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INTRODUCTION 
Recently, there has been considerable interest in random regression (RR) models (Schaeffer 
and Dekkers, 1994) because of their flexibility and ability to describe individual gene 
expression at different time points (Swalve, 2000 ; Jensen, 2001). A key element in a RR 
model is the function submodel for the random regressions, which can result in quite different 
estimates of genetic parameters (Misztal et al., 2000). Wilmink’s exponential function, Ali and 
Schaeffer’s regression function (Jamrozik et al.,1997), and orthogonal polynomials 
(Kirkpatrick et al., 1990 ; Brotherstone et al., 2000) have been most frequently used. Model 
selection methods include Akaike’s information criterion (AIC) and Bayesian information 
criterion (BIC) (Bozdogan, 2000 ; Myung, 2000), each of which consists of two terms. The 
first term is associated with the maximum likelihood function (ML) and measures the lack of 
fit, and the second term is a penalty of model complexity by taking into account the number of 
parameters in a model. Bozdogan (2000) introduced a new information-theoretic measure of 
model complexity (ICOMP), which takes into account the correlation relationship of 
parameters of a model. In a simulation study by Myung (2000), ICOMP picked the true model 
in 100% of cases studied, while Bayes factor (97.5%), AIC (84%), BIC (93%) were less 
reliable. Bozdogan (2000) also developed a percent relative reduction of complexity (PRRC), 
which measures heteroscedastic complexity plus a correlational complexity of the model. 
Cross-validation techniques capture the behavior of unseen or future observations from the 
same process, and mean square error has also been frequently used to select models (Myung, 
2000). A total of 18 competing submodels were compared for a RR test day model using 
several selection methods. 
 
MATERIALS AND METHODS  
Data. A total of 768205 test day (TD) records from Canadian Jerseys calving between 1988 
and 1999 were obtained and the first parity data were used to compare the models. First parity 
data were divided into two nonoverlapping samples referred to as calibration and validation 
samples. Both data sets were constrained to days in milk (DIM) between 5 and 330 days 
inclusive, TD milk yields between 1.5 and 90 kg inclusive, and first calving age between 18 
and 48 months inclusive. To estimate the genetic parameters of the submodels, further 
constraints on the calibration sample were: first DIM ≤ 45, second between 14 and 70 
inclusive, number of DIMs per cow > 7, number of DIMs within herd test date > 10. Pedigrees 
were traced back 3 generations or to unknown parents. After editing, the calibration sample 
consisted of 43661 TD records from 4686 cows. The pedigree associated with calibration 
sample consisted of 15736 animals. The validation sample consisted of 115801 test day records 
from 15499 cows. The associated pedigree consisted of 40232 animals. The validation sample 
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was further divided into three nonoverlapping sub-data sets each with approximately 40000 TD 
records of approximately 5000 cows and about 17000 pedigree animals.  
Models. Models were compared for milk yields only. A total of 18 competing submodels for 
breeding values and PE effects under RR test day model framework were compared. They 
were: 
Normal lactation curve functions (Guo, 1998 ; Jamrozik et al., 1997): 
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where y is milk yield and t is DIM.  
Spline functions (Guo, 1998 ; Hayes, 1974): 
Spline functions power n with knots  have the following form:  )(xs hλλλ ,,, 21 L
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The number of knots and their positions can be chosen by a mixture of trial and error, 
experience and a general knowledge of the shape of the required curve. In general, more knots 
will be needed in regions where the behavior of the curve is changing rapidly, and less where it 
is changing slowly. In this study, four employed spline functions with either 1 or 2 knots and 
power either 2 and 3 were referred to as SPiKjP for i knots and j power. 
Chebyshev Polynomials (CP) (Hayes, 1974): 
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They were designated as CPn2n3, where n2 was the order for the additive genetic effects and n3 
was order for the PE effects. 
RR test day model: 
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where yijkl is milk yield of cow k on day l within herd-test-date (HTD) i, for a cow in subclass j 
for time period (1988-1994 and 1995-1999), first calving age group (18-24, 25-29, 30-34, and 
34-48 months), and season of calving (Mar–Sep, Oct–Feb) (TAS), f1 is fixed regression nested 
within TAS, f2 is function modeling breeding values, and f3 is function modeling PE effects, e 
is residual (its variance was assumed to be homogenous), n1, n2, and n3 are orders of 
corresponding functions. Fixed regression (f1) was 6th order CP, which was same for all 
competing models. Parameters of all models were estimated using AI-REML via DMU 
package (Madsen and Jensen, 2000) from the calibration sample.  
 
