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ABSTRACT 

Thi s res earch i s  concerned with the optimal al lo

cation of resource s wi thin the health s ervice sys tem . I n  

parti cular i t  i s  concerned with methods for s e l ecting , 

wi thin spec i f ied cons traints , the optimal s ub·�s et o f  health 

s ervi ce programs from a set o f  feas ib le programs . 

Current approaches are reviewed and found inade

quate . Cos t-bene fi t  ana ly s i s  me asures the economic ,  

but not the health , cons equences o f  a program . Cos t

effectivene s s  analys i s  measures the health benefits in 

program- speci fi c  uni ts , thus exc luding any i nter-program 

compari sons . 

A new approach i s  propos ed which general i ze s  the 

cos t-effectivenes s model by comb ining i t  with a new 

morbidity-mortal i ty health index . The index f or a parti

cular he alth s tate is  the sub j ective uti l i ty which s ociety 

attaches to a day in that s tate . The index i s  s tandardized 

wi th zero for dead and one for he althy . The index-day can 

then be viewed as a universal unit of health , and the mode l 

s tructured to maximi ze the se uni ts , within s pecified con

s trai nts . 

Two techniques are inves tigated for measuring 

the required sub j ective uti li ties : a time trade-off tech
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nique and a von Neumann-Morgens tern s tandard gamb le 

approach . Both are applied in i ndividual i nterviews with 

e leven general practiti oners to measure the uti l i ties o f  

five dif ferent health states . Both prove highly re l i able 

as me asured by their internal cons i s tency and each gives 

equivalent results , but the time trade-off technique i s  

s igni ficantly eas ier t o  adminis ter . 

Two computati onal algorithms are inves tigated 

for analyzing a s et o f  potential health programs to s elect 

the optimal s ub - s et : a cos t-ef fectivenes s ranking a l gor

i thm deve loped speci f ic al ly for this project and a s tandard 

zero-one integer l inear programming algor i thm . The former 

proves s uperior for mos t appli cations : i t  is  more e f f ic ient , 

it provides more useful information and i t  can handle larger 

prob lems . The latter proves more f lexib le for handling 

complicated problem s tructures . A computer program for the 

cos t- effectivene s s · rank ing algor i thm is provided . 

The new approach i s  tested by applying i t  to four 

different programs covering a broad spectrum o f  the health 

s ervi ce field : two preventive s creening programs , one for 

newborn ( a  s cr eening program for the eradication of hemoly

tic d i s eas e of the newborn) and one for adults ( a  tubercu

los i s  s creening program) ; a treatment program for an acute 

condi tion (a coronary emergency res cue s ervice ) ; and a 

treatment program for a chroni c condition (a kidney dialy-
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s i s  and tran splantation program ) . Data gathering i s  a 

time- consuming task and a plea is  made for better quality 

data , parti cular ly in the measurement o f  program hea l th 

bene f its . Otherwi s e ,  no outs tanding d i fficulties are en

countered and it is conc luded that the approach is appli

cable to a wide variety o f  health programs - - perhaps all . 
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of H e alth and conducted by the author with the advice and 
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INTRODUCTION 

Thi s  research i s  concerned wi th the optimal a llocation 

o f  resources within the health s ervi ce sys tem. The sys tem

i s  viewed as consisti ng o f  health programs and the problem i s  

cast as one of selecting , within speci fi ed constraints , the 

optimal sub-set of health programs from a set of feasible pro

grams . In particular , the following que s ti ons are addres s ed: 

given two or more health programs , how can they be evaluated 

and compared to determine which is best ; how
.
can they be 

ranked in a priority s equence ; and how. can the optimal sub

set be s elected? The s e  questions are necess ary s ince , un

fortunately , the economy cannot simu ltaneously support all  

pos s ible programs at their maximum level: we cannot afford 

to provide all  known health s ervices to a l l  the people all 

the time . 

The research does not concern itself with the broader 

que s ti on of how much of society's total resources should be 

channel led into health activitie s .  For example , the proposed 

method cannot be used to compare a health program with an 

education program . Rather i t  i s  only concerned wi th the op

timal al locat i on of resources within the health service 

system ,  once a decis ion has been made on the total amount of 

resources which wi ll be allocated to the system . 

- 1 -
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In thi s  res earch the term health program or health 

s ervi ce program wi l l  be used in its broade s t  pos s ible con-

text . In fact , any activity in the health s ervi ce sys tem 

wi l l  be defined as a program.  It i s  immaterial whether or 

not thi s activi t y  i s  del iberate ly spons ored by some organi -

z ation o r  ins ti tution and label led as one of their programs . 

I t  may be a large coordinated activi ty , often regarded as a 

program , like mas s s creeninq for tuberculos is ; or a sma l l  one , 

no t s o  regarded , like the addition o f  a nur s e-practitioner 

to a c l inic . I t  may be an exi s ting program ( activity } , being 

eva luated for continued s upport , or a proposed program , being 

evalu ated for implementation . I t  may be a program for commu-

ni cable d i s e a se control , chronic d i s ease treatment and rehab i li-

tation , hospital s ervices , ambulance services , mental health 

or accident prevention . S ince any activi ty in the health s er -

vi ce sys tem can b e  viewed as a program , the program-orientation 

o f  the propos ed me thod in no way res tricts its app l i cab i lity .

The res earch begins with a cri tical review o f  the e xi s t-

ing approaches to the prob lem . None i s  found adequate and a 

ne w approach i s  proposed . It is deve loped in detail and 

te s ted by applying i t  to four different programs for the 

Province of Ontario covering a broad spectrum of the health 

s ervi ce field : two preventive s creening programs , one for 

newborn ( a  s creeni ng program for the prevention o f  hemolytic 

disease of the newborn } and one for adults (a tuber culos i s  

s creening program ) ; a treatment program f o r  an acute cond i -

I 

f}
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ti on ( a coronary emergency res cue s ervi c e )  ; and a treatment 

program for a chronic condition (a kidn�y dialy s i s  and trans 

planta tion program)  . 



CHAPTER I 

REVIEW OF EXISTING APP ROACHES 

The prob lem addre s s ed by thi s  res earch has been 

previous ly tackled by three dif ferent s cientific disciplines : 

economi cs , operati ons res earch , and the health s c i ences . 

Each has contributed its own perspective . The Economis ts 

have refined and applied cos t-benefit analys i s , whi ch mea-

sures the economic cons equences o f  a health program ; and 

planning-programming-budgeting sys tems , whi ch a l locate re-

s ources to programs in a rati onal fashion .  The Operati ons 

Res earchers have appli ed cost-ef fectivene s s  models for pro-

gram comparison , and l inear programming mode ls for sys tems 

optimi z ation . The Health Sci enti s ts have s tres s ed the 

defini tion of obj ective s for the heal th s ervice sys tem , and 

the related need for an outcome-ori ented health index with 

whi ch to measure progre s s  towards the ob j ective . These 

vari ous approaches to the problem are critically reviewed 

in the fol lowing s e ctions . 

- 4 -



- 5 -

Economic Cos t-Bene f i t  Approach 

Cos t-bene f i t  ana lys i s  

Cos t-benef i t  analy s i s  i s  the traditional theore-

tical mode l for evaluating altern�tive programs in the 

pub l i c  s ector . Bas i ca l ly i t  i s  a technique f or enumerat-

ing and evaluating all the relevant costs and benefits of 

each program and then comparing them to decide which i s  

"bes t " . 

An extens ive s urvey of cost-bene f i t  analy s i s  was 

pub l ished by Pre s t  and Turvey in 1 9 6 5 . ·  In thi s arti c l e , 

they define the techniques a$ . fol lows : 

Cos t-bene fit analysis  i s  a practical way of a s s es s 
i ng the des i rabi lity o f  proje cts , where i t  i s  impor
tant to take a long view ( in the sense o f  looking at 
repercus s i ons in the further� as well as the nearer 
future ) and a wide view ( in the s ense o f  a llowing 
f or s ide-ef fects of many kinds on many persons , 
indus tries , regions , etc . ) i . e . , i t  implies the 
enumeration and evaluation of all  the re levant cos ts 
and benefits (p. 6 8 3 ) . 

The usual objective in coat-benef i t  analy s i s  i s  

s tated by Pre s t  and Turvey a s  follows : " . • •  the aim is  to 

maximi ze the pre s ent value o f  a l l  bene f its l e s s  that o f  

a l l  costs, s ubject t o  speci fi ed cons traints " ,  ( p . 6 8 6 ) . 

Speci f ica lly , the technique cons i s ts o f  identify-

ing all the benefits that will accrue from the program 

and converting them into equivalent dol lars in the year i n  

whi ch they w i l l  occur . This s tream o f  benef i t  dol lars i s  

then discounted to i t s  equivalent pre s ent value a t  the in-

teres t  rate . Likewis e , all cos ts of the program are identi-
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f i ed , a l located to a specific year , and the cos t s tream i s  

discounted t o  i ts present value at the s ame interes t  rate . 

Then , other things being equal , the program wi th the lar-

ges t  pres ent value of bene fits les s cos ts i s  the bes t .  

Of course , all  the cost s  and all  the bene f i ts caused 

by the program mus t  be inc luded . Thi s caus es some d i f f i -

culty , particular ly o n  the benefit s ide , s ince ma ny o f  the 

bene f i ts of a heaith program are e i ther di f f i cult to mea-

sure , difficult to convert to do l lars , or both . For example , 

cons ider benefits ·such as improved patient comfort without 

any change in progno s i s , improved patient sati s f action 

wi th the health care sys tem ,  improved working cond itions 

for phys ici ans , a nd reduc tion in the probab i l i ty of a chi ld 

becoming orphaned : i t  c an readi ly be s een that these 

bene f i ts are not only di f ficult �o mea sure , but especially 

d i f fi cult to convert into dol lars . I n  fact , mos t o f  the 

effort in cos t-b e ne f it analy s i s  by res earchers in health 

economics has been concerned wi th thi s  s pecific problem : 

how do you attach a dol lar value to the bene f i t  o f  improved 

health ?  In cos t-benefit ana lys i s , as many benef i t s  a s  

poss ible are converted t o  mone tary units , and the remainder , 

whi ch cannot be expre s s ed as dollar s , are l i s ted a s  " intan-

gible benef its " a nd left to the dec i s i on-maker to include 

in hi s f i nal del iberations . 

I n  converting cos ts or bene f i ts to do llar amounts , 

market pri ces are norma l ly us ed . Furthermore , i t  i s  o f ten 

unneces s ary to ad j us t  for anticipated future increases in 
J 

-- - - - ----------------------
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the market pri ces as pointed out by Prest and Turvey : 

. • .  it is generally agreed that adjus tments need 
to be made to the expected prices of future 
inputs and outputs to al low for anticipated 
changes in re lative pri ces of the i tems involved 
• . .  but not f or expected changes in the general 
price leve l ( 19 6 5 , p. 6 9 1 ) . 

A continuing dilemma in cos t-benef i t  analy s i s  i s  

how t o  determine the proper interes t  rate f o r  dis counting 

the future . Pre s t  and Turvey conclude that : 

The truth of the matter i s  that , whatever 
one doe s , one i s  tryi ng to unscramble an ome
lette and no one has yet invented a uniquely 
superior way of doing thi s (p . 7 0 0 ) . 

They recommend the s election o f  a rate in common us age for 

s imi lar pro jects , followed by a sensitivity analys i s  on the 

prob lem to determine the effect of a range of dis count rates 

on the final s olution . 

Meas uring the benefi ts 

The applicati on of cos t-bene f i t  analys i s  to health 

programs has evolved through three dis tinct phas es whi ch , 

for convenience in thi s  paper h ave been label l ed: ( 1 ) the 

nati onal income approach , ( 2 )  the productive resourqes 

approach,  and (3) the consumption bene f i t  approach . 

1 .  National income approach 

The original approach was s tructured around the 

que s tion : what are the monetary benefits , to the economy 

as a whole , from the proposed program as measured .by changes 

in national income and wealth? Or , more spe c i f i c a l ly : i f  
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we s pend money on this parti cular health program , we 

should s ave money two ways; f irs t by a reduction in money 

spent on the i llnes s , and s econd , by an increas e in the 

future national income because the population i s  heal thier . 

This approach was us ed by Fein ( 1 9 5 8 )  in a s tudy on the 

economic s  of mental i l lness and by Mushkin ( 19 6 2 )  in a s ur-

vey paper on heal th economics . 

A maj or c ri ti c i sm toward thi s  approach centers around 

the housewi fe . S ince she doesn ' t  contribute to the official 

nationa l income figure s , programs to cure hous ewives would 

receive an inordi nately low priori ty . 

2 .  Productive res ources approach 

By 1 9 6 5 , the hous ewi fe i s sue was s ettled in her 

favor . As Pres t and Turvey pointed out i n  that year one 

cannot ignore the value of a housewif e . " What i s  real ly at 

i s sue , there fore , is  how to measure their value , not whether 

to measure i t "  ( 1 9 6 5 , p .  7 2 2 ) . The choice , they s tate , i s  

between the opportuni ty cost (what s he could earn i f  s he 

were not a hous ew i f e )  and the repl acement cos t ( the market 

price of her s ervi ces ) .  Pre s t  and Turvey refuse to take 

s ides . 

Other res earchers , however , have s e lected the replace-

ment cos t as the appropri ate measure of the value of a 

hous ewi fe . Wei sbrod ( 1 9 6 1 ) , in a s tudy to determine the 

economic bene f i ts to s oc iety through the e l imination.of 

o .. '.c � 
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three speci f i c  diseases - cancer , tuberculosis and polio-

mye litis ,  estab l ished a formula to give the replacement 

cos t of a housewife as a function of her age . In two 

d i ff erent papers in 19 6 5 , Klarman used the average earnings 

of a full-time domestic worker to represent the repl acement 

value of a hous ewi fe ( 1 9 6 5b ,  p .  3 8 0 ; 1 9 6 5c , p .  700 ) . Fin-

ally , in 1 9 6 6  the s tamp of approval was g iven to thi s  method 

by Dorothy Rice in a very thorough report publi shed by the 

U . S .  Pub l i c  Health Service ( Rice , 1 9 6 6 , p� 14).

3 .  Cons umption b enef i t  approach 

The productive resources approach measures the mone-

tary impact on s oc iety of specific health programs . Recently, 

however ,  economi sts h ave r�cognized the phi losophical i ssues 

whi ch are buried in thi s  tradi tional earnings-oriented cos t-

bene f i t  approach . For example , consider the fol lowing 

s tatements by prominent health economists: 

A pervas ive prob lem in economic calculations 
is the tendency to measure and report what is readily 
measurable ; and that is not nece s s ari ly relevant or 
mos t  important . The less tangible losses , s uch as 
pain and grie f , are-not measured . This is tanta
mount to valuing them at zero ( Klarman , 1 9 65c , p .  7 0 0 ) . 

The s atis factions purchased in health care are 
not exclus ively , probab ly not even primar i ly , econo
mic . There are humani tarian value s , religious values 
respecting human l i fe , social values and personal 
values such as sheer comfort and relief from pai n  
and anxiety . Perhaps one day s ocial s cience may b e  
ab le t o  impute acceptable quantitative values t o  such 
intangibles and place them in a common or comparable 
scale with economic values . The objective deserve s  
the attempt (Somers and Somer s , 1967 , p .  27 ) . . 
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Are programs to be evaluated primari ly on 
the bas i s  o f  " inves tment"  cri teri a? I s  the 
"worth " of an individual his productive contri 
bution? I s  the measurement technique repres enta
tive of our social value s ?  I f  not , how can other 
values - - for example , equi ty and dis tributional 
cons iderations -- be bui lt in? The technique , 
after a l l , s ays that A i s  worth more than B be
c aus e he would earn more than B .  But whi le thi s  
may be true under certain conditions , dare we 
adopt policies that are b as ed on such considerations ? 
The s tate exi sts to s erve man -- not man to s erve 
the s tate . I t  i s  true that the use of average 
income figures does avoid some of the problems 
-- we do not s ay that we should help r i ch 
whi te chi ldren who are l ikely to earn higher 
incomes rather than help poor Negro chi ldren . 
But the phi losophi c i s sues do exis t .  Are men 
worth more than women , are whi tes worth more 
than Negroes ? I s  the discounting procedure 
that s ays 5 -year-olds are worth more than one
year-olds appropr iate ? (Fein , 19 6 7 a , p .  4 9 ) . 

Another prob lem i s  that trans lati on o f  benefits 
into dollars puts a higher value on one age group 
than on another . . .  The concern i s  whether one age 
group should be " s aved" before another solely 
because of i ts greater productivity . The choice 
between such progr ams s eems cold and ca lculating if 
based on an economic value p laced on human l i fe , • . .

( Rice , 19 6 9 , p .  9 9 . ) 

One approach to accounting for s ome of thes e  non-

monetary benefi.ts of health programs is by us ing the " con-

sumption bene f i t "  concept . The cons umption bene f i t  is 

de fined as the " intangib le or psych ic cos ts of d i s eas e , 

s uch as pain and grief ( Rice , 1 9 6 6 , p .  1 5 ) " .  I t  can also 

be viewed as the amount o f  money people would pay to avoid 

the disease in cases where there are no monetary conse-

quences to getting the diseas e . The exi s tence o f  a pos i tive 

consumption bene f i t  is i llus trated by health programs to 

help retired people , people permanent ly unemployab le from 

I 
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chronic disab i l i ties , and people suf fering from terminal 

di s eases . 

The only pub li shed research which could be di s -

covered in which the consumption benefit was actual ly 

measured was that by the health economi s t. , Herbert 

Klarman . He has used the analagous di sease approach in 

whi ch he identi fies a dis ease with s imilar pain and dis-

comfort but wi th no pos s ible economic benefit ; and then 

the money spent on thi s  case i s  clearly consumption spend -

ing, and can b e  used as a n  estimate of the consumption 

benefit for the di s ease under s tudy . The problem with 

this method i s  il lus trated when Klarman sugges ts that an 

analagous disease for the late complications o f  syphilis 

i s  terminal cancer upon which we spend an average of $ 2 , 00 0  

per case , and thi s  then i s  the consumption benefit for both 

terminal cancer and late syph i lis (Klarman , 1 9 65b ) . Thi s  

sugges ts that a retired person or a person with a guaranteed 

income , for example , from inves tments , would only be wi lling 

to spend up to $ 2 , 0 0 0  to avoid terminal cancer . If the 

pri ce were $ 2 , 0 01 ,  he would choose terminal cancer rather 

than pay it . Thi s  appears unreasonab le . It would s eem that 

in thi s  case, the analagous disease method does not measure 

the consumption benefit at al l ,  but merely measures the 

amount o f  s ervices we decide (or are able)  to supply before 

the patient dies . In f act , thi s  can real ly be viewed as 

only a lower bound on the consumption bene f i t .  
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For the ear ly s tage s o f  s yphi l i s  Klarman uses , as 

the analagous diseas e , psori as i s  which has an average 

expendi ture of $ 5 0  per epi s ode . Once again , the implica-

tion is that a person would only spend up to $50 to avoid 

early syphi lis . Wh i l e  this may be more reas onab le it 

s ti l l  seems somewhat que s tionab le . 

An alternative approach to measuring the consumption 

bene f i t  would be to use uti l i ty measuring technique s like 

those emp loyed in thi s  research but applied to the consump-

tion benefit . Th i s  would have the advantage o f  meas uring 

the i tem of intere s t  directly rather th an mere ly establish-

ing a lower bound indirectly ( by analogy ) but , on the other 

hand , thi s  approach would h ave all  the dif f iculties i nherent 

in any sub j ective measurem�nt technique . I t  i s  s ugges ted 

that this would be a worthwh i le res earch undertaking for 

another pro j ect . 

Measuring the cos ts 

There is sub s tanti al cons i s tency among Health E cono-

mis t s  c oncerning the meas urement of cos ts for health pro-

1 grams . Market prices are used as the measure of cos t ,

1For example see Mushkin , 1 9 6 2 ;  Klarman; 1 9 6 5 a ,
19 6 5b ,  19 6 5c and 19 6 6 ; Rice , 19 6 6  and 1 9 67a ;  Fuchs , 1 9 6 6  
and Roberts on , 19 6 7 . 
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where avai l ab le , and they need not be ad j us ted for general 

1 pr ice leve l changes. A health program incurs program

costs and reduces illne s s  costs. 

Program cos ts are the cos ts of e s tablishing and 

operating the health program. They wi l l  be incurred as 

long as the program exi s ts but , of course , no longer. 

Illne s s  cos ts are the costs of i l l  health. There · are 

two type s : direct costs and i nd irect costs. The direct 

costs o f  i llness are the costs of the required health care. 

A health program which improves the health of the people 

wi l l  c aus e a reduction in direct costs s ince fewer people 

wil l  be ill. Furthermore , thi s  reduction will often con

tinue long afte r  the program cos ts have been s topped.2

Indirect costs o f  i ll ne s s  are "the loss o f  output 

to the economy" (Rice , 1 9 66 , p. 1 3 ) . They are calculated 

us ing the following assumptions : 

1. The indirect cos t i s  the los t future earnings o f  those

individuals who would have worked had they not been i l l

o r  premature ly dead.

2. It i s  assumed that cured patients would participate

in the labor force at the s ame rate as wel l  peopl e  of

1see p. 6 above or Prest and Turvey , 1 9 6 5 , p.
691. 

2The tub erculos i s  s creening program analyzed in
thi s  pro j ect provides a good example of thi s  phenomenon. 

1: I . ' ; 
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the s ame age and sex would participate i f  there were 

ful l employment . 

3 .  Hous ewives are as sumed to earn the s ame as dome stic 

workers . 

Appl i cati ons 

Cos t-benefit analys i s  is a widely dis cus s ed tech

nique for evaluating hea lth programs . Despite thi s ,  there 

is a shortage of thoroughly-documented applications in the 

l i terature . ( On the other hand , there is  certainly no 

shortage of sweeping articles di s cus s ing the genera l cost

bene f it technique as applied to health programs . )  

The pub lished applicati ons inc lude a s tudy on the 

economi cs of mental i l lnes s (Fein , 1 9 5 8 )  and determinations 

of the economic benef i ts which would accrue to society

through the el imi nation of a number o f  s pe c i f i c  diseases 

cancer ,  tuberculos i s  and poliomyeliti s ( Wei sbrod , 1 9 6 1) ;  

syphi l i s  (Kl arman , 1 9 6 5b )  and heart disease (Klarman , 1 9 6 5c ) . 
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Cos t-Ef fectivenes s  Approa�h 

Edward s. Quade , of the RAND Corporation , a promin-

ent writer on cos t-effectivene s s , defines the technique as 

fol lows: 

Broad ly defined ( perhaps too broadly ) , it i s  
any analytic s tudy des igned t o  as s i s t  a deci s i on
maker in identifying a pref erred choice among . 
pos s ible alternatives ( 1 9 6 7 , p .  1 ) . 

Unfortunately , thi s  definition is also s ui table for cos t-

benefit analy s i s , systems analys i s , operations analys i s , 

and operations research . What then i s  the dis tinctive 

characteri s tic , i f  any , o f  cos t-eff�ctiveness analys i s ?  

The answer i s  provided by Wil l iam A. N iskanen ( 19 67 , p .

18) who di f ferentiates the following three technique s

according to the uni ts used to measure the inputs (casts ) 

and outputs ( benef i ts ) .  

Technique 

Class ical operations analysis 
Cos t-effectivenes s  analysis 
Cos t-bene fit analys i s  

Inputs 

units 
dol lars 
dollar s  

Outputs 

units 
units 

dol lars 

Here , uni ts refer to problem-speci fic measures . For 

example , in operations analys i s  the inputs might be measured 

in nursing-hours and the outputs in patients proce s s ed . 

General ly , in cost-effectivenes s  analys i s , the output units 

are re lated to outcomes or end-results :  l ives saved , l i fe -

years added , disabi lity-days prevented . Cos t-bene f i t  analy s i s  
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is di f ferentiated from cost-effectiveness analys is through 

the us e of dol lars to measure the output . 

One c ommon mis conception which should be c lari f ied 

at this point c oncerns whether cos t-effectivenes s  analy s i s  

i s  a narrower o r  a b roader approach than cos t-benefit 

analys i s . S ometimes cos t-effectivene s s  i s  de fined extremely 

broadly , for example: 

• . .  a sys tematic approach to helping a deci s ion
maker choose a course of action by inv.estigating 
his full prob lem , s earching out ob j ective s  and 
alternatives , and comparing them in the light o f  
their cons equen�es , using a n  appropriate frame
work - - ins ofar as pos s ible analytic -- to b ring 
expert j udgment and intui tion to bear on the prob
lem ( Quade and Boucher , 1 9 6 8 , p .  2 ) , 

and other times i t  i s
· 

des cr ib ed as a narrow technique : 

Cos t/benefit s tudies are designed to measure 
all costs and all bene f i ts . . .  The identi fi cation of 
a l l  cos ts and all bene f i ts appeared s o  overwhelming 
that our initi al e fforts have emphas i zed the nar
rower approach ; i . e . , cos t/e f fectiveness analy s i s  
( Ki s s i ck ,  1 9 6 9 , p .  3 9 ) . 

The truth o f  the matter i s  that neither technique i s  in-

herently narrow or broad . Both c an and have been applied 

to very broad prob lems : for example , multiple bene fits 

are handled in cos t-benefit analy s i s  by converting them a l l  

t o  dollars and summing , and in cos t-effectiveness analy s i s  

by us ing an e ffectivene s s  vector with an appropriate 

dec i s i on cri terion . And , o f  c our s e , both techniques can 

and have been applied very narrowly . 

Generally , cos t-effectivene s s  analys i s  has been 

applied to health matters in s i tuations where . the program
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inputs can be readily measured in dol lars ( the cos t )  but 

the program outputs are more appropriate ly s tated in terms 

of the health improvement created ( the e ffectivenes s ) ; for 

example , cas es discovered , lives saved , l i fe-years gained, 

disab i li ty-days . reduced . Three typical cos t- effectivene s s  

analyses o f  health programs are s ummari zed below .  

1 .  A cos t-effectivene s s  application to chronic kidney d i s eas e 

was published by Gottschalk as part o f  a s tudy committee 

report in 1 9 6 7 ,  and by K larman , Franci,s and Rosenthal 

as a j ournal article in 19 6 8 .  Two alternatives were 

being compared for the treatment of chronic kidney diseas e : 

dialys i s  ( as suming 5 0  per cent at home and 5 0  per cent at 

a kidney centr e )  and transplantati on (as suming that trans

plantation fai lures would revert to dialys i s ) • The cos t  

was the dialy s i s  or transplantation cos t converted t o  

i ts present value at a s ix per cent annual discount rate . 

The output was measured in quality-adj us ted l i fe-years 

gained , where a l ife-year gained by transplantation was 

considered to be 25 per cent better than a life-year 

gai ned on dialy s i s . Thi s reflected the superio_r qual
.
i ty 

o f  life which the transplant pati ent was f elt to enj oy

re lative to the dialys i s  patient·.; The alternative with 

the minimum cos t  per life-year gained was s elected as 

bes t .  Note that thi s  is the same as the alternative with 

the maximum e ffectivenes s -cos t  ratio . 
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2 .  In 1 9 6 8 ,  Mccaffree publi shed a cost-effectivene s s  s �udy

in mental health . Three different methods of treating 

mental ly i l l  patients were compared . The cos t of each 

method was determined as the cos t of the health care 

( direct cos ts ) plus the value of the earnings los t due 

to the mental i l lness ( indirect costs ) . The e f fective-

ne ss of each method was measur ed as disab i l i ty-days 

saved , where a disab i lity-day was any day of sub s tandard 

or s topped performance . 

3 .  In 1 9 6 9 , Les lie Lipworth reported a cos t-effectivene s s  

s tudy t o  compare two hypotheti cal national s creening 

programs for b acteriuria . The health care cos ts (direct 

costs ) only , were used a s  the cos t of eadh program . 

The number o f  lives s aved was used as the measure of a 

program ' s  effectivene s s . 

Linear Programming Approach 

Linear programming is a mathematical technique for 

optima l ly allocating s carce resources ( do l l ars , phys i cian 

time , hospital beds , e tc . ) to competing ends ( al ternative 

health s ervices and programs ) when the prob lem can be 

approximated by l inear re lationships. Recently there have 

been a number of applications of this technique in the 

health field and these wi ll be reviewed below . 

Linear programming i s  not , however , an a lternative 

technique to cos t-benefit or cos t-e ffectivene s s  analys i s . 
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In reality it i s  j us t  a particular mode lling and calcula-

tion method applied wi thin the framework of either cos t

benefit or cos t-effectiveness analysis . This wi ll be more 

clearly displayed through the examples below . 

An extensive linear programming model for tubercu

losis control was published by P iot and Sundaresan of the 

World Health Organi zation in 1 9 6 7 . The s tudy developed 

a complex epidemiological model of the disease; defined 

pos sible approaches for control of the disease ; designed a 

sys tems model which would predict the health impact , cos ts 

and res ources connected wi th each pos s ib le alternative 

s olution to the problem; and programmed the whole analys is 

for computer s olut i on . The mode l us ed the following obj ec

tive function: 

Maximi z e  Z = PV (present value ) of health b enef i ts. 

+ PV · of economic bene fi ts , where: .

PV of health bene fits = the present value ( at 

4%) o f  healthy l ife-years add�d ,  where all healthy

years -added are considered equal whether they come 

from the elimination of a temporary disab i l ity or 

a premature death . That i s , this optimi zation pro

ces s  considered it equally "good" to e l iminate a 

year of temporary di sab i l i ty or to e l iminate a year 

o f  premature death .

PV o f  economic benefits • the present value (at

4%) o f  the increased earnings due to the program . 
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This economic bene f i t  i s  the indirect cos t reduction 

explained earlier . However ,  the direct cos t reduc

tion ( reduced sani toria costs , drug cos ts , etc . ) , 

whi ch i s  also a legi timate economic bene f i t , 

was dis regarded in this s tudy . Then , in order 

to add dol lars to economic bene f i t  to years of 

health benefit , the economic bene f i t  was con

verted to year s by dividing by the minimum 

annual sub s i s tence wage . 

-------·----j-

This i s  ess entially a cos t-benefi t  format with the 

con fli cting obj ectives ( co s t  and health )  converted to a 

common uni t of years , so they can be added , rather than 

-the conventional uni t o f  dol lars . However , the identical 

res ult.s could have been obtained in the conventional cos t

bene fi t manne� by converting the health benef its to dol lars 
• 

by multiplying by the subs i s tence wage . 

A second linear programming approach to tuber

culos i s  control was pub lished in 1 9 6 7  and again in 1 9 6 9  

by ReVe l l e , Lynn and Fe ldman . Again ,  the greater 

part of the s tudy is spent �.eveloping a s ophisti-

cated epidemiological mode l and cas t�ng the prob lem into a 

l inear programming format . In this s tudy , the obj ec tive 

function i s  estab lished to minimi z e  costs with a desired 

health ob j ective ( 20 year active case reduction ) as a con

s traint . Thi s  i s  bas i cally.a cos t-ef fectivene s s  mode l : 

the prob lem is to determine the minimum method o f  achieving 

a s pe cified health ob j ective . 
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At the 1 9 6 9  Fal l Meeting o f  the Operations 

Res earch Society of America , Naddor , Shuman and Young 

pres ented a li�ear programming' p lanning mode l for 

regional health s ervices . Like the las t example 

ci ted , this is ais o  bas i cally a cost-effectiveness f ormat . 

The obj ective is to minimi z e  the total cos t to society 

(both the direct and indirect cos ts ) sub j ect to a con

straint on the leve l of health provided . 

In summary , then , linear programming i s  a useful 

model for either c os t-benefit or cos t-effectivenes s  analys es 

when the number of alternatives i s  large and , o f  course ,  

when a linear model o f  the sys tem can be developed . 

P lanning-Programming-Bu
_
dgeting Sys tems 

On August 2 5 , 1 9 6 5  at a meeting o f  the Cabine t , the 

President o f  the Uni ted States , Lyndon B .  Johnson , announced 

that the P lanning-Programming-Buqgeting Sys tem ( PP BS ) , whi ch 

had until then b een res tricted to the Department of Defens e , 

would be extended on a government-wide bas i s . As might be 

expected , th is created a f lurry o f  interest in PPBS and 

articles began to appear explaining the technique and how 

it could be appl ied to the health s ervice f ie ld . 

Firs t ,  what i s  PPBS ? A typical definition i s  pro

vided by Hatry: 
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PPB sys tems are aimed at helping management make 
better decisions on the allocation of resources 
among alternative ways to attain government objec
tives . Its essence i s  the deve lopment and pres enta
tion of re levant information as to the full implica
tions -- the costs and benefits -- of the maj or 
alte�native courses �f action ( 19 6 7 , p .  1 ) . 

From this defini tion one could obtain the impre ssion 

that PPBS i s  an additional way t o  analy z e  alternative health 

programs and s e t  priorities , and that thi s new technique 

would compete with cos t-benefit and cos�-effectivene s s  

analys es . In fact , i t  turns, out that PPBS does n ' t  compete 

at a�l ,  but c omplements the other techniques. PPBS estab

li shes the administrative f ramework such that a l l  health 

activiti es mus t  be ass igned to individual health programs ; 

a l l  health� programs mus t have c learly defined ob j ectives 

( benefits ) ,  and all such benef i ts mus t  be j us ti fi ed in 

relation to thei r  cos ts .  This j us ti fication i s  performed 

by e i ther c os t-bene f i t  or cost-ef fectivene s s  analyses. 

Thus the implementation o f  PPBS into the federal 

health field has provided an add i tional incentive for the 

us e  o f  cost-benef i t  and cost-effectivenes s  analys es . 
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Objectives of the Health Service System 

Al l the techniques and s tudies di s cussed so far 

are analytic methods to ass i s t  a deci s ion-maker in s electing 

the alternative whi ch bes t meets his ob j ectives . Hence , 

the f ollow�ng ques tion plays a central role i n  thes e  tech

nique s : what are the .appropriate obj ectives in the health

service sys,tem? 

The importance of thi s  q uesti on was highlighted 

by the Surgeon General of the United S tates Public Health 

Service , Dr . William H .  S tewart., at the F i fty-Sixth Ros s  

Conference o n  P ediatri c  Research, where he s tated : 

However , having declared our firm intent to 
us e our resources more effectively , we s till have 

. an unanswered ques ti on . It i s  a very important 
ques tion -- using them effectively for what? Un
ti l we have answered that ques ti on there i s  no 
way in the world to asses s the e f fectivene s s  of 
chi ld health s ervices or anything else (1 9 6 7 , p .  
9 )  • 

Dr . Kerr White o f  Johns Hopkins University agrees 

completely . At the same conference , he expres s ed the 

view that " the central probl em in evaluating the effective-

nes s of pers onal health servic�s ,  both for ad�lts and for 

chi ldren is the defini tion of the obj ec tive s 11 ( 1 9 6 7a ,  p .  

2 4 )  • 

What i s  the ob j ective o f  the health servic e  sys tem? 

1 .  Dr . Stewart says i t  is " health improvement11 (19 6 7 , p .  1 0 )  • 

2 .  Dr . Robert Kohn: " the ob j ective o f  the entire health 

servi ce s complex i s  the health of the people " (1 9 6 6 b , 

p .  1 3 ) . 
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3 .  A year later , Kohn gave a s imi lar defini tion : " the pur-

pos e of health servi ces i s  to pres erve and improve the 

health o f  the people or to. minimi z e  cons equences of 

i l l-hea lth " ( 1 9 6 7 , p .  4 ) . 

4 .  Rashi Fein : " the end product i s  the health of the 

populati on " ( 1 9 6 7b ,  p .  9 0 ) . 

5 .  Dr . W . L .  Kiss ick : " The ultimate goal in the Uni ted 

S tates is the real i zation of the highes t  leve l of 

health attainabl e  for every person " ( 1 9 6 9 ,  p . 3 9 ) . 

The cons ensus i s  cleat that the objective of the 

heal th service sys tem is to improve the health of the 

people , or more prec isely , to allocate that portion o f  

s ociety ' s  scarce res ources which society i s  wi l ling to 

devote to health services , .in a manner which wi J-1 maximi z e

the health of the people . But thi s rai ses the i s sue : what 

i s  health ? A widely-used definition i s  the one in the 

Charter o f  the World Health Organi zation : 

Health i s  a s tate o f  complete phys ical , men
tal and social wel l-being and not merely the absence 
of diseas e and infirmity (ci ted i n  Kohn , 1 9 6 6 b , p .  
2 )  • 

A s imi lar �efinition i s  provided by a Work Party 

o f  the Technical Deve lopment Board under the chairmanship

of Dr . Samue l M .  Wishik :

[ Positive health i s ] a full sense o f  physical 
vigour and mental wel l-being and maintaining a con
structive and wholesome relation wi th others in 
a safe and pleasant environment that promises longev
ity and happine s s  ( Randle , 1 9 6 1 ,  p .  2 8 8 ) . 
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So now w e  c ome to the d i fficult part . We have 

agreement that the ob j ective is improved heal th , and rea-

sonab le agreement on what health i s , but before we can go 

further , we mus t  be ab le to measure health . The various 

approaches to this problem are reviewed in the next section . 

Health Index Approach 

The importance o f  developing a health index or 

meas ure of heal th is high lighted regularly in the l i tera-

ture . For example , the report o f  the World Health Organi-· 

zation s tudy group on the Measurement of Leve l s  o f  Heal th 

states: 

No more f undamental prob l em c onfronts the health 
admini strator than the measurement o f  the leve l of 
health of his community ; and nothing could be more 
valuable than to have at h i s  c ommand one or more 
measuring rods to help him in his task and also in
as s e s sing his spec i f i c  probl ems relating to the
health of the people ,  in des igning his plans to 
deal with these , in guiding his  admini s tration and 
in evaluating his s chemes (World Health Organi zation , 
1 9  5 7 , p .  5 )  • 

A number o f  o ther wri ters have made s imi lar s tatements: 

In promoting and as suring " the highe s t  level of 
health attainable" , we mus t  have s ome i ndex of 
health against which to measure our succe s s  (Ki s si ck , 
1 9 6 7 , p .  2 1 0 ) . 

Unti l  we discover a unive rsal uni t  for quanti fy
ing the _ value of health , ways to measure benef i ts 
wi l l  c ontinue to hamper compari s ons among alter
nate health programs (Smith , 1 9 6 8 ,  p .  9 0 0 ) . 

Traditional ly , the health of populations has been 

meas ured by mortali ty data and i ts many variations . For 
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example , in 19 5 3 , the United Nations convened a Commi ttee 

of Experts to discuss the sub j ect of " International Def ini

ti on and Meas urement of S tandards and Leve ls of Living " . 

