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Abstract: This article considers the analysis of experiment of repeated measures design that is used

frequently in medical research. We propose new approach could be used to guide the selection of the

covariance structure. We used simulation study to compare six model selection criteria in terms of their

ability to identify the right correlated error model with the help of the new approach. The comparison of

the six model selection criteria were in terms of their percentage of number of times that they identify

the right covariance structure with the help of the new approach. The simulation results indicate that

overall, the new proposed approach showed very good performance with all the six model selection

criteria  where  the  AICC  and BIC  criteria provided the best performance for all the study cases.[17] [25]

The main result of our article is that we recommend using the new proposed approach with AICC or BIC

criteria as a standard procedure to identify the right correlated error model. 

Keywords: Repeated Measures Design; Information Criteria; Bootstrap Procedure; MCB Procedure;
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INTRODUCTION

The design and the analysis of a study are very

important factors that contribute to the success of any

study. A poorly analyzed study can produce misleading

results. Most medical studies consider an input, which

may be a medical intervention, and an output, which is

some measure of health that indicates the effect of the

intervention. The simplest way to categorize studies is

with reference to the time sequence in which the input

and output are studied. 

A cross-sectional study involves a group of people

observed at a single point in time, whereas a

longitudinal study involves the same individuals

measured over time.  The term “longitudinal” naturally

suggests that data are observed over time. The time

trend of individual responses to treatment is an

important part of many studies particularly in the

medical research field. In repeated measures designs,

many measurements are made on the same individual.

Repeated measurements on the same experiment unit

over time are a more efficient way of using resources

compare to using a different experimental unit for each

measurement time. Repeated measures experimental

designs, often referred to as within-subjects designs,

give researchers opportunities to study time trends of

research effects while "controlling" for subjects. The

primary benefits of using a repeated measures design

are statistical power relative to sample size and

reducing cost which are important in many real-world

research situations.

Special attention is needed for repeated measures

experimental designs, since in practice the observations

within each subject are likely to be correlated . The[2 ,9]

covariance structure of the observed data in repeated

measures design experiments makes its analysis

different from other factorial experiments.

The MIXED procedure of the SAS System  is a[23]

standard tool for analyzing longitudinal data. One of

the main reasons that The MIXED procedure of the

SAS System is very popular is the fact that it enables

users to fit correlated error model with different

covariance structure. The MIXED procedure of the

SAS System has different selections for modeling the

covariance structure of the experiments of repeated

measures design. The MIXED procedure of the SAS

System can be used to develop either maximum

likelihood (ML) or restricted maximum likelihood

(REML) estimates in order to complete the analysis of

the experiments of repeated measures design, where

REML estimation are generally preferred to ML.

Modeling the covariance structure of the factor of

repeated measures is the concerned issue. A lot of

effort is usually needed to decide what the suitable

covariance structure of the data is at the beginning of

the statistical analysis. Statisticians often use

information criteria such as AIC , BIC , CAIC ,[1] [25] [3]

HQIC  to guide the selection of the covariance[13]

structure . Many studies have investigated[1 9 ,2 1 ,2 6 ]

performance of those information criteria in selection

of the covariance structure . Unfortunately, these[8 ,11 ,12 ,19]

criteria do not always success in selecting the true
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covariance structure and thus possible effects of

misspecification of the covariance structure on

statistical properties of the inferences must be

considered .[8 ,11 ,12 ,19]

Our research objective is proposing and evaluating

new approach could be used to guide the selection of

the covariance structure. Also, our research objective

involves comparing six model selection criteria in terms

of their ability to identify the right correlated error

model with the help of the new approach. 

In general form, the mixed effects linear model can

be written as :[15 ,22]

Y = Xâ + ZU +e (1.1)

where

C â = px1 vector of fixed effects.

C U = qx1vector of random effects.

C e = nx1 vector of residuals.

C X = nxp design matrix for fixed effects.

C Z = nxq design matrix for random effects.

