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EXAM I (100 points) 
BIOS 480 
Fall 2019 
Monday, 4 November.  Exam to be started between noon and 6pm. 
 
General Instructions 
 
(1) Once you receive the exam via email, you have a period of four (4) consecutive hours in which to complete the 
exam.  No exceptions – make sure your computer is plugged in or fully charged, you already have your R packages 
installed, and your generic R code loaded, before you open the test. 
 
(2) At the top of your R code that you will eventually turn in via R Markdown, complete the first three lines; complete the 
last line just before your final knitting with R Markdown. 
# Your name 
# Date 
# Time started, to the minute: 
# Time ended, to the minute:  
 
(3) As you take the test, insert your answers between snippets of R code as you create an RMarkdown file, OR, more 
simply, insert your comments and answers mingled with the R Script as you take the test, using the # symbol to mark a 
line of commentary.  Note that RStudio will automatically add this symbol to the next line as you hit return; thus it is easy 
to add blocks of commentary.  Remember to remove # from a line before you insert R code that you want to run. 
 
(4) You will be graded on the content, accuracy and completeness of your answers, not on the beauty of your graphs 
(titles, colors, symbol sizes, etc), so do not waste time worrying about aesthetics.  
 
(5)  Each question will require one or more answers unique to that question, but all answers must include, at the least, 
and in addition to your commentary and responses: plots of the raw data; a clear description of the model being 
used to model the data; graphs indicating how well model assumptions are met; anova and summary tables; and 
final graphs if required.  Graphs and tables should be accompanied by your interpretations of the patterns in addition to 
answers to specific questions. 
 
(6) Periodically save R code in a backup file with different extension names, in case your RStudio crashes or you 
inadvertently erase the file.  Make sure you knit (below) the latest version! 
 
(7) Knit your entire exam using R Markdown, and save the file as a Word or pdf file.  Name the file as follows: 
 
                                                         LAST NAME_First name_EXAM_1 
 
(8) Check that R Markdown is working as you take the exam --- do not wait until the last minute to make sure R 
Markdown is working!!!.  You should be able to finish the exam in three hours or less.  Four hours are allocated to give 
you an extra hour or more to deal with any unexpected issues regarding formatting and saving in RMarkdown. 
 
(9) EXTRA CREDIT questions:  Work on them only if you have completed the rest of the exam to your satisfaction.  You 
can receive an “A” without tackling any of the extra-credit questions. 
 
(10) Submit your R Markdown Word or pdf file to DHW via email (dhwise.uic@gmail.com) immediately after 
completing the exam. If you would like, you can also include your *Rmd file as a backup. 
 
HINT:  If you want a categorical variable that is a “character” variable to be an unordered factor, run this line of code as 
soon as you have created your data frame for ALL variables that you want treated as factors: 
 
                                      DataFrame$VarName  <-  as.factor(DataFrame$VarName 
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IMPORTANT NOTES:   
 
(i) In answering the questions below, identify each Problem in your answer as PROBLEM 1, etc, with each 
question within the Problem identified solely with its letter (A, B, C, etc).  Do NOT take the time to type out each 
individual question before giving your answer. 
 
(ii) In all your answers, be as specific in your reasoning as possible; for example, by referring to exact values of 
statistics, by explaining patterns on graphs, etc.; doing so will show that you have an in-depth understanding of 
model evaluation and interpretation. 
 
(iii) PAY CAREFUL ATTENTION TO ITEM (5) ON THE PREVIOUS PAGE. 
 
(iv) Make sure that you save your R Mark Down files in your WORKING DIRECTORY (i.e. the directory with 
your data files); otherwise you may not be able to Knit properly.  
 
 
 
PROBLEM 1 (25 points)   (data file:  “Exam1_Prob_One.data.csv”) 
 
Ozone levels were measured in two different gardens.  Evaluate the evidence for the hypothesis that the gardens differ in 
mean ozone level by answering the following questions: 
  
A. Make a single figure by plotting the median, 50% inter-quartile range IQR), and ±1.5*IQR from the hinges (the 

“whiskers”), with the raw data on the same plot, for each garden, side by side. 
 
