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+ E(e;) =0, Var(e;) = 1.
Residual Plots

» Gaphical display of residuals, an effective way to detect departures of model assumptions.
e Various types of plots for different assumptions
e Typically studentized residuals are ploted.

Plot of Residuals vs. Fitted Values
A plot of residual r; or any of scaled residuals (d; or e;) against corresponding fitted value (y})

1. If residuals fluctuates randomly around 0 inside a horizontal band, then no visible defects.
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2. If the residuals can be contained in an opening funnel ("fan" shape), it indicates that Var(ei) is not constant.
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3.If the residuals are contained inside a curve plot, then it indicates nonlinearity (the relationship between y and
some z variables is not linear, or some other explanatory variables are needed)
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Plots of Residuals vs. Explanatory Variable
A plot of residuals against the values of j-th explanatory variable, z;;'s.
Some interpretation of the plot as the case of plot of residuals vs. g;'s

1. Horizontal band — no visible defects
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2. Funned/fan shape — Variance is nonconstant —> Ccvb(oe, O‘J’M/

3. Curvature — Nonlinearity (may suggest need :z: in the model) Q){,F W\/\—\} Voerionk LU\

Partial Residual Plots

Most useful in investigating the relationshiop between response y and an explanatory variable x ;.

Partial Residual forz;, 7 =1,...,p,; () = r; + le’z’j, where 7; is the residual based on all p explanatory variables,
adding effect of x; variable back into the residual.

Plot Partial Residuals ; (@) ys. Tij

1. Linear trend — x; enters model linearly
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2. Curvature — higher order terms in x; may be helpful

N
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Q-Q Plot for Normal Distribution

This is a graphical technique for detecting substantive departure from normality. Plot ordered standardized residuals

dny < dp) < --- < d() against the theoretical quantiles of N(0,1). If normality holds, then the ordered residuals
should be align with the quantiles of normal distribution.

1. Points lies approximately on the straight line — underlying distribution is normal.
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2. Sharp upward and downward curves at both extremes — heavy-tailed
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3. Flattening at extremes — light-tailed
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Z. Sharp change in the trend in an upward direction from the mid — positively skewed (right skewed)
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5. Sharp change in the trend in a downward direction from the mid — negatively skewed (left skewed)
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Remarks:

Do not wnat to check normality untill other assumptions been checked and fixed.
For skewed, transformation of ¥y may help.

Light tailed, can ignore

Heavy tailed, problematic.

5.3 Addressing Model Assumption Problems

If residual plots reveal problems with assumptions, we might be able to address via data transformation.

1. Transformation of Response to Stablize Variance

This can help address non-constant variance identified by the plot r vs. g (or  vs. z ;)

Idea: apply function g and fit regression model on transformed g(y; )
9(yi) = Bo + Przin + -+ + BpTip + €
Rationals: the variance fo response might be a function of mean p; = E(y;), ie.

Var(y;) = Var(e;) = h(u;)o?  (for some h( ) > 0)

in which case we want Var(g(y;)) ~ o>

By first order Taylor Expansion, we have

9(yi) ~ g(pi) + (yi — pa)g' (pi)
Then,

Thus, we need [¢'(p;)]? oc -
Examples:
Lh(u;) = p; = Var(y;) = pio?.
We need ¢'(p;) o< ﬁ = ﬁ = g(pi) = 1/ will work
Thus, we can apply g(y;) = 1/¥; to abtain approximate constant variance.
2.h(pi) = p? = Var(y;) = po
We need g'(p;) o /% = g(u;) = In (u;) may work
Thus, we can apply g(y;) = In (y;) to abtain approximate constant variance.

3. Box-cox Power Transformation

A
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