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Multiple Testing Corrections methods in FIVA 
 
A typical statistical problem is the occurrence of false positives (i.e. functional categories 
that are mistakenly found significant). The incidence of false positives is proportional to 
the number of tests performed. Since a typical search in FIVA may consist of thousands 
of tests (e.g. when using a large graph structure like gene ontology), the chance of 
obtaining false positive categories increases drastically. To correct for occurrences of 
false positives, multiple testing corrections were implemented to adjust the raw p-values. 
The first correction is the Bonferroni [1] method in which the p-value is corrected by 
multiplying the raw p-value by the number of categories. This correction provides strong 
control over the Family-Wise Error Rate (FWER), which is defined as the probability of 
making at least one type I (false positive) error. Since this method is quite conservative, 
less stringent corrections such as the Bonferroni Step-down correction [2] and a method 
which controls the False Discovery Rate (FDR) [3] were added. The latter provides 
strong control over the FDR under positive regression dependency of the null hypotheses. 
However, it is not sure whether the functional annotations used in FIVA fulfill this 
positive regression dependency requirement. For this purpose the Benjamini & Yekutieli 
4] procedure was added, which controls the FDR under arbitrary dependency. 
Nonetheless, the multiple testing corrections described above are only applied within 
each functional module. This means that the probability of finding a significant adjusted 
p-value increases with each additional module used. We have added an additional 
multiple testing correction which is derived from a standard Bonferroni correction. This 
revised procedure uses the total number of categories from all functional modules 
whereas the standard Bonferroni correction only uses the total number of categories per 
functional module. Symbols have been added to the visualization to distinguish between 
the various testing corrections procedures. Specifying which multiple testing correction is 
considered optimal is difficult and out of the scope of FIVA. As a rule of thumb, the 
Bonferroni correction is considered a conservative approach, therefore observations 
which pass this test can be considered significant. 
 
References 

1) Bonferroni, C. E. "Il calcolo delle assicurazioni su gruppi di teste." In Studi in 
Onore del Professore Salvatore Ortu Carboni. Rome: Italy, pp. 13-60, 1935. 

2) Holm S: A Simple Sequentially Rejective Bonferroni Test Procedure. 
Scandinavian Journal of Statistics, 1979, 6:65-70. 

3) Benjamini Y, HochBerg Y: Controlling the False Discovery Rate: a Practical 
and Powerful Approach to Multiple Testing. Journal of the Royal 
StatisticalSociety B 1995, 57:289-300 

4) Y.Benjamini, D.Yekutieli: The control of the false discovery rate in multiple 
testing under dependency. Ann Stat 2001, 29:1165-1188  

 
 
 
 
 
 



 
 
 

The symbols in the graphical output that are used to distinguish between the 
multiple testing corrections are located in the highlighted region. 