In i ts report in 1 9 5 4 , thi s Commi ttee l i s ted twelve com

ponents which should be meas ured to ref lect the leve l of 

livi ng . The first component " Health , I ncluding Demographic 

Condi ti ons " was then inves tigated by a S tudy Group o f  the 

World Health Organi zation . They reported in 1 9 5 7  wi th the 

fol lowing conclus ions ( World Health Organi zation , 1 9 5 7) : 

a) Measuring the leve l o f  health in a community is extreme ly

. important .

b )  There i s  no general comprehens ive health indicator which 

can be
.

recommended , but the fol lowing three mortality

based measures are avai lable : 

i) Propor tional mortality of 5 0  years and above . This

is the number o f  deaths of age 50  and above as a

percentage of the total deaths . This measure indi

cates the relative contribution o f  chronic disease s

t o  total mortali ty .

i i )  L i fe expectancy at vari ous ages ; for example , at 

birth , at one year , et cetera . Thi s  i s  useful for 

displaying the impact of health prob lems that are 

h ighly age- speci f ic ; such as perinatal , infectious , 

and childbearing mortali ty . 

i i i )  Crude death rate . This i s  usually reserved for 

primitive countries where good demographic informa-
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tion i s  not obtainable . 

c ) A measure for positive heal th i s  bad ly needed but , " in 

the light o f  avai lab le s tati s tical information , only 

deviations from health are · susceptible to measure-

ment"  ( p . 1 5 ) . 

The prob lems with mortality-bas ed indexes like 

those sugges ted above by the World Health Organi zation are 

discus s ed by Sullivan: 

Recently , however , crude and age-ad j us ted 
death rates for the U . S .  populati on have shown 
little change after a long period of decline over 
the years 1 9 0 0 - 1 9 5 4  • . •  S tabi lity of the death rate 
would not imply no change in health s tatus . It 
would mere ly emphas i ze a di f ficu l ty inherent ih 
the us e of mortality s tati s tics as measure s  of 
health s tatus . They tell l i ttle about the living , 
wh i le the health of the l iving has become a ·very 
important aspect of heal th s tatus (1 9 6 6 ,  p .  1 ) . 

This prob lem has led recent researchers to investi-

gate add itional more sensi tive measures o f  health . For 

example , Dr . W . H .  S tewart (19 6 7 )  l i s ts the three bas ic 

meas ures of heal th improvement as: 

1 .  Reduced mortality , 

2 . Reduced morbid_i ty
. 

- - i nclud ing i llnes s es and disab i li -

ties , and 

3 .  Improved deve lopment and r elease o f  the human potential .

Dr . Kerr White says , " The measurements that count are such 

factors as Death , Diseas e ,  D i sab i l i ty , Discomfort and D i s -

satis faction" (19 6 7b ,  p .  8 5 1 ) . · These f ive factors have 

become known as the 5 D ' s  for measuring the end-results o f  

health care . 

Sana zaro and Wi lliamson (1 9 6 8 )  published a 
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clas s ificati on scheme for end results of patient care 

bas ed on reports by internists . This scheme cons i s ts of 

the following twe lve categor ies : 

1 .  longevi ty 
2 .  phys ical abnormalities 
3 .  phychological abnormalities 
4 .  physical symptoms 
5 .  psychological symptoms 
6 .  function 
7 .  attitudes toward phys i cian and care received 
8 .  atti tudes toward unders tanding of condi tion 

respons ible for epi sode of care 
9 .  compli ance 

1 0 . risks and unneces sary procedures 
11. hospitalization 
1 2 .  cost 

Thi s i s  s imi lar to White ' s  clas s i fication , only a little 

more detai led . 

The end-result oriented schemes outlined above pro-

duce a multi -dimensional measure of health : health is mea-

sured s imultaneous ly on a number of incommensurab le scale s . 

Other researchers have attempted to develop a s ingle over -

al l scale f o r  health . 

A bas i s  for s uch a compos i te health index was f i r s t  

outl ined in 1 9 6 4  in a paper b y  B . S . Sanders . H e  s uggested 

the us e of a "functional a�equacy" concept :  "functi onal

adequacy of an individual to ful f  i l l  the role which a 

healthy member of his age and sex i s  expected to fulfi l l  

i n  hi s s ocie ty" (Sanders , 1 9 6 4 , p .  1 0 6 7 ) . Sanders s ugges ted 

a mod i f ied l i fe table which would s tart with 1 0 0 , 0 0 0  con-

ceptions and would determine the "productive man-years" 

or "e f fective l i fe-years" resulting f rom this cohort of 
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conceptions. Then the community with the higher number of 

productive man-years per 1 0 0 , 0 0 0  conceptions would be con-

s idered to have. more a�equate heal th care. The problem

wi th Sanders ' method , o f  cours e ,  is how to measure " func-
... 

tional adequacy " .  

Chiang ' s  proposed index ( Chi ��g , 1 9 6 5 )  s implifies 

the measurement problems immensely , but unfortunately , it 

does s o  at the expense of the usefulness o f  the index . 

In Chiang ' s  propos al , measurement cons i sts only of recog-

ni z ing two different s tates: healthy and unheal thy. Dead 

is inc luded in unheal.thy . Then , the index o f  health for 

any speci fic year is the average fraction of the year 

people are healthy ; or phras ed another way , it i s  the num� 

ber of healthy man-days per year divided by the potential 

total man-days per year . Ch iang shows how i t  i s  then a 

simple matter to rearrange the data to calculate the index 

for any age group , an overall crude in�ex , or an overall

age-adj us ted index . Despite the mathematical s ophis tication 

with whi ch Chiang deve lops his proposal , it has a very 

serious conceptual shortcoming : a day of unheal thi - .  

nes s  from any cause af fects the index identical ly . Thus , 

to take two extremes , a day of a common cold would be con-

s idered equal to a day of premature death. Chiang could 

have overcome thi s  prob lem by introducing Sanders ' concept 

of functional adequacy whereby each unheal
_
thy day would be 
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weighted according to its seriousness on the yet-to-be -

developed functional adequacy scale , and the weighted per 

cent unhealthines s  in a year would become the index . 

In 1 9 6 6 , Sullivan produced a survey paper on 

health indexes whi ch has become wide ly c i ted . 

the three ways that morbidity can be measured : 

He reviewed 

(1 ) c l iQi-
� . 

cal evidence , ( 2 )  subj ective evidence ( an individual ' s  

opinion o f  his health s tatus ) ,  and ( 3 )  behavioral evidence 

( days o f  res tricted activity , ins i tutional confinement , 

et cetera ; ·and concluded that behavioral evidence i s  the 

mos t  appropriate for an index o f  health . He then propo s ed 

the following four mutually exc lusive s tate s as a sys tem for 

meas uring di sab ility bas ed on behavioral evidence : ( i )  con-

f ined - confined to a res ident institution , ( i i )  limited 

mobi lity - serious continuing limitation o f  mob i l i ty , 

( i i i ) l imi ted activity - serious · conti nuing activity limita

tion , and ( iv )  res tricted activity - res tricted activity for 

that day ( p . 1 2 ) . 

' l 
1 

1 
I 

The morbidity index , according to Sul livan , would be 1
the total number o f  disab i l i ty -days for the popu lation under 

que s tion . He suggests that mortality data might also be 

converted into disabili ty-days and i ncluded s o  that the 

result would become a c ombined mortality-morbidi ty index 

o f  health . Again his ?ugges tion suffers from the same prob-

lem as · chiang ' s .  That i s , all types of disab i l i ty , from a 
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minor i llnes s to premature death , are cons idered equal in the 

index . And agai n ,  the solution appears to be to introduce 

Sander s '  concept o f  functional adequacy , and to thereby weight 

the disabi lities according to their s eriousne s s . 

E s s ential ly thi s i s  the approach proposed by Packer 

in a recent paper (Packer , 1 9 6 8 ) . He s ugges ts adding two 

�ore disab i l ity l eve l s  to Sullivan ' s  four ; " an initial 

s tate (control led d i s ease - minor disab i l i ty )  and a terminal 

s tate (premature death ) " (p . 2 4 0 )  and then weighting each 

of these six �isab i lity l eve l s  with the patient ' s  individual 

weighting factor s . Then , the sys tem ' s  effectivene s s  would 

be - given by 

m 
rP = l c .  t . , wherel l 

m 

c .l

i=l 

= the number of disabi lity s tates 

= the weighting factor for disab i l ity
state i ,  and"

-

ti = the duration of �tay in s tate i (p . 2 3 9 )

As Packer points out , the nub o f  the problem i s  obtaining 

the C • I S 0 l 
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Certainly the values imputed t6 e ach Ci may not 
only vary among individuals at any point in time , 
but also vary for a s ingle individual among differ� 
ent points in tim� (p . 2 4 0 ) . 

Although Packer deve loped this reasonably s ophisti-

cated outcome-oriented measure of ef fectivene s s  for health 

services , he un fortunate ly did not follow-through in hi s 

appl ications . The research group , of which he was a 

member , deve loped a c omputer s imul ati on model of a 

Comprehens ive Maternal and Infant Health Care pro j ect as 

thei r  pi lot demonstration . In thi s  appli cation , they used 
. . 

the fo� lowing rather traditional four-point measure of 

e ffectivenes s :

i )  Clinic attendance ratio , 

i i )  Personne l uti li zation ratio , 

i i i )  Infant abnormality rati o , and 

iv)  Infant i l lnes s  ratio ( Kennedy , 1 9 6 9 , p .  6 } · .  

More recently , Modi , from the same research organi -

z ation , proposed a measure of e ffectivene s s  s imilar to 

Packer ' s  in a paper on the cost-ef fectivenes s  o f  various 

arti ficial kidney sys tems (Modi , 1 9 6 9 ) . His proposal 

di f fers from Packer ' s  in two respects : 

i )  The di sabi lity s tates are c linically oriented 

( hypertension , hepatitis , fever , e tc . )  rather 

than behav.iorally oriented (limited activity , 

mobi lity , etc . ) . 

. l 
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i i ) The s erious nes s  weights are s upplied by the 

examining phys ician rather than by the pati 

ent and only thre e weights are availab le : 

b arely detectab le , mi ld , and d i s ab l ing . 

Thus , a hea lth profes s ional i s  required to implement thi s  

s c a le . I t  should also be noted that Modi ' s  mode l , l ike 

Packer ' s , has not yet been tes ted in pract i ce . 

A s imple health index for morb idi ty only was re

ported recently from the Univers i ty o f  Cali fornia ( K i s ch , 

et . al . ,  19 6 9 ) . I t  cons i s ts of a short que s tionnaire . 

whi ch can be admini s tered to an individual in two minutes 

to determine ·his health status . The result i s  a number 

whi ch i s  interpreted as follows : 

0 - 2 0  repres ents good health ( O  i s  per fect health }  , 

2 1- 6 0  represents medium health , and over 6 0  repres ents poor 

health . The technique has validated well when the same 

individual s  have been categori zed into good , medium and poor 

hea l th by an examining phys ician . 

A combined morb idity-mortality index whi ch i s  cur

rently be ing used to a s s i s t  health admini s trators in mak

ing program decis ions was developed by the I ndian Health 

Service of the U . S . Department o f  Health , Education and 

We l f are and reported at the Apr i l  1 9 7 0  Opera tions Res earch 

Society of America �eeting in Washington , D . C .  (Mi l ler , 

19 7 0 a } . I t  c on s i s ts o f  three equations , one each for pre

ventive , control and curative hea lth programs . The equa-
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tion for preventive programs i s  given below as an example : 

a b 
· 

c 1 0 5
p = d l  + ( 3 6 5  + 10 9 5  + 3 6 5 0 )  N

where , 

p 
d 

1 
a 
b 
c 

N 

= 

= 

= 

= 

= 

= 

= 

program performance index ( to be minimized)  , 
death rate per 1 0 0 , 0 0 0  per year for the spe c i f i c  
population a t  r i sk , . 
average years of life los t  due to premature death , 
number of hospital days per year , 
number of outpatient vi s i ts per year , 
prevalence of the d i s ea s e  in the population at 
risk , and 
total population . 

Thi s equati on i s  es senti ally an undiscounted weighted di s -

abi li ty-days c oncept , s imi lar to that propos ed b y  P acker , 

with the fo l lowing implicit weights : 

D is ab i l i ty Day 

A day of premature death 
A day of hospitali z ation 
A -day i nvo lving an outpatient vis i t  
A day of d i sease 
A healthy day 

Weight 

1 . 0 0 
1 . 0 0 
0 . 3 3
0 . 1 0 
0 . 0 0 

According to Mi l ler ( 19 7 0b ) ; these weights were s e le cted 

as an attempt to approximate the fraction of the day whi ch 

i s  los t by a pati ent due to the diseas e . The time may be 

los t either d i rectly from the effects of disease itsel f , 

or from time spent i n  obtaini ng preventive treatment . 

A health index research proj ect i s  currently under-

way at New York Universi ty under the direction o f  Dr . J . W .  

Bus h  and funded by the U . S .  Center for Health Servi ces 

Res earch and Deve lopment . The pro j ect wi l l  us e sub j ec tive 

---· ----., -1 - ' !
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va lue measuring techniques s imi lar to thos e  used in thi s  

res earch to determine the uti li ties for the fol lowing 

eleven-point health s ca le : 

1 .  We l l  being 
2 .  Dis s atis faction 
3 .  Dis comfort 
4 .  D i s abi lity-minor 
5 .  Di s ab i l i ty-maj or 
6 . · D i s ab l ed 
7 .  Confined-i s o l ated 
8 .  Con f ined- bedridden 
9 .  Confined-special 

10 . Coma 
11 . D ead 

The uti lities can then be used as di s abi l i ty-day weights to 

create a combined morb idity-mortal i ty i ndex of health . 

Summary of Exi s ti ng Approaches 

The fundamental prob lem address ed by thi s  research 

is one of eva luating and c ompar ing health programs to deter-

mine their rel ative mer i t , so that the limited resources 

avai lable may be optimal ly a l located to the feas ible a lter-

native s . 

Two b as ic approaches h ave b een appl ied to thi s  prob-

lem . Cos t-bene f i t  ana lys i s  is  a thorough and wel l -

documented technique for measuring the economic cons equences 

of . a  program . However , at i ts pre s ent s tage of deve lopment , 

it i s  not we l l  sui ted for incorporating the health bene fi ts 

into the formal analy s i s  ( s ince they mus t be c onverted to 

mone tary units ) . Res earchers are working on thi s  prob lem , 



- 3 6  -

and i f  the meas urement difficulti e s  can be overcome , the 

consumption benefit approach may prove to be a viab l e  

s oluti on . Cost-effectivene s s  analys i s , o n  the other hand , 

avoids thi s  prob lem by not attempting to convert the health 

improvement to monetary terms . However , thi s  results in 

health benef i ts measured in program- specific units , thus 

exc luding any inter-program compar i s ons . 

Linear programming and PPBS complement rather than 

c
.
ompete with the tlwo basic approaches outlined above . Linear 

programmi.ng is a s ophis ticated model ling and optimi z ation 

technique whi ch i s  us eful if the number of alternative s  i s  

large and a linear mode l o f  the problem c an b e  developed . 

PPBS i s  an administrative technique whi ch encourage s  the 

forma l  evaluation of programs by either cos t-benefi t  or 

cost-effectivenes s ana lys is . 

The optimal a llocation of resources impl ies a solu

tion whi ch maximi zes the ob j ectives of the system . The 

ob j ective of the health s ervice system is to maintain and 

improve the health of the people . Thi s i s  measured by 

means of a hea lth s cale or health index . Tradi tional mor

tality-bas ed indexes are no longer sufficiently s en s i tive . 

A new combined morbidity-morta lity index is required but 

has not yet been deve loped . 
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CHAPTER I I  

THE PROPOSED MODEL 

I ntroduction to the Mode l 

The basic prob lem being addre s s ed by thi s  res earch 

i s  the s e lection , within specified cons traints , of the opti -

mal s ub - s et o f  health s ervice programs from a s e� o f  feas ib le 

programs . The exi s ting approaches to thi s  prob lem were 

reviewed in the last chapter and found inadequate . A new 

approach is  requi red and one i s  propo s ed in thi s  chapter . 

I t  employs a general i z ed cost-effectiveness mode l which corn-

bine s  the better features of a number of the exis ting 

approaches . 

Operations res earch methodo logy 

The propos ed approach was deve loped by attacking the 

b a s ic problem with the s tandard Operations Research me thodo l-

1 
ogy as laid down primari ly by Rus s e l l  L .  Ackoff . Thi s  

methodology co�s i s ts o f  the following s teps : 

1 
See for example Ackoff ,  Gupta and Minas , 1 9 6 2  or 

Ackoff and S as i eni , 1 9 6 8 . 

- 3 7  -
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S tep 1 :  Formulate the problem . 

( a )  Define the s ys tem under s tudy .

( b )  Define the deci s ion-makers . 

( c )  Define the relevant ob j ectives o f  the decis i on

makers . 

( d )  Def ine the alternatives . 

( e )  Deve lop methods to mea sure the degrees to whi ch 

the d i f ferent alternatives attain the relevant 

ob j ective s . 

S tep 2 :  Construct a model U = f (X , Y ) and spec i fy the con

straints . Here U i s  uti l i ty , X are control l ab l e  variab les 

and Y are uncontrol lable var i ables . 

S tep 3 :  Solve the model .  Thi s  real ly means to speci fy the 

values of the controll ab le var i ables (X ) which w i l l  maximi z e  

the uti l i ty ( U ) . 

S tep 4 :  Test the mode l .  

Step 5 :  Impl ement the s o lution . 

The res earch reported here cons i s ts o f  the applica

tion o f  S teps 1 to 4 to the b a s i c  prob lem . S tep 5 is omi tted 

s ince the purpos e  of thi s  work is not to deve lop a s olution 

to a s pecif ic hea lth program s election problem but to pro

pos e  a general mode l whi ch would b e  appli cab l e  to a l l  such 

prob lems . Hopeful ly , the model wi l l  b e  acceptab le to the 

deci s ion makers and implemented by them , thus completing the 

final s tep . 
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S tep 1 (prob lem formul ation ) was applied as follows : 

( a )  The sys tem under s tudy is  the health s ervice sys tem . 

Thi s  includes all  activi ties directed primarily at the 

maintenance and improvement of the health of the people . 

I t  embraces not only such obvious components as doctor s , 

nurs es , hospitals and ambul ances but a l s o  activi ties 

such as environmental control programs , indus tri al acci-

dent prevention programs and traffic s afety programs . 

Although none of the latter are inc luded in the examples 

in thi s res earch , th eir s tructure i s  s imi lar to that of 

the more conventional hea lth programs and the propos ed 

mode l is  applicab le to them a s  wel l . 1 

( b )  The dec i s i on-makers are those people in the health s er -

vi ce s ys tem who determine which programs shal l  b e  imple-

mented , whi ch shal l not , and what leve l o f  support sha l l  

be provided t o  implemented programs . 

( c )  I t  is  assumed that the ob j ective o f  the dec i s ion-makers 

i s  to manage the health s ervice sys tem in such a way a s  

1 
d '  

. 
f For a iscus s i on o programs to control the hazards 

of technology , with particular emphas is on i ndus trial 
accident prevention , see S inclair ( 1 9 6 9 )  • Thi s  artic le 
points out the s imi l ar i ty of these programs to conventional 
pub l i c  health programs . In a sub s equent private communica
tion , Dr . S inclair agreed th at the model propos ed in thi s  
res earch could b e  us eful ly app l i ed t o  his  hazard control 
programs ( S inclair , 1 9 7 0 ) . 

1 
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to maximi ze the attainment of the system ' s  obj ectives . 

The l atter has previous ly b�en defined a s : the alloca

tion of that portion of s ociety ' s  s carce res ources 

which society is  wi l l ing to devote to health in a manner 

whi ch wi l l  maximi z e  the health of the people .
1 

However , the mode l does a l low the deci s ion-maker 

to us e other ob j ectives i f  he so des ires . For example , 

he may wish to al loc ate the spec i f ic l imi ted resources 

under his direct contro l in order to maximi z e  the health 

improvement produced . 

( d )  The al ternatives are the various health programs and the 

dif ferent level s . of s upport which can be provided to 

each . The total s et of a lternatives availab le to the 

dec is ion-maker con s i s ts of a l l  pos s ib le combinations of 

programs and leve l s  of s upport which are feas ible within 

the cons trai nts of the sys tem . 

( e )  I n  order to measure the degree to which different pro

grams achieve the sys tem ' s  ob j e ctive s , it is neces s ary 

to measure the resources consumed by a program and the 

health improvement created by it . The former i s  no prob

lem , but the l atter requires the development of a new 

s cale for measuring health . Such a scale i s  propo s ed 

and tes ted in thi s  res earch . 

1see p .  2 4  above . 
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S teps 2 and 3 ,  mode l cons truction and so lution , are 

handled in two ways . Firs t ,  a cos t-ef fectivenes s ranking 

algorithm is  deve loped which should handle the vas t ma j or-

ity o f  problems , at least in the near-term future . Then , 

to handle the more elaborate problems beyond the power o f  

thi s  technique , an optimi zation model i s  developed bas ed on 

a 0- 1 integer l inear programming a lgori thm . 

S tep 4 ,  model tes ting , i s  achieveq by implementing 

the mode l s  on real data obtained from the fol lowing four 

health progr ams : mas s  screening for tuberculos i s , mas s  

s creening for the prevention o f  hemolytic disease o f  the 

newborn , a kidney dialy s i s  and transp lantation program , and 

a coronary emergency rescue s ervice . 

The bas i c  mode l 

The ob j ective of the hea lth s ervi ce sys tem has been 

previous ly s tated as the improvement or the maximi z ation of 

1 
the health of the people . Hence , the model mus t  a l locate 

the limi ted resources to the alternative programs i n  a 

manner which wi l l  maximi z e  the health improvement obtained . 

Thi s  demands the abi l i ty to mea sure both the resources re-

quired by the program and the health improvement created by 

it . 

1 
See p .  2 3  above for a more detai led treatment o f  

the ob j ectives of the system . 
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The determination of the resources consumed by 

a program i s  a s traight- forward meas urement task ( or e s tima -

tion task for a propos ed program) . I n  addi tion to c onsum-

ing res ources mos t  health programs also create resources . 

These mus t  also be meas ured , s o  the net resource require-

ment of the program to s oc iety may be de termined . The 

the ory and methods of cos t-bene fit analy s i s 1 are used for 

this calculation . 

The determination of the health improvement created 

by a program is cons iderab ly more diffi cult . I n  many cas es , 

obje ctive data i s  not avai lable .
2 

Even i f  suitable data can 

be obtained , there i s  a further problem of converting it 

into a univers a l  uni t of heal th improvement . The l atter 

prob lem is s olved by the development of a hea l th s ca le or 

heal th index which measures the uti lity a s s i gned to various 

health s tates by s oc iety . Thus , �he model w i l l  al locate 

society ' s  l imi ted res ources in a manner which w i l l  maximi z e  

the health ut i l ity achieved for s oc iety . 

It s hould b e  noted that the resulting model i s  

es s enti a l ly a cost-effectivene s s  mode l , except that , i n  the 

1That i s , the " �roductive resources " ver s i on o f  the 
cost-bene f i t  approach . See p .  8 above . 

2 For example , see S ackett ( 1 9 7 0 ) . 
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pas t ,  such mode ls have measured the output or e f fe ctive

ne s s  in program-speci f i c  units ( patients cured , cases 

prevented , l i fe -years added ) , whi ch prevented inter

program compar i sons . I n  thi s  research , the traditional 

cost-ef fectivene s s  approach has b een cons iderably gener

ali zed by integrating it with the new health s cale . The 

result is a general i z ed cos t-effectivenes s model which can 

be appl ied to a wide variety of health programs (perhaps 

al l )  no matter how d i f ferent . 

I n  summary , the propos ed appr�ach i s  a genera l i z ed 

cos t-effectivenes s model with the fol lowing characteri stics : 

1 .  Cos t . - - The total resources both used and created by a 

program are converted to dol l ars , discounted to their 

equivalent pre s ent value s , and s ummed to g ive the total 

cos t of the program to s oc iety . 

2 .  E f fecti vene s s . - - The ef fectivene s s  o f  a program is  the 

health improvement ( hea lth bene f i t )  created by the pro

gram as meas ured by the increas e in units of hea lth for 

the population . Future benef i ts , l ike cos t s , are a l s o  

d i s c ounted t o  their equivalent present va lue . 

3 .  Cons traints . - - I n  the normal approach there would gen

eral ly be only a s ingle resource cons traint - - the total 

amount o f  resources , as expres s ed in dol lars , which 

s oc iety i s  wi lling to a l locate to health problems . There 

could , however , be other cons traints repres enting 
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mutua lly- exc lus ive relationships among programs . 

vari ations from the single total resource cons traint 

are pos s ible in the following circums tances : 

( a )  Where the resource cons traint mus t  be expres s ed as a 

fufiction o f  time : for example , i f  different amounts 

are availab le in different years . 

( b )  Where the various types o f  res ources ( phy s ician time , 

hospital beds , money , etc . )  are not interchangeable 

and it is neces s ary to expres s  a cons traint on each 

one . 

( c )  Where the dec i s i on maker wishes to add a cons traint 

to the cost for s ome s egment of s oci ety : for example , 

the tota l cos t to the provincial government . 

4 .  Cri terion . - - The criterion i s  to maximi z e  the health 

improvement p�oduced, as measured by the health uti l i ty 

scale , without violating the cons traints . 

5 .  Algorithms . Two s olution a lgorithms are provided , 

one for the c as e  wi th a s ingle total res ource constraint 

and the other for more complicated var i ations . The 

f i r s t  is  a cos t-ef fectivenes s  ranking technique ; the other, 

a 0 - 1  integer linear programming a lgori thm . 

6 .  Intangib le Bene f i ts . - - The intangible bene f i ts of a 

hea lth program wi l l  be handled outs ide the formal mathe-

matical mode l .  For example , benef its s uch as patient 

s atis faction , s ta f f  s atisf action , public image and 

pol i tical benef i ts wi l l  be l i s ted for inclus i on by the 

decis ion maker in his final deliberati ons . 

I 
l 
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I ntroduc tion to the health s cale 

I t  is  propos ed in this res earch to deve lop a uni

vers a l  hea lth uti l i ty s c ale and a measuring technique whi ch 

wi l l  be applicab l e  to a wide variety of pos s ible health 

conditi ons . 

Health i s  not an easy item to measure . The Wor ld 

Health Organi zation has defined health as " a  s tate of com

plete phys i cal , mental and social wel l-being and not mere ly 

the ab s ense of d i s ease and infirmity . 11 1 By thi s  definition , 

health is  a three dimens ional qµanti ty cons is ting o f  phy s i

cal , emotional and social c omponents .  Each dimens ion has 

a large range of pos s ib le s tate s , varying from perfect 

health to complete non-functi oning . The health o f  an 

i ndividua l c an be cons idered as a point in three-d�mens iona l 

space , with the axes being , respectively , phy s i cal health , 

emotional health and social health . Mos t  points i n  thi s  

three dimens ional space are feasib le - - people may be 

acutely i l l  on one of the three scales and yet qui te healthy 

on the other two . 

Health c an be measured a number of ways depending 

upon the purpos e .  A phys ician treating a patient meas ures 

health on a c linical s cale which includes obs ervati ons of 

1cited in Kohn , 1 9 6 7 , p .  2 .  
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signs and sy1i1ptoms , laboratory tes t  results , and tis sue 

pathology . Mos t hea lth s urveys meas ure health on a behavioral 

s c ale embracing such indicators as absenteeism , b ed-di s ab i lity , 

ins titutional confinement , and premature death . Health i s  

s ometime s meas ured o n  a n  opinion s cale where the individua l 

verbal i zes his  health s tatus . I n  this research health wi l l  

b e  meas ured o n  a uti lity or value s ca le . 

A heal�h uti +ity s cale i s  one which measures the s ub-

1 j ective uti lity (value , worth ) of any pos s ible s tate o f  

health . The s cale may measure the uti lity for a particular 

individual· or for s oc iety as a whole . Thi s  res earch 

devel ops ·and te s ts a technique for obtaining individual 

uti l i ty s cales and aggregating these into a s ociety s ca l e . 

The scale value ( health index ) for a particular 

health s tate is  the uti l i ty o f  that s tate as perceived by 

soc iety . A hea lth s tate i s  a particular combination of 

phys ical , emotional and s ocial he alth . Thi s  i s  an import-

ant concept . Two patients wi th the identical phy s i c a l  a i l -

ments may have vas t ly different emotional and social heal th , 

and thus , by the definitions us ed here , they would be in 

di f ferent health s tates with ( probab ly )  d i f ferent uti l itie s . 

1
Adams defines uti l i ty a s  fol lows : " The uti l i ty 

o f  an a lternative may b e  roughly characteri z ed a s  a mea
s ure of the s trength of an individua l ' s  preference for i t "  
( 1 9 6 0 , p .  1 59 ) . 

I 
1 · 

� �  

I · 



- 4 6  -

signs and sy1i1ptoms , laboratory tes t  results , and tis sue 

pathology . Mos t hea lth s urveys meas ure health on a behavioral 

s c ale embracing such indicators as absenteeism , b ed-di s ab i lity , 

ins titutional confinement , and premature death . Health i s  

s ometime s meas ured o n  a n  opinion s cale where the individua l 

verbal i zes his  health s tatus . I n  this research health wi l l  

b e  meas ured o n  a uti lity or value s ca le . 

A heal�h uti +ity s cale i s  one which measures the s ub-

1 j ective uti lity (value , worth ) of any pos s ible s tate o f  

health . The s cale may measure the uti lity for a particular 

individual· or for s oc iety as a whole . Thi s  res earch 

devel ops ·and te s ts a technique for obtaining individual 

uti l i ty s cales and aggregating these into a s ociety s ca l e . 

The scale value ( health index ) for a particular 

health s tate is  the uti l i ty o f  that s tate as perceived by 

soc iety . A hea lth s tate i s  a particular combination of 

phys ical , emotional and s ocial he alth . Thi s  i s  an import-

ant concept . Two patients wi th the identical phy s i c a l  a i l -

ments may have vas t ly different emotional and social heal th , 

and thus , by the definitions us ed here , they would be in 

di f ferent health s tates with ( probab ly )  d i f ferent uti l itie s . 

1
Adams defines uti l i ty a s  fol lows : " The uti l i ty 

o f  an a lternative may b e  roughly characteri z ed a s  a mea
s ure of the s trength of an individua l ' s  preference for i t "  
( 1 9 6 0 , p .  1 59 ) . 

I 
1 · 

� �  

I · 



- 47 -

A uti l ity s c ale was s elected as the appropr i ate 

measure of health for this research , s ince thi s  wi l l  result 

in the al locati on of resources in a manner which w i l l  maxi-

mi ze the uti lity achi eved by s ociety . This i s  mer e ly a 

forma l way o f  s aying th at this approach wi l l  spend s ociety ' s  

money on those things that society cons iders important . 

The uti l i ty of a he alth s tate is  measured with 

techniques that produce a linear interval s cale . Such a 

s cale can have the values for any two points arb i trari ly 

a s s i gned . The point corresponding t o  the healthy s tate i s  

as s i gned a value of one , and the point corresponding to 

death , a value of z ero . The heal th uti l i ty s cale is thus 

a l i near interval s cale which inc ludes all  pos s ib l e  health 

s tates and has a va lue of one for healthy and z ero for 

death . 

Dis count rate 

The propos ed model provide s for the dis counting o f  

future cos ts and future health benefits a t  their respecti ve 

discount rates . I n  reality , though , the model i s  completely 

general . I f  dis counting is cons idered inappropriate for 

s ome or a l l  o f  the costs or health benef its i t  i s  eas i ly 

omi tted by s etting the particular dis count rates equal to 

z ero . However , i t  i s  argued below that the proper d i s count 

rate for both costs and health bene fits is s omewhat greater 

th an zero . 
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On the cost s ide , there i s  l i ttle ques tion about 

thi s . I t  is  general ly agreed that future cos ts should be 

discounted at an appropri ate interest rate to ref lect the 

risks  and uncertainti es of the future . The c lass ical un-

resolved ques tion is : what is thi s  appropriate d�scount rate ? 

A great variety of rates have been us ed in the pas t .  Table 1 

contains a s ample of s uch rates whi ch have been us ed in 

he alth program s tudies . 

Theoretical support can b e  found in the l iterature 
I 

for practically any f igure at a l l  between the pure time 

preference ( riskle s s ) rate , as low as 4 %  but currently 

c loser to 8 % , and the corporate return on c apital , currently 

in the ne ighbourhood o f  2 0 % . 1 However , the more recent 

writers are definite ly favoring the higher end of this 

spectrum ( Baumo l , 1 9 6 8 ;  Schwartz , 1 9 7 0 ) . The heart o f  

their argument i s  summari zed b y  Baumol as fol lows : 

1For a s e lecti on of s ome of these arguments , s ee 
Fe ldstein , 1 9 6 4 ; Prest and Turvey , 1 9 6 5 ;  Harberger , 1 9 6 5 ;  
Feldstein , 19 6 5 ;  Baumo l , 19 6 8 ;  Arrow , 1 9 6 9 ; and S chwartz ,  
1 9 7 0 . 

l 
� I  
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On the cost s ide , there i s  l i ttle ques tion about 

thi s . I t  is  general ly agreed that future cos ts should be 

discounted at an appropri ate interest rate to ref lect the 

risks  and uncertainti es of the future . The c lass ical un-

resolved ques tion is : what is thi s  appropriate d�scount rate ? 

A great variety of rates have been us ed in the pas t .  Table 1 

contains a s ample of s uch rates whi ch have been us ed in 

he alth program s tudies . 

Theoretical support can b e  found in the l iterature 
I 

for practically any f igure at a l l  between the pure time 

preference ( riskle s s ) rate , as low as 4 %  but currently 

c loser to 8 % , and the corporate return on c apital , currently 

in the ne ighbourhood o f  2 0 % . 1 However , the more recent 

writers are definite ly favoring the higher end of this 

spectrum ( Baumo l , 1 9 6 8 ;  Schwartz , 1 9 7 0 ) . The heart o f  

their argument i s  summari zed b y  Baumol as fol lows : 

1For a s e lecti on of s ome of these arguments , s ee 
Fe ldstein , 1 9 6 4 ; Prest and Turvey , 1 9 6 5 ;  Harberger , 1 9 6 5 ;  
Feldstein , 19 6 5 ;  Baumo l , 19 6 8 ;  Arrow , 1 9 6 9 ; and S chwartz ,  
1 9 7 0 . 

l 
� I  
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Thus , nothing s aid s o  far argues for or 
agains t low rate s of discount . It states merely 
that society wi l l  not benefit i f  it increas e s  
long- term inve stment i n  a was teful and ineff ici
ent manner , by forcing the trans fer of res ource s  
from employments with a high marginal yield to 
uses with a l ow marginal yield . For that i s  
exactly what can b e  expected to ,result from the 
usual sort of figure of , s ay ,  5 per cent for 
dis count rates on pub lic pro j e cts when the cor
porate rate of return is perhaps three times that 
high ( 19 6 8 , p .  7 9 7 ) . 

However , as Baumo l further points out , it i s  frui t-

les s for one government agency to uni later a l ly rai s e  i ts 

rate to a more appropriate figure . 

But i f  the dis count rate i s  raised i t  s hould 
sur e ly be done by a l l  government agencies s imu l
taneous ly . For otherwi s e  the change wi l l  only 
produce waste s  in the interagency al l ocation of 
res ources beyond those that a lready characteri z e  
the apportionment of inputs between the government 
and private enterpri se (p . 7 9 8 )  . -

Thus , we are forced to the conclus ion that , despite 

our fee lings about the proper rate o f  interes t ,  we mus t  

use the s ame figure a s  that used by other government 

agencies in order to avoid thi s  interagency was tage . Con-

s equently the applications in thi s  res earch use an interes t  

rate o f  8 per cent whi ch is  the current rate for Ontario 

Government pro j ects ( Harper , 1 9 6 9 ) . 

The appropri ate dis count rate for health bene-

fits i s  more di fficult to determine than that for costs . 

But fir s t , let us explore the phi losophi cal imp l i cations 

of a d i s count rate at a l l . Us ing a non- z ero rate for health 

benef its s ays , in effect, that the elimination of a day of dis -
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abi lity today is  worth more than a promi s s ory note to 

e liminate a day of d i s ab i lity five years from now . This 

is  reas onab le s ince the future is  ri sky and uncertain . 

For example , when the time comes to co llect the promis sory 

note , the note-holder may have died from s ome other prob-

lem . Even if the note i s  trans ferab le new preventive medi-

cine may have e l iminated the diseas e or new and better 

cure s  may have been dis covered so that the note is no longer 

as useful as i t  used to be . Baumol contributes the fol low-

ing additional argument : 

Suppos e  we feel we can afford to give up some 
fixed amount for the benefit of others . We mus t  
then ask our s e lves whether there are so few 
di seased , i l l i terate , underpriv i leged today , s o  
few persons who excite our sympathy that w e  mus t  
look to the prospective ly wealthy future for a 
source of worthy recipients o f  our bounty ( 19 6 8 , 
p .  8 0 0 ) . 

Thus , it becomes c lear that the proper discount rate for 

health bene fits is greater than z ero . But how much greater 

than zero? 

One pos s ib le way to determine this would be to con-

duct an experiment to inves tigate the sub j e ct ive time-

preference for health exhib i ted by individuals . S ince thi s  

is  a prob lem in measuring sub j ective value s , s imi lar tech -

niques to those us ed in this research should b e  applicab le . 

For examp le , i t  might be pos s ib le to ask a number o f  que s -

tions like the following : suppos e  you could be given health 
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coupons whi ch would immedi ate ly cure a spec i f ied l i s t  of 

ai lments , would you prefer one c oupon redeemab le at any 

time from now on , or two coupons wh ich become due in 2 

year s , 5 years , 1 0  years , 2 0  years ? The dis count rate 

could be ca lculated from the indifference point . Consid-

erab le further research in thi s area is  obvious ly required . 

In the abs ence of any real data on the proper dis-

count rate for health benefits , the best advice would 

appear to be to us e the s ame rate for this i tem as for 

the costs . The on ly j ustification for this , other than 

for cons i s tency , is that thi s  has been the pas t practi ce . 

I n  cos t-bene fit s tudies , where a l l  health benefits includ-

ing the cons umption benefit are converted to dol lars , i t  

has been the hab i t  t o  us e the s ame dis count rate through-

out .  Thus , in the app l ications described later , an 8 per 

cent annual di s count rate is  us ed for th� health bene fits 

as well as the cos ts . 

I 

J 
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Mathemati cal Model s  of Hea lth 

The linear algebra notation us ed in thi s  res earch 

is identi cal to Hadley ( 1 9 6 1 ) , except in the use of a 

s upers cript t for transpose where Had l ey us es a prime . 

