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All models are wrong!

George Box (Empirical Model-Building and Response Surfaces, 1987):
All models are wrong, but some are useful.

http://stats.stackexchange.com/questions/57407/what-is-the-meaning-of-all-models-are-wrong-but-some-are-useful
“All models are wrong” that is, every model is wrong because it is a simplification of reality. Some models,
especially in the "hard” sciences, are only a little wrong. They ignore things like friction or the gravitational
effect of tiny bodies. Other models are a lot wrong - they ignore bigger things.
“But some are useful” - simplifications of reality can be quite useful. They can help us explain, predict and
understand the universe and all its various components.
This isn't just true in statistics! Maps are a type of model; they are wrong. But good maps are very useful.
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http://stats.stackexchange.com/questions/57407/what-is-the-meaning-of-all-models-are-wrong-but-some-are-useful

Simple Linear Regression

The simple linear regression model is

ind
Y "X N (Bo + B1X4,0%)

this can be rewritten as i
}/i == ﬁo JrﬁlXi + €; €; 2'14 N(O,O‘2).

Key assumptions are:
@ The errors are
e normally distributed,
e have constant variance, and
e are independent of each other.
@ There is a linear relationship between the expected response and the explanatory variables.
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Multiple Regression

The multiple regression model is

Yi=Bo+ /1 Xin+--+B8pXip+6 € ZiglN(OaUz)-

Key assumptions are:

@ The errors are
e normally distributed,
e have constant variance, and
e are independent of each other.
@ There is a specific relationship between the expected response and the explanatory

variables.
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Telomere data
Telomere length vs years post diagnosis
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Case statistics

Case statistics

To evaluate these assumptions, we will calculate a variety of case statistics:

o Leverage

o Fitted values
@ Residuals

o Standardized residuals
o Studentized residuals

@ Cook's distance
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Default diagnostic plots in R
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e
Leverage

The leverage (0 < h; < 1) of an observation 7 is a measure of how far away that observation’s
explanatory variable value is from the other observations. Larger leverage indicates a larger
potential influence of a single observation on the regression model.
In simple linear regression,

1 (f — 1‘02

hi=—+ T —a

n o (n—1)s%

which is involved in the standard error for the line for a location z;.

The variability in the residuals is a function of the leverage, i.e.

Var[r;] = o%(1 — hy)
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Case statistics Leverage

Telomere data

m <- Im(telomere.length~years, Telomeres)

cbind(Telomeres, leverage = hatvalues(m)) %>%
select(years, leverage) %>%

unique() %>%
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Case statistics Residuals

Residuals and Fitted values

A regression model can be expressed as

Yi=pi+e€ =00+ B X +e, Gz‘@N(O;Ug)

A fitted value Yl for an observation i is

Vi = ji; = Bo + A X;
and the residual is
i =Yi-Yi=¢
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Standardized residuals
Standardized residuals

Often we will standardize residuals, i.e.

r; . T
V/CLT\[TZ] v 1—h;

If |r;] is large, it will have a large impact on 6% = Y"1 | 72

externally studentized residual

(n —2). Thus, we can calculate an

i
(3@)\/1 — hy;
where 6(21‘) =D i T‘?/(TL —3).

Both of these residuals can be compared to a standard normal distribution.
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(2RIl  Standardized residuals

Telomere data: residuals
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Case statistics Cook’s distance

Cook’s distance

The Cook's distance for an observation i (d; > 0) is a measure of how much the regression
parameter estimates change when that observation is included versus when it is excluded.
Operationally, we might be concerned when d; is

@ larger than 1 or

o larger then 4/n.
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Default regression diagnostics in R Residuals vs fitted values

Residuals vs fitted values

Residuals vs Fitted
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Default regression diagnostics in R QQ-plot
QQ-plot
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Default regression diagnostics in R Absolute standardized residuals vs fitted values

Absolute standardized residuals vs fitted values
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Default regression diagnostics in R Cook’s distance

Cook’s distance

Cook's distance
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Default regression diagnostics in R Residuals vs leverage

Residuals vs leverage
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Default regression diagnostics in R Cook’s distance vs leverage

Cooks' distance vs leverage

Cook's dist vs Leverage* h;/(1-h;)
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This plot is pretty confusing.
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AT e
Additional plots

Default plots do not assess all model assumptions.

Two additional suggested plots:
@ Residuals vs row number

@ Residuals vs (each) explanatory variable
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DEETINEE(EESINICEEGISEICRNEN  Plot residuals vs row number (index)

Plot residuals vs row number (index)
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Assumption Violation
Independence A pattern suggests temporal correlation (or an artefact)

(STAT5870@ISU) RO2 - Regression diagnostics November 4, 2024 21/27



Default regression diagnostics in R Residual vs explanatory variable

Residual vs explanatory variable
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geResidpancl: R
ggResidpanel: R default

resid_panel(m, plots = "R")
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standardized ResidualsSample Quantiles
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Default regression diagnostics in R ggResidpanel: R all plots

ggResidpanel: R all plots

resid_panel(m, plots = c("qq", "hist", "resid", "index", "yvp", "cookd"),
bins = 30, smoother = TRUE, qgbands = TRUE,
type = "standardized")
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ggResidpanel: R all plots
ggResidpanel: R explanatory

resid_xpanel (m)

Plots of Residuals vs Predictor Variables
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GRS
ggResidpanel: SAS

resid_panel(m, plots = "SAS")
Residual Plot Histogram
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Default regression diagnostics in R Summary

Summary

Case statistics:
o Fitted values

o Leverage
@ Residuals

o Standardized residuals
o Studentized residuals

@ Cook's distance

Model assumptions:

Normality
Constant variance

Independence

Linearity
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