STA102 Introduction to Biostatistics

Spring 2002

Data Project

Due Date: Tuesday, April 23, 2002, 3:30pm

Group Data Project

Choose a group of 1 to 3 STA102 class members to complete this data project.  Each group is required to complete the data project independently, without help from other groups or from any other person and/or source except the TAs or instructor for STA102, unless otherwise indicated.  The objective of this project is to examine your ability to conduct a statistical analysis of a data set using S-Plus.  You will be guided through an analysis via a line of questions below.  This is basically a glorified homework/lab assignment.

Report Format

Your report should be type written on not more than two 8.5 x 11 inch pages with not less than single spaced lines and margins not smaller than 1 inch on all sides.  Use a font size of 12 points.  These two pages are meant to be the main part of your write-up.  You may put tables, figures, printouts, or other material not appropriate to these two pages into an appendix at the end of your report; the appendix is not included in the two-page limit.  Use an appropriate labeling scheme for referencing figures, etc. (e.g. Figure 1, Table 1, Printout 1, etc.).  For the most part, a graph or figure should be self-contained; use informative captions and/or annotation with these objects.  Be organized; use section headings.  There is no need for a table of contents.

As an example, the headings of your report might be:

· Introduction—Describe the data and say why you are analyzing them.  The original article might come in handy here.  Be brief; you have only two pages.

· Methods and Results—This will follow the outline below, but you are free to modify this section as you see fit.

· Conclusions—Briefly give your interpretation and conclusions of your analysis.  It’s nice if this section can be made to address the issues you may raise in your Introduction.

· Appendix—Put tables/figures/printouts, properly annotated, in the appendix.  Be neat and organized here.

Group Member Evaluation

Each member of each group should also submit a “grade” for every member of the group, including yourself.  Grades should consist of a list of members’ names with a “good”, “satisfactory”, or “poor” to indicate the degree of participation in the data project for each member of your group.

Due Date

· Tuesday, April 23,  3:30pm (end of lecture)

Each group should turn in one report including the name of each group member.  Also, everyone should hand in her/his group member evaluation.

Grading

This data project is worth 10% of your course grade.  Grades will be based primarily on your (brief) introduction to the problem, on your analysis of the problem (as guided, mainly, by the series of questions below), on your interpretation of the analysis results, and on your presentation of results.  Group member evaluations will be given some weight in grading.

Data Description

The data for this project was obtained from a graph in the article: R.C. Smith et al. 1992. “Ozone Depletion: Ultraviolet Radiation and Phytoplankton Biology in Antarctic Waters,” Science 255 (1992):952-57.  You should have little problem finding the article.  I found it in JSTOR via the Duke Libraries e-journal web page: http://www.lib.duke.edu/texis/searchdb/ejdb/ej.  I entered “science” in the search box in the upper right-hand side of the web page.  Then, I followed the link Science, 1880-1996, in JSTOR under the heading “Science.”  Then, I followed the Browse this journal link.  At this point, the rest is easy.  Download or print the article if you want.  The text and figures comprise only 6 pages.  I do not expect you to understand the entire article, but only to get some idea of the problem behind the data.  It might help to provide some context to this data project.

The following is a brief description of the data that are given in the table below.

Depletion of the ozone layer allows the most damaging ultraviolet radiation—UVB (280-320 nm wavelengths)—to reach Earth’s surface (recall the “ozone hole”).  An important consequence is the degree to which oceanic phytoplankton production is inhibited by exposure to UVB, both near the ocean surface (where the effect should be slight) and below the surface (where the effect should be considerable).

To measure the relationship between UVB exposure and phytoplankton production, researchers sampled from the ocean column at various depths at 17 locations around Antarctica during the austral spring of 1990.  To account for the shifting position of “ozone hole”, they constructed a measure of UVB exposure integrated over exposure time.  The exposure measurements and the proportion of inhibition of normal phytoplankton production (as extracted from a graph in the original article) are given below.  I’ve given each variable a name to which I refer throughout the rest of this project description.  I suggest you keep the same names in your analysis and write-up.

