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Summary

Some concomitant variables with values changinginie can have significant influence on
estimation of polynomials which describe courseldnges for a studied feature in a given time
interval. The situation where values of concomiteatiables in successive time points are the
same for all experimental unit is considered. Aedénce between values of these variables in
time points can be small or large. The questioif éxactness of curve estimate is depending on
magnitude of these differences. The investigatioaairied out on the data obtained by computer
simulation.
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1. Introduction

The course of change of a studied feature in tionedifferent groups of
units can be described using the known growth corgthod given by Potthoff
and Roy (1964). Frequently, time is not only onason of studied feature val-
ues changes. There are different variables, catbedomitant variables, whose
values can be measured too. For example: if aedui@ature is the growth of
plants in time, then concomitant variables canhgerainfall value and the air
temperature in suitable time points. In the casesiciered here all values of
those variables are the same for all plants.

The model that is suitable in this case, was pexvidh the work by Weso-
towska-Janczarek and Fus (1996). It also presantitesative method of pa-
rameter estimation in that model.

It is interesting to formulate the questions whetibeestimate the course of
change of feature influence of concomitant varialoeght to be ever taken into
consideration or else if the influence of concomtiteariable can be omitted,
then appointed curve be good or bad estimatoradfarve.

The second question is whether the degree of i@miaif concomitant
variables values in time is influencing the confitynof estimated function to
true one.

The research presented in this paper is the inttauto solving these
problems.

2. lterative method of parameters estimation

One of the growth curve models with concomitanialdes, when the va-
lues ofs concomitant variables are the same for all expemiad units, but each
of the variables values are different in obserpetime points, is considered
here. This one was given by Wesotowska-Janczardkas (1996) in the fol-
lowing form:

Y=ABT+J y'X +E (2.1)

whereY is (0 x p) random matrix of observation of studied featurenoex-
perimental units irp time points A is (n x a) - matrix, which divides units on
a groups,B is (ax g) matrix of unknown coefficients in searched palymal
growth curves ofy-1 degreeT is (Qx p) - matrix that include the successive
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powers of time points form 0 tq-1 (it is Vandermond’s matrix) and define
internal structure of observationX,is (sx p) matrix of values of thess va-
riables in successive time points,y is a vector ok regression coefficients at
concomitant variables), is a vector oh ones and is a 1 x p) matrix of ran-
dom errors.

Under the assumption of matrix variate normal thstion of Y denoted by

Y ~ N, ,(ABT +J,yX,1,0%) and 2(px p)>0 (see Gupta and Nagar
(1999), p. 55) assumptions estimators of paramdtetisis model obtained by

maximum likelihood method were given in followingyi:
nZ = (Y - ABT - J,7'X)'(Y - ABT - J,.7'X)
B; =(AA) A(Y-J,7X)27T' (T2 )
s =[3Y I AAA) T AYZIT(TET) TS X R
R, =[nXZ X' = JLA(AA)” AJ XS T (T T) T2 X

(2.2)

The values of these estimators can be calculatethdyterative method
where in the first step the following form of a mwatwill be taken
nz=Y[l,-AAATATY.

We are interested in the answer to two questiohs. first one is: how a
changeability in concomitant variables values iseylable time points is influ-
encing the correctness of growth curve estimatiod the second one is
whether the concomitant variables omission in tlogleh gives the estimator of
true curve describing changes of feature in tina¢ dine better or worse fitting.

The investigations presented here were undertagieg the data obtained
by a computer simulation. The method of simulatiopresented in next part of
this paper.

3. Computer simulation method

The computer simulation was conductedvatlab programme. The values
of observations obtained in the true experimentwaken as the basis for the
computer simulation. In the experiment describedWgsotowska-Janczarek
and Fus (1996) the yielding of 16 raspberry vaggetivas examined where val-
ues of meteorological elements such as air temyrerasunshine and rainfall
were taken as concomitant variables.
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The values of parameters (such as covariance matnmatrix B of poly-
nomials coefficient, averages and standard deviatad concomitant variables
given by matrixX and vectory of regression coefficient at concomitant va-
riables) which appear in the model given by equefibl) were estimated from
original data.

In the second step on the basis of estimators ledéclin the first step new
values were generated for parameters: positiveneefimatrix2, coefficients
matrix B for polynomials with shapes given by averagedeslior all estimated
polynomials and vectoy of regression coefficients. It was assumed duttireg
computer simulation that the influence of concontitaariables should not
exceed 30 % of the examined feature value.

