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Figure 14.8 Weight Measurements from the Cattle Weight Data. Left figure: all animals.
Right figure: four randomly selected animals

Table 14.3 Parameter Estimates for the
Theophylline Data

Parameter Estimate (standard error)

η1 −2.56 (1.27)
ηw 0.044 (0.018)
η2 −2.45 (0.05)
η3 −3.23 (0.06)
σ 0.71
�11 0.30
�12 0.02
�22 0.03

variation and consider the treatment effect on
the growth rate.The resulting NLME model is
given by

yi j = β0i + β2i e−β1i ti j + εi j ,

i = 1, . . . ,m, j = 1, . . . , ni ,

(14.15)

β0i = β0 + u1i , β1i = γ0 + γ1 IBi ,

β2i = β2 + u2i , (14.16)

where yi j is the weight for animal i at mea-
surement time ti j , εi j is the corresponding
measurement error, IBi is an indicator func-
tion such that IBi = 1 if animal i is from the
group with treatment B or IBi = 0 otherwise,
the parameters (β0, γ0, γ1, β2)

T are fixed, and
ui = (u1i , u2i )

T are random effects. We
assume that the measurement errors εi j are
independent of the random effects ui with

εi j
i id
∼ N (0, σ 2) and ui

i id
∼ N (0, �).

We fit the NLME model (14.15) and (14.16)
to the cattle weight data. For comparison, we
also fit the quadratic LME model

yi j = β0i + β1ti j + β2i t2
i j + εi j ,

i = 1, . . . ,m, j = 1, . . . , ni ,

(14.17)

β0i = β0 + u1i , β2i = γ0 + γ1 IBi .

(14.18)

Table 14.4 presents the parameter estimates,
their standard errors, and the correspond-
ing P-values based on the NLME model




