Topics to be familiar with for the Final Exam

Basic distinctions:

· Samples and populations

· Descriptive statistics, sampling theory, and inferential statistics

Observational & experimental studies:

· determining cause and effect

· the problem of confounding variables

· association does not necessarily imply causation

Simple regression:

·  understanding variability: explainable (systematic) and unexplainable (random) variability

· describing bivariate data

· scatterplots

· correlation coefficient

· the regression equation

· the regression line

· estimating with the method of least squares

· interpretations of slope and intercept

· residual SD (size of scatter around the line)

· population structure for simple regression model

· intercept: α

· slope: β

· SD of the scatter around the population regression line: σ

· systematic variability (described by regression line α+βX) and random variability (described by σ)

· four assumptions (LINE)

· linearity

· independence

· normality

· equal variances

· statistical inference

· estimating α with a and β with b

· standard errors for a and b

· spread of X (“range restriction”), number of observations, and residual variability affect the standard error of b

· confidence intervals and hypothesis tests (use df=n-2)

· analysis of variance (ANOVA) 

· total variability = explained variability + unexplained variability

· SS (sums of squares) are measures of variability

· total SS = regression SS + residual SS

· total SS is the total prediction error when using the overall mean of Y as your prediction for every Y score

· residual SS is the total prediction error when using the regression line as your prediction for every Y score

· regression SS is the difference between these two: it measures how much the regression line has helped your predictions

· R2 = SSRegression / SSTotal = proportion of variability in Y that is explained by X

· for simple regression R2 = r2
· 1- R2 = SSResidual / SSTotal = proportion of variability in Y that is not explained by X

· The rest of the ANOVA table:

· degrees of freedom:  regression df = 1, residual df=n-2

· Mean squares:  MS = SS / df 

· F statistic = MSRegression / MSResidual: tests whether the regression equation explains any variability at all (in simple regression, this is the same as asking whether β=0.)

· Residuals

·    average of residuals is always 0

·    variance of residuals = MSResidual = SSResidual / (n-2)

·    SD = sqrt(MSResidual) = sqrt(SSResidual/(n-2)):  measures the size of the scatter around the line.  Also is an estimate of σ

·    residuals are useful for:

· identifying interesting individual observations

· testing assumptions of regression model

·  Confidence intervals for conditional means (and for single new observations

·    get wider as you move farther from the mean of X

· Comparing b and r

·    range restriction

· Regression to the mean

·    extreme scores on X go along with less extreme averages on Y 

·    extreme scores on Y go along with less extreme averages on X

·    paradox??

Multiple regression 

· Basic idea: using “team” of two or more independent variables to predict a single dependent variable.

· population structure for multiple regression model

· intercept: α

· slopes: β1, β2, β3, etc.

· SD of the scatter around the population regression equation: σ

· systematic variability (described by regression line α + β1X1 + β2X2) and random variability (described by σ)

· four assumptions (LINE)

· linearity (adding up the β’s times the X’s)

· independence

· normality

· equal variances

· the regression equation

· estimating with the method of least squares

· interpretations of slopes and intercept

· residual SD (size of scatter around the line)

· Interpreting the coefficients

· Each coefficient represents the change in Y for a one-unit change in one predictor, while holding the other predictors in the model constant.  

· b1 represents the “incremental” effect of X1, above and beyond the other predictors in the equation

· Each slope refers to the additional contribution of one  particular member of the team of predictors, in the context of that team.

· Adding or removing predictors will typically change all the coefficients.  Slope for the same predictor will be different in different regression models (unless all the predictors are uncorrelated with each other).  

· Change in Adjusted R2  when adding a new predictor will tell you if that predictor adds to the quality of the team.  If Adjusted R2 increases, then the new predictor is generally helpful to the team.  (The slope for the new predictor will also give an idea of how the new predictor contributes to the team.)

