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Latroduction ™ -

In 5001al Stutlsthu, wy may use thc X2 test if we wish to
analyze (typlcuily in data derived from a small sample,

‘and about the:undcrlying distribution of which we do not
want to maku:assumptionev- so that we canuot use a parometric
tust) :
- 1. Whether thcre exists a stgtlbtlcally gignificant

difference between-two or more sets of tabulated, eupirical
(StucﬂaStICﬁl),@Qta. Typlckllyvl SRR

x .Y EY
Atop - q p+q |
o table 1
Bir : s . ris
A+B [p+r 7 - qts p+q+r+s

Examplce: We toke an aseloct samplce of 100 ULZA students;
the varicbles X and Y stend for, resp., male and femaleg
'_ A Qna'BJSugnd for, rcsp. baptized and non-baptized in any
 Christian church. Our toble could have the following form:

}male-  female' total
baptized | 70 8 78
won-bapt.| 19 3 22 sable 2
total 89 P ﬂ 100
The h2 test now‘&ields'a pﬁf%iqular'St&tistic“(in'this casge:

X2= 0.20), aszocilatcd with a particular numbor of degrces of

froedom (Af = (u=1),(b~l) = 1, where o is number of row entries

and b is nuaber of cclumn cntrics,)Consulting a Xz table we
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find that thce probability of "finding the distribution as in
toble 2 whilst in roality therc is no differcncc between
malce cnd female in tacir chance of buing baptizedyt is
betwoen 50% cnd T0%; as this is much hi;jher than cny usual
significanéc level (5%, 1% otc.), we concludc that there is
no dcuwonstreble diifcronce botwecn boys and girls in our
sample in their chonces of beinp baptized.

- 2, Mhcthcr any sct of empirical, stochcstical data

deviotes siginific.ntly ffom a standard expectation, Typicallys

‘-

L B A+B

obscrved p q p+q table 3
““oxpected r p+g-r p+q
sxamples -Suppose the nationcl proportién of baptized —

as againsi non~baptized is 40%. Using the dota from
table 3, we find:

| _ baptized . non-bapt. = [total
obsurved (Uliztsboys) T0 - . 19 . 89
' e - p - ~table 4
cxpactcd 0 _ 0 ~
T89.89 = 35.6 | 138 +89 = 53.4] 89

Agcin, X2 will yicld a statistic which, under df=1, will

tell ug whether UNZA boys have significantly morc chance

of boiiig bapiized than is to be expccted on the bosis of the
ational average.- (ilore, XE = 55,39, - whieh is significant

a2t the 5%, lw and cven 0.1 % level.) _ e

Disadvcnitanecs oi the X2 test,

Although widcly uscd, and discusscd in nczrly every introduc-
tory book on socicl statistics (c.&, Sicgel, n.d., 42f, 1041,
175f), thc XE test has important visadvzontagus:

- its colculetion is tedious and tiac-congsuning;

- for vory small sumplus?thu test requircs a fcorrcction
for continuity®; j e

-~ for auy sumplc the tust requires c minimum value por
cell of «t least 5 units. (Liote that I sinned against this
riile when couputing Xz for table 2%)

Fortunctely, another type of tosts is avuilcble which,
though little known (Wpolf 1957; Spitz 1961; Spitz 1965) is

’
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very sultable for the rescarch problems arisihg from small
sample rosearch in the social scicences (Binsbergen 1970).
These tests woere calleﬁ by Spitz: 1 tcst (for two or more
stochastic distributions) and 1! test (for. ome stochastic
distribution cs compared to a standard expcctation); the
neme d.rives from the extensive usc of Jlogarithms that is
made in these tests., Once onc is accustomed to the
uge of (notural) logarithms, calculations are extremely simples
nonc of the disadvantages of the X2 occur (there is no
corrcction .for continuity :cither a minimal requiremcnt per
cell); and, once the statistic is calculated, it can be
interpreted with a normal X2 table, observing the same rules
about degrecs of frecdom as apply to Xz. (1)

I will not discuss the methematical background of the
1 e¢nd 1' tcets in relation to the X2 teat (ef. lood 1950;
Woolf 1957; Spitz 1961), but shall only demonstratc the
application of thesc tests on the basis of the (fictive)
data used previously (tables 2 and 4).

