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- as age, income, and drug use, on time to rearrestx_ One of these

A SURVEY OF COVARLANCE MODELS
. "FOR- CENSORED LIFE DATA WITH
AN APPLICATION TO RECIDIVISM ANALYSIS
Russell R. Barton ahderﬁce W. Turnbull

_ Cornell University

- ABSTRACT

A’éurvey-is given of ‘techniques for covariance analysis of
censored life data. Both parametrlc and nonparamecrlc approaches
are rev1ewed.: An appllcatlon 1s given to the evaluatlon of -

’Darolee followup data. we—ehamtne'fhe effects of ‘covariates, such
wer € Fua i & e,

covarlatrs varJes with time. The records of" two correctlona1

1nst1tut10ns are compared after adjustlng for nen- homogenelty of

covarlate values €a

\

1. II\‘TRODUCTI'ON

Regre351on technlques applled to surv1Va1 or fallure rate ‘data.
have been the subject of much recent 1nterest 1n the areas of

medical followup and 1ndustr1al life. testlng studles In ChlS

'paper we rev1ew the varlous models ana methods that have been’

proposed and present an example from 'a new area of aopllcatlon,

namely the study of the recidivism rate of ex01lenders released from

[:“Thls research supported by DAAG29 77-C- 0003 u. S. Army Research
Offlce - Durham and N00014 75~ P 058L, Offlce of Naval Research
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fstudy of the post release behav1or of 108 parolees in the otate of

Connectlcut In Seotlon 2 we examlne varlous parametrlc nodels ?w

;;that have been proposed ' Section 3 descnlbes the condltlonal

llkellhood approach in Cox's "semi- parametrlc" model tobether W)t

t some of the dlfflcultles. Alternate models developed subsequen 1y,

ar= descrlbed in Sectlon L and in.the sectlon ‘following we dlscuss

1'to the tpeatment of: censored 1ife data. Flnally we descrxbe the -

Connectlcut rec1d1v1sm data whlch is used to 1llustrate scme of

the technlques surveyed in ‘the earller sectlons.f

£3

. He w1ll use the follow1ng notatlon' Let Y denote the ;':

random varlable represent1ng response time (tlme to fallure deatr‘
,~rearrest, etc ) and let F(t) = 1 - S(t) (Y < t) If Fo has a
*és'v den31ty f the hazard (failure) rate “A(t) is deflned}to be thc

AR A i;dens;ty.at ,t; condltloned on surv1val to .t, 1 e: . »~‘__r~‘

co T T = ey oy

v - g The cumulatlve hazard is defined by A(t) = ft k(u)du, and so
by (1) we have the 7elatlon S(t) = exp(- A(t)) Thus the haZard

functlon can be us ed to characterlze any continuous dlstrlbutlon

R (0 »®). ‘A good introdrction tor survxval dlstrlbutlons can- be

- fou1d in Gross and Clark (1975) ‘ e

We suppose that the _sample consxsts of n items (subjects)i

" Let® the response tlmes be denoted by Yl Y2,...,Yﬁ. Because of

‘~1gnt censorlng, not all Y _ are ob~enved exactly, some are known

3 d;{u, L y h. only to exceed some censorlng value Jthh may- vary from 1tem to

1temf '"hls censorlng may come about because the data are analyzec

fwhlle some of the sub]ects are. stlll "at rlsk", or because losses

to. followup occur durlng the course of the study CALLC covari ance

o ]y of response tlme, an assumptlon not always valid in practlce.

We assume that assoc1ated w1th the i th 1tem:(l < i< n) ‘are-

p (> l)covarlate represented by the vectov z.'= (z .,2

w217 pi”

correctlonal 1nst1tutlons. The data come from an extensxve followtx.

some general p“oblems ‘in, aLaly51s of covarlance and how they rela e

e

technlques assume. that the censorlrg mechanism operates 1ndependent-.

cave ez )':"

All Lhe covarlance models dlscussed below descrlbe the covar‘ance,"'

'.l,kvl e
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rélavionsnip as:

M z) @

g(t zB,Y)
.»J_‘.T.ﬂ_,‘ o : g
.Here = (B- -,u.x,ﬂ ) 1s a p- vnctor of unknown regreSSLOn :
'_coeff1c1ents and ¥ represents a vecror of other (p0551b1y '

nulsance) panameters. It is p0351ble that some ov all component<
of =z vary with time. . The otat1>thal problem at hand 1s the '
eotlmatlcn of B in (2) and tes*s of hypothe\es concennlng B,

although 1nference concernlng Y ws also, eometlmes of 1mportance

' 5. PARAhETRIC MODELS

In an early paper, Felgl and Zelen (1965) proposed an expo-

- nentlal covarlance model where Y. has den81ty

Y-(t) 'Ae\p( xt)
e oo . 1 : } v
: o T 1/1. = q.+”z.
: 1, i

where By is the mean llfetlme. An extension to include simple

~:'Type I rigat’ censorlng was made by lepln and Armitage (196B).