3,5

Feature values

1 6 11 16 21 26

Time
——&— Assumed polynomial ——a— Polynomial + variables
Replication 1 ° Replication 2
+  Replication 3 - Replication 4
= = = =lterative — — Pothoff-Roy

Fig. 1. Generated observations and estimations of assaured by iterative and Potthoff-Roy’s
methods for example simulation

Next, for such established parameters, values dafixma containing in-
formation about concomitant variables (on the badi@sssumed means and
standard deviations) were repeatedly (1000 timesegted and observation

matrix Y by rows from distributionN, , (ABT +J.v"X; |, [ Z) . Estimators

of polynomials coefficients were next calculated éach matrix Y and com-
pared with polynomials established in previous step

Different variation of concomitant variables valuastime were obtained
by multiplying the standard deviations for expenma¢ data by values 0.1; 0.5;
1; 2; 5. The same polynomials were taken while glhranstandard deviations of
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concomitant variables values so easier influenceaofbility of them can be
observed.

Arrangement of time points and matéxdividing experimental units into
groups were kept unchanged in comparison to thdwiad experiment.

Fig. 1 presents an exemplary generated polynoiaie with considered
concomitant variables, generated observations feplication and finally esti-
mation of polynomial growth curve calculated by tRoff-Roy’s and iterative
methods.

4. Results

The results obtained in all conducted simulatiores amilar to those pre-
sented in the examples in further part of papee itdrative estimation method
described in second part was used to the genedatad As an example of the
obtained results one group, named variety 1, wasen. Fig. 2 shows esti-
mated polynomials calculated by iterative methothwdifferent variability of
concomitant variables values i.e. the elements atfimX. Standard deviations
of generated datg; was decreased or increased in comparison to tee cail-
culated for original experimental data by multiplion by following values: a)
0.1 — the least diversity; b) 0.5; ¢) 1 — diversgtyin the original data; d) 2; e) 5
— the greatest diversity of concomitant variablalsies.

On presented charts the assumed polynomial (basigeheration of data
in matrixY) for variety 1 is marked as the dark line. Lighiaes show the first
50 estimations of a given polynomial from all 1d@@etitions made for genera-
tion of matrixX of concomitant variables values and matrix of obesgonsY.
The remaining parameter values: matiof polynomials coefficients, covari-
ance matriXx and regression vectgrwere the same in any case.

In addition, the same scale on vertical axes whkentan all charts. This
helps easier observation of dependence of curimatsin on diversity of va-
lues of concomitant variables, but it can suggete Ivariability in shape of
assumed polynomial. It can be seen as an almeggistiine due to large values
on first chart. The exact shapes of all 16 polyradsassumed in generations
are shown on fig. 3.

It can be easily seen that the lesser variabifitgoncomitant variables
values in time, the less exact estimation of treu@ed curve in the iterative
method with regard to the fixed regression depeoeleon concomitant va-
riables i.e. is fixed elements in vector
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Numerical values showing averaged sums of moduiuslative errors in
subsequent time points for each variety (i.e. ayedtadifferences between as-
sumed polynomials used to generate observatiorestimhated polynomials by
iterative method) are presented in table 1. Oneatsm see (from fig. 3 and
table 1) that shape of polynomials used in simoitetihas also influence on the
estimation of the curve. If the shape is more diggivariety 1) then the accu-
racy of estimation is better and for the one thkathe least diverse (variety 7)
estimated curves are the worst fitted to assuméchpmial.
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Fig. 2. Estimation of assumed growth curve by iterativthod with different variability of stan-

dard deviations of concomitant variables valuean@ard deviations from experiment was multi-
plied by a) 0.1 b) 0.5¢c) 1 d) 2 e) 5 for generatath.
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Fig. 3. Exemplary polynomials assumed in simulations

Table 1.Averagedsums of modulus of relative error for estimatedsesro — vector of standard
deviations for concomitant variables values in expental data

Standard deviations assumed during generationrafosi-
tant variables values

0.1d 0.56 1o 2[0 50
Variety 1 19.43 3.60 2.05 1.1% 0.7B
Variety 2 31.58 5.86 3.33 1.87 1.1y
Variety 3 43.94 8.15 4.64 2.56 1.6p
Variety 4 40.28 7.45 4.22 2.34 1.4B
Variety 5 33.45 6.21 3.51 1.95 1.2
Variety 6 35.33 6.53 3.70 2.05 1.3p
Variety 7 110.04 20.43 11.54 6.4 4.08
Variety 8 34.62 6.41 3.65 2.08 1.2
Variety 9 35.45 6.56 3.72 2.06 1.3L
Variety 10 41.65 7.72 4.40 2.45 1.5B
Variety 11 49.19 9.11 5.17 2.89 1.8L
Variety 12 22.10 4.10 2.33 1.30 0.8B
Variety 13 24.99 4.63 2.62 1.45 0.9p
Variety 14 35.89 6.66 3.71 211 1.3B
Variety 15 31.87 5.90 3.36 1.86 1.1p
Variety 16 33.84 6.26 3.54 1.9¢ 1.2b
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Fig. 4. Comparison of estimation of assumed curve in itexda-e) and Potthoff-Roy’s (f-j)
methods depending on different variability of comitant variables values. Vector of standard
deviations for concomitant variables from experitiemultiplied by 0.1; 0.5; 1; 2; 5 (from top
to bottom)

