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Graphical approaches to multiple test procedures 

Frank Bretz 

 Methods for addressing multiplicity are becoming increasingly more important and several 
multiple test procedures have been developed in the recent past that allow one to map the 
relative importance of different study objectives as well as their relation onto an appropriately 
tailored multiple test procedure, such as fixed-sequence, fallback, and gatekeeping 
procedures. In this presentation we focus on graphical approaches that can be applied to 
common multiple test problems, such as comparing several treatments with a control, 
assessing the benefit of a new treatment for more than one endpoint, and combined non-
inferiority and superiority testing. Using graphical approaches, one can easily construct and 
explore different test strategies and thus tailor the test procedure to the given objectives of an 
experiment. The resulting procedures are represented by directed, weighted graphs, where 
each node corresponds to an elementary hypothesis, together with a simple algorithm to 
generate such graphs while sequentially testing the individual hypotheses. The presented 
methods will be illustrated with several case studies using the graphical user interface from 
the gMCP package in R, which is freely available on CRAN.  

  

  

  

On the efficiency of two-stage adaptive designs  

 Frank Bretz 

In this presentation we develop a method to investigate the efficiency of adaptive locally 
optimum designs from a theoretical point of view. We focus on two-stage adaptive designs, 
where after the first stage the accrued data is used to determine a locally optimum design for 
the second stage. Based on an explicit expansion of the information matrix, we compare the 
variance of the maximum likelihood estimates obtained from a two-stage adaptive design and 
a non-adaptive design. For several one-parameter models, we provide explicit expressions for 
the relative efficiency of these two designs, which is seen to depend sensitively on the 
statistical problem under investigation. In particular, we show that in nonlinear regression 
models with moderate or large variances the first stage sample size of an adaptive design 
should be chosen sufficiently large in order to address variability in the interim parameter 
estimates. These theoretical findings support the results of recent simulation studies 
conducted to compare adaptive designs in more complex situations. 

  

  

 