C U~N(0,G) , e~N(0,R),

C Y~ N(Xâ, V), and V = ZGZ` + R.

When V is known, the best linear unbiased

estimators (BLUE) of estimable functions h`â of the

fixed effects in (1.1) are given by 

with

In most applications V is unknown. Therefore, It is

estimated from the data where estimators based on

(1.2) are not generally BLUE . Various procedures[14]

were proposed for testing hypotheses on fixed effects

in mixed models with unknown V, most of which

assume that V is estimated by the REML method .[7 ,10 ,20]

The resulting estimates of fixed effects are often

referred to as empirical BLUE (eBLUE) . Standard[14]

error estimates based on (1.3) are biased downwards

when V replaced by its estimate . Fixed effects are[18]

estimated  based  on (1.2), with V replaced by a plug-

in  REML  estimate.  Null  hypotheses  of the form

0H  hâ = 0 are tested by

when rank(h) > 1. In general, the test statistics in (1.4)

only have approximate F-distribution. The approximate

denominator degree of freedom õ of F-distribution can

be determined using one of the four different methods
implemented in MIXED procedure of SAS. The four

methods of the approximations are residual method,
containment method (this is the default in MIXED),

extended Satterthwaite  method of Giesbrecht and[24]

Burns  and Fai and Cornelius , and Kenward-Roger[10] [7]

method . Kenward and Roger  found good[2 0 ] [2 0 ]

performance of their method across a number of

designs. Also, Guerin and Stroup  recommended[12]

using the Kenward-Roger method as standard operating

procedure. Therefore, Kenward-Roger method was
considered in this paper for approximating the

denominator degrees of freedom. 

MATERIALS AND METHODS

The following model reflects the basic experiment
of repeated measures design which is a special case of

the mixed model (1.1):

where i = 1,2,.....,t; j = 1,2,.....,r; k = 1,2,......a

i ì  is an overall mean parameter; á is the ith treatment

ijmain effect, d  is the random effect associated with the

jth subject in the ith treatment main effect, assumed

ki.i.d.          ,ô  is the kth time main effect, (áô) is the

ijkinteraction between treatments and time, and g  is
within  subjects  errors  associated  with the kth

subject  in  the  jth  treatment  main  effect  at  the
kth  time  effect.  Within subjects errors are potentially

ijcorrelated. Therefore, the vector g  is defined as follow

i j ij1 ij2 ijag  = [g     g  ....   g ] . MVN(0,Ó), where Ó is the

ijkcovariance matrix among g  within the ijth subject.

ijThe vectors g  are assumed to be mutually independent.

ij ijkAlso, d , and g  are assumed to be independent.
Alternatively, we can express model (2.1) as cell mean

model:

where,

ijTherefore,  the  vector  y  is defined as follows,

iwhere ì  is the vector of means at kth time for the ith

i i1 i2 iatreatment, i.e. ì  = [ì    ì    ..... ì ] A common

covariance matrix structures of Ó were used to simulate

correlated error models for the simulated experiment.

The following experimental design was consider

because of its practical relevance. The design of the

simulated experiment is described below: 
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The treatments were arranged in a basic form of

repeated measures design which consists of a

completely randomized experimental design with data

collected in a sequence of equally spaced points in

time. The design of the simulated experiment is

described in diagram 1, which consists of 

C t = 3 treatments

C r = 4 or 7 subjects per treatment level

C a = 7 repeated measures within each treatment

level. 

