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4, IHBCUSSIGN

in this artizie we reviewed the most popudar sethods 1or analysing postoperathve pain

wiich is theorstically wiove appropriste and simpler to undersiand than ropeated
measures analysis of variance, may be appropriate. 1n a siuiation study the power of
these methods, and that of 3 summary-method approach, have been aompareci. The
amedenendence test has & lower but not much lower power than repeates messures
angtvels of vanaoce. In contrast the powser of using the area under the curve ag g
summary measars 18 very low.  We did not compars the antedependence test with the

time-by-ttme method because the laiter cannot measure the overall difference betwesn

profiles.

Since reported pain is a sublective measurement z factor of subjectivity, /2, has been
imtroduced which determines the contribution to the pain score at 2 given time made by
that from the previous time [Fnvestigation showsthat J < o < 050 isfikelvtobe a
range which reasonably models the situation in real data.*® [ this work we considered
fixed values for o, though it is most likely {0 be a random vanable which could changs

among subiecis.

In summary, we suggest that the antedependance model i3 satisfactory for analysing data
on vepeatedly measured pain scores. It takes nto account the serial correlation between
observations befler vthar repeated messures analvsis of variance, gves more
understandable output, and may be used to look m detail at differences between profiles.

It is, &t lemst in the cases we have studied, a more powerfil method than looking at the

¥

avea under the curve.
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b MeGratty, p. 1 oand Unrub, A M. Measurement and assessment of pasdiatric pam),
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3 {hapman, T E{:anaié on, . W. and Jaschson, B. . Measurement of acuie pain
states’. in Thsm,_ 0. O and Melzack, B {(eds), Handbook of Pain Assesumerd,
Guilford, New York, pp. 31320.343, 1982
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Tabie 2. Power of antedependence test, repeated measures analysis of variance

and AUC based on sample size and ¢ for profile-pair 1 and 2

TS
Prefile-pair 1 Profile-pair 2
Sample T ) _ h 3 ,. o
=010 o =020 2 =0.30 a=0.10 & =020 ¢t =030

5iv8

1 AD' [ RATIAUCT AD | RA LAUC| AD | RA JAUC AD | RA JAUC| AD | RA [AUC] AD | RA (AUC
15 10221086101410751086]0101065]0711007]071]086]044]0.61|076{033|0.52}0.65|026
20 |099110610181096[0981012[021]096}0.08|077]0851053)0.68]080{0441055:0.67;034

Eooas 11000 1.00]0.19]0.92)1.00 0.13 o@fc_@m 0.08 0791 090]035] 068 0.821046|0.60]0.721036

i- Aniedependonce test  2- Repeated wcasuses anadysis of variance  3- Area under curve




¢ to test the differences between vrofiles. The method witioh iu

of VEIIERCE WEID 1356t
proposed by Armmiags and Beery™ for splitplot de Tyme s used 28 & suitable method of
vepeatad measures gnalyils of variance. In this method subjects are sonsidered 23 main
piofs and time points as sub-plots. This t2st has been considered as significant if either
the difference between grand mesns or the interaction betwsen tire poim and groups
was significant.  In thig test, because of different sorvelstion coefficients between
aifferent time points, Gresnhouse and Geisser's method™ was nsed 10 comrect the degress
of freedom of the fest. To use the antedependence tesi, first #s order was decided and
then a test with that order was carried out 1 123t the differences beiween profiles. The
significance level was setf 1o be 0.05. Table 2 shows the power of the repested measutes

analysis of variance and artedependence test for the two profils-pairs.

Az can be seen from Teble 2, there is not much difference between the powers of the
antedependence  test and tepsated measures analysis of variaunce for profile-pair 1.
Although the diffevence for profile-pair 2 is bigger, it is oot excessively so. At the same
time, we must note that using repeated measures analysis of variance is more cleardy &

wrong method because of lack of randomisation of time points.

Finally, to compare the powers of the aniedependence test and repeated measures
analysis of variance with the power of summary measures the area under curve {AUC)
was calculated, 8 common choice of summary measure. As Table 2 shows, compared to
the antedependence test and repeated measures analysis of variance the AUC is very
poor af detecting the differences between the profiles, even for the second profile-pair

where it might have been expected 1o perform guite well

As would be expected ach test is more powerfd! the larger the sample size and the
smaller the value of &) the larger & in the less exira information each new time point

provides.

G




Figure 2. Two different pairs of profiles

Tabie 1. Percemages of date sets with different onder of antedepsndence siructure in

2560 data sets for profle-paws 3 and 2

5 : Profile-pair 1 Profile-pair 2 !
i ; :
“ : i
Sample | der | =030 | @020 | =030 | =010 | @020 | G=030 |
size i ;
t 926 934 1 840 943 945 950
;
13 2 6.8 6.4 5.6 54 1 52 1 46
1
23 0.6 6.2 0.4 0.3 U.2 {4
1 919 8932 937 9328 94.G 930
28 Z 1.5 6.4 6.0 5.8 5.8 68
23 0.5 0.4 2.3 0.4 6.2 0.1
i [ 92.3 93.5 92.8 3.5 94.4 94.2
23 2 7.4 6.0 6.9 6.1 52 5.5
|
23 0.3 0.5 0.3 0.4 0.4 0.2 |

Table 1 shows the percentages of data sets with different order of antedependence
structure for the two profile-pairs.  For each combination of sample size and @ 2500
data sets were generated, each with 8 equally spaced observations on 3 subject. As can
be seen, more than 99.5 percent of data seis have an antedependence structure of order

onE oF TWO.

in the pext section a comparisen between powers of repeated measures of analysis of

vanance and the antedependence test will be made.

3, COMPARISON BETWEEN REPEATED MEASURES ANALYSIS OF

VARIANCE AND ANTEDEPENDENCE TEST

for each data set i Table | both the antedependence tegt and repeated measures analyay



The oeder of an amedspendence structure can vary o zere, compiete independence,

i

w0 general dependence with order r= -1 Obviously, for the dars seis wihich are

gemeratzd by model (3) complete mdependence is oot the case because aven when ¢ = §

7 1

there i3 posiive correlation befween successive time points due 1o the wdedying pain

process. O the other hand, fiting & wedsl with order 7= T — 1 &8 perfect but
urinformaiive.’  Figure 2 shows twe  differem pawrs of profiles based on equatton {1}
We try to find the lowest ordey of antedependence struciure which adegquatsly fits the
data genevated for these profiles based on equation (3). The significance lavel is sel to

be 0.05.

Bach profile-paiv in Flgure 2 could be considered as typical of those found in real studies.
In each pair the means of the two profiles commence from the sawe point because it is
supposed that two groups are random samples from the same population, haviag had no
medication or only general medication before time zerc when the treaiment-specific
medications start.  We assume that the two profiles in each pair would have ihe same
shape if there was no treatment effect. Consequently, any difference between profiles s

duz o the difference bebwesn treaiments

Alternatively, it could be assumed that medication in both groups is the same but the
surgical procedures are ditferemt. In the frst profile-pair the second treatment is less
effective at the early time points, buf its effect lasts onger. The second profile-pair
represents & study i which two treatments have approximatety the same efiect until time
point 3. After vhat, effects of drugs start to wear off 1n both groups but {aster in the first

than the second.
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has a 4~ distribution with V= (5 ) degrees of freedom. In this equation U is
Jrep el

the number of time points, @ is the rank of design matrix, and for given &, =3, — 1) and

¥

=
it
o2
i
&
i
i

D, mi) =1
- P e -l "i 7
2 (m+2j~2} g >0, even

O(Lm)+D(g-1Lm+1) ¢>1, odd
it should be noticed that m =n, —G— 5, is equal 1o the degrees of freedom of the
residuals from an analysis of covariance.

After finding the antedependence order it should be investigated whether there is any

difference between treatment groups. This can be done by the asymptotic statistic’

in which /2 it the between-groups sum of agnares in an analysis of covariance of ¥, with

Y 4

Yipyeees Yoy as vovaraws. Hibe profites differ, it may be of interest to know in which
fr _ !

time points the differences happen.  This can be tested using the statistic

Yain —a-r)! d,p ~ which has a f-distribution with ¥, — & — degrees of freedom.

o i

Order of antedependencs stracinrg



In equaniom {3} @ vould be regarded as & sublective factor which mposes the effects of
the previous reported pain on the present tiae point, This mav well vary depending

whether the gatierd sees his previous measuremenrs when marking his present one; this is

L
(Wi

sometimes  the cass and somedimes not. The £,s are indepandent tandora errors and o

a consiant which depends on the type of operstion, surgicsl method or population of
patients.  In equation {4) we assivas thay the variance of &, depends on the position of
the underlying pain process onthe VAS line snd when the underlying pain tends to the

endpoants O and § {he variance terds to zero.

2. ANTEDEPENDENCE MODEL

This model is based on the fact that usually in longitudinal data on each subject each
observation is postiively cowvelated with previcus observations. This method was Brst

proposed by Gabriel '™* s an antedependence structurs of order ¥, the observaiion of
occasion 7 (i > 7}, given the previous ¥ observations, is independent of further sarlier

observations.

Gabriei' also argued that using a test based on an antedependence siructure of order one
is preferable even if it does not hold exactly, but is a good approximation. Byrne and
Amold™ showed that 2 first order antedependence tesi is more powerfid than Hotelling's

T* test. Kenward' introduced 5 new test to find the order of artedependence structure.

Finding the order of aniedependonce strucinre

To find the order of an antedependence model, an anisdependence structure of order #
is considered as null hvpothests against an antedepsndence siructure of order §{r <8}
as alternative hypothesis. I, and ¢, are the residua! suim of squares from the analysis
of covariance of messuremients of the Jth occasion with 7 = min{i — L7} and

5, =mim{i - 1,5} previous vcocasions as covarates, respectively, them under the nuil

hypothesis the asymptotic stansiic
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Figere 1. Six different profiles of equation (1)
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and Verborgh’),  Nevertheless, some oomplerely diffment shapss of mean
probles have been reported.  For instunce, sfier walking up the pain might go up, then

come down ané fise sp agaia {see for swample Barska'' and Moimiche™) Gten ifs

o

study fasts for g long peviod, the postoperative pain tends to zero.

