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The MIXED Procedure Model

y b g e= + +X Z
Design matrix for 
random effects

Random effects

Assume g~ N(0, G) and e ~ N(0, R)

Components of G and R are collectively 
referred to as qqqq.

E(y) = X� , Var(y) = Var(q) = ZGZ' + R

No longer required 
to be independent 
and homogeneous
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Block Diagonal Covariance Matrix
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Spatial Power
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• Residuals (Exp.)
• Influence Diagnostics (Exp.)
• ODS Statistical Graphics (Exp.)

Schabenberger, Oliver (2004), “Mixed Model Influence 
Diagnostics”, Proceedings of the Twenty-Ninth Annual SAS 
Users Group International Conference, Cary, NC: SAS Institute 
Inc., Paper 189-29.

Enhancements to PROC MIXED
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Residual Analysis

Assess 
covariance 
structure 

Scaled*

Same as above, 
but ignore Pearson

Detect outliers, 
assess 
assumptions

Studentized

Not suitableRaw

UseConditional
(Specific realization of g)

Marginal
(Averaged over all g)

Residual
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Influence Diagnostics: leave-one-out
Cross-Sectional Analysis
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Influence Diagnostics: leave-U-out
Longitudinal Analysis
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Influence Diagnostics

COVRATIO

Change in 
fitted & pred
values

PRESS

DFFITS*

Change in 
precision of 
estimates

COVTRACE

LeverageH

MDFFITS

Change in 
parameter 
estimates

D

Overall 
Influence

Likelihood 
Distance

UseFormulaDiagnostic

)}ˆ()ˆ({2

)}ˆ()ˆ({2

)()(

)()(

URRU

UU

llRLD

llLD

yy
yy

-=

-=

)()ˆˆ(]ˆ[̂)ˆˆ( )()( Xrankv UU bbbbb -¢- -

)()ˆˆ(]ˆ[̂)ˆˆ( )()()( Xrankv UUU bbbbb -¢- -

)(])ˆ[̂]ˆ[̂( )( Xrankvvtr U -- bb

])ˆ[̂(det])ˆ[̂(det )( bb vv nsUns

�� ÎÎ
¢-=

Ui
Uii

Ui
Ui xye )()( ˆˆ b

)ˆ()ˆˆ( )( iUii yeseyy -

*  ese is externally estimated standard error

1)ˆ())ˆ(( --- ¢¢ qq VXXVXX 1



10

Influence Diagnostics
Non-iterative Influence Analysis
Relies on closed-form update formulas for the fixed 
effects without updating the covariance parameters.

Iterative Influence Analysis
Relies on “brute-force” method of refitting the model 
to re-estimate all model parameters.
• Re-estimation begins with full-data estimates.
• Will converge quickly for non-influential data points.
• Slow convergence indicates influence of deleted 

observations.
• Without re-estimation, full influence of deleted 

observations cannot be assessed.
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Selected Syntax
ODS GRAPHI CS;

PROC MI XED DATA= ;
CLASS ef f ect  ;
MODEL r esponse = f i xed- ef f ect s;
/  RESI DUAL 

I NFLUENCE( EFFECT=ef f ect
EST I TER=n SELECT=val ue- l i st ) ;

RUN;

ODS GRAPHI CS OFF;
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The human immune deficiency virus (HIV) causes AIDS 
by attacking an immune cell called the CD4+ cell, which 
facilitates the body’s ability to fight infection. An uninfected 
person has approximately 1100 cells per milliliter of blood. 
Because CD4+ cells decrease in number from the time of 
infection, a person’s CD4+ cell count can be used to 
monitor disease progression. A subset of the Multicenter
AIDS Cohort Study (Kaslow et al. 1987) was obtained for 
369 infected men to examine CD4+ cell counts over time. 

Demonstration



Mixed Models 
Diagnostics
John Amrhein
Statistical Services Specialist 
SAS Institute (Canada), Inc.
john.amrhein@sas.com