Diagram 1. Illustration of the design of the

simulated experiment

Treatments Time

A 1 2 3 4 5 6 7

B 1 2 3 4 5 6 7

C 1 2 3 4 5 6 7

The repeated measures analyses for this design can

be implemented by the following example SAS code :[12]

PROC MIXED DATA = one;CLASS  treatment

subject  time;MODEL y = treatment time treatment *

time / ddfm = kr;REPEATED time / type = UN

subject = subject (treatment); A n  issue co ncerns

the estimation of the variance-covariance components

of G  and R. In the repeated measures design

experiments, the general form of V(Y) = V = ZGZ` +

subjR is block diagonal of J  + Ó with each block2

corresponding to a subject. When covariance structure

of both the unstruc tured  analysis approach

(Unstructured covariance structure) and the split-plot

analysis approach (Compound Symmetry covariance

structure) are considered for Ó in the analyses, the

component of Ó contain the between subject variance

subj(ó ), since in case of the unstructured analysis2

approach, the unstructured covariance structure is the

most general one possible and in case of the split-plot

subjanalysis approach, the between subject variance (ó )2

and the constant correlation between observation on the

ith subject are confound. In this case, model (2.1)

reduces to 

Where, i = 1,2,......,t; j = 1,2,......,r; k = 1,2,......a.

In other covariance structure, we will follow a

ijtypical strategy that suggested dropping d  from model

(2.2) and use model (2.3) instead in order to avoid

non-convergence problem that we experienced during

our simulation. This action will give us the chance to

ijassess the impact of dropping d  from the model when

it is required by theory. 

In MIXED procedure, users find five model

selection criteria available, which give users tools can

be used to select an appropriate correlated error model.

The five model selection criteria are:

C Akaike  Information Criterion (AIC)[1]

C Schwarz  Bayesian Information Criterion (BIC) [25]

C Bozdogan  Corrected Akaike Information Criterion[3]

(CAIC) 

C Hannan and Quinn  Information Citerion (HQIC)[13]

and

C Hurvich and Tsai  The Corrected Akaike[17]

information Criterion (AICC).

One more model selection criteria will be presented

that is equal to the average of the previous five model
selection criterions and it will be called Average

Information Criterion (AVIC). Our study concerns with
comparing the six information criterions in terms of

their ability to identify the right correlated error model
with the help of the new approach.

The new approach involves using the bootstrap
technique  and MCB procedure  as tools to help the[4 ,5] [16]

six information criterion in identifying the right
correlated error model. The idea of the new approach

can be justified and applied in a very general context,
one which includes (but is not limited to) the selection

of the covariance structure. The idea of using the
bootstrap to improve the performance of a model

selection rule was introduced by Efron , and is[4 ,5]

extensively discussed by Efron and Tibshirani .[6]

In the context of the mixed model (2.2), the
algorithm for using parametric bootstrap in our new

approach can be outlined as follows.

ijLet the vector y  is defined as follows: 

                                                        , 

iwhere  ì   is  the  vector  of  means  at  kth  time

for the ith treatment, i.e. ,

 and

C Generate the bootstrap sample on case-by-case

using the observed data (original sample) (i.e.,

i1 i2 irbased on resampling from (y  , y  ,......,y ) for

each  of  the  ith  group  independently   from
the  others).  The  bootstrap sample size is taken

to  be  the same as the size of the observed
sample (i.e. r). The properties of the bootstrap

when the bootstrap sample size is equal to the
original sample size are discussed by Efron and

Tibshirani[6]

C Fit the candidate mixed model with the different

covariance structures, which we would like to
select the right covariance structure from them, to
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the bootstrap data, thereby obtaining the bootstrap

AIC , BIC , CAIC , HQIC , AICC  and AVIC  for* * * * * *

each model with the different covariance structures.

C Repeat steps (1) and (2) (W) times.

C Statisticians often use information criteria to guide

the selection of the covariance structure such as

selecting the model with the smallest value of the

information criteria . We will follow the same[19,21,2 6 ]

rule in our approach, but we have the advantage

that each information criteria has (W) replication

values result of the bootstrapping of the observed

data (from step (1), (2), and (3)). To make use of

this advantage, we propose using M CB

procedure  to pick the winners (i.e. selecting the[16]

best set of covariance structures or single

covariance structure if possible), when we consider

the bootstrap replicates of the information criteria

that is produced by each of the different

covariance structures as groups. 

