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Abstract 

Growth developmental research is one example of the application of longitudinal data that have correlated value over time. 
Linear Mixed Model (LMM) is an extension of classic statistical procedures that provides flexibility analysis in correlated 
longitudinal data and allows researcher to model the covariance structures that represent its random effects. This paper briefly 
describes growth curves model as a single LMM that represent two levels of observation, which focused on modeling its 
covariance structure to capture correlated information over time of individual performance. We apply LMM and model different 
types of its covariance structure in the simulation study of children’s growth differences based on the feeding methods. We 
perform simulation scenario using MIXED procedure in SAS system, based on three fit indices (-2RLL, AIC and SBC) and p-
value significance level, we obtain Unstructured (UN) covariance is always be the best fit in presenting the characteristic of data 
but not the best choice considering inefficient numbers of parameters while Heterogeneous First-order Autoregressive (ARH(1)) 
is a proper alternative covariance structure with ease of data interpretation from fewer numbers of estimated parameters.  
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1. Introduction 

Linear model is an approach for modeling the relationship between n independent observations  1,..., T
ny yy  

with one or more explanatory variables denoted  ijxX  as n x p matrix model, where ijx  is the value of 
explanatory variable j for observation i. So that, in matrix notation the linear model can be expressed as  

, y Xβ ε     (1) 
where 𝜷𝜷 is a x1p parameter vector with p n  and ε  is a Gaussian random component having ( )E ε 0  and 

2Var( ) . V ε σ I  Note that in this classical linear model, the variance structure is presumed in ordinary way that 
are constant variance and uncorrelated data over time. When we work on longitudinal data analysis this model 
become less appropriate, because by assuming the constant variance and ignoring the correlation structure the 
statistical inference from linear model might be erroneous.  

Linear Mixed Model (LMM) or Gaussian Mixed Model (MM) analysis is a statistics procedure that provides a 
flexible approach in statistical analyses with correlated longitudinal data. Longitudinal data is described by response 
variable with repeatedly measured for each unit analysis and time as the repeated factor. In longitudinal data 
structure, the number of repeated measure may not be equal for each unit analysis and the time of observation may 
also not in the same spacing or intervals. In other words, longitudinal data characteristics allow for unequal space 
and missing value observations. LMM covers characteristics of longitudinal data analysis while in Linear Model are 
hardly applicable.  

Growth developmental researchs evolve in wide variety of scientific fields, such as psychology10, economics3 and 
educations11. Growth curves in developmental study are usually represented by means of the two-level hierarchical 
linear model, in which population parameters, individual effects, and within-subject variation are defined at the first 
level and between-subject variation defined at the second level13.  Growth curves are very interested to develop 
because we can analyze simultaneously individual level effect/individual differences (or within-subject) and group 
level effect (or between-subject)2 that changes over time. Harville D. A. (1977)7 and Jaume A. et al. (2010)8 stated 
that LMM as the integration of two levels (hierarchical) observation (i.e. within and between-subject) in a single 
model, so that LMM fulfill the needs of capturing the individual performance information over time accurately 
because it allows a variety of variance covariance structure or correlation patterns to be explicitly modeled.   

As the specification of Generalized Linear Mixed Model (GLMM), the term Mixed in LMM refers to the fixed 
and random effect simultaneously used and analyzed in the model. The dissimilarities between fixed and random 
effect are defined by Lee, Y. et. al. (2006)9 that fixed effects can describe systematic mean patterns such as treatment 
methods, while random effects may describe correlation patterns between repeated measures within subjects or 
heterogeneities between subjects or both. The correlation can be represented by random effects of subjects, and 
heterogeneities by saturated random effects. In practice, it is often necessary to have both types of random 
components. However, what really distinguish the LMM from the classic linear model is it models variance and 
covariance (random effects), so that the parameters of covariance are employed to model data with specific 
characteristics. 

As part of growth developmental research, this paper briefly describes growth curves as a single LMM that 
represent two-level observations of longitudinal data. Level-1 presents growth shape to capture within-subject effect 
and level-2 presents growth parameters that characterized between-subject differences. As we stated before, the 
excellence of LMM is the variance covariance modeling while in linear model it is presumed as uncorrelated and 
constant variance over time. In this paper, we model the variance and covariance using different structure types such 
as Unstructured (UN), Compound Symmetric (CS), Heterogeneous Compound Symmetric (CSH), First-order 
Autoregressive (AR(1)) and Heterogeneous First-order Autoregressive (ARH(1)). In orders to explore the 
characteristic of correlated longitudinal data and excavate the individual trend performance, we perform simulation 
study and apply variance covariance modeling to generated children’s weight growth that we divide into two groups 
based on its feeding methods. Simulation study developed using MIXED procedures in SAS system that allows 
researcher to analyze both fixed and random effect in LMM. 
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