Spe c i f ica lly then , the notation conventions us ed are as 

follows : 

Scalar - a 

Row vector - a = 
-

Column ve ctor - a = 

Matri x  - A = 

Transpos e of A = At 

Individual model 

( a
l

, a 2
, . . .  an

) 

[ al , a 2 ' . . . an
] = 

II aid = al l  
a2 1  

aml 

a
l 

a
2 

a n 

a
1 2 · · · a1n 

a 2 2 · · · a 2n 

a 2 . . .  a 
m mn 

The health o f  an i ndividual as he progres ses  through 

l i fe is a non- time-homogeneous , non-Markovian , multi-

d imens ional s tochas tic process with continuous s tates i n  

continuous time . S tate " death " i s  a n  abs orption barrier 

whi le state 1 1 health11 i s  an e lastic barrier . 

The proce s s  i s  non-time-homegeneous s ince the s tate 

trans ition probab i l ities are a function of time . For 
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example , as time ( age)  progresses the probab i l i ty of going 

from s tate " hea lthy " to s tate " confined to a s anitorium " 

in a specified interval of time increas es . 

The proces s i s  non-Markovi an in two ways . Firs t ,  the 

trans ition probabi lities are a function of , among other 

things , the length of time whi ch has already been spent in 

a particular s tate . For example , i f  a patient has minimal 

active tuberculo s i s  his  prob ab i l i ty of going from the 

s tate " confined to a sanitorium "  to the s tate "healthy " is 

e s s ential ly zero for the first few months and then approaches 

one . This particular behavior is  c learly non-Markovian , but 

can s ometimes be approximated by a Markovi an pro ce s s  wi th 

subdivided s tate ( Thomas , 19 6 8 ) . Second , the trans i tion 

probabi lities are also a function o f  whi ch s tates have been 

vi si ted in the pas t and for how long . For example , the 

probab i l ity of going from the " healthy " s tate to the " con-

fined to a s ani torium "  s tate is  higher if the l atter s tate 

has been vi s i ted s ometime in the pas t . 

The proces s i s  multidimens ional s ince health i s  a 

mu ltidimensional var i able . Generally , health i s  c l a s s i f ied 

in three dimens ions : phy s i ca l  health , emotional health and 

social  he alth . I t  is  pos s ib l e  to be healthy on one o f  the s e  

s cales wh i le very s ick o n  another . 

Cons idering hea lth as three-dimension al ,  death can 

be defined as the ( O ,  0 ,  0 )  s tate -- dead on a l l  three 

dimens ions of health , and this is obvious ly an abs orpti on 

barrier . S imi larly , healthy i s  the ( 1 , 1 ,  1 )  s tate --
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healthy on a l l  three dimens ions , and thi s  i s  an e las ti c  

barrier : i t  can either absorb o r  reflect . 

Figure 1 displays a sketch of thi s model with a 

hypotheti cal rea l i z ation shown . 

Healthy 

Phys i ca l  
Health 

Dead 

Healthy 

Emotional 
Health 

Social 
Health 

Dead 

1 \-... 

0 

0 Years 

1 '\..._.,, 

0 

0 Years 

0 Years 

5 0  

5 0  

5 0  

Fig . 1 . - - S tochastic Model for the Health of an 
I ndividual wi th a Hypothetical Real i z ation Shown . 

1 0 0  

10 0 

1 0 0  
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Population model 

Fortunately , the evaluation of health programs i s  con-

cerned with thei r  impact on popul ations of people rather than 

specific individua ls . Thi s s implifies the model cons ider-

ab ly . 

For example , cons ider the non-time-homogeneity 

caus ed by the aging o f  the individual .  S ince a population 

doesn ' t  age in the s ense that an individual does - - becaus e 

of the general ly cons tant flow o f  members into and out of 

the population -- thi s  factor drops out and the proces s  be-

comes approximate ly time-homogeneous . It is not complete ly 

s o , becaus e the trans i ti on probab i lities s t i l l  change s lowly 

with time -� as new medical knowledge is app l ied , as the age-

sex population rati os change , and as s oc i a l  and living 

hab i ts evolve ( smoking , pol lution , drugs ) .  However , for 

any re lative ly s hort period of time , whi ch is  a l l  that pro-

gram as s es sment is concerned with , the sys tem may be con-

s idered to be time-homogeneous .  An additional s afeguard 

in this as sumption is provided by the discounting factor 

which makes the solution less  sens itive to errors the fur-

ther they are in the future . 

I n  the popul ation mode l ,  the marked non-Markovian 

behavior also disappears . For example , c ons ider individua l s  

i n  the s tate " conf ined t o  a s anitoriurn'' . I n  any given unit 

of time the s e  individuals c an go to the hea lthy s tate , the 

dead s tate , or they c an stay in the confined to a s anitorium 
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state . Thus , there are three trans i tion probab i l ities re

quired to determine where thes e  people wi l l  be at the end 

of this unit of time . These probab i l i ties are independent 

of the previous behavior of the sys tem and hence we have 

the memory les s Markovi an property . I t  i s  important to note 

that whi l e  thes e probabi lities can be used to determine how 

many people wi l l  move from one s tate to another , they are 

of no value in determining which ones wi l l  move . Thi s  i s  

the dif ference between the population model and the 

individual mode l . 

The multidimens ional characteristic of the mode l i s  

eliminated by introducing the use of the s ingle-dimens ional 

health uti lity s cale . This s cale mea sures the uti lity of 

each health s tate as perceived by s ociety . I t  can be con

s idered as a mapping process whereby every point in the 

three-dimens ional health space can be mapped to a point on 

the s ingle-dimensional health uti l i ty s cale . Death , point 

( 0 , O ,  O )  in the three-dimens ional space w i l l  map to 0 on 

the new s cale ; healthy , previou s ly ( 1 ,  1 , 1 ) wi l l  map to 1 

on the new s cale , and all  other points wi l l  fall  at the ir 

corresponding uti l i ty value . There wi l l  b e  no attempt in 

thi s  research to develop the actual mapping function . 

Rather , the parti cular points in the three-dime n s i onal 

health space that are o f  interes t wi l l  be defined , and their 

uti l i ty wi l l  be measured exper imental ly . 

Final ly , to s impl i fy the calculations , a d i s crete 
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approximation wi l l  be used to the true continuous model .  

Continuous time wi l l  be approximated by discrete time in 

uni ts o f  one day . Thi s  unit i s  sufficiently sma l l  that it 

should introduce negligible error . Continuous health wi l l  

be approximated by d i s crete s tates . For example , the 

healthy s tate w i l l  inc lude mild discomforts which do not 

s igni f i cantly a f fect a day ' s  beh avior (mild headaches ,  

co lds , etc . ) . Theoretically , this assumption a l s o  intro-

duces only limi ted error s ince the dis crete s tates can be 

made as sma l l  as nece s s ary to provide as accurate an 

approximation as des ired . 

These modifications result in an approximation 

mode l for the hea lth of popul ations whi ch i s  a conventional 

time-homogeneous finite Markov chain . Figure 2 i l lus trates 

th is model . 

i = � 
2. 

Health 31 
S tates I 

' . . 

i = j 
1 2 

�Elas tic barrier 

r�--Ab sorption barrier 
,v, I I 

3 4 5 
t (day s ) 

Fig . 2 . - - S tochas tic Mode l for the Health of a 
Population . 

l 
l 
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Mathematical Mode ls for the 
Calculation of Health Bene fits 

Given the s tochas tic mode l for the health o f  popula-

ti on s  introduced above and i l lus trated in Figure 2 ,  how 

does one calculate the he alth benefi t from a parti cul ar 

health progr am? Several methods are avai lab le and wi l l  be 

described below . · First , let us define the fo l lowing : 

i = 1 , 2 ,  • . •  , n  are the n dis crete health s tates , 

where i = 1 i s  the healthy s tate ( e lastic s tate ) 

and i = n i s  the dead state ( ab s orption s tate ) • 

h = [ h1 , h 2
, . . .  , hn ] is  a column vector of the health 

uti l i ties for these particular s tate s , 

where h
1 

= 1 

and hn = O .  

p
j k  

= the probab i lity of going from state j to s tate k 

in one time peri od . 

P = II p 
j k  

II i s  the 1-step trans ition matrix . 

£ ( t )  = (p1 ( t ) , p2 ( t )  , . . •  � pn ( t ) ) i s  a row vector 

where p .  ( t )  = the probab i lity of b eing in s tate i l 
at time t .  

!!_ ( t) = ( n
1 

( t ) , n
2 

( t ) , • . .  , n
n 

( t ) ) i s  a row vector 

where ni ( t )  = the number o f  people in s tate i 

at time t .  

1 = [ l ,  1 ,  . • .  , 1 ] an n-dimens ional unit co lumn vector . 

N ( t )  = n (t )  1 i s  the total number o f  people i n  the sys tem 

at time t .  
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Primed symbol s  represent values with the heal th program . Un

primed symbols repres ent value s without the program ( the 

benchmark ) . 

Fundamental formulae 

The amount of health uti l i ty with the program at time t 

is  H '  ( t )  = N (t )  E ' ( t ) � ( 1 )  

The amount o f  health uti l i ty without the program at 

time t is 

H ( t )  = N ( t ) p (t ) � 

The increas e in heal th uti li ty (health improve-

ment ) created by the program at t ime t i s  

Li H  ( t )  = H I ( t )  - H ( t )  

= N ( t ) E ' ( t ) � - N ( t ) }2_ ( t ) � 

= N ( t )  [ :e_ ' ( t )  - J2. ( t )  ] � 

= [ n '  ( t )  - n ( t ) ] h  
- -

( 2 ) 

( 3 )  

( 4 )  

The total hea lth improvement created by the program 

and discounted at an interes t rate of r per uni t time is  

00 

Li H = l Li H ( t )  I ( 1 +r ) t 
( 5 )  

t= O 

00 ( 6 )  
= l [ n  I ( t )  n ( t ) ] �/ ( l+r ) t 

t= O 

Equiva lence to the weighted disab i l i ty-days concept 

The weighted disabi l i ty-days concept , as sugges ted 

by Packer ( 1 9 6 8 ) , was reviewed brie f ly in Chapter r . 1 I n  

thi s  method weights are ass igned t o  each d i s ab i l i ty s tate . 

1 
See pp . 3 1- 3 2  above . 

1 �  I 
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Let w - {w
1

, w2 , . . .  wn ] = a  column vector o f  disab i l i ty 

weights for health s tates 1 ,  2 ,  . . .  n ;  

with w1 = 0 ( the healthy s tate ) 

and w = 1 ( the dead s tate ) . n 

Then the amount of unhealthine s s  at time t without the pro-

gram is 

U ( t )  = � ( t )  � 

and with the program i s  

U '  ( t )  = � · ( t ) � 

The health improvement created by the program i s  the reduc-

tion in the amount of unhealthines s ,  that i s : 

ti. H ( t )  = U ( t )  - U ' ( t )  

= � ( t ) w - � · ( t ) � 

= [ n ( t ) - � · ( t ) ] w  

Now , i f  we def ine the disab i l i ty wei ghts to be the c omple-

ments of the health uti lities for the s ame s tate s , 

then w = 1 - h 

and L1H ( t )  = [ n ( t )  -

= [ n  ( t )  -

= � ( t ) !_ -

= N ( t )  -

= [� I ( t )  

whi ch i s  identical 

n ' ( t ) ] [ l 

n ' ( t ) ] l  
- -

n '  ( t ) l 
- -

-

-

- h ]  

[ � ( t )  - n ' ( t ) ] h  

[ � (t)  - � ' ( t ) ] h  

N ( t )  - [ � ( t }  - � ' ( t ) ] � 

- � (t} ] h  

to equation ( 4 ) • 

Hence , the health uti lity system propos ed in this re-

s earch and the weighted disab i li ty-days sys tem proposed pre-
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vi ous ly by Packer are identical , if  the di s ab i l i ty weight 

for a s tate i s  defined as the complement o f  i ts health 

uti l i ty . 

Ca lculation based on annual man-days in each s tate 

The fundamenta l equation for calculating the health 

bene f i t  of a program , equation ( 6 ) , has two awkward feature s , 

both resulting from the fact that the uni t of time i s  one 

day . F i rs t ,  the dis count rate r i s  on a dai ly bas i s  and wi l l  

compound o n  a dai ly bas i s . 1 Thi s  is  neither usual in prac-

tice nor cons i s tent with the treatment of the cos ts where 

the dis count rate is app l ied on an annual bas i s . S econd , 

i f  the e f fect of the program i s  to be calculated for a 

reasonab le number of years into the future , a great deal o f  

repetitive calculation i s  involved in determining � ·  ( t )  and 

n ( t )  for the large number of days involved . 

Fortunately , both of these complications c an be 

removed by determining the increase in health for each year 

and then dis counting on an annual bas i s . 

1For the app licati ons in thi s s tudy the annua l 
dis count rate is  . 0 8 ,  hence r = . 0 8 /3 6 5 . 
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Let i = the annual dis count rate , and 

y = the year of the program 
00 

Then t:,. H = l [ n '  ( t )  - � ( t )  ] � ( 1 +r ) t 

t=O 

00 3 6 5y t 
= l l [ n ' ( t )  - n ( t ) ] h/ ( l+r ) 

y= l t= l + 3 6  5 ( y- 1 )  

s ince t:,. H { O ) = 0 

h . b . d1 b T i s  can e approximate y 

00 3 6 5y l 1 l [ n '  ( t )  - n ( t )  ] !!_  ( 7 )  
y= l ( l+ i )

y t= l+3 6 5 (y- l )  

= I 
y=l 

1 

[ 
00 3 6 5y 

I 
t=l+ 3 6 5  ( y- 1 )  

E_ ' { t )  
3 6 5y 

l l n ( t )  h 
t=l+3 6 5 ( y- l ) -

-

_J 
( 8 )  

1 
Note , the approximation here repres ents only a 

change in the frequency of compounding the d i s counting 
from dai ly c ompoundi ng at a dai ly rate of r ,  to annual 
compounding at an annual rate of i = 3 6 5r .  Thi s  approxi 
mation has a negligib le ef fect o n  the accuracy o f  the 
results . Firs t ,  the d i fference between the two methods 
is sma l l . When i = . 0 8 ,  as it does in thi s  res earch , 
the dif ference in the � H  obtained by the two methods i s  
two to three per cent depending upon the ·number of years 
invo lved in the summation . Second , and more important , 
i t  can be argued that the annual discounting i s  not an 
" approximation " at a l l , but is real ly the correct 
approach s ince this puts the d i s c ounting of the bene f its 
and the cos ts on the s ame bas i s . I n  thi s  pro j ect , thi s 
is  c learly the cas e , s ince the discount rate s e lected 
for use with the benefits is  8 per cent per year ( s ee 
p .  52 above ) . 
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3 6 5y 
Now L n ' ( t ) i s  merely a row vector of the 

t=l+3 6 5  (y- 1 )  

man-days i n  each health state i n  year y with the program , 

3 6 5  
and L n ( t )  i s  the man-days in each s tate i n  the 

t=l+3 6 5 ( y- l )  

same year without the program . 

3 6 5y 
Then , letting � ' ( y )  = I n '  ( t )  and 

t=l 3 6 5 (y- l )  

3 6 5  
� ( y )  = L n (t ) , ( 8 )  b ecomes 

t=l+ 3 6 5 (y- l )  

00 

� H = L 
y= l 

� '  (y ) - � (y ) 
h 

( 1  + i )  y ( 9 )  

Calculation based on program ef fect on spec i f i c  individuals 

The method described in the previous section ( equa-

tion 9 )  requires the determination of the total annual 

man-days in each hea lth s tate both wi th and without the 

program . I t  is pos s ib le to obtain the s ame result with a 

simp ler calculation i f  the impact of the program is ava i l -

ab le as specific s tate-duration changes f o r  i ndividuals o r  

groups of individual s .  For example : this program in i t s  

first year , wi l l  elimi nate two deaths , as sumed t o  occur 

half-way through the year , repl acing them wi th a mi ld 

disab i l ity s tate , and wi l l  reduce hospitali z ation by one 

week for 1 0 0  people rep l ac ing this with norma l healthy 

living . 

l 
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For a speci f i c  year of the program , let dj k  be the 

number o f  man-days changed from s tate j to s tate k by the 

program . Hence d1 . = -d . k ,  but , s ince we wish to deal C J J . 
wi th a l l  the changes once only , we will use the pos i tive 

va lues of d j

� 11::: Ii� 
letting c j k  = max . [ Q I d j k] . 

Als o ,  let c 

m = the row vector of man-days in each state 

wi thout the program , and 

ID I = the row vector of man-days in each s tate 

Now , from 

with the program . 

( 9 ) the health benefit in a particular year i s  

AH = . [ m '  - m] � ( 1 0 ) 

But , consider vector m ' . The i th element of thi s  vector 

is j us t  the ith e lement of the m vector plus any changes 

to state i less any changes from s tate i .  
n n 

That i s , m ' . = m .  + l c . . - l c ik l l j = l  J l k=l 

In vector notation , this is equival ent to 

m ' = rn + 1 tc - (C .!_) t ( 1 1 )  
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From ( 1 0 ) ' L'i H  = [� ' - m ] h 

= [m  + ltC - ' ( C l )  t 
- m ] h 

= ltCh - ( C l )  th 

= l tCh - htC l  ( 1 2 )  

n n n n 
= I I c j k  hk 

- I I cj k  h .  
j =l k= l j = l k= l J 

n n 
= I I c j k  ( hk 

- h . ) 
j = l  k=l J ( 1 3 )  

Equations ( 1 2 )  and ( 1 3 )  represent the health benefit for one 

year only . From these , the f o llowing expres s ions for the 

health bene fit of a whole program are obtained : 

00 

li. H = I 
y=l 

00 

= I 
y=l 

!
tC (y ) � - �

tC (y ) ! 

( l+ i ) y 

1 
n n 
I I c J. k < y )  < hk - h 

J
. ) · 

j =l k=l 

( 1 4 )  

( 1 5 )  

where dj k ( y )  i s  the number o f  man-days changed from s tate j 

to s tate k by the program in yea� y ,  

c j k ( y )  = max . [ O ,  d j k ( y ) ] and C (y )  = 1 1 c j k  [y ) I I 
E s s enti al ly a l l  equation ( 1 5 )  s ays i s  that i f  a program 

caus es a man-day whi ch would have been spent i n  a s tate wi th 

a hea lth value of value o f  0 . 5 to ins tead be spent in a 

state with a health value o f  0 . 8 ,  the health bene f i t  i s  0 . 3 .  

Equation ( 1 5 )  will frequently be convenient for manual cal-

culations of the health benefits from real programs . On the 

other hand , for computer calculations , espe c i a l ly in languages 
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wi th powerful matrix algebra c apab i l ities , equation ( 1 4 )  

i s  more sui tab le . 

Calculation bas ed on trans ition matrices 

If the 1 - s tep trans i tion matrices with and without 

the program ( P ' and P )  are known , two approaches to the cal-

culation are pos sible . Firs t ,  the trans ition matri ces 

can be used to calcu late n '  (t} and n (t )  and then equation 

( 6 )  used to determine the health benefit . Second , the 

trans i tion matri ce s  can be used directly in equatiqn ( 1 6 ) 

deve loped below .  

Cons ider a health progr am �ppl ied to a cohort o f  

N people a t  time t = 0 .  Note that n '  ( O )  = n ( O } . From ( 6 ) , 

the program health b enef i t  i s  

00 

� H  = l [ E_ ' ( t )  - n (t } ] h/ (l+r ) t 

t=O 
co 

p I ( t )  P ( t }  ] e_/ ( l+r.) t = l [ n '  (O ) - n (O } 
t=O 

00 

= l n ( 0 }  [ P ' ( t }  
- P ( t } ] h/ ( l+r} t 

( 1 6 )  
t= O 

The maj or drawback with this method i s  the virtual 

impos s ib i l i ty at the present t ime o f  obtaining the required 

trans i tion matrices when the uni t  of time is one day . The 

few probab i l ities that are avai l able are on an annual bas i s  

( eg . , age- spe c i f i c  annual morta l i ty probab i l i ties with and 

without a progr am are s ome times avai l able } and therefore 

unsuitab le for thi s  mode l which uses a discrete time uni t of 

o ne day . 

1 
' 
' 
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Mathematical Models for Optimi zation 

Once the health benefit from each program has been 

calculated the problem becomes one of determining which 

programs should be implemented and what level of funding 

should be provided to each -- in other words , the s election , 

within specif ied cons traints , o f  that sub-set o f  hea lth 

programs whi ch wi ll maximi z e  the health bene f it . 

The following data i s  required for each heal th pro-

gram under cons ideration : 

1 .  The hea lth b enefit (� H )  for the program . For c ons is tency 

with the cos t-effectiveness literature , this will be 

called the program ef fec tivene s s , symbolically represented 

by E .  

2 .  The cos t ( C )  of  the program . This i s  the total cos t 

of the program t o  s ociety on a pre sent va lue bas i s . 

3 .  Depending upon the constraints to be impos ed on the 

so lution , greater detail may be required in the cos t 

data . For example , the portion of th is cost which wi l l  

be the respons ibil.i ty of the provinci a l  government w i l l  

b e  required i f  a cons traint i s  t o  be imposed on thi s  

item . 

4 .  Other resource requirements of the program may be neces -

'1 
1 

J 

l J 
J 

J 
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sary i f  cons traints are imposed on the total amounts 

of these re sources available .  For example , phys ician 

time , hospi ta l  beds , etc . 

Most health �rograms can be funded at a number of 

di f ferent leve ls and mos t wi ll conform to the wel l -known 

law of dimini shing returns . That i s ; doubling the fund

ing does not produce double the benef its . Hence , the 

que s tion i s  not only : i s  thi s  a good program , but also : 

what i s  the optimum leve l of fundi ng for i t ?  A us eful 

method for h andl ing thi s si tuation is to treat each leve l 

of each program as though i t  were a completely d i fferent 

program ; gather all the bas i c  data according ly ; and then , 

in the s elec tion algori thm , define the d i ff erent leve l s  

of the same program as mutually exclus ive programs . 

Cos t-effectivenes s ranking· algorithm 

I f  there is only one resource cons traint on the 

solution and thi s  �pp l ies to total cos ts , a cos t-effectivenes s  

ranking algor ithm may be used t o  determine the health pro

gram prioritie s .  Thi s technique can be read ily i llus trated 

through the us e of a cos t-effectiveness graph . 

Cons ider a s ingle program with total cos t and total 

effectivenes s  of c and e respective ly . The point { c , e )  may 

theoretically fall in any quadrant s ince negative values 

are pos s ib le { see figure 3 below ) . However , quadrants 3 

and 4 can be qui ckly dismis sed by agreeing to the conven-
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tion that any program falling in one of thes e two wi ll 

be re-de fined as i ts complement .  Then the new point ( c , e )  

becomes the negative o f  the old point ( c , e )  locating the 

1 new point in the diagona lly oppos i te quadrant . 

Quadrant 
2 

Quadrant 
3 

0 

Quadrant 
l 

Quadrant 
4 

Fig . 3 . - -Bas ic Single Program Pos s ib i l ities on 
a C-E Graph 

l 
Of cours e ,  i t  would be unusual for a program to 

fall in quadrant 3 or 4 but thi s  method of handling the 
s i tuation i s  included for j us t  s uch a contingency . I t  
could o ccur i f  a proj ect was defined a s  the removal o f  
s ome exis ting health program ,  o r  perhaps i_t c ould occur 
i f  a program had some health reducing s ide-effects which 
were not entire ly recognized prior to the analy s i s . 

I 
q i  
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With independent programs 

Firs t ,  let us inves tigate the case with independent 

programs -- that i s , no mutual ly exc lus ive nor interacting 

programs . 

Now cons ider a number o f  thes e  independent programs 

plotted on the s ame C-E graph . An example is shown in 

figure 4 wi th the programs numbered in their cost-effective-

nes s pr iority ranking . 

E 

G S  

©a @ 6  

01 0 �  0 7  

8 3  08 c 

Fig . 4 . - -P lot with Independent Programs Only . 

Let c .  and e . be the cost and the effec tivenes s  respective-l l 

ly of the i th program . Then the p�ocedure for ranking 

independent pro j ects i s  the fol lowing : 

Cri terion 1 :  I f  any c .  are non-pos i tive these programs l 
have top priori ty and are ranked in a scending order of c i . 

Criterion 2 :  The remaining proj ects are ranked i n  des-

cending order o f  e . /c . , their ef fectiveness-cost ratio . l l 
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Cri terion 1 can be explained a s  fol lows : Pro j ects 

whi ch s ave money and do not reduce health should have a 

higher priority than pro j ects whi ch cost money , s ince 

imp lementation of the former wi l l  free money for use in 

the l atter . Among thos e  pro j ects whi ch save money , the 

bes t is the one that s aves the mos t ,  regardles s of their 

respective health bene fits . Thi s  seemingly heartles s view 

i s  jus ti fied when one appreciates the impli cations o f  doing 

otherwi s e . For example , in f igure 4 ,  consider the s i tuation 

whe re pro j ect 2 i s  impl emented rather than pro j e ct 1 (be-

caus e i t  has greater health benefits ) . This decis ion would 

cos t s ociety c 2 - c 1 dol l ars to ob tain a health improvement 

of e2 - e1 , and thi s might not be p arti cular ly good value in 

terms of the he alth improvement gained per dol lar spent . 

In fact , i t ' s  clearly poorer va lue than getting s ome health 

bene f i t  free as occurs i f  pro j ect 1 i s  sele cted firs t . 

Further support for this cri terion is obtained by not-

ing that it i s  identi cal to the cos t-bene fi t  approach . In the 

cost-bene fit approach , the best pro j ect i s  the one wi th the 

maximum pres ent value of economic benef i ts les s costs , or 

equivalently , the minimum present va lue of cos ts le s s  

economi c benef i ts . In this research , ·�osts les s economic 

bene fit� has been rede fined as the net cos t of a program 

to s ociety ; and hence , the cos t-benefit criterion i s  equi-

va lent to se lecting the proj ect with the minimum net cos t  

t o  society . Thus , for those pro j ects wi th negative total 
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cos ts , th is mode l and the traditi onal cos t-bene fit mode l 

y i e ld identical results . 

Cri terion 2 should b e  self-evident . Al l i t  s ays 

i s  that , since the total amount o f  funds i s  limi ted , the 

first programs to be implemented should be those with the 

h ighe s t  yield o f  health benefits per dol lar . 

The result of thi s  method i s  a l is t  o f  programs 

ranked in thei r  cost-ef fectiveness priority sequence . The 

l i s t  may be used by a deci s i on-maker in two bas i c  ways : 

1 .  I f  his obj ecti ve i s  to produce a speci f ied health improve

ment at minimum cos t ,  he ·should select programs in s equence 

from the l i st unti l the desired health improvement has 

been achieved . This wi l l  be the minimum-cos t set for the 

res ulting health improvement .  

2 .  I f  his obj e ctive is to produce the maximum heal th improve

ment for a given cos t , he should s e lect programs i n  

s equence from the l i s t  unti l the cumulative cos t has 

reached the cost con s traint . This wi l l  be the set that 

maximi zes the hea lth improvement for the cumulative cos t 

of the programs . 

I n  either case , the set o f  programs s o  s e le cted 

may �Qt represent the f inal dec i s ion . The intangible bene

f i ts from each program mus t  be cons idered by the deci s ion

maker and the s et of selected programs adj usted accordingly . 
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With mutua l ly exc lus ive programs · 

Now cons ider multip le programs , s ome mutual ly 

exclus ive , plotted on the s ame C-E graph . An example i s  

shown in figure 5 ,  with mutually exc lus i ve programs c on-

nected by s traight lines . Thi s  c onventi on i s  used s ince 

frequently the mutually exc lus ive programs are mere ly 

di fferent leve ls o f  the s ame program . I n  this case , the 

line connecting the p6ints has a natural interpretation 

as the C-E curve for the basic program itsel f .  However ,  

i t  i s  important to note that the method whi ch follows in 

no way depends on thi s interpretation . Any set of points 

(programs ) whats oev�r m�y be spec i f ied as mutual ly exclu-

s ive . 

'E 

Fig . 5 . - -Multiple Programs on a C-E Graph 
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Figure 4 shows several different types o f  programs . 

Points 1 and 2 are two leve ls o f  an outs tanding program 

whi ch not on ly s aves money for society but provides health 

benefits as we l l .  Points 3 to 7 are di fferent leve l s  of a 

program whi ch s aves money in the beginning , but when pre s s ed 

to h i gher levels , costs money and produces a dimini shing 

marginal return . Thi s  patter n  might resemb le mas s  s creening 

for tuberculos is where the initial leve ls represent a pro-

gram in the high preval ence areas and the higher l evels 

inc lude rural s creening as we l l . Points 8 to 1 1  are leve l s  

of a program whi ch disp lays a threshold cos t  b efore whi ch 

little health bene f i t  i s  received at a l l , and then the 

typical dimini s hing marginal return pattern . Points 1 2  to 

16 are a random co l lection of points to indicate that no 

special pattern i s  requi red by the method . Points 17 and 1 8  

are included t o  show that s ingle independent programs can , 

of cours e ,  be mixed with mutual ly exclus ive programs in this 

analys i s . 

The method used in thi s  section requires an under-

standing of the concept of marginal or i ncremental analys i s . 

Cons ider the s i tuation where program 5 i s  in s olution and 

we are now debating whether or not to replace it with pro-

gram 6 .  The cos t and the effectiveness of program 6 are 

c 6 and e 6 respectively on a tot�l basis , and c 6 - c 5 and 

e 6 - e 5 respective ly on a marginal basis . The latter f igures 

are the re levant one s . That i s , i f  we replace program 5 with 
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program 6 ,  we wi l l  be spending c 6 
- c

5 
dollars to gain 

e6 
- e 5 uni ts of health . Th is mus t  then be compared agains t 

a l l  other pos s ibi lities for adding programs to the s olution ; 

s o  that , at th is s tep , the b e s t  pos s ib le program addition i s  

made . Thus , in any set of mutua l ly exc lus ive programs , the 

bes t  program for replacement o f  the exis ting program i s  the 

one with the maximum incremental effectivenes s - co s t  ratio . 

We are now in a pos i tion to specify the a lgori thm 

for produc ing a cos t-e f fectivene s s  prior i ty ranking for pro-

grams s ome of which are mutual ly exclus ive . 

1 .  For each set o f  mutually exclus ive programs determine the 

best initial increment and add it to the l i s t  of increment s . 

( a )  I f  a s et has any c .  < O ,  the bes t initial increment i s  l 

(b ) 

the point with the minimum c . . l In cas e of a tie , s e le c t  

the point with the maximum e . . l 
I f  a set has no c .  l < 0 ,  the best initial increment i s  

the point with the maximum �E/� C .  ( For the initial 

l i s t  �E/� C = e .  /c . )  l l In cas e of a tie s elect the point 

wi th the minimum � C  - - this w i l l  caus e the tied programs 

to be adj acent on the f ina l priority l i s ting in ascend-

ing s equence of program cos t .  (This w i l l  occur regard-

les s of how many points are involved in the tie . )  

2 .  S e lect the bes t program from the l i s t  of candidate incre-

ments us ing the s ame cri teria as s tep 1 above , and enter 

it into the solution . 
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3 .  Replace thi s  program in the l i s t  o f  candidate increments 

by the _ next be s t  program from the same mutual ly exclu-

s ive s et . I f  program r i s  currently i n  solution , the 

replacement for it is the program i whi ch maximi zes 

t. E/t.C , ii E >O , where t.E = e .  - e and t. C  = c .  - c . I n  i r i r 

c as e  of a tie , s elect the increment with the minimum t. C .  

4 .  Repeat s teps 2 and 3 unti l programs for cons iderati on are 

e.xhaus ted . 

5 .  The s equence wi th which programs enter the solution gives 

their cos t-effectivene s s  priority ranking . 

Further details  on the above algorithm may be ob-

tained in Appendix I I I  which contains a lis ting of the computer 

program CERANK and i ts output . Once again , this method re-

sults in a l i s t  of proj ects in their coat-effectivene s s  

priority order and a l l  the comments made in the previous 

s ection about the use of thi s  list by a deci s ion-maker s ti l l  

apply . 

With individual programs 

The previous two a lgorithms assume that a l l  pos s ib le 

programs are evaluated s imultaneous ly , s ay once a year , and 

any program whi ch comes up in the interim mus t  wait unti l 

the next ye ar for cons i deration . However , it may be des ired 

to per form an interim eva luation on a program to determine 

the leve l o f  s upport i t  should receive . This c an be done 

two ways : 

l 
I 
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1 .  By rerunning the last eva luati on of a l l  programs with 

the new program inc luded , to s ee where i t  ranks , or 

2 .  By determining a thre shold ll E/� C ratio which each pro-

gram increment mus t  achieve to be imp lemented . One 

pos s ib i l i ty for thi s  ratio would be to us e the minimum 

ratio wh ich was implemented at the las t complete evalu-

ation . Thi s  approach would ensure that only programs 

which were equa l to or better than exi s ting programs 

would be impl emented at an interim evaluation . 

Mathematical programming algorithm 

The cos t-ef fectivene s s  ranking algorithm has two 

limi tati ons : 

1 .  I t  wi ll not neces s ari ly s elect the sub - s et of programs that 

wi l l  produce the max1mum health improvement for a given 

cos t cons traint . I n  fact , thi s  optimal condi tion i s  only 

guaranteed if the cumulative cost from se lecting proj e cts 

in s equence from the l i s t  exact ly equal s  the cos t con-

s traint . Otherwi s e , unus ed funds w i l l  be left s i nce the 

next-bes t  program wi l l  be too l arge to be accepted . In 

thi s  cas e , a large number of improved s olutions may be 

ava i l able : for example , spend the remaining money on 

s ome combinati on of lower -ranked programs whi ch can be 

af forded ; or drop one or two sma l l  programs which have 

been accepted if th is would provide the extra funds re-

quired to af ford the large next-bes t program . 
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2 .  I t  cannot handle a prob lem with multiple res ource con-

s traints . Thi s could occur i f  the resource constraint 

was to be cons idered a function of time : i f  d i ff erent 

amounts were avai lable in d i f f erent years . I t  c ould 

also occur if d i fferent resource s  (phy s i cian time , drug s 1 

c apital , provinci al government contributions ) were not 

to be cons idered interchangeabl e , but were to be individu-

a l ly l imited to some tota l  amount available . 

Both of thes e  l imitations can be overcome by the us e 

o f  a 0 - 1  integer l inear programming a lgori thm . It requires 

the s ame bas i c  approach as that propo s ed by a number of 
' 

authors for optimal capi tal budgeting i n  a firm ( Had ley , 

19 6 4 , p .  2 6 9 ; Weingartner , 19 6 7 , p . 3 3 ; Mao , 1 9 6 9 , p .  2 4 0 ) . 

The bas i c  model i s  formul ated as fol lows : · 

n 
Max z = 

. l 
i = l  

n 

l 
i=l 

0 < 

l 
iE I . J 

e .  
i 

c . 
i 

x . 
i 

x .  
i 

x . .. < c i -

< 1 ,  x .  an integer , i = 
i 

x .  < 1 ,  
i -

j = 1 , 2  . • •  , p  

( 1 7 )  

( 1 8 )  

1 , 2 ,  • • •  , n  

( 2 0 ) 

h 1 · l '  the i. th 
· · th 1 t '  w ere x . = imp ies program is in e so u ion 

i 

( accepted ) , 

( 1 9 ) 
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0 . 1 . h 
. th . . th x .  = imp ies t e i program i s  not in e l 

s olution ( re j ected ) , 

. h . th b t I .  lS  t e J SU - s e  J 
of mutual ly exc lus ive prcgrams , 

C i s  the total amount of dol lars avai l able , 

e .  i s  the effectivenes s  ( in uni ts o f  hea lth ) o f  l 
h 

. th 
d t e l program , an 

c .  is  the net cos t to s ociety ( in dol l ars ) of the l 
. th 
i program . 

Multiple res our ce cons traints may be added to thi s  

model quite simp ly . Suppose , for example , that i t  i s  desi red 

to individua l ly cons trai n the amount of phy s ician time , the 

amount of nur se time , and the number of hospital bed-days to 

no more than the tota l  amounts ava i l able ; P ,  F ,  and B res -

pective ly .  Let pi ' f i and bi b e  the amounts o f  each o f  

these res ources used by the ith program . Then the fol lowing 

three additional cons traints should be inc luded : 

n 

I p . x . � P  
i=l  l l ( 2 1 )  

n 
I f . x .  � F 

i=l  l l ( 2 2 )  

n 
I b . x .  � B 

i = l  l l ( 2 3 )  

Note that this formulation a l lows the analys t  to inve s tigate 

the ma rginal value of additional uni ts of each type of resource . 

That is , i t  can answer the q ue s tion : how much additional 

] 
J 
J 
J 
1 
] 
J 
J 
J 
J 
J 
I � 
] 
] 
J 
1 
J 
j 
j 
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health would be created by adding an addi tional uni t of 

phys ician time , o f  nurs ing time , or o f  hospital beds ? The 

answer is not directly avai l able from the s olution , the way 

it i s  wi th linear programming , s ince the 0 - 1  a lgori thm used 

i s  an implicit enumeration ( branch and bound) type . Rather , 

the marginal values mus t  be obtained by a parametric analy s i s  

in whi ch the prob lem i s  re-solved at inc reas ingly l arger 

values of the parameter ( P , F or B) and the increas e in the 

ob j ective function can then be related to the increase in 

the parti cular resource . A convenient res tart procedure 

is available to improve the effic iency of these parametri c 

reruns . Providing a cons traint has been relaxed , rather 

than tightened , for a rerun , the previous solution can be 

used as an efficient s tarting point . Thi s  wi l l  exc lude all  

wor s e  solutions from cons ideration and vas tly reduce the 

number of points that mus t  be i nves tigated . 

Resources may be broken down as f inely as required 

for use in thes e  multiple resource constraints . F or 

example , phys ici an- time may be too broad a category and , i f  

s o ,  could b e  repl aced by a s eparate constraint for each 

type of phys ician specia lty . 

I n  a s imi lar fashion , a cons traint may be added to 

l imit the cos ts incurred by one o f  the levels of government , 

i f  s o  des ired . The government may wish to limit its gros s  

expenditures only ( the money it spends t o  support the pro-
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grams ) ; or it may l imit i ts net costs · ( the di f ference 

between the government expenditures for the health pro

grams and the government receipts from theml ) � 

A fur ther comp lexi ty i s  introduced i f  one or a l l  

o f  the s e  cons traints are t o  b e  expres sed o n  a n  annua l 

bas is . For example i f  

Ck = the amount of tota l cos t which society can 

af ford in year k ,  

P
k 

= the amount o f  physi cian time avai lable in 

c ik 
= the tota l cost of program i in year k ,  

year 

pik 
= the physician time required by program i in 

ye ar k ,  

K = the number of years into the future which mus t  

be cons idered , then cons traints ( 1 8 )  and ( 2 1 )  can b e  re-

wri tten as follows : 

n 
I c

ik 
x .  < C

k
, k = 1 ,  2 ,  • • •  , K i -

i=l 
( 2 4 )  

n 
I p

ik x . < P
k

, k = 1 ,  2 ,  • • •  , K 
i=l i - ( 2 5 )  

S imi larly , any cons traint can b e  es tab lished o n  an annua l 

bas i s . Thi s feature could be particularly appealing to 

1 b . . 
d t '  A government o tains receipts or cos t re uc i ons 

from hea lth programs two ways ; fir s t ,  from increased taxes 
received from the additi onal earnings of the people whose 
health was improved by the program and s econd , from a 
reduced uti l i z ation of government-subs idi zed health fac
i lities (hospita l s  etc . ) also due to the improved health 
created by the program . 

k ,  

f 
q � 

( 
I 
1 
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government departments that wi shed to limi t their commitment 

for future program costs to specified annual amounts . 