" Note that improper estlmates of B in (3) can lead to 1egat1ve :
values for some Mye '
Felgl and Zelen (1965 alsc pronosed a 1eglinear_model:

g = l/ké = a exp(z 8) z; € )l W

v‘xhls model 1ndependently nroposed by Glasser (1967), was extended:
to the cen;ored case by Zippin and Lamborn (1969) Lamborn (1969}

showed tkat the goodneos or flt statlstlc for both of the above

vmodel, was dlstrlbuted as a 1inear comblnatlon of squared standar )

. normais, and ‘not as , Xz as had been con]ectured Both models
are ea31l» extended for zl € Rp (p 2 2). Sprott. and Kalbflels"h

’ (19703 examlned llkellhood methods for “the estlmatlon of B in

,(u?,u Mantel and Myers (1971) noted convergence problems of Hewton- -

Raphson technlques in (3), ‘and suggesteu the use of expected
rather than obaerved He531an values.:

Peto and Lee (1973) consldered the Welbull model 3

B, « z; R N & I
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' with"l" estlmaLed from the (p0551bly rlght censored) data v1a‘;

W e e

- of survival data. Carc1nogene51s data may follow lognormal or’

vtwo models - see Hoel, et al, (1975), Pike (1966) and others.
1Wh1ttemore and Altschuler (1976) applled graphlc

“is given.‘

~Ai exp(z.B), . z; C,R

nax1mum llkellhood , .

) ' Prentlce (1973) prov1ded 81gn1flcance tests for (u) and (5),
and 1nferences on B8 and the hazard correspondlng to z,' the.
:mean covarlate level. Prentlce (197&) and Farewell and Prentlce
(1977) go on to develop a very flexible "generallzed ganma" model
that includes exponentlal ‘Weibull, gamma, and lognormal as spec1a'

vases. In the papers above, Prentlce develops a marglnal llkellhood d

measure utlllzlng Frasep s (1968) structural 1nference model Thie 3

" approach 1s also applled to Cox s (1972) model whlch we dlscuss in

the next sectlon.

leferent parametrlc models are supported by dlfferen; source° o
Welbull survival patterns. Several authors have'proposed these

techniques to

fit beth models to. thé Doll and Hill lung cancer data. . The exponen-

. tlal model was suggested by Stollmack ani Harris (1974) as apprOPP‘-v'

, .ate for exoffender recidivism alalyal

The analy51s of accelerated life tests prompted the con51dera—”.
-tlon of stress as a covarlate. Thls concept is dlscussed by Lee
and Thompson (1976) and Cox (1972). Nelson and Hahn (1972, 1973)
dlscuss a general parametrlc modelvwlth upknown locatlon papameter

u(z) = B + zB unknown scae parameter d'o. The authors go on to’

descrlbe praphlcal and linear urbla%ed technlﬂues for cetlmatlon of

g with Type II censored data.v ln part 11 of tne paper the BLUE

. Nelson and Klelplnskl (1975 1977) deegnlbe the opt1ma1 choxce .

of rtreso levels for accelerated Ilfe test p‘ans fov normal and

-loanormal dlstr;bptlons; Nelson and Neckor (1975) prOV1de 51m11ar

PR R
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f;lMyors (1971). The ‘method above is ine

resutts for Jélbull and extreme value d1 tflﬁﬁtions;”"ﬂahn“andi .

(1975) °xam1ne VLE s as well as LUE’S and praphlcal estl—.;

Nelbon (1975) con81ders the competlng rlqks problem and

ffplots fallure by node Appllcatlons are made in the above papers

"ugto motor w1nd1ng flllures and w1re bond fallure on semlconductor N

Chlp .f

R "CONDITIONAL"' MODELS

‘SMantel (1966‘ has conaldered thepr@blem of testlng for

v ’fhomogenelty of 13 ¢4 2) tpeatment groups.‘ He obtalned a xk i i

atat;stlc based on the Nantel Haenszel procedure for comblnlng a
'oet of 2 x k contlngency tables -- one table is constructed for
5each dlStlnCt ‘observed tlme of death (tl’t2’°°°"8dy) ) ThlS .