The  Simulation  Study:  A simulation study of

PROC MIXED’s mixed model analysis of repeated

measures  data was conducted to compare the six

model  selection criteria with the new approach in

terms  of  their percentage of number of times that

they  identify  the  right  covariance  structure  alone.

Kenward-Roger  method  was  used  for  computing

the denominator degrees of freedom for the tests of

fixed effects from all the analyses, where data are

simulated under the null hypothesis. Also, the

percentage of number of times that REML failing to

converge with normal situation, where the PROC

MIXED procedure used REML without any interfering,

was reported. 

Correlated multivariate normal data were generated

according to model (2.1). There were 24 scenarios to

generate data involving eight covariance structures with

different settings of covariance matrix parameter values

for each covariance structure and two different sample

sizes r = 4 and 7 subjects per treatment). The

covariance structures were Independent Errors (VC),

Compound Symmetry (CS), Heterogeneous Compound

Symmetry (CSH), First-Order Autoregressive (AR(1)),

Heterogeneous First-Order Autoregressive (ARH(1)),

Toeplitz (TOEP), Banded Main Diagonal (UN(1)) and

Unstructured (UN). The 12 settings of covariance

matrix parameter values are given in Table 1. For each

scenario, we simulated 150 datasets. SAS (Version 9.1)

PROC IML code was written to generate the datasets

according to the described design. We will consider the

case when we have 4 subjects per treatment as an

example to explain the process of generating the

datasets. A 12 7x1 vector of standard normal random

deviates were generated using SAS’s NORMAL

function. Denoted the vector:

where i = 1,2,3,; j = 1,2,3,4. Note that the 12

represents the 4 subjects for each of the 3 treatments

and the 7 represents the 7 levels of time effect within

each of the 3 levels of treatment effect. Also, a 12 7x1

vectors, standard normal deviates, of the random effect

of the jth subject in  the  ith treatment d was generated

subjas d = ó , where the vector z was generated using

subjNORMAL function and ó  z set to equal to one.2

Then the 12 7x1 vectors of observation for model (2.2)

were calculated as  

where:

C   is  the  Cholevsky  decomposition  of  Ó,
and 

 C Ó is  the  covariance  matrix  of  repeated
measures effect  “time”. 

ijTherefore,  the  vector  y  is  defined as  follow

in  the  context  of  the  mixed    model   (2.2): 

                                                    

iwhere ì  is the vector of means at kth time for the ith

1 2 a ik i k iktreatment, i.e. ìi [ìi  ìi  ìi ]  ì  á  + ô  (áô)  set equal
to  zero  and i = 1,2,....t; j = 1,2,.....,r; k = 1,2,....,a

The algorithm of our approach was applied to each one
of the 150 generated data sets for each one of the six

information criteria in order to compare the
performance of the six information criteria with the

new approach. We close this section by commenting on
how to choose the number of bootstrap samples W (i.e.

the number of times the observed data was
bootstrapped) used in the evaluation of the new

approach. As W increases, the results of the new
approach stabilize. Choosing a value of W which is too

small may result in inaccurate results, yet choosing a
value of W which is too large will waste computational

time. The values 10 and 20 for W were chosen since
smaller values seemed to marginally diminish the

number of correct model selections with the new
approach while larger values did not appreciably

improve the performance of the new approach. The
objective of implanting MCB procedure  in our new[16]

approach is to select covariance structures into a subset
with a probability of correct selection p(correct

collection)=(1-á) that the “best” covariance structure is
included in the subset where the subset could be single

covariance structure if possible. The Percentage of
number of times that the MCB procedure  selects the[16]

right covariance structure alone was reported.     
The  12  settings of the covariance matrix are

given  in  Table 1 which can be categorized to eight
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Table 1: The 12 settings of eight Covariance Matrix structures used in the Simulations