· Variance explained and the ANOVA table

· total variability = explained variability + unexplained variability

· SSTotal= SSRegression + SSResidual

· R2 = SSRegression / SSTotal = proportion of variability in Y that is explained by the X’s

· 1- R2 = SSResidual / SSTotal = proportion of variability in Y that is not explained by the X’s

· Adjusted R2 : “Adjusts” to take into account the number of predictors in the regression equation.  Allows fair comparisons of regression models with different numbers of predictors.  (with regular R2, models with more predictors always have an advantage.)     
· The rest of the ANOVA table:

· degrees of freedom:  regression df = k, residual df=n-k-1 (where k = the # of predictors)

· F statistic = MSRegression / MSResidual: tests whether the regression equation explains any variability at all (tests whether all the β’s are equal to 0, e.g. β1=0 and β2=0 and β3=0.)

· MSResidual: the average squared residual.  Measures the size of the scatter around the regression equation’s predictions.

· Just like in simple regression, the SD of the residuals = sqrt(MSResidual)

· statistical inference

· standard errors for a, b1, b2, etc. (given in the Excel output)

· confidence intervals and hypothesis tests (use df=n-k-1).  Excel gives t-statistics and p-values for testing each individual coefficient.

· Overall F-test for seeing if all the predictors are useless

· “Partial” F-tests (comparing full and reduced models) to test whether a set of predictors is useless

· Multicollinearity

· Predictors are highly correlated (or “redundant”)with each other

· Two predictors convey the same information – then the two of them together aren’t much better than either one alone 

· Becomes hard to determine the “incremental” value of each predictor (because they’re so redundant).  Standard errors for each predictor get large, and then neither predictor is significant in regression that has both predictors.  But the overall team of predictors may still be useful (overall F test is significant, and R2 may be large).

· Dummy variables for two categories: Code one group 0 and the other group 1.  

· Slope for a dummy variable indicates the difference between the two groups (after holding constant other variables in the model).

· When only predictor is a dummy variable, then the regression equation just gives the two group averages on Y (when you plug in 0 and 1)

· Dummy variables for 3 or more categories

· Need c-1 dummy variables to code for c categories.

· Code one group with 0’s on all dummies; code each of the other groups with a 1 on one dummy and 0s on the rest.  E.g, for four groups, use three dummies, and define the four groups like this:

· (D1=0, D2=0, D3=0): Baseline group

· (D1=1, D2=0, D3=0)

· (D1=0, D2=1, D3=0)

· (D1=0, D2=0, D3=1)

· Slope for each dummy variable indicates the difference between the group scoring 1 on that dummy, compared to the baseline group (after holding constant other variables in the model).

· When the only predictors are dummy variables, then the regression equation just gives the c group averages on Y, when you plug in the various sets of dummy codes: (0,0,0), (1,0,0), (0,1,0), and (0,0,1)

· Overall F test then tests whether there are any differences among the c group means

· Interaction terms: fitting non-parallel regression lines for 2 or more groups

· Yhat = a + b1X + b2D + b3 D*X 

· Plug in the possible dummy codes (e.g., D=0 and D=1) and you get the regression lines for the different groups.

· Coefficient for the interaction term (D*X) tells you about the difference in slopes (for the regression lines relating Y to X) between the group coded D=1 and the baseline group.

· Coefficient for the dummy variable D tells you about the difference in intercepts between group coded D=1 and the baseline group.

· Fitting curves

· Transformations

· Power model Y = A X B:  

· Estimate linear regression predicting ln Y from ln X.  Slope of that line is the exponent in the power model. (and A=exp(a), where a is the intercept from the linear regression of the logs.)

· Depending on the exponent of the power model, can fit 3 different “shapes” of curvature

· Polynomial regression: Add powers of X to the set of predictors (X, X2, X3, etc.)
· Quadratic regression: Yhat = a + b1 X + b2 X2.


· Fits a parabola: smiling when b2>0, frowning when b2<0.

