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CHI-SQUARED GOODNESS-OF-FIT TEST
FOR THE FAMILY OF LOGISTIC DISTRIBUTIONS

NEIGE AGUIRRE AND MIKHAIL NIKULIN

Chi-squared goodness-of-fit test for the family of logistic distributions is proposed. Dif-
ferent methods of estimation of the unknown parameters 6 of the family are compared.
The problem of homogeneity is considered.

1. INTRODUCTION

Let X1,..., X, beindependent identically distributed random variables and suppose
that according to the hypothesis Hy

P{X; <z}=F(x;0), 0=(0y,...,0,)" €c©®CR®, zecR! (1)
where O is an open set. We divide the real line into k intervals Iy, ..., Ix:
LU..UL,=R'", LNnL=0, i#j.

We shall suppose that

pi(e):P{X1€Ii|H0}>O, i=1,... k. (2)
Let v = (v1,...,)T be the vector of frequencies arising as a result of grouping
the random variables X1, ..., X,, into the classes I1,...,I;. We denote
— npi(0))?
X2(0) = XT(0)X,,(0) = S V120" 3
0) = X}0)X,(0) = 3 3)
where .
X = V1 —np1 (9) Vi — npk(e) (4)
n — gee ey .
V/np1(0) V/npr(6)

Following Cramer [5] we suppose that

L pi(@)>c>0,i=1,....k (k>s+2);
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) 9%p;(0)
© 90,00,

are continuous functions;

3. the information matrix of Fisher

k
110 SN weme o

exists, and rank J = s, where

_ 1 Ope(0)
B M«n o0, ] “

In this case nJ is the information matrix of Fisher of the statistic v = (vy,..., )",

Let 6,, be the minimum chi-squared estimator for 6,

X2(0,) = Join X2 (9), (7)

or an estimator asymptotically equivalent to it.

Theorem (Fisher [11], Cramer [5]). If the regularity conditions of Cramer hold
then
lim P{X2(8,) > o | Ho} = PLxi_,_, > ol (3)

n—oo

The limit distribution X%—s—l can only be used if 0,, is the minimum chi-squared
estimator or an asymptotically equivalent estimator. Thus, see Cramer [5], one can
use the root of the system:

v;  Opi(0) .
207 :1,...,5. 9
2 @) o, / ®)

The problem of finding the root of (9) is usually difficult, so as an approximation
to the value of @ one often uses the maximum likelihood estimator én, calculated
to the non-grouped data X1, X5, ..., X,,. It is important to remark that when 0 is
unknown and we have to estimate it, the limit distribution of the Pearson’s statistic
X2(0) changes in accordance with asymptotical properties of an estimator 6.

For example, if 0, = én, then under certain regularity conditions we have the
next
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Theorem (Chernoff and Lehmann [4]).

lim P{X}(0,) >z | Ho} = P{xG_s_1 + DN} >},

n— 00 ,
=1

where x2_, 4, &1,...,& are independent, & ~ N(0,1) and \; = \;(0), 0 < \;(0) <
<1, i=1,2,...,s, are the roots of the equation

| (1=X1(6) - J(6) [=0,
I(0) — the information matrix of Fisher, corresponding to one observation X;.

Remark 1. We note here that in continuous case v = (v1, ..., )" is not sufficient
statistic, and hence the matrix I(0) — J(0) is positively definite.

Remark 2. Let us consider the density family
f(z;0) = h(x) exp{z Omr™ +0(0)}, =€ X CRY
m=1

X isopen in RY, X = {x: f(x;0) >0}, 6 € ©.
This family is very rich: it contains Poisson, normal distributions etc. It is evident

that .
U, = (ZXZX?ZX)
=1 i=1 =1

is the complete minimal sufficient statistic for 6.
We suppose that
1. the support X does not depend on 6;

2. the matrix of Hessen

HL(0) = [afag<o>]

of the function v(0) is positively definite;
3. the moments a,(0) = Eg X} exist.
In this case, using the results of Zacks [22], it is not (}ifﬁculAt to show (see, for example,
[7]-[10]) that the maximum likelihood estimator 6, = 6,(Uy) and the method of