Setting No. Covariance M atrix Setting No. Covariance M atrix

1.1 1.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2.1 2.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3.1 3.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4.1 4.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5.1 6.1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7.1 8.1

covariance structures. The first one, (Setting No. 1.1

and 1.2) represents Compound Symmetry (CS)

covariance structure with different choices of

parameters. The second one, (Setting No. 2.1 and 2.2)

represents F irst-Order Autoregressive (AR(1))

covariance structure with different choices of

parameters. The third one, (Setting No. 3.1 and 3.2)

represents Heterogeneous First-Order Autoregressive

(ARH(1)) covariance structure with different choices of

parameters. The fourth one, (Setting No. 4.1 and 4.2)
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represents Heterogeneous Compound Symmetry (CSH)
covariance structure with different choices of
parameters. The fifth one, (Setting No. 5.1) represents
Independent Errors (VC) covariance structure. The sixth
one, (Setting No. 6.1) represents Banded Main
Diagonal (UN(1)) covariance structure. The seventh
one, (Setting No. 7.1) represents Toeplitz (TOEP)
covariance structure. The eighth one, (Setting No. 8.1)
represents Unstructured (UN) covariance structure.

RESULTS AND DISCUSSIONS

Due to space limitations, we present only part of
the total simulation results of the 24 scenarios. The
complete results are available from the author upon
request. Table 2 summarizes results of the average of
the percentage of number of times that the procedure
selects the eight covariance structure alone from the
eight Covariance structures for all the six criteria, when

Table 2: Average of the Percentage of number of times that the procedure selects the right covariance structure alone from  the eight
Covariance structure for all the six criteria  when W=10, r=7, and (nom inal Type I error=0.05).

The right structure The six criteria
-----------------------------------------------------------------------------------------------------------------------------------------------------------
AIC AICC AVIC BIC CAIC HQIC

AR(1) 80% 99% 99.66665% 99.66665% 100% 89%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ARH(1) 83.66665% 98.33335% 98.33335% 99.33335% 100% 91%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CS 80.33335% 99% 97.6667% 100% 100% 92%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CSH 83.3333% 97.6667% 100% 99.33335% 100% 91.6667%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
TOEP 86.6666% 99.3333% 97.6667% 99.3333% 98% 94%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
UN(1) 74.6667% 91.3334% 92.6666% 92.6666% 94% 82.6667%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
UN 100% 100% 100% 100% 100% 100%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
VC 77.9999% 98% 98.6666% 99.3333% 100% 90.6666%

Table 3: Average of the Percentage of number of times that the procedure selects the right covariance structure alone from  the eight
Covariance structure for all the six criteria when W=20, r=7, and (nom inal Type I error=0.05).

The right structure The six criteria
-----------------------------------------------------------------------------------------------------------------------------------------------------------
AIC AICC AVIC BIC CAIC HQIC

AR(1) 61.66665% 96.3333% 98.6667% 100% 100% 83.66665%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ARH(1) 65.66665% 96% 96% 97.66665% 100% 78.66665%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CS 61.66665% 97% 98.66665% 99.66665% 100% 83.33335%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CSH 67% 97.6667% 98.3333% 99.3333% 100% 83%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
TOEP 66.6666% 98% 98.6666% 99.3333% 94.6666% 82.6666%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
UN(1) 40.6666% 80% 81.3334% 86% 86.6667% 58.6667%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
UN 100% 100% 100% 100% 100% 100%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
VC 47.9999% 93.3333% 98% 99.3333% 100% 75.3333%

Table 4: Average of the Percentage of number of times that the procedure selects the right covariance structure alone from  the eight
Covariance structure for all the six criteria W =10, r=4, and (nom inal Type I error=0.05).

The right structure The six criteria
-----------------------------------------------------------------------------------------------------------------------------------------------------------
AIC AICC AVIC BIC CAIC HQIC

AR(1) 92.66665% 95.33335% 95.33335% 95% 97% 91.66665%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ARH(1) 99.66665% 99.66665% 99.66665% 99.66665% 99.66665% 99.66665%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CS 97.3333% 98.3333% 97.6666% 97.99995% 99% 92.6667%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CSH 100% 100% 100% 100% 99.66665% 100%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
TOEP 90% 91.3334% 90.6667% 88% 85.3333% 91.3334%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
UN(1) 91.3333% 92.6667% 91.3333% 91.3333% 92% 91.3333%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
UN 68.6667% 49.3333% 68% 70.0001% 70.6666% 68.6667%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
VC 78.6666% 92.6666% 90.6666% 90.6666% 94.6667% 75.3333%
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Table 5: Average of the Percentage of number of times that the procedure selects the right covariance structure alone from  the eight

Covariance structure for all the six criteria when W=20, r=4, and (nom inal Type I error=0.05).

