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Abstract
      In this article we consider one-way Multivariate repeated measurements analysis of covariance
model (MRM ANCOVA), which contains one between-units factor (Group with q levels) ,one within-
units factor (Time with p levels) and one covariate ( 1Z )  .   For  this  model  the  covariate  is  time-
independent, that is measured only once . The test statistics of various hypotheses on between-unites
factors, within-units factors and the interaction between them are given.
Key Words: (One-Way MRM): One-Way Multivariate Repeated Measures Model, ( ): Wilks
distribution , ( *U ) is PP  orthogonal matrix , the multivariate- Wishart distribution ,
(ANCOVA) analysis of variance and covariance contain  the covariate ( 1Z ).

Introduction:
Repeated measurements analysis is widely used
in many fields , for example, the health and life
science, epidemiology , biomedical, agricultural,
industrial, psychological, educational research
and so on (see, Huynh and Feldt (1970)[10], and
Vonesh and Chinchilli (1997)[8]). Repeated
measurements analysis of variance, often
referred to as randomized block and split-plot
designs (see Bennett and Franklin (1954)[7],
Sendeecor and Cochran (1967)[9])."Repeated
measurements" is a term used to describe data in
which the response variable for each
experimental unit  is observed on multiple
occasions and possibly under different
experimental conditions (see,Vonesh and
Chinchilli (1997)[8]). This thesis is devoted to
study of one-way Multivariate repeated

measurements analysis of covariance model
(MRM ANCOVA), which contains one
between-units factor (Group with q levels) ,one
within-units factor (Time with p levels) and one
covariate   ( 1Z ).For such model, the
observations are transformed by an orthogonal
matrix to Minimize the  probability  of presence
a  correlation  between  senses    of  a  level  of  the
experiment [3]. The ANCOVA which is based
on the first set of transformed observations
provides the ANCOVA for the between – units
factor effects, while ANCOVA which is based
on the thk  set of transformed observations, for
each k=2,3,…,p  provides the ANCOVA for
within – units effect [4] .
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(1.1) Covariate in One-Way Multivariate Repeated Measurements Design :

     There is a variety of possibilities for the
between units factors in a one-way design. In a
randomized one-way MRM experiment, the
experimental units are randomized to one
between-units  factor         (Group with q levels)
,one within-units factor (Time with p levels) and
one covariate  ( 1Z )[3]. For this model the

covariate is time-independent, that is measured
only once. For convenience ,we define the
following linear model and parameterization for
the one-way repeated measurements design with
one between units factor incorporation two
covariates :-

ijkeZijZjkkjijijkY 1)..11()()(  …(1.1)

Where
),...,1( jni  is an index for experimental unit

within group ( j )
),...,1( qj    is  an  index  for  levels  of  the

between-units factor (Group).
),...,1( pk  is  an  index  for  levels  of  the

within-units factor (Time).
),...,( 1 ijkrijkijk YYY  is  the  response

measurement of within-units factors (Time) for
unit i within treatment factors (Group).

),...,( 1 r  is the over all mean.

),...,( 1 jrjj  is the added effect of the thj
level of the treatment factor (Group).

),...,( )(1)()( rjijiji is the random effect
due to the experimental unit i within treatment
group j.

),...,( 1 krkk is the added effect of the thk
level of Time.

jkrjkjk )(,...,)()( 1  is the added effect
of the interaction between the units factor
(Group) at the level of (Time).

),...,( 1111 ijrijij ZZZ   is  the value of  covariate

1Z  at time k for unit i within group j  .
),...,( ..11..1..1 rZZZ  is the mean of covariate

1Z  over all experimental units.
),...,( 1111 r  is the slope corresponding

to covariate 1Z .
),...,( 1 ijkrijkijk eee  is the random error at time

k for unit i within group j.
For  the  parameterization  to  be  of  full  rank,  we
impose the following set of conditions :
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Where rN  is denoted to the multivariate
normal distribution , and ,e  are rr
positive definite matrices [2] .

Where the variance  and covariance matrix   of
the model (1.1) satisfy the assumption of
compound symmetry, i.e.
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Where

pI  denotes  the PP  identity matrix.

pJ  denotes the PP  matrix of one's. and

 be the Kroneker product

operation of two matrices.
  denotes  the 1P  vector of one's .

(1.2) Transforming the one-way Repeated measurements Analysis of Covariance
(ANCOVA) model :

  In this section we use an orthogonal matrix to transform the observations

ijkY  for jni ,,1 , qj ,,1 , pk ,,1

          Let *U  be any PP  orthogonal matrix and U  denotes )1( pp matrix, which is
partitioned as follows [4] :

)( 2
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* UjpU p …(1.4)
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…(1.5)

(1.3 ) Analysis of Covariance (ANCOVA) for the One-Way Repeated Measurements
Model :

In  this  section,  we  study  the  ANCOVA for  the
effects of between-units factors and within-units
factors  for  the  One-way  RM  model  (1.1).  Also
we give the null hypotheses which are

concerned with these effects and the interaction
between them, and the test statistics for them [8]
.
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From (1.1), we obtain [3]:

Then the set of vectors
),,(,,),,(,),,( *

1
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YYYYYY

Have mean vectors [11] :
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qq

Respectively, and each of them has covariance matrix ep .
So, the null hypothesis of the same treatment effects is [1]:

0..1..1101 ZZH q

The ANCOVA based on the set of transformed

observations above the
*
1,sij

Y  provides the

ANCOVA for between-units effects. This leads

to  the  following  form for  the  sum square  terms

GSS ,
1ZSS )( 1GroupZuSS [3] :
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Where  denotes the multivariate-Wishart distribution.
The multivariate Wilks test [12] :
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The ANCOVA based on the set of transformed observations the
*

,sijkY  for each pk ,,2   has

the model which is partitioned as follows[3]:
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Then from above the analysis  we test the following hypotheses[4] :
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provides the ANCOVA for within-units effects.

This  leads  to  the  following  forms  for  the  sum
square terms[3] :
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 Then from the above sum square terms , we have [13] :
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The multivariate Wilks test [12] :
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The one-way MRM ANCOVA with one between-unit factor (Group) and two covariates ( 1Z ) that are
time-independent.
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