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Motivation 

• Pathway analysis in microarray analysis 

▫ Genes are functionally or structurally related 

▫ System biology-driven analysis 

▫ Genes in the set are given a priori 

▫ Also important in metabolomics and proteomics 

• An example 

▫ Wu et al. (2009) analyzed 35 sets of 4-145 genes, 
N=16 (9 with, 7 without metal particulate 
exposure)   
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Overall Hypothesis Testing 

• One test on overall significance of the set 
• # of genes (p) < sample size (N) 

▫ MANOVA 

• # of genes (p) > sample size (N) 
▫ Singular sample covariance matrix makes 

MANOVA statistics undefined 
▫ Use of regularization (Warton, 2008), generalized 

inverse (Srivastava, 2007) were proposed to “fix” 
MANOVA 

▫ A list of alternative approaches are also available 
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General Linear Multivariate Model (GLMM) 

• Multivariate data can be modeled as follows 

 

 

 

• Testing secondary parameters   
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Overall Test for Null Case 

• Our alternative solution (Chi et al., 2012) is a 
new test for an existing statistic for GLMM 

▫ Controls the Type I error rate 

▫ Applies to general design (any GLMM) 

▫ Applies to data with p < N 

▫ Easy to compute (available in SAS 9.3) 
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Overall Test for Null Case 

• The existing statistic is a ratio of hypothesis to 
error sums of squares 
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Overall Test for Non-Null Case 

• The exact distribution (Theorem 1, Chi et al., in 
preparation) 

 

 

 

 

▫ A minimum set of sufficient parameters 

 Scaled variances of principal components 

 Noncentrality parameters  
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Overall Test for Non-Null Case 

• Noncentrality parameters are 1-1 functions of 
the squared multiple semi-partial correlations 

▫ Correlations have better scientific interpretability 
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 : the squared correlation between  and the set of
predictors tested, with the predictors adjusted for all

untested predictors in the model



Overall Test for Non-Null Case 

•  A convenient non-central F approximation is 
available (Theorem 3, Chi et al., in preparation) 
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Simulation – One Sample Problem  
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Empirical, Absolute Bias in Power 
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Simulation – Two Sample Problem  
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Power Analysis 

• Seven input components 

▫ Type I error rate 

▫ Design matrix 

▫ Between-subject contrast matrix 

▫ Within-subject contrast matrix 

▫ Null matrix 

▫ Primary parameters matrix 

▫ Error covariance matrix  
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Power Analysis 

• Number of parameters explodes when p >> N 
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Power Analysis 

• Power equivalence simplifies problem (Thm. 2) 

6/20/2012 WNAR, Fort Collins, CO 

15 

Hypothesis Testing Scenario
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Conclusion for p > N 

• Overall testing is important for pathway analysis 

• We have 

▫ A size α general test for null case 

▫ Accurate power approximation 

▫ Software for testing available 

▫ Updated power software underway 

• Power equivalent scenarios help simplify the 
power analysis 
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Discussion 

• With high outcome dimension, practicing safe 
computing is particularly essential to ensure 
numerical accuracy 

• Power calculation with random covariate will be 
explored for future research 
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