E‘Statlstlc 1s glven by

xk ¥ = (0 - E) V, (o = E) ', R (6) e
bt QJa-°-st]) rij—é no. of deaths in group i
,:'at‘timef'tj, E(O) V= Var(O) ‘and V is a generallved

: inverse. - This is- approprlate fcr testlng agalnst Lehmann (pro—'

:fportlonal hazard) alterndtlves. Peto and Peto (197“) show-it is an

f:asynptotlcally eff1c1ent ‘rank 1nvar1ant test. (See aLso d
Peto- (l°72a), Crowlev (19743) ) A conservatlve approx1matlon to
3'(6) is glven by Peto and Pike (1973) but if the k groups have .-

51m1-ar censorlng patterns, there is llttle loss in power over (6)

reslow, 1975) Mant el (1966) suggests generallalng

v«:lth° model to include covarlate° by leldln? the sample into aubgrouns'

'epenelng on. covarlate values.’ THls ‘:proach is used by hankey and

sff1c1ent as it does not take

"jlnto acceunt’trends in the quantltatloe cevarlates (Tarone, 1975)

. The model dlscussed next does not suffer thls shortcomlng

A p;oportlonal hazardo apppoach to ncnparametrlc analy51s of

fyiubbﬁar iance was taken by Cox (1972) based on the relatlon.

AN

A, (t) A (t) exp(z B) VAz. € Rpw : ; (77

{;'Aasumlng A, (t) arbltrary, Cox derlved a max1mum 'llkellhood' -

B
#
4.
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estfmdtelpf B Dby cenditionjnn Gn'the'deéih tjﬁes eng-iﬁdiv)?pélﬁ
at risk (i;enknnyn'to.be alive)'ui'fhgse-tjmes;'_Un@éf'thefgv '
. d;':sixmpfion of’no ties, the éonvtx‘ibut.io:n to‘tl;le '1ikelitood ".ét th'_-_‘* :
i'th dlstlnct ob<erved death glven the risk sét R (1 e. those o
known alive) at- fi -0, is:.' o .

exp(z 8)/ z exp(sz)

JERiv'

"Taklng the product over all ‘allure times {t, } es’the ;1ikeliheod'
Ln;‘ we have: ' R S ; .v - ;
' L= ldg-L* = Zv(ziB:7 1og g exp(sz}) g 2 (8)}-»
‘:_ The model is’ attractlve in that nelther rlght censorlng nor
“time dependent z] s cause problels in evaluatlng (8). Unfo“—
-* tunately, tled deaths, which erise ﬁommonly in grouped datd, do
:cause a problem. In this. case, Cout proposed the use of a loglstlc
. model that reduced to the original model in the llmlt. The proper
likelihood calculatlon would require the evaluation of ,ml -
orderlngs of me tied deaths at ti.’ Peto (1972L) ;ugye ted 2 s:mple_

approx1mat10n to the llkellhood contrlbutlon azt the 1 'th death

3 i .death timel}

time: , .

ex (z.B) i

Nj 2: p. J 3

exp(v.B)/( ) _
1 mi N,

i /-
sud St RN ' |
Ni-= lk}”,vi = Z z., D {1ndex set of all dying at the i th

i D .

i
" The rough average glven above th°n ylelds the 'log 11ke11hood'
) functlon ) Lo o : ; . e
b(B) Z (v - m log Z exp(z B)) + constant ey .

' . wwl ' B o

- Cox deflned u(8) 5 VL(B)'»and' I(B)." v?L(p), and,v

avgued that I(B) can be used to estlmate the varlance of tne
MLE B dlrectly As a test of . the global null hyoothe51s

) H0; B —.0,»fCQx §qgge;ted the asymptotlgally x; statlst1c.







In the 51mple “two sample case thls reduces to the (asymptotlcal y);

~standard’ normal statistic:’ U(O)/Vl(O " Cox. 1nd1cated the*

U(o) (1(0)) U(O) .fiﬂ 9 - Af'i (10)

equ1valence of (10) w1th (6) in the two (or multi- ) sanple case.AA

Oakes (1872) suggested a- reasonable approach to the’ estlnatlon

. of the failure cdf, F(t) He con31dered A ( ) to be constant
" Between falluves, which leads to the MLE at the i'th faJlurej.

