.  Microplastics can come from many sources. Microbeads, a type of microplastic, are tiny pieces of manufactured polyethylene plastic that are added as exfoliants to products like cleansers and toothpaste. These tiny particles easily pass through water filtration systems and end up in the ocean.  Not a lot is known about the impacts of microplastics yet.
(Source:  https://oceanservice.noaa.gov/facts/microplastics.html)

Importance of coral reefs
Coral reefs are some of the most diverse ecosystems on earth.  Because of this diversity, coral reefs are often called “rainforests of the sea.”  About 25% of the fish in the ocean depend on healthy coral reefs.  Coral reefs also protect coastlines from storms and erosion.  Humans also rely on coral reefs for food, income, and protection.
(Source:  https://www.noaa.gov/education/resource-collections/marine-life/coral-reef-ecosystems)



Assignment objectives
Sustainable Development Goals
The GA13 assignment helps support an SDG learning objective:
The learner understands threats to ocean systems such as pollution and overfishing and recognizes and can explain the relative fragility of many ocean ecosystems including coral reefs and hypoxic dead zones.

Introductory Statistics
The GA13 assignment supports MA223 objectives:
Course Objective B:  Students will be able to… identify the data collection scheme that was implemented in a study.
Module Objective 7.3:  Students will be able to… identify components of an implemented experimental design.

Resources for completing this assignment
[image: icon for allowed resource]Moodle course site resources and course notes are allowed and encouraged references.  The material covered in this assignment is directly related to content that appears within our course notes packets.
[image: icon for resource to use with caution] RStudio probably will not be needed for this assignment.
[image: icon for allowed resource] Classmates will work with you to complete the assignment.  Specifically, you will work with your team.
[image: icon for resource to use with caution]Dr. Heyman can provide guidance when the entire team has a question.  This assignment is designed to support your learning process, so it is recommended to attempt the work together with your team and then reach out to Dr. Heyman if you encounter a difficulty.
[image: icon for resource not allowed]External websites should not be utilized when creating these solutions.  These may contain information that is unrelated or incorrect.  
[image: icon for resource not allowed]AI or large language models should not be utilized when creating these solutions.  The assignment is meant to be collaborative, help you practice referencing course materials, and assess what you can create.



Questions to Answer
1. In Jury et al.’s 2024 study, researchers aimed to determine how ocean warming and acidification affected coral reef communities.  The researchers obtained eight types of organisms that commonly live in coral reefs.  The organisms were combined to create four mock coral reef communities, so that each community contained several specimen of each of the eight organisms.  Then, the coral reef communities were randomly assigned to receive either typical or high temperature water and either typical or high CO2 content in the water.  Thus, each community was randomly assigned to one of four treatments of temperature and acidity in ocean water.  

Researchers want to use the data to answer, “Is there evidence that the average richness of all coral reef community species differs for at least one of the temperature, acidity treatments used in this study?”  The researchers know that certain organisms thrive more easily than others, thus suspect that there is dependence of richness on organism type, but it is not in their question of interest to specifically compare richness across species.

Data from the study are provided in CoralReefRichness.csv.
(Source:  https://www.pnas.org/doi/10.1073/pnas.2407112121 )

Identify the following:
a. Response variable

b. Factor variable

c. Degrees of freedom, factor

d. Blocking variable

e. Degrees of freedom, block

f. Is this a controlled experiment or observational study?  Why?


2. Understanding the prevalence of microplastics in oceans is truly a global effort.  The NCEI Marine Microplastics applet contains historical information about observed microplastics in oceans and allows the user to visualize the information on a map.  Dr. Heyman downloaded the entire database of microplastic measurements and filtered the data to only include the eleven years from 2011 through 2021.  She also limited the methods of measurement to only include those specimen gathered using either a Manta net or a Neuston net.  This ensured that there are several observations associated with each method within each year.

We want to use these data to answer, “Is there evidence that the average amount of microplastics (pieces/m3) differs across all ocean water for at least one of the years 2011 through 2021?”  The method that the specimen is collected might have a relationship to the amount of microplastic observed, thus, we would like to adjust our analysis for method of collection even though it is not part of the question of interest.

Data are provided in MicroPlastics.csv.  Dr. Heyman created the analysis below for your reference as well.  (Source:  https://www.ncei.noaa.gov/products/microplastics )

attach(MicroPlastics)
microModel <- aov(Microplastics ~ as.factor(Method) + as.factor(Year))
summary(microModel)
                    Df Sum Sq Mean Sq F value Pr(>F)    
as.factor(Method)    1   1451  1450.6  103.12 <2e-16 ***
as.factor(Year)     10   1446   144.6   10.28 <2e-16 ***
Residuals         2631  37010    14.1 
detach(MicroPlastics)

Identify the following:
a. Response variable

b. Factor variable

c. Degrees of freedom, factor

d. Blocking variable

e. Degrees of freedom, block

f. Is this a controlled experiment or observational study?  Why?

Life below water:  After the activity
Another challenge to this SDG is overfishing.  Learn more about global trends related to overfishing and effects of overfishing.
https://datatopics.worldbank.org/sdgatlas/goal-14-life-below-water 

Global sea levels are rising.  This upward trend in sea levels affects humans, marine life, and other land lifeforms.  Learn more about global trends in sea level rise.
https://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level 


[image: visualization of how economy, society, and environment are related to sustainability (nested)]Appendix 1:  Sustainability defined
According to the Oxford Dictionary: 
Sustainability is… the ability to be maintained at a certain rate or level;  avoidance of the depletion of natural resources in order to maintain an ecological balance. 
According to the UN:
Sustainability is… meeting the needs of the present without compromising the ability of future generations to meet their own needs 
(Source:  https://www.un.org/en/academic-impact/sustainability)
According to the U.S. EPA:
To pursue sustainability is to create and maintain the conditions under which humans and nature can exist in productive harmony to support present and future generations. 
(Source:  https://www.epa.gov/sustainability/learn-about-sustainability)

Appendix 2:  What are SDGs?  Why learn about sustainability in a statistics class?
[image: UN Sustainable Development Goals logo]In 2015, the UN General Assembly adopted a set of 17 Sustainable Development Goals (SDGs) as part of the 2030 Agenda for Sustainable Development.  These goals describe major development challenges for humanity and aim to help us secure a sustainable, peaceful, prosperous, and equitable life on earth for everyone now and in the future.
[image: Rose-Hulman Strategic Plan logo]This term, we will have course assignments and activities that utilize an approach of Education for Sustainable Development (ESD).  This approach aims at developing competencies that empower individuals to reflect on their own actions, while accounting for their current and future social, cultural, economic, and environmental impacts, from a local and a global perspective. 
Learning about sustainability concepts in MA223 supports the theme within the Rose-Hulman strategic plan to “infuse sustainability into the Rose-Hulman education and culture.”
(Sources:  https://unesdoc.unesco.org/ark:/48223/pf0000247444.locale=en 
https://www.rose-hulman.edu/about-us/history-and-leadership/strategic-plan/index.html )
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