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A NOTE ON SOME PITFALLSON THE SAWYER TEST FOR
DISCRIMINATING BETWEEN SEPARATE FAMILIES OF HYPOTHESES

FRANCISCO ANTONIO ROJAS-ROJAS, FRANCISCO LOUZADA-NETO,
AND BASILIO DE BRAGANCA PEREIRA

AsstracT. In this paper we examine the Sawyer test for discriminatietyveen lognor-
mal and exponential families and between lognormal and Wliddmilies. We learn that
the Sawyer test can not be used for discriminating theseaepg@amilies of hypotheses.

1. INTRODUCTION

Sawyer (1983) proposed an alternative test to the Cox test, (1®61, 1962) for dis-
criminating between two separate families of hypothesssdban the information crite-
rion. His procedure has been considered in the econometdeling context. Interested
readers can refer to Mizon and Richard (1986) and McAlleB&)9

Considering two separate Gaussian linear regression sydsialvyer (1983) pointed
out that his test procedure is a feasible alternative to the ©€st. However, in this
paper we show that the Sawyer test can not be used for disaiimg neither between
lognormal and exponential families nor between lognornmal ®/eibull families. In
Section 2 we briefly review the Cox test. In Section 3 we désdtie pitfalls pointed out
above. Some final discussion in Section 4 concludes the paper

2. Tue Cox TEST

Consider two separate families of hypothebgsand Hgy related to densitie$(y, @)
andg(y, 8), respectively, where is the vector of the parameters of thelensity ang3
is the vector of the parameters of thelensity. The Cox test for testirg; againstHg
employs the statistic (Cox, 1961, 1962)

T (@) = Ltg(@. B) — EaL1g(@. B). (2.1)
whereLtg(a,B8) = Lt (@) — Ly(B) is the logarithm of the likelihood ratiay andg are the
maximum likelihood estimators ef andg under a random sample of singandE; is
the expectation undet s evaluated atr = @. Analogously, for testingdy against; the
Cox test employs the statistic

Ty(B) = Lt (B. &) — EjLgt (. @). (2.2)
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TasLE 1. Possible outcomes of the Cox test.

Ti(@)
Significant| Not Significant Significant
To(B) negative positive
Significant Reject both)  AcceptH; Reject both
negative H: andHq H: andHq
Not Significant| AcceptHy | Accept both Possibly
H: andHq acceptHy
Significant Reject both Possibly Inadmissible
positive H: andHq acceptH; (Reject BothH andHg)

The outcomes and interpretations of the test are given iteThbDetails about the
asymptotic distributions of (1) and (2) can be found in Co2€1, 1962). Interested
readers can refer to Jackson (1968) and Pereira (1978), effived the Cox statistics
for discriminating between lognormal and exponential faasj lognormal and gamma
families and lognormal and Weibull families.

As an illustration of the Cox test calculations, followingxX(1961), consideld s with
the lognormal density,

1
f(y.a) = (2raz) 2y expl-5—(logy - 1), (2.3)
wherea = (a1, @2) andHgy with exponential density,
9(y. 8) = B exp(-y/p). (2.4)
Then, A A
Lg(@ B) = =(n/2)log(2r@z) — na1 + (n/2) + nlogp
and

EaL1g(@.5) = ~(n/2) log(2ndz) + (n/2)dz2 + (n/2),
wheredy = (1/n) Y logyi, &2 = (1/n) Y(logyi — &1)? andg = (1/n) X yi. Therefore,

Tt (@) = nlogB — ndy — N = nlog(2-),
2 Ba
whgre[i’a = exp(@1 + a2/2) is the estimated value @f,, which is the limit in probability
of punderHj. A A
Considering the reverse procedurgy (8, @) = (n/2) log(2r@z) + na1 —nlogs —(n/2)
andE[;Lgf([%’, @) =(n/2) log(2rds) + Ny (1) — (n/2), and then