Considermg the above poings the following mode! has been suggested which could suit
most pozzble shapes. For the czse of simplicity the VAS line bas been congidered to

have unif length |

Equation {1} describes the average of underlying pain at time { basad on the mean vector

of parameters 0= {6, 8, &, 8. y=(a,b,c, 4}, where
g ={8,,8,.0,,8,y={a, b, d}~ MVN{GL}). (&

For esch patient &, can be considered as a randorm vector which depends on the patient’s
characteristics such as age, sex, personality, previcus pain experience and so on. Figure

I shows six different profiles which were produced using egquation {1},

En reality, it seems naive 10 sxpect patients Lo report their pain exactly based on such an
equation. Reported pain at time 7 is & subjective measurement which could depend on
the reported pain oa orevious occasions as well as the underiving pain at thoe  and it
could also mclude measursment error. Hence, in the simplest situation the variabie v,
the reported pain s time poim ¢, could be defined as 3 weighted mesn of the immediataly

previpus reported pain and the present uoderlving pain as

Yy oy e, + g

where




‘ateractions are modelied as & spli-plot experiment, with ndividuals as mmain plots and
fime points 85 sub-plots. Apart from time-by-time melhods sod despite sirong SNLcisms
against it repeated measures analysis of variance ia uzed mors than other methods o
analyse pain data.  However, there are some considerations that resirict its application.
Among them missing data seems o be & most important 1eason. The technica! drawback
of this method s that the sub-units, time points, cannot be randomised within main vnits.
in using this method it is supposed that the comelation coefiicients are squal hetween all

time points, but clearly, s many situations the correlations between nearby time poinis

are greater than that for more widely separated thme points.

Summary measures, which are derived from all measurements that belong to each subject
and used instead. Many types of summary measures can be made, for example, mean,
median, area under curve (AUC), maximum value, and minimum value. With pain
scores, time to maxinmm relief is somstimes appropriate. However a suitable summary
measure may not exist, or it may be impossible to decide ononein advance of data-

coliection.

Posioperative pain syndrome

Postoperative pain has been reported from hundreds of studies in the literature.
Although there are some studies about unmedicated pain,'" in nearly all of them patients
have received medication or other freatments to relieve their pain. Our main concern 1s
to suggest # statistical method for the following cases whether or not the postoperative

pain has been treated.

{, Comparing potency and efficacy of wwo or more analgesics in relieving

postoperative pain.
2. Comparing painfuiness of two or more surgical procedures for the same pperation.

The shape of the postoperative pain profile might depead on the type of operation,
surgical fechnique, and anafgesic drug As can be seen in most reports, patierds usually
wake up from the anaesthetic with severe pain which might reduce gradually, and whean

the effects of the anaesthetic disappear the pain level might rise again (see for example

el
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Providing reliel for patierss suffering aonte pawn 15 of great mportange i medicing.
Studies mimed at reducing the paln expedenced by padents v the Immedizie
pogtoperaiive stages, that is in the hours after they regain consciousness, can be found
across 2 broad vange of chinical medicine and dentistry.  The afm of such irals is to

dergroine which of twoe or move treattents gives the best pain rehef

Pain is & subjective and private event' and urlike many other vaniabies, such as beari rate
or blood pressure, cannot. be directly measured. There are several techniques used to
measure . Perhaps, using a Visual Anslogue Scale (VAS) is the most sensitive and
most familiar method. ™ Usuaily it involves the use of 3 10 om straight line on a piece of
white paper and s labelled af the left end as ro puis and at the right as worst imaginable
pain or similar deseriptions”™®. To use the VAS the patient is simply asked to mark on the
fine the amount of pam that he or she is feeling. Usually, in clinical wials pain is measurad
at different time points for each subject n each ireatment group: a prime exampie of 2 set

of repeated-measures data.

Usual methods of snalysis

The methods which are repeatedly found io the tterature wre:

Time-by-time method in which the Sifferences é;mssng treatneent groups are exanned ai
each time point, The most frequently used tests are the -test and the Mann-Whitney tost
for two treafment groups, and one-way analysie of variance and the Krushkal-Wallis tost
for more than two frestment groups. The advantage of this method is that it is casy 1o
use zad does not need much statigtical background. T suflers from three subsisetial
defects. First, successive tosts are pot independent, particulerly when the suceessive data

are highly correlated, Second. successive tests cannot measire the trestment effects over

tine, " Thirdly, missing data resulting in reduced sample szes at later Hmes may lead 10
o o >3 W

a digorepancy between nereasing treatment efivct and decreasing power to detedt 4.

Repeated measures amalysis of varionce where fitog, treatreent, and time oy ireattnent
- k]




OSING AN ANTEDEPENDENCE TEST TGO ANALYSE
POSTOPERATIVE-PAIN MEASUREMENTS

NOORI AKHTAR-DANESH! AND DAVID APPLETON’

1. Shiraz University of Medical Sciences,

Shiraz, Iran

2- University of Newcastie upon Tyae,

Newcastle upon Tyne, UK

SUMMARY
Postoperative pain is frequently measured by a Visual Analogue Scale (YAS). The most
common methods for analysing such data are the so-called rime-by-fime method and
repeated measures analysis of variance.  Inthe first, dueto correlation between time
points, successive tesis are not indeperddent and cannot measure the treatment eflects
gver time. In the second, a rather unlikely covariance structre has to be assumed. Ina
simulstion study we have shown that the power of the ufedependence test is nearly the
same as that of repeated measurss of analysis of variance and it does not suffer from

some of the Yatrer’s shortcomings.



T AT T L IR T TR ! 3 i o
CUFEHY arte HiTIEH, Ty 2.

aotpatient denarinu

SIS TR IS E G DR i

wmd Keown, A0 F 1980y A aehwork anolvsels  of

Tavior L R
Lt T ey

P R
m ddesign o o

inpatientoutpaient dopartment. o
Vissers, I, and Wingaard,
giodation study, European

g,

R LVERN

Tho o

Ty




B UG
o and ma
i peomed

DRTEAE0n 2 My

tinnde
frkees 4
o

oo the ward o the

P A
niard do
Yo oward ats

wndand dewie

avign of the mamber of bads

: . P odeviztion of
s;iisc!wvg;:d and admutted per w i;» muant and standard deviation of regiitred g
for throughnut of a nwmber of pationts into the sysfem,

ENEY ii:_ th ©oesn

The results show the mean fhme speni in the ward  beler
parametsr i less. Whien the nwinbar of bada I the ward is lag
palionts in the ward wating for an operation, 8o ihr- ﬁt.uv Lm., nrmzi w1 the ward belore

there are soms

aperation goes 20 comparsd o the case ef
mean postoperative ward tme Ior different parpmacters sim\m Wigs Te Da e
r‘i_i ‘-a‘é;i@rlic S“pﬁﬂ*merﬁz *-}nqc i th ward ‘.,ﬂd? OPEIFINN VBT, 28 40

sarnetor of the
, asgs. When
re are more beds in the ward the mean goes down as 1 also does £y ncreass in the
parameter. the mwean number of paticnis admitted per week st forent poarametery
fo spond i the intensive therapy it when there are ame bads there morsases
ag the parametfer - umber of beds in the ward increases. Note that
e moean number of *Eé%ti\.‘ R i ﬁund de
Hne spent o the micnstee haﬁ

erapy ung decienses &
for the fime spent m 1he intengve

58 ot dopend grently on the pararavter of the

Iy (i

The mean reguired Gme for throughp
parametons UE m» fu“ o

gt of five hundred patienis tor differond
Ve i“itrf‘apk-' ani having nine beds therg,
srenws 0 fhe mean 107 fhe dilfciont pavameier

Fl

auars Hma i

alne

Beferences
Ballev, N.

LR
¢

avvd spooarimeny

Poienes

avsd

i oy nent

rahimi \
Appontmsst
3346,

PV T -
LRSS

ear, nose and Hhaeos? ouipat



:

s e S

s LR B - S
o s =
cFy R o, N ﬁﬂ\ by

L

L S

=

i
-

L. o

i |

o 1T

]
i
o

1ai 1y

I
el

H

i
i

¥, .
R

s

)

Il

WaL

v

iy

e

Sl




4D RO I

:;m HY Y *r~ fifted to
o at

Singe iy 46 rarg le‘fa 3
s are penored,
those yeguls mg a,?ﬂ‘v ai-.. Sa i
3 st slow iracs

i1 oot 10 pradict sf.r fis

'i;.s'f.'r:;:- m ih WETEY W,

bo applied o pabends
iz then  allows ¥or an opninal schedul
throughput. Flowever the prediced proporton of fast ivack 1o slow o3
pot be the sate as the wchuwl proporiion of fasi (fack W siow track
simulation program  witaily generates date Tor SO0, Tast wack patients '*m‘ S0 p slowy
yack pzients. I ovder that the numbcr of pabients in the two _ri_;if‘!l,ifjﬁ avoin the actnal
m‘onrarﬁ{}?" seen ln practice. zach pationt becomes & sandidaiz
Cach fast track patient is mdependently changed o a slow frack
3. of otherwiss stavs au fast t.mc.-- m‘ sach dlow track patient i ma'ia:g.a@_mir:nh;- '»..rh,:‘.i'igu}

i his ensey

the cosrect proportions of patients in the two gronps entering the svsterm,

The ih patient spends 75 davs m the ward after operation. Tubie 5 shows the
frequency distibution of the iime spent in the ward after operition, As the Table
shows # 18 oot possibie to il @ unigue disteibution 0 the ¢ ata and s¢ @ mgxtue of
distribufions was fitted.  The case &0 corresponds 10 a Aving during the
operation or In the intensive thevapy aumt. Note i smkmny pafients spend al least
four davs in the ward after therr nperalion.

‘..»..

Piowres 2 and 3 show fhe rune spo

oporaiton, based on

tin the ntensive therapy arat and 'ims: gpent in the
actual model and e B i

ted moded

e LA L
tsgt [NEA§ S

o
Lh




r.’:.S &m it*nm s 1 iy ward sod

shore grang g

€

than e da 2y for s,

i valie gty

¥y ‘;i‘ﬂ_i;.