Comparison of the two algorithms 

Two a lgorithms have been introduced for determi ning 

the optimal sub-set o f hea lth programs from a l arger s et of 

feas i ble programs : a cos t-effectivenes s  ranking algorithm 

deve loped speci fica l ly for thi s res earch , and a s tandard e - 1  

integer linear programming a lgorithm . Both are applied to 

a s ample of he alth programs in Chapter V ,  and a detai led 

compari s on of the two is performed . In summary , the con-

c lus i ons are that the cos t-effectivenes s  ranking a lgorithm 

is super i or for those problems to which it i s  app l icable - -

an application with any number of programs , any number o f  

mutual-exc lus ivity cons traints , and one c o s t  cons trai nt . 

I t  has the fol lowing advantages :  ( 1 )  s implicity , ( 2 )  corn-

putational efficiency , ( 3 )  the abi l i ty to handle l arger 

s ets of programs , ( 4 )  only " peak " 1 s olutions are produced 

and thes e  are normally to be preferred , and ( 5 )  better 

informati on is provided a long with the solution {specifi-

cally , the incrementa l  effectivenes s-cost ratios which are 

useful for the rational incorporation of the intangible 

1 See p .  2 0  4 below for an e laboraticm on what i s  
meant b y  " peak "  solutions . 
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bene f i ts and also for interim s ingle program evalua-

tions ) . On the other hand , the cos t-ef fectivene s s  ranking 

a lgor i thm is  not applicab le to prob lems wi th multiple 

res ource cons trai nts , and such prob lems mus t be handled 

wi th the 0 - 1 integer linear programming algor i thm . 

I 
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CHAPTER I I I  

HEALTH SCALE MEAS UREMENTS 

The propos ed model described in the previous chap-

ter requi res a linear interval (or rat i o )  health scale 

and a measuring technique which c an b e  used to determine 

the s cale value (health index ) for any poss ib le health 

s tate ( or , at lea s t , for a wide variety o f  health s tates ) . 

The propos ed scale and measuring technique are described 

in th i s  ch apter and tes ted by me asuring the health value 

for five dif ferent health s tates . The following definitions 

and notation wi ll be us ed : 

t .  Health s tate . --A health s tate i s  a specific comb ination 

o f  physical health , emotional health , and s ocial health . 

s .  denotes health s tate i .  1 
s

1 
is  s tate hea lthy - that i s , the s tate o f  being s imul 

taneous ly healthy o n  all three dimens i ons o f  health 

( phys i cal , emotional and s ocial ) . 

sn i s  s tate dead . 

2 .  Health s tate value . - -The health s tate value (health s tate 

uti l i ty value , health index ) is  the utility o f  that s tate 

as perceived by s ociety .  

h .  denotes the he alth value for health s tate i .  1 

- 8 5 -
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h1 = 1 ,  by definition . 

hn 
= 0 ,  by defini tion . 

A health value i s  a character i s ti c  of a parti cular health 

s tate . I t  has the dimens i on o f  quanti ty only ; no time 

dimensi on . 

3 .  Units of health . --The amount of heal th or amount of 

he alth uti lity for a particular population for a spec i fied 

period of time is  meas ured in uni ts of health . The popu-

l ation may be one or more peop le ; the duration one or more 

days . The unit of he alth i s  a health-value-day . That i s , 

i t  i s  the sum o f  the health values for each man-day 

invo lved . Or , phrased another way , i t  i s  the weighted 

health-days where each day (man-day ) i s  we ighted by the 

value of the health s tate of that i ndividual for that day . 

Deve lopment of the Meas urement Techniques 

. 1 S urvey of potential method s 

A number o f  techniques have been deve loped by various 

res ea�chers for the measurement of uti lities . Many meas ure 

only ord inal uti l i ties , and thes e  were discarded as inappro-

pria te for the required purpo s e . Others measure uti l ities 

on an interva l or ratio s c ale , and thes e  were reviewed to 

determine the ir s uitab i l i ty for thi s  pro j ect . Spe c i fically 

1
The s ix uti l i ty measurement techniques l i s ted i n  

thi s  section are critically reviewed in Appendix I ,  Exhibit 
1 1 . 

,1 I 
II 
11 111 \' 

I 

I 
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the following techniques were investigated : 

1 .  The von Neumann-Morgenstern standard gamble { von Neumann 

and Morgens tern ,· 1 9 5 3 ) . 

2 .  The s implified von Neumann-Morgenstern s tandard gamble by 

Ackoff and Sasieni ( 19 6 8 , p .  4 9 ) . 

3 .  The deci s i on theoretic method by F l agle ( 1 9 6 6 , p .  4 0 0 ) . 

4 .  The direct measurement method sugges ted by S te
_
vens ( 1 9 5 9 , 

p .  5 2 )  and applied by Mi l ler ( 1 9 6 6 ) and Stims on ( 19 6 9 ) . 

5 .  The Churchman-Ackof f  method { Churchman and Acko f f , 

19  5 4 ) • 

6 .  The method of i nd i f ference curves { Stevens , 1 9 5 9 , · p .  5 6 ) � 

Number 5 was determined to be unsuitable . Numbers 2 

and 3 were found to be variations o f  number 1 .  Number 1 ,  the 

s tandard gamb le was selected as one of the methods to be 

us ed , with the alternative s phrased as real i stica l ly as 

pos s ible as sugges ted by F l agle ' s  decis ion-theoretic approach . 

The direct measurement method was the other technique s e le cted 

for use , and thi s  approach evolved , in . . application , into a 

time trade-off technique whi ch has s ome aspects in common 

with the method o f  ind i f ference curve s . 

P i lot appl ications 

I n  thi s pro j ect the techniques for measuring health 

state values progressed through three pi lot applications , 

duri ng which they were under cons tant evolution , and one f inal 

application , to implement and test the f inal refined methods . 

Table 2 summari z es the highlights of thi s  evolution . 
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E ffect of time on health state uti lities 

In measuring the uti lities for health s tate s , other 

factors mus t  be held cons tant , and only the health s tates 

varied . One of the other factors i s  time - - the duration o f  

time spent in a particular health s tate . That i s  accompli shed 

qui te s imply in the von Neumann-Morgens tern s tandard gamble 

and the direct measurement technique by holding the time 

cons tant for all  alternatives , and in the time trade-off 

method by carefully controlling the time and accounting for 

i t  in the calculations . 1 

However , one mus t still  s e lect the s peci fied time 

to be held cons tant . I n  vers ions 1 ,  2 and part o f  3 ( Table 

2 )  two times were used for each s tate to determine whether 

or not the health s tate uti l i ty is sensi tive to time . It 

appears that i t  i s . 

Firs t the data was analyzed to determine i f  there 

was a sta ti s tically s ignificant dif ference between the short-

term health value and the long-term health value for the s ame 

s tate determined in the s ame pi lot s tudy . A paired t-test 

with a two-tai led 5 per cent leve l o f  s ignificance was us ed .
2 

1�hese measurement methods are described i n  deta i l  
further on in thi s  chapter . See pp . 9 4 - 1 0 5  below . 

2
see Appendix I ,  Exhibit 1 for the detai led re-

s ults . 
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There was no s tate where the difference was s tatist i cally 

s igni ficant but there were a number o f  c ases  where this 

result appeared to be due to the small sample . That i s , 

i t was suspected that a larger s ample would indeed show the 

d i fference to be s tati s ti cally s igni f i cant . 

A pattern began to emerge .  I t  appeared that fre

quent ly the hea lth value o f  a c onfinement s tate would decl ine 

wi th time whi le that of a chronic disabi l i ty would increas e .  

This was framed a s  a hypothes i s  and tes ted s ta t i s tically . 

All confinement s tates that had been tes ted a t  two di f ferent 

times were aggregated and s imi l ar ly a l l  chronic s tates . A 

paired t -tes t was f e l t  to require too s trong an a s sumpt i on 

- - i t  assumes tha t  d i f ferences are identically and norma�ly 

distributed and s i nce the s e  d i fferences come from d i ff erent 

hea l th s tates , measured on dif ferent sub j ec t s , with d i ffer-

ent versions of the measur ing ins truments thi s  was cons idered 

unlikely to hold . S o  the hypothe s i s  was tested us ing the 

non-parame tric s ign tes t
1 

which assumes only that the health 

value has a continuous dis tribution . The result was that the 

decline in the health value of the c on finement s tates with 

time was s tati s tically s ig?i fi cant a t  a one-tai led 5 per cent 

leve l o f  . s igni f icance and s o  was the increas e in value of 

the chroni c s tates . 2 

1 
For an exp lanation of thi s  tes t ,  see S i egel , 1 9 5 6 , 

p .  6 8 . 
2 

See Appendix I ,  Exhibit 2 for the calculations . 

t 
t 

� � 

� -

. 1 
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A pos s ible explanation for thi s  phenomenon i s  that 

as the durati on in a specific health condition increas e s , 

an individua l ' s  emotional and s ocial health changes .  For 

example , an individual may f i nd the first few days of bed

confinement qui te enj oyable but by the 3 6 5 th day , h i s  emo

tional and s ocial health has deteriorated to a low level . 

He has actually shi fted into a new health s tate wi th a lower 

value . S imilarly , a chronic d is abi l i ty may be mos t  upsett

ing for the first whi l e  and may become quite routine once a 

person has succes s fully adj usted . Here the shift i s  to a 

higher�valued health s tate . 

Thi s fin�ing means that a hea lth condition for one 

period of time mus t  be treated ·as � d i f ferent health s tate 

with ( pos s ib ly )  a d i fferent value than the s ame condi tion 

for s ome other peri od of time . Thus , in measuring the 

health value for a specific condition the expected duration 

o f  the condition mus t be careful ly def ined . This led to 

a mod i fication , introduced in vers ion 4 ,  to spec i fy the 

duration of a health s tate as that duration that pertains 

to the · specific health program under evaluati on . 
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E f fect of prognos is and financial c ons iderations 

P rogno s i s  

The hea lth va lue for a parti cular s tate repre s ents 

the average uti l i ty of being in that s tate as perceived by 

s ociety . I t  does not repres ent the uti li ty o f  future s tates 

whi ch may fol low thi s  one . In o ther words , the prognos is 

for a parti cular health s tate does not enter d irectly · into 

the determination of the health s tate value . Thi s  i s  

achieved in practice by holding the outcome cons tant for each 

a lternative in the meas urement procedure . 1 

A good example of this occurs in the application to 

follow ,  where a ki dney transplant has a higher utili ty than 

confinement to a s anitorium under treatment for tuberculos i s . 

Thi s  implies that a day (week , month ) of life wi th a kidney 

transplant is to be preferred to a day (week , month ) o f  

l i fe confined to a s an i torium . This doe s  not imply that 

chronic kidney disease is to be preferred to tuberculos i s . 

On the contrary , a person wi th chronic kidney disease has a 

lower amount of expected health in total ( higher health 

uti li ty va lues in the immediate future fol lowed by a poorer 

prognoii s ) than a person wi th tuberculo s i s  ( lower hea l th 

1 
The measurement procedure i s  described i n  deta i l  

o n  pp . 9 4 - 1 0 5  below . I 
' l 



- 9 3  -

uti lity value s  in the immediate future fol lowed by a better 

prognos i s ) . 

Although the prognos i s  does not enter into the 

determination o f  the health s tate uti l i ties it does , as the 

example above i s  intended to s how , mos t  certainly enter 

into the calculation of the expected total amount ( units ) 

o f  health and , hence , into the eva luation o f  health 

programs . 

F inancial  cons iderations 

The mode l propos ed in thi s  research takes a society

wide view . I t  attempts to a llocate s ociety ' s  s carce resources 

in a manner which wi l l  maximize the health uti lity achieved 

as perceived by s ociety . I t  a s sumes that s oci ety wi l l  arrange 

the nece s s ary trans fer payments to effect the optimal a l lo

cation so determined . This means that the health uti l itie s  

should b e  measured free o f  any financial cons iderations . 

For examp le , i f  a pers on really prefers a heart trans plant 

but fee ls he can ' t  afford one , his uti lity should display 

thi s  pre ference . The cos t factor w i l l  be incorporated into 

the program evaluation by the mode l . 

Financi al cons iderations are exc luded i n  practice 

by ask ing the respondent to imagine that he i s  f u l ly insured 

complete medical insurance , s alary continuation insurance , 

and l i fe insurance -- s o  that regard le s s  o f  the outcome , 

there are no financial implic ations to him or his  f ami ly .  
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Devel opment of the von Neumann-Morgens tern s tandard gamb le 
technique for measuring hea lth 

Originally (version s  1 ,  2 and part of 3 in Tab le 2 )  

the s tandard gamb le was applied to thi s  problem a s  fol lows : 

1 .  Holding time cons tant ( t )  the sub j ect was asked to pre-

ference rank the health s tates . Let i = 1 , 2 ,  • . .  , n  

repres ent the particular preference sequence for thi s 

re spondent . Furthermore assume that the respondent pre

ferred health the mos t and death the leas t .
1 

2 .  The res pondent was asked to choose between the fol lowing 

alternatives : 2 

Alternative 1 :  s 1 for t ,  followed by death . n-

Alternative 2 :  A hypothetical drug with ins tantaneous 

effect whi ch would result in 

( a )  s 1 for t ,  followed by death , wi th probab i li ty p ,  or 

(b ) immedi ate death wi th probabili ty ( 1-p ) . 

· The value of p was varied to locate the respondent ' s  in-

di f ference point and , from thi s , the value for s tate n - 1  

was calculated , assuming the respondent was i ndi f ferent 

when the expected amount of health uti lity from each al-

ternative was equal . See Figure 6 be low for a graphical 

display of thi s  s tandard gamble . 

1Thi s was always the c ase except in an early pre
l iminary vers ion where coma was one of the s tates and a few 
respondents pre ferred death to i t . Even i f  thi s  occurs , the 
required modifi cations to the calculations are quite s traight
forward . 

2 For more deta i l s  on the interview technique see pp . 
1 0 3 - 1 0 5  below . 

I 
I 
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1 . 0 \ ( n \:_)Alt2 
Health 
Value 
Scale 

J 

! ( 1-p ) 
h I � Altl 

n- lt--+-�-ic.���..;._-1 

h = C  j 
n !'f---- t 

Time ( davs ) --+  

Fig . 6 . - - S tandard Gamble for S tate n-1 . 

Uti lity o f  alternative 1 = uti li ty o f  a lternative 2 .  

h t = h
lt p + h t ( l-p)  

n-1 n 

h = p 
n- 1 

( 1 )  

3 .  The other s tate s , s 2 to s
n_ 2 were measured a s  fol lows : 

Alternative 1 :  s .  for t ,  followed by healthy . 1. 
Alternative 2 :  A hypothetical drug with ins tantaneous 

e ffect which would result in 

( a )  immediate cure with probability p ,  or 

( b )  s i+l for t ,  fol lowed by healthy , with probab i l ity ( 1-p) . 

i 
Health 
Value 
Scale 

1 .  0 

h = O  
n 

'\ ( p ) i- Alt 2 
( l -p�Altl 

I 
.i. 

I 
I 
I 

Fig . 7 . --Standard Gambl e  for S tate i .  

Time (days) . ··-
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Once again the indif ference probab i l i ty p was us ed to 

calculate h .  as follows ( s ee f igure 7 ) : l 
Uti lity o f  a lternative 1 = uti l i ty of alternative 2 

h
i 

= p + hi+l ( 1-p ) ( 2 )  

I t  can be readily s een that formula ( 2 )  is the general 

express ion and contains formula ( 1 )  as· a special cas e . 

It  wi l l  be noted that the format of thi s  s tep i s  a 

s light vari ation on the clas s i c  von Neumann-Morgens tern 

s tandard gamble . I n  the l atter , the gamb le a lternative 

( al ternative 2 )  a lways re l ates back to the original bench-

mark s tates at the ends of the scale : in this case healthy 

and dead . The s light rearrangement outlined above i s  pre-

ferred for two reas ons : i t  avoids continual reference to 

the s tate dead but , more importantly , i t  keeps the indi f fer-

ence probabi l i t ies nearer to 0 . 5  where they c an b e  more 

1 accurate ly interpreted by the respondent . 

The s tandard gamb le technique as outlined above and 

origina l ly implemented in thi s  research pres ented two prob-

lems . The first was a problem frequently mentioned in the 

l iterature as the reason why this technique i s  not app l i -

cab le t o  he alth measurements . I t  s tems from s tep 2 ,  where 

1see p . 2 3 6. below for the background discus s i on on 
thi s  point . 
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the s ub j ect was faced wi th a probabi l i ty of immedi ate 

death , and th is prospect is so d�eadful to many that they 

reacted s trongly against i t , resulting in high ind i ffer

ence probabi lities ( p )  and cons equently high heal th values 

( near 1 . 0 )  for a l l  s t ates other than dead . 

Of course ,  thes e could be the proper values , except 

for the following factors : 

( a )  Wi th the other measurement technique , where the sub j ect 

was deal ing with his future death rather than his 

immedi ate death , the resulti ng health s tate value $  we�e 

c ons iderab ly lower . 

(b } S imi l ar lower values were obtained with the s tandard 

gamb le technique when it was modified to a l s o  deal with 

deferred death only . 

( c }  The values are to be used in deci s ion-making concerning 

future health programs and as a result the trade-offs 

t o  be evaluated w i l l  all  be in the future . 

C ons equently , s tep 2 was modi fied as follows to deal only 

with deferred death : 

A lternative 1 :  s 1 for t ,  s
n- l  for t ,  followed by death . 

Alternative 2 :  A hypothetical drug wi th a de layed reac

tion ( de lay time of t} to be taken now , whi ch would result 

in one of the fol lowing two outcome s : 

( a } s 1 for 2 t ,  followed by death , with probab i l i ty p ,  or 
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( b )  s 1 for t ,  fol lowed by death , with prob ab i l i ty ( 1-p ) . 

Again p was var ied to locate the point of indi f ference from 

whi ch the value of the s tate was calculated . See figure 8 

and the calculation be low . 

t 
Health 
Value 
S cale 

h l = l . 01 
I 
i 
{ 

h I n- lj 

�-- ·· 

l'\, ( p ) •  r_ Alt2 

: ( 1-p ) : 'f.::� Al t l  

Fig . 8 . --Modi f ied S tandard Gamb l e  f o r  S tate n- 1 .  

Uti lity of alternative 1 = uti lity of a lternative 2 

h - p n- 1 -
( 3 )  

The s econd prob lem with the s tandard gamb le technique 

was the d i f fi culty in explaining the alternatives to the 

sub j ect , especially one who was unfami liar with probab i lities . 

This prob lem was further compounded by the above modification 

to defer death whi ch resulted in pos ing quite a complicated 

ques tion to the subj ect . Thi s  prob lem was mi tigated by 

developing a s et of cards , such that each card would display 

one a lternative . I n  the interview , the sub j ect i s  merely 

shown two cards and asked to i ndi cate the one he prefers . 
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Thes e c ards not only reduced the explanation problem but 

also shortened the interview time by approximate ly 5 0  per 

cent ( from about 1 hour to 1/2 hour ) • 

Deve lopment o f  the direct measurement and time trade-off 
techniques for measuring health 

The s econd bas i c  technique used to measure the 

health s tate va lues began as a direct meas ur'ement me thod , 

implemented as fol lows : 

1 .  Holding time ( t )  cons tant the sub j ect was asked to pre-

fere nce rank the health s tates . Let i = 1 ,  2 ,  . . •  , n  

repres ent the particular prefer ence sequence for thi s  

respondent . 

2 .  For a l l  but the f i r s t  two s tates , the s ub j ect was asked 

to s tate how many times wors e  he cons idered thi s  s tate 

than the s tate immediate ly above i t  in his prefere nce 

rank ing . Let x .  represent thi s  value for s tate i ;  then 1 
the health values could be calculated from the recurs ive 

re lationship 
1 - h .  

x .  = 1 
1 1 h . 1 

-

1 -

and the knowl�dge that h1 
= 1 and h

n 
= 0 .  

In fact , by re arranging ( 4 )  to 

h . 1 
= 1 -

1 -

1 - h .  1 
x .  1 

( 4 )  

( 5 )  

i t  c an be s een the s o lution was very s imple i ndeed by 



- 1 0 0  -

merely starting wi th h . n 

I n  vers ions 1 and 2 ,  i t  was sugges ted to the s ub -

j ects that they u s e  a time trade-off  to help them es tab-

l i sh their times worse figures . For example , if  a per-

son considers s i two times wors e  than s i - l ' he should be 

indi f ferent between s .  for a duration of t ,  and s .  1 for l l -
a duration of 2 t . 

By vers ion 3 ,  the times trade-off was inc orporated 

as the only method and a l l  reference to times wor s e  was 

dropped . There were s everal reas ons for thi s : 

( a )  The time trade- o f f  technique was being us ed a lmos t 

univers a l ly by th� sub j ects anyway to devel op the ir 

times wors e  f igures . 

( b )  The time trade-off c oncept was cons i s tent with the 

eventual app l i c ation of this data to health programs 

where time trade-offs  would be required between 

various health s tates . 

The time trade-off technique was appl ied as fo l lows : 

1 .  Ho lding time ( t )  cons tant the s ub j ect
_ 
was asked to 

pre ference rank the health s tates . Let i = 1 ,  2 , • . .  , n  

represent this ranking . As sume s tate healthy was the 

1 mos t  pre ferred and s tate dead the leas t preferred . 

1
once agai n ,  the mod i f i cations to the method are 

qui te s traightforward in the unlikely event that thi s is 
not s o .  

r l  
l 
r l  
F l 
' l  r )  

r l 
r ] 

r l 
] 
] 
� � 

J 
J 
J 
J 
J 
J 
J 
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2 .  To determine the value for s tate n-1 , the subj ect was 

given the following two alternatives : 

Alternative 1 :  s 1 ·for t ,  followed by death . n-

Alternative 2 :  s 1 for x < t ,  .fo l l owed by death . 

Then x was varied to determine the indifference point , 

and the required health s tate value ( h  1 ) was cal cu
n-

lated as shown below . 

i h n-1 
Health 
Value 
Scale 

h = O  
n 

.c-Alt2 

.,- Al t l  

--- --- � Time ' 

F ig . 9 . - -Time Trade-off for S ta te n-1 . 

Uti l ity o f  a lternative 1 = uti l i ty o f  a lternative 2 

h = x/t n- 1 ( 6 )  

3 .  To determine the value for any other s tate i ,  the s ub-

j e ct was given the fo l l owing two alternatives : 

Alternative 1 :  s .  for x > t ,  fol lowed b y  heal thy . l 
Alternative 2 :  s i+l 

for t ,  followed by heal thy . 

Again x was varied to determine the indifference point . 



i 
Health 
Value 

- 1 0 2  -

1 . 0 ,- - - - - - - - - - --------..__,..--

! 

h .  'i--------�"---
�
_A_l 

__ 
t_l 

______ �-+------�------�_. l \  
I 

,r _ Alt2 
Scale h i + l  . i  

0 
t 

� - -
x 

Fig.  1 0 . - -Time Trade-off for S tate i .  

,,, . � .. ime 

-- � 

Uti l i ty o f  a lternative 1 = uti lity of a lternative 2 

( 7 ) 

I f  we define t as t-x as displayed in f igure 9 and t .  
n i 

as the time in s tate i ,  i = 2 , i , . . .  , n- 1 ,  formulae ( 6 )  

and ( 7 )  can be combined into the f o l l owing s ingle 

formula : 

ti+l h .  = 1 - --
l t .  l 

( 8 ) 

l 
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Summary of the procedure for measuring health 

Two technique s for the meas urement of health s tate 

va lue s have been deve loped in this research : a von Neumann

Morgens tern s tandard gamb le method and a time trade-off 

technique . The detai led procedure for us ing these ins tru

ments is outlined be low . 

1 .  Def ine the hea lth s tate s  to b e  valued and prepare a 

wri tten description of each . The c linical des cription 

i s  of background interes t only ; the progno s i s  should be 

omi tted . What is important are such factors as the 

degree of confinement , mobi l i ty , pain , depre s s ion ; dietary 

res trictions , inconvenience , and social interactions . In 

other words , the factors whi ch define the type of l i fe

s ty le implied by thi s  health s tate . I f  the descriptions 

are l i s ted in any manner , produce s evera l  randomi z ed ver

s i ons of the l i s t  for use in the experiment to e liminate 

any bias introduced by the order of the s tates as pre

s ented to the subj ect . 

2 .  Determine the average time duration of interest for each 

health s tate . 

3 .  S tates with s imi lar times should be grouped i nto a cornmon

time set . Use the s ame value of t for a l l  s tates in such 

a s e t . 

4 .  Determine all pos s ib le deci si ons whi ch could be required 

of the subj ects and prepare cards or some type of device 

to a s s i s t  and speed up the exp lanation of each s ituation . 
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5 .  Determine the popul ation of interest and use an appro-

priate s tati s tical s ampling s cheme to s elect the sub j e cts 

and to determine the s i ze of th e s ample . 

6 .  Ask the sub j ect to make the following assumptions in 

answering the que s tions : 

( a )  Answer for himse l f  and not according to some s tero-

type that he fee l s  i s  " r ight " . 

(b ) As sume there are no financial cons iderations involved . 

That i s , he has complete medical insurance , s alary-

continuati on insurance and l i fe insurance . 

( c )  As sume the outcomes wi ll occur as s tated i n  the 

alternative s . That i s , the sub j ect should ignore 

his own conception of the likely prognos i s  for e ach 

s tate . 

( d )  Assume hi s affairs are in order . 

7 .  For each individual ·  randomi z e  the order of pres entation 

· of the common- time s e ts . 

8 .  For each common- time s e t  ask the individual to preference 

rank the health s tates . This wi l l  comp lete ly determine 

a l l- the forced-choice que s tions whi ch mus t  be asked . 

9 .  For each individual randomi z e  the s equence o f  the ques tions .
1 

1rn thi s  pro j ec t , the questions were randomi z ed 
wi thin common-time s e ts , s i nce i t  was felt that thi s  would 
be eas ier for the sub j ects . However , there i s  theoreti c a l ly 
no reas on agains t ,  and s ome ·advantages for , r andomi z i ng the 
complete set of a l l  que s tions . 
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10 . Pose each que s ti on and l ocate and record the indi ffer-

ence point . 

11 . Calculate the health s tate va lue from each que s tion 

using the appropri ate formul a deve loped in the previous 

s ection -- either ( 2 )  or ( 8 )  depending on the measure-

ment technique . 

1 2 . E s timate the popul ation value for each health s tate 

us ing conventional s tati stical inference . 

( a )  The s ample mean i s  the best point es timate of the 

true popul ation mean . 

( b )  Determine the confidence interva l o f  the s ample mean 

and , if thi s  is l arger than the permi s s ab l e  total 

1 
error , addi ti onal s amp les mus t be taken . 

1
one method o f  determining the a l lowable total 

error for a health s tate value i s  to perform s ens itivity 
analys i s  on the mode l to discover the maxi�um error that 
can be tolerated without a ffecting the s olution . 
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App lication o f  the Measurement Techniques 

The two measurement techni que s deve loped in the 

previous section were app lied in a careful ly-contro l led 

manner to a p i lot s ample of individual s .  The purpos e of 

thi s  appli cation was the following : 

( a )  To demons trate the application of the health value mea-

surement techniques . 

(b ) To test the technique s in actual practice in order to 

make recommendations for other res earchers who may wi sh 

to apply them . 

( c )  To obtain some tentative value s  for the speci fi c  health 

s tates required for the applications whi ch fol low . 

Sample · 

A l imi ted convenience s ample c ons i s ting o f  eleven 

Genera l Practi tioners in the Hami lton area was · selected 

for the pi lot tes ting o f  the measurement technique s .  Thi s  

s ample was chos en t o  tes t  and di sp l ay the method only . I t  

was not i ntended that the values obtained b e  used for other 

than il lus trative purposes . ( Indeed , a broad representative 

s ample required to develop an accurate s e t  of hea lth values 

for a large population would not have been pos s ible within 

the temporal and monetary cons traints on the proj ect . )  

However , it was intended that the method used on this limi ted 

s ample could s erve as a model for future appl ications to lar-
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ger and more repres entative s amples . 

The s ample used phys i cians r ather than the general 

pub l i c  for the following reas ons : 

( a )  Phys icians have a better understanding of the nature of 

the various health s tates than the average lay person . 

For example , how many lay people real ly know what i t ' s  

l i ke to be on renal dialy s i s ?  S o  i t  was reasoned that 

the phys i ci ans ' responses would be based on s uperior 

knowledge compared to lay r espons e s . 

( b )  A physician ' s  va lue system wi th respect to health i s  

o ften imparted to h i s  patients anyway . I t  i s  qui te 

common for pat ients to lean heav i ly on the advice of 

their doctor when making important health deci s ions and 

in this way the lay va lue sys tem becomes , to some extent , 

a ref lection o f  the physician value sys tem . 

( c )  P ar t  of the Operations Research method
1 i s  to define the 

dec i s i on-makers for the system under s tudy and their 

relevant ob j ectives . Then the best solution i s  the one 

which maximi zes the attainment of these ob j ective s . I n  

the health s ervice sys tem , the dec i s i on-makers are 

primari ly phy s i c i ans . Thus , the physician health value 

sys tem can be used as an approximation to that of the 

health sys tem dec i s ion-makers ' .  

1 
See p . 3 7  above for a more complete d i s cu s sion on 

the Operations Research method . 
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Thi s  i s  not meant to imply that the general pub l ic ' s  

health value sys tem should not be measured . I ndeed , one 

of the specific recommendations of thi s  pro j ect is that i t  

should be . Rather , it i s  a n  explanation of why , f o r  thi s  

pro j ect , a s ample o f  phy s i cians was us ed . 

The s ample cons i s ted of general practiti oners only , 

rather than special i s ts , for very s pecific reasons . I t  was 

felt that the former were more in touch with the general 

pub l i c , had more inf luence over the pub l ic ' s  value sys tem , 

and had a more balanced view
1 

of a l l  diseases and di s abi l i ty 

s tates . 2 The s ample was s elected by mai l ing a letter to 

twenty phy s i c i ans in genera l  practice in the Hami lton area 

who were as soci ated with the McMas ter Faculty of Medi cine . 

Of thes e ,  eleven agreed to partic ipate . Thus , the s amp le 

is c learly non-random · · and non-repres entative and the speci fi c  

results obtai ned cannot be generali zed to any population at 

a l l . However , such was never the intent . What can be 

general i zed , though , are the conc lus ions about the health 

va lue me as urement technique s per s e  and the recommendations -

for others who wish to apply the ins truments . 

1The unbalanced view o f  the spec i a l i s t  which i s  
implied here refers t o  the fact that a spec i a l i s t  may have 
a bi ased view of the importance of the spec i f i c  di seases 
and disab i l i ty s tates treated by his specialty . 

2s ee Appendix I ,  Exhibi t  3 ,  for a copy of this 
letter . 
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Experimental method 

Hea l th S tate s and Des criptions 

Values were requi red for five speci fic hea l th 

s tate s ; home confinement , sanitorium c onfinement , home 

di alys i s , hospital dialys is and kidney tran spl ant . Des -

criptions of the se s tates were prepared in conj unction 

with phy s icians spe c i a l i z ing in the se parti cular d i seases1 

and were l i s ted on two � heets for the conv�nience o f  the 

sub j e ct s . Two randomi zed version s  o f  each sheet were pro-

duced to el iminate pos i tiona l bias and the sheets were ran

domly a s s i gned to the sub j ects . 2 

The rel evant time duration for the two tubercul o s i s  

s tates wa s cons iderab ly shorter than that for the k idney 

state s , so the descriptions were grouped into two common

time sets wi th selec ted times ( t ) o f  4 months and 5 years 

respectively . 

1 
Dr . W� D .  Wigle , Tuberculo s i s  P revention Branch , 

Department o f  Health , Government o f  Ontario, for the tuber
culo s is s tate s ; Dr . E . K . M .  Smi th , As so ciate Pro f e s sor , 
Department of Medicine , McMa ster Univer s ity , fo r  the k idney 
disease s tate s ; and Dr . D . L .  S ackett , Chairman , Department 
o f  C linical Epidemiology and Biostati stics , McMaster 
Univers i ty , for all s tate s . 

2 
See Appendi x  I ,  Exhib it 4 ,  for samples o f  the des 

cription sheets . 
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Que s tions and Replications 

Each of the five health s ta te s  was mea sured in 

two ways for each individual -- with the time �rade-o f f  

and the s tandard gamble technique s .  This alone , wi thout 

rep l i cation , required the subj ect to deal wi th 1 0  d i f ferent 

s ituations ( que s tions ) ,  reaching an indi f ference point in 

each . Complete rep l i cation , although stati s t i c a l ly 

de s i rabl e ,  was ruled out bec ause i t  woul d  have doub led thi s 

number and the interview time was already approaching its  

upper l imit . A se cond reason comple te repl ication wa s 

avoided was the d i fficulty fore seen in properly di s gui s ing 

so many repeated que stions . Hence , i t  was decided to 

rep l icate only one s tate in e ach common t ime set for each 

mea surement method . That is , 4 of  the 1 0  values for each 

individual were replicated . 

The problem in replication i s  to modify the s i tuati on 

enough to disgui s e  it but not enough to change it in any 

bas i c  way . Thi s  was accomp l i shed in the fol lowing manner . 

I n  the time trade-o f f  rep l ication the t ime duration was 

changed ( from 4 to 6 months and from 5 to 7 year s )  and the 

states were reversed as to whi ch one wa s fixed and which was 

incremented in lo cating the indi f ference point . In the 

s tandard gamble rep l i cation , the time duration was changed 

and the c ard describing the gamble al ternative was drawn up 

in reverse order . In both case s , the randomi z a tion o f  

) _  

l . 

1 
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the que s tion sequence was organi zed to separate the repli

cate s , one near each end o f  the s equence . 

To aid in describ ing the hypothetical dec i s i on 

s i tuation to the respondent , a set of c ards was created 

in advance ; one c ard representing each al ternative . S ome 

cards contained variable data whi ch was modi fied during 

the course of the interview . In a l l , 3 4  c ards were re

quired to allow the creation of any o f  the 60 poss ib le 

que s tions . 

Data Col lection 

The data was col lected by a two-man i nterview team 

( the author and a research a s s i s tant ) who vi s i ted each 

general practitioner in the samp le . After a brief explana

tion o f.  the over a l l  pro j ect , the actual measurement was 

conduc ted by fol lowing s tep s 6 to 1 0  a s  previous ly d e scribed 

on page s 1 0 4  and 1 0 5 .  The time required to conduct the 

meas urement portion of the i nterview r anged from 1 6  to 4 5  

minutes wi th a medi an va lue of 2 5  minute s . All the s ubjects 

were interested and cooperative and , c ontrary to the experi-
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1 ence of other res earchers , none reb e l led agains t the con-

cept of quanti fying the value of health s tates or against 

the techniques used . 

Dis carded data 

The data wa s gathered by a sk ing 11 sub j ects 14 que s-

tions each , or a total of 1 5 4  q ue stion s . O f  these 2 had 

to be dis carded a s  invalid . One was a rep l i cated que stion 

recogni zed by the respond�nt .  The other was a time trade -

o f f  que stion on s tate n - 1  with one o f  the early sub j ects 

in which he placed . a cons traint on hi s answer by as suming 

hi s affairs were no t in order . Thi s cons trained him from 

reaching his  true ind i f ference point on thi s que stion, and , 

hence , his true uti lity . Thi s prob lem was avoided wi.th sub-

s equent s ub j ects by asking them to as sume their affairs were 

in order . 

1 S ee for example : Flagl e , 19 6 6 , p .  4 0 0 ;  S timson , 
1 9 6 9 , p .  B - 2 4 ; and S ander s , 19 7 0b .  
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Rel i ab i l i ty of the meas urement techniques 

A meas urement technique i s  re liable i f  it i s  

cons i s tent - - if the s ame phenomenon can b e  meas ured a 

s econd time and the s ame result obtained . Used in thi s  

s en s e  reliabi l i ty i s  synonymous wi th reproducibi l ity , pre

c i s i on , and freedom from random error . 1 It is determined 

by computing a correlation coef f icient between two s ets of 

measurements presumably measuring the s ame thing . Thi s  may 

be done in three d i fferent ways .
2 

{ a )  T e s t-rete s t  method - - repeat the identical tes t  on the 

s ame sub j ects s ix months to a year later . 

{b ) Equiva lent measures - - measure each i tem wi th two dif-

ferent but equiva lent ins trument s . 

1 
Re levant definitions are as follows : 

1 .  Rel i ab i li ty i s  " cons i s tency 6f measurement . • .  a s ynonyn for 
repeatab i l i ty "  { Guion , 1 9 6 5 , p .  2 9 ) . 

2 .  Rel i abi lity i s  " the extent to whi ch a s e t  of meas urements 
i s  free from random-error variance " (Guion , 19 6 5 , p .  3 0 ) . 

3 .  Precis ion i s  " the c los enes s together o f  succe s s ive inde
pendent meas urements of a s ingle magnitude generated by 
repeated applications of the proces s under s pe c i f i ed 
c ondi ti ons " (Natre l la , 1 9 6 3 , p .  2 3 - 1 ) . 

2 
For a more detai led des cription o f  thes e  methods 

s ee Guion , 1 9 6 5 , Chapter 2 .  
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( c } Internal c ons i s tency - - replicate s ome or a l l  o f  the 

que s ti ons by modi fying them suffi ciently to disguis e  

them , but leaving the ir bas i c  content unchanged . I f  

this method i s  used , the question s equence randomi za-

tion should be organi zed to s eparate the rep l i cates 

as far apart as pos s ib l e  to minimi z e  the risk that 

s ome s ubj e ct s  wi l l  recogni ze the s imi l ari ty of the two 

que s tions . 

The last two methods were used in thi s  pro j ec t  to 

tes t the reliab i l i ty of the meas urement technique . Spec i -

f i c a l ly , the fol lowing three reliabi l i ties  were determined : 

( 1 )  the internal cons i s tency o f  the von Neumann-Morgens tern 

standard gamb le ; ( 2 )  the internal con s i s tency of ' the time 

trade-of f ; and ( 3 )  the equivalence of the two technique s . 

1 .  I nte rnal Consi stency o f  the S tandard Gamble 

In determining the re l i ability of the s tandard gambl e  

technique , a l l  cal cul ations were performed a s  though thi s  

technique had been the only one used . Speci fically , in 

computing hi for an individual ,  only the value of hi+l 

determined from the s tandard gamble wa s used ; the value 

determined from the time trade-o f f  was ignored . 

