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ALGORITHM 33
ANNA BARTKOWIAK (Wroclaw)

TEST FOR DIFFERENCE IN TRENDS IN A TWO-FACTOR
EXPERIMENT WITH REPEATED MEASUREMENTS

1. Procedure declaration. Let a two-factor experiment A4 x B with
levels p x ¢ and r; repetitions for each class 4 (¢ =1, ..., p) be given.
The levels of factor B are regarded as steps along a continuum. Successive
levels of factor B are interpreted as chosen points x,, ..., #, of some con-
tinuous variable (e.g. time). We assume that between the observed variable
y and different levels of factor B there exists the dependence

(1) Y = b+ b1, (@) +... + b pr(®) +e, \

where e denotes the random error and p,(x) are orthogonal polynomials
on the set =, ..., ,.

If it is known that the coefficients b, ..., b, occurring in (1) are dif-
ferent for different levels of factor A (which follows from the significance
of the interaction A4 x B), then procedure diffirend allows an exact in-
vestigation which of the components of (1) are significantly different for
different levels of factor A.

The interaction variation ss¢ is subdivided into trend components
associated with difference in linear, quadratic, cubic ete. trends. The
Components are extracted as long as the following conditions hold:

a. the actual number of components already extracted is less than k
(procedure parameter),

b. the residual of interaction variation diminished by the sum of
extracted components is statistically significant,

¢. the error indicator of orthonw (procedure parameter) does not
€qual 1 or 3. '

Data:
p — number of levels of factor A,

¢ — number of levels of factor B,
na[l:p] — number of repetitions in the A-classes,
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x[1:q] — values of levels of factor B,
ab[1:p,1:q] — mean values in the classes A x B,
b[1:q] — weighted means in the B-classes,
seb — residual variance (error),
df — degrees of freedom of seb,
ssi — sum of squares due to interaction,
k — the greatest number of components to be extracted,
alfa — significance level,
orthonw — procedure described in [1],
Ftest — function described in [2], with heading
real procedure Fiest(f, df1, df2, maxn);
value f, df1, df2, maxn;
integer df1, df2, maxn;
real f;
which calculates the probability that a random variable
with the F-distribution having dfI and df2 degrees
of freedom exceeds the value f (maxn is an indicator
showing when to use the mnormal approximation;
usually maxn = 500).

Results:

k — number of extracted trend-difference components,
ssdif[1: k] — sum of squares due to differences in trend of the ¢-th
degree (¢ =1, ..., k); each component has p—1 degrees
of freedom.

2. Method used. The interaction sum ssi of squares with (p —1)(g —1)
degrees of freedom can be decomposed into at last ¢—1 components,
p—1 degrees of freedom each, due to differences in trends of the
1-st, 2-nd, ..., (g—1)-st degree. The components ssdif are extracted as
long as they appear statistically significant.

Let us assume that we have already j trend-difference components.
The component j +1 is extracted if at least one of the following conditions
hold:

(a) sst— Z]: ssdif[1] > 0,

(b) j < k — the maximum number of trend-difference components
to be extracted,

(¢) the residual

J
R = ssi— ) ssdif[i]

i=1

is statistically significant.
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procedure difftrend(p,q,ne,x,ab,b,seb,df,ssi,alfa,k,ssdif,

orthonw,Ftest);

xalug p,q,df,seb,alfa;

4nisger k,p,q,df;

Xeal alfa,ssi,seb;

‘Brxay x,ab,b,ssdif;

40Leger SXKAY ne;

argcedurg orthonw;

Xeal araceduce Ftest;

hegin
arzay pnl1:ql,pt{1:q+6],wgl1:q];
dnieser n,r,1,j,q1,fault;
zosl s,8,81;
for i:=1 giep " uaidl a 4o
wglil:=1.0;
n:=0;
fox 1:=1 gien 1 ugidl p 49

n:=n+nali];

qQ1:=q-1;
orthonw(0,q,wg,x,pn,pt,fault);
81:=0.0;