Model selection criteria. Several selection methods have been proposed that adjust for 
variation in the number of parameters among models. The methods used in this study were: 
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Minus two log likelihood function; Akaike’s information criterion (AIC). AICk = -2log(MLk) + 
2pk; Bayesian information criterion (BIC). BICk = -2log(MLk) + pklog(n); Root mean squared 
deviation (RMSD). RMSDk = )/( kk pnSSE −

))()( 11 kRk CC Σ−Σ

; Information-theoretic measure of complexity 
criterion (ICOMP). ICOMPk = -2log(MLk) + C1(Σ); Percent relative reduction of complexity 
criterion (PRRC). PRRCk = [( ×100%; Cross-validation (CV). The 
studied models with estimated parameters from calibration sample were then evaluated by their 
ability to fit the validation samples. The mean square errors for validation sample (CV) and the 
average of mean square errors for its three sub data sets (CV

)](/ 1 kC Σ

0) were calculated for measuring 
the models fitting ability, where log(MLk) is the natural logarithm of ML for model k, pk is the 
number of free parameters in model k, n is the number of observations that contributes to the 
likelihood, SSEk is sum of squares error for model k, Σk and ΣkR are covariance and correlation 
matrix of the parameters of model k, C1(Σ) = rank(Σ)log(trace(Σ)/rank(Σ))-log(|Σ|). Criteria 
with small values are favoured except for PRRC, which picks model with maximum value. 
 
RESULTS AND DISCUSSION 
Results from the 7 model selection methods and 18 models are given in Table 1. ML, AIC, 
BIC, and ICOMP are expressed as relative difference from the submodel that gave the lowest 
value for each criterion. Differences among the submodels were relatively small. MIL5 
performed well on AIC, BIC, ICOMP, CV0 and CV. CP66 did best on all criteria except BIC, 
AIC, and PRRC. The poor performing submodels were LM, W2, and CP33. SP2K2P was best 
among spline function submodels, but the low values of PRRC indicates that there were high 
correlations among the parameters for spline functions. There was not unanimous agreement 
on the best submodel among the 7 comparison methods employed. In general, however, models 
with more parameters tended to perform better than models with fewer parameters. 

Clearly Wilmink function and LM for 
fitting lactation curves do not 
adequately fit genetic and permanent 
environmental (co)variances. CP were 
chosen over Legendre polynomials for 
this study because of empirical 
evidence that CP gave equations 
which more quickly converged to a 
solution. Likelihood ratio tests 
between CPn2n3 submodels were 
highly significant. Figure 1 shows the 
general shape of heritabilities through 
the lactation for four submodels. All 
sub-models seem to give similar 
heritabilities from day 90 to 270, but 
much different values prior to 90 d 
and some differences after 270 d. 
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igure 1. Estimated heritabilities for TD milk
ields over DIM derived from selected submodels 
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CONCLUSIONS 
Orthogonal polynomials seem to be the submodel of choice for RR test day models. The order 
of these polynomials should probably be at least 4 or 5. 
 
Table 1. Model selection criteria listed along with competing models 
 

Model -
2log(ML)1 

AIC1 BIC1 ICOMP1 PRRC(%) RMSD CV0 CV 

MIL1 511 467 398 503 47 1.29 1.19 1.18 
MIL5 28 0 0 50 74 1.26 1.03 1.02 
LM 983 939 870 997 95 1.34 1.27 1.26 
W2 723 679 610 723 93 1.30 1.19 1.18 
AS2 65 57 144 57 38 1.23 1.05 1.04 
SP1K2P 162 134 134 158 19 1.20 1.01 1.00 
SP1K3P3 321 293 400 320 22 1.22 1.04 1.03 
SP2K2P 67 59 146 74 16 1.18 0.96 0.95 
SP2K3P3 252 268 459 257 28 1.21 1.02 1.01 
CP33 985 941 872 962 87 1.30 1.18 1.17 
CP43 478 442 408 457 61 1.24 1.08 1.06 
CP53 226 200 209 207 46 1.20 1.02 1.00 
CP34 494 458 424 472 77 1.23 1.05 1.04 
CP44 431 403 403 413 59 1.23 1.06 1.05 
CP35 211 185 194 191 63 1.18 0.97 0.97 
CP45 160 142 186 143 56 1.19 0.98 0.97 
CP55 125 117 204 118 37 1.19 0.98 0.97 
CP66 0 16 207 0 42 1.15 0.95 0.91 

1Relative to minimum value 2convergence problem, estimated parameters not stable over last 
few iterations 3convergence problem, however, estimated parameters stable over last few 
iterations 
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