The right structure The six criteria

------------------------------------------------------------------------------------------------------------------------------------------------------------

AIC AICC AVIC BIC CAIC HQIC

AR(1) 72.66665% 93% 87.3333% 85.3333% 96.33335% 65.3333%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ARH(1) 96.66665% 99.66665% 96.66665% 97.66665% 99.66665% 96%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CS 59.6667% 90.3333% 77.3333% 74.5% 90.33335% 49.00035%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CSH 99.33335% 99.33335% 99.33335% 99.33335% 99% 99.33335%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TOEP 91.3333% 92.6666% 92.6666% 92.6666% 82.6666% 88.0001%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UN(1) 62% 90.6667% 89.3334% 84.6667% 92% 53.3334%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UN 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

VC 57.3334% 79.3333% 76.6666% 75.9999% 96% 45.3334%

Table 6: Average of the Percentage of number of times that the PROC M IXED Procedure failing to Converge when the PROC M IXED

Procedure used REM L without any interfering for all the Investigated settings of Covariance Matrix and W=10 and r=7.

The fitted structure The right covariance structure

------------------------------------------------------------------------------------------------------------------------------------------------------------

AR(1) ARH(1) CS CSH TOEP UN(1) UN VC

AR(1) 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ARH(1) 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CS 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CSH 0% 0.07% 0% 0% 0% 2.6% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TOEP 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UN(1) 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UN 0.2% 0.17% 0.03% 0.03% 0.07% 0.2% 9.4% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

VC 0% 0% 0% 0% 0% 0% 0% 0%

Table 7: Average of the Percentage of number of times that the PROC M IXED Procedure failing to Converge when the PROC M IXED

Procedure used REM L without any interfering for all the Investigated settings of Covariance Matrix and W=20 and r=7.

The fitted structure The right covariance structure

------------------------------------------------------------------------------------------------------------------------------------------------------------

AR(1) ARH(1) CS CSH TOEP UN(1) UN VC

AR(1) 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ARH(1) 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CS 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CSH 0% 0.02% 0% 0% 0% 2.9% 0% 0.03%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TOEP 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UN(1) 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UN 0.08% 0.18% 0.07% 0.25% 0.2% 0.27% 10.5% 0.03%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

VC 0% 0% 0% 0% 0% 0% 0% 0%

W=10, r=7. Table 3 summarizes results of the average

of the percentage of number of times that the

procedure selects the right covariance structure alone

from the eight Covariance structures for all the six

criteria, when W=20, r=7.   Table 4 summarizes results

of  the average of the percentage of number of times
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Table 8: Average of the Percentage of number of times that the PROC MIXED Procedure failing to Converge when the PROC M IXED

Procedure used REM L without any interfering for all the Investigated settings of Covariance Matrix and W=10 and r=4.

The fitted structure The right covariance structure

------------------------------------------------------------------------------------------------------------------------------------------------------------

AR(1) ARH(1) CS CSH TOEP UN(1) UN VC

AR(1) 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ARH(1) 0.07% 0.03% 0% 0.07% 0% 0.13% 0.07% 0.07%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CS 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CSH 0.63% 0.87% 0.17% 0.33% 0.73% 13.3% 1.7% 6.13%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TOEP 0% 1.37% 1.1% 1.53% 2.07% 1.4% 1.27% 1.7%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UN(1) 0% 0% 0% 0.03% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UN 89.6% 89.1% 88.6% 89.6% 87.3% 88.7% 90.5% 88.6%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

VC 0% 0% 0% 0% 0% 0% 0% 0%

Table 9: Average of the Percentage of number of times that the PROC M IXED Procedure failing to Converge when the PROC M IXED

Procedure used REM L without any interfering for all the Investigated settings of Covariance Matrix and W=20 and r=4.