(Breslow 1972, 1974, 1975): i _
log(1 - Pt )= - F mk/.,f .exp_(sz)'
. k=1 £ k
The Cox model was applled to remission tlmes for leukemla

-patlents, and an alternative 11Pe11hood ratlo test for 51gn1flcance'

was used:

2LE) - LO) VxC for T BeR . AD)

COk also addre ses the pr0ulem-of accelerated llfe testlng ~h{? -

the llght of hlS conditional model.

The dlscuss‘on follow1ng Cox(1972) contalns many 1nterest1ng

‘remarks. %albfleisch and Prentice point out, disturbingly, that

the "condltlonal likelihood" proposed by Cox is not a condltlonal

A11kellhood at ail, which places in doubt the asymptotlc MLE

properties claimed above. However several followup papers ‘have’

shed more light on this situation. Kalbfleisch and Prentice (1973)

: show that for censored but untied data with time-constant covari-

ates, the class of models (7) is invarient under the group of

.dlfferentlable monotone 1ncrca¢1ng transformations on the tlne

scale. This enables the derlvatlon of (8) as a marglnal llkelltooa.‘

Ter censored tied data and fixed covcrlates, the authors derlve a

‘marginal likelihood different. from that ‘in’ Cox (1972) They paxnt
“our that, for substantial gruuplng, the regre551on parameters 1n

" the loglstlc model of Cox miy Le con51derab1y different from those

in (8). Slmulatlon results are nresen;ed supportlgb this conten~

tion and show1ng the 1mproved ‘performance of the marginal llkelL'

hood estxmate. The authors note=that the grgup 1nvar1ance proper..

is lost when time dependent covarlatts are allowed, and thus the
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blkPllhOOd arguments.-
Breslow (1972), in the dlscu3310n ;OlLOdln? Cox 'S paper,
sume a constant hazard between observed fallurea,‘and assune,,, -

';=censor1ng occurs at the tart of each 11terval.,v101nt max1miza*1on

Frespectlvely, prov1d1ng further Justlflcatlon fortbe use of (8)
'and (9). Breslow (1974) applies this model to. leukemla data and

U ‘7‘ _&Jr.compares the covarlate estimates with models (3) and (u) ‘A clear

1975)

: 1ﬂcat10ns are presented in' a later paper (Breslow;

_ Cox (1975) generallzed the ideas of condltlonal and marglnal
l,igllkellhood and argued that under ﬂlld assumptlons, the usua

~_vasymptot1c propertxes hold for "partlal llkellhooda . He °howed

that (8) 1s -a partlal llkellhood allowlng tlme dependent covarl

"bmxmttm&‘ _ . . IR . AR
Kalbflelsch (197u) examlnes the eff1c1ency of the Cox estlmate'

.model Hlth uncensoreddata, the Cox procedure is found asymptotically
d”f"lj eff1c1ent at B =.0. SThis’ generallzes Pnown resu]ts for the

‘.‘-5 : speC1al cases of the exponentlal scores of Savage (1956) and Cox

11(1964), and the relatlve etficiency of .75 for twin studies (hol*

'7vand Drentlce, 1974). Kalbflelsch ahows an eFf1c1ency (relatlve tc

_dthe exponentlal model) of .94 at 'n = 20 deaths. Eff1c1encv at

shoe

j_“'i .j,”f,iv 8 # ¢! 1s approxlmated at greater than .75 ovér a reasonable

of 8 values.‘ Kalbfleisch and YrIntosh (13977) examlne corresponding

tef‘1c1erc1es 1n a two ‘sample Weibull shape shift problem (L (t) =

PYs ‘.‘1 b,

Efron ’1975), states that under *eaaonable assumptlons about

Dt 1

Wthe "average hazard rate" and Nth no cles, tbe Cox estlmate 8}

-fls asymp*otlchly fullj eff1c1ent, compared w1th a B* based on

-ﬂ gbgﬁfgll llnellhood anctlon.

Lffof ‘B and A (t) 1éad to Peto s approx1mat10n and Oakes esxlmate, o

'fdescrlptlon o‘ the relatlonshlp of these nodels and furtner anpll- o

of B relatlve to the usual 'MLE based on A (t) A,; the exponentlal
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1here have been;many appllcatlons of the Mante.

"to the analysls of medlcal followup data. Ana;,sls'of heart

transplant data prov;des an interes Tlng example of a covarlatO,

o (eroup nembershlp) that changes over: txme -- see Turnbull Prown

and Hu(197u), Mante1 and Byar(igh : Crowley(1974b) demonstrates n “'
“'the asymptotlc normality of the resultlng statlstlc (10) Hore

‘recently, Crowley and Hu(1977) have performed a more extensive -

'analy51s of heart transplant da‘a 1nclud1ng prognostlc factops as
Canglr et al. (1975) and Gehan and Smith

pwise manner to determlne

addxtlondl covarlates.
m,(1976) apply Cox's: model in a for ward ste
prognostlc factors-in leukemla. Tarorne (1975) provides tests er

‘trends (and departures from trends) in hazard functlons.