Proportion
UVB

Inhibited
Exposure
Depth

(p)

(uvb)

(depth)

0.000

0.0000
DEEP

0.010

0.0000
DEEP

0.060

0.0100
DEEP

0.070

0.0150
SURFACE

0.070

0.0185
SURFACE

0.070

0.0335
SURFACE

0.090

0.0435
SURFACE

0.095

0.0090
DEEP

0.100

0.0025
DEEP

0.110

0.0255
SURFACE

0.125

0.0280
SURFACE

0.140

0.0055
DEEP

0.200

0.0285
DEEP

0.210

0.0435
SURFACE

0.250

0.0180
DEEP

0.390

0.0325
DEEP

0.590

0.0300
DEEP

Analysis

We will perform a regression analysis on the above data.  The questions you answer here will form the bulk of your report, mostly comprising the “Methods and Results” section, should you choose to call it that.  Generally, the regression modeling process can be broken into steps.

a. Explore your data with graphs and/or summary statistics

b. Formulate a model

c. Check the model

d. Make inferences about model parameters and/or predictions

e. Communicate your findings

Notice that we follow this approach below.  As a rule of thumb, be parsimonious with your models (i.e., don’t use a complicated model if a simpler model will suffice).

Perform the following tasks and answer each question below.  You may choose to do additional analysis if you see fit, but this is not required.

1. Enter the data into an S-Plus data sheet.  So that the output may be easier to interpret, I suggest coding depth as surface=0 and deep=1 (where 0 and 1 are numeric values).  That is, enter 0s and 1s in the depth column rather than surface and deep.

2. Exploratory analysis.

a. Use S-Plus to construct a two-way scatter plot of p versus uvb.  Be sure to use different colors and/or symbols to indicate the depth variable value.  Also, be sure to add titles, axis labels, and other informative annotation; a legend indicating the colors/symbols of the depth values would be nice.

b. What’s the (Pearson) correlation between p and uvb, ignoring depth?

c. What’s the (Pearson) correlation between p and uvb for each value of depth?

d. Does it appear that there might be a linear relationship between p and uvb?

e. Does this relationship appear to depend on depth?

3. The above graphical analysis should suggest an approach to regression modeling.  Next, we explore a few plausible models using p as the response and various explanatory variables.

a. First, fit a simple linear regression of p (dependent) on uvb (independent), without regard to depth
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In S-Plus: p~uvb

b. Plot the residuals (ei) verses the fitted values (y-hati).  Give the plot and describe what you see.  Do the residuals suggest any departures from model assumptions?

c. Next, fit a linear regression of p (dependent) on uvb (independent) and depth (independent) and the interaction between uvb and depth.
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In S-Plus: p~depth+uvb+uvb:depth

d. Plot the residuals verses fitted values.  Give the plot and describe what you see.  Do the residuals suggest any departures from model assumptions?  Give the estimated regression equation and interpret the coefficients.  Does depth appear to affect the relationship between p and uvb?  How much of the variability in p is explained by this linear regression?

e. When dealing with proportion data, there is a tendency to see non constant variance: as the value of the proportion increases from 0 to 0.5, variability tends to increase; as the value of the proportion increases from 0.5 to 1, the variability tends to decrease again.  Does the residual plot in (d), above, indicate such non-constant variance?

f. A common transformation to make for proportion data is logit(p)= log[p/(1-p)].  To take care of problems with p=0, we’ll make an addition: log[(p+0.05)/(1-(p+0.05))].  Note: log is the natural logarithm function in S-Plus, so we use this notation here.  Fit the following model in S-Plus:
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In S-Plus: log((p+0.05)/(1-(p+0.05)))=uvb + depth + uvb:depth

g. Does each explanatory variable (including the interaction) appear to be significant in explaining logit(p)?

h. Fit the “reduced” model in S-Plus:
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log((p+0.05)/(1-(p+0.05)))=uvb + uvb:depth

i. Explain the results of the regression output.

j. Which of the above model(s) do you like best?  Why?

Use the above analysis to create the bulk of your report, along with the Introduction, Conclusions, and Appendix sections, should you choose to organize your report in this way.
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