FINAL EXAM STUDY GUIDE:

(1)  The final is Tuesday, December 6th, from 3:00-6:00 pm in our regular classroom, CHS 33-105.
(2)  I will write the exam to be the same length as the midterm but you will have 3 hours to complete it so there should not be nearly as much time pressure.

(3)  You may bring notes totaling of 4 sheets (front and back = 8 sides) of standard paper.  You may include anything you want on those sheets.  I am imagining 2 pages being your cheat sheets from the midterm and 2 additional pages corresponding to the second half of the course but it is up to you.  You should also bring a writing instrument, a calculator and a well-rested brain. I will provide everything else you need.

(4)  In addition to the assorted lab times and office hours this week and the review in class on Friday I am trying to get a classroom for an extra review session next Monday.  I will let you know when I get confirmation about the place and time. I will also be available much of next Monday and Tuesday before the exam and of course Adam and I will be very reachable by e-mail.


(5)  I have posted last year’s final exam (solutions coming shortly) as well as some additional practice problems, particularly on logistic regression since we haven’t had a homework set on that topic.  It will also be useful to look at the warm-up problems from HW5 and 6, some of the practice problems for the midterm, and the midterm 1 solutions as I may revisit things people especially messed up on.  Also, you might want to review the annotated handouts on MLR, ANOVA and logistic regression.

(6)     Let me know if there is anything else it would be helpful to have while you are studying.  

****************************************************************************************************

SPECIFIC TOPICS

The final exam is what I call "technically cumulative." What I mean by this is that emphasis will be heavily on the material since the midterm (namely Lectures 16-28 which cover ANOVA and ANCOVA as regression; multicollinearity, confounding, and mediation; interactions/moderation; curvilinear models and transformations; regression diagnostics; model selection; logistic regression) but I reserve the right to ask questions about the early material since much of what we have been doing lately builds on the first half of the course.  Those questions are likely to be about key concepts rather than picky details.  I have tried to indicate below what I think some of the important issues from early in the course are.   Here are the major sections of the course.  If you think I have forgotten an important topic let me know...

(1) Underlying principles: We started with an examination of several major conceptual issues including probability vs statistics; the idea of maximum likelihood; statistical inference/estimation population parameters using sample statistics (using as an example CIs and hypothesis tests for comparing means); the idea of statistical modeling; and an introduction to power and sample size calculations and effect sizes.

  
(2) ANOVA: Our first major topic was Analysis of Variance. ANOVA looks for a relationship between a quantitative Y and a qualitative X.  The X variable is basically a group membership variable. The primary objective is to understand the behavior of the means of the different groups.  I would expect you to remember the key ideas of classical ANOVA more than being able to do hand calculations. Specific points to be aware of include:

 The ANOVA table: Know what each of SSB, SSW, MSB, MSW and F are telling you and how the quantities are related to each other. Also understand how to perform the overall F test and what its hypotheses are in terms of the group means. 

Connection with regression: Later in the course we revisited ANOVA, noting that it is a special case of regression using indicator variables for the group labels.  Given the group means you should be able to write down what the regression equation corresponding to an ANOVA.  You should also understand how the hypotheses are framed in the regression context.  Classical ANOVA model compares everything to the grand mean whereas the regression version of the model uses one of the groups as a reference point.


Pairwise comparisons and linear combinations: Know what these are and how you would test them from either the classical ANOVA or regression point of view.  Recall that in all ANOVA calculations you use MSW, the estimate of variance based on ALL the groups as part of your standard error calculation even if the particular CI or test does not involve all the groups.  Some comparisons you can get directly from the regression printout and others require appropriate “tests” or “contrasts” about model parameters.

Multiple testing issues: Understand why multiple testing is an important issue, how to use the Bonferroni adjustment in both CIs and hypothesis tests and be aware of other methods for handling multiple comparisons.  You should note that while we introduced multiple testing issues in the context of ANOVA because we often have to do many tests to compare all the different group means the ideas and techniques apply to ANY situation in which you do a lot of tests-for instance in a multiple regression with lots of predictors, many of which are not expected to be significant.

ANCOVA:  Be aware that ANCOVA is just an ANOVA adjusted for covariates—i.e. it is a regression model where the primary interest is in the effects of a grouping variable after taking into account factors that may vary across the groups.