£ox r:=1 giep 1 mutil q1 4o
haado
g:=g-81;
4L gg50vr>kVvFtest(g/((p-1)=<(g-r))/seb, (p-1)=(q-r),df,80)>
alfa
lhan gg tg ettrendab;
81:=0,0;

orthonw(r,q,wg,x,pn,pt,fault);
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df fault=1vfault=3

lhen gg ig dttrendab
&dss
kegiy
£or J:=1 giep 1 ugiil p do
aegin
8:=0.0;
for 1:=1 giep 1 ugiil q do
s:=s+ab[j,1]xpn[i];
81:=81+812>na(j];
Lad s
8:=0.0;
for 1:=1 giep 1 watdl q do
s:=8+b[1i]xpn(i];
g8sdif[r]:=s1:=81-xgn
8nd fault=0Vfault=2
£ud T3
ettrendab:
k:=r-1;

&nd difftrend

The components ssdif expressing the difference in polynomial regres-
sion of degree k have the following general form:

e

Il
-

7
1’1 (4\11 NisYi5. pk(wj))z [ ( nij) Y.;. pk(wj)lz
Jj= J i

ssdif (k] = — =1 :

p q
=1 éjlfn,-j[pk(acj)]2 2 () my) [pr(2) T

=1z

I

The p,(r;) should be taken with weights equal to appropriate
counts n,;.

Assuming equal numbers of repetitions in each class of B,

bﬁﬁ

n“ =ni2 = .. =niq - n,-,

n; = N,

-,
Il
—
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we have
p q , . q ,
;.1 ’"/i(. lyij.pk(wj)) N(JZ; y.j.pk(mj))z
. =1 = =
ssdif [k] = 7 ) - g ’

jZ [px(2) T Z: [Px(2))T

=1 )=
where p,(x;) are generated with weights w, = ... = w, = 1. Using pro-

cedure orthonw, we have
q
ij[l’k(“"j)]z =1,
j=1
so, finally,

p q q
ssdif (k] = Y'mi( 3 vy piley)) — ¥ PXPEACH &

i=

which is used in difftrend.

3. Certification. Algorithm difftrend has been verified on the Odra.
1204 computer. The values of parameters of the procedure are the following -

p=27
q:57
na = [3, 3],

z=1[1,2,3,4,5],

, _[ 667 2 4 8 16
2 =163.00 32 16 4 4|

b —[31.834 17 10 6 10],

seb = .5333,
df =16,
sst = 5428.53,
k=4,
alfa = .05.

Hence we get the following results:
k=4,
ssdif = [5115.3, 297.19, 8.07, 8.01].

4. Example of application. Let us consider the time-reaction curves
_fOI' a stimulator 4 acting on some objects (animals). The stimulator A
3 administrated in two dilutions (p = 2). The time-reaction curve is
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measured for ¢t =1,2,3,5,10 minutes, representing ¢ =5 levels of
factor B (time). The observed values of the characteristics measured are
the following:

Al object 1 .6 .7 1.2 2.4 5.2
object 2 .6 A 1.4 2.6 5.0
object 3 1.0 2.2 3.8 5.5 7.2
A2 object 4 .8 2.3 3.7 5.6 7.3
object 5 1.0 2.4 3.6 5.7 7.4

First, we compute a two-way analysis of variance for a partially
hierarchical design (details of such an analysis can be found in Winer [3]).
The table for the analysis of variance is the following:

S8 MS 1

Source (sum of squares) af (mean square) ¥ alfa
between subjects
dilution 22.2723 1 22.2723 2637.51 | .0000
Tes A .0253 3 0.0084
within subjects
time 100.286 4 25.0714 2128.70 | .0000
time-dilution interaction 5.185 4 1.29627 110.06 | .0000
resB .1413 12 0.01177

The averages in groups A x B are given in the following table:

’ BI l B2 ( B3 t B4 ' B5

| -
Al | .6 7 1.3 2.5 5.1
A2 ‘ .933 2.3 3.7 5.6 7.3

The trend-difference components calculated by the use of procedure
difftrend are as follows:

degree ssdif daf ’ mean square ! F i alfa pelzcent
_— - . ‘___ — ——— _'I —_ ——

1 1.4274 i 1 l 1.4274 1 121.19 .0000 27.528

3.6647 1 i 3.6647 | 31116 .0000 70.679

3 .0924 1 | .0924 { 7.84 | .0160 1.781

The analysis of variance yields a highly significant dilution-time
interaction term (sum of squares for interaction, i.e. ssi = 5.18507, with
4 degrees of freedom versus residual sum of squares S8, = .141333
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with 12 degrees of freedom). This means that the response curves for the
two dilutions are different in shape. The essential features of their dif-
ference can be elucidated by the trend-difference component analysis.
We decompose the interaction sum of squares ssi into 3 components,
representing the difference in components calculated from over-all column
averages and from group averages calculated separately for each dilution:

88?; == SS1+882+SS3+.R.

Exactly, 5.1851 = 1.4274 4 3.6647 4 0.0924 -+ 0.0006.

Only S8, and S8, are statistically significant which means that the
essential difference between the shape of the response curve for two dilu-
tions under investigation is associated with the linear and quadratic terms
of regression.
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ANNA BARTKO WIAK (Wroclaw)

TESTOW ANIE ISTOTNOSCI ROZNIC SKLADNIKOW TRENDOWYCH
W DOSWIADCZENIU Z DWOMA CZYNNIKAMI I POWTORZENIAMI
W PODKLASACH

STRESZCZENIL

Dane sg wyniki dodwiadczenia p X ¢ z dwoma czynnikami 4 i B. Czynnik 4
jest badany na p poziomach, a czynnik B — na q poziomach. Dla i-tego poziomu
czynnika A mamy r; powtérzen w kazdej podklasie czynnika B. Kolejne poziomy czyn-
nika B interpretujemy jako wybrane punkty =y, ..., z, pewnej cigglej zmiennej (np.
osi czasu). Zakladamy, ze migdzy obserwowang zmienng ¥ a réznymi poziomami

12 — Zastosow. Matem. 14.2
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czynnika B istnieje zaleznosé, dajaca si¢ przedstawié w postaci (1), gdzie e oznacza
blad losowy, a p;(x) sa wielomianami ortogonalnymi na danym zbiorze z,, ..., z4.

Jesli wiadomo, ze wspélezynniki by, ..., by, wystepujsce w zaleznodci (1), sa
16zne dla réznych poziomé6w czynnika A (co wynika z istotnodei interakeji A x B),
to procedura difftrend umozliwia dokladne zbadanie, ktére skladniki zaleznoéci (1)
83 istotnie rézne dla réZznych pozioméw czynnika A.

Dane:
p — liczba pozioméw czynnika A,
¢ — liczba pozioméw czynnika B,
na[l:p] — liczba powtdrzen (obiektéw) w podklasach czynnika A,
x[1:q] — wartodei pozioméw czynnika B, '
ab(1:p,1:q] — wartodci érednie dla klas 4 x B,
b[1:q] — wazone Srednie w klasach czynnika B,
seb — wariancja rezydualna (blad resztowy),
df — liczba stopni swobody seb,
ssi — interakeyjna suma kwadratéw,
k — najwieksza liczba czynnikéw, ktére majg byé wyrdzinione,
alfa — poziom istotnoseci.
Wyniki:
k — liczba wyréoznionych skladnikéw trendu,
ssdif[1 : k] — suma kwadratéw spowodowana réznica w trendzie stopnia ¢ dla

t=1,..., k; kazdy skladnik ma p— 1 stopni swobody.

Inne parametry:
Potrzebne sa procedury Fiest (patrz [2]) i orthonw (patrz [1]).