Tatde 3 Time (davs) spent i
the wand after operation

( Lime (dayss

ihe ward:




o fromm the tdonsive !ha:ra'rm‘f; ufiif- back
s the word affer corgd i

£

P

i

Ypin

has fo b

i ‘.-‘.v;-:a i

nog Z}z:- pass;“-‘a;f: %{; ga,-r_

therany unit ket by the

‘y\h{,,.l\,, zﬂ? -cﬁ,,«l"i s

The snulsfon program works by fhe various venis
palicriiy’ Mo veinents ave as
ward are allocaied with pricdy to pahs
the waiting Hst At any partenier thne, 7, latd ihere b m, frer hods o the waed and =
free bods lén the mtensive therapy st Care has to be taken wath the admmission of
vard cannot 2 be occupied By

o bads {ov paltorss
ywould be hlacked

and then ;wuﬁ iy ke sy, Fads i the

2% in the intensive (herauy UrHD OV BLEs OF

natients 1o the system ~ tor enarmple the bods m the
pAtETEs mﬂimu for surgery, sivce  shen thore would no bo ar
s..‘n?-‘.ﬂ,mﬁung from the ntensive therapy unit. and so the whole svs

grnlation runs for ereatey sconmcy for each stuabion

ie are based on 40
; J red (e, chole of Y, _
azmumu*m work was carried oul using ¢
164 MAG Bhrary subroutines | on @ Sun-Solans o

PRI I o
vy LTadh, S}

arn SULTOTIHnG nark

PR PR B 1
. sehadaling

i - ; ‘“\\
4 ! Ty ]
i P
t I — L i -
+ # . 5,
: H Fraszbeds=n . ., :
oo nnr
i L Lo -
§ b L e R
: YR
r
i %k 2 - Ede
! '
H K !
; e roamim -
i I
i
P
! P
. |
i ! :
H 1 i - e
D LI i |
: ; P L :
: 1 N, i
‘ E
': 1 ;
. :
: i (" 5
H 1 ! i
! : i . . ; i
! | ! Prronsive Lare -
i i : 11
¢ L g - D
: f- :
0 s S B
: i
i K
\\'\. -




Jodd visnroular end . g
EAH s reinained AR = Fme’ my d 1
resnis a'i_" ihe mﬁ@- $F Are aw u:ail-:;st :

T WU

AnT{cs

Table 1 An "‘ii of akia‘s;imw“ 'iﬂ{i:-f%hw:

"
S R ; ¥ T p
Z{ : by ¥§ P
' !
1 H oy N - H L
Intercept L DT T (LE52G 0 2231 4
i i
Throgw! R T S B 13 B 0 UL AN 21t S VI 'y 5

LowTVEDP  F | 12840 © 03212 © 1598 Dol

the sensitivity and specificity for the classification were 7569 and 63.0% respectiv 2l
Tlie diserimination analvsis rosulls showaed that the
sensitivity and specilicinr were vt vy high, but that discrimdnston of {as k and

shisv raek patients was botter achioved than by simply randesaly allocating patients.
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The Queueing System

The avadability '? hcdq i ward and infensive care beds often detesime the pabient
hrouehput of cardiac : uigary.  Conswder throughput of petiunts i a2 hoart surgery
depariment as a quammg svstem  where a patient 1s admtted 1o a ward for 2 cardiae
sorgery if there i al lsast o free bed in ward, priority to paticnts who are in fhe
misastve therapy wil and are coming 'baf-.‘“ to the ward agam. Consider a cardiac
surgery departmeni where there are some beds in the ward, intensive therapy unit and
theatre. Suppose that there are M b@dw m mc ward and N buds in the onsive therapy
unit. There are K operating theatre. There is an nfinite sapply of patente. At any tims

T

there ae m, w012, M free bode m theward and n, n 012, 0N in the T1T0
Patienis go into the svard, then theatre, ﬂmrz the 171, then the ward asein. Fach patient
spends one day 1 the ward, then if there is o bed available w e 1107 goes there for ai
least g day.  Suppose the probability ol reguiring ; dm’f-“- i LU 1 pif {or padient i
Constder he then spends TH days in the ward, where Ti s & random vanable whick
may  alvo depends on bteher climical condition, Beds in the ward allocaied with prioss
i paiients w FTUL over paticnis oo the waking bet. Bur i {31 o are suificlont free beds
iy the ward, up 0 b K008 7 MG patiemis may be v the  ward for an
operation wheere KOs the numbar of beds in the theatre, Opertion, 1 per theates, are
bt paitenis may be admittad on ‘ci'”n«"a;'f -'

G0am and the angrations 1¢
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Table 2. Corﬁpa 1307 berween two diffs
ol

speniflicanion region o
,ow. Sy mirorw E‘*%.ﬂe

¥ 0
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2
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pn
b
i
p3a
K
e
Z
Lo

b e
Method | Different approaches a; 2y ‘a2, 1w & R o
o 3
] ;
1
;
mulbvariaze 091 | -024 1024 1534 {025 o3 |oes
i i
|
!
muldvariate T1=%, 077 |46 [ 046 1430 1039 [0
Pl’@p{}‘jé‘d ¥ L] Xl 2Ny | kX 5‘39 i 1345 0’65
method T
Hrear discriminant D76 1-0.43 | 0.48 1 487 1025 [056 | 045
H i |
linear discrimunant Z;=8¢ | 076, -043 | 048 1451 | 039 0486 | 0.65
: t
. Lo :
multivaniate 091 024 103 534 10353 | 056 C 065
P o
arite T =¥, 077 043 0047 | 495 9 ; 5
Predictive multvariate Li=Ea 0.77 043 0.0 2l .3 0.46 .65
Screening ]
linear discriminant 076 | -0.43 1048 | 487 | 026 1056 ! 0465
: .‘
's_
linear discriminant Zy=Eq { .76 | 043 1 048 | 494 [ 632 [ 046 083
!‘ |
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The shsiracted information from the dala s

- b 0
PoEh ]| 1.4o !
i 1 I
i : |
- ! o — P !
Xy= 0 1,00 ) Xo =0 120
| * 1
L | oy |
538 SIS

with the estimated vamance-covariznes Matrices

i
0.035 0028 DT
s1o= | 0028 2878 103 | < 107
0,073 -1.026  D.920
L -0.006 D000 0003
E oz
500 = 0000 -1 .03 | X 0
| 0003 0136 +0.503
1 e
0425 ~0.018  C.O04R
I
. l . - . - =7
Ssested = 1 0013 2481 0608 | A
:
| 0046 0602 0TS

As was mentioned it is possible to solve the screeming problem by different
methods. Table 3.9 shows the results of screening procedure by different methods,
used

and alsc cornpares the chtained resulis with the results ol pr edictive screening

Ly Dunsmore and Bovs (18871



Table 1: Conn's Syadrome Dats
feglconcentrztion, mendl) 10 blood plasma

Na K o,
Type Patient
Xy 12 X3
1 49459 0.8319 34112
TG 15628 | 11414 3.2995
3 £3416 1.0586 33053
4 29836 10056 34965
;. 5 43323 1.2809 3.1822
& 15677 11312 23322
7 $9727 0.9163 3.3878
3 15488 0.5163 34012
9 4 9654 58755 34720
4 10 407, 10647 33844
1 4,938 0.8329 3.2581
¥ 1.9698 07885 175
13 19767 73923 32965
11 13431 11314 33707
15 49747 1.0647 33105
15 19345 11314 3.44é8
17 19753 06419 35116 |
TR 19815 1.3083 33105
BT £.9698 0. 7885 3.4965
0 49663 0.9423 33142
21 £.9438 1.4586 21527
22 45488 11632 3.2189
23 49507 1.2809 32504
25 4.9558 1.098% 30910
T 19663 1.4351 33250
gl % 45395 1.2238 33322
77 4.9455 1.2809 321%9
e 49485 13350 3.2581
79 19457 1.193¢ 3.2958
""" T 45416 12809 3.2581
31 $.9414 14816 33426 |




An Example

The example used by Dunsmore and Boys (1837) for prediciive screening is now
considered and comparisen is made. The data relate to Conn's svndrome which

is a rare form of hyvperzension. Two form of syndrorme exist. namely

. benign tumour in the adrenal cortex, {adencma;.

o

B : more diffuse coadition of the adrenal glands, (bilateral hvperpiasial.

The treatment for A is surgical operation io remove the adrenal giad, For B
drug therapy is the recognised treatment. and surgery is inadvisabie, { Aitchison

and Dunsmore, 18751

Tet T = 1for A, and 7 = 0 for 8. The aim iz to find a region using the feature
vector X to attempt ip screen out the H rases and Lo retain the A cases. where
% is the three variables of copcentrations {meg/!) in blood plasma: sodium {Na},

potassium { £} and carbon dioxide (£}

A

The data are given i Table 3.1, and log [concentrations) for the basic variables

% is used to remove much of the skewsess apparent 1n the data.
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Ther the only veknowa value rernaining to be found is w, whick can be shtained

Note again thal the Linear discrimination function is obtained by using a pooled
1

variance-covariance matrix. but s the expression for & unequal variance matrices
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Student’s 7 disinbulion wish (&, + Ay — 23

T8 soresniny

b

in general. the estimation 5f the nroba

BYOOEEE R

| S )




: N 7
bur—a ¥, i
‘‘‘‘ ez |
N 'nvf 5 /f }
6= r ;T ‘
o — ey |- — !
- 5 - By VN i } ._
.i.. i. \ PR vSR Rnd / !
where F, = Fi v aifh (j = 4 L isthe probability distribution funciion of the unl-
variate Studeni’s ¢ distribution with %, — 1, {j = 0. 1) degrees of freedom. Since.
the above expression daes not bave 2 unigue solution for (y = {x cax > w;. the

atm is to find a region (y such that ¢ 1§ minimised. where,

B FlaX <w|T = H)PIT =
T P(a'X<ﬂ:§T::T"PfT--Ie~— PlaX < IT:G_‘}?{T:U}‘

Then a and w are found numericallv to obtain the specified § and where I is
minimised.

Again, the required computation time i3 Digh, espeecialiy when the pumber

of screening variadbles is large.

)

5, to rednce the dimensicnality of the problem

and therefore the scale of the computasion, Fisher's Linear discrimination funciion

can be applied to sbtain 5. Fisher's linear discrimination fnction when the

naramelers are URKLOWT i

% where i o= 5 AR - %)

4
it
b2
e

WoreIlon nedomes L

ud

»,
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It ¢he parameters are urnknown, assume 1wo SeTAra

He estimation

variate normal distributions with sizes V. {7 =1.1) are available.

i

of the parameters of the normal distributions are

Ith
@]

#= L Ay =s , go=Fy . Lo=sg .