B. What does this figure suggest about the validity of the hypothesis? 

C. Evaluate the evidence for the hypothesis by fitting a general linear model to the data. 

D. What do you conclude, and why? 

E.  Garden A is exposed to strong winds, whereas Garden B is protected from the wind.  What can you conclude 
about the effect of wind on ozone concentrations?  Explain your answer. 

 
 
 
PROBLEM 2 (25 points)   (data file:  “Exam1_Prob_Two.data.csv”) 
 
A greenhouse experiment was conducted to test the impact of pruning on reducing competition between plants for 
nutrients, water and sunlight. The same number of plants of similar size was planted in each of 18 pots. In six pots, the 
roots of neighboring plants around a single focal plant were pruned (clipped) to 10-cm depth; in six other pots, the shoots 
of 50% of the neighbors were clipped back to ground level; and the plants in the other six plots received no pruning 
treatment.  Final biomass of the focal plant in each plot was measured at the end of the experiment.  The experiment was 
designed to test two hypotheses: 
 
H1:  Root pruning and shoot pruning both increase growth of the focal plant. 

H2:  The effects of root and shoot pruning differ. 

 
A. Plot the data in a manner that will provide an initial impression of the effects of different types of pruning on 

biomass. 
 
B. Evaluate the fit of a linear model to the data. 

C. Explain what the linear model suggests about the validity of H1 and H2. Justify your reasoning by explicit 
reference to effect sizes and confidence intervals.  
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PROBLEM 3 (25 points)   (data file:  “Exam1_Prob_Three.data.csv”) 
 
This experiment is a study of competition for prey between spiders.  Female spiders of a web-building species were reared 
at four different densities to determine if average fecundity (fecundity = egg production of one spider) decreased with 
increasing spider density, which would be consistent with the hypothesis that spiders were competing for prey.  The data 
file contains the average fecundity, rounded to the nearest integer, of spiders reared in 24 different experimental field 
populations established at one of four spider densities in either spring or summer. The abundance of prey is much lower in 
the summer. Spider mortality during the experiment was minimal.  The study was designed to test two hypotheses: 
 
H1:  Spider fecundity decreases with increasing density. 

H2:  Competition for prey among female spiders occurs in the summer, but not in spring. 

 
A.  Thoroughly evaluate the evidence for both hypotheses by using the appropriate general linear model. 
 
 
 
PROBLEM 4 (25 points)   (data file:  “Exam1_Prob_Four.data.csv”) 
 
A mythical beast was fed a diet of either oats or barley.  In addition, half of the beasts received a magical growth 
supplement (“Magic”) designed to increase growth (measured as gain in weight) by 25%.  The data file contains the 
results of an experiment to test three hypotheses: 
 
H1:  Wheat is a better diet than barley. 

H2:  The growth supplement increases growth by the desired amount. 

H3:  The growth supplement is equally effective for a diet of barley or wheat. 

 
 
A.  Thoroughly evaluate the evidence for all three hypotheses by fitting a general linear model to the data. 
 
 
                                                                    __________________________________ 
 
 
EXTRA CREDIT_One (10 pts)    (data file:  “Exam1_Extra_Credit.data.csv”) 
 
As a follow-up experiment to that described in Problem 1, on 55 days the average wind speed and average ozone 
concentration were measured simultaneously in Gardens A and B.  Evaluate the evidence for these two hypotheses: 
 
H1:  Ozone concentrations fall as wind speed increases. 

H2:  Garden A has lower ozone concentrations because it is more exposed to the wind. 

 
 
 
EXTRA CREDIT_Two (10 pts) 
 
For the data modelled in PROBLEM 2,  make a single figure that contains two plots:  the mean and 95%CI for each 
of the three levels of the factor “Prune”; and the three effect sizes, with 95%CI.   