'y, RELATED MODE S

Thompson(1977) and Holford(1977) con51der 11fe tabl vappllca—
Both models allow covar-

tions of" the proportlonal hazaras r)del.

i ,1ates 1o change w1tn tlme.

Thompson assumes the follow1ng form for the grouped data ‘
):

and’ Cox models t;i,sm

bszard (cf (7)) for the ]'th 1nd1v1dual in the 1nterval (t t 41 R

N.-N, +1 ’ T
‘:; AT =, exp(z.B)
: i+l : ' j:
y1eld1ng the log llkellhOOd (c f. (9)) s = S
=] [v;B + m log A, ) log(l + A exﬁ(zﬁs)J‘ (12)
i » jeR Y

Here we are using the notation of Section 3 )
ratlo test aescrlbed

s fine, (12)

Thompson considers the lOgllkellhOOd

above'(11). He ‘also shows that as the gr ouplng become

goes to (8) when there are no tles, and to (9) when therp are -

ties. 7 ,
Holford uses . (7) as the covarlate relatlon, but assumes the f"‘

‘exact time of fallure is known for the 1nd1v1dual that falls 1n an

anterval; However, this assumptlon may be unreasonable when deas ‘

;ing’witn érouped data.A Holford acknowledges»%hxs and pr'oposer




-
. -
-

N



fétf:“"v ch tlme of fallare 1f only he 1nterva¢ 1s kno

edtsmates

’ ir the (posuxhly 1nterva1 dependent) ad)ustﬁent rule 15 the safiie :’“

.'iover aLl persons,»then the Ho;ffrd lxkellhood is proport*onal to
9y, : . ’. R

i :E'_ . Thus we find that all three of . the above models should yleld
- results ‘that &re the 5ume or similar to those ylelded by (9).

In a’ recent paber Hlller (1970, extends the technlqnes oFy‘

_ *andard least squares to the case of censored data through the»'
‘:use of the Kaplan Meler estlmate or a dlstrlbu 1on functlon."“
'innfortunately there aré some comohtat1onal dlfflcultles with thls

: approach. T

5e OTHER TOPICS

We now . examlne some toplcs relevant to all of the models

"dlscussed above. ch and Snell(lQGS) dlscuss a generallzed

: ‘re51dual ecncept that could be “seful in exawxnlng goodness of
Afflt Pedu221 et al. (1976) examlne mooel fit using ‘this technloue.‘
;:The dquestion of sample size cetermlnatlon has not’ been thoroughly
eaddressed although some work by Nelson (Hlth coauthors’) ‘has been
ﬂentloned in Section 2. MlSSlﬁa covarlate values can be handled
‘perhaps by regre331on technlques (Rubin, 1976). v '

‘if 4: ) . _~i B ) ﬂ" Several approaclies have been suggested for selectlng PPTO-

N prlvatecovarlates for 1nclu51on ir a ‘model. Gehan and Smlth

. (]976) use a forward stepw1se procedure ch0051ng the enterlng

_ bﬁlvarlable based on the largest 1ncrease 1n +he llkellhood Grzen- -
3L1F;f/berg et al. (197&) use a "pseudo log leellhood" backward regres—'
3 ‘l31on procedure for a FGdEI of. *he fown.

- Ai_—.zB ZBZ

’—) +

_ ;tne uuthors elxnluate the covar‘ate ‘cerres pehdiﬁg”te sELv'yieldiﬁg the
v ff;largest ratlo L(A )/L(X) where ' s -

. k,'
i

i)

Byar dnd Corle(197u) dlscuss the“geﬂeral backward ellmlnatlon

-,ruleffor maxlmum llKellhOOd regre351oa " and sugsest tbe







|
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computatlonally sxmpler rule of. cxooanp kK o to mlnimiZeivBy/o(S}).

UnfortunateLy, thls rule cannot: guapantee that the selected

varlable will reuuce the likelihood least. Here we Dropose an
alternate rule that is exact in the case of a quadratlc llkellnood
function: choose k to ﬁaiimi;e
1T ., -1
-7 B Uy B

»whe%é By is the gradlent of the overall llkellhood excludlng
‘the kth coordinate, and Ik is Hessian of the overall llkellhood
. excluding the kth row and column In the quadratlc case, this

ylelds the max imum llkellhood for each submodel.’ We apply this o

method in the next sectlon.

