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12.4.2 Sampling conditional on covariates
In this case we treat the covariates  as fixed. When generating boot-

strap samples, we therefore want to generate data sets where only the responses 

are simulated. This requires a specification on how to generate the responses con-

Table 12.3 shows results obtained by applying Algorithm 12.3. LS estimates

are known to be unbiased, and the bootstrap results confirm this (the small

nonzero values are due to the simulation uncertainty involved). The stand-

ard errors obtained by nonparametric bootstrapping are very similar to

those obtained by standard theory. Also the confidence intervals for 

and  are very similar. This indicates that standard methods based on LS

estimation are relatively robust to deviations of normal distributions. The

differences between the confidence intervals obtained in Table 12.2 and the

normal confidence intervals in Table 12.3 are because in the first case the

observations are assumed normal, while in the second case a normal

approximation is only used on the estimates.

For , the bias is somewhat higher, but still small compared to the uncer-

tainty involved. Note that the standard error now is somewhat larger

(0.086) compared to the estimate obtained by conditioning on the selected

model (0.059). Also for the , the different confidence intervals are quite

similar. This is partly because even though the bootstrap samples have a

bimodal distribution, the skewness is small.
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Table 12.3 Standard error for estimate and 95% confidence intervals for β0, β1 
and μ for the glucose data. For confidence intervals, normal corresponds to a nor-
mal approximation of , percentile to the bootstrap percentile intervals, and 
BCa to the bias-corrected accelerated intervals. M = 5000 nonparametric boot-
strap samples were used.

Parameter Bias SE
95% CI 
normal

95% CI 
percentile

95% CI 
BCa

β0 0.002 0.122 (0.853, 1.326) (0.876, 1.355) (0.857, 1.331)

β1 0.000 0.013 (–0.003, 0.048) (–0.005, 0.046) (–0.003, 0.048)

μ –0.026 0.086 (1.259, 1.599) (1.243, 1.550) (1.274, 1.610)
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