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Propositions belonging to the thesis 

Efficient designs for mean estimation in multilevel populations and test 
norming 

Francesco Innocenti 

 

1. When cluster size is linearly related to the outcome variable of interest, and the cluster size 
distribution in the population is known before sampling, unbiased and efficient estimation of 
the outcome mean in a two-level population is attained by sampling clusters with probability 
proportional to size and computing the unweighted average of the sampled cluster means 
(this thesis). 

2. When cluster size is unrelated to the outcome variable of interest, prior knowledge of the 
cluster size distribution in the population is not needed, because unbiased and efficient 
estimation of the population mean is simply attained by combining the unweighted average 
of cluster means with equal probability sampling of clusters and sampling the same number 
of individuals per selected cluster (this thesis). 

3. Under linear regression of a quantitative outcome variable on a categorical predictor and a 
polynomial effect of order ℎ for a quantitative predictor, the optimal design for norms 
estimation consists of ℎ + 1 levels of the quantitative predictor, replicated at each level of 
the categorical predictor. Including additional levels of the quantitative predictor into the 
sample, as typically done in normative studies, yields a loss of efficiency under the 
constraint of a fixed total sample size (this thesis).  

4. When prior knowledge about the effect of a quantitative predictor allows to rule out cubic or 
higher order polynomial effects, the balanced design consisting of three equidistant levels of 
the quantitative predictor guarantees both the highest minimum relative efficiency (i.e. 
relative to the optimal design for a model) and the highest minimum efficiency across all 
possible linear regression models for norming the outcome variable on a quantitative and a 
categorical predictor (this thesis). 

5. In light of the practical importance of surveys and normative studies, efficient designs and 
sample size formulas for planning both types of studies have a direct impact on science 
because of unbiased and efficient estimation, and an indirect impact on society because of 
saving resources. 

6. Statistics provides methodological tools for many other disciplines and this makes its impact 
on science substantial. 

7. The societal impact of a statistical methodology is proportional to the societal impact of the 
disciplines that make use of it.  

8. “The best thing about being a statistician is that you get to play in everyone’s backyard” 
(John Wilder Tukey). 

9. The scientific debate between proponents of the design-based and model-based approach to 
survey sampling is one of the best epic sagas since Homer’s Iliad. 

10. To deal with the extreme volatility of Dutch weather, a maximin approach is recommended. 