The fitted structure The right covariance structure

------------------------------------------------------------------------------------------------------------------------------------------------------------

AR(1) ARH(1) CS CSH TOEP UN(1) UN VC

AR(1) 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ARH(1) 0% 0.02% 0.03% 0.05% 0.03% 0% 0.1% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CS 0% 0% 0% 0% 0% 0% 0% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CSH 0.6% 0.82% 0.13% 0.45% 0.5% 12.6% 0.9% 7.17%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TOEP 3.63% 1.02% 1.13% 0.97% 1.37% 1.7% 0.87% 1.77%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UN(1) 0.02% 0.02% 0% 0% 0% 0% 0.07% 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UN 89.02% 88.78% 89.03% 89.75% 88.73% 88.13% 90.8% 88.56%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

VC 0% 0% 0% 0% 0% 0% 0% 0%

that the procedure selects the right covariance structure

alone from the eight Covariance structures for all the

six criteria, when W=10, r=4. Table 5 summarizes

results of the average of the percentage of number of

times that the procedure selects the right covariance

structure alone from the eight Covariance structures for

all the six criteria, when W=20, r=4. Note that the

average of the percentage of number of times that the

procedure selects the right covariance structure alone

was calculated over the two settings of each covariance

structure for the first four covariance structure

considered in the simulation. Although the new

approach show very good performance over all with all

the criteria, it was outstanding with both CAIC and

BIC criteria. Table 4 and Table 5 show slightly lower

percentage of correct selection for UN covariance

structure when r=4 particularly for W=20. This low

percentage was due to high rate of convergence

problem we experienced with this covariance structure.

Also, the result in Table 2 and Table 3 may suggest

that the convergence problem could be overcome with

increasing the sample size r. As expected, the

performance of the new approach improved with

increasing sample size r.

Finally, Table 6 showed the percentage number of

times that the PROC MIXED procedure failing to

converge when the PROC MIXED procedure used

REML without any interfering for all the investigated

settings of covariance matrix and W=10 and r=7. Table

7 showed the percentage number of times that the

PROC MIXED procedure failing to converge when the

PROC MIXED procedure used REML without any

interfering for all the investigated settings of covariance

matrix and W=20 and r=7. Table 8 showed the

percentage number of times that the PROC MIXED

procedure failing to converge when the PROC MIXED

procedure used REML without any interfering for all

the investigated settings of covariance matrix and

W=10 and r=4. Table 9 showed the percentage number

of times that the PROC MIXED procedure failing to

converge when the PROC MIXED procedure used

REML without any interfering for all the investigated
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settings of covariance matrix and W=20 and r=4. The

result in Table 8 and Table 9 indicted that the

percentages of number of times that the PROC MIXED

Procedure failing to converge when the PROC MIXED

Procedure used REML without any interfering were

much higher for UN covariance structure particularly

for r=4 which may be due to the sample size r. Also,

the result in Table 6 and Table 7 may suggest that the

convergence problem could be overcome with

increasing the sample size. 

Conclusion: In our simulation, we considered repeated

measure design, looking at the performance of the new

proposed approach for selecting the suitable covariance

structure with different settings of the covariance

matrix. Overall, the new approach provided the best

guide to select the suitable covariance structure. The

new approach showed outstanding performance with

both CAIC and BIC criteria. Thus, this new approach

can be recommended to be used with one of the two

mentioned criteria. The main result of our article is that

the two criteria CAIC and BIC are competitive in term

of their ability to identifying the right covariance

structure with the help of the new proposed approach.

Further simulation need to be performed for evaluating

the new proposed approach in other settings of

identifying the right model such as regression model.
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