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n & glven

gion; the true probability that

3 & value of 2 if % is true, 1s called the g
The size of Z is not always equal to <
character of the values which u can take.
=0.05,

he fraction of no
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The hypothesis K& will be rejected on account of the
cbservations Xgsoonsdy if the value of u, calculated
from these observations, belongs to Z. The probablility
that this will happen 1f H, 1s true 1s egual to or smaller
than « ,

The result of a test wil be expressed in the so-called
tail probability k; this 1s the size of the smallesi cri-
tical reglon which contains the result. Using a level of
significance X , E& will be rejected if k iz smaller than
or at most equal to X .

For tﬁﬁiapylicatioﬁ of & test some suppositions have
always taﬁéﬁ made about the probability distributions of
the observed varigbles. In our case the cbservations should
be mutually indapenﬁént in.th@ statistical sense., This
condition is not completely fulfilled, because of one
famlily more than one child may have been involved in the
investigation. This mey influence the result of teasts,
where family-factors, like the number of living brothers :
and slisters, are analysed, but it was impossible to take
this into account, owing to a lack of data and this compli

cation had therefore to be ignored.

22 Wilc@xon‘& vwo-sample test.

In this investigation we exclusively used WILCOXON's
two-sample test (aee\hha references at the end of this
%;;;g;%; With this m&thﬂ@ we test the hypothesis HQ that
two samples XgsXpsvensXy and V4sVpseeesy, are observations
of two random variables (§=and gg with the same probabilit
distribution,
The statistic W, used for this test, is calculated
from the observations as follows. First we determine the

number of observations in the second sample which are lar-

ger than the first observation x, in the first sample (if
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sn observation

s x, we count 4 instead of 1). lLet

oxt we deteraline the num

ber. In the

ﬁ.ﬁ%&&%& ® ws% with 333 “ msﬁ»?&@

velue L of the statistic U i3 now given by:

u= W+ ot ... -U-U.M_

h 1z the ber of Lles In the pooled sample

L 54 {a= 1,2,...,0) the number of observations in the x-th

tie {2 tie is & wp of &l observations).

i the hypothesis W, is not true, the statistic U

am

me large or small values sccording as

systematically lavger or smaller than .
We reject WMo 1f the walue of W found in the experi-
ment deviates strongly from w, that is to say 1f:

M-l
l G}* 2 %X

where « 1s the level of significance and %, follows ©

the normal distribuiion:

\ -5 x*
frm—— L' al -
Nam X =3

The tail-probabllity is:
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Glven » the wvalue of Kk can easlily be read iz

T
2 table of the normal

If all observations are different, t;. A for al

digtribution.

» varisnce of ¢ is then:

e

(%) = -%;: M e+ v ),

It 18 easy to prove that the variance of U is re-

duced by the cccurrence of egual observations., If these

re not taken into account, the tall probabi-

1ity found will be too large. If this value is alresdy
11l {especlally 4f 4t is <X )} R, will certainly be

rejected snd we need not make the more extensive calou~

latione

based on {3).

ination of o

number of independent tests

i Lo 3 » womb
The questions which willbe answered by this lnvesti-

ciation we must, in order to avoid

JEVE surious assoclations, split the observations into a
&“U“*”*-A4¢€@@X~ug umber of homogeneous groups. For all these groups we in-
Gk “W‘M‘ , '

vestigate the assoclation separstely, combining the resuli:

ﬁQo-i§AA£% L e afterwerds.,

toh Aadoiia Louke We shall illustrate this by means of an example:
RAad i:r' Suppose we wani Lo investigde if there is a difference

e ot e between boys and girls as regards their sensitivity to the

AR A A e VON PIRQUET test., It is known that this sensitivity de~

pends on the age (the fraction T. of non-reactors de-

creases with increasing age). If we now compare boys and
girls without dividing the observations into age-homoge~
neous groups (groups in which the age of the children is

nstant), spurious association may occur. For example,
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ipa may 8lso result in not finding really existing

ociations. We shall th

work with homogeneous groups

beervations allows,

» we shall investigate the

n the sensitivity to the VON PIR

data, e then obtain for esch of these

> of the other

ups e

statistie W

1. & wvaluz for the
2, & value for =

A
%« 8 value for <,

which will be called Ui, u; and <l respectively, t
g

3. Ui wili be spproximstely normally distribute

i variance <z g}, %‘ém:ét* will
approximately normally distributed wm;x mean O and
variance 1,
The critical regzion agein consists of large values
of l\-}—l/‘—‘i
=