The re l i abi l ity o f  the standard gamble technique was 

dete rmined by replicating two question s  for each sub j ec t  

for a total o f  2 2  rep l i c ations . The first concern in analyz -

ing the re sul ting data was t o  determine whether or not the 
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mod i fi cations made to the que stions for replication had been 

succe s s ful . Firs t , the se mod i f i cations should have d i s-

gui sed the que stions sufficient ly that the re spondents would 

not recogn i z e  them as repeated que stions . Thi s appeared to 

be succe s s ful . Of the 2 2  rep l i cation s there was only 1 

case where the sub j ect commented that thi s  was a repeated 

que s tion and gave the same value as he had us ed previously 

( thi s reading was d i scarded ) ; there we re 2 where the sub

j ect thought he had previously answered a question l ike 

thi s but when he was told that thi s  was d i f ferent , he pro-

ceeded to answer it and give a different f igure , and in 

the remai ning 19  cases , the sub j ect appeared complete ly 

unaware of the replic ation . 

- --- - --

Second ly , thes e  modifi cations should not change 

the questions to the extent that they woul d  measure s ome

thing di fferent . That i s , the re should not be a signi f�cant 

d i f f erence in the value s  obtained with the original ques-

t i on s  and those obtained wi th the modi fied que stion s .  This 

was te sted wi th a pai red t-te s t . The mean di fference between 

paired values ( the figure obtained from the original question 

minus that obtained from the mo4i fied que stion for the s ame 

state and the same individua l )  was 0 . 0 1 0  and thi s was not 

stati sti cal ly s igni f i cant at a level of s igni ficance of 5 

per cent . Thus , it can be concluded that the modi f ications 

made to the standard gamble que stion were succ e s s ful in 

providing the desired hidden replicate s . 
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The reliability of the standard gamble technique was 

determined using the method outl ined by Guion ( 1 9 6 5 , p .  3 0 ) . 

The computed correlation coe ffi cient ( coe f f i c i ent of relia-

bi l i ty )  for the 21 pairs of data wa s 0 . 9 6 5 , with a 95 per 
1 

cent confidence interva l of 0 . 9 2 0  to 0 . 9 8 5 . This high 

re l i ab i l i ty means that in thi s appli cation the standard 

gamb le was relative ly free from random error . In fact , 

the coefficient of reliab i l i ty , 0 . 96 5 ,  c an be interpreted 

direc tly as an e s timate o f  the proportion o f  the to tal 
2 

vari ance accounted for by systemati c sources ( health 

state s , individua l s , and state- individual interactions ) .  

The remainder , 0 . 0 3 5 , would be the proportion contributed 

by random-error . 

2 .  I nternal Con s i s tency of the T ime Trade-O f f  Technique 

The reliab i lity o f  the time trade-o f f  technique was 

determined in exactly the s ame manner . The c al cul ation of 

the health s tate value s  was per formed a s  though thi s tech-

nique had been used alone . The vali di ty o f  the mod i fied 

que s tions was inve s tigated , with simi lar re s ults to the 

standard gambl e .  No respondents recogni z ed a repeated 

que s tion with certainty , on only one que s t ion d id a respon-

1see Appendix I ,  Exhibit 5 ,  for the calculations . 

2see Guion , 19 6 5 ,  p .  3 1 . 

i -

1 
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dent he sitate becaus e he thought he had answered i t  be fore , 

and on the other 2 1  que stions , the sub j ects appeared corn-

pletely unaware o f  the replication . 

The mean difference between paired value s  was - 0 . 0 2 6  

and again this was not s i gnificant a t  the 5 per cent level . 

The coe f ficient of reliability for the time trade-

o f f  technique was 0 . 8 5 8  wi th a 95 pe r cent confidence 

1 inte rval o f  0 . 6 7 6  to 0 . 9 4 1 . Although 0 . 8 5 8  represents 

good reliab i l ity , it i s  intere sting to note that thi s i s  

sign i fi cantly lower ( at a 5 per cent l evel o f  signi ficance ) 2 

than 0 . 9 6 5 , the coef ficient o f  reliabi lity obtained for the 
I 

standard . gambl e .  Thi s  would s uggest that the standard 

gamble is a more reliable method than the time trade-off 

technique . Numeri cal ly , this is  undoubtedly s o . . But 

whether or not the higher re liabi l i ty leads to h igher 

validi ty depends upon the under lying cause s o f  the high 

correlation coe f ficient . 

From examining the original data and the interview 

technique , the fol lowing reasons can be sugge sted for this 

high cor relation : 

1 see Appendix I ,  Exhibit 6 ,  for the calcu lations . 

2 
see Appendix I ,  Exhibit 7 ,  for the calculations . 
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( a ) The replicated questions in the s tandard g amble method 

did not appear to be quite as we l l  disguised as those 

in the time trade-o f f  technique . Thi s , o f  course , 

could contribute to a high reliabi lity for the stand-

ard gamble . 

( b )  Although both measurement techniques are theoretically 

continuous , in actual practice they tend to be d i s -

crete and thi s  favours the standard gamble for rel i -

abil ity . For examp le , in the standard gamble , a 

respondent could theoreti cally select any ind i fference 

probabi lity at all be tween 0 and 1 .  However , most 

respondents were uncomfortable with decimal probabi l i-

ti es and fractions were used ins tead . Thi s  re sulted 

in the frequent appearance o f  such probab i l i ties as 

1/2 , 1/ 3 , 1/4 , 1/5 , 1 / 1 0  and 1/1 0 0 . Thi s l imited set 

made it qui te pos s ible that a respondent with good 

consis tency would obtain the ident i cal value on a 

repl icated question . ( This happended 9 times out o f  

2 1 . ) S imi l arly the time trade-off technique tended to 

us e dis crete points -- in thi s case , years . However ,  

the repli cated questions were such that i f  a c ons i s tent 

sub j ect responded in discrete years only , i t  was often 

arithmetically impo s s ible for him to obtain an identi-

cal result . For example , suppos e  he were indi fferent 

between 5 years of A and 6 years of B the f i r s t  time . 
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The replicated ques tion would show him 7 years of B 

and ask at how many years of A would he now be indi f-

ferent . Answering in d i s crete years only , it would · be 

impossible to be completely cons i s tent (make the two 

ratios equa l )  • 

3 .  Equi valence of the Two Techniques 

The final test of re liab i l i ty was to examine the 

value s obtained for the s ame states from each o f  the two 

technique s . I n  thi s  case , all  the data was used in the 

calculations . For example , in the determination o f  hi , the 

best estimate of hi+l was assumed to be the mean value o f  

hi+l as determined b y  e ach technique . S imi larly , for 

rep l icated que stions , the mean va lue of the rep l i c ations 

was used as the best point estimate of the true · figure 

for that individual ,  that state and that mea surement 

method . 

Again a pai red di f ference tes t  was used to determine 

whether or not the two techniques were yielding signi fi-

c antly di f ferent results . The mean d i fference between 

paired values ( the time trade-off  figure les s the standard 

gamb le figure for the same s tate and the same i ndividual ) 

was 0 . 0 3 7  and thi s  was not stati stically signifi cant at a 

5 per cent leve l  o f  s igni f ic ance . 1 Thi s  s ugge s t s  that the 

1s ee Appendix I ,  Exhibit 8 for the calcu lations . 

-- -- --- --: 
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two techniques are indeed measuring the same character-

i s tic and can be cons idered equival ent . 

Thi s conclus ion i s  further supported by the high 

coef f i cient of reliab i l i ty obtained between the two methods . 

The coefficient of c orre lation between the values obtai ned 

from each technique was 0 . 8 5 0  with a 9 5  per cent conf idence 

1 interval of 0 . 7 5 6 to 0 . 9 1 1 . 

In summary , then , the rel iabi lity s tudies proved 

quite encouraging . The modi fied ques tions for replication 

purposes worked well ; each meas urement technique was highly 

rel i able on a s tand-alone bas i s ;  and when combined , the two 

methods proved to be equivalent and qui te rel iabl e . 

Health s tate v a lues 

One obj ective of taking a s ample of individual s  and 

measuring their health state values in thi s research , was 

to es timate , for each health s tate , the true population 

mean health value . Both a point estimate and an interval 

es timate were desired . 

In determining these population es timates , the 

indivi duals were treated as a random sample from the popula-
2 

tion of interest . However , the repeated measurements on 

1see Appendix I ,  Exhib i t  8 for the c alculations . 

2 In thi s experiment the sample was far from r andom 
and the appropriate qualificati ons and limitations were 
dis cu s s ed on pp . 1 0 6 - 10 8 above . 
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the s ame health state for any one individual could not be 

con s idered as additional data points in the random sample . 

Rather they h ad to be viewed as random samp les from within 

a homogeneous group -- the individual . A further c omp lica

tion in the a�a ly s i s  was created by the unequal number of 

repeated measurements for d i fferent individuals . 1
. Dixon 

and Mas sey d i s cuss the technique required to make point 
- - -- - ---- - � -- - -- - - - - - - - -�-----

and interval es timates of the population mean in thi s  

s i tuation ( 19 5 7 , p .  1 2 9 ) . Bas ically , i t  cons i s ts o f  treat-

ing the group means ( individual means ) as  independent r an-

dom ob servations from the· -population , but weighting them 

for the dif ferent group· s i zes . 

The res ults of thi s  ca l culation on the data from the 

experiment are summari z ed in Tab le 3 below and graph i cally 

displayed in Figure 1 1 . 

1The unbalanced replicates can be read i ly s een in 
the data matrix o f  Appendix I ,  Exh ib i t  9 .  
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TABLE 3 
l 

HEALTH STATE VALUES 

Po int 
E s timate 
( o f  Popu-
lation S tandard 

Health S tate . .  Mean Value Error 

A .  Healthy 1 . 0 0  . 0 0 

D .  Kidney Transplant . 8 3 . 0 4 

E .  Home Dialy s i s  . 6 6 . 0 8 

B .  Home Confinement . 5 6 . 0 7 

F .  Hospital Dialys i s  . 53 . 1 0 

c .  Sani tor ium 
Confinement . 3 4 . 1 0 

G .  Dead 0 . 0 0 . 0 0 

1 .  0 

. 8 ltJ 
� • 6 

B � � 
• 4 

• 2 

0 
A D E B F c 

df 

--

10 

10  

10  

1 0  

1 0  

- -

-
-

G 

Fig . 1 1  - Health State Value s and 9 5 %  Confidence 

9 5  Per Cent 
Confidence 

I nterval 

- -

. 7 4 - • 9 2 

. 4 7 - . 8 5 

. 4 0 - . 7 2 

. 3 1 - . 7 5 

. 11 - . 5 7 

--

I ntervals 

1The data on whi ch these results are based i s  dis
p layed in Appendix I ,  Exhibit 9 ;  the method and detai ls 
of the calculations in Appendix I ,  Exhib i t  1 0 . 

r · 
' 

I ) 
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The interpretation of these results i s  as follows : 

The best point es timate of the true population mean heal th 

value for kidney transplant i s  0 . 8 3 .  Furthermore , there i s  

a 9 5  per cent probab i li ty that thi s  true value lies between 

0 . 7 4 and 0 . 9 2 .  Thus , a day of living wi th a kidney trans -

plant has a uti lity of 0 . 8 3 ,  as compared to a day of healthy 

l iving with a uti lity of 1 . 0 .  �he interpretation for the 

other s tates i s  the same . 

The confidence intervals on th is data are fairly 

large . However , the se can b e  reduced by taking a 

larger s ample of individuals . In fact , the con-

f idence interval is approximately invers ely proportional 

to the s quare root o f  the sample s i ze . 1 For example , i f  

the s ample s i ze i s  increased four times the c onfidence 

interva ls wi l l  be cut in hal f . This , then , i s  j us t  a normal 

s ampl ing s i tuati on -- the s i z e  of the s ample required depends 

upon the error or confidence interval one is w i l l ing to 

tolerate in the estimates . 

This implies that the accuracy o f  the results can 

b e  improved to a high leve l by increas ing the sample s i z e . 

Thi s  i s  only true i f  the measurement technique i s  val id - -

that i s , i f  it meas ures the characteri s tic whi ch i t  intended 

1This is exactly true , as long as the samples have 
common variance and the sample s i ze i s  greater than 3 0 . 
For example , let s 2 b e  the common variance ,  then f or a l l  
N greater than 3 0 , the 9 5  per cent confidence interva l i s  
1 . 9 6 8 2/�. 
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to me asure . 

In this case , that was the uti l i ty of the health 

s tates as perce ived by s ociety . To tes t whether or not 

the results measure thi s  character i s ti c , an independent 

" true " meas ure of the s ame trait is required . One pos s ib le 

method of doing thi s  would be · to assume that people make 

their health care dec i s i ons based on thi s  underlying 

uti lity . - - this i s  real ly_  quite a plaus ible assumption 

s ince the uti lities were meas ured by presenting individual s  

wi th hypothetical health care deci si ons and determining the 

implicit uti lities they exhibi ted. in making thes e decis i ons . 

Thus , the measured uti l i ty should be identical to the 

health care dec i s i on uti l i ty . Wi th thi s  assumption , then , 

actual deci s i ons made by ind ividuals or groups of indivi-

dua ls could be s tudied to determine i f  thes e  c ould be 

explained ( predi cted ) by the measured uti l ities . 

The s cope of thi s  pro j ect c ould not inc lude a 

thorough inves tigation o f  thi s  que s tion o f  validity . Con-

s equently , it is recommended that further res earch be conducted 

in th i s  area . 



---- ---
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Conc lus ions 

In thi s research pro j ect , two me asurement techni-

ques (a von Neumann-Morgens tern s tandard gamb le me thod and 

a time trade-off method ) were applied to a pilot sample of 

e leven general practi tioners in the Hami lton area . Whi le 

thi s  s ample was too sma l l  and too restri cted for drawing 

general inferences concerning the health values obtained , 

i t  was sui table for forming s ome prel iminary c onc lus i ons 

about the usefulne s s  of the measurement techniques themselve s . 

The first conclusion is that the measurement tech-

niques were qui te s ati s factory , i n  f ac t , better than had 

b een expected . The format o f  the approach ( individual i nter-

vi ews , description cards , di sgui s ed repl i cate que s ti ons ) 

proved e f fective . Each technique was highly reli ab le on a 

s tand-a lone bas i s ; and when combined , the two methods proved 

to be equivalent and qui te reliab le . The final health s tate 

values contained cons iderab le vari ance but thi s was almo s t  

exclus ive ly the result o f  the sma ll s ample s i z e  with little 

contributi on from random me as urement error (as reflected by 

the high coe f f i c ients o f  reliab i li ty ) ; and hence , could be 

readily rectif ied by enl arging the sample . 

Neither of the two measurement techniques was 

obvi ous ly superior to the other . The s tandard gamb le approach 

had the better reliabi l i ty , although thi s  appeared to b e  at 

leas t partly due to the discrete nature of the respons es . 
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On the other hand , the time trade-off method had better-

d i s gui sed rep licated ques tions , as meas ured by respondent 

d i s covery , and thi s was not only an advantage in itself , 

but also may p arti ally account for the lower reliab i l i ty 

determined for thi s  method . A maj or advantage of the time 

trade-off approach was the ease of expl aining i t  to the 

sub j ects . · The s tandard gamble question , wi th its probab i l i -

ties , was often d i f ficult f o r  the sub j ec t  t o  grasp -- fre-

quently the questi on had to be repeated b efore a respondent 

could unders tand i t .  There i s  no doubt that the s tandard 

gamb le technique would be very di f f i cult indeed to apply to 

s ub j ects wi th less education than physicians : for example , 

the man-pn-the- s treet . I n  summary , then the time trade-off 

method would appear to be s li ghtly b etter than the von 

Neumann-Morgens tern s tandard gamble for measuring heal th 

s tate uti lity values . 

A further advantage of the time trade-off  technique 

is its potential for use in a mai led questi onnaire . This 

would be a s i gni ficant advantage if a l arge s ample was desired . 

In a mai led ques tionnaire , it would be d i f f i cult to proper ly 

d i sgui s e  repl i cated questi ons and it would probab ly be bes t 

to omi t  these . Thi s  should pos e  little prob lem s ince mos t  

of the var i ation in each health state i s  caused b y  indivi-

dua l d i fferences rather than random error . Furthermore , 

i f  i t  were des i red to measure reliab i lity on a mai led que s -

tionnaire , it c ould readily b e  handl ed b y  a test-retest 

r 1 
r 1 
F 1  
r 1 
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approach . 

I n  us ing the individual interview technique again , 

i t  would be worthwhi le to attempt replication of each 

ques tion . I f  thi s  can be achieved , i t  produces a balanced 

des i gn which has s igni f i c ant c omputational and s tati s tical 

advantages . 

I t  is recommended that further research be conducted 

in two specific aspects of health uti l i ty measurement : 

val idity and general health s tates . Validi ty was d i s cus sed 

brie f ly on pages 1 2 3  and 1 2 4  and i s  obvious ly a critica l  

high priority research item . General health s tates are 

disease- independent disab i li ty categories . The concept 

would be to speci fy a complete spectrum of such s tates , such 

that any pos s ible health cond i tion would be approximate ly 

equivalent to one o f  these general s tates . Then the health 

value for each s tate would be measured , produci ng a univer

s a l  s et of va lue s whi ch could be us ed to evaluate any type 

of heal th program regard less of the di sease , the type o f  pro

gram , or the type of patient . 



CHAPTER IV 

HEALTH P ROGRAM ANALYSES 

Data Required to Analy z e  a Health P rogram 
with thi s  Model 

Program defini tion 

In th i s  model , the term health program i s  us ed in 

i ts broade s t  pos s ib le context . Any activi ty in the health 

service sys tem wi l l  be defined as a program . I t  i s  

immaterial whether o r  not thi s  activi ty i s  spons ored by 

some organi z ation or ins titution and l abe lled as one of their 

programs . Al l that matters is that the program ( activity )  

can be precis ely defined . 

The definition of a health program requires the spe-

ci fi cation of the activity -- i ts scope , intens i ty and dura-

ti on . The s cope o f  a program refers to its population 

coverage . That i s , at what group of people i s  this program 

directed and how many o f  them will avai l  themse lves of it?  

The intens i ty of a program pertains to the leve l o f  resources 

committed to i t ;  what leve l o f  support is  planned for the 

program - - minima l , maximal or s omething in-between? And 

finally , the duration of a program refers to the time during 

whi ch these changes are expected to be in e f f ect . 

- 1 2 8  -

l 
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Frequently a propos ed change to the health service 

sys tem can be directed at different groups of the total 

populat ion , c an be supported at various poss ible levels , 

and can be planned for var ious time durations . When thi s  

i s  so , i t  i s  genera l ly des ired t o  evaluate the proposed 

change at a l l  pos s ible combinations of its scope , intens ity 

and duration . For the purposes of thi s  mode l , each potential 

c ombi nation is defined as a s eparate program . Many of these 

programs wi l l  be mutually exc lus ive --
. for examp�e ,  programs 

for the same popul ation at dif ferent levels of intens i ty and 

duration . 

To evaluate a proposed program , we mus t  predict what 

would happen both with and wi thout the change . The latter 

requires the definition of a no-program or benchmark s i tua

tion . Generally this wi ll be the c ontinuation of the s tatus 

quo . Sometimes it wi l l  be the continuation o f  the exis ting 

s i tuation with some future improvements bui lt in , where these 

are a lready planned or author i zed . 

The above di scu s s ion has been phrased in terms o f  the 

evaluation of proposed programs . But what about the evalua-

tion of exi s ting programs ? In thi s case , there are real ly 

two que s tions , and they might have qui te d i fferent answer s : 

( a )  how wel l  has the exis ting program performed in the pas t , 

and ( b )  should the exis ting program be continued into the 
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1 future . However , both que stions can be handled by the same 

model -- the one propos ed in this research . I n  the first 

que s tion , the program is treated as the change and the bench-

mark is the s i tuation that would have exi s ted had the program 

not been in ef fect . I n  the other que s tion , there i s  a choice 

of two methods , either of whi ch wi l l  yield the s ame results . 

The propos ed program may be defined as the continuation of 

the exi sting program , in which case the b enchmark i s  the 

s i tuati on whi ch would exis t  i f  the program were cance lled . or , 

the propos ed program may be def ined as the canc e llation of the 

exis ti ng program wi th the benchmark its continuati on . These 

two formulations o f  the problem are complete ly equival ent . 2 

The specific information required to analy z e  a heal th 

program with the model deve loped in thi s research can be 

summa r i z ed as follows : 

1 .  Define the general nature of the proposed change . 

2 .  Def ine a l l  pos s ible programs inherent in the pro-

posed change - - a l l  feasible comb inations of a l l  

levels o f  scope , .intens i ty and duration . 

1These two ques ti ons are exact ly analagous to the 
concepts of contro l and p lanning in the management l iterature : 
see for example Anthony , 1 9 6 5 , pp . 1 - 2 3 . The exploration of 
thi s  analogy c ould l ike ly lead to valuable r e search into the 
management of the health s ervi ce sys tem . 

2 See p .  6 9  above for the explanation o f  thi s  point . 
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3 .  Parti tion thi s  total set of programs into sub

s ets of mutually exc lus ive programs . 

4 .  Define the no-program or benchmark s i tuation . 

Data r equirement 

The fol lowing data is required f or each program defined 

in the previous section . In each case , the data i s  measured 

as the difference b etween the program s i tuation and the bench

mark s i tuation . 

1 .  The net co s t  o f  the program to society each year . For each 

year the net cos t  i s : 

a )  the direct cost o f  the program ( admini s tration cos ts ; 

facil i ty cost s  - hospital space , office spac e , special 

equipment ; manpower cos ts � phy s i cian time , nur s e  time ; 

and mater i a l s  cos t  - drugs , l aboratory material s ) , plus 

b )  the indirect cost of the program (product.ivity lost be

c aus e people participate in the program - for example , 

time off-work to attend a mas s  che s t  x-ray program) , 

l e s s  

c )  the direct s avings of the program ( the direct health 

care cos ts which wou ld have been spent on the cases pre

vented or cured by the program ) , l e s s  

d )  the indirect s avings of the program (the los t  earning s  

due to illne s s  and premature death prevented b y  the 

program ) . 
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This net cos t  o f  the program to society i s  preci s ely 

the s ame figure (with the opposite s ign ) as the net bene fits 

of the program when calculated by a cos t-benefit analy s i s . 

I n  fact , i t  i s  recommended that the assumptions and proced

ures that are us ed in cos t-benefit analy s i s 1 should be applied 

to the determination o f  this net cos t .  

A f iner breakdown o f  this net co s t  to society may be 

required in some cases . For examp le , i t  may be des ired to 

identi fy those items in the net cost which are the respons i -

b i l i ty o f  a particular leve l of �overnment o r  a parti cular 

agency . This would b e  necess ary i f  a cons traint were to be 

impos ed on the se funds availab le . 

2 �  The hea lth benefit from the program each year , measured in 

units of health . Thi s may be calculated us ing any of the 

al ternative formulae developed in Chapter IV (pp . 5 7 - 6 6 ) . 

Regardless of which formulation i s  used , the fol lowing 

information is required : 

a )  a l i s t  of the different health s tates involved in the 

program plus any additional ones required for the 

benchmark s i tuation ; 

b )  the health va lue for each of thes e  s tates ; 

1 specif  ically the productive res ources vers ion of 
cos t-benef i t , outl ined on p .  8 above . 

� ... ---- 0. :=1 � 



- 1 3 3  -

c )  the health effect of the program each year relative 

to these health s tates . Thi s  may be specified in one 

of the fol lowing ways : ( 1 )  the annual man-days i n  

each state with and wi thout the program , ( 2 )  the 

heal th s tate changes for specific groups · of people 

caus ed by the program , or (3 ) the health s tate transi

tion probab i l i ties with and wi thout the program . 

This health e f fect of the program i s  required f or 

each year that the program has any effect and this may b e  

f or many year s indeed . For example , c ons ider a program , even 

of short duration , that s aves a l i fe . For as many years as 

thi s  person lives the program i s  providing heal th benefits 

s ince in the benchmark s i tuation the person would be dead . 

The difficulty in es timating the s e  health e f f ects in

creases with thei r  d i s tance into the future , but fortunate ly , 

due to the discounting , s o  does the ins ens itivity o f  the 

s olut ion to errors . 
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Tubetcu los i s  S creening Program 

Program d efinition 

D . . 1 es cr1pt1on 

The Ontario Department o f  Health through its Tuber 

culosis Prevention Service operates a number of programs 

directed at a l l  phases of tuberculo s i s  contro l . The se inc lude 

the f inanc ing of provinc ial sanitoria , the operation of d i� -

trict chest c l inic s , the maintenance of a provinci a l  case 

regi s try , spec i a l  s tudies on certain types of tuberculo s i s , 

a mas s  ches t x-ray and tubercu los i s  testing survey , a ho spital 

admi s si on chest x-ray program , a j ai l  ches t  x-ray program , 

and tuberculin testing and che s t  x-ray programs for spec i a l  

groups o f  individual s  such as food handlers and barber s . 

From th i s  l i s t  the mas s  survey was cho s en to b e  one of 

the examp le app l i cations . I t  was selected b ecause o f  the 

re lative ly extensive and accurate data available -- the 

Province has been operating thi s  program and maintaini�g de-

tai l ed s tati sti c s  for many year s . I t  i s  not intended that 

thi s  work cons ti tutes an evaluation of thi s  particular program 

( a  more detai led s tudy would be required for thi s purpos e )  , 

but rather i t  i s  hoped that i t  wil l  display the way in which 

the model developed in thi s  research can be appl ied to a real 

on-going hea lth program . 

1The materi a l  in thi s  s ection i s  prima r i ly extracted 
from the 1 9 6 8  Annual Report of the Tuberculos i s  Prevention 
S ervice ( Ontario Depar tment of Hea l th , 1 9 6 9 a } . 

L 
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The program i s  a mas s  chest x-ray and tubercul in test-

i ng survey which operates as follows : 

a )  A l l  school chi ldren in pub l ic s �hoo l or high s chool re-

ceive a Mantoux Tes t and pos i tive reactors are x-rayed . 

I n  add ition , the local Health Department conducts a 

fol low-up of th� contacts of such posi tive reactors in 

an e ffort to determine the -scrurce- ca-se . -

b) Al l adul ts who attend the c linic receive a Mantoux Test 

and a chest x-ray . 

c )  A s eparate uni t vi s i t s  local industry and provides chest 

x -rays only . 

The analy s i s  o f  thi s  program i s  ori ented to the future . 

The que stion is what are the expected costs and benefits of 

continuing this program and how do they compare with other 

alternatives which may be ava i lable? 

Speci f i c  Programs 

For the purpose of the mode l ,  each specific c ombina-

tion o f  scope , intensi ty and duration cons titutes a s eparate 

1 program . I n  thi s ana lys i s  the total Provincial mas s  ches t  

x -ray and tuberculin testing program was divided into smal ler 

programs as fo l lows : 

1 see p .  1 4l above for a more detai led exp lanation o f  
thi s  point . 
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a )  7 3  geographic areas in the Province were def ined -

1 9  c i ties and 5 4  c ounties , 1 

b )  3 intens ities were investigated - - once per 2 year s , 

once per � years and once per 8 years , and 

c )  3 time durations were examined -- a 1 year program , 

a 5 year program and a 1 5  year program . 

Each geographical area was investigated at each inten

s i ty and each time duration , resulting in a tota l of 6 5 7  d i f -

ferent programs ; whi ch were then partitioned into 5 4  mutual ly 

exc lusive sets . E ach country was the bas i s  of s uch a 

s et . In the cas e of a rural county , the mutual ly exc lus ive 

set cons is ted of 9 programs -- the county at each of the 3 

level s  of intensity and 3 dur ations . I f  the county contained 

one or more of the 1 9  c i ties the s e t  c ons i s ted of an addi tional 

9 programs for each such c i ty . 

The no-program or b enchmark cas e , to which all  programs 

were compared , was the s i tuation that would exi s t  if the 

Provinc ial ma s s  surveys were el iminated . 

1 see Ontario Department o f  Health , i 9 6 9c , pp . 4 0- 4 2 , 
4 8  for the l i s t  o f  the s e  areas . 

l 
I 
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Calcul ation of health benefits 

As sumptions 

1 .  The health states involved in assess ing a tuberculosis  

ma s s  screening program can be reasonab ly approximated by 

the fol lowing four : ( 1 )  heal thy , ( 2 )  home confinement , 

( 3 )  sanitorium c onfinement , and ( 4 ) dead . As an example 

of the amount of approximation introduced by thi s .  assump-

tion , a patient is c ons idered healthy as s oon a s  he i s  

discharged from the sanitorium even though h e  may b e  . 
---- · 

feel ing les s than perfect for . a per iod of time . 

2 .  The best est imates of the mean population health values 

for the people of Ontario for these four s tates are 1 . 0 0 ,  

0 . 5 6 ,  0 . 3 4 and 0 . 0 0 respective ly , as determined from the 

l imited sample taken in this research . Whereas thes e  

es timates may be the bes t avai lable r they ' re certainly not 

very good . They are us ed here only for i l lus trative pur-

pos es . 

3 .  The epidemiological model of tuberculosis published by 

Ferebee ( 1 9 6 7 ) is as sumed to hold . This is cons idered 

to be the mos t  appropri ate model for Ontario by the spe-

c i a l i s ts in the Tuberculosis  Prevention Service . 

4 .  The findings o f  Iversen ( 1 9 6 7a and 1 9 6 7 b }  in hi s s tudy o f  

the mortality rates for tuberculo s is patients in Denmark 

is assumed to apply to Ontario . Thi s  may be quite a 

ques tionable a s sumption but unt i l  a s imilar s tudy i s  con-

ducted locally , Iversen ' s  data is all  that i s  ava� lable . 
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5 .  The population o f  the Province of Ontario i s  assumed to 

1 be growing at a c ons tant rate o f  1 . 5 6 per cent per year . 

I t  i s  further as sumed that thi s  growth wi l l  be uni form 

throughout the province . 

6 .  I t  i s  estimated that a mas s  survey w i l l  screen approx i-

mately 4 0  per cent of the population in a c i ty and 6 0  
2 

per cent in a rural area . For a mixed area , a weighted 

average is used . 

7 .  I f  a mas s survey is p lanned for a geographical region on 

a once per n year bas i s , _ it  is assumed , for ease of cal-

culation , that l/n th of the popul ation of that region 

wi l l  be targeted for s creening each year . Thi s  i s  not an 

unrealistic as sumption -- for example , the current program 

for the city of Toronto is being operated exact ly thi s  way . 

8 .  I t  is assumed that the current rate o f  decrease for the 

incidence of tuberculosis  in Ontario o f  6 . 9  per cent per 
3 

year wi ll continue . 

9 .  The number o f  active cases found in a mas s  survey wi l l  be 

proportional to the preva lence of tub erculos i s  in the 

population of the d i s trict being screened . 

1Thi s i s  the growth rate used for short-term popula
tion pro j ections by the Ontario Department of Treasury and 
Economics ( 1 9 6 8 ) . 

2 
·Es timate prov ided by Dr . W .  D .  Wigle , Tubercu los i s  

Prevention Service , Ontar i o  Department of Health . 

3 
See Appendix I I , Exhibit 1 for the calculation of 

thi s  rate of decrease . 

l 
I 
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1 0 . I t  is  assumed that pulmonary tuberculos i s  w i l l  continue 

to account for the s ame fraction of active tuberculos i s  

1 as i t  now does , 8 0 . 2  per cent . 

1 1 . During 1 9 6 7 - 6 8 ,  the new active pulmonary tuberculos is 

cases  d i scovered by mas s  surveys were 4 . 6  per cent for 

advanced , 3 2 . 2  per cent moderate ly advanced and 6 3 . 2  

. . 1 2 h . d per cent m1n1ma . T ese porport1ons are assume to 

c ontinue to hold . 

1 2 . During 1 9 6 7 - 6 8 , the new active pulmonary tuberculos i s  

cases discovered from symptoms were 2 9 . 5  per cent for 

advanced , 3 8 . 6  per cent moderately advanced , and 3 1 . 9  

t . . 1 2 per cen m1n1ma • 

continue to hold . 

These proportions are assumed to 

1 3 . I t  is  as sumed that , on the average , active cas e s  are 

d i s covered by the mas s  screening program a year earlier 

than they would have otherwi s e  been d i scovered . 3 

1 4 . In recent years , an increas ing percentage of the active 

pulmonary tuberculos i s  cases have not b een admitted to 

1Thi s  is a 5 year average f igure ( 19 6 4 - 1 9 6 8 )  from 
Ontario Department of Health ( 19 6 9 c , p .  1 2 )  and previous 
years of the s ame pub lication . 

2 S ee Appendix II , Exhibit 2 for the supporting data 
and c alculations . 

3Although no data was available to sub s tanti ate 
thi s assumption , i t  was cons idered a reasonable estimate by 
Dr . W . D .  Wigle ( 19 7 0 ) . 

J 
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a s anitorium . During 19 6 8  ( the late s t  data avai lab le ) , 

thi s  figure was 1 4 . 7  per cent . For thos e  wi th far ad-

vanced tuberculo s i s , 3 . 4  per cent were not admi tted ; for 

moderate ly advanced the figure was 1 1 . 9  per cent and for 

minimal 2 4 . 3  per cent . I t  i s  assumed that the se propor-

tions wi ll continue to hold . 

1 5 . To determine the mean duration of s tay for patients ad-

rni tted to a s ani torium , a f ive-year average was calcu-

1 lated for the period 19 6 4  to 1 9 6 8 .  The resulting dura-

tions were 2 6 8 . 7  days for patients with advanced tubercu-

los i s , 1 7 9 . 3  days f or moderately advanced and 1 3 0 . 2  days 

for minima l . These durations were assumed to continue 

to hold . This as sumption i s  a s implification for 

calculation purpos e s . In actual f act , s anitorium dura-

tions of s tay have been decreasing in the pas t and may 

continue to do s o  i n  the future . I f  one wi shed to incor-

porate a rate of decreas e i t  c ould b e  handled by the 

2 me thod outlined for proj ecting the prevalence rate . 

1 6 . Patients treated for tuberculo s i s  at home are confined 

for a considerably shorter period of time than thos e 

in a sanitorium . I t  i s  e s timated that thi s  period of 

1 source :  Ontario Department of Health , 1 9 6 9b ,  
Tab le 1 2 . 

2 see Appendix I I , Exhibit 1 for thi s  method . 

J 
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home confi nement averages 9 3  days for patients with 

advanced diseas e , 7 3  days for moderately advanced and 

4 4  days for minimal . 1 

1 7 . I t  i s  assumed that there wi l l  be no ma j or breakthrough 

in therapeuti c  techniques for the treatment of tubercu-

los is . 

Calculation Algori thm 

A tuberculosis  screening program create s  health 

bene fits in two ways : 

a )  Active cases are discovered earlier than they would have 

been otherwi s e . Thi s  results in fewer infections from 

the se active cases and ultimately , les s disease in the 

population . 

b )  Active c ases are d i s covered at an earlier s tage o f  the 

d i s ease than they would have b een otherwis e . That i s , 

more of the cases are in the minimal category and fewer 

have progres sed to the advanced s tate . Thi s  results in 

shorter treatment periods and less reduction in l i fe 

expectation for the patients . 

The calculation algorithm for determining the 

annual health benefits of a mass s urvey is developed below :  

Let S be the first year o f  the program to b e  eva lu-

ated , 

P ( X )  be the population o f  the target group i n  s ome 

bas e  year , X , 

1E s timated by Dr . W . D .  Wigle ( 19 7 0 )  . . 
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R ( Y )  b e  the rate o f  active tuberculos i s  per 

1 0 0 , 0 0 0  people in the target population 

in some base year , Y , 1 

be the fraction of the target population 

screened by the mas s  s urvey ( from a s sump-

tion 6 )  , and 

w be the intens i ty of · the program -- frac-

tion of the popul ation targeted for s creen-

ing each year ( from a s sumption 7 ) . 

Then , from assumption 5 ,  the populati on of the target group 

in year N i s  

P (N )  = ( l . 0 1 5 6 ) N-X
P (X ) ( 1 ) 

The number of people s creened in year N is 

B (N )  = a wP ( N )  ( 2 )  

From as sumpti on 8 ,  the rate of active tub erculos is ( preva l -

ence ) per 1 0 0 , 0 0 0  people in year N i s  

R ( N )  = ( . 9 3 l ) N-YR ( Y )  ( 3 )  

From assumption 1 0 , the rate of active pulmonary tuberculo-

s is per 1 0 0 , 0 0 0  people in year N is 

A ( N )  = 0 . 8 0 2  R (N )  ( 4 )  

The number of cases found by s creening i s  also a function o f  

the survey factor -- the ratio of the rate o f  active cases 

1 
In the application a f ive-year average rate was 

used to provid e  a more s tab le proj ection b as e . 
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found in the screened group to the rate in the target 

population . 1 Thi s  was found to be 0 . 6 9 .  The es timated 

number of active cases of pulmonary tub erculos i s  which 

wi l l  be found in year N by the mas s survey i s  then 

F (N )  = 0 . 6 9 A (N )  B (N )  1 0 - 5  ( 5 )  

From as sumption 1 1 ,  the number of cases that wi l l  

b e  advanced , moderate and minimal i s  0 . 0 4 6  F (N ) , 0 . 3 2 2  F (N )  

and 0 . 6 3 2  F (N )  respective ly . I f  the program did not exi s t , 

these F (N )  cases would be dis covered a year l ater 2 ( in 

year N+l ) , at whi ch time a higher proportion o f  them would 

be in the more advanced s tates ( s ee as sumpti on 1 2 )  . During 

the time that the F (N }  active cas es went undi s covered i n  

the populati on , they would b e  infeqting addi tional people , 

thereby caus ing addi tional active cases . The number of 

addi tional active cases c aus ed in this way can be computed 

by the fol lowing formulae ( formulae 6 and 7 )  : 3 

1This i s  an average of the survey f actors for 1 9 6 4 -
1 9 6 8 . For the prevalence rate in the screened group , s ee 
Ontario Department of Health , 1 9 6 9 a , p .  3 5 . 

2see assumption 1 3 , p .  1 3 9  above . 

3These formulae are derived f rom the epidemiological 
model o f  tuberculosis pub lished by F erebee ( 19 6 7 ) . See 
Appendix I I , Exhibit 3 for their detai led deve lopment . 
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Let VN ( J )  be the number of new active cas es caus ed in year 

J from the infection chain begun in year N by the 

F (N )  active cas es , and 

WN ( J )  be the s i z e  of the pool of infected people in 

year J caused by the infection chain begun in year 

N by the F (N )  active cases . 