(3) Regression: Pay particular attention to the differences between simple and multiple regression!  Major topics covered are listed below. Being able to interpret the printouts is at this stage much more important than being able to do hand calculations.  Regression deals with the relationship between a quantitative response variable, Y, and predictor variables, X’s, which may be quantitative, qualitative or a mix of both.


Basic Model: Know the mathematical form of the model and how to give both mathematical and real-world interpretations of the coefficients (don’t forget to take the other variables into account when doing interpretations in MLR-people lost a lot of points on this on the midterm.  It applies to logistic regression as well!)  Know how the interpretations vary depending on the type of variable (continuous, indicator, interaction, transformation).  Know how to plug into the model to make predictions

Inference: Know how to do both an overall F test and individual t-tests for the variables in a regression as well as confidence intervals for the B's and how to interpret your results.

Evaluating the Model: Know what different measures such as R^2, R^2-adjusted, RMSE etc. tell you about how good a job your model is doing and when to use each of them. Know what the different pieces of the regression printout tell you 

CI's and PI's for Y: Know when to use each of these and how to interpret the intervals 

Troubleshooting: Know what the terms overfitting, extrapolation (predicting outside the range of your data), multicollinearity, adjustment, confounding, and mediation mean, how to detect them (e.g. correlations, variance inflation factors, problems with the model fit caused by multicollinearity, the sequence of models used to check for mediation), and what to do about them.  Know what outliers and influential points are, the diagnostics for detecting them and how to deal with them.  Know the four main regression assumptions and how to check whether a linear model is appropriate using residual plots, histograms, and normal quantile plots.

Curvilinear models and transformations: Know what some of the most common transformations are and how to check whether a curved model is more appropriate than a straight line regression.  Be aware of the structural multicollinearities that can be caused by some transformations and how to use centering to correct this.  Know how transformations can be used to resolve various problems with the error assumptions.

Indicator variables: Know what they are and how to interpret them.


Interaction terms: Know how they are defined and how to interpret them and what the concept of moderation is. 

Model Selection: Know the various procedures used to compare models and how to decide what variables to include in a model.  Key points include the partial F test, the hierarchical principal, all subsets selection, and forward, backward and mixed stepwise procedures. 
(4) Logistic regression: Logistic regression is just like regular regression except that the response variable Y is qualitative (specifically it takes on two values corresponding to yes or no; success or failure; disease or no disease; etc.) This causes some complications in how the model is fit (for which you are NOT responsible) and some differences in interpretation (for which you are).  I have posted a set of practice problems on this for you since we did not have a homework assignment that specifically covered it. Specific important points include:

Basic model: Understand what the logit or log odds is and why this is the thing we are setting equal to B0 + B1X1 +... Also, know how to use the model to obtain a predicted probability of Y (disease, success, whatever it is) given a set of X values.  As in regression this involves plugging the X values into the equation to get the log odds but
then you have to convert the log odds to a probability.


Know how to interpret the regression coefficients, the B's, in terms of log odds and as odds ratios on the transformed scale.  Be aware of the difference in interpretation for indicator versus continuous variables.  In particular remember that you can get an odds ratio corresponding to any change, delta, in an X value for a continuous variable.  Know how to compute the odds ratio from the regression coefficient B (OR = e^B for an
indicator or e^B*delta for a continuous variable)

Know how to get CIs for and perform tests about the individual B's in the logistic regression model from the printout.  Be aware that in this setting we use Z, not t-tests, and that as in regression we are most interested in knowing whether an individual variable is useful after adjusting for or taking into account the presence of the other variables in the model.  Know how to convert a CI for the B's into a CI for the odds ratio and be aware that an odds ratio of 1 corresponds to the variable not being significant just as a B of 0 means lack of significance-this is because e^0 = 1 so b=0 is equivalent to the odds ratio being 1.

Know that STATA does logistic regression two ways-one with the b's and their Z scores and standard errors, and one in terms of the odds ratios.  You should be able to read both printouts.  You should also be aware that the printout gives you an equivalent for the overall F test, the likelihood ratio chi-squared or LR chi2 test, and a substitute for R^2 adjusted, pseudo R-squared, and what each of these numbers is telling you. 

Calculations: You are not responsible for being able to compute the b's or standard errors in a logistic regression by hand.  However given those quantities I would expect you to be able to compute a CI or calculate the p-value for a hypothesis test by hand and I do expect you to be able to calculate the odds ratios and their intervals from the
corresponding b's and their CIs. 

Know that logistic regression is a special case of the generalized linear model and what that means. 