Alse, the mixture proportion. ~, is estimaied Py & sample of size &, from the

v . = ~ . .
mixture population of X. S¢, 4 = i, where ., is the number of cases with

[

B

(T =1}, Now

where W (Z, N, — 1) is a Wishart distribuiion with parameters (X .\, — 1},

tJ = 0.1}, see (Mardia et al.. Chap 4, 1379}, Also,

4 \{' ‘asja P 7y
Sl B R ~VLY, 1
’ a5k,
With some simplification
; \"J' 8 {X? . :} .
N e L oy
5#-’ S ‘Vf'afﬁj-a :

where, fx,-1) 15 & umivariate Student’s ¢ distribution with Ny— 1l = 0.1}

degrees of freedom.,

[n the screening procedure when the parameters are unknown,

i (s X —aX, .««-aﬁ,“] D S5 - ¢ TN
Y i--F Zmmoe s 'i Pl - v I-F e e 3,
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Note ihat the

variance- Covariance ma
i : y i Fuar [Epp— N " — W
§, Tespective variance-covariance matrices jor the we popuislions are used. I

course, when the twe variance-covariance matrizes for the two pepulations are

¢ =77 T r CN T
i —fx*"a_x‘iﬁ\i% . 1 @ gy 4
¥l - xw—-__-w:;—“+{1—~r.l 1—-¢ e ||
[ L va Xa /) L L va Xa /]
and
In general, the proportion of cases retained in the screening process is

; i " . 1
. | BT [ H
t T T } Y ) ] T = } §
! 5, \,ag;a ‘] L ‘ \a‘...q_;a;j

The advantage of usipy Fisher's lLinear diseniminant for finding an a 15 that
] e} or
computation time is much reduced, but the disadvantage is that ¢ will not be a

TN ALTIG T,

Bv using principal componsrt enalvsis, it might be possible to reduce the qi-

I

ity of the scresning vartables,

are formed using ¥
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where 9z} s the stardard normel distribusion functicn, Since, the zhove expres-

S).l

ave & urque solutton for Oy = (X aw > b} the airm is o fod

[%1]
e
e
P!
r
o
b
i
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s
uay

regicn such that 2 is minimised, where,

o
L

Some different methods were applied to solve the problem analytically. Since
it was not possible, a FORTRAN.IT program was written 10 obtain a and o

numerically, so that & is achieved and ¢ minimised.

The required time for computation is high. especially when the number of
screening variables is large. So to reduce the dimensionality of the problem and

therefore the scale of the computation. Fisher's linear discrimination function can

1]

L'x whers L= 27 - pay

-

where X is variance-covariance matiix pooling £y and X;. So, the specification
. P [ [T . . .
region beromes Oy == {x: {uy —~ o) U7'% > w}. The caly anknown vaiue fo be

L et

found 1z w which can be obtained from
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where a is a constant vector and w is & consiant. A stgndardised linear compina-

i

tion of variables is applied. so that. aa = 1. not a nnigue solusion for

!

-
1
for
i
-
T
a
o

-

the problem. So, ancrher restriction is made by choosing the values of a and w

which satisfy § and which minimise the error probability

Now

_ | }
°= PAX>_ T=1PIT=0+PRX>ul =0, T=01

When the parameters are known. i (X7 = 7). {j = 0.1} 1 a raultivaniaie

pormal distribution Mg, 27,0, 17 = 0.1}, ther {a X{I = 3,

. . - . s .o + N .o L
univariate normal disinbutien of YMla pa Zyar, () =010 3o,




Consider  f{x; g0, 85, 5y, Zo,p) = por(xi sy, £1) 4 ogulx: g, £g), where
gi{# s, £, (3 = 1) are two probability density functions of multivariate
normal ravdom variables with parameters (g, 2}, (i = O, 1) and ¢ = 1~ p,
0<p<t,

The function f{x} is the density function of & mixture of twe muitivariate aormal

distribuiions with mixing propaortions p and 4.

Sore authors such as Owen and Su (1977}, Haas et al. (1985), Tang and
Tang {1989), Turkman and Turkman {1989}, have considered screening when the
joint distribution of the performance and the screening variables have a joint mul-
tivariate normal distribution. Dunsmore and Boys {1987) consider a predictive
screening where the performance vasiable is dicheiomous and the screening van-

ahies have muliivariate nornal distribuiions.

Suppose that the screening variable, X, has 2 mubtivariate mixture distribution
and the performance variable is dichotomous, (' = 8 or 7' = 1} and the screening
variable in each category i multivariate normal with parameters (., X, {7 =

8,15 Suppese that P77 = 1} = yvand P{T =0} = 1 —+. The zim 12 to determine
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smphasised the dichotomy of a performance variable, witluo

paradigre,  that s based on the prediotive probabiily function of the

performance variahle given the soreeping vamable, end sampling paradigm,

b=

which s based on the condimonal distribution fmation of the sereening vanable

[

on the performances varnable,

Dansmor: and Bovs {1987 considerad the streening procedure w

screenitig variable has a muitivariate normal distribution and the performance

variable is dichofomous. by using a predictive distribution. Kim and Bai {1990)

oresented a devision theoretic approach. when the conditional distribunion of the
scresning vanabies on the performance variable i a normal disinbution and the
conditional distribution of the performance variable on the sereening varsables 13
logistie, Bai and Hong (1992) extended economic screening procedures with
multideciston altermatives. Thev assumed the performance and the sersening
variable have a bivarate norpml distribuiion where al] parameiers are known

atd some are unknown
Tang and Tang (19%4) reviewed the liersture i the area of sereening Thev

provided a summary for coonomic seresning and also for staostical models i

Pl

sercening . De'Moraes and Dunsimore (1995 develeped the local approgch” 1o

the screeming problem derived by Dumsmors and Boys (1988) 1o ihe
polvchotomons  multivarniate vase, and  derived the approact, where cavh

component of the wxplanatory variables ¢ discrete or continuous



imdroduciion

Sometimes a variabie cannol be measured directly, or measurement of 4 may

he expensive, take & long time. or even be destructive . Insinuments of sorgening

are cheap and/or quick to use. However, they are not tvpeally perfect and ars

usually used as a first stage .

In screening the probability of the correct classification of casss within the

certain cafegory cam be controlled in advance . Varables which are considered

i screening are performance and screening vartables, The variable which 1s not
¢asy to measure. 1s catled the performanee vanable. The other variable which 1s
correlated with the performance vanable and where measurament (s simpler. 1§

called the screening variable . The screening problem has been imvestigated for

a long time.

The following paragraphs review recent statistical work. Owenetal (1975)

proposed a jointly normal model where all parameters of the distiribution are

known .

Owen and Boddie (1976) extended the  approach with unknown means and
unknown variances. Owen and Su (1977) considered a solution for screening
where the performance and screening variable are jomthy normally distribured.

when all parameters are unknown Thomas and Owen (1977} used the trivanage

normal distribution m order 1o have two  screening variables when all
parametars are known . Thev presented the conditional probability of success on

one-sided  specification of vanables. Also. they proposed a selection oriterion
hased on a sunisum cui-off for a linear combination of the two  screening
variables. i and Owen (1979) extended the two-sided scrsening provedure

gnder the assumption of

n . allgn-  This myiieonndias s aes oo s .
bivariate normality. The proveduresare based on

known and unknoewa parameters. Haas et al (19837 proposed as creening
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Sorpetimes 5 variahie cannot he measured directly, or measurament of it may
be expensive, take & long tme. or even be destruchive. Un the other hand a

related variable might be measured easily, and this used a s:creesm'zg variable
tor the first one.

In this paper & sereening wthod where the sureening vanal fe is minture
multvariate normal disributions and the perfornunce varuible s dichoto
is presenied.  The method is used for the case where the paramsters are s

or estimated trom separate samples.

Tor the multivariate mixture normal disimbution o

required computation timy is high, especiaily when the ay 2

variables is farge. So.toreduce the dimensionaliy of the prob ls.m and ‘ii"l erelnie

the scale ofthe wmp:mim') a Figher's linear discoiminaiion Rinuon s app }i'
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£0.4. 3. Cholesky Method

[y

n Ywo sate duration, where viand ve indicate random effect for DURY and

RS2, we'i"a'v&
! 1| fﬂii__v_v[.
ton | v |

¢

i
[

12

Y s

4

i..“.._.,-
ey ]
Semrmicoarancen

e el 71 ool
where with this transformation ¥, snd uy Ev’ﬂfj - i N ‘{ 3
R Wi .! 1_ Y ad
where
T = ity -f“QQiif)
Bz = gauz
and

Now for finding Likslihood for Bivariate distribution with two random effect,
and having first distribution as Weibull and second duration as Log-nornel.

Now sssurne that the probability or density of the sequence Yi{durations)
is specified as J{¥i|8, 2, vy ) for individual ¢ with @ a covariates matrix, 4 &
vector of structural parameters and v;; az random effect for duration 7. Then the
Likelihood is

RN e .‘”!
da é@} :f{}/zjgs ; Hf i ij;w?""-'tﬂ}J(kﬂw’-’e”’”guld’-‘ﬂ

! l 3._

s

whers g {.} ks the mixing distribution of the v;. The log likelihoos for n indi-
vidual is

ﬂ E2y
HE =S legl{f (V8 &) = 3 log {1 (8))
=1 o

Since there ia no closed {orf y foy the Integration wa have 1o use yass poind
method {See Haeckmean and Singer, 1584b) as foilowes.

! B k1
., ., oo ' a7 : S
E 2o jﬂ. Fltag e, ve ) F U, vt {vg) e {'Uasg}
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in getting MND sex is not significent {see Khoshbin . et. al., 1098}, male s
female are almost have the same chance of getiing MND, bat fermale has better
variation than msle. 5o the mean life expectancy is mors stable for furmale than
for male. In third duration, which is the age ai death, the same thing is true. The
second duration, which i3 survival time, from onsel to desth, moale has slightiy
higher mean life time and more variation than femals, From Table (0.4, the mean
life expectency for fewnale In avrage is latrer then male, but this s not so after

AL

zetting NN

{.4.2, In Bivariate modek

Usually correlation between fwo dusation is positive Clayton (1878). But as it
can be seen from fable 1.6 dependency of durstion two upon duration one is
negative. Which means as individuals are older in the time of getting MND | the
survival time from onset to death is shorter or vice vepss, The Bivariate model
{see Appendix 1 and Appendix ¢} was used for Morkov model with DURI a8 an
expianatory variaibe then we used random effect model squation {0.3). There are

»

three methods to tackel the problem of random effect when thare are not lnear.

1. Oholesky
2. Change of variable

3. Eighen value

We choosad the first method. The resuit of scaler method Is almost the same
a3 Cholasky method {see Appendiz 3). Which mesns assuming different frallty
for each duration is the same as assuming one frailty for each individusi.

% . . * .