L

3. RHesults
3.1. Comparison of icam

Twe groups of kampongs could be distinguished:

ongs in which very bad hygienic
conditions prevall; theskampongs will be denoted
as group I

2. the remahing kampongs which will be denoted as

1. a group of kamp
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e fracs

ety for schoal and ¢lind ren, For each

LCORCH s two sanple test was appll

ults were combine

{@ﬁ% w
gvibod dn secbtion 2.9,

etion 2,2) and the

. \ -
he values of —£&

Table I glven G

and the tail-pre

babhilities for iInd ninsse children seps

pouns of kam:

b © : A=
fece babllity

0403
0.0005

Inconesian - a3

. s

|Conb ined

~ 3.60 0.0003

Frow Lhe very suall bell-pobabiililes in table I we
a4t there s »

mpicad difference between childrey

from the kampongs of group I snd those from the ot

kempoags . The children living in the {lrst group of §

pongs heve a higher senslitivity to the VON PIRQUET test
than the other chilldren.

ihe posslbiliily of thils effect being souriocus in spit
of our preceutions will be investigsted further in section

T

i I .

bl

Race 3 is left out of consideration on account of the
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ateriel wes separated into

us groups.

a
investigation was carrieg out se~
and with clinie children

ehildren 11

elinic 1
children

£11 children fro

.93 0.05

is a2 relatively weak in-
enn Indonesisn and Chi
chiidren in that the former show a greater sensitivity
to the VON PIRQUEY

test.

Here too we separated intc age-homogeneous groups am
irried out the investigation separately for the two group:
of ksmpongs. The Chinese school and clinic children could

not be compared owing to the smsll number of observations.

i

5) The values with an ssterisk are approximations. The
values are closer %o zero.
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probability
>0.1
> a?

esizg H, that the num

isters of a child is stochasticall

1 see that the sensitivity to
the VON PIRQUET test and the number of living brothers and
sisters ere stochastically dependent, in such s way that ti
fraction T, of non-resctors graduslly incresses with an
ineressing number of living brothers and sisters. In the
investigation concerning the sssociation between the sen-
s8itivity and the number of deeeased brothersand sisters we
therelore separated the observations into three groups sc-

s

%} ¢f. footnote e
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. %
0-2 0. 4o >0.6
il 3-5 2,04 Ok
26 1.22 > 0.2
o
2.56 < 0.01

o

7) ¢f. footnote 5

8) Values wih two asterisks are approximations. The true

velues sre farther {rom
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By { = §§ of deoe
the fraction Ti of non-resctors
lependent of this m

executed ss described in section 3.4,

We agaln divide the observations into age-hon

raore into two groups of ksmpongs and

hree groups mentioned in section 3.4, concerning

sber of decessed brothers and sisters. For the
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sensitivity of an In
er of its livi

SR

tall-

0.1
> 0.5
> 0.2

o - 1.67 0.1

T 4 - 425" >0.2
= 2

2 - 2.34 <0.02

» I3 the results for the latter group are rather
geript and 1t wo

wid be imprudent Ho extend the con-

e shall now lnvestipate whether the difference be~
5 I and II (see section 3.1) m

1 the kampong g

g} ¢f. footnotes 5
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ind {or} e smsller mu

» 1 in comparison with |

e, wWe ﬁ*@_ﬁ@* by

gn of % h_%t& been negative and not
opitive, as wees found in table T~

If we test in the » way the hypothesis thet the
distribution of the number of living brothers and siste

e

40) ¢f. footnote 5.
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*‘%&m

n to fear that th
ndonesion childr

g

probability

+ 0,03
+ 0.21
+ 1.72

0.9
0.8
0.08

+ 0.0%
4 0,07
e Q‘QB

0.9
0.9
0.0%

s .

ﬂy&

BB Y
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3.56. Cowparison of boys snd

ilvision into groups

in table IX

er, and 1if so for

rence in sensitlvity %o the
een boys and glrls.

he investigstion could

vely for Indonesian chile

agaln be carried out exclius
en on sccount of the small w

ber of dsta concerning the living and deceased brothers
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e ‘”&&% z

L &&f\&% %qg%
- 235 .02

Wr g6 e

the boys, which 1

sigas which are f the 18-, 13~ 1

an &m&%@&%i&ﬁ in

1 45-yeay

B~ye
etion, while

For the

ileation in
dent tests it may easily happen by coincidence that one
of the tell-probabllities comes close to C.05, so that
these last two indications must be cautiously interpreted

the observations into sge-homogeneot

groups, into three groups concerning the number of liviwg

brothers sand sisters, inte three gr
» of decessed brothers and sisters and into two

oups concerning the
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ase of non-reactoms is the

