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ASSIGNMENT #4: DATA ANALYSIS

Tasks: Graph data and conduct statistical analyses. Summarize your data in a Results section. 

Purpose: Graphs help you visualize data, making trends in a data set more evident. Statistical analyses then allow you to draw quantitative conclusions about those trends. In addition to graphs and statistics, a Results section of a primary research paper includes text that summarizes the data for the reader. 

Background: A Results section provides a narrative that describes the results of a research study and presents those results in figures or tables. In this assignment, you will draft a Results section that you can include in your research paper. In most primary research papers, the Results section is separate from the Discussion section. A Results section summarizes the results without interpretation. The Discussion section evaluates those results and gives scientific explanations. 

Resources: 
· Chapter 2: “Handling Data and Using Statistics,” Chapter 3: “Using Tables and Figures,” and Chapter 4: “Writing Lab Reports and Research Papers” in McMillan, V. E. 2017. Writing Papers in the Biological Sciences, Sixth Edition. Bedford St. Martin’s: Boston.
· Chapter 9: “Figures and Tables,” Chapter 10: “Basics of Statistical Analysis,” and Chapter 13: “Results” in Hofmann, A. H. 2020. Scientific Writing and Communication, Fourth Edition. Oxford University Press: New York.


INSTRUCTIONS:

1) Review a published Results section: Although it is often the shortest part of a research paper, the Results section can be the trickiest to write. Choose a primary research paper related to your project, from the journal Ecology or from another peer-reviewed journal. Do the following for the Results section in that paper: 
a) Don’t read the Results section yet, but choose a graph. Reflect upon the presentation of data. For example, how are axes labeled? What type of information is included in the figure caption? 
b) Write a short paragraph to describe trends shown by the data in the graph. Don’t list every data point, but summarize patterns in the data.  
c) A challenge of writing a Results section is to describe the data concisely. Revise what you wrote to state the same information in fewer words.
d) Now, find and read the part of the Results section where the author(s) refer to the graph you chose. In your opinion, how well did they summarize the data? 

2) Graph your data: Step-by-step instructions for constructing graphs with platforms such as Excel or Google Sheets can be easily found through an internet search or on YouTube. 
a) Choose the appropriate graph for your data: 
· Bar graphs contrast data obtained at different sites or in response to different experimental treatments. Bar graphs are used when x-variable data or categories are not continuous (Figure 1). 
· Scatterplots show relationships between variables, such as how one variable changes in response to another variable. If both variables increase, then a positive relationship exists; if one variable increases while the other decreases, then the relationship is negative (Figure 2).
· Rank abundance curves allow visualization of two components of biodiversity: richness (total number of species or taxa) and evenness (relative abundance of individuals within each taxon). On the x-axis, the most abundant taxon has a rank of 1, the second most abundant is ranked 2, etc. The number of individuals in each taxon, or the percent abundance of each taxon, is on the y-axis (Figure 3). 
b) Format your graph: Have fun with the graph-making process and try to make your graph look professional! For example, you may wish to modify the way axes labels appear rather than accept default options. Check for the following:
· Are the data correctly represented? A computer-generated graph can include mistakes if data were entered incorrectly or if the wrong options were chosen. Inspect the data in your graph.
· Is each axis labeled? Indicate proper units in parentheses at the end of an axis label. 
· Is your figure caption complete? A figure caption explains the contents of a graph. It should be written concisely, but also contain all relevant information needed for the reader to interpret the data. For example, if error bars are included in your graph, indicate what those bars represent (e.g., standard deviation or standard error). See examples of captions in Figures 1, 2, and 3. 
3) Conduct statistics: Follow your instructor’s guidance about which descriptive and/or inferential analyses to perform. 
a) Descriptive statistics include measures of central tendency (e.g., mean, median, mode) and variability (e.g., range, standard deviation, standard error). 
b) Inferential statistics allow you to conclude if data support or refute a hypothesis. 
· T-test: determines if the means of two datasets significantly differ (e.g., if soil phosphate concentrations differ between managed and unmanaged sites). 
· Correlation: determines if variables are positively or negatively related (e.g., if pH of soil is inversely correlated with the percentage of organic matter).
· Regression: determines if the y-variable is dependent upon the x-variable (e.g., if the amount of organic matter in soil is influenced by leaf litter mass).
c) Advanced inferential statistics are used to test hypotheses if there are more than two sites, or multiple independent or dependent variables.
· One-way Analysis of Variance (ANOVA): determines if the means of more than two datasets significantly differ (e.g., if soil nitrate concentrations differ between an unmanaged site, a site managed by method A, and a site managed by method B).
· Two-way ANOVA: use if there are two independent, categorical variables (e.g., if comparing managed and unmanaged sites at two different forest preserves).
· Multiple Analysis of Variance (MANOVA): use if there is more than one dependent variable (e.g., to determine if both % organic matter and soil ammonium concentrations differ between managed and unmanaged sites).
· Nonparametric tests: may be appropriate with very small sample sizes, if data don’t fit a normal distribution, if there are extreme values or outliers, or if there are many zero values.








Figure 1. Nutrient concentrations (mean +/- standard error) measured in soil at North Park Village Nature Center in Chicago, Illinois, at a site with abundant buckthorn and a site at which the invasive buckthorn plant had largely been removed. 
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Figure 2. Relationships between soil organic matter with A) nitrate, and B) pH. The percentage of organic matter in soil was positively correlated with nitrate concentrations but negatively correlated with pH (p=0.02 and p=0.04, respectively). Data were collected at North Park Village Nature Center in Chicago, Illinois.
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Figure 3. Taxon diversity of soil invertebrates as illustrated by rank abundance curves. A) Six taxa were identified at the site with abundant buckthorn, with no taxon showing clear dominance. B) Richness was higher at the site with low buckthorn density, where nine taxa were identified. However, most individuals were concentrated in five taxa, leading to lower evenness. Data were collected at North Park Village Nature Center in Chicago, Illinois.


4) Write text to summarize your data: A Results section of a research paper includes a narrative that describes the trends in the data for the reader. Consider the following: 
· What do you think are your most important findings? Summarize the main gist of your data. Write in past tense. 
· Correctly refer to figures. When summarizing data in a graph, refer to the figure number in parentheses. For example, “Concentrations of phosphate in soil did not significantly differ between sites (Figure 1).”
· What can be concluded from a p-value obtained from an inferential statistical test? Typically, a p-value must be <0.05 to infer statistical significance. 
· Refrain from interpreting the results. Remember that scientific explanations do not belong in a Results section, but in the Discussion section. 
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