Appendix |

LT S/ TR L U 5 4/ TN L IR S

Weibuli-Weibull conjugate

Suppose f{f} and F{¢} have Welbull distribution | then the sonvointion of
Fit} «& (2} s alao Weibull
fat,
i iy 1 Fis
FAE e dgy 8 e {2870
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able 2.8 Modelling Twe Stage « x*iua‘,zca with and without random off -t
No i Scaler QJ"*OEGS;C{
z,anfiow affect | Handom  affect |
mate  SE | Hstimete €F | Fetimate  SE
§
|

i
!
&
L
i
|

. Varlalbis

| Scals W ; a.iﬁﬁ D081 482 46,308
Shape W 66T 7 a
. Mean LN 08 | 5.70R

Y
L0

Lidd]
2200 1804
5E% 3,952
| N67(2) LN -473 07T
| N57(3) LN 3% 2606 | 418
| N58(2) W - 150 20 | - 18R
 NB8(3) W 1506 727 | 1R%
;‘EHGE‘““‘?}W I 582 373
'E 1268 107
l_ T .__'12‘_.
o ',rPF WY
;@u(RPTN)

ST LN _
758(2) W

Lhat there i an mslm‘
"'i'a(l}w »:ﬁz.fii F‘ra" it

17 \iif’ indi 1 uass , bhen we assuwrned noesch
changed fn m st duzasion 4o second durati 38, For this model

inenhed |

.4, Conclhasions
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The relationsghip between the varioug explanatory variatdes and supvival times
ad enrlier and because of the

were investigated with diffen orizls as indicst

ém".-;: nurmber of varialdee wers avnlable) method of "Fooward substitution” suc

cessive calibration procedure wos adopted with the "hest additional variable add

¢ the modal at each atage, 17
ir: each variable in turn was sess

- hmproveroenit in the maodel ag o result of adding
sed Ly g Hkeliiood ratio test statistic and the
process ceased when no additional varinble was significant at the 5% level, This
voinstruetive o s axploratory sty

approach can be v

The best model for dost se st thivd duration with explanatory variables

using (Him are given in fabte 00

3.3, Miviture modeis

sebional hazarde spec-
o

Most mixed modelr consddersd 1 the llerature have s proy
Heatien with a scalar and time nwsadant varabie. L\lil’.‘ﬁ‘d( {1457 _L;‘. WS IR O
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tory variables
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el micded that At well the second duration s given
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Taing Glimd, the Lo
i Table

Pxpertation snd votlancs are:

Jsing

dance tor duration two
and Weibul distribabion wean and varianes for duzadion one and three are given
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A has a log Bnesy modst, Lo

"y

i\'
then the log




Tabie 3.1: €k
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Table (1.3 Comparisan of differeut modeling for fotal duvstion with ne explana-

tory ta..ja?)]e%

[ sy e i e | s S i o et e e tinvi e

; BTV .
| i Weilul; Logie rmal Gompertz |
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The maxiraum likelihood sstimates (est] and standesrd serors { s} for shape
anel seale parameters are ghvers for Wathal | loglopistic lognormeal and d gomperts for
Ao ) and 9.2 7 respectively. Both shape paraineters
are positive, which Indicate hazards for duration one and three are incresing.

diration one and three in 7L

(1.2.2. Log-uormal

Suppose ¥ has noviead distribuation, w ith pararneters p and o, the T = log {4}
has log-noroal distribution, with density. survival and hazerd are ax follows

/

eyt
flgy=1{1/

i,
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i
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21,8, Substantive confowt

The irdvial dels anaiysia

identifying spproprials par
Aifferend modelz with no s

43l \,‘;.LJ’{? {}E]\L -

Plor o, duration

mewiel.
After fthing o v vy gurvival models s Goanperts

Low-Normal snd Log-Logistio, s we can see from Tabie -3, Weal sni

vibagtion Y bwetter f Jey ome angd duration Lhres. But for difa.f'ﬂzion

st oy

wwo Log-Normal s betiar, OF rourse Log-Normal }_;ramme trizes differantly than
riocewise expousntial {propartinrml hazard b, Beside that ko duration fwo we have
variabie, o e nob base line hazard, as 11;'- s for

capotion one
Arration one ared durssion theae,

ag explanatory

For mors delail see Bothoshlin {'}9.‘-}5'},
The gniveriate resudt with and varialnes are given o

saction two, Bivariate dibabg
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ish differe

cection three. Resilts snd comelision s glven in section Four,
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3.2, Univariate resuits for DURI DUR3Z, and DURS3

3.2, 1. Weibull fit

Turation one {from birth to orset Voand duration thres
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.11, Date

The data used in il study was itom esurclogy denarty zi Fres
Hospizal, They were 12% paiient among the p \m.iam:z:i appr Gar’nmb 1 R meliion
in Lancashire and South Cumbris {1 "‘f&} ; »kbwr*a to have MND over the 1b-ye
perind from Jan, 1980 to Fab, | 1095, From: Jam. 1980 uil he or she gat MIND %111
be recorded and the subtraction of this i ¢ {rom the patient’s bicth date, would
oe oy firet duration (D TPi; . The study Wlli g0 on for sach vatient until wether
patient diss or end of study (1995} . We alsc revord this tioie and the subtraction
of this time from the tirne patlent got MND will be recorded as second durstion
(DURZ). The suramstion of these two durations would be our third duration
{DUR3). Those who were died from MND during this time ware considered

as failure and those who were slive 2t Feb 1005, were considered as censcred
data as well as those who were died form cther causes. We used variables under
categories [ike family background, immunization history, travel shroad, previcus
health, sp@use. smoking habits, ccoupationel exposure, consumption of alachal,
other personal habits, education snd employment, diet, animal contacts, places of
residence. Under each of these categories, we have from 5 o 200 questions where
had been respondent by pailerts. A well frained ressarcher spend some time
with peblent and helped them (o complete correctly the questionnaive. (enera!
vrocedurs of responses is as follows;

1. If the answer is a number {n), the respondent enter the number,

2. If the snswer is yes, no don’t know (y/n), then one for yes, 2 ¥or no and 3
for don't kviowr

3. If there is no respond, - for missing value.

0.1.2. Response Variabls

The response variable for this study is the survival time { from birth to death
wivich we call i (duration thres} and had been divided ‘ni T two parte. The ﬁ?’sr,
I Ak

pact is duration from birsh €0 cnset {duration ons) |, the second dur ati o ia from
onget to death {durstion two

a0
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stormetion incroases the e of comectly Klenidfying

tporiant non-s aussia

Whitney two sample

Thys, neither the non-paramerric nor the LABROC appronch 1o esthmating the ALC

depends on knowing what &0 ansformation would nke the distibutions close 1o those we

and o nelther makes use of the actual scals in which

sivdied. Both use a ranking procedus

the toat rosuits were recorded, This may explain the s wilarity of the results obtained from the

sravednres 10 adapt o a wide mange of distributions,

)
e
o
.y

YT

two procedures and the abllity of thes




3 " i 3 T msam YO tr ATOL A T i P
Gaia whers in ons Invesiigston™, somne 16% 10 37% data sals conmining rating data with 2

mail number of radng categories were degenerate. Morcover, one can obiain a smooth ROC

[

carve by fitting & parameiric madel,

On the other hand, the nonpsrameine spproach avoids making disiributional
assumpiions which can be perceivad as somewhal resgictve, This approach also has the
appeal that the AUC is easy to caleulae, and s obtainable ever {or small sample sizes. The
disadvantage is that the method does not yield a smoom estimate of the entire ROC cueve.
While one might consider the ease of use of the exponential approximation of the SE of the
nonparametric AUC as an advaniage, based on cur results, we recommend Delong et all’s

estirnate of the SE for the nonpatameric AUC, which 1s bazed directly on the Wilcoxon-
ann-Whitney statistic. However, the software is not currently widely avaiiable.

Overall, the results of our simulation study suggest that for 2 broad range of pairs of
distributions conlaining mixiures, parameiric and nonparametric approaches yield very close
esiimates of diagnostic accuracy (AUC) and the corresponding precision. Thus, concern about
bias or precision of the cszimatcs of the AUC, should not be a major factor in choosing
berween the nonparametric and pararaeiric approaches.

What are the possible reasons for the simiarity of the results from the two
approaches? One reason could be that we did not study 2 sufficienily wide mnge of

ossibifities. However, we believe that the reason has meae to do with the fact that both
procedures begin by replacing the oniginal data by their ranks, In the purely nonparametric
approach, the rank transiormation obliterates the original disiributions. Tn the LABRGC
aporoach, and 10 a lesser extend in procsdures such as ROCFITY and RSCORE", the

categorization procentrs used is a coarser version of ranking, and a binormal model s fitted

to these categories. Thus, this procedure is essentially "sgny-parametric”. There have been

26,2775

siradiar findings concerning the eifec! of rank transformation in two allied simations.

Congver and Iman™ showed that the ranking procedure reduces the probability of

declageification in discrrdnent annivsis with non-binonnsl date, 3" Gonman and Woolwn™

-




sreciston of the csimae of Alagnastic scoaracy {AUC) and oo the Feasibility of =ach

approach. Generatly, § Ong uses & Coired mndel, one might expest mor peecision Gsing &

mntel-hased estimares of diagnostic accuracy than 5 nonparametic estimate. This hypothesic

iz suppoted by she results of the parameiric estimates of the AUC derived from data
generated from Vanous configutations of [G, G} pairs & with cample sizzs of 100G/
model-based estimates of the AUC tended 1o have s lightly less empirical varation than te
nonparameiric estimates. However, with sample sizes of 40740 owr investigation showed that
with binormal data, thet there was no such gain, prespmably because of the presence of the
considerable noise with these small sample sizes, With non-binormal data, the gain iIn
precision is achieved only when the AUC=0.90 since in this situation tiere is iess room for
errar in ROC space frops fitling an incorrect model. Although we compared the 1wo
approaches on the basis of both their empirical and their calculated SE’s, we aret more
interested in the empirical 8E’s since the calculated SE’s might be distoried by futing an
smcorrect model. For non-binormal data, our resuits show that the calculared SE’s of both
approaches tended to be greater than the corresponding empirical SE.

We have shown elsewhere™ that, for a given sample size, if one wishes o use the
parametric model used in LABRGC, some gain in the precision of measures of diagnostic
accuracy can be achieved by increastng the number of daia categories. The mnost gain in

precision {10%) could be obiained when the number of daia categeries was increased from 5

to 16, When the number of data caiegories was further increased, the additional gain In

vt

precision was small.
Tn terros of practicality, the parzmetric approach has several advantages: The
LARROC program is available in the public domain for several compuier platforms. The
LABRGC procedure {whichk uses 1t or 20 daia pategories with sample sizes nf A0/40 or
more} alioost always © onvesr rges, because the categorization algorithin used in this program

amomatically enswres the lazgest possible uniformity of the spread of ROC eperating poinis

for coniinaous data, This 13 in contrast 1o the poorer pev formance of ROCFITY with rating



for the nondiseased patients was birnodal, While 1t 15 4

the pavametic SE when the data do net [t e model, we were surprized mafion

is just as large with the nonparametic,

Witk both the 40/40 and 100710 cases, the empirical varistion of the AT s from

ATED

parametric fiis was vsually smaller than that from the nonparametsic approach when the AUC

was .90; but the pattern was iess clear when the AUC was 0.75 or 0.60. However, the

gverage nonparametric estimated SE of ihe AUC (Delong et al.’s method) was egual to or

slightly greates than the corresponding vaiue using the binommzl modet {the mtio ranged from
1 o 1.03). Overall, the parameiric and nonparameiric approaches yielded very similar

estimates of the AUC and of the corresponding sampling variability,

DISCUSSION

This numerical investigation was conducted with a wide range of parameters of
diagnostic accuracy and various degrees of departures from binormality. The results also
apply 1o all pairs of distributions which could be converted, by some monotonic
transformation, to those we studied. The findings should help users to undersiand the
consequences of using either a parsmetric or a ponparametric approach to ROC analysis of
the accuracy of diagnostic tests that vield results on a continucus scale.