The 1 test.

The gencrael formula for the computatlon of 1 is:

a b b
1= 2/ nln n + Zi‘l..lnf Zn +1n n; Z_ £501n £5 7
' i=1l j=1 J : J=1 d
(where: . -
n = gample gizc
In = natural logarith (basis e)
8 = number of row catricus
i ! = rank number of a particular row entry (lz,i
b = number of column cntries
" J = rank number of a particular columh entry(1>/;1>b)
fi. = frequency in a perticular, idcntified cell” -
- niJ = bottom total of a purtlcular column
fj' = right-hand total of & particulcr row)

This may look cxtremely complicated, but things become clearcr
if we rewrite toble 1 accordingly (p.t.o.):

(1) Thus, for the 1 test, df = (a-1).(b-1): for the 1' test,
df=a"'1-



X. | 4 - X+Y'
A fn | H
B 8 £,, | £, tablo 5
A+B nl né n |

Substituting now the capircal values as shown in table -2,
the statistic is comouted a2s follows:

1 = 2/{100.11100)+(70.1n70 + 8.1n8 + 19,1419 + 3.1n3) -
-(89.1089 + 11.1n11) - (76.1a78 + 22.1n22)7= 0.198.

‘Dhe varhous valucs of a.ln a can be calculatcd on the besis
of a tablc¢ of natural logarithms; but of course it
saves much time if one usces a table of a.ln a
stroight-away; such a table is given by Spitz (1961; 1965).
So the stundard procedurc for the 1 test, no mottor
the number of row and column c¢at¥ics in our ‘table, is:
1. add thc¢ valucs of a.ln a for, succcgsively, n (=
scmple size) and all cell frequoncies;
2. substrect from this sum the velues of a.ln a for all
bottom and all right-hand  ° totals;
3. multiply thc rcsult by two.
As you wou, tho statistic  thus obtained has exactly the
samc¢ valuc as-xz would have had; diffurcnces that may show
grc due to rounding-ofif, ' :

The 1! ﬁest.

The gencral formula ior the computation of 1' is:

a fi
1' = 2 Z fi.ln ( __\-'—)
i=1 ' ey 7
(whore: f. = fruquoncy obscrved in the i-th cclunn catry
’ ‘ei = frequency expected in the i-th culumn cntry
1n = natursl logarithm S
i = renk number of a particular column entry(l) i)o)
a = nuamber of column cntrics.) /
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Substituting the empirical ond expected values as shown in
table 4, we geots

.- | 70 : 19
1" = 2 ( 70.1n + 19ilp ——— ) =
(40/10Q.89 - (60/100)89
2 { 70.1n 108, _190 ) =
356 534

(Fote that 1n—%—-= ina -1ln b ) -

2 £ 704(1n700 = 1n 356) + 19.(1n190 = 1n534)_7 = 55.4.

Thig ig again the scme rusuif asg X2 would have given.
For the calculation of 1''a table of natural logarithms is
obv1ously indisponsable. _ ' | |
The standard prOCUdufu for tho computation of 1' (no
motger the number of column entrics, i.e. of categories,
in our data) iS: -
L. Caleulate the expected value as a fraction of the
total sama}e sizes
2. per column entry, .divide thc observed valug by the
gxpected value, and simplify-without writing the fmaction
as a decimal fraction (this becausc it is tedious
to fiud the natural logarithms of dccimal fractions)j
3+ per column cntry, subtract the natural -logorithm
of the caipected value from the natural logarithm of
the obscrved valuc - and multiply the result by the
obscrved values
4, add these products for each column entry;
5. multiply the sum by 2.
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