[bookmark: _GoBack]Practice analysis for mixed effects models

1)  The data for this question come from an experiment that tested whether two potential stressors affect the growth of the plant species, Yellow Monkeyflower (Mimulus guttatus).  The experiment involved one control treatment (“Control”) plus two potentially stressful treatments:  a herbivory treatment (where leaf material is lost by being eaten; denoted “JAM”) and a low water treatment (“H2Ostress”).

The experiment used a variety of plant genotypes (“Genotype” in the dataset). The experiment used between 11 to 20 plants from each genotype.  Plants from each genotype were allocated randomly to the three treatments, so that each treatment had at least 3 plants from a given genotype.  For example, Genotype ‘9 a’ had 10 plants in the Control treatment, 5 plants in the JAM treatments and 5 in the H2Ostress treatment.  In total, the experiment used 321 plants from 19 Genotypes.  These Genotypes were selected randomly from a wild population.  (These data are a component of a larger experiment for Crispin’s PhD.)

All plants were allowed to grow until the majority of plants became old enough that they began to die.  At this point, the height (“Height”) of each plant was measured in cm.  

Import the dataset, HeightStress.csv.  


A) Look at the columns in your dataframe to learn the column’s names, and then plot the data.  Do any of the treatments appear to differ in Height?  Do the boxplots of your data suggest that the data are normally distributed?

B) Which data column might we want to model as a ‘fixed’ effect, and why?

C) Which data column might we want to model as a ‘random’ effect?

D) Why is it important to include this column as a random effect in the analysis?

E) Use the function lmer to model the effect of Treatment and Genotype on Height.  Check whether the data meet the assumptions of the test.  If they do not, try transforming your data until you’re satisfied that your data meet the assumptions of the test.  See the “Mixed Effects” video and slides for guidance.

F) Do the data reveal evidence that Treatment affects Height?  Calculate effect sizes (with SE and 95% CI’s) to better interpret evidence for effects of Treatment on Height.






2) This question also uses published data, although the study’s main author has requested that the source of the data remain anonymous (hence, we do not name the gene involved).  

This study examined protein expression (measured by Western Blot) from a focal gene in a variety of tissues at three time points.  At each time point, a several mice were killed and protein expression was estimated in several tissues within each mouse.  Therefore, the data are non-independent because each mouse provided data for all the different tissues.  

One core question addressed by this experiment was:  “does the pattern of protein production among the various tissues change over time?”  For example, if the heart produced the most protein at one time point, does it continue to produce the most at other time points?

The data are in the file, MysteryData.csv.  Import the data, and look at the columns headings.  You will see the following:

tissue:  the tissue in which the protein was measured
SMN_exp:  the protein level expressed
mouse.c:  The mouse ID from which the measurements were taken
age.fac:  The mouse’s age when it was killed and the protein was measured (i.e., time)

a) Plot the data to get a sense of what the data look like.
b) Use a mixed-effects model to analyze the data:
a. Check whether the assumptions are met.
b. What do the data reveal with regard to tissues expressions of the protein over time?
c. Use emmeans to test quantify differences (effect sizes) among tissues separately among time periods.  This involves using the ‘by’ option in emmeans, which we have seen previously.  If you need a reminder, please see here:

https://cran.r-project.org/web/packages/emmeans/vignettes/interactions.html