Investigaiors may worry that if data are non-Ganssian, esimates of diagnosdc accuracy
based on a binormal mode! corld be distorted, However, our results show that any biases in
the estimates of the AUC derived from both parametric and nonparamettic are very smal!

The resudis suggest that the AUC is robust to depariures from binormality if one uses the
binormal raode! as implemented in the LABROC program. However, other indices, such as

& posiiive fracton ar a specific false positive fracdon point, might be more sensitdve o

departures from the binormality &

1

since the bias in the nonparamemic and mode! based estimaies of the AU is for all

LY

practical porposes acgligible, the choice should depend on which approach yiglds greater
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10100, the emphical variaion of the nonparametric ALC, Colums By, ended 1o be shighty

greater than the model-baged sstigaates, Colurmm (B, The pormsponabg raies ranged Lom

FEEATS - m e e h Frepngan - NI B at R A el slame ot ALY i i
. 1.06, these TRO0E TRARDG from .07 1o 1.05 with sample sizes of AQ/AG Alsa, e

sstimnated SB’s of the nenparametic SsMates, gbiained by Delong et al’s method, waere

slightly greater ihan those of the paramettic model for the 40/40 and the 1007100 cases (he

Bt e

cotio of SE’s ranging from 101 w0 1035,

Performance with MNan-hipormal Daia

Biag in the estimates of the AUC Columns (/) and (D} in Tables 7.3 and 2.b show

{hat the biases in the parametric and nonparametric estimates of the AUC are both very smzil.
Noaparametric estmaies of the AUC were virtually unbiased (the largest bias across colum
(D) and boib sample sizes was 0.3% (or 0.003 in absolute yalae). The bias in the ssumates
of the AUC from fitting the binormal modsl to non-binormat daia was usually less than 1%.
With the parametric approach, the greatest bias 2.3% occurred when the distribution for the
diseased was highly skewed and the sample sizes were 100/ 100 (rue AUC= 0.606). The
cesults were similar when the distribution for the non-diseased patients was Gaussian and the
distribution for diseased palients was Bimodal and there was 2 moderate dégrec of sepavation
berween them (true AUC=0.75).

We also examined the discrepancy berween the paramenic and noNparametric
estimares of the AUC in each of the i 000 individual data seis. in the case of the most sertous

deparmre from sormality {(bimodal form), the absolute discrepancy between the two estimares

—
oo

of the AUL was abways less than 0.05; 9O of data sets, the discrepancy was less .04 snd
in 429 the discrepancy was Jess than (02

Sampling variability: The ninormal estimates of the cateviated SE of the AULC and

Delong ot al’s estimate of the SE of the nonparametric AUC almost adways OvVETestmats e

e SEs: by -2% 10 73% in the A0/4C case and by 5% to 7T% in the 1100 case. The

et when disibubon for the diseased patienis was {aussian and

greatest overestimation ocTur



epproach was compared with the corresponding S0 of the 1000 AUC sstmeres from the

i !
other approach, For each approach, ihis 5T (which we call ihe en pirical 38 was slan
compared with the average of the 1000 caleulated SE’s, Tn addition, we compared the avemge
calovlated SE of the AUC derived frome the binowmad model 1o that caloulated for the non

parameiric estimate using Delong’s method.

RESULTS
Table I compares the resulis from the paramerric and nosparametiic approaches when
datz are generated Trom the binormal model, while Table 2 compares the resules for non-
binormal data. When fiting the binormal model, there were no degencrate™ daa cets. In

other words, the MLE hierarion procedure converged for all data z=ts,

Performance with Binormal Data

Columns (A} and (D) in Tables 14 and 1.b show that when data were generated from
a pair ot Gaussian distributions boih the parametric and nonparameiric approaches yieided
close 1o unbiased estimates of the AUC. The biases were € 0. 9% and < 0.2% respectively,
for the sample sizes of 40/40; < 0.5% aund < 0.1%, respectively, for those of 100/100.

Estimated SE versus empirical 8B of estimates of the AUC: For the PaTATeKICc

approach, the average calcvlated SE from the binormal model (Columm (C) in Table 1o} is
close to the acmal {empirical) variation (Column B). The ratio of SEs: Column L w
Coluran (B) ranged from 0.51 to 1.01 over the configurations studied for the 40/40 case and
from .98 o 1.06, for the 10V100 case |

Delong er al’s nonparametric sstimate of the SE (Coluran F) is close 1o the actual

{zropincal) variation of the Wiicoxon-Mann-Whitsey statdstic (eolumn B) for ali
configurations stidied: the rtio of S8s: Column (F) 1o Column (B) ranged from 0.93 10 1 for

the 40/480 case and from 1 w0 L.03 for the 1Y100 case,

Sampling variability of parameuic and nonparametric esivmaies: With sample sives of




We chose nixturss of Ganssian dismrthutiens Tor disensed patients since the distrtbugion

may confain anidentified gisease subtvpes. Thus, we allow for sors vanation for the disessed

i

ihan the non-diseased paenis.

fach gencrated datz set naderwent two analyses: (i} nonparamemnic ROC analysis using

the raw daa, (31} parametnic RO analysis of the cate govized data vid the LABRO approach.

Ribe LR%Y dd

11y Nonparamelriv approach: The noONparameinic estimare of the AUC was calculated

directly from the Taw data psing the Wilcoxon-Mann-Whitney rwo sample statistic; the SE of
the ALC was calculated by Delong et al.’s method.™®

31) Paramerric ROC analysis: fach data set was analyzed via Meiz's LABROC
¥

ps:ocedure.“ e program categorizes the data according to a data-dependent rule which tries
to ensure the greatest possible uniformity of spread of ROC operating points. We stipulated a
caximum of 10 data categories for sample sizes of 40440 and 20 data categories for 100/10¢C
{these are the default numbers of data categories used in the LABRGC softwarse}. The
program then fits & two-parameter hinormal ROC curve by the method of maximum
tikelihood estimation (MLE) asing the casegories as ratings, From the two parameters of this

hinnarmal model, it eadculates an estimates of the AUC and its SE which we call the

"ealoulated” SE.

Comparison of Statistical Behavioor of Parametric Yersus MNonparameiscic Estimates
The Biases in the astirnates of the AUC (i.e. the difference bevween ihe average of the
1006 estimates of AUC and the tooe value) from the parametiic and ROnpATATNenic approaches
wers calcuiated and comparsd. The magnitude of the bias in the osrimates of the AUT and
the shsclute discrepancy between individual estumates of the ALY from the two appreaches,
~r

were used to judge the impact of miodet mis-gpecification.

The standard deviation (SD0 of the 1000 estlmates of the AU dertved frome ong

._.
K



Nen-binormal daia: Dak were also generated Do vanious configuratioas of nod-

.
Fa

Mnormal pairs, where one or bolh member of pairs were maxtores of Ganssian (MO
dismmibutions: 1[G, MG skewed ov bimadal} pairs or (MG -skewed, MU--skewed] patvs. In
ali, as is shown in Figures | and 2, eighicen configurations of ncn-binormmal pairs with
various degrees of skewness and separaiion were used 1o generate date. We calculated now
often the hypothesis of nommality would be reiected with such distributions. For sample sizes
of 40, the hypgthcsis wag z’eject_ed h}_; the Wilk’s test employed by SAS in 34% of d&la sets
from the ii‘”‘dﬁzdt@ ~,%:f:w and ﬁ?% for those from high skew distributions. For sample sizes of
100, the c-t}rrespmdmg percentages were 59 and 97,

To some, the tange of disiributions shown in Figures 1 and 2 may seem limired,
However one can apply many monoionic transformations to the separater axis, tbereby
effectively covering a broader range of possibilities of non-binonmal data. An exsmple of how
both distributions are converted to pon-novinal pairs is showa iu the last row of Figurs 1.
Eaéh pair was generated by mapping the (oo, +vo) scale used in row 2 Into fh_e. ({}, Il) .SCEL’iS by

applying the transformation exp! Xj/(1+explX]). Note, however, thar although such monotonic

transformations may radically change the shape of the disuibutions, they do not change the

ROC curve when applied to both disiributions 2

Few of the artizies in the quantitative diagnostic test literature show the distributdons
of raw data. In those that do, the distribution of biornarkers for discased patients ig often
positively skewed. For example, Goddard and Hinberg" reported ihe histograms of different
biomarkers for five types of cancer; the distributions for cancer patienis were skewed or
bimodal. Linnet' also showed examples where the disiributions of serurs bilirsbin and fasting
serum bile acids for diseased patients weore positively skewed while the eference dismibution
wag approsirrately normal. Empiricaily, there is considerahbls evidence that the binormal
model used for rating data needs to include more varagon for discased patents® Le. the rato

of standard deviations {887s; of dismibution for diseesed to nondiseased patients g higher

than 1. Based on this emmpirical evidence, we included the range of ratios of SU's from 11 w
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Wil ke digioried. However, ROMEAIGINEITIC ATSA SSULIRIES aill tand to pnderestimate the AUC

for ranng data 77 i wartioular when RO

L S gy R cat penn s g
W cparatng points ars ot weil Spread o along the

BOHT curve, Motsover this methad dogs not yield & smooth estimaie of the entire ROC

| The variance of the NoONpArAMetTic sstiynates of e AV can be estimaied entirely
arametricaliy'™ ov usiag an expone iial appxujrmafzoa  Becently, Obuchowskd™ found

that the srponeniial approxiration underestimates the empirical standard erron of the

nonpararaettic AUC for raung data if she "rasings” Degin as continucus data Wil a mnormal

smbutaun and if the ratio of the standard deviations of the (wo distributions is greaer than

two. However, in practice the datz might arise from 4 non-binormal model.

In summary, the swtistical behaviour of the ALIC estimates derived from the

parametric and nonparametric approaches have not been investigated for quantitative

diagnostic test resilis, a d there are no general guidelines for choosing one approach over the

other. Thus we conduced a broad aumerical investigation to compate the statistical behaviour

of the estimates of the AU derived from parametric and nonparametric procedures.