Flnally, the interpretation of the results of. covarlance

analy31s of censored survival data must -be con51dered.l Hartley‘”h“>

" and Slelken(1977) and Hoel et al. (]975) examine the problems in .

extrapolating results from anlmal ‘dose-response experiments

to low dose carc1nogen1c effects in man. Byar and Corle(1974)

describe how to detect treatment-patient tvpe -interactions based

" on. regre351ons results.

6. APPLICATION TO RECIDIVISH DATA

: Tﬁe sample consisted of 37 and 71 maximum security ‘offenders
parnled from theCHeshlreand Somers covrectlonal 1nst1tutlons
respectively, between November 1974 and- Murch 1975. Cheshire is
primapily for youthful offenders, but the age rangesvof the two

1nst11ut10ns overlap. Followup data were collected monthly

_until Janua“y 31, 1976 (Chrlstle, et al. 1976). The dependent

varlable ‘measured was time from release unt11 first arrest. 0f
the 37 Cheshire Darolees, 15 (Ll°) were - rearrested while 23 of
713(3 %) Somers parolees were rearrested. We strongly emphas1ze
that the data(eame from a nonrandomlzed observatlonal study, ané
that care should be taken in assessing 51gn1flcanre levels’
‘(P—yalues)”of the statigtical tests that follcw; see McKinlay

(1975) for a further discussion of this problem.

prisamedB e e
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‘2, - Instlthxcn, a’ 0 -1 1nd1cator varlable for the offendersr*

 The covarlates measured on each offender were.

'instituticn. (1= Somers)
z f;Prev1ous ma]or offense, coded 'l' for burglary and larceny,

'-1' for murder and rape, and o for all others.i

2y - Age at release..d.
z, - Drug-use, a O - 1. indicator with'fi"indicatihg use;h
ig - Monthly income; a time varying covariate.

These COVaPlatES are among those con51dered by - Glaser (1969)
and others to be correlated with rec1d1v1sm. Summary s atlstlcs;

for these data are shown in Taule 1.

"As a first step, we compar reorrest experlence of the. S
two institutions. A two sample test can’ be pe“formed for:

w:'.z . =0, < <.
A 81 __0,‘ 1'<ic<5 Vagalnst 9 81 2 i S

' Stollmac} and Harrls(1974) analyze a similar problem assumlng

exponen~ial failure tlmes ‘and no covariates. (See also Turnbu1l

1977.) "Using thelr goodness of fit test for -exponentiality,

the ‘constant hazard rate assumptlon could not be re]ected at any

reasonable level of 51gnlf1cance, and so their F test is of

1nterest.' The results are presented in Table 2, together w1th the =
Mantel-Haenszel test and the lOgllkFllhOOd ratio test (see (10). and

ll)) The tests all demonstrate a uon51derab1e dlfference between'

the arrest rates for the two AnSfltuthHS. The Cox likelihood
test may exaggerate this djfference because the censorlng pattern=

are dlfferent for the two- groups. The estimate 8 1n the Cox

l’
model (see Table 3, todel 8) suggests a proportlonal hazard of
exp <. 633) = 1-88 whlch Pompares w1th 1. 68 for the exponentlal

1model (Table 23 e

The 1mportant guestion Is whether tuls dlfference can be ‘A” ;

oot

attributed to the ef1ect1venes<' £ the two 1nst1tutlons. To’'do -
thlS, adjustments should b° made for non- homogenelty of covarlater

between groups. In the analyses that fo’low, we use Cox s

,approach w1th Peto ] (1972b) "rough prooablllty" to handle c1es

{eauivalently Breslow, 1974). Approxlmate max1mum'11kellhood e

ity Sl 4 A







lutlons are found u51n5 a funct;on mahlmlzatlon routxne due To.
' Fletcher and Powell (1963). ' el
,Before further analy°es, we examlne the income covarlate.

; We conbldep 1ncome as a single explanatory varlable and Lest

; ;_Q) l <i < 5 3ga1nst QC: Bi = 1 < i<u,

'::obtalnlng 2(L L ) = 11. 31 - for.a Xi P—value of <. 005.