Then , 

VN ( J ) = . 2 5VN ( J- l ) + . 0 0 16WN (J- l ) , J = N+ l , N+ 2 , . . .  ( 6 )  

where 

VN ( N )  = F (N )  

WN ( N )  = 0 

and WN ( J )  = . 9 7 8 8  [WN ( J - 1 )  +3VN (J- l) -VN ( J ) ] ( 7 )  

Let X ( J )  be the total number of new active cases created in 

year J from thi s  infection-chain e f fect . That i s , from the 

cumulative e ffect of all previous years of the program - -

f rom all F (N )  with N <J .  Then 

J- 1 
X ( J )  = I VN ( J )  

N=S 
( 8 )  

Let T '  ( N )  represent the change in the number o f  new 

active cases of advanced pulmonary tuberculos i s  caused by 

the exi s tence o f  the mass survey that i s , this is the num-

ber of advanced cas es di scovered in year N wi th the program , 

les s the number whi ch would have been discovered in year N 

wi thout the program . S imi larly T ' ' (N ) repres ents the change 

in moderately advanced cases and T ' ' '  ( N )  the change in min i -

ma l cases . Then , from assumptions 1 1 , 1 2  and 1 3  

I 
1 
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T '  (N ) = . 0 4 6  F (N )  - . 2 9 5 [ F ( N- l )  + X (N ) ] · ( 9 )  

T I I ( N )  = . 3 2 2 F (N ) . 3 8 6  [ F  (N- 1 )  + X ( N ) ] ( 1 0 )  

T ' " (N )  = . 6 3 2 F ( N)  - . 3 19 [ F (N- l )  + X ( N ) ] ( 1 1 )  

As suming that a l l  treatments begin a t  the midpoint 

of the year ; th at fractions B ' , B ' ' and B '  ' ' o f  the advanced , 

moderate and minimal c ases respectively are not �dmi tted to 

a s anitorium ( s ee as sumption 1 4  f or these value s .) ; and that 

the treatment times for such patients are 9 3 ,  73 and 44 days 

for advanced , moderate and minimal c ases ( assumption 1 6 ) , 

the change in man-days of home confi nement in year N caused 

by the program i s 1 

M (N , 2 ) = 9 3B ' T '  ( N )  + 7 3B ' ' T '  I ( N )  + 4 4B ' I ' T ' I I {N ) ( 1 2 )  

Using the treatment durations from assumption 1 5 , the change 

in man-days of s anitorium confinement is 2 

M (N , 3 ) = ( 1-B ' ) [ 8 6 . 2T '  ( N- 1 )  + 1 8 2 . 5T '  { N ) ] 

+ 1 7 9 . 3  ( 1-B " )  T "  (N ) 

+ 1 3 0 . 2 (1-B ' I ' l  T '  I I lN ) ( 1 3 )  

1The · second subs cript on vari ab le M has no numeri
cal s igni f i cance . It is merely used as a c onvenient desig
nator for a unique var i ab le in the same way as primes are 
often used . 

2The portion of this equation for advanced patients 
may not be entirely obvious . I t  deve lops from the fact that 
these patients spend an average of 2 6 8 . 7  days in a s anitorium 
and , assuming that a l l  treatment begins at the midpoint o f  
the year , only 1 8 2 . 5  days o f  this falls i n  the same year . 
The remaining 8 6 . 2  days fall in th e next year . Thus , the 
amount of s ani torium confinement in year N is a f fected by 
not only the advanced cases discovered in year N ,  but also 
the advanced cases discovered in year N-1 . 
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Patients with active tuberculos i s  have a higher 

mortality rate than the general popul ation . That i s , the 

age- and sex-spec i f i c  case fatality rate for active tuber-

culos i s  i s  higher than the equivalent general mortal i ty 

rate . Furthermore ,  thi s  case fatality rate increases 

wi th the severity of the presenting d i s eas e . Thus a pro-

gram , like the mas s survey , that reduces the amount and 

s everity of tuberculo s i s  reduces the amount o f  premature 

death in the popul ation . The change in man-days o f  premature 

death resulting from the change in the number and severity 

o f  cases in year N (wi th all man-days in future years present

valued to year N )  can be c alculated by the fol lowing formula : 1 

M (N , 4 )  = 3 6 5  [ l . 6 7T ' ( N } +l . 2 2T '  I (N ) + 0 . 8 2 T ' I I (N } ] ( 1 4 )  

I n  thi s  analys i s , all relevant health s tates are 

approximated by the fol lowing four ; ( 1 )  healthy , ( 2 )  home 

confinement , ( 3 )  s anitorium conf inement , and (4 ) dead . S ince 

in a speci f i c  year and a speci fic target popu lation there is 

a fixed number of man-days avai lab le to b e  allocated to the 

f our health s tates , the changes in a l location caused by the 

program mus t  sum to zero . That i s , the program c annot add or 

subtract man-days to the sys tem . Hence , the change in 

healthy man-days in year N caused by the program is 

M (N , l ) = -M (N , 2 ) - M ( N , 3 ) - M (N , 4 )  ( 1 5 )  

1s ee Appendix I I , Exhibit 4 for the data , as sump
tions and calcul ations involved in deve loping thi s formula . 
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The heal'th bene f i t  of the program may now be calcu-

lated us ing equati on ( 9 )  p .  6 2 ,  with 

� ' ( y ) -� ( y )  = (M { y , l ) , M (y , 2 ) , M ( y , 3 ) , M (y , 4 ) ) ( 1 6 )  

Equation ( 9 ) , p .  6 2  shows the summation to infinity . In 

actual fact , becaus e of the e ffect of the di s counting , the 

suT(IIIlation c an be truncated a fter a finite number of years 

wi th neg l i gible error . 1 

Calculation of c o s ts 

The tota l cos t of a health program to society i s  

the sum of the direct cos t o f  the program p lus the indirect 

cos t o f  the program l e s s  the direct s avings f rom the program 

less  the indirect s avings from the program . 

The cos t of a mas s  s urvey averages $ 1 . 2 5 per person 
. 

2 s creened . From ( 2 ) , then , the direct cos t  o f  the program 

in . year N i s  

C ( N , l ) = 1 . 2 5 B (N )  ( 1 7 )  

1 In the actual application thi s  was truncated a f ter 
75 years . See Appendix I I , Exhibit 6 for the results o f  
s ensi tivi ty runs o n  the number o f  years whi ch led t o  the 
s electi on of thi s figure o f  7 5 . 

2 Provided by Dr . W . D .  Wigle ( 1 9 7 0 ) . 
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The indirect cost of the program i s  the lost earnings 

of thos e people who take time off work to be s creened . S ince 

mos t  participants c ome at a t ime when no los t earnings wi l l  be 

incurred1 thi s cos t  is as sumed to b e  z ero . 

The direct savings from the program are threefold : 

reduction in sanitorium costs , reduction in drug costs and 

reduc tion in the costs of fol low·-up c l inic vi s its . S ince a 

s anitor ium day costs $ 2 3 . 5 6 , 2 the change in s anitorium cos ts 

caus ed by the program i s  

C (N , 2 ) = 2 3 . 5 6 M (N , 3 )  ( 1 8 )  

The average duration o f  total treatment for a tuber-

culo s i s  pati ent i s  2. 25 year s for advanced cases , 2 years 

f d t 1 d d d 1 7 5  f . . 1 3 or mo era e y a vance c as es an • years or minima . 

During thi s entire time , a patient i s  on the two drugs 

1Provided by Dr . W . D .  Wigle ( 1 9 7 0 ) . 

2Provided by Dr . C . H .  Rorabeck , Chief . Tuberculosis 
Prevention Service , Ontario Department o f

. 
Health . Thi s  

f igure inc ludes annual operating expens es (excluding drug 
costs ) • 

3E s timated by Dr . W . D .  Wigle ( 1 9 7 0 ) . 

l 
1 
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ison i a z ide ( INH ) and p ara-amino s alicyc lic acid ( PAS ) whi ch 

cos t $ 2 . 1 8 and $ 2 0 . 59 per p ati ent-year o f  admini s tration 

respectively ( $ 2 2 . 7 7 per patient-year in total ) . 

Let S (N )  be the change in patient-years under treatment in 

year N caused by the program . 

Then , letting T (N )  = T '  ( N )  + T ' ' ( N ) + T '  1 '  ( N )  and as suming 

that all c ases are dis covered at the mid-point of the year , 

S (N )  = . 5T (N ) +T ( N- l ) + . 7 5T '  (N- 2 ) + . 5 0T 1 I ( N  - 2 ) + . 2 5 T ' 1 1  (N- 2 )  ( 19 )  

Equati on ( 19 )  can be explained as follows . C.ons ider advanced 

cases . Thos e d i agno s ed in year N - 2  will begin treatment in 

the middle of that year and will complete treatment 2 . 2 5 years 

later or three-quarters of the way through year N .  Thos e 

diagnos ed in year N - 1  wi l l  be under treatment for a l l  o f  y ear 

N .  Thos e  di agnos ed in year N . ( at the mid-point) wi l l  be 

under treatment for half of year N .  Thus , the change in 

patient-years of treatment for advanced pati ents in year N 

i s  0 . 5T '  ( N ) +T '  ( N- l ) +.0 . .  7 5T '  ( N- 2 )  

S imi l ar ly the change for moderate ly advanced patients i s  

0 . 5T ' ' (N ) +T ' ' (N- l ) +0 . 5T '  1 (N- 2 )  and for minimal 

patients 0 . 5T ' ' '  ( N ) +T '  1 '  ( N- l ) + 0 . 2 5T ' ' '  (N- 2 ) . Equation ( 1 9 ) 

i s  merely the sum of thes e three express ions . S i nce INH and 

PAS are adminis tered throughout the entire treatment period , 

the change in the cos t of thes e two drugs in year N ,  caus ed 

by the program , is 2 2 . 7 7S (N ) . P atients who are admi tted tc a 

s ani torium are on the additional drug , s treptomycin , duri ng 
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their sani torium stay . The cos t of thi s drug i s  $ 4 5 . 7 6 per 

patient-year Df admini stration and thus , the change in the 

cos t of thi s drug in year N ,  caused by the program i s  

4 5 . 7 6M (N , 3 ) /3 6 5 . The total change in drug costs in year N ,  

caused by the program , i s  

C (N , 3 )  = 2 2 . 7 7S ( N )  + 4 5 . 7 6M (N , 3 ) /3 6 5  ( 2 0 )  

Whi l e  a patient i s  under treatment for tuberculos i s  

but not i n  a sanitorium , he makes periodic vis i ts t o  hi s 

local ches t clini c . In any one year , the number o f  patient

days on a c linic vi s i ting regimen , c ,  i s  the total number 

of pati ent-days of treatment ,  t ,  les s the total number of 

patient-days in the s anitorium , s .  That i s , 

c = t - s ( 2 1 )  

The change i n  c ,  c aused by the program , is  

c '  - c = ( t '  - s ' ) - ( t  - s )  

= ( t  I - t )  - ( S I - S )  

= 3 6 5S ( N )  - M (N , 3 )  ( 2 2 )  

S ince the average cost o f  these c linic visits i s  $ 1 7 . 3 5 per 

patient-year , 1 the change in thi s  cost i n  year N ,  caused by 

the program , i s  

C (N , 4 )  = 
l�G;5 [ 3 6 5S ( N )  - M (N , 3 ) ] 

= 1 7 . 3 5 [ S ( N )  - M (N , 3 ) /3 6 5 ]  

1Provided by Dr . W . D .  Wigle , 1 9 7 0 . 

( 2 3 )  

t 
l 

J 
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Patients admitted to a s ani torium lose earnings dur-

ing the period of the i r  s tay . P a tients not admitted to a 

sanitorium lose earnings during the home confinement portion 

of their treatment . In both cases , i t  i s  assumed that when 

thes e  patients return to work , they wi l l  be earning at the 

same l evel as they would have had they not contracted tuber-

culos is . Patients who die lose earnings for the r emainder 

of thei r  normal working l i fe . Th e lost earnings is one of 

the cos ts to s oc iety of tuberculos i s  -- the ind irect cos t . 

A mas s  survey reduce s  this cos t .  Letting o b e  the average 

annual earnings for tubercu losis p atients , 1 the change in the 

ind irect cost to society in year N ,  caused by the program , 

i s  

c (N ' 5 )  = 3: 5 [M (N ' 2 )  + M (N ' 3 )  + M I (N , 4 )  ] ( 2 4 )  

where M ' (N , 4 ) i s  M (N , 4 )  recalcu lated to inc lude only the 

year s  the patient would have been working . That i s , M ' (N , 4 ) 

.i s  the change in the working- days -lost due to premature death 

as a result o f ,  the operation of the program in year N 

(with all lost- working-days in future years pres ent-
2 va lued to year N ) , and may be calculated as fol lows : 

1 In thi s s tudy , o was $ 3 6 1 7 . See Appendix I I , Exhi
bit 5 for the calculation . 

2 see Appendix I I , Exhibit 4 for the development o f  
thi s f ormula . 



- 1 5 2  -

M ' (N , 4 )  = 3 6 5  [ 1 . 5 6 T ' ( N )  + 1 . 1 5 T I ' ( N )  + o .  7 7  T I I ' (N ) ] ( 2 5 )  

The tota l cos t  to s oci ety o f  the program in year N i s  

C ( N )  = C(N , 1 )  + C(N , 2 )  + C(N , 3 )  + C(N ,  4 )  + �(N , 5 )  ( 2 6 )  

The total cos t to soci ety of the program summed over 

a l l  the years on a present va lue bas i s  at an annual interes t 

rate i i s  
00 

c = l 
N=l 

C (N )  

( l+ i ) N ( 2 7 )  

where N=O repres ents the point in time at whi ch the evaluation 

i s  being made (in thi s  proj ect that was January 1 ,  1 9 7 0 ) . The 

summation is shown to infinity , but l ike the heal th benefits , 

i t  can also be truncated after a f inite number o f  years wi th 

1 .  . d 1 im1 te error . 

Results 

The calculation algorithm deve loped above was programmed 

for computation on a G . E . 4 3 0  computer through a remote time

sharing terminal . 2 A partia l  listing o f  the output from thi s  

program is shown be low in Tab le 4 . 3 

1 see Appendix I I , Exhib i t  6 .  

2 The program , TBCALC , is lis ted in Appendix I I ,  
Exhibit 1 0 . 

3 The complete output i s  shown in Appendix I I , 
Exhib i t  1 1 . 
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Tab le 4 shows the results for the f i r s t  3 of the 7 3  

regi ons . Region l i s  Metropoli tan Toronto (which inc ludes 

region 2 ) ; region 2 is the c i ty of Toronto , and region 3 

i s  the city o f  Hami lton . Each program i s  des ignated by a 

two part number : the first part speci fies the mutually 

exclus ive group to whi ch the program be longs , whi le the 

s econd repre s ents the program number within this group . 

The durati on i s  the number of years that the program wi ll 

b e  run, in thi s cas e , 1 ,  5 or 15  years . The frequency is  

the number of ye ars to complete one cycle of s creening in 

a region - in thi s case 2 ,  4 or 8 years . Thus 2 3 - 5  for 

example , i s  a mas s s creening program covering all  of Metro-

politan Toronto on a four-year cycle and c alculated for a 

f ive-year duration . Th is program would have a total c o s t  to 

s ociety of $ 6 1 5 , 4 4 6  and would produce 2 0 , 9 1 0 uni ts o f  hea lth 

benefits for an ef fectivenes s -cos t ratio o f  3 4 . 0  units o f  

health per $ 1 , 0 0 0 . 

One interesting aspect of the results in Table 4 i s  

the s imi l ar pattern exhibi ted b y  each region . I n  every 

cas e , the effectivene s s - co s t  ratio i s  cons tant for three pro-

grams , decreas e s  to a lower l evel for the next three and 

decreas es again for the final three . To appreci ate thi s 

s i tuation cons ider region 1 :  program 2 3 - 3  i s  a one-year 

program covering one-eighth of the popul ation of Metropoli-

tan Toronto ; program 2 3 - 2  i s  a one-year program covering 
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one -quarter of the popu l ation of Metropol i tan Toronto , 

or twi ce as many people as program 2 3 -3 . Hence , i t  is not 

surpris ing that 2 3 -2 costs twice as much and produces 

twi ce the health benfits . Thi s of cour s e  results in the 

s ame ef fectivene s s -cos t  ratio . 

In actual fact , these cons tant effectiveness -cos t 

ratios for programs of the s ame duration but d i f ferent 

frequencies are an approximation resulting from the s impli

fying assumpti on made in the calculations . I t  i s  l ikely 

that the true rati os diminish s lightly wi th increas ing 

frequency according to the l aw of dimini shing marginal 

returns . That is , doub ling the frequency wi l l  doub le the 

costs but not doub le the benefits . No data was avai l able 

on this point so the cons tant ratios wi l l  be assumed to be 

valid . 

The decreas e in the effectivenes s�cost ratio wi th 

increas ing duration i s  readily exp lained . S ince the preva= 

lence of tuber culos is is assumed to be falling , it become s 

increas ingly expens ive in future years to locate an active 

cas e through screening . These results support the widely

held opini on that mas s  s creening for tubercu los is is becom

ing l es s  productive as the prevalence of the disease 

decreas es . 

This dec l ining effectivenes s  of the program with 

time high l ights the importance of the incremental ana lys i s  
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technique for program deci sion making . For example , when 

c ons idering whether to swi tch from a 5 -year program like 

2 3 - 5  to a comparable 1 5 -year program ,. 2 3- 8 , the important 

rati o is not that of the 1 5 -year program , which is 2 3 . 3 ,  

but that of the increment , which i s  

1 0 0 0  ( 3 7 , 1 9 4 - 2 0 , 9 1 0 ) / ( 1 , 5 9 6 , 8 3 1 - 6 1 5 , 4 4 6 )  = 1 6 . 6  

Because of the large number of potential increments to be 

examined , it is d i f f icult to make any s tatements about whi ch 

s et o f  programs would be bes t based s trictly on the output 

of the calculations , as displayed in Table 4 .  · Eortunate ly , 

thi s i s  not necess ary . The task i s  .handled by the optimal 

s e le ction algor i thm which accepts the results for a l l  6 5 7 

d i f ferent tuberculos i s  s creening programs as input and deter-

mines the optima l sub-set of programs which wi ll maximi z e  

the health improvement for· any given cos t .  

All o f  these calculations have been based on the 

premis e  that no therapeutic breakthrough wi ll be - d i scovered 

for the treatment of tuberculosis . I f  such a breakthrough 

were dis covered it would , presumably , reduce the time and 

cost for treatment and improve the progno s i s . Thi s  would 

have the ef fect of reducing the effectivenes s-cos t ratios 

for the mas s  s creening programs . The logic to this c an be 

s een if one cons iders the limiting c as e , where the break-

through i s  s o  great that tuberculo s i s  can be cured i nstantly 

at virtua l ly no cos t . In such a cas e , a s creening program 

for ear ly detection has practically no value - - the pre-
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f erred appro ach would be to wait until each case become s 

symptomatic and then cure i t .  

On the other hand , thes e  calcul ations have also 

presumed no breakthrough in tuberculosis s creeni ng methods . 

I f  improvements are developed here ( lower cos ts , improved 

abi l i ty to get the high risk groups out for s creening ) , 

thes e  changes would increas e the effectivene s s-cost ratios 

of the s creening progr ams . Hence , depending upon whi ch are 

cons idered more likely , s creening breakthroughs or treatment 

breakthroughs , the effectiveness -cost ratios for mas s  

s creening programs may b e  expected either to increase or to 

decre as e . I f  nei ther is cons idered very likely ( the as sump

tion of thi s  analysis ) ,  the ratios wil l  s teadily decline . 

S creening Program for the Prevention of Hemolytic 

D i s ease of the Newborn 

Program definiti on_ 

When a baby has an Rh negative mother and an Rh 

positive father , i ts b lood is freque�tly Rh pos itive . Dur

ing l ate pregancy and delivery , s ome of the baby ' s  b lood 

can enter the mother ' s  b loods tream . When thi s  happens , the 

Rh negative mother develops antibodies (becomes immuni zed ) 

aga i ns t the Rh positive red cells of her infant . The 

prob abi lity of ah Rh negative mother b ecoming immuni zed 

from any single Rh pos itive pregnancy i s  about 1 0  per c en t . 
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I f  the mother does become immuni z ed , the antibodies can 

make the ir way into the b loods tream of a later Rh pos i ti ve 

baby and , when they do , they destroy the infant ' s  red blood 

cells producing the s evere anaemia called hemolytic diseas e 

o f  the newborn . 

I f  a mother has not yet deve loped Rh antibodies , the 

d i s ease can be prevented by giving her an inj ection of anti 

Rh gamma globulin each time she delivers or mis carries an Rh 

posi tive baby . This inj ection protects the mother from the 

foreign Rh pos i tive red cells and prevents her from producing 

her own permanent antibodies . 

I f  thi s  treatment i s  provided on a comprehens ive bas i s  

t o  all Rh negative mothers with Rh positive babies , i t  would 

appear pos s ible , i n  the long run , to completely prevent 

hemolytic disease of the newborn . Thi s  is not quite correct . 

There is a small proportion o f  the c ases in whi ch the treat-

ment i s  not effective either becaus e the b aby ' s  b lood enters 

the mother ' s  b loods tream during the pregnancy rather than only 

at delivery , or because the amount of b l ood entering the 

mother ' s  circulation at delivery is a much l arger 

quantity than norma l . Furthermore , i t  i s  unlikely that 

such a program c ould be truly 1 0 0  per cent comprehens ive : 

i t i s  anti c ipated that there would b e  s ome Rh negative 

mothers wi th Rh pos i tive bab ies who , for a vari ety of rea

sons , would not receive the Rh immune gamma globulin ( for 

example ,  an aborti on prior to the first antenatal v i s it ) . 

I n  the analys i s  to follow , it i s  as sumed that the program 

1 
J = 

� 
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would be 9 0  per cent ef fec tive i n  the prevention of hemo

lyti c disease of the newborn . 1 

Specifically , the program would cons i s t  of the 

following s tep s : 

1 .  Each pregnant female in the target population would be 

tes ted prior to del ivery or mi scarri age for total blood 

group . Those that were Rh negative would be tested for 

Rh antibodies . 

2 .  I f  the mother were Rh negative , the baby would be te sted 

for total blood group and Coombs tes t . 

3 .  I f  the baby were Rh positive , the mother would be inj ected 

wi th 1 cc of anti-Rh gamma globulin . 

Steps 1 and 2 are required therapeutic procedures re-

gard le s s  of the preventive program . S tep 3 i s  the only add i -

tional procedure requi red because of the program . 

Thi s woul d  be a long-term program . I t  would produce 

no hea lth benefits ( prevent no hemolytic di sease of the new-

born ) in its first year of operation - since the bene f i ts can 

only accrue to subsequent babies . In l ater years of opera-

tion , the benefits would increase until an equi �. ibrium level 

was attained , where i t  i s  assumed that 9 0  per cent o f  the 

di sease would be prevented . 

Thi s program i s  analyzed assuming such an equ i l ibri-

um has been achieved . That i s , the initial transient bui ld-

up period i s  ignored . This approximation will s l ightly 

1Es timated by Dr . A .  Z ipursky , Chairman , Depart
ment of Pediatrics , McMas ter Univer s i ty . 
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overstate the benefits of the program . 

Unlike the tuberculosis example , only one program is 

ana lyz ed here - a comprehens ive continuing screening pro-

gram whi ch has achieved equi l ibrium for a spec i fied target 

population . I t  would be pos s ib le to inves tigate other a lter-

nativ�s - such as temporary programs �or a l imi ted time 

period) and n?n- comprehens ive programs covering only a 

fraction o f  a speci fied target population ( the high risk 

fraction i f  thi s  can be identified ) -- but these were omi tted 

for the s ake of brevity . The inves tigation of these alterna-

tive programs migh t be a worthwhile area for fur ther res earch . 

I n  thi s  analysis the no-program or benchmark s i tuation 

i s  measured by determining the outcomes and cos ts that would 

occur without the preventive program but with a high qua l i ty 

of treatment care as exemplified by the recent experience 

of the Hender s on General Hospital , Hami l ton , Ontario . 

Calculat ions 

The calcu lation of the health benefits and costs for 

thi s  program are b as ed on the following a s sumptions : 

1 .  The program i s  as sumed to be 9 0  per cent effective in 

1 preventing hemolytic d i s ease of the newborn • .  

1 See p .  1 5 9  above . 

I . 
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2 .  Only two hea lth s tates are involved - healthy and dead . 

That is , with the high qual i ty of c are assumed for the 

b enchmark s i tuation , there are only two pos s ible out-

come s for a baby wi th hemolyti c dis ease - cure or death . 

l Cured babies are as sumed to b e  ab solutely norma l . 

3 .  The required he alth values are one for healthy and zero 

for dead . 

4 .  A l l  frequencies ( o f  hemo lyt i c  disease and of the various 

outcome s )  and treatment costs are taken from a s tudy of 

the Henderson General Hospital , Hami lton , Ontario , for 

the period 1 9 6 6  to 1 9 6 9  inclusive . 

The calculations are performed for a s ingle year of 

the program applied to an arb itrary cohort of 1 0 0 , 0 0 0  p eople 

in the Province of Ontar i o . The bas i c  frequencies with and 

wi thout the program are summari z ed in Tab le 5 below . 

1Dr . A .  Z ipur sky , Chairman , Department of P ed i atr i cs , 
McMaster Univer s i ty .  
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TABLE 5 

BAS IC FREQUENCIES FOR THE ERADI CATION P ROGRAM 

Population Cohort 

Live Birthsa 

S ti l lbirthsb 

Total Births 

Pregnancies ( . 9 9 0  x total 
births ) c 

Babies with Hemolytic 
Diseased 

Outcomes : e 

- S ti l lborn ( 1 0 . 9 % )  

- Neonatal Death ( 5 . 0 % )  

- We l l , Mi ld Case ( 4 2 . 9 % )  

- We ll , Exchange Trans-
fus ion ( 4 1 . 2 % )  

Without 
Program 

1 0 0 , 00 0  

1 , 7 8 7 . 0  

2 0 . 5  

1 , 8 0 7 . 5  

1 , 7 8 9 . 4  

1 5 . 9 0 6  

1 . 7 3 4  

. 7 9 5  

6 . 8 2 4  

6 . 5 5 3  

With 
Program 

1 0 0 , 0 0 0  

1 , 7 8 7 . 0  

2 0 . 5  

1 , 8 0 7 . 5  

1 , 7 8 9 . 4  

1 .  5 9 1  

. 173 

. 0 8 0  

. 6 8 3  

. 6 5 5  

aThe l ive birth rate i n  Ontario was 1 7 . 8 7 per 1 0 0 0  
population for the period 1 9 6 6- 1 9 6 8  ( Dominion Bureau o f  
S tatistics , 1 9 6 8b ,  Table B l ) . 

bll . 4 7 s t i l lbirths/10 0 0  l ive births (Dominion 
Bureau of S tatis tics , 1 9 6 8b , Tab le B l 6 ) . 

cCalcul ated from Dominion Bureau of S tati s ti cs , 
1 9 6 8b ,  Table B S , by deducting the number of sets of twins 
p lus twice the number of s ets of triplets , or from the num
b er of total births to obtain the number of pregnancies . 
The ratio of pregnancies to total bir ths ( inc luding s ti l l
births ) was . 9 9 0 . 

dThe wi thout-program frequency i s  taken from a s tudy 
of the H enderson General Hospital where 0 . 8 8 per cent of 
total births had hemolytic disease o f  the newborn . See 
Appendix I I , Exhibit 7 ,  for the actual data . The wi th
program frequency is 1 0  per cent of the without-program 
f requency . 

eThe outcome frequencies come from the s ame s tudy 
-- see Appendix I I , Exhibit 7 .  

l 
t· 

J 
i::-_] 
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The hea lth benefit from the program i s  the elimina

tion o f  the 2 . 2 7 6  deaths from hemo lytic diseas e . 1 Wi th a 

current l i f e  expectancy o f  7 1 . 3 6 years , 2 this repres ents 

a l i f e-year gain of 1 6 2 . 4 2 years on a total bas i s  or 2 8 . 3 3 

years when pres ent valued at 8 per cent per year . 

The health bene f i t  is  the life-years gained converted 

to days and multipl i ed by the increas e in health value ( s ee 

equation 1 5 , p .  6 6  for the forma l s tatement of th i s  relation-

ship ) . Thi s  yi e ld s  the following health bene f i t  for one 

ye ar of the program applied to a popul ation of 1 0 0 , 0 0 0  

people : 

E = 2 8 . 3 3 x 3 6 5  x ( 1 . 0  .... 0 . 0 ) 

= 1 0 , 3 4 9 

The annual direct cos ts of the program per 1 0 0 , 0 0 0  

popu lation are summari zed i n  Table 6 below .  

1This i s  the d i f f er enc e between the number o f  s ti l l 
born and neonata l deaths wi thout and with the program . 
See Table 4 above ; 2 . 2 7 6  = (1 . 7 3 4  + . 7 9 5 ) � ( . 1 7 3  + . 0 8 0 } . 

2Dominion Bureau of Stat istic s , 1 9 6 4 , pp . 1 2 - 1 5 . 



- 1 6 4  -

TABLE 6 

ANNUAL DIRECT COSTS PER 1 0 0 , 0 0 0  POPULATION 

Pregnanci e s  (�rom Table 5 ,  p .  1 6 2 )  

Rh- mothers ( 1 6 % a o f  pregnancie s )  

Rh- mothers wi th Rh+ babies ( 6 2% b 
of Rh- mothers ) 

Cos t of gamma globulin inj ection for 
these Rh- mothers wi th Rh+ babies 
@ $ 3 7 . 9 0c per inj ection 

1 , 7 8 9 . 4  

2 8 6 . 3 0 4  

1 7 7 . 5 0 8  

$ 6 , 7 2 7 . 5 7 

aThe frequency of the Rh- allele in the whi te 
population is 0 . 1 6 ( 16 per cent) . See , for example , 
S tern , 1 9  6 0 , p .  3 4 3 . 

bThe f requency of the cde gene complex in the 
general population is 0 . 3 8 ( Race and Sanger , 1 9 6 8 , p .  1 7 8 ) . 
This gene complex f rom the father would produce an Rh
baby . All other c omplexes from the father ( frequency of 
0 . 6 2 )  wou ld produce an Rh+ baby . 

c As thi s gamma g lobulin i s  supplied free o f  
charge by the Canadian Red Cro s s , the f igure quoted i s  the 
market price of " Rhogam" ( Ortho Pharmaceutical s )  . 

The d i rect savings from the eradication program 

arise from the fact that hemolytic disease of the newborn 

i s  expensive to treat . The additional costs created by 

a case are summar i zed in Table 7 be low . 

1 
l 

J = 
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TABLE 7 

ADDI T I ONAL COSTS FOR A CASE OF HEMOLYT IC DI SEASE OF THE 

NEWBORNl 

S evere Case Mild Case 

Additional Days S tay $ 19 6 . 2 7 $ 6 6 . 6 9 

Add i tional Tes ts 1 1 5 . 7 5 5 0 . 8 8 

Add i ti onal Procedures 2 5 1 . 3 3  1 0 7 . 5 8 

Total $ 5 6 3 . 3 5/Cas e $ 2 2 5 . 1 5/Case 

The total savings from thi s source i s  the reduction in cases 

time s the additional treatment cost s . This amounts to 

$ 5 6 3 . 3 5 ( 6 . 5 5 3 - . 6 5 5 )  + $ 2 2 5 . 1 5 ( 6 . 8 2 4 - . 6 8 3 )  = $ 4 , 7 0 5 . 2 9 

per year per 1 0 0 , 0 0 0  of population . I n  addition , there i s  

a sma l l  savings from the reduction i n  Rh antibody tests re-

quired when the preventive program is in effect . This ari ses 

from the fact that an Rh negative pregnant woman with Rh anti-

bodies wi l l  receive more antibody te sts than one wi thout . 

Thi s i s  es timated to amount to two add itionar te sts on the 

2 average . Wi th the program , there are 1 4 . 3 1 5  fewer women 

3 in thi s category . Thus , there are 2 x 1 4 . 3 1 5  = 2 8 . 6 3 0  fewer 

1 see Appendix I I ,  Exhibit 8 for the detailed data 
and ca lcul ations . 

2 Estimated by Dr . A .  Z ipursky , Chairman , Depart
ment of Pediatrics , McMas ter University . 

3 14 . 3 1 5  = 1 5 . 9 0 6  - 1 . 5 9 1  ( see Table 5 ,  p .  1 6 2  
above ) . 



- 1 6 6  -

Rh antibody tes ts required and at a cost of $ 1 0  per tes t1 

thi s amount s to a savings of $ 2 8 6 . 3 0 per year per 1 0 0 , 0 0 0  

o f  populati on . Hence , the total direct s avings from the 

program is 4 7 0 5 . 2 9 + 2 8 6 . 3 0 = $ 4 , 9 9 1 . 5 9 per year per 1 0 0 , 0 0 0  

o f  popul ation . 

The indirect savings of the eradication program are 

the discounted l i fe-time earnings of the l ives saved . The se 

are calculated in Table 8 be low . 

TABLE 8 

INDIRECT SAVINGS OF THE ERADICATI ON PROGRAM 

( 1 )  Lives s aved 
( 2 )  Average years in work forcea 
( 3 )  Working years s aved [ ( 1 )  x { 2 ) ] 
( 4 )  Average incomeb 
( 5 )  Earning s  s aved [ ( 3 )  x ( 4 ) ] 
( 6 )  Pres ent value { at 8 % )  of  work

ing years s aved 
( 7 )  Pre sent value of earni ngs 

s aved [ ( 6 )  x ( 4 ) ] 

2 . 2 7 6  
5 1  

1 1 6 . 0 7 6  
$ 4 , 1 9 1 . 8 5 
$ 4 8 6 , 5 7 3 . 1 8 

9 . 4 9 5  

$ 3 9 , 8 0 1 . 6 2  

aBy definiti on , work force participation c ommences 
at age 14 ' (Domini on Bureau of S tatisti c s , 1 9 6 9 }  and i s  
assumed t o  terminate at age 6 5 .  

bAs suming 5 0  per cent o f  the lives s aved are male 
and 5 0  per cent female , thi s is an average of the average 
ma le income , $ 5 , 5 0 5 . 7 8 and the average f emale income , 
$ 2 , 8 7 7 . 9 2  {Department of National Revenue , Taxatio� 19 6 9 ,  
Table 1 1 ) . 

1see Ontario Medical As s oc i ation , 1 9 6 9 .  

-t---- -

t 
j b 

q 
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The total cos t to soci ety of thi s  program for 

a cohort of 1 0 0 , 0 0 0  people for a period of one year i s  

the direct costs les s the direct s avings l e s s  the i ndir-

ect s avings , or 

c = $ 6 , 7 2 7 . 5 7 - 4 , 9 9 1 . 5 9 - 3 9 , 8 0 1 . 6 2 = - $ 3 8 , 0 6 5 . 6 4  

Thus the total net cost of thi s  program to s ociety i s  

negative . That i s , i t  s aves money for s ociety , or phrased 

another way , i t  creates more re sources than it consume s . 

I n  such a case , the e f fectivene s s -cost ratio does not 

apply . 

For ease of calculation , these results have been 

based on a population of 1 0 0 , 0 0 0 . I f  we now assume that the 

e radi cation program will be app lied to the entire Province 
1 

of Ontario with a population o f  7 , 4 0 5 , 5 3 0 , the corre spond-

ing results are 

E = 1 0 , 3 4 9  ( 7 , 4 0 5 , 5 3 0/1 0 0 , 0 0 0 )  = 7 6 6 , 3 9 8 . 3  units of health 

c = - 3 8 , 0 6 5 . 6 4 ( 7 , 4 0 5 , 5 3 0/1 0 0 , 0 0 0 )  = - $ 2 , 8 1 8 , 9 6 2 . 3 9 

Thes e  results are for a s ingle year of the program 

only . I f  the program i s  to be operated for N years and i f  

the population of the Province i s  growing a t  a rate o f  1 . 5 6 
2 

per cent per year , the values become 

1 
E s timated 1 9 7 0  population . See Ontario Depart-

ment of Tre asury and E conomi cs , 1 9 6 8 .  

2 
See assumption number 5 ,  p .  1 3 8  above . 
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7 6 6 , 3 9 8 . 3 ( 1 . 0 1 5 6 ) n 

( l . 0 8 ) n = 

n - 2 , 8 1 8 , 9 6 2 . 3 9 ( . 9 4 0 3 7 )  

N 
l 7 6 6 , 3 9 8 . 3 ( . 9 4 0 3 7 ) n 

n= l  

The results are tabulated below for various values of N .  

TABLE 9 

RESULTS FOR VARIOUS PROGRAM DURATIONS 

Program 
Number N E c 

- - 1 7 6 6 , 3 9 8  - 2 , 8 1 8 , 9 6 2  
5 5 - 1  1 0  5 , 5 4 9 , 9 2 6  - 2 0 , 4 1 3 , 7 9 8  
5 5 - 2  5 0  1 1 , 5 2 6 , 1 8 9  - 4 2 , 3 9 5 , 3 7 6  
5 5 - 3  1 0 0  1 2 , 0 6 0 , 7 9 4  - 4 4 , 3 6 2 , 5 2 1  
5 5 - 4  00 1 2 , 8 5 9 , 0 3 6  - 4 7 , 2 9 9 , 3 2 0 

Thi s  means , for example , that a 1 0 -year program 

for the prevention of hemolytic d i seas e in the Province 

of Ontario would produce a net economic return o� 

$ 2 0 , 4 1 3 , 7 9 8  as we ll as producing an increase of 5 , 5 4 9 , 9 2 6  

uni ts o f  heal th , both on a present value b as i s . S imi larly , 
. .  

a continuing program would produce a net return o f  

$ 4 7 , 2 9 9 , 3 2 0  and a health benefit o f  1 2 , 8 5 9 , 0 3 6  units , o n  a 

present value bas i s . 

The various durations calculated above can be 

viewed as d i f f erent mutual ly exc lus ive programs . That i s , 

{ 
d Le: 

H 
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one can implement a 1 0-year program or a 50 -year program , 

but not both . The 1-year program i s  cons idered infeas 

ible s i nce equi librium could no t be achieved in so s hort 

a period of time . The other durations are cons idered 

feas ib le and are included in the l i s t  of programs for 

cons ideration by the s e lection algori thm . 

As in the tuberculo s i s  cas e , this program has been 

ana ly zed assuming there wi l l  be no maj or changes which wi l l  

a f fect i t .  And again , the s ame c onclusions hold : i f  there 

are improvements in the treatment of the diseas e , the rela

tive value of the preventive program decreas es ; whereas , i f  

the improvements occur in the s creening and preventive 

program its e l f , i ts re l ative value increas es . 
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Kidney Dialys i s  and Transplant P rogram 

Pro�ram defini tion 

Chronic kidney d i s eas e can caus e irreversib le kid

ney fai lure . When thi s  occurs the patient can be kept 

a l ive only by a program of regul ar renal dialy s i s  or by a 

k idney transplant . 