At the same time, besides of iterative method, grgwurves were also es-
timated by Potthoff-Roy’s method (1964) which igesithe influence of con-
comitant variables. In this case the results aosvalhon the example of another
variety (variety 8) from a different simulation. &ldata were generated in the
same way as previously with varying variabilitya@hcomitant variables values
by multiplying vector of standard deviations by wed from the original ex-
periment in succession by values 0.1; 0.5; 1;d%n

Fig. 4 shows charts estimated curves by iteratigéhod (the left side) and
by Pothoff-Roy’s method (the right side) for exsdthe same data. Each chart
has an individual scale on vertical axes to enfatter presentation of esti-
mated curves shapes.

One can see that the best estimation of curve anitédrative method is,
again, in the situation where variability of condtamt variables values is the
greatest (fig. 4e). In the situation where influered concomitant variables is
ignored i.e. an application of Potthoff-Roy’s madhthe best estimation can be
obtained in the case of the least variation of oamtant variables (fig. 4f). If
the variation is the greatest (fig. 4j) then estoms (light lines) visibly differ in
shape in comparison of assumed polynomial (blaeX) li

It is also interesting that most of estimated csriie above or below as-
sumed polynomial depending on the regression aeffis in vectory. It is
worth noticing that the iterative method gives lestimators of vectoy in the
first iteration when variability of concomitant vables is small. The conse-
guences of it are visible in subsequent stepslotilzions.
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5. Conclusions

The paper presents the results obtained in predirpistudies which can
bring near the solution of the problem formulated following questions:
should values of concomitant variables be alwaysictered and what does the
precision of growth curve estimation depend on.

The conclusions obtained based on the studieh#vwat been carried out so
far are following:

1. The exactness of growth curves estimation ugargtive method is in-
creased together with enlarged difference betweeoamitant variables values
in successive time points.

2. If polynomial values in successive time poines strongly differentiated,
then exactness of curve estimation obtained batiter method is better.

3. Omitting the influence of concomitant variab{Eetthoff-Roy’s method)
in the analysis gives the smaller exactness ofmasiton of the growth curve the
more distinct differentiation of concomitant vatiebvalues in time points.

4. If concomitant variables influence is omittedttRoff-Roy’'s method)
then estimated growth curves preserve the shapgofynomial if the variabil-
ity of concomitant variables values is small. Ifrigdility enlarges then the
shape of the curve differs from the given curvey @i.

5. Further studies are necessary to determine thinom value of vari-
ance of concomitant variables values in time, aossibly to omit these vari-
ables in growth curve analysis.
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O WPLYWIE ZROZNICOWANIA WARTO SCI ZMIENNYCH
TOWARZYSZACYCH NA ESTYMACJ E WSPOLCZYNNIKOW
WIELOMIANOW W MODELU KRZYWYCH WZROSTU
ZE ZMIENNYMI TOWARZYSZACYMI
O WARTOSCIACH ZMIENIAJACYCH SIE W CZASIE
| JEDNAKOWYCH DLA WSZYSTKICH
JEDNOSTEK EKSPERYMENTALNYCH

Streszczenie

Zmieniapce st w czasie wartéci zmiennych towarzyszych maj znacacy wplyw na
oszacowane wielomiany opigug przebieg zmian badanej cechy w ékneym przedziale czaso-
wym. W pracy bierze sipod uwag sytuacg, gdy wartéci zmiennych towarzyszych w kolej-
nych punktach czasowych sakie same dla wszystkich jednostek. Razawéa dotycza badania
wplywu réznego zrénicowania wartéci zmiennych towarzyszych w czasie na doktadfio
oceny poszukiwanej krzywej. Wnioski oparto o wynikiyskane dragsymulacji komputerowe;.

Stowa kluczowe:krzywe wzrostu, zmienne towarzyse, liniowe modele matematyczne, estyma-
cja parametrow, symulacja komputerowa
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