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EXAMPLE 3.6 Using individual measurements of cranjal length (x,) and
breadth (x,) on 35 mature female frogs (Rana esculenta) and 14 mature male
frogs published in a study by Kauri, Reyment [1961] obtained the following
results:

. (22.860), - (21.821)

24.397 22.843
S - (17.683 20.292) _ (18.479 19.095)
Po\20.292 24.407)0 P27 (19.095 20755

and
g = (m =18 +(n,~1)8, _ (17.903 19.959)
? n+n,—2 19.959 23.397)°

We note that S, and S, are very similar so that the assumption of £, = 3, is
tenable. To test the difference between the population means for female and
male frogs we can use (3.86) with d = 2, ny =35, and n, = 14, that is,
T5* = 1.9693. From (3.87) we therefore compare

mtn—d-1_, 4 .,
— T = =
Fo d(ny+ny~2)"°  2(47) T 094

with B3¢ = 3.2 and conclude that the test is not significant.

Although the null hypothesis of equal means is not rejected, it is instructive
to demonstrate the calculation of confidence intervals, Writing p] = (u Fo BE,)
and p5 = (g, p M), We can use (3.90) with

2(47
7:.1'2,n1+n272,.05 = (46)

B =654

for constructing the confidence interval for any linear combination of the form
Py(Bp = Ban) + By(Bpy = pap). In particular, setting I equal to (1,0), we
have WS h = s,,, the first diagonal element of S, and a confidence interval for

'
Brp = B 18

22.860 — 21.821 + 6.54'2[ (% + £)17.903] /2

or 1.04 + 3.42. Similarly, setting It = (0, 1), we can find a confidence interval
for pg, — ppy, namely, 1.55 + 3.91. The two intervals have a combined “confi-
dence” of at least 95%.

If we had decided before seeing the data that we required these two
confidence intervals, then we could use the Bonferroni method with 73954 = A)
2.31 (see Appendix D1) in the above intervals instead of (T47,005)% =
6.54'/% = 2.56. For example, the first interval now becomes 1.04 + 3.09.

In conclusion we note, from S,, that an estimate of the correlation between
cranial length and breadth is 19.959(17.903 X 23.397)~1/2 = (.98, thus sug- z\
gesting that only one measurement is sufficient.

4 oz (= {1-#’1 (%% (R=2)
Zie 7%
2) = ~——-—--_--_S]1 = 4_14 3

(30 522 \f \T—’ﬁ_:g‘z;;:;



A A4 23 .4 20c0)

w'fuu\m- 2}# -ZL ?:-

2 Ar an - = (a1 S‘ A famyeiy 2 -1
T (3 o) T (2 2 bmiriy 5, Ve
SENE Ay - Myt - -l

= el [B B 3T ( (m-02 §, +(M€,\-.35)_)-1(

. * — . 2 fz
F o tatltn v - w ’\"'H-l.(ﬁ,‘“ % T“‘J\—*z;)
= _ — - T T % =y _ 3
sy (L BY (5-=)
(3 - v g )
~ o (fy=psy (“'{+ 2] (m*mﬂ }(th
— 2.\ Luin
FG’V‘ :A't = A, e ekt D o= W o BTl
T ;
le Z'g_ g et L T s b, moE T& 2
z)z Z'L-
L 5 %%
NOKJ‘—’ ‘t‘l«_,kj: f&u‘w‘ /'LA.:":: 'LmL LT L\—#-u-(. SY\__. tL [ ) M\W
F _.1“_‘:_ R W} s, )
T = 2 A~ ('-’-u_!) l(si-fsl_) ( \ ' e

= (U'_CC:ST (5‘1»3?_‘;‘(3-;.»\ ~ T"'(a{)z(-«n.\j

N'o"w L e v o$ WL ) ~~, I

T L"""""’Y‘
A Mw‘é o Bw

5 5, o o -,
e R R e R A U CS RS

- b
{o-30)

Comn b tunrte o Yk A Tale



H A 14

LB _ U Lood

T heas LA ”

.
N LI o R ‘ Wiy s tak
dovi EHBRA, ot DU Syt

F N !"WMA—MG\J(-

PYRPEVEUNINY SEP” UL, P S S o W SRS a" I SOTTEL Y,

O'L,L/g, r-'w et

\ —wl 5:"‘. #e {:. (,}} Dc‘l.»lpj« )

At W

A V.WWV*» - ol W C—\’“‘.k:\:"-v""k el ( JO»MNLa>

ko =X WO LA (4))

b o b= o
-1
e S5 2% W%
, £ P W W )
j‘:\m A 2 A Z‘ MC»\Q ( LT
=
> -1 ?
3o —— (T o (1 (2 - & (25 )
A (et ) R -1\ Y
s - 9! gi
> i o
¥ oy e

i

TY e Tl 4D e

2 X ({E:*N;g“} 55 ‘S-.- (uj\)*‘»
- Z (L?’-“‘E_J-)Tﬁ-é (\—-—w\ -?‘T-T-

c:-'!. % 'fjv&c- \/‘_).(, L,L\ T:t.q,{: .r’le-vf oL a{ﬂt..’v\'mhk:.cﬁ'v\_,a_/(. M.?t_ﬁ. c/t
{

S_'.‘_

0 ) % A gf v:-; z
U A ~eerdl S = \ e

L= B
v a1

g’{m.f' % rrl—‘-d'lfv‘-\ . uM‘L—

L

EXAMPLE 3.7 From James [1954] we have the following data:

- _ [ 9.82 = _ {1305 _ _
v‘(15.06)’ W (22_57)’ n =16,n,=11,

_{ 1200 -163 _ (818 321
S, (—16.3 17.8) and 8 (32.1 53.8)'

From (3.98),

S =(14.936 1.899)
v 1.899 6.003
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and

e N 0.06976 —0.02207\( —3.23
(v = ®)'S7'(v - W) = (=323, 7‘51)(—0.02207 0.17357)(—7.51)

= 9.45.
Also

_loq _( 05457 —0.0956)
B; nIST B (—0.3424 0.2155 )

3

~lgog =(0.4543 0.0956)
ny, T 72 10.3424  0.7845

trB2 = 0.4097, (trB,)” = 0.5794, trBZ=0.8873, (irB,)’ = 1.5346;

1 - 1 B )
?n —— B} = 011604, L ——(trB,)" = 0.19209;

i i i

A=1+1(0.19209) = 1.0480 and B = }[1(0.19209) + 0.11604] = 0.02651.

Values of k, are given in Table 3.6.
For the approximate degrees of freedom method we have (Yao [1965))

= £(0.1657)* + (0.8343)°

) -

TABLE 3.6 Critical Values for the James (k,)
and Yao (T;?) Tests

a X3 (@) ke T;
0.05 5.991 255 8.21
0.025 7.378 918 10.70
0.01 9.210 11.90 14.43

and f = 14.00. From (2.47)

df »
sz.f,a = f__‘"mFd,f-dﬂ (= Tf, say)

and this is also tabled in Table 3.6. As expected, the critical values of the two
tests are very similar and, in general, the degrees of freedom method is
preferred, as it is more conservative. For either test, the value of the test
statistic, 9.45, is significant at 5%. When f is not an integer, we can use the
tables of Mardia and Zemroch [1975b].
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Fig. 3.2 Two parallel profiles
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EXAMPLE 3.8 A sample of 27 children aged about 8-9 years who had an
inborn error of metabolism known as transient neonatal tyrosinemia (TNT)
were compared with a closely matched sample of 27 normal children (called
the control group) by their scores on the Illinois Test of Psycholingual Ability
(ITPA). This test gives scores on 10 variables, namely;

(e A~ st J: W)

10

[ I
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auditory reception score,

=
I

X, = visual reception score,

X3 = visual memory,

X, = auditory association,

o

x5 = auditory memory,
X¢ = visual association,
x, = visual closure,

Xxg = verbal expression,

o0

Xy = grammatic closure,
x;0 = manual expression.

The data are listed in Table 3.7 and the profiles for the sample means are given
in Fig. 3.5. The standard deviation of each mean is SD/ V27, or roughly 1.35
(= 7/¥27), 50 that an inspection of Fig. 3.5 would suggest that the hypothesis
of parallelism would not be rejected. The variable X0 1s omitted from the
following analysis.

The sample dispersion matrices (S, = Q,/26) for the control and TNT
groups, respectively, are, to one decimal place,

491 168 2.7 279 109 301 6.6 644 234
— 434 182 258 107 184 70 369 199
— — 694 225 135 188 144 112 206
— — — T1.7 326 399 170 560 326

S5,=] — — — — 654 249 97 236 175

— - — — — 497 128 481 220

— — — — - — 183 142 93

. — — — — — — 1339 297

— — = — - 5= = — 363

and

566 214 86 328 96 153 189 261 103
— 654 81 -17 171 161 149 113 164
— — 303 -02 -05 30 56 102 108
— 755 141 70 187 357 -27
S§;=| — — — ~ 551 73 144 274 62
— — — — — 3 55 41 104
— — -  — = - 27 43 133
- — - — - 82 199
- - - - - - - ' a

As these two matrices are not too different and n, = n, =27, we can assume
that our test procedures are reasonably robust with regard to both nonnormal-
ity and moderate departures from 2, = 2, (see Section 3.6.2c). The pooled
dispersion matrix S, is the average of S; and S,, and the Ty statistic (3.100)
for parallelism takes the value 2.2697. Hence, from (3.10D),

L

and the test statistic is not significant, as £’ = 2.2. Forming the row sums of

Table 3.7, we find from (3.102) that £, = 1.88. Since 1% = 1.68 and 1057 =

11
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2.01, we reject the hypothesis that the profiles are at the same level at the 10%
level of significance, but not at the 5% level. Finally, the test statistic (3.103)
takes the value 77 = 129.894, so that

129.894 45
F=— 8

=14.05 ~ F; 4,
which is significant at the 1% level. We conclude that the scores on the d
variables are different, which is to be expected from Fig. 3.5.

Summing up, we conclude that the two profiles are very similar, Although
there is a positive difference for all the variables (Fig. 3.5), this difference is not
great when compared to a standard deviation of about 1.4 for each mean. It
should be noted that these differences have high positive correlations, which
could be a contributing factor to the systematic difference.

1

40 b— °
1 Control

36 o
32— °/ TNT '\/ 0/\.
28— ‘

| R R R R N R e R T

1 2 3 4 5 6 7 8 9 10

Variable

Fig. 3.5 Profiles of average scores in 10 categories for normal children (control) and children with
transient neonatal tyrosinemia (TNT).
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