This analy s i s  deal s  with three potential pro-

grams : 

1 .  Kidney transplant program . The patient i s  kept on dialy

s i s  unti l a transplant i s  avai lab le and s urviving 

patients whos e  transplant fails return to d ialys i s . S ome 

patients receive two or more transplants . 

2 .  Hospi tal dialys i s  program . The patient is  dialysed 

regular ly at a kidney center , frequently located in a 

hospital . 

3 .  Home dialys i s  program . The patient dialys e s  himself 

regularly with equipment at home . 

The no-program or benchmark s i tuation i s  cons idered 

to be the death of the patient . Thi s  is the progno s i s  i f  

n o  treatment is  adminis tered . 

J 
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Calcul ations 

The pattern of thi s  analy s i s  fo l l ows that laid down 

by the Report o f  the Commi ttee on Chronic Kidney D i s ease 

( Gottschalk , 1 9 6 7 )  and , where pos s ible , the s ame data and 

a s sumptions are used . For comparative purposes , frequent 

reference wi l l  be made to thi s  report . 

The major change s  in data and as sumptions from tho s e  

of the Gottschalk report are a s  follows : 

1 .  Th e costs have been up-dated to reflect recent loca l  

experience a t  the kidney centre , S t .  Jos eph ' s  Hospita l ,  

Hamil ton , Ontario . Table 1 0  s ummari zes the cos t  

d i f f erences . 

2 .  The health va lues obtained in thi s  research are u s ed to 

weight the l i fe-years gained . The relevant health s tates 

are healthy , kidney transpl ant , home dialys i s , hospital 

dialys i s  and dead wi th hea lth values o f  1 . 0 ,  0 . 8 3 ,  0 . 6 6 ,  

0 . 5 3 and 0 respectively . The Gottschalk committee also 

us ed a weighting systeM for l i fe-year s gained . I n  their 

s ys tem a year gained on transplantation was weighted 

more heavily than a year gained on dialy s i s  by a factor 

of 1 . 2 5 .  
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TABLE 1 0  

COSTS OF KIDNEY DIALYS IS AND TRANSPLANT 

I tem Gottschalk Local 
Cos t  Cos ta 

Home di alys i s  initial cos t  $ 1 0 , 0 0 0  $ 1 0 , 0 0 0  

Home dialy s i s  annual oper-
ating costs 5 , 0 0 0  3 , 9 5 0  

In-centre dialys i s  annual 
operating cos ts inc luding 
amorti z ed equipment 1 4 , 0 0 0  1 5 , 0 0 0  

Transp lant initial cost 1 3 , 0 0 0  2 0 , o o ob 

Annual drug costs for 
transpl ant patient 5 0 0  5 0 0  

a
Provided by Dr . A . G .  S himi zu , Director , D ialy s i s  

Uni t , S t .  Jos eph ' s  Ho spital , Hami lton . 

b
The high cos t o f  a transp lant i s  primari ly a result 

of the high qua lity of nursing care provided i n  the uni t .  
Four nurses  per shi f t  are on duty for three transp lant 
patients , for a total of thirty-two nurs ing hours per patient
day . 



- 1 7 3  -

The renort claims this value was se lected for i l lus -

trative purposes only ( p . 1 4 0 ) . However , it is  inter

es ting to note that i t  i s  reasonab ly close to the more 

precise value determined in this research - the equivalent 

factor is  the health value of a kidney transplant divided 

·by the average health va lue for dialys i s  or 

0 . 8 3 / ( 0 . 6 6 + 0 . 5 3 ) /2 = 1 . 4 0 

3 .  Both the hea lth benefits ( li fe-years gained ) and the costs  

are converted to the ir present value equivalent . I n  the 

Gotts chalk ana lys is , thi s  was done only for costs . 

4 .  An annual interes t rate of 8 per cent i s  used rather than 

the Gottschalk figures of 4 and 5 per cent . 

5 .  The indirect costs of chronic kidney d i s ease are incor

porated in the calculation , unlike the Gottschalk report 

which us ed a different cost model and exc luded these 

costs . This requires data on the proportion of s urviving 

p atients who are able to return to work , thei r  average 

e arnings , and the i r  remaining working years . 

a )  The proportion of s urviving patients ab le to return to 

w ork is  es timated a s : 9 0  per cent for pati ents wi th 

a kidney transplant ; 8 0  per cent for patients on hospi

t al-based dia ly s i s , and 100  per cent for patients on 
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l a ' . 1 . 1 :10me i a  y s 1 s . 

b )  Their average earnings are assumed to be $ 4 , 1 9 1 . 8 5 

2 per year . 

c )  Their remaining working year s are calculated u s i ng the 

Gotts chalk assumption ( p . 1 4 5 )  that all  patients are 

4 5 , the median age of people suf fer ing from chronic 

uremi a .  Then the expec ted l i fe years gained per 

patient of 9 years on dialys is and 1 7 . 2  years with 

a transplant would all occur before retirement age . 

Thus , all  the life-years gained would clas s i fy as 

working year s . Th is assumption is convenient fo'r 

ca lculation purposes and i s  believed to introduce 

little error s ince the inaccuracy occurs s ome year s 

in the future ( a  few patients wi l l  reach age 6 5  and 

retire) where its ef fect i s  reduced by the discounting 

factor . 

Health benefits 

The Gottschalk report ca lcu l ates two l i fe tables  for 

a cohort o f  1 0 0 0  people suffering from chronic k idney di s eas e ; 

1E s timated by Dr . A .  G .  Shimizu , D irector , D i alys i s  
Uni t ,  S t .  Jos eph ' s  Hos p i tal , Hami lton . 

2 
See footnote b on p .  16 6 above . f 
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one assuming they enter a dialy s i s  program and the other 

as suming a maximum transplantation route . The l i fe ex-

pec tancy for the dialy s i s  cohort is 9 . 0  years whi le that 

for the transplantation cohort is 1 7 . 2  years - 1 3 . 3  add i -

tional years o n  a succes s ful kidney and 3 . 9  years o n  dialy s i s  

subs equent to the fai lure of a transp lanted kidney ( p . 1 4 7 ) . 

U s ing thi s data and equati on ( 1 5 ) , p .  6 4 , the health bene-

f its for the three programs can be calculated as follows : 

( a )  Home D i alys i s  Program 

9 
\' E = l 

n= l 

3 6 5  ( . 6 6  - 0 )  

l . 0 8
n 

= 1 5 0 4 . 9  uni ts of hea lth bene f i t  per patient . 

( b )  Hospi tal D i aly s i s  Program 

( c )  

9 
E = l 

n= l 

3 6 5  ( . 5 3 - O )  

l . 0 8
n 

= 1 2 0 8 . 5  uni ts of health benefit per patient . 

Kidney Transplant Program 

1 3  
3 6 5  ( . 8 3 O )  0 . 3 ( 3 6 5 )  ( . 8 3 - 0 )  I -

E = + 
n= l l . 0 8n 1 .  0 8 1 4  

0 . 7  ( 3 6 5 )  ( . 5 3 O )  17  
3 6 5  ( . 5 3 - l -+ + 

1 . 0 8 1 4  n=l 5  l . 0 8 n 

+ 0 . 2  ( 3 6 5 ) ( . 5 3 - 0 )  

1 . 0 8 1 8  

= 2 6 5 0 . 9  uni t s  o f  hea lth benefit per patient . 

0 )  
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Cos ts 

The total cos t of a kidney program to society is the 

direct cos t of the program (data from Tab le 1 0  above ) l e s s  

the indirect s avings from th� program ( the additional earn-

ings of the patients ) . The calculations for the three pro-

grams are shown below . 

( a )  Home D i alys is Program 

c = 1 0 , 0 0 0  + 
9 
l 3 9 5 0  

--- -
9 
l 

n=l l . 0 8n n=l 

= $ 8 , 4 8 9 . 19 per patient . 

( b )  Hospital D i alys i s  Program 

9 1 5 , 0 0 0  9 
c = l - 0 . 8  l 

n=l l . 0 8
n n= l 

= $ 7 2 , 7 5 4 . 6 5 per patient . 

( c )  Kidney Transplant Program 

4 1 9 1 . 8 5 

1 . 0 8 n 

4 1 9 1 . 8 5 

l . 0 8
n 

Pati ents in a transplant program wi l l  receive an average 

of 1 . 1 5 transp l antations each (Gotts cha lk , p .  1 5 1 ) . When 

their transplant f a i l s  they revert to di alys i s  (assumed 

hospital-based dialy s i � ) .  Thus , 

I 
j 

1 
1 
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1 3  
5 0 0  0 . 3x 5 0 0  0 . 7xl 5 0 0 0  

c = 2 0 , 0 0 0xl . 1 5 + l + 
1 . 0 8

1 4  
+ 

1 . 0 8
1 4  

n=l l . 0 8n 

17  
1 5 0 0 0  0 . 2xl 5 0 0 0  + l + 

n=l l . 0 8 n 1 . 0 8 1 4  

1 3  
4 19 1 . 8 5 0 . 3x 4 1 9 1 . 8 5  - 0 . 9  l + 

1 . 0 8
1 4  

n= l l . 0 8
n 

0 . 7x 4 1 9 1 . 8 5 
1 7  4 19 1 . 8 5 0 .  2x4 1 9 1 .  8 5  - 0 . 8  [ + l + ] 

1 .  0 8 1 4  n= l 5  l . 0 8
n 

1 . 0 8
1 8  

= $ 1 0 , 3 7 5 . 5 0 p e r  p atient . 

E ffectivene s s - cost ratios 

The effectivene s s -cos t ratios for the three programs 

are s hown below : 

( a )  Home D i alys i s : l O O OE/C = 10 0 0xl 5 0 4 . 9/ 8 4 8 9 . 19 :::;: 1 7 7 . 3  

( b )  Hospital 
D i a lys i s : l O O OE/C = 1 0 0 0xl2 0 8 . 5/ 7 2 , 7 5 4 . 6 5 = 1 6 . 6  

( c )  Kidney 
Transplant : l O O OE/C = 1 0 0 0x 2 6 5 0 . 9 / 1 0 , 3 7 5 . 5 0 = 2 5 5 . 5  

Compari son to Gotts cha lk results 

The Gotts chalk results are given as costs per life� 

years gai ned (p . 1 5 4 )  and are summari zed below : 

( a )  Home Dialys i s  - $ 4 , 2 0 0  oer life-year gained . 

(b ) Hospital Dialys i s  - $ 1 1 , 6 0 0  per life-year ga ined . 

( c )  Kidney Transplant - $ 2 , 2 0 0  per l i fe-year gained . 
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I t  can be s een that these results and those calculated 

for thi s pro j ect are comparab le : in both cases the kidney 

transplant i s  the mos t cos t-effective form of treatment , 

fol lowed fairly closely by home d ialys i s , wi th hospital 

dialys i s  a poor third . 

These results suggest that the b e s t  program for treat-

ment of chroni c kidney disease would be one a imed at maxi -

mum transplantation . Such a program would s ti l l  require 

kidney dialysis centres , but their use would be primar i ly 

for patients waiting f or a transplant or patients whose 

transp l ant had fai led . 

A l l  the previous calculati ons have been performed on 

a per patient bas i s . To convert the s e  results to a program 

bas i s , i t  i s  neces s ary to know how many patients would be 

treated . by a given program . The Gottschalk report ( p . 1 0 8 )  

e s timates that in 1 9 6 4  there were 6 , 4 0 0  new candidates in 

the United S tates medi cally sui table for dialy s i s  or tran s -

p lant . This repres ents a rate of 3 . 3 5  new candidates per 

year per hundred thous and population . I f  we as sume that 

thi s  rate applies to Ontario , the number of new candidates 

expected in 19 7 0  would be 3 . 3 5 x 7 4 . 0 5 5 3a 
= 2 4 8 . 

aThe es timated 1 9 7 0  Ontario population i s  7 , 4 0 5 , 5 3 0 .  
See Ontario Department o f  Treasury and Economic s ,  1 9 6 8 . I 



- 17 9 -

Now the question ari s e s : c an the previous results 

calcul ated on a per patient bas i s  with data from a relative ly 

small  program be directly extrap6l ated to a large- scale pro

gram coveri ng 2 4 8  patients per year ? Probably not . 

On a large-scale program the fol lowing changes might 

be expected : the hea lth benefit per patient would decreas e  

s ince a l arge-sc ale program could not b e  as selective in 

the patients it accepted ; the indirect cost per patient 

would increase for the s ame reason ( that is , a smal ler 

proportion o f  these patients would be expected to return 

to work ) ; and the direct cos t  per patient would decrease 

due to economies of scale . 

No data were avai lab le on the magnitude o f  the s e  

changes ,  s o  the following a s sumpt ions were made for i l lus

trative purposes : the total cost (direct cos t plus indirect 

cos t )  per patient is cons tant with program s i z e ; the heal th 

benefit per patient , previous ly calculated , app l i es to a 

program treating one-quarter of the total cases and the 

incremental benefit decreases by f ive per cent for each 

additional quarter of the total cases treated . The results 

of these a s sumptions are summari z ed i n  Table 11  below .  
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TABLE 1 1  

VARIOUS PROGRAMS FOR THE TREATMENT O F  CHRONIC KIDNEY 
D ISF.ASE CALCULATED FOR ONE YEAR 

Program E c l O O OE/C 

Transplant Program 
1 6 4 , 3 5 6 a 6 4 3 , 2 8 la 2 5 %  coverage 2 5 5 . 5  

5 0 %  coverage 3 2 0 , 4 9 4b 1 , 2 8 6 , 5 6 2  2 4 9 . 1  
7 5 %  coverage 4 6 8 , 4 1 5 c 1 , 9 29 , 8 4 3  2 4 2 . 7  

1 0 0 %  coverage 6 0 8 , 1 1 7d 2 , 5 7 3 , 1 2 4  2 3 6 . 3  

Home Dialys is Program 
2 5 %  coverage 9 3 , 3 0 3  5 2 6 , 3 3 0  1 7 7 . 3  
5 0 %  coverage 1 8 1 , 9 4 1  1 , 0 5 2 , 6 6 0  1 7 2 . 8  
7 5 %  coverage 2 6 5 , 9 1 4  1 , 5 7 8 , 9 9 0 1 6 8 . 4  

1 0 0 %  coverage 3 4 5 , 2 2 1 2 , 1 0 5 , 3 3 0  1 6 4 . 0  

Hospital Di alys is 
Program 

2 5 %  coverage 7 4 , 9 2 7 4 , 5 1 0 , 7 8 8  1 6 . 6  
5 0 %  coverage 1 4 6 , 1 0 8  ·9 , 0 2 1 , 5 7 6  1 6 . 2  
7 5 %  coverage 2 13 , 5 4 2  1 3 , 5 3 2 , 3 6 4  1 5 . 8  

1 0 0 %  coverage 2 7 7 , 2 3 0  1 8 , 0 4 3 , 1 5 2  1 5 . 4  

These results are for a s ingle year o f  the program 

only . I f  the program is  to be operated for N year s , and 

a s suming the popul ation of the Province of Ontar io i s  grow-

aThe previous per case value x 6 2  cases . 

b 3 2 0 , 4 9 4  = 1 6 4 , 3 5 6  + . 9 5 ( 1 6 4 , 3 5 6 ) . 

c4 6 8 , 4 1 5  = 1 6 4 , 3 5 6  + . 9 5 ( 1 6 4 , 3 5 6 ) + . 9 0 ( 1 6 4 , 3 5 6 ) . 

d 6 0 8 , 1 1 7  = 1 6 4 , 3 5 6  + . 9 5 ( 1 6 4 , 3 5 6 )  + . 9 0 ( 1 6 4 , 3 5 6 )  
+ . 8 5 ( 1 6 4 , 3 5 6 ) . 

f 
! 
i 

r 
J �  � j  

� 

I 
f 
I 
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1 
ing at a rate o f  1 . 5 6 per cent per year , the revi s ed values 

can be calculated as follows : 

Let E 1 and c 1 
repres ent the e ffectivene s s  and cos t respec

tive ly of a one-year program , and EN and C
N 

the values for 

an N -year program , then 

N E
1

( 1 . 0 1 5 6 )
n 

EN 
= l 

n=l l . 0 8n 

N 
= E l ( .  9 4 03 7 )  n 

I and 
1 n=l 

N 
CN = c l l ( . 9 4 0 3 7 ) n 

I and 
n=l 

N N 
C 9 4 0 3 7 ) n I c 1 

EN/C
N 

= E l l ( . 9 4 0 3 7 ) n 
1 

n= l n=l 

The results are tabul ated below for the transplant 

program at vari ous coverages and vari ous value s of N .  

1 see as sumption number 5 ,  p .  1 3 8  above for the bas i s  
o f  thi s  growth rate . 
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TABLE 1 2  

TRANSPLANT PROGRAM AT VARIOUS DURATIONS AND 
COVERAGE 

Program E c l O O O E/C 

2 5 %  Coverage 
N=l 1 6 4 , 3 5 6  6 4 3 , 2 8 1  2 5 5 . 5  
N= l O  1 , 1 9 0 , 3 4 8  4 , 6 5 8 , 9 6 3  2 5 5 . 5  
N= 5 0  2 , 5 7 8 , 9 4 3  10 , 09 3 , 8 5 1  2 5 5 . 5  
N=lO O 2 , 5 9 1 , 3 6 8  10 , 1 4 2 , 4 8 3  2 5 5 . 5  
N=oo 2 , 5 9 1 , 8 9 4  1 0 ' 1 4 4  , ·5 4 1  2 5 5 . 5  

5 0 %  Coverage 
N= l 3 2 0 , 4 9 4  1 , 2 8 6 , 5 6 2  2 4 9 . 1  
N=l O  2 , 3 2 1 , 1 7 8  9 , 3 1 7 , 9 2 5  2 4 9 . 1  
N:c 5 0  5 , 0 2 8 , 9 3 5  2 0 , 1 8 7 , 7 0 2  2 4 9 . 1  
N= l O O  5 , 0 5 3 , 1 6 5  2 0 , 2 8 4 , 9 6 6  2 4 9 . 1  
N=oo 5 , 0 5 4 , 19 0  2 0 , 2 8 9 , 0 8 3  2 4 9 . 1  

7 5 %  Coverage 
N= l 4 6 8 , 4 1 5  1 , 9 2 9 , 8 4 3  2 4 2 . 7  
N= l O  3 , 3 9 2 , 4 9 6  1 3 , 9 7 6 , 8 8 8  2 4 2 . 7  
N= 5 0  7 , 3 4 9 , 9 9 3  3 0 , 2 8 1 , 5 5 2  2 4 2 . 7  
N= l O O  7 , 3 8 5 , 4 0 6  3 0 , 4 2 7 , 4 4 9  2 4 2 . 7  
N= 7 , 3 8 6 , 9 0 5 3 0 , 4 3 3 , 6 2 4  2 4 2 . 7  

1 0 0 %  Coverage 
N= l 6 0 8 , 1 1 7  2 , 5 7 3 , 1 2 4  2 3 6 . 3  
N= l O  4 , 4 0 4 , 2 8 7  1 8 , 6 3 5 , 8 5 1  2 3 6 . 3  
N= 5 0  9 , 5 4 2 , 0 8 5  4 0 , 3 7 5 , 4 0 3  2 3 6 . 3  
N= l O O  9 , 5 8 8 , 0 59  4 0 , 5 6 9 , 9 3 1  2 3 6 . 3  
N=oo 9 , 5 9 0 , 0 0 9  4 0 , 5 7 8 , 1 6 5  2 3 6 . 3  

S imi lar computations could be performed for the other 

two programs ( home dialy s i s  and hospital dialys i s ) but were 

not inc luded s i nce the results are not required in thi s  

proj ect . That i s , s i nce the . transp lant program competes 
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wi th the other two for the same patients and s ince i t  i s  

superior o n  a cost-ef fectivenes s  bas i s , there i s  n o  point 

in entering the two di alys i s  programs into the s e lection 

algori thm to compete for the l imi ted funds available . Thi s  

i s  n o t  meant t o  imply that individual patients should always 

be treated by transplantation rather than dialys i s . Obvi ou s ly , 

a hos t of other factors enter the decis ion in each ind ividual 

s i tuation . However , it i s  meant to imply that i f  a patient 

is  medically sui table for either transplantation or dialys i s , 

transplantation i s  the more cos t-effective treatment � and 

it i s  meant to imp ly that if a given leve l of resources are 

availab le to treat chronic kidney disease , a transplantati on

oriented program wi ll produce greater health improvement 

than a dialy s i s -ori ented program . 

This analys i s  h as assumed that there wi l l  be no 

s ignifi cant breakthrough in therapeuti c procedures for the 

treatment of chronic kidney d i s ea s e . That i s , i t  has 

as s umed that current procedures , cos ts , and results wi l l  

continue to apply . I f , on the other h and , cos ts decreas e 

(wi th more experience and wi th economi es of s cale , both 

dialy s i s  cos ts and transplantation cos ts could b e  expected 

to decreas e )  and prognose s improve (with improved d i aly s i s  

equipment and procedures and with improved t i s s ue match ing 

and drug treatment for transpl ant patients i t  i s  qui te 

pos s ib le that outcomes wi l l  continue to improve ) , the 
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ef fectivene s s -cost ratios for the various programs wi l l  

b e  higher than thos e calculated here . 

The twenty var iati ons of the trans plantation program 

lis ted in Tab le 12  can be viewed as twenty d i fferent mutual ly 

exclusive programs . The four one-year programs are cons idered 

unreasonab ly short and are there fore exc luded from further 

cons ideration . Wi thin each coverage , the three programs for 

N= 5 0 , N= l O O  and N=00 are almo s t  identical , and so , to avoid 

unneces s arily l engthening the l i s t  of programs for cons idera-

tion , the first two are dropped . This leaves e ight di f ferent , 

mutually exclus ive programs for f inal consideration by the 

optimi zation algor ithms . For convenience , thes e  are summar-

i zed be low in Table 1 3 . 

TABLE .13  

TPANSPLANT PROGRAMS FOR FINAL CONS IDERAT ION 

Program 
Number Program E c l O O OE/C 

5 6- 1 2 5 % , N= l O  1 , 1 9 0 , 3 4 8  4 , 6 5 8 , 9 6 3  2 5 5 . 5  

5 6- 2 2 5 % , N=oo 2 , 5 9 1 , 8 9 4  10 , 1 4 4 , 5 4 1  2 5 5 . 5  

5 6 - 3 5 0 % , N=l O  2 , 3 2 1 , 1 7 8  9 , 3 1 7 , 9 2 5  2 4 9 . 1  

5 6 - 4 5 0 % , N= 5 , 0 5 4 , 1 9 0  2 0 , 2 8 9 , 0 8 3  2 4 9 . 1  

5 6 - 5 7 5 % , N=l O  3 , 3 9 2 , 4 9 6  1 3 , 9 7 6 , 8 8 8  2 4 2 - 7  

5 6- 6 7 5 % , N=oo 7 , 3 8 6 , 9 0 5  3 0 , 4 3 3 , 6 2 4  2 4 2 . 7 

5 6 - 7 1 0 0 % , N=lO 4 , 4 0 4 , 2 8 7  1 8 , 6 3 5 , 8 5 1  2 3 6 - 3  

5 6- 8 1 0 0 % , N=oo 9 , 5 9 0 , 0 0 9  4 0 , 5 7 8 , 1 6 5  2 3 6 . 3  
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Coronary Emergency Rescue Service 

A coronary emergency rescue servi ce (CERS ) is a spe

cial-purpos e  ambulance , usua l ly based at a hospital with a 

coronary care uni t . I t  contains extens ive equipment for 

cardiac resus c i tation and is manned by a physician , a nur se 

or technic i an , a dr iver , and often a squad man . The obj ec

tive i s  to provide s oph i s ticated therapy to the victim 

at the s i te of the incident and during transportation to 

the coronary care uni t , thereby s aving t ime and lives . 

A queuing mode l  o f  thi s sys tem was deve loped by 

Smi th ( 1 9 7 0 )  and s imul ated to determine the s avings in time 

and lives from a coronary emergency res cue s ervice as com-

pared to a conventional ambulance sys tem based at the s ame 

hosp ita l . The data was obtained from Montgomery County , 

Maryland , a suburb o f  Washington , D . C .  Smi th found that 

a single CERS uni t would s ave an average of two l ives per 

year for an annua l expenditure of $ 4 0 , 0 0 0 . 

To eva luate a CERS program by the model propos ed in 

this research , the following additional data i s  required : 

1 .  The l i fe expectancy for those people whos e  l ives are 

s aved ; that is , the l i fe expectancy of people who survive 

a heart attack . This was determined to be 6 . 12 years .
1 

1see Appendix I I , E xhibit 9 for the calculations . 
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2 .  The average annual earnings and working years gained for 

thos e  people whose lives are s �ved . The average annual 

earn ings are $ 5 , 5 0 6  for men and $ 2 , 8 7 8  for women . 1 The 

working ye ars gained for each s ex i s  the difference 

between the retirement age and the heart attack age or 

the total li fe-years gained , whichever is les s . I f  we 

assume a retirement age of 6 5  and a heart attack age of 5 7  

for men and 6 1  for women ,2 the working years gained are 

6 . 1 2 and 4 . 0  respectively . 

The hea lth bene f i t  from a coronary emergency rescue 

s ervice operated for one year is the hea l th value of the two 

lives s aved . I f  we assume that thes e  life-years gained are 

e s s enti ally heal thy (have a health value of 1 . 0 ) , the health 

benefit can be calcul ated from (1 5 )  p .  6 6  as follows : 

6 
E = l 

n=l 

2 x 3 6 5  ( 1 . 0  - O )  + 2 x 3 6 5  x 0 . 1 2 ( 1 . 0  - O )  

l . 0 8
n 1 . 0 8

7 

= 3 4 2 5 . 8  uni ts of health . 

1see footnote b ,  p .  1 6 6  above for the bas i s  of 
thes e  figure s . 

2
see Appendix I I , Exhibit 9 for the derivation of 

the se average ages for a heart attack . 
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The total cos t to s oci ety of a CERS uni t operated for 

one year is  the direct cost of the program less  the indirect 

s avings from the program ( the addi tional earnings from the 

two live s s aved ) . As suming th at 1 : 2  of the s e  l ive s are mal e  

and 0 . 8  are female ,
1 

the prog�am cost for one year i s  

6 5 5 0 6  0 . 1 2 x 5 5 0 6  
c = 4 0 , 0 0 0  - 1 . 2  l + 

n=l l . 0 8n 1 . 0 8 7 

4 2 7 8 7  ] - 0 . 8  l 
� l  l . 0 8

n 

= 1 3 6 7 . 1 3 

and the effectivenes s -cost ratio i s  

l O O OE/C = 1 0 0 0  x 3 4 2 5 . 8 /1 3 6 7 . 1 3 = 2 5 0 5 . 8  uni ts of 
health improvement per thous and dollars of cost . 

The above ca lculations have been performed for a 

s ingl e  CERS unit for a s ingle year . To convert the s e  results 

to a program bas is we mus t  make s ome as sumptions about the 

number of uni ts and number of years involved in each poten-

tial program . For i l lu s trative purposes , let us cons ider 

four potential programs for the Province of Ontario ; 5 units  

and 20  units at each of 5 years and 15  years . The program 

results are calcul ated by the method introduced previou s ly
2 

and are summari zed be low . 

1see Appendix I I , Exhib it 9 for an explanation of 
this 6 0 /4 0  rati o . 

2 
S ee p .  1 6 8  above . 
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TABLE 1 4  

CORONARY EMERGENCY RESCUE SERVICE PROGRAM RESULTS 

Program 
Number Program E c l O O OE/C 

5 7- 1 5 units , 5 years 7 1 , 5 0 1 . 6  2 8 , 5 3 4 . 0 6 2 5 0 5 . 8  

5 7- 2 5 units , 1 5  years 1 6 2 , 7 2 2 . 1  6 4 , 9 3 7 . 3 2 2 5 0 5  . .  8 

5 7- 3 2 0  uni ts , 5 years 2 8 6 , 0 6 6 . 4  1 1 4 , 1 3 6 . 2 3 2 5 0 5 . 8  

5 7- 4 2 0  uni ts , 1 5  years 6 5 0 , 8 8 8 . 4  2 5 9 , 7 4 9 ·. 2 7 2 5 0 5 . 8  

This analy s i s  has as sumed that there wi l l  be no 

s igni f i cant breakthroughs in the treatment of heart attack 

victims . I f  there are , the relat ive merit of a coronary 

emergency res cue service would obvious ly increas e - - s ince 

the direct costs would remain unchanged but the number o f  

l ives s aved woul d  increas e .  Even i f  there are n o  dramatic 

breakthroughs , it l s expected that s urvivorship experience 

in coronary care uni ts wi l l  continue to improve , and thi s  

wi l l  enhance the value ( increase the effectivenes s -cost 

rati o )  o f  a CERS program . 

! 

I 



CHAPTER V 

OPTIMAL P ROGRAM S ELECTI ON 

Four bas i c  programs have been analyzed in the pre-

vious �hapter : tuberculos i s  s creening , prevention o f  hemo-
' 

lyti c disease of the newborn , k idney di alys i s  and transplan-

tation , and a coronary emergency res cue s ervice . E ach o f  

thes e  bas ic programs has been subdivided into a number o f  

component programs ; 6 5 7 , 4 ,  8 ,  and 4 �espective ly t o  give a 

total o f  6 7 3  programs to be cons idered . These 6 7 3  programs 

belong to 57 program- s ets , s uch that the members of any one 

program-set are mutual ly exc lus i ve . The prob lem i s  to 

select the optimal sub - s et of these 6 7 3  programs that wi ll 

maximi z e  the health benefit achieved for a given total cos t 

to society . Two methods are used : cos t-effectivenes s  rank-

ing and mathematical programming . 

- 1 8 9  -
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Cos t-Effectivene s s  Ranking 

The cos t-ef fectivene s s  ranking a lgorithm with 

mutual ly exclus ive programs i s  descr ibed in detai l in 

1 
Chapter I I . I t  was programmed for computation on a G . E .  

2 4 3 0  computer .  A partial lis ting o f  the output from thi s  

program i s  shown in Tab le 1 5 . 

The programs in Table 1 5  are l i s ted in their cost-

effectivene s s  priority s equence . Thi s  l i s t  may be us ed a 

number o f  ways : 

1 .  I f  the ob j ective i s  to produce the maximum heal th improve-

ment for a given cos t ,  locate thi s  cost in the cumulative 

cos t column and the s et of programs down to thi s  point 

wi l l  be the optimal s et . That i s , i t  wi l l  be the s et 

whi ch maximi zes  the health improvement for thi s  cos t .  

I f  the set contains a number o f  mutual ly exc lus ive pro-

grams , the last one l i s ted s upers edes a l l  other s . For 

example , the fi fth program l i s ted , 5 7 - 2 , s upersedes the 

previous program , 5 7 - 1 . 

2 .  I f  the obj ective i s  to produce a speci f i ed health improve-

ment at minimum cos t ,  locate this health improvement i n  

the cumul ative effectivene s s  column and the set o f  pro-

1 . See p .  7 4  above . 

2The program , CERANK , written in BAS I C  through a 
remote time-sharing terminal , i s  l i sted in Appendix I I I , 
Exhib i t  1 .  
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TABLE 1 5 a 

PARTIAL L I ST ING OF THE COST-EFFECT IVENES S RANK ING OUTPUT 

c ost -E F'FEC T I VE N ESS · RA NK ING- - - --"-- - - -- -- - - -

I NC R EM E NTA L 

G; W t OR R A  NC E 
A U GUS T , 1 9 70 

PR I OR I TY PR O GR A M  E /C C UM U LA T I VE .  C·U�ULA T I VE 
. R A N K I N G N U MB E R  X l 0 0 0  E C 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 �  
2 1  
2 2  
23 
2 4  
25 
2 6  

_ ,  2 7  

5 5 - 4 
5 2 - 1 
4 7- 1 
5 7 - 1 
5 7 - 2 
5 7 - 3 

- 5 7 - 4 
4 7 - 4 
52.:. 4 
5 6 -: '  1 
5 6 - 2 
5 6 - 4 
5 6 - 6 
5 6 - 8 
2 3 - 1 2  
23 - 1 1  
23 - 1 0  
23 - 1 3 
4 7-, ·7 
5 2 - · 7  
4 7- i 3  
5 1 - 3 
5 1 - 2 
5 1 - 1 
4 8.- 3 
4 8- 2· 
4 8- l 

N . A .  
N . A .  
N o  A .  

25 05 . 8 
2 5 0 5 . 8  
25 0 5 � 8  
2 5 0 5 . 8  

9_9 1 � 8  
9 7 8 . l 
2 5 5 . 5  
2 5 5 . 5 
2 42 . 7  
2 2 9  • .  9 
2 1 7 .  2 ,. 
2 1 0 . 4 
2 1 0 . 4 
2 1 0 . 4  
1 0 9 . 5  

8 0 . 7 . · 
8 0 . 6  
7 3 . 9 
6 8 . 9  
6 8 . 9  
6 8 . 9  
5 3 . 0  
5 3 . 0  
5 3 . 0  

1 2 8 5 9 0 3 6  .. - 4 '7 2 9 §3·20 
1 2 8 6 0 1 3 &  - 47 3 0 1g r 5 
1 2 8 6 0 5 4.5. - 4 73 0 2;;\ 13 
1 2 &3 2 046 . - 4 72 73 §3 ··9 

, 1 3 023 2 6 1  - ;.. 4 7z3·75 3 5  
1 3  l 4 � 5 5 1 .. 4 7 t88S3 6 
1 3 5 1 1 4 3 3  · .- - 4 7 04'�7'23 
1 3 5 1 26 1 7  . •4 7 0 41 529 

. - 1 3 5 h5 8 1 0  - 4 703 82 6 5  
· 1. 4 7 0 6 1 5 8. - - - 4 23 793'02 
1 6 1 0 7 7 0 4 . -3 68 9 3" 1:2 4  
1 85 7 0 0 00: • 2 6 7 4 9 l82 . 
20902 7 1 5  � 1 66 0 4 6 4 1 
23 1 05.8 1 9  • 64 60 1 0 0 

. '.z:s 1 0 1 s-s r .. 64 5 1s23 
23 1 093 eia ·- s � 4 3·54 s 

" 2 3 1 1 2 7S 5  - 6 4 2 6 9 9 2  
23 1 � 2 9 89 �62 4 2 5 4 6  
23 1 3 4 2 2 9  - 6 2 2 7 1 8 8 :  
23 1 3 7'5 7�· ,�E fi 85$98 
� 3  t .3 9 5 3;6< . +s J 5 9 1 ·2 1 :  
·23 1 3 9 66 4  _ ".  •6 1 5 7 2'7 4 
2 3 1 3 9·1s2 -'a 15 5 42 1  

. 23 1 4  004 7 . ..;;6 1 51'7 t6 
25f4 0 0 13· � s 1 s 1 2 1 B  
23 1 411� 1 00 '  �. ' · �6l5 0 1 1 9· 
23 1 4 0 1 5 S - ..; & f4 9 72 1  

aTo interpret the program numbers shown in this  
Tab le , s ee the fol lowing locations : 

a )  For programs 1 - 1  to 5 4 - 9  s ee Appendix I I , Exhibit 11 ; 
b )  For programs 5 5- 1  to 5 5 - 4  s ee Tab le 9 ,  p .  1 6 8 ; 
c )  For programs 5 6 - 1  to 5 6 - 8  see Tab le 1 3 , p .  1 8 4 ; and 
d )  For programs 5 7 - 1 to 5 7 - 4 s ee Tab l e  1 4 , p .  1 8 8 . 

The complete output i s  shown in Appendix I I I , 
Exhibit 2 .  
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grams down to thi s  poi nt wi ll be the desired minimum-

cos t set . For example , the minimum-cost set of programs 

to produce 1 3 , 5 1 1 , 4 3 3  uni ts of health improvement con-

s i s ts of programs 5 5- 4 , 5 2 - 1 , 4 7 - 1  and 5 7 - 4 . 

3 .  I f  the obj e ctive i s  to compare two programs to decide 

whi ch is more cos t-effective , compare their pos i tions 

on the l i s t  and the upper one i s  be tter unle s s  both have 

the same incremental effectiveness-cost ratio in which 

case they are equiva lent . All that really needs to be 

compared a�e the incremental effectivene s s-cost ratios . 

However , i f  mutual ly exc lus ive programs are invo lved , 

the calcul ation of thes e  incremental ratios i s  suffici-

ently complex that the ranking algor ithm i s  a convenient 

tool to us e .  

The top program in the cos t-effectivene s s  ranking 

of Tab le 15 is program 5 5 - 4 , the continuing program for the 

prevention of hemolytic disease of the newborn in the 

Province of Ontario . Thi s program i s  se lected f i r s t  by the 

algori thm s i nce it has the large s t  economic return ( negative 

cos t )  to society . The next two programs , 5 2 - 1  and 4 7 - 1 , are 

the only others with a negative cos t .  These are s ingle-

year tuberculos i s  s creening programs covering half the popu-

l ation of Kenora County and the City of Timmins , respective ly . 

I t  i s  interes ting to note that i f  a cos t-bene f i t  

analysis 1 
had been performed on all  o f  these programs , the 

1
That is , the productive resources ver s i on . See 

p .  8 above . 

1 
l 
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same thre e programs would have received top priority , in the 

s ame order , but no other programs would have been cons idered 

acceptable . Thi s  is becaus e ,  in all  the other cases , the 

dol lar cos ts exceed the dol lar benefits and such programs 

are rej ected by the cost -bene f i t  criterion . Thi s  di splays 

an important advantage of cos t-effectivenes s  over cos t-

bene fi t : · it takes over at the point where cos t-benef i t  

l eaves o f f , and mos t  health programs a r e  beyond thi s  point . 

The nex t  best programs ( ranked 4 to 7 )  i n  Tab le 1 5 , 

are the four vari ations of the coronary emergency res cue 

s ervice .
1 

Thes e  a l l  have the s ame incremental e f fectivene s s -

cos t rati o , 2 5 0 5 . 8 ,  in which case the ranking algori thm b reak s  

the t i e  by s e lecting the lower cos t program firs t . 

Following thes e , the two single-year tuberculos is 

s creening programs are each incre ased to £ive-year programs 

( 4 7 � 4  and 5 2 - 4 ) . Then come the k idney programs , ranked 1 0  

- - -

to 1 4 , fol lowed by a long l i st of tub erculos i s  s creening 

programs . 

All of these programs h ave been ana ly zed a s s uming 

that current methods and procedures wi ll continue to be 

used . I f , on the other hand , s igni f i cant advances are 

made in the di agno s tic or treatment procedures for any of 

1see Table 1 4 , p .  1 8 8  above for the definition 
o f  each o f  these f our variations . 
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the di seases involved in the se programs , the re lative rank

ing s  of the various programs would undoubtedly change . I f  

a dec i s i on-maker anti cipates such advances , he c an incorpor

ate them into hi s decis ion two way s : 

1 )  by speci fying the anticipated advances , in which case an 

analys t  can exp licit ly inc lude them in the calculations , 

or 

2 )  by determining the general e f fect o f  the anticipated 

advances on the programs , and incorporating thes e  e ffects 

into hi s f inal del iberati on as intangible factor s . 