moments estimator 8,, = 8,,(U,,) of 8 coincide, i.e. 6,, = 0,,. Let
1

a(@) = (a1(0),...,a5(0)" and T,=-U,.
n

One can verify that
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and hence the likelihood equation is T,, = a(8), i.e. 6., is a root of this equation.
On the other hand we have EgT, = a(@), and hence from the properties of the
statistic Uy, it follows that T, is the MVUE of a(@), and 0, is the root of the same
equation T,, = a(@), which we used to find én Hence én = 6,,. We remark that in
general an estimator based on the method of moments is not asymptotically efficient,
and hence does not satisfy the Chernoff-Lehmann theorem. In “Handbook of the
Logistic Distribution” (edited by N. Balakrishnan [2]), Chap. 13, it is reported that
the Dahiya—Gurland [6] extension of the Chernoff-Lehmann theorem is applied by
Massaro and d’Agostino to construct the chi-squared test of Pearson with random in-
tervals for the family of the logistic distributions using 6,, = (X,,,s2)" (the moment
method estimator of @ = (EXy,VarX;)?t), as it was done by Dahiya and Gurland
[6] for testing the normality (we note that in the normal case the method of mo-
ments and the maximum likelihood method are equivalent). But ,, is not efficient
and even not asymptotically efficient for the logistic family, since this family does
not belong to the exponential family and (X,,, s2)7T is not sufficient statistic in this
situation. Hence, the tables of critical points, proposed by Massaro et d’Agostino in
Section 13.9 are not valid. For this reason it is necessary to have a statistic which
limit distribution is well known when we apply the maximum likelihood estimator or
anyone BAN estimator. In the papers of Nikulin [15, 16, 17] (see also, for example,
Rao and Robson [20], Moore and Spruill [14]), is exposed how to construct a chi-
squared test for a continuous distribution, based on the statistic Y2(0}), we shall
define it in Section 3. We note that the technique of chi-squared tests for the expo-
nential family of distributions of rank one, s = 1, and some applications of MVUE’s
were exposed by Nikulin and Voinov [18], Voinov and Nikulin [21].

2. LOGISTIC DISTRIBUTION AND THE CHI-SQUARED GOODNESS-OF-
FIT TEST

Let X = (X1,...,X,)T be a random sample, i.e. Xi,..., X, are independent
identically distributed random variables. In this section we consider the problem of
testing the hypothesis Hy that the distribution function of X; belongs to the family
of logistic distributions G (%) depending on the shift parameter u and the scale
parameter o:

— 1
P{X1<:c|H0}—G<x “)— ———r T E€RY(10)
o 1+exp{—%( =
p=E{X)|Ho}, |p|<oo, o*=VarX;, o>0.
Under Hy the density function of X; is
1 (o— - exp (-5
g(l’ ”):G’(z “): T V3 -, weRL (1)
) e )

We point out that “Handbook of the Logistic Distribution” [1], was published
recently about the theory, the methodology and some applications of the family of
logistic distributions.
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We denote 6 = (u1,0)T, and let 8,, = (fin,6,)T be the maximum of likelihood
estimator of 8. Since there is no any other sufficient statistic for @ than the trivial
one X = (Xi,...,X,)T, the maximum likelihood equation has no explicit root.
Balakrishnan and Cohen [2] proposed an approximate solution of the maximum
likelihood equations based on a “type II censored sample” of Harter and Moore
[12]. They proved that this approximate solution gives an asymptotically efficient
estimator, i.e. asymptotically equivalent to 0,.

Lgt én be such an estimator. The limit covariance matrix of the random vector
V1(0,—0) will be I"!, where

1 1 w2 0
Io_g[Iij]QXQW|: 0 772—5—3}’ (12)
7T2

+o0 , 2 2 3
1222/ z? [?(I)} g(l’)dx_lzﬂ- a ;

— 0o

and since g(x) is symmetric

+oo , 2
Ly =1In =/ z {g (z)} g(z)dz = 0.

—00

Let us fix the vector p = (p1,p2,...,pr)" of positive probabilities such that

p=...=py=1/k, (13)
and let yo = —o0, yr = +00,
V3 i
i =G 1 e p) = —1 ., i=1,....k—1 14
y (pr+...+pi) = — n<k_l.) i (14)
Further, let v = (v1,...,v;)T be the frequency vector arising from grouping Xy, ..., X,

over the intervals with random ends

(=00, 21], (21, 22, - - -y (=1, +00),  where  z; = 2;(0,) = fin + Fnyi, (15)

and let

1 .
a=(ar,...,ax)T, b= (by,....b0)T, WT=_= {a:b} , (16)

g
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where for i =1,2,...,k

7-(- .
a; = g(yi)_g(yi71):k27\/§(k—2l+l)7
bi = vig(¥i) — Yi-19(yi-1) =
1. . k—i+1 | . k—1
= M[(z—l)(k—z—!—l)lni_l—z(k—z)ln - },

alv) = kZaZuZ—

k
(k+1) n—QZwl], (17)

i=1

o) = kzbwi—ézum =)t a8
i=1 i=1

7

k k
7T
)\1 = Ill—k E a?zgﬁ, /\QZIQQ—IC E bg (19)

i=1
Since g is symmetric we have a1 +as + ... +ax =by + b+ ... + b = 0. Let
B=D-pp' -W'I'wW, (20)

where D is the diagonal matrix with the elements 1/k on the main diagonal. The
matrix B does not depend on @, and rank B = k£ — 1, i.e. the matrix B is singular,
while the matrix ]§, obtained as a result of deleting the last row and column in B,
has an inverse