METHODS

Data Generation
As is shown in fhe Jeft most colurmn of Tables 1 and 2, we generated continuousty

distributed data with sample sizes of n=4{} for dizeased and n=40 for nondiseased from

[nd

various pairs of overiapping distribuions wirh various degrees of separation; Sampie $1285 of
=100/ 100 were also invest gated. DOveratl, 166X} data sers wers gensrated for each

configuradon studled.

ontinuonsly disributed dat from (wo overlanping

T
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Bingral data: F

Claussian distributions e {G, G} pairs for the "non-discased” and “diseased” patients with

Aafferent degrees of sepn rarion (ALUC=0.60 AUCS0.75, AUC=097) and with verious ratios of

El

S of diswibutons for tie nondiseased o diseasein

3

A1

-

s
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, 1:2 and 1:3 yielding in
pwelve configurations of pairs.
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During the past 10 years Heceivar Operatoy Characteristic {ROC) analvais as beo

A rh:

i

z popuiar method for evalnating the accoracyfperformance of
most attractive property of BOC analysiy i3 that ihe accuracy indices derived

schnique are not distorted by fluciuations caused by the se of an arbitrarily chosen decision

“eriterion” or “outef{.M"® One index available from an ROC analysis, the area uoder the

curve ® (AU, measures the ability of the diagrostic tests to discriminate berween (wo
natient states, often Iabeiled "dissased” and “nondiscased”. The AUC has been of considerzble

ipterest as 4 sumimary measure of acouracy because of jts meaningful interpretation. ™

Initially, ROC methods were confined (o tests interproted on a rating scale and
analysis was typically carried out using the binormal model.™ However, they arz now

becoming increasingly popular for evaluating the performance of Guantitative lagrostic tests

with nomerical results recorded directly on a continuous scale.”*>'! Both parameiric and
nonpararnetric procedurss can be used io derive an AUC index of accorecy For such
diagnostic tests. However Goddard and Hinberg'? warned that if disaribution of raw data from
2 quantitative test is far from Gauvssian, the AUC (and corresponding standard error (SE)}
derived from a directly fitted binormal model can be sertously distorted. This ocours because
pne fits a mean aad standard deviation io the raw data for the diseased and nondiseased

patients separately. One way 1o aveid the possible distortion is 10 use Mete's adaptation of the

binormal model, previously used with rating data, ™" for use with laboratory-type data.’

Wietz et al. implemented the bingrmal model in the LABRGC sofiware.”® The procedare first

discretizes the continvous data and then wses the calegovries as vatings in the ROCFT

procedure’® to obtain the maximun lkelihood estimmates (MLE) of the two relevani paramerers
P

of the binorma! model. From them i celeniates the AUT and the corresponding SE,

If the dasn are contingous and appear 10 be non-Gacssian, many users wikl find the

4

nonparametric approach’ © to esttmatng the AUC more appsaling than using the binormal

miode] since they may worry that estimales of diagnostic accuracy based on 2 binormal model

i




ABSTRACT

Foceiver Ee,_;ilffl arar Characiaristic (ROC) analvsis, which yields lodices of acouracy

such g he area under e carve {(AUO), iz increasingly being used to evaluaie the

e

perforinance of dlagnostc tests witich produce resulis o1 a continuous seale. Both paramedic

and nonparametric ROC approaches aie svailable to assess the discriminant capacity of 3

tesis, bt there are no clear guidelines as w e meviss of each, pardenlasly with non-hinoroal

data. Tnvestigators may worry hat if £ duia are non-Gaussian, sstimates of diagnostic accuracy

based on & binermal model may be distorted. We conducted a Monte Carlo sirmulation study
tg compare the pigs and samphing vanahility in the estimates of the AUC derived from

parametric and nONpParametric proceduies. Dach approach was assessed daia s

fromn various configurations of pairs of overtapping distributions; these incladed the hincrmal
maodel and non-binormal pairs of distributlons where one or bG hoth pair members were mixres
of Gaussian {MG) distibudons with difterent degrecs of departures fromn binormality. We
found that the biases in the estimaies of the AUC are very zraall for both parametric and
noaparareiric procedures. The two appreaches vielded very close estimates of the AUC and
of the corresponding sampling variability even when data were generated from non-binormal
models. Thus, for a wide range of distributions, concern abeut bias or precision of the

actimares of the AUC should ot be a major {acior in choosing betwsen (e nOnparametnic

and parametric approaches.

El

Koy Words: ROC Analysis, (uantitative Diagnostic test, Comparison, Parametric, Binormal

Model, LABROC, Mon-parametric provedure, Aa o mdor the curve {AUC)
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imedisteiy o her husband’s

widch inciudes strong ineri]

EARIRAIRE

axampie, a wife in en anloyiment g unlik

¢ auticin

Wi ioy ment: quite apart from any comnuimnent fooaer joh, she may
diffientty iu returning o the labonr m;sru,b at s later dele and shoe may expect her
nasband to obisin now ez‘wp]nvrrwwt W iﬂ int a shork oeriod. The second moedel mcludes

o stmpie Markov olfsct to pr ovide a parsimanions representasion of wives eznploymeni

Pt

ST.J').;L!% iveartia. 1he specificaiion dd() ptod ig given by

— S STy Tl EL . 3
war = Pl = 1 e = e B b gy
pup = Py == 1 ey = 00 = 80

The same maover-stayer formulation was adupted lor z; and SADBRE was agaiu uged
for the model Grting, T'he filting treats the frst GIcones as CXOZEROUS ¥, ariables and.
with heterogeneity, tiis can prejudice consistent para neter estimation. This ‘initial
condition” problem 1i1"']guan 1931) arises becanse the firgt ouleomes are likely to
be corralated witll omiited variables. 1 ran be ]}ﬂr‘xlmllariv sericus for short sories
um"r was ignored in these analyses hecanse most of the seqguences are soveral years i

ength. The reduction in the Jog-likelihood exceeds 7,500 and confiem the considerabla
tomrporal dependencies io he expect ed in emploviment status over time inforvals of just

one month.
Vor a Markov model, sample cnumeration calculations require sucressive apuylica-

fion of the model from the start of the process, assuzned to be tl date of marriage

in this study. Formally

dH {4, 0)

EFERL
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|
——
=
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[psz 1~ pir,

=
o

An importapt additional insight provided by the Markov effert is that it i now
;30‘-}‘411)153 for wives of working husbands e be uet worling as an i]’i-”ﬂ'ﬁ‘l CONSCHULNCG
of their hushands previons unenployreent. This conld arise for a variety of Teasond
ncluding difffienity in obtaining a job. The proporiion of wives \=.-'1th working hag-
hands who would be i f.-éJ.np:oylmz_nt i there were 1o husbuand unermpioyment, effect is

imaded by

mule size. The resalting cmployment shortfall proves Lo
of wivas with working hushands are esumatnd o be not

‘.r:}c VOLY 82
working as & dib .au-t of thelr hushands provicus unemployment) but, as thove

1 &

2 qul}s;an’flmlv mare Wives mrh WO kl 1gj mhbamis E;L\_‘,_‘_\-" comprise nearly 1 i 4

the nasbund

ye working if




Table 2

saxy of mode i TOS or Longitndinal dad

nmber of {ihao

of marviige nisiories) 27613

Dooted Cross-Sectional Logistic fodel:
2

i

kb By
probabilities s 311

Viover-Srayer Logistie dModel

with Merkov
Log-likalthood

seale pavameter &
el poiitt &g

0.036

probabilitics sy 0,013

Using the same integralion method o eliminate the pulsance paramelers from the

ri

sample enumeralion proporiion gives, for time

The sportfail vahie basad upon whis ceriunte 9 showa in Table 3 and pro svides some
ovidenee that Lhe mover-stayer formulation s achteved inproved control for arinbles
generating a Spurious relationship betwoen husband and wives employmend statas
The estimated shortfzll of 215 por conl at iribated to a divect hushband nnemploymeant
effect ig luwer than the fgure of 26.5 per cert sihieved from a pooled eroms-sectional
analysis of the same datn {equivalent to puliimg & = ) and marginally lower than
the 23 per cent ackieved from he crossesectional analysis of the larger datast.

Tahle &

1} Parcentages f

aploymert. 3

:\_11111‘1}8[' of i‘EIleJa‘I"L(iS rapoved !33
F ottt

Mamber of Fusbands Working

Opserved Bmployment Shortfall
foe wives with Hushands Unemploved 45.8

1 Cvoss-Searional Logistie Bod

nedw Tlnemploved 26.0

Mover-Brayer Logis
Ath Hushaads Unes
vkov odel v

A madir weaknoess of shis feat paoded 1s taas tha

ars noth represented. In readivy, the g niovl
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However, witli 0 = i)+ (r’u HOE egianion

It {(;57'."'.1‘.&5 that g
% cobslstent

1o equation (B) gives
aguiraient
The lopisil

Is rafion, sample
€3 Whizi‘.ll are uncorrotated

(Pt == fa FOT & IOUL :
E'-ni t':w f) h\'}'.ﬂa Lhe \T(:T'r‘ng ‘_-Ilud_!

