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Childrens’ growth curves 
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Note:  
a). curves similar shape with displaced origin (tempo) and scale 
b). Level 1 variation (about growth trend) tends to zero at 
maturity 
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An individual 3-random-effects model 
(SITAR model – Cole et al.) 
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Cole, TJ., Pan, H. and Butler, GE. (2014). Ann. Hum. Biol., 41(1), 76-83 (max 
likelihood estimation in R) 

Overall size 

Shape (velocity) 

Age origin 



A generalisation 
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Level 2 specification 
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Estimation 

• MCMC with diffuse priors. 

• Gibbs steps update the fixed coefficients, covariance matrix 
and the level 2 random effects in the polynomial function 

• MH steps to update the other random effects and the 
coefficients of the variance function. 

• Good starting values (for polynomial fixed effects) are 
important. Several chains with different starting values used. 

• Implemented experimentally in STATJR (CMM Bristol). 
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Results: 101 boys aged 8-18, height, Approx. 6 months apart. 
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•  
 
For example, if we have a boy who has an average downward shift equal to the mean shift of 1.37, at an 
actual age of 9.0 years (2.29 years earlier than his age origin), the expected variance is 0.24. For such a boy 
at actual age of 16.0 years, however, the expected variance is 0.07. 

• For earlier ages we have similar results for when the variance function is defined on actual age, 
with the expected variance at age 9.0 years of 0.30. For later ages, however, the variance does not 
decrease as before: at age 16, for example, it is estimated as 0.22 and this reflects the variability in 
the timing of the growth spurt. 

163.1  0.64 

        10.3 (7.6) 0.09 

2.71  0.08 

0.26 0.007 

Age shift 1.37 0.18 

Variance function intercept -1.29 0.08 

Variance function slope -0.051 0.025 

Variance function quadratic -0.023 0.006 

DIC (PD) 2849.7 478.3 

5th degree polynomial (not all shown and spline terms omitted) – 
coefficients up to cubic random. Burnin=iterations=25,000. Age 
centered on 12.7 years. Term in brackets for non-age-shifted model 



Random effects 
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Note: Age shift and variance function intercept terms not highly correlated 
with polynomial terms. Polynomial terms not highly correlated justifies the 
unconstrained model. 



Further developments 
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