“1 Thls hlgh s1gn1f1cance 1s not surpr131ng, since nearly half they

' fAs a crude compensatlon we’ con31cered lagglng the in- -~

N
"

come\covarlate by one ;ull ‘month. Now ‘the statlstlc 2(L LA

‘Vf.932_' and the 31gn1f1cance of. the income effect is grea*ly re-.

fduced. Flner grouplng would permlt one to lag by one or two Weeks

";perhaps a. more ‘reasonable anount. “In the analyses below, 1ncone
jhas been replaced by'"lagged 1ncome '
. Returnlng to the questlon ‘of dlfferences between Cheshlre

r Bl = 0 against the full"

_ 'i“and Q*mersrearrest rates, we test o
"ufmodel Q ' yleldlng 2(L - L) = .9% with a

xj P-value of

' 33.' The regre551on parameters are given in ‘Table 3, models E

'“and F . Thus, after adjustment for the four other covariates, the .

‘dlfcerence between institutions is now far from 31gn1f1caﬂL.

o AIndeed age alone can explaln most of the dlfference. TestJng
fTUImI' 8",= 8, = B, = By = 0 against Q,: B, = B = B¢ we

" have . 2(L - L ) 1. 76 w1tH a P-value of .19; an apnroprlage
“‘transformatlon of the age covarlate could reduce the S-gn1f1cance )
.*‘Stlll further., Testlng the overall shgnl ficance of W _Bi = 0,
E ylelds (Table 3) 2(LE— L ) - 6.02 for <

}ﬁ:x; P—value of 32 and ‘80~ the joint effect of the covarlateg dces

t ,l < ; < 5 agalnst Q

l;:not appeap s‘gnlflcant.
A bac;qard ellmlnatlon stepwlse Iegre531on procedure was’
carrled oqt on the data, yleldlng succe551vely models F throuoi

- Ié’ usxng the method we descrlbed in Sectlon 5 The flve varlabaes

ﬁbare ellm‘nated 1n the order'- 1nst1tutlon offense, drug use,

“dlflo“ent ch01ces for the flPSt two ncdels, suggestlng drug use

e > laaged income, and age. ' The method of Byar and Corle (197&) yields’ _,.

et A i B PRI i
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as th flrst e%xtlnp varlable. Althouﬁh no tep exhbets a

higher level of blpnlflcance than. ape alone, the backward,-pPOC°-
dure is’ stxll of some value as a rough ranklng of the 1nportance
of factors assumed to affect rec1d1v1sm.» We also sée, thrOLgh
thls procedure, that the regre851on coeff1c1ents are reasonably

stable as one moves to reduced models.

7. SUMhARY

The intent of the above ana1v51s was to 1llustrate the poten

tlal appllcatlon of-recent techniques for censored: life data to 3
_'rec1d1v1sm data and to observatlonal studles in general. A more :
'ithorough analy51s w1th -a larger sample size could:include con51d-
'_eratlon of nonllnear effects, either. in a direct manner or by

;apprcprlate stratification of thL 1ndependent variables (age,

1ncome) Other covarlates, such as age at first arrest, numbe

of prev1oue conv1ct10ns, and type of prlson 1ndustry tcalnlng, .

"should be considéred. No attempt is made to extrapolate behavior

‘ 'beyond the 15 month followﬁp period This short period is roughly

half the mean llfe (under an exponential assumptlon) so we have

little information on the right tail of the distribution. As

. further nonparametric studies of recidivism data are performed,

" one may be able to chocse an approprlate parametrlc model to in-.

crease the small sample power of’ testlng procedures. Recordlng

.of failures by day, or at least by week, would reduce the'problem

of tles, and increase the usefulness of time dependent covarlates.
The modification (9) of Cox's model was used above because

1t vas simple, and because several otber recent models yield

. Slmllar l)kellhoods. Given the severe grouplng of our samole,

”-Thompson S approach (12) mlght be an- approprlate altervatlve.
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'Rearrest

Months at.

.Risk

Summary

- .Statistics on
. Covariates . -

Offense

Age.

:Drﬁg_Use

_ﬁbnthly 7
- Income: .

TABLE I

SOMLRS

Parolee uample Descrlpglon by Instltutlon

CHESFIRE

(12), (1‘) (12) (14)13

S 103),013),(13)(13),(13),
. |(13), ~and thlrty at (1u)
“.jor more.. }

‘.,“

:é 2,3, 3

| ll“
or':

33uuu'(u),”
(u)555(5)6(6)7
(8),9,10,(20),(10), (10),
“(10) (lo)(lo),(lo) 11,

23

RTINS

281

Méan Rahge

Heah_r ... Range

Lou3 -140,1
3263 | 22-71

46 . |- 0,10

297 | -1,0,1
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““é130 | $o0-s600
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. Distribution

E PfVélue

Test:

CARLE 2

Stollmack—

Harris®

Tier ﬂxm;L» 1e‘t. for hxilfrenra netw«kn Iﬁstxtutxon“
‘with No Adjuqtmenta for Other Covarlateg .