A~ n a S
To(B) = 5109(%) + (s ~ ).
azs
wheredis = log + y(1) andaz; = ¢’ (1) are the estimated values®iz andazg, which

are the limits in probability o1 anda, under the exponential distribution, respectively,
andy/(.) andy/’(.) are the digamma and trigamma functions, respectively.
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3. THE SAWYER TEST

The Sawyer test for discriminating between two separatditsrof hypothesed
andHyg, according to Section 1, employs the following statisticawger, 1983)

St(a) = EzLtg(@.B) — Ea[EzL1g(a. )] 3.1)
and A A A
Sq(B) = EslLgr (B, @) — Ez[EaLgs (B, @)]. (3.2)
The statisticS¢ (@) is used to detect departures frdtq in the presence of a specific
alternativeHg, while Sg(ﬁ) is used to detect departures frddy in the presence of a
specific alternativél;. The Sawyer test outcomes are analogous to the Cox testoesco
presented in Table 1, replaciig(a) and Tg(ﬁ) by S¢(a) and Sg(ﬁ). Details about the
asymptotic distributions of (5) and (6) can be found in Saw$9883).
If we consideHs andHg related to the densities (3) and (4), respectively, since

EsLg(B) = —na1 — (n/2)a2 - n,
EsLt(a) = —(n/2) log(2r@?2) — N1 — n/2,
EsLgt (B, @) = (n/2) log(2rds) — (n/2)d2 - (n/2)
and A
Es[EaLgt (B, @)] = (n/2)log(2ny’ (1)) - (n/2)y'(1) - (n/2),
the statistics (6) can be rewritten as

So(B) = 31/ (1) - &2 + logdz ~ logy' (1)

Also, sinceEzL(a) = —(n/2)log[2wy’'(1)] - n[y(1) + logp] - (n/2), Ezly(B) =
—nlogg-nandEgLg(a. B) = —(n/2) log[2ry’(1)]-ny(1)+n/2 = E;[EgLtg(a. B)], (5) is
null. Consequently, it is not possible to discriminate betwlognormal and exponential
families by using the Sawyer test.

Another drawback in Sawyer test is observed if we considetekt ofH;, with log-
normal density (3), againsty, with a Weibull density, given by

o (2] o (2] |

Inthis caseE; Lt (@) = —(n/2) log[2ra] —na1—(n/2) andEs Lg(®w) = —(n/2) logas -
na; — 3(n/2), where a7 anda» are defined above, andy, = expla; + (1/2) Vaz |
anddy, = 1/Va, (Pereira, 1978). Therefof;Lgi(®,&) = —n + (n/2)log(2r) =
Es[EsLgr (@, @)] and (6) is null. Besides, denoting,, andaz, as the limits in prob-
ability of @; andaz under the Weibull distribution, their estimated values aig =
Y(1)/ wa+log 1 andas, = w(l)/a)g, and therg; L¢(@) = nlogo,—nlogoi1—ny(1)/ -
(n/2)log[2ry’(1)] — n/2 andEgLg(w) = nlogw, — nlogw1 — ny(1)/2 — (1) — n,
whereds; = [(X(logy) y?/ £ y7?) - (X logyi/n)] ' and &% = 2 y”/n, thenE;Ltg
(@, @) = =(n/2)log[2my’(1)] — (1) + n/2 = Es[EslL+g(@, @)] and (5) is null. Then,
it is not possible to discriminate between lognormal anddtiamilies by considering
the Sawyer test.
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4. DiscuUSSION

We examined the Sawyer statistics for discriminating betwignormal and expo-
nential families and between lognormal and Weibull famsilieThe important lesson
learned from this work is thatfiective discrimination between these separate families
of hypotheses is not feasible if the Sawyer test is consilere

It is important to note that the general expressions of thiamees of the statistics (1)
and (2) and (5) and (6) are given in Cox (1962) and Sawyer (1.988pectively.
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