MA223
Group Activity 13 (GA13):  Identifying Components of a Statistical Study
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:  Richness of the coral reef community.  This is the Richness variable within the provided data. 
b. Factor variable:  Temperature, acidity treatment.  This is the Treatment variable within the provided data.  The factor variable is found in the question of interest.
c. Degrees of freedom, factor:  3.  We know there are 4 factor levels from the description, thus the degrees of freedom will be 3.
d. Blocking variable:  Organism type.  This is the Organism variable within the provided data.  We determine this is the blocking variable by seeing we are worried about dependence due to organism type.
e. Degrees of freedom, block:  7.  We know that there are 8 types of organisms from the description, thus degrees of freedom will be 7.
f. Is this a controlled experiment or observational study?  Why?
This is a controlled experiment.  From the description, we can see that the different temperature, acidity combinations (treatments) were randomly assigned to the coral reef communities, thus species within each community.
(It is not asked, but this is a randomized complete block design since subsets of each of the species was inadvertently assigned at random to treatment.)
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:  Microplastics amount in ocean water.  This is the Microplastics variable within the provided data.
b. Factor variable:  Year.  We determine this by seeing that comparing averages across years is within the question of interest.
c. Degrees of freedom, factor:  10.  Can read this directly from the provided ANOVA table.  There are 11 years, thus 10 degrees of freedom.
d. Blocking variable:  Method to collect water specimen.  This is the Method variable within the provided data.  We determine this by saying we need to adjust the analysis for method (potential dependence due to method).
e. Degrees of freedom, block:  1.  Can read this directly from the provided ANOVA table.  There are 2 methods, thus 1 degree of freedom.
f. Is this a controlled experiment or observational study?  Why?
This is an observational study.  Years are naturally occurring (cannot be and were not assigned to ocean water specimen).
(It is not requested, but as a reminder, we can use ANOVA on observational data.  We just cannot discuss cause from the analysis result.)
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