T probabilit
v - 1.71 ©.09
0-2 1 - 0.43 0.7
z2 + 1.87
) 0 - 0,04 0.9
1 35 1 + 0.78 0.4
= - 0.77 0.4
j o - .07
=6 1 + 1.88
B - 1,90 0.3
- ]
o - 0.13 0.9
0-2 1 - 0,07 0.9
=2 - 0,02 0.9
G + 1.30 %»@mm
i 3=5 1 - .47 0.6
B2 - 1.93 0.05
& 0 .00 |
z0 1 + 0.25 0.8
=2 + 0.16 0.9
o
- 140 0.2

The combined result does not show an indication of
assoclation. Among the 18 independent tests no very small
tall probsbilitges are found
easily originste from fortultous circumstances. Thus we do

and the few small ones can
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{@f@ #,CRJ

st

p. 506).

infection ;

§ §, " ‘3 i&
will be Iinfected In & e@

infected the result of th

Lime conlbtlive, We thore considere the fraction P of

nop-resctors for different ages, 1.e. b*w 1 = LK.

n are born uninfected, the

o age is 1.

supposing

frection of one-yepr-old non-resctors, spar
fiuctustions, is equal %o P§ of two-year-old children

equal to ?Lg ete.

refer to children of exsctly

ear old, two old ete, ¥Wh

veer-old children ls in reality s group of c¢children

betweon one and two yesrs of spe, 1.e. of 2 mean age of

avout 4} years. So mmg we get for "a"-year old children

fluctuations) 2 mes ‘eqﬁiai‘ NON-PERC-

(apert from random

tors, Fros the observations we can ocsleulste lor esch sg

“a' the fraction %a_ of non-resctors.,

? 3:‘::@ %gﬁ%@ A

sure for the deviabtion of the sample fraction
'%a,%%ﬁ the value Pa*i {the mathematical expectation on
account of the hypothesis that I.R. 1is constant with regax
@} we use the statistiec:
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ion in the closed Interval i&,@}a The value %Mkémg

P which minimi te for 41 - ..

i‘i@— )

o N
A=y asty },)
Pt U= b

belng ssymptoticeally ;ﬁ}wﬁﬁﬁﬁri@uﬁwﬁ with -\ degree
of freedom. |
Lo

spply this method the observations have been

divided into two groups:

I ¢hildren of @@*%w%gﬁmﬁwﬁ age, that is to say between
O and 15 years old

IT childy

en not yet ; golng to school, sge 0-5 years

The first groun agein has been divided into two

groups & regards the kempongs, into three groups as
the number of de end sisters and
s the number of living brothers

B ”M%mp g g aq

@m*ﬁ bwg §lidh

could not be executed for
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abely.

aveilable; this led us to

I.R. §§@§%§§giﬁy
0 0,044 01
0-2 1 0.055 0.5
=0 0.062 0.6
T o 0.4
I 3-5 1 0.5
N 0,064 0.6
0 0.027 0.9
= 1 0.041 0.1
22 0.8
o L= o 0.09 1
Q-2 1
=g 0,060 0.2
0 0.065 0.7
i 3-5 1 0,043 0.9
=2 0.054% U3
0 0,06% - G.03
=6 1 0.035 0,06
- = ﬁ;w 0.040 0.4
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the 7(%&%%&@&@ we find @ tall-probabllity of 0.6,

i no on to conciude thet the 1.8, 18 not

e ¢

respect to ope.
up of children (0-5 years old) a

gording o Livi

sopgible on
vigion into t

but we 4id

found sbove.,

I beble A1X we Dind the eatimate of the LR, and

tall probvability.

g L B # i g
Qgﬁé\%\% o *

e 18 sgein no regson to conclude that I.R.
iz not constant, The medien estimate of thie I.K. for all
groups together is ﬁmﬁﬁﬁw

4. Zovestigati

Up 411 n

on for g trend in the observations.

¢ we discrimineted thexps between a positive
the VON PIRQUET test.

In the data provided the positive reaction was sub-
divided into 2{1), r{2)}, R(3) end R{4). Since this sub-
nta, we hax tried to

hether this subdivision remained constant during

and & nepative sensitivity to

division contaline subjective eleme

bservations. Particularly we looked
wtion between R(1) and R(2-4}.
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89 414 not mow when the clinic ehildr

investigeted, we cavvied oul zination only with

school children.

dety concerning ¢
lete

For » investigstion we should have divided

ey oF

the obsoervalions eccerding to sge, race, kaupon

v and sisters, Byt in

Iiving and nunmber of doceased brothe

r of obpervations

this vy the per grOoup

garried out the exsuination twices
ww

to livind brothers end sis-

g Bocoral

gecording to ¢
WILOCOZOR's two-sauple Lesl we tested the hy
the dilotribution of H{1)-chil

in this order 1 the sone W

1dren.