Mantel-;;iv‘vxu'”

Haenszel

,Log 11}’e11hood

ratlo

Test
Statistic

Ahy

AU(O)//IzQ)'”

Q(Ln”' L)

Null

46,30

N(o,l)

2
" Xl.

Observed’
Value

168

. 2.04

3.87

.05

v} ..02v..

Los o

tAssumes constant hazard.

Models|. Log-

=

Coefficients

TABLE' 3

(with Stahdéﬁd Errors)

J

~ for the Regre531on Woaels

Coefficient Estimates (8)

Dbrug

Lagged

Likelihood Institution  Offense Age Use Income - Income
A | -185.20 . . . . ; .
B -183.27 .633 . . . . .
c -179.55 RE . . s =.0027 .
S : _ (.00094)
D' | -184. : . . e

E | -182

- F -182,
G ‘ f183;
W] -183.

1: | }183,

3 | -1es,

.19

™

66
31
52
91

03

. .-.3800
-(.vsew B

-.495 .
(.372)

.298

G 307)
L34y "

. (.303)

-.0109 "

186 .

( 0190) (. 319)

~.0183

2,189 0 .

1.0170) (. 317)

'— L0245

(.6166)

- -.0253
(.016Y)
T =.0123
"“_( 0185)

=.2007 -
. ¢.0166) (.317) -
Z.0241

~.00068

(.00072) %
-.00050. %
(:000743 -

-.0006%

{.00072)

~.D006E

. (.00073)
=, 00063
._ (.0(‘\'\)"3\“ kN




iwn



2 GOVY ACCESSION ROJ 3.. RECIPIENT'S CATALGG NUMBLA.

'cal Report g

'OF REPORT & PERJOD COVERED

6.

Pcnronmuc onc Rspon‘r uuazn

~j§u§:é:é11;"R; »Béx‘fé'on and 'Bp'ucé-w; Turnbull

B. COHTRACT OR GRANT NUMBFR(.)
DAAG?Q 77-» ooos e
N0001v. 75-C-0586"

k '9 PERFORHIHG ORGANIZA‘HON NME AND ADDRESS

School of Operations Research & Industrlal » :
Engmeerlng, College of Englneerlng o E o : o
Cor'nell Unlversn:y, Ithaca NY 14853 : : : B i

AREA & WORK UNIT ?Juu'._iER&

10, PROGRAH ELCMENT. PROJECT TA5X .

- ‘n., CONTROLLING OF FICE NAME AND ADDRESS
Sponsor‘lng Mllltar'y Act1v1ty
.S Army Research Office-
Dmr‘hamL N.C. 27706

12. REPORT DATE
E.ay 1977

LI. NUMBER OF PAGES

- Sponsoring Military Activity.

Office of Naval Réseirch -
‘Arlington,. Virzinia 22217

L3 GOI'TKOL.LING‘VOFFICE KAML AND ADDRESS

"~ Statisties’ and Probahility Program y

Uncla551f1ed

15. SECURlTY CLASS. (ol [iad 7] mpgﬂ) e

iSc. DECLASSIFICATION/DOWGRAOING
SCHEOULE

‘6- DiSTR!BUTION ST‘\TEM&.IT (ﬂl HJ Rmﬂ)

Approved for publlc celease, dlstrlbutmn unllmlted. ' :

. .Dls'r'RIB_UTIOﬂ"SV_"I"‘AT EHREMT (of the oﬁaua;l eaterod In Block 20, M &fferent fma Repot) -

H18. SUPPLEMENTARY MOTES.
. . B - R

-

1

L:Lfe data. .

4=

Both parametrlc and nonpardmetrlc approaches are rev;ewed._ ' An ,

E 2% \%ﬁhﬂ(ﬁw@ﬂmnmﬁ&ﬂm&mmﬂldﬂ"rw Mockwhe')

A survey is blven of technlques for cova'lance analysm of censored

we-:,

) . . Unclass1f1ed .
N "SEC(,'NYY CLASS!FECATION a¥F TNIS FAGE (m‘ Dda En




-

p



stuwn’v CLAsSh-ICA T1ON OF This. PAG"(Y}[Q? Data Enter

*




. ae W