B l=A+AWHNI-WAWT)'WA, (21)
1

T Pe—1
on the main diagonal, 1 = 1 is the vector of dimension (k — 1), all elements of

which are equal to 1, W is a matrix obtained from W by deleting the last column.
Since the vector o = (v1,...,v,_1)T is asymptotically normally distributed with
parameters

where A = D' 4+ 117 /p,, D! is a diagonal matrix with elements p%"

Ed =np+O(vnl,) and E@ —np)T (0 —np) = nB+ O(Vnles),  (22)

where p = (p1,...,pr_1)", we obtain the next result

Theorem 1. The statistic

Y2 = l(17 —np)"B (- np) = X2 + M B2 (V) + Ao (v)
n n n

71)\1)\2

(23)
has, as n — 00, chi-squared limit distribution with (k—1) degrees of freedom, where

Xi:f:(_i ny—n (24)

i=1
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T—

Remark. We consider the hypothesis H,, according to which X; follows G(*=#,7),
where G(z,7) is continuous, | z |< co, n € H C R, G(,0) = G(z), and n = 0 is a
limit point of H. Let us assume also, that

%G(xm) =g(x,n) and a%g(wm) ln=0=¥(z) (25)

2
exist, where g(x,0) = g(z) = G'(z). In this case if w exists and is continuous

for all = in the neighbourhood of the n = 0, then for z; = y;0 + p we have

Plzic1 < Xi <2 | Hy} = pi +nei +o(n), (26)

where ”
ci :/ U(z)de, i=1,...,k, (27)

Yi—1

and finally, in the limit, as n — oo, the statistic Y2 has noncentral chi-squared
distribution with (k — 1) degrees of freedom and with non-centrality parameter A:

lim P{Y2 >z | H,} =P{x;_,(\) >z}, 28)
where .
2 Xaa?(c) + M F2(c)
A N s = - t 29
; Pi * A1Ag ’ c = (c1, ¢z, k) (29)

p, a(c), B(c), A1, Az are given by (13), (17), (18), (19) respectively.

3. HOMOGENEITY TEST

Let us consider the problem of homogeneity of two samples in the case of the family
of logistic distributions, following the paper of Bolshev and Nikulin [3].
Let us suppose that X; = (X11,..., X1,,)T and Xy = (Xa1, ..., Xop,) such that

P{X1i<x}=G(x_'u1) and P{X2i<x}=G(x_M2), ;UER17 (30)
g1

g2

where | u; |< oo, 0y > 0, u;, 0; are unknown, ¢ =1,2; G (%) is given by (35). We
wish to test the hypothesis Hy according to which p; = pus and o1 = g2, i.e. under

Hy
XijNG(x_M)»
o

for some p and 0. Under Hy we can find the maximum likelihood estimator On =
(fin,63)T of @ = (11, 0%)T obtained from all N = n;+ng observations Xy1, ..., X1,,,
XQla s 7X2n2-

Further, let p = (p1,...,p%)%, pi = %7 i=1,....,k and v; = (vj1,...,vi)" be
the vector of frequencies obtained by grouping the sample X;, (i = 1,2) using the
intervals [zj,l(éN), zj(éN)], as in (15), where zp = —00, 2, = 400, 2; = GNY; + AN,
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Y = G~1 (%), and let v = v + vy, a,b, W, B;, DI, a(v), 8(v), A1, A2, U, U1,
Do, P, W as in (12)  (22),
B,=D-pp’ - UWTIT'W, A, = L (i —np), i=1,2
1 N b 1 \/771 K3 1 ) ) .

Theorem 2. Under Hy the vector A = (AT, AJ)T is asymptotically normally
distributed when min(nj,ns) — oo with EA = 05, and covariance matrix

B, — W IW

V= vmm gy B,

Theorem 3. Under H the statistic

Y, =ATU'A=

k k
Vlz nlpz V2'L n2pz 2 2
P NA ™ {MB%(v) + Maa?(v)}.

n n
i—1 1Di i—1 2Pi

has, in the limit as min(ny,n2) — o0, a chi-squared distribution with 2(k—1) degrees
of freedom:
lim P{Y2 >z | Hy} = P{Xg(k—l) >z}
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