If the observati

ool Tivine and

living and deceased brothers snd sisters)

TEmpong | Ve A1) tali~
groun o probebiiity
1 3.03° " < 0,002

%* -l

»*
EX %; aﬁ? < 1%

PRS

Indonesion

*

X gwﬁ%* <<’¥§‘i?l!mg
* -4

Chinese ‘ *
it §,09 ' < 40

Thananes’k g b B wna s s % %
f@%@iﬁ@ combined Doy 7.80 ‘<*ﬁ”a

SErouns
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T : . ]
brothers brothers —& 12) @m@iig rey

g and

02 1.19 " >0.2
o Fwis G.z2™ >0.8
g 0.35 0.7
Y —
4 3.5 0.86 >0.4
> - 0.47 " >0.8
0-2 1.02 % >0.3
e A 2.13 0.03

- . L%
=6 0.19 >0.8

moricedly

fraction of R(2-4) results

during the time of the obtain-

ment ©f the ocbasrvatlions.
This

incresse may be 2 result of a shift in the dis~

stlon between R(1) and 8(2-4); however it is slso

that the schoo

infected than
if the latter sup

the fra:

posalble

those Invertionted sarliier.

position were true we should expe

stion Yo of non-resctors slsc to decrease in the

course ol the obtaln
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B e B
Lol B

1 - %*$§* S0P
”®
11 - ﬁ%‘*?@ >§:§‘w§§%
I 1017 >0.3
Chinase “
Ix ©.08 >0.5
Hesulibts combined * \
for - 1.4 >0.2

If the ohservalio

ng we luds

b

13) cf. footnote 5.

C are not divided
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of the rection ¥; of fnon-
he investigation:

ey

vbions sccording

Ladle
probability
*
0,1
Y-
o.28 >0.7
s
Siﬁa?
— Couaa® >0.8
| *®
1 35 - 1.30 zo.2
. S
% 5 + 1.0 X
i *
02 + 0.89 7o
z 2 3-5 m e -
o
- 0.83 > 0.8

L

re i no resson ito

ey

¢t the frection b, of non-reactors incres

or decvesses wlth time.

bility of 8 shift in the diserimination between R{(1)} and

R{2~4). owing to lsek of itize no profound investigation of
bom could be @&wwaﬁg'@at* The discriminstion betwae
B{1), #{2), R(3) and A(4) wes therefore not used in this
statistical analysis.

44) ¢f. footnote 5.
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that & posltlve resction

Thers wes no indlesstion of g difference between the

i end the olinle ehildren.

 sanslitivity to RUET test incr

the pusber of decessed brod

with the number of livi

rs end sisters and

brotherys snd sisters.

%‘& - % %

influence of the ine

ot the pavenis

clear and 414 not pernit of & conclusion,

Dw ly Lor the
indlication of ¢ é¢ifference between boye snd girls found.
The sensltivity of the boys wae higher. For the 8- and

1O0-yoar-old Indonesian children there were wesi indications

of opposite differsnces.

in other respects, could be deseribed with sufficient scou-

racy by uction of & constant infection
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rate. Amatea of the valuz of 1.8, for the different

groups ore found Iin tsbles I and XT7, the medion estimet

M 1y & g%&%é ®

G, The division of positlve resctors into four classes of

aifferent strength (R{1), 5{2), R(3) and (%)) seems to

have a subjeet to 2 shiit in the discrimination in the

course of the investigetion and was therefore not used in

the statisticnl analyslis.

neferesces
4. Wilooxon, P., Individual somparisons by ranking
methods, Bilometrics 4 (1945), 80-83.
2. Cramér, #., Hathemaiicael methods of statistics,
Princaton University Preas (1946).
3. Monm 82,.B, and Un & test whether one of two randon
- Dl Whitoey varisbies is stochastically larger th

the other, amn

Sl o

b, Vaart, H.R.van der, Gebrulksaarwljzing voor de toet
Wileoxon, Report S 32 (M &) of the
{1950},

thezatical Centre, lwsterdanm

ivdide, J., Hote on Wilcoxon's two-sample test,
e Lies are present, Ann. Math, Sta

23 (1952), 133-135.