L

with the explanatory variables Eni;iufaed in =_.i1(> Jx:.od:_'.-.,

4 Lougitudival Data Analysi

:dysis it iz possible nob cm'fv Lo address the dyusmics -:)'i‘
of conirol for omitied vark

ongitudinal data an
chan gﬂ bt also 4o wnptoy improved statis
af}](‘.\, Soe, for ex

wle, © lamherld‘l_ {149 ‘r‘jﬁ" Lit tm.‘-.a gection we will show how
sanple ennmeration metkods may be opev stinpalised for longitudinal data aud how
ported resulis,

the resules clavify these two issnes in readily ni derstood terms. The

cueranarised in Tables 2 and 3, are based mpon a subset of the Rorhdale partnerships

with nonthly croplovmeny statug data since marmage.
The Arst model wo be considered has a EIl(_)\-'{-‘.’.‘—S.::WG! forznnlation io rooresend 1
effncs of omittod variables. Specifically, it i@ assuined vhas the prebabilisy of wife 4

‘
heing smployed in month ¢ s given by

Ty = 1= 8,8 + &4)

whoro the individualspoeific ervor g bias diglribution funetion H{z) made up of
a normal density N0, o%) angmented by stayer provabilities of s, and gy, eliectively
corresponding to &, = —30 and 0o, respectively,  Fach 2y 18 agsuined 1o be time
sonstant. This is a common but varcly tesiod assnmuprion in the analysis of work and
life hislory data. However, guadratics in calendar time and age were tucliuded in Xy
to ensure some foxibility n representing otherwise unynodelled tern porai variation in
labonr market condis

Wodel |

ont of the sequonce probability for cach wi

ons, changes with age, and cohort effects.
: - L2

ftring was by marginal likeithood (o, in ation of the nuisance paramater
sine the software SABRE {Dci,I’I v =l

al. T990Y with o jogistic distribution Fiy Fo rl'na]ij,-', fer outconoe sequEenos
dime 7 to 7, the sequencs lkeliiood s given by

J L’TE 3

v 7 51—
i = pa)

ode! resalied oo reduction of mors Whan 4,500 ia the loghkelibood mmpared
el logisiie model on the game data. This avidence of appre-
w ovar and shove that cxplaiaed by the explanators
i b the estimated valie of 13 for the seale parameter 7 and
the nun-zere ond polus probabilities. 1t is & salurary reminder of she difficuities of
ohisining hwﬂ Jtiactel anation iu social science regearch. It also provides some
confrmation thai the seasitivity of odds ratios to omiste

SO,

WWERT WY

variabics is condiry

i

d variables s o logiiimate




3 Spmoole Enumeration

Cample snameras ods hav sportation planniag
o nggrzgate prediotion from ndere-tevel ‘-T*ml i, Uhe typleal slbuarion (see, for ex-

araple, Hens snor and Johnson, 1981, and Arnieraiya, 1983, 76.2.8} is &han of a logisit
sugion r"ocifu Gl ehoien between public and private sransport Hited onoa 5eunple
ding cost and travel tme “xnumfltow wrc..xleq 5
yreration s then nsed o predict the propo etion ¢ :
savel-to-wotk mude of transvort i policy van a? ifs sk as pu,_uic rpandport fares
were aliered; the fitled modal with thie new 2t of the policy va imbles 18 4

£ ench 1“1('11':1(111&;1 azd the new mode choice pr obabilities mmmofl g0 cbtain aggregate

fnl

of conunukers and inoi

nle that wotil

yolied

pradiciions.

The merits of sample enumer don methods for model mter
have heen overlocked bus sam pie enumeration does provide s glmple procedure {or
estimating the contribuiion of the control variables to the obser ved association in ot
2% table. Specifically, the proportion 7 of wives with unemployed hushands i
would be working il thers were 1o hughasd nnemployment affect may be eetimated
by samming the predicrec probabiliiies ove the =ample. Thus

resatinl appear fo

L ;

S -?\ I

!(j o -;n} }«—q f-(lkx?-'{ /JF:‘;':C' 1\‘1}
el

whore U is the set of partoesships in the sample with pnemployed hushands v =
n{Uy, and x5 I8 the dummy variable fur hosbaad’s unemployment.

The resulting ‘expected’ frequencies, having used the fivted model inn this way 0
ehiminate any direct consequence of husband’s une

pployment, are &3 foilows:

T fixpocted Treg
Wife 1n B plcyment

YES NO T

YES  34.4(40%) LRIV TO{100%:)

L;zl(?B/l

snt shortfall albributable o the
499, Hall of the originst ohsorved employmeent
ped by the contiol v ariziley in the meode
211 of 23 per ¢
o aquasion (1) that, as
hnatee tho corres

This wable shows thah the extimated eronlh
comirol variables s 23 per cent (72%
shorsfall of 46 per cent is a1l

srefure explal

~

jeaving o net employment ahe o due 1o hughbands’ nnewployment.

4 congistently estimates 3, so g nons i

4t

e ?&;'\ 281

ndiug popiiation wroporition. It 15 alse rasy 10 deymon-
- mroblome of lite

1 -
nare 1

o with odds ratios.

eirare that o does nol t.f.(‘n_ ass00

of model (2} is worrect, the aokual sample valne i an by
B .
Gy = S _!LF"I fo]
T

while the ssthpate s based upon the @0 !

i
e =T
T

4
o



T otes:

1 DAY sariahles
i Block of duruny v

jabiles

T srohtem, consider tho inplications of the proe model having the
formutation

L
py = (w24

£~ N0, Ble) = O Elrigy) =0 174 2

-

We bave merely meluded a fanilizr oyror siructure to vepresenl the inevitable
omigsion of some exnlanatory variables. It is emphasized, however, that all appropri-
ate corrrol variables are assumed to bs included in x5, I ¥{.) is a probit disgiribution,

it follows Bhat

Blpy = [ kot a)ole/olde /o)

: e 2 o
—= ‘.l?p{_-cx\\l—i'ﬁz';' | (3

whore () and ¢{.) are the standard Normal distribution and density functions,
T >.«;-pc-cti1 iy (ses Muthen, 1579). Thus the working mocel (1) iz correctly specificd
with A = a{l 4+ 62372, 1o Rtting the working model, we actually estimate ! —i—
ayT 1! Zand cannet d .mguish between « and the maliplicative congtant {1+0?)7 1
The error variance o2 iz not identifiable from cross-sectional data.

An exact result is not possible for the logistic wodel but, bacause of the sirilar-
ity betwnen she u'_J istie and prohit, the effect will be similar with o rulbiplicative
constant (1 + do7 /7 *""-‘-f z Pechnically, the parameter estimates from the working
modoel are blased l.f_;‘.&"d]d": zero by the smission of some explanatory variables. These
Tl

wos are nsuslly ignored becanse they do aot affeel many basie procedures used (o
imterpret the resulie of wodel fitiing. Al oxplanatory variable parameter csbimates
and their standard ervors aze subject to the same blas and both significance levels
anndd nasesyrments of the velalive impact of different variables are thorefore unaffected.

Moreover, equation [3) shows that the estimatad probabilisies from the working model
are unbia.bed. However, the biag does affect the odds rasio hecanse it iy a [unction of
1 elngle parametor:

The waloe of the odds ratio s den

by omicted variables

are included i the
immtmfa‘,iory property of varying
atically with the d,(]d‘tﬁ()l" of pew axplanat
uncorrelated with variables alr ]

SAROTEALION.

and coly schioves jis true value when all ¢
wodel, As o consequenci, the odds rasic 4 has &
S35t

- variables aven when thoy ars

it does not provide na ahwolute

A

mganure i

=@




e i e nodel, Although s ovideut *ha,
Wsbands unampioyed ellv i« ot etpminated by the enmirel variabilos, these ros
do not immeadiately of iuterest; How poach of the oUs
relaticnahip i expl

Luabaad's wisniployment.

e comrol varinbios mud Bow rach rermains expiained €

3 Odds Ratios

Odds ratios are often advocated to fauilitats .

su unemploved fasband. the obqex ;&,d g-ddu of a wite b{'—ir!g empmy eq 1 '.hyzr yhan
aot working are given by 1R/R2 = The {J”Hsnurdl ne odds for wives wilh
working hushaf“.dq are considera my iarger | 4*)ij 152 = 2.63). The odds ratlo COmpai iy
the odds of being emaploved for wives with working m“ fands and for wives with
unenployed d husbands s therefors given v 2.83/0.33 = v & and conveationally, may

be interpreted as a mmeasyre of agsociation hobween she bwo Ve ariables in the cross-

o bnletion.
The ecorresponding odds ratio for the logistic modal is given by A = expl-f1} whero
S s the estimatod parameter mlne for the husband u:wmplowd depnmy variabie.
Trom Table I, A = 4.4 Ase }L(’*ed the agseciniion between hushands \mem'ﬂm—

ment and wives empmx ment smms has been reduced (e, the odds ratin e closer
the value of one. prmmmrn 16 mssociation) by rhe conll 3] variables. 'Hfu“hmmei\
powever, compirtson of the Two odds ratios docs BOL givi Us amy mes avingful measars
of how much the associalion has been reduced; the odds cabio A hias uo precise -
te

TELAY oniy ne esiimated up 10 A mult m,vrll v constant’ if‘*hrvmf’s. -,QTb;

pretation heepuse he logistic func tion hag o fixed variance f"‘l‘ -3) atd parameters

Table L
Logistic model of wile's acouomie ac)

“Parament “Grandmd

Estimale Hrror
Hushand Unomployed’ -1.451 .348
Wile's Ape 0.256 0.086
Wite's Age Squared -0.004 0.0
Child Legs Than Five Years idd L1023 (1,304
{ fild Less Than Thizteon Years gt -3 855 {337
0,278 317
i Working! (3.A30 .h32
’\_slhn -1 EH2 (311
Hi_g’t'“r’ Education i 0.472
v Prof/Higher Tech (1. 0.835
Lk Fovm /Lower Tach /U 0. 0,260
hool G {3,381
her Baneation L.330%
thoy Proi/igher Toch £.328
hv‘Em e/ Lower dech JTerical FREE
-(.204
-1.G0R




Sample Enumeration Methods for Model
Tuterpretation

Rirhard W, Davies

Crentre for Applied Statistics, Lancagior Universisy, Frgland

1 The Problem

"The basic problern addrossed in thiz paper is the df—“u‘p tively simple one of interprating
the association in a 2%2 table. We will flustrate vhe problem by co smsidering the
selationship between a bushand’s ancmployment and his wife's employrpent staius.
Tigures from a study iu Fvgland reveal the bypicaily lower rates of smployment for
wives with nsonemnloyed hushonds:

Ohserved Freguoncies
Wi fﬂ‘ i n Mmplovaent

YT NG TOTAL
YES _18@0%) S274%:) TO{LO0%)

Fushand Guemployed
WO 3090729

There 18 an observed employment shortfall of 46 per cent for women with unen-
ployed husbands. That is, 46 per cend of the wives of unemployved husbands are nol
in paid work but would he v srking if they behaved the same as the wives whose
husbands are in emplovmend.

Decause this crogs-tabulation 18 based upen observation ;11 laia, the guestion arises
ae 10 the cxtent the ohserved association is due vo 2 direct, “cansal’, relationsidp and
the extent o which & v a epusdous relafinnship m;r.ribuhdbi{-‘- tar failure fo congrol
tor other varables. The unemployment of husbands may be cxpected to bave a
dirocn mpact on wives o se of the disincentive effect of the

iad & "_3:"1:’.‘\' systern in England quite apart from roore speculasive causal Tactors
e bang reluciant to damage ther husbands self-csteern by becoming Bl
g o*'“.f-“‘ "h?rld hisbands and wives are likely to have shinilas

aVrAeT Shalis hara

‘Jch an Wl
g;e—{}a.rrser. i"_}n tix

"‘ﬁp;u vaent, statug becanse of shared

A3 TER AN

7 oud o o4

b parizeship 4 the wife works and F{} s an appropriase
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