Within any one type of p_rogram the cost-effective 

priority s equence provide s few su�pri s e s . I n- the program 

for the preventi on of hemolytic dis ease the var i ation 

wi th the large s t  e conomi c return was ran�ed firs t . I n  

the coronary emergency re s cue s ervice program , a l l  the 

variati ons h ave a pos itive cos t  and the s ame effectivene s s 

cost ratio and are cons equently ranked in increas ing order 

of cos t .  I n  the kidney program , the var i ations with the 

sma l ler coverage are ranked above those with the 

larger coverage as a direct and obvious consequence 

of the as s umptions made . I n  the tuberculos i s  s creen-

ing program , the ranking is not quite so obvious . Gen

era l ly , the dif ferent geographic regions are ranked in 
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decre as ing s equence of their tuberculos i s  prevalence rate , 

as  might be expected , but the interaction of program dura-

tion and the incremental concept provide some results which 

would have been d�ff icult to predict in advance . For 

example , both the County of Kenora and the C i ty o f  Timmins 

have a higher prevalence than the C i ty of Toronto , and one 

might expect that a l l  programs from these two areas would 

be exhaus ted before any from Toronto would be s elected . 

Thi s was not the c as e .  I f  one were a l i ttle more perceptive 

and decided the ranking fol lows the individual e f fectivene s s -

1 
cos t ratios for each program , he would be c loser but s ti l l  

wrong . Program 2 3- 1 3 , for example , has an effectivenes s -

cos t ratio o f  1 2 4 . 9  and yet i t  i s  ranked above 4 7 - 7  which 

has a ratio o f  1 8 0 . 5 . 

I f  thes e  rankings wi thin each type of program were 

the only bene f i t  provided , the cost-effectivene s s  technique 

would be of dubious value . The real power of the technique 

comes from i ts abi li ty to c ompare health programs of total ly 

d i f ferent types . This pro j ec t  has compared four hea l th pro-

grams that cover a broad spectrum o f · the health s ervices 

f ie ld -- two preventive programs , one for newborn and one for 

adults ; a treatment program for a chronic disease , and an 

emergency treatment program for an acute a i lment . There were 

1 see Appendix I I , Exhibit 11 for these program 
effectivene s s -cost ratios . 
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no technical d i f f iculties
1 

in handl ing thes e  four widely 

divers e programs , and i t  would appear s a fe to conclude 

that a wide vari ety of health programs can be treated by 

thi s  method . 

The cos t-effectivene s s  ranki ng technique provides 

an easy method for evaluating s ingle programs on an i nterim 

bas i s . Suppos e  Tab l e  1 5  repres ented an annual eva luation 

of potential health programs and it was decided to implement 

all programs down to 5 2- 7  whi ch is ranked twentieth and 
. . 

has an incrementa l effec tivene s s - co s t  ratio of 8 0 . 6 .  Then 

any individual program propo s ed before the next regular 

review would require an e ffectivnes s -cost ratio greater than 

8 0 . 6  to be s e lected by thi s  criter ion . I f  the program had 

a number of mutually exclusive leve l s , it should be imple-

mented up to the l as t  level with an incremental rati o greater 

than 8 0 . 6 .  

Of  cour s e , the ef fectivenes s-cost ratio i s  not the 

s ole cri terion for us e in program s election . The intangible 

bene f i ts mus t be inc luded by the decision-maker in his f inal 

deliberations . The cost-ef fectivene s s  ranking technique 

provides a s s i s tance in the rational incorporation of thes e  

intangib le bene f its , again through the use of the incrementa l 

e ffectiveness -cos t ratios . For example , cons ider the pro-

1Although there were no technical difficultie s , there 
were certainly data acqu i s i tion d i f f iculties , particu lar ly 
in obtaining valid meas ures o f  the health benefits f rom the 
vari ous programs . 
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gram for kidney transplantation on a continuing and pro

vince-wide bas i s , 5 6 - 8, versus the program for tuberculos is 

s creening in the Ci ty of Toronto , 2 3- 1 2 . The former has 

an incremental ef fectiveness - cos t ratio of 2 1 7 . 2  compared 

to 2 1 0 . 4  for the latter . Since thes e  ratios are almo s t  

identi cal , the fina l  re l ative priority o f  the two programs 

would likely be determined on the s trength of the intangible 

bene f its . On the other hand , i f  two programs had incremen-

tal e f fectivene s s -cost ratios that were cons iderab ly di fferent , 

the dif ference in their rel ative intangib le benefits would 

have to be correspondingly greater to revers e their rankings . 

A more r igorous approach to the incius ion o f  in

tangible bene fits  is provided by the implicit value method . 

I n  thi s  method , the best solution i s  first obtained d i s 

regarding the i ntangible benefits . Then the intangible 

bene fits  are cons idered by the decis ion-maker and the solu

tion modi f i ed according t o  h i s  j udgment . This second s o lu

tion wi l l  either produce less health bene f i t , cos t more money , 

or both ; depend ing upon the change s  made . I n  any event , 

these differences repre sent the implicit value attached to 

the i ntangible benefits by the dec i s i on-maker . Thi s  value 

is  calculated , shown to the dec i s ion-maker , and he i s  given 

the opportunity to ei ther agree wi th it or to modify hi s 

dec i s i on . The proce s s  continues unti l no further mod i f i ca

tions are made . 



- 19 8 -

Mathemati cal Programming 

The mathematical programming approach to s elect-

i ng the optimal sub - s et of health programs i s  described in 

1 detail in Chapter I I I . A ma j or practical l imitation of 

this method at the present time is the lack of an e f f ic ient 

0 - 1  integer l inear programming algorithm for l arge prob lems . 

I n  thi s pro j ec t  the aillgori thm developed by Lemke and 

2 Spielberg ( 1 9 6 7 )  was used . I t  was written to handle up 

to 1 5 0  var iab les and 5 0  cons traints but the l arge s t  prob-

lem reported by the author s  was 8 9  variab les and 2 8  con-

s trai nts , and thi s  took 30 minutes of t ime on an IBM 7 0 9 4 . 

A full run to s imultaneous ly optimize a l l  the programs 

eva luated in this res earch would require 6 7 3  var iables 

and 5 8  cons traints . S ince thi s  i s  computational ly infea-

s ible , the problem was reduced by s electing , for input , 

only thos e  programs that had ranked near the top i n  the cos t-

e f fectivene s s  ranking . 

For a f i r s t  optimi zation run , 6 1  programs were 

selected , whi ch inc luded a l l  of those ranked in the top 

24 on the cos t-effectivene s s  r anking a lgorithm plus any 

1 
See p .  7 8  above . 

2 see Appendix I I I , Exhibi t  3 for further deta i l s  
on this algori thm and a descr iption of how i t  w a s  appl i ed 
to the optima l selection of health programs . 

1 
1 
J 
) 
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J 
} 
r 
f 

@ , 
t 



- 1 9 9  -

1 others in the s ame geographic set . The group of 6 1  

programs conta ined 7 mutually exc lus ive sets , resulting 

in a 0 - 1  integer linear program with 6 1  variab les and 8 

cons traints . Thi s i s  a rather large program , and to 

reach the optimum , the a lgorithm required 1 3 9 , 8 7 9  i tera-

tions , i t  i nve s tigated 6 9 , 9 4 0  points , and i t  took 2 6  

minutes o f  central processor time o n  a CDC 6 4 0 0 . At a 

$ . 2 h '  cos t of 3 0 0  per central processor hour t i s  amounts to 

$ 1 3 0  for a run whi ch optimi zed only 6 1  programs . On the 

other hand , the cost-effectivenes s  algorithm optimi z ed 

more than ten time s as many programs , 6 7 3 , i n  only 2 �in-

utes of centra l proce s s or time on a cons iderab ly s l ower 

computer , a G . E .  4 3 0 . At the s ame charging rate , thi s  

would cos t only $ 1 0 � Thus , the cost-effectivenes s a lgorithm 

written for thi s proj ect , is  a great deal mor e  e f f i c ient 

computational ly than the 0 - 1  i nteger linear programmi ng 

algor i thm . I n  fact , the l atter i s  s o  poor that , at the 

pres ent time , it c annot be recommended as a practical tool 

for other than trivial problems . 

When the cost constraint was set at - 6 , 1 5 1 , 7 1 6 , 

the results from the mathematical programming approach were 

1The 6 1  s e lected programs are 5 7 - 1  to 5 7 - 4 , 5 5- 1  
t o  5 5 - 4 , 5 6 - 1  t o  5 6 - 8 , 5 2 - 1  to 5 2 - 9 , 4 7- 1  to 4 7 - 1 8 , 2 3- 1 0  
to 2 3 - 1 8 . and 5 1 - 1  to 5 1 - 9 . 

2The current charging rate for the CDC 6 4 0 0  at 
McMas ter Univers i ty , Hami lton , Ontario .  
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identi cal to thos e  from the cost-effectiveness  ranking tech-

nique . That i s , the optimal s�b-set o f  programs was deter-

mined to cons i s t  of the following s even : 

5 1- 1 , 4 7 - 1 3 , 5 2 - 7 , 2 3- 1 3 , 5 6 - 8 i 5 5 - 4  and 5 7 - 4 . 

Thi s provides a reassur ing check that the cost-effectivene s s  

ranking algorithm , is  indeed speci fying the optimal s ub - s et 

o f  programs for any given cos t . 

S i nce the computer time for th i s  f irst run was s o  

long , a further reduced s et o f  programs was created for 

additional experimentation . The s et o f  programs was reduced 

f rom 6 1  to 10 by s e lecting a few programs only from a f ew 

o f  the more cos t-effective mutual.ly-exclus ive s ets . The 

s e lected programs are l i s ted be low in Table 16 . 

TABLE 1 6  

REDUCED SET O F  PROGRAMS 

Reference Program 
Number Number E c l O O OE/C 

1 2 3 - 1 1  3 , 4 8 2  1 6 , 5 5 3 2 1 0 . 4  
2 2 3 - 1 5  6 , 7 9 2  5 4 , 3 8 8  1 2 4 . 9  
3 4 7 - 1  40 8 - 8 5 6  N . A .  
4 4 7 - 7  2 , 8 3 2  1 5 , 6 9 5  1 8 0 . 5  
5 5 2- 1  1 , 1 0 0  - 2 , '2 9 6  N . A .  
6 5 2 - 4  4 , 2 9 4  9 6 8  4 , 4 3 4 . 9  
7 5 2 - 5  2 , 1 4 7  4 8 4  1 7 9 . 9  
8 5 7- 1  7 1 , 5 0 2  2 8 , 5 3 4  2 , 5 0 5 . 8  
9 5 7 - 2  1 6 2 , 7 2 2  6 4 , 9 3 7  2 , 5 0 5 . 8  

1 0  5 1- 1  5 1 0  7 , 4 1 0  6 8 . 9  

l 
I 
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For comparative purposes , thi s  set was run through 

each algorithm . The results of the cos t-effectivenes s 

ranking are shown be low . 

TABLE 1 7  

COST-EFFECTIVENES S RANKING OF THE REDUCED SET 

C OS T  E F FEC T I VE NESS RA NK I N G  
G W T OR R A N C E  
A U GUS T , 1 9 70 

I NC R EM E  N T A  L OPTIMAL 
PR ! OR I TY P R O GR A M  E /C C U MU LA T I VE C UM U LA T I VE SET REF . 
R A NK I N G N U MB ER X l 0 0 0  E ·c , NUMBERS 

1 5 2 - 1 N . A .  1 1 0 0  - 22 96 5 
2 4 7 - 1 N . A .  1 5 0 8 -3 1 5 2  3 , 5  
3 5 7 - . 1 2 5 0 5 . 8  73 0 0 9  2 5 3 82 3 , 5 , 8  
4 5 7 - 2 25 0 5 . 8  1 64 23 0  6 1 7 8 5  3 , 5 , 9 
5 5 2- 4 9 7 8 . 6  1 6 7 4 2 4  6 5 0 4 9  3 , 6 , 9 
6 2 3 - 1 1  2 1 0 . 4  1 7 0 9 0 6  8 1 6 0 2  1 , 3 , 6 , 9 
7 4 7 - 7 1 4 6 . 5  1 73 3 3 0 9 8 1 5 3  1 , 4 , 6 , 9 
8 23 - 1 5  87 . 5  1 7 6 6 4 0  1 3 5 9 8 8  2 , 4 , 6 , 9 
9 5 1 - 1 6 8 . 9  1 7 7 1 5 0 .. ' .  1 4 33 9 8  2 , 4 , 6 , 9 , 1 0 ·;1·  

The 0 - 1  integer programming algorithm was run at a 

number of different values for the cos t cons traint . When the 

cost cons traint was incremented by $ 2 0 , 0 0 0  amounts , the 

following results were ob tained : 
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TABLE 1 8  

MATHEMATICAL P ROGRAMMING OPTIMI ZATION OF THE REDUCED SET 

Optimal Set of 
Programs :- Total 
Reference E f fectiveness Total Cost Cos t 

Numbers of the Set of the S et Cons traint 

1 , 3 , 6  8 , 1 8 4  16 , 6 6 5  2 0 , 0 0 0  
3 , 6 , 8 , 10 7 6 , 7 1 4  3 6 , 0 5 6  4 0 ; 0 0 0  

1 , 3 , 6 , 8 , 1 0 8 0 , 1 9 6  5 2 , 6 0 9  6 0 , 0 0 0  
3 , 6 , 9 , 10 1 6 7 , 9 3 4  7 2 , 4 5 9 8 0 , 0 0 0  

1 , 4 , 6 , 9  1 7 3 , 3 3 0 9 8 , 1 5 3  1 0 0 , 0 0 0  
2 , 3 , 6 , 9 1 7 4 , 2 16 1 1 9 , 4 3 7  1 2 0 , 0 0 0  
2 f '4 I 6 1 9 1 7 6 , 6 4 0  1 3 5 , 9 8 8  1 4 0 , 0 0 0  
2 , 4 , 6 , 9 , 1 0 1 7 7 , 1 5 0  1 4 3 , 3 9 8  1 4 3 , 0 0 0  

To fac i l i tate the comparison o f  the resu lts from 

the two a lgorithms , they have both been plotted on the s ame 

C-E graph , F i gure 1 3  below .  

1 
-6 x -- Results of C-E )( 0 - Algori thm 

0 - - - - Res ults of 0 - 1  
Algorithm 

-� ....... 
2 0  4 0  6 0  8 0  1 0 0  1 2 0  1 4 0  1 6 0  

Cos t ( in O O O ' s  o f  dol lars ) Jlii 

Fi g .  1 2 , - -P lot of Specific C-E and 0 - 1  Results 
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I t  can be s een from this graph that each s o lution 

produced by the 0 - 1  a lgor i thm had an e ffectivene s s -cos t 

ratio equa l  to or less  than the ef fectivenes s -cos t  ratio of 

the neares t  s o lution produced by the C-E technique . ( That 

i s , the hea lth benefit gained per dollar spent for each 0 - 1  

s oluti on was equal t o  o r  les s  than that for the neares t  

C-E s o lution . )  For example ,  consider the solution generated 

by the 0 - 1  a lgori thm when the cost cons traint was $ 4 0 , 0 0 0 .  

Here , programs 3 , 6 , 8  and 1 0  are recommended for a total 

e f fectivene s s  of 7 6 , 7 14 uni ts of health , a total cos t o f  

$ 3 6 , 0 5 6  and a n  effectivenes s -cost ratio of 2 , 1 2 8  uni ts o f  

health per thous and do llars . Whi le i t  is  true that thi s  i s  

the bes t s o lution avai lable with a total cost equal to or 

les s than $ 4 0 , 0 0 0 , i t  is still not a very good s o lution in 

terms of the health benef it gained per dollar spent . The 

two nearest solutions produced by the C-E a lgori thm are 

considerab ly better : one has an e ffectivenes s of 7 3 , 0 0 9  

and a cos t o f  $ 2 5 , 3 8 2  for a ratio o f  2 , 8 7 6  whi le the o ther 

has an e ffectivenes s  o f  1 6 4 , 2 30 , a cos t of $ 6 1 , 7 8 5  and a 

ratio of 2 , 6 5 8 . 

The general s tructure of thi s  s i tuation is  shown 

be low in figure 14 . Here , the 0 - 1  algorithm h as been 

solved wi th the cost cons traint as a running parameter and 

1 the res ulting s olutions plotted . The points form a s eries 

1 
S ee Appendix I I I , Exhibit 4 for a l i s t  of these 

solutions . 
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o f  peak s  and val leys wi th each peak corresponding to one 

of the so luti ons from the C-E a lgori thm . 

i i  2 0 0 .-
s:: I 

·...f -- � 1 5 0 
C/l •...f 
� § X -- Results of C-E § ..c: 1 0 0  Algori thm 

� ! 
5

1� ��� ��:4_ 
· -- -�- G-· _-_-:_--�-���-!-��: -o:�� 

2 0  4 0  6 0  8 0  1 0 0  1 2 0 1 4 0  1 6 0  
Cost ( in O O O ' s  o f  dol l ar s )  > 

Fig . 1 3 . - -Genera l  S tructure o f  C-E and 
0 - 1 Results 

The di f ference between the two techniques , then , 

i s  that the C-E algorithm produces only " peak "  s olutions 

whi le the 0 - 1  a lgorithm may produce any solution , at a 

peak or in a val ley , depending upon the location of the 

cos t cons traint . Now , i t  c annot b e  denied that each 0 - 1  

s olution wi l l  a lways be the one that maximi zes the health 

bene f it whi l e  s taying within the cost-constraint , but the 

point is that o ften there i s  a far better s o lution nearby 

whi ch can be obtained by a s li ght change in the cos t con-

s traint . S ince the cost cons traint may well be rather 

l 

I 
J = 8 �____, 
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arb i trary to begin with , this i s  cons idered a s erious 

dis advantage of the 0 - 1  method . 

Another aspect of the s ame problem is  that any 

of the " va lley " s o lutions provi ded by the 0 -1 algori thm 

wi l l  contain some poorer programs ( lower effectivenes s 

cos t rati o ) a t  the expense o f  s ome better programs . 

These problems with the 0 - 1  me thod can be over-

come by making a number of runs whi l e  varying the cos t 

cons traint to explore the nearby s olutions . However , 

given the earlier comments about the computational ine f f i 

ciency of the 0-1  method , thi s  cou ld b e  a n  expens ive s oluti on . 

I n  conclus ion , then , the cos t-effectivene s s  ranking 

a lgorithm i s  s uperior to the 0 - 1  integer linear programming 

a lgori thm for the type o f  appl ication dealt with in this 

research -- an application wi th any number of programs , 

any number of mutual-exc lus ivity constraints , and one cos t 

cons traint . I t  can handle a l arger s e t  of programs ; i t  

provides more useful inf ormation ( s peci f i cal ly the incre

menta l effectivene s s-cost ratios which are useful for the 

rationa l incorporation of the e ffect of the intangib le 

bene fits and also for interim s ingle program evaluations ) ;  

i t  i s  computation a l ly more effic i ent ; and i t  produces only 

" peak " solutions . The last character i s tic , of  cour s e , 

would not be an advantage if a prec i s e  and inflexible cost 

cons traint did indeed exist . However , i t  is  con tended that 

in mos t  real prob lems in the health s ervice sys tem thi s  is  
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not the cas e .  

Although the cos t-effectivene s s  algorithm i s  

s uperior for mos t  problems , as discus s ed above , i t  should 

be pointed out that i t  is not sui ted for appli cations with 

multiple resource cons traints . The s e  would have to be 

s olved by the mathematical progr amming approach . 

I 
d � � 

� 



CHAPTER VI 

CONCLUS IONS AND FURTHER RESEARCH 

Thi s  research set out to inves tigate the prob lem 

of optima lly al locating resources within the health s er

vice sys tem . I n  particu l ar , i t  was concerned wi th 

methods for s electing , within spec i f i ed cons traints , the 

optimal sub-set o f  health servi ce programs from a s e t  of 

feas ible programs . Current approaches were reviewed and 

found inadequate . A generali zed cost-ef fectivene s s  model 

bas ed on a new morb idi ty-mortality health ( uti lity )  index 

was propo s ed , and was tes ted on four different types of 

health programs . · As a result , the following . conc lus i ons 

can be s tated : 

1 .  The propos ed mode l i s  feas ib le for application to 

health programs . 

2 .  The mode l appears to be applicab le to a wide variety of 

health programs - - perhaps all . I n  thi s res earch , it 

was applied to four different programs covering a broad 

s pectrum of the health field , and no particular d i f f i 

culties were encountered . 

3 .  I f  the model i s  applicable to all programs , and this 

requires further research , i t  c an be used to optimi z e  

the total hea lth s ervice sys tem : that i s , to allocate 

- 2 0 7  -
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the tota l health s ervice resources to the health s ervi ce 

activi ties and programs so as to maximi ze the overall 

health achieved . Thi s , of  cours e ,  would be a vas t  under-

taking requiring extens ive data gathering wi th s erious 

data prob lems ( s ee conc lus ion 7 below ) , but neverthe les s , 

should be cons idered as an important long- term goa l . 

4 .  Two techniques were tes ted for measuring personal sub -

j e ctive uti l i ties for various hea lth s tates - - a time 

trade-off method and a von Neumann-Morgens tern s tandard 

gamb le approach . Each technique was high ly r e li ab le on 

a s tand-alone bas i s ; and when combined , the two methods 

proved to be equivalent and qui te re l i able . The time 

trade-off technique was eas i er to adminis ter and i s  

recommended for thi s  reason . 

5 . The uti l i ty o f  a day in a paiticular health condition 

( the health value of that condition ) is not only a 

function o f  the condition i ts e l f  and of the individua l , 

but a ls o  a function of the duration that the individual 

has been in thi s  particular condi tion . For confinement 

condi tions , the uti l i ty was found to be a decre a s i ng 

functi on o f  durati on while the uti l i ty of chroni c  condi-

tions was an increas ing function . Thi s  conclusion mus t 

b e  cons idered tentative because o f  the sma l l  s ample- s i z e  

involved . Neverthel e s s , the result may be important to 

researchers interes ted in deve loping a s et of universal 

uti l i ty weights for application to general heal th cond i -
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tions , s ince the implication here i s  that no s uch 

s i ngle value exi s ts . That i s , a general condi tion 

like bed-d i s ab i li ty does not have a s ingle uti lity 

value , but rather a value which i s  a function of the 

duration of time spent in the condi tion . 

6 .  Two computational algori thms were inves tigated for 

analy z ing a set of potential health programs to s e lect 

the optima l s ub-set : a cost-ef fectivene s s  ranking 

a lgorithm deve loped s peci f i c a l ly for thi s  res earch and 

a s tandard 0 - 1  integer l inear programming algorithm . 

The cos t-effectivene s s  algorithm is  s uperior for those 

prob lems to whi ch i t  i s  app l icable - - an app lication 

wi th any number of programs , any number o f  mutual-

exc lus ivity cons traints , and one cos t cons traint . I t  

h a s  the fol lowing advantage s :  ( 1 ) s imp licity , ( 2 )  corn-

putati onal e f f i c iency , ( 3 )  the abi l i ty to handle larger 

s ets of programs , ( 4 )  only 11 peak 11 1 s olutions are produced 

and thes e  are normally to be preferred and ( 5 )  better 

i nformation i s  provided along wi th the s olution ( spec i -

f i cally the incremental ef fectivenes s cost ratios whi ch 

are us eful for the rational incorporation of the i ntan-

gible benef i ts and also for interim s ingle program 

evaluations ) .  On the other hand , the 0 - 1  i nteger l inear 

1see p .  2 0 4  above for an elabor ation on what i s  
meant by " peak "  so lutions . 
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programming algorithm provides a great deal of f lexibil-

ity for handling complicated problem s tructures ( mu l tiple 

resource cons traints , time-s treamed resource cons traints ) 

and in these cases , i t  would be the technique o f  choi ce . 

7 .  The data gathering required to apply thi s generali zed cost-

ef fectivenes s model to s pec i f i c  health programs i s  a time-

consuming tas k . The health s ervice sys tem appears to 

contain a wealth of data - - a great deal i s  recorded and 

very l i ttle is thrown away -- but much of it i s  s t i l l  in 

an unorgani zed raw s tate , and the required information 

mus t be tedi ous ly extracted by manual ly s earching the 

appropri ate data s ources . I n  addition to thi s  general 

prob lem of data gathering , there i s  the speci f i c  prob l em 

that the model requires data on the health bene f i ts for 

the various programs , and valid health benefit data i s  

parti cularly d i f f icult t o  acquire . Al l four programs 

analyzed in thi s  res earch h ad fairly c learly def i ned 

health benef i ts whi ch minimized thi s  prob lem ; but in 

many , probab ly mos t ,  heal th programs thi s  i s  not the 

1 
c as e . 

8 .  From a s tr i ct ly cost-effe ctive point of view , the four 

programs analy z ed in thi s  pro j ec t  c an be ranked as 

foll ows : 

1see , f or example , S ackett ( 19 7 0 ) . 

I 
J � ic: i 

,____, 

1 . 
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( a )  The program for the prevention of hemolytic di

sease of the newborn i s  an excellent venture whi ch 

not only produces a subs tanti al health benefit . but 

also generates an economic return to society . 

(b ) Tuberculos i s  s creening i s  an exce l lent program 

( r anked s e cond) in a few areas of high prevalence and 

a medi ocre program ( ranked las t )  in mos t  other areas . 

( c )  The program to provide coronary emergency res cue 

s ervi ces ranked third . 

( d )  A program to treat chronic kidney di sease by trans

p lantation ranked fourth . The other two methods for 

treat ing th is d i s ease - home d ialys i s  and hospita l  di aly

s i s  - were less  cost-effective than thi s  maximum trans 

p lantation approach . 

The s e  results mus t be regarded as prel iminary : the health 

value s ample was too smal l  and non-random , and many assump

tions were required in the calculations . 

There are two maj or recommendations s temming from 

thi s  research . Firs t ,  it i s  recommended that the general

i zed cost-effectiveness  model be applied by the deci s ion

makers o f  the health s ervice sys tem , perhaps initi a l ly on 

a limi ted trial bas i s . This would provide an opportunity 

to further refine the technique and to determine its real 

value in providing a s s i s tance to the rational management 

of the sys tem . Second , it i s  recommended that further 



- 2 1 2  -

research be conducted on the approach to continue to im-

prove and refine it . Speci f i cally , the fol lowing items 

should be inves tigated : 

1 .  Further application should be made of thi s  approach to 

other health programs . Thi s  wi l l  uncover new problems 

whi ch , when s olved , wi l l  improve and further general i z e  

the technique . 

2 .  Additional res earch should be conducted on the health 

uti l i ty s ca le : a l arger s ample would be us eful ; the 

que s tion of validation should be inves tigated ; the app l i -

cation to general rather than spec i f i c  health s tates 

should be exami ned ; and , for c omparative purposes , it 

would be us eful to measure lay a s  wel l  as phy s i c i an 

uti l i ties . 

3 .  Res earch i s  required to determine the proper dis count 

rate to apply to future hea lth benefits . 

4 .  Variations and s ophi s ti cations o f  the b a s i c  model can 

be i nvestigated . For example , res earch could be conducted 

i nto a continuous rather than discrete mode l , a s tochas-

tic rather th an determin i s ti c  mode l , a mode l with i nter -

acting non-mutual ly-exc lus ive programs , and a model with 

multiple , d i s tributional and time-streamed cons traints . 

Thi s  proj ect has introduced a new approach to 

dec i s ion maki ng in the health s ervice sys tem . Further re-

search wi l l  be required to improve and refine the technique 

I 
l 

J = 8 
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so it can ful f i l  i ts potenti al of providing the bas i s  for 

the rationa l evaluation and s election of health s ervi ce 

programs , and eventual ly ,  for the overa l l  optimi zation of 

the health s ervi ce sys tem . 



APPENDIX I 

HEALTH SCALE EXHIBITS 

List of Exhibits 

1 .  Paired D i f f erence Test for T ime Dependency 

2 .  S ign Tes t for Time Dependency 

3 .  Letter to General Practitioners Reque s ting P arti cipation 

4 .  Health S tate Des cription Sheets 

5 . Reliabi lity of the Standard Gamb le 

6 .  Reliab i lity o f  the Time Trade-Of f  

7 .  Test for S igni fi cant Di fference of Rel i abi lities 

8 .  Equivalence of the Two Techniques 

9 .  Data Matrix 

1 0 . Health S tate Value Calculati ons 

1 1 .  Review of Uti lity Measurement Techniques 

- 2 1 4  -



EXHIBIT 1 

PAI RED DIFFERENCE TEST FOR TIME DEPENDENCY 

In each pi lot tes t of the meas urement technique , 

each state that was va lued at two d i f f erent time durations 

was tes ted by a paired t-test to determine if the change 

in value with time was s igni f i cant . The two time durations 

were : 1 year and life for vers ion 1 confinement s tates and 

for vers ion 2 ,  1 week and 1 year for ver s ion 1 chronic 

s tates , and 4 months and 1 0  years for version 3 .  For any 

one vers ion and s tate , let 

X = the long - term uti lity of :thi s  s tate for a speci fi c  
i ndividual and a speci f i c  mea surement method . 

Y = the short-term uti lity o f  the s ame s tate for the 
s ame individual and same meas urement method . 

= x - y 

. 1 The ies ul�s of the tests are tabulated below . 

1For the me thod of calculation s ee Appendix I ,  
Exhibit 6 containing a detailed example . 

- 2 1 5  -
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Obs er- t t Conc lu-
State Vers ion vat ions df 

-

calc . 9 7 5  s ion 11 

Confinement S tates : 

Home Bed 1 2 2  2 1  - .. 0 4 7 7  . 6 4 2  2 . 0 8 Not s ig • 

Home 
Confinement 3 4 3 - . 2 0 3  2 . 2 9 4  3 . 1 8 Not s ig . 

Sanatorium 
Confinement 3 4 3 - . 11 2 . 1 3 6  3 . 1 8 Not s ig . 

Chronic S tates : 

Mi ld D i s -
comfort 1 2 2  2 1  . 0 0 9 1 .  6 1  2 . 0 8 Not s ig . 

Reduced 
Activity 1 2 2  2 1  . 0 1 1  1 .  0 7  2 . 0 8 Not s i g . 

Res tricted 
Activi ty 1 2 2  2 1  • 0 2 6 8  1 . 5 2 2 . 0 8 Not s ig . 

Mild Di s -
comfort 2 4 4  4 3  • 0 0 9 2  1 . 5 3 2 . 0 2 Not s ig . 

Ambulatory 
with drug 
Treatment 2 4 4  4 3 • 0 1 3 8  1 .  7 9  2 . 0 2 Not s ig • 

Hospital 
Dialys i s  3 4 3 • 2 6 3 5  2 . 6 9 3 . 1 8  Not s ig • 

Home 
Dialys i s  3 4 3 . 2 1 9 8 2 . 5 2  3 . 1 8  Not s ig . 

Kidney 
Trans plant 3 4 3 - . 0 5 6 5  1 . 3.l 3 . 18 Not s i g . 



EXHIBIT 2 

S I GN TEST FOR T IME DEPENDENCY 

Let b. be defined as in the previous Exhibi t  

( Appendix I ,  Exhib it 1 ) , and l et p represent the true 

population proportion of non- z ero b. ' s  whi ch are greater 

than zero . I t  i s  hypothe s i zed that p= 0 . 5  for the aggre-

gated conf inement s tates and a l s o  for the aggregated 

chronic s tates , and thes e  hypotheses are tes ted by the 

method outlined in S i egel ( 1 9 5 6 , pp . 6 8 - 7 5 ) . The results 

are s ummari z ed below .  

Null Hypothes i s  

Alternate Hypothes i s  

Leve l o f  
S igni ficance 

Number of non- z ero 
b. '  s ( =n )  

Number o f  b. ' s > 0 

Number o f  b. ' s < 0 

Mean = µ = np 

Standard Deviation 
cr = /npq 

Confinement S tates Chronic S tates 

H : p = 0 . 5  0 
H

1
: p < 0 . 5  

a = . 0 5 ,  1-tail 

2 6  

7 

1 9  

1 3  

2 . 5 5 

- 2 1 7  -

H : p = 0 . 5  0 

a = . 0 5 , 1-ta i l  

9 6  

5 9  

3 7  

4 8  

4 . 9 0 



- 2 1 8 -

Con finement S tates Chronic S tates 

Test Stati s ti c  (Z 1 ) a 
ea c 1 3 - 7 . 5  

2 . 5 5 = 2 . 1 6 

1 . 6 4 

5 8 . 5 - 4 8 
4 . 9  = 2 . 1 4 

1 . 6 4 

S ince Z 1 > Zt b in each cas e ,  the hypotheses 
e a  c a 

H : p=0 . 5  are rej ected , and the a lternate hypotheses are 0 
accepted . That i s , both the decrease in the health value 

of confinement state s and the increa s e  in the health value 

of chroni c s tates wi th time are s igni ficant at the 5 per 

cent leve l .  

a
z --· I x. ..., µ I - O •. 5 

c alc 
-

a The factor 0 . 5  in the 

numerator is the correction for c ontinuity , whi ch improve 
the approximation to normality ( S iegel , 1 9 5 6 , p .  7 2 } . 

r / 



EXHIBIT 3 

LETTER TO GENERAL P RACTITIONERS REQUESTING PARTICIPATION 

June 9 , 19 70  • 

MCMASTER UNIVERSITY 
HAMILTON, ONTARIO, CANADA 

DEPARTMENT OF 
CLINICAL EPIDEMIOLOGY & BIOSTATISTICS 

Mailing Address : 
Hamilton Health Association 
Box 590 · 

Hamilton, Ontario, Canada 

George Torran ce o f  the Facul ty o f  Bus iness and I 
are invo lve d in a res earch p roject which involves , amon g 
o ther thi n gs , the use o f  operati ons res earch techn iques to 
quan ti tate how pe ople fee l ab out certain hypotheti cal 
s i tuations in wh ich they , as patien ts , wou ld face alternati ve 
programmes of therapy . 

I f  you agree to participate in th is p ro j e ct ,  a 
member of the res e arch team would con du.ct a 4 5-minute 
in te rview w i th you at a convenient time an d p lace . In this 
in terview y ou would be aske d to imagine that you h ave a 
parti cular disab i l i ty  and to then choose (as a consume r ,  
n ot a clini cian )  b e tween two ficticious tre atment pl ans . 
Of cours e ,  indi vi dua l respons es wi ll b e  treated anonymously . 

The ob jecti ve o f  this phase o f  the 
to deve l op s cale va lues for a heal th inde x . 
view of the total p roject i s  provi ded on the 
i f  you are in te res ted . 

p roject i s  
A b ri e f  over
attach.e d  sheet 

If y ou can s pare 45 minutes t o  h e ip out on this 
p ro ject please te l l  y our secre tary . We w i l l  contact h e r  
in the near futu re t o  arran ge a s ui table time . 

Thanks ve ry much . I f  y ou h ave any q ues tions , 
p le as e  d o  not hes i tate to call me at 3 8 3 - 2 149 . 

i 
I 

· I  
DLS : j s  
Encl . ( 1 )  

S in cere ly yours , 

� (�", 
. J�� 

Davi d L .  S ackett , M . D .  

- 2 19 -

r 



EXHIBIT 4 

HEALTH STATE DESCRIPTION SHEETS · 

H e a l t h  S t at e s  

She et 1 ,  Random i z a t i on 1 May 2 7 , 1 9 7 0  
G .  W .  Torranc e  

Home Confi nement - You ' re r e s t r i c t ed to y our home in s em i 

i s o l a t i o n  b e c au s e y ou ' r e c ont ag e ou s . E s s e nt ia l ly y ou ' r e 

quarant i ned - y o u  may wander around y ou r  house and p r o p e rt y  

b ut y ou s h o u l d  s t ay away from p e o p l e .  Y o u  have a c o ugh , m i ld 

fat igue , no pain . Tr eatm ent c ons i s t s  o f  2 - 3  p i l l s /d ay and 

p l e n t y  of r e s t . There are no d i e t  re s t ri c t ions . 

Sanit o r i um Confinement - You ' r e c onfined t o  a s an i t o r ium . 

You have a c ough , mild fat igue and no p a in . No d ie t  r e 

s t r i c t i o ns . Treat ment c on s i s t s  o f  p l en t y  o f  r e s t , 2 - 3  

p i l l s /day and an average o f  3 inj e c t i o n s  p er w e e k . Y o u ' r e 

not a l l owed any home v i s i t s  and normal h o s p i t a l  v i s i t ing 

p r o c e dur e s  app l y ; eg . no c h i ldren a l l ow e d . 

- 2 2 0  -
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Health S t at e s  

Sheet 2 ,  Randomi z a t i o n  1 June 1 6 , 1 9 7 0  
G .  W .  Torran c e  

Ho s p i t a l  D i a ly s i s  - t wo o r  t hr e e  t ime s /week you mu s t  

t rav e l  t o  t he ho s p i t a l  and spend about 8 hours hooked up 

t o  a d i a l y s i s  mac hine . Working men general ly go overn ight ; 

others g o  during t he day . You ' re v e ry anaem i c  and t hi s  may 

l im i t  y o ur a c t ivi t y . You ' r e on a re s t r i c t e d  d i e t  ( on l y  3 c up s  

o f  f l u i d  p e r  day ) . The re i s  a p ermane nt s hunt imb e dd e d  in 

your arm o r  leg wh i c h  r e s t r i c t s y our phy s i c a l  ac t iv i t i e s s ome -

no swimm ing . You ' r e ge ograp h i c a l l y  b o und t o  y our machine -

vacat i on s  are d i ffi c u l t . There i s  n o  s e ve r e  p a i n  but c hr o n i c  

di s c omfort and f o r  s ome p e op l e , emo t ional depre s s i on . You 

s ho u l d  b e  ab l e  t o  work fu l l  t ime but not o n  a phy s i c a l  j o b .  

Home D i a l y s i s  - s ame a s  h o s p i t a l  d i a l y s i s  ( s ymp t oms o f  

anaem i a , d i e t ary r e s t r i c t ions , s hunt , ge ogr ap h i c  re s t r i c t ions ) 

e x c ept y o u  have d i a l y s i s  e q u ipment i n  y our b e droom , and three 

night s a we e k  y o u  hook up for about 10 hour s . You and ano t her 

memb er of your fam i l y  have l e arne d how t o  h o o k  up and o p e rat e 

t he d i a l y s i s  e qu ipment . O c c a s iona l l y  y o u  have t o  go t o  t he 

ho s p i t a l  f o r  dialy s i s . 

K i dney Tran s p l ant - y ou have r e c e ived a s u c c e s s f u l  kidney 

t ran s p l an t . Your anaemia from t he k i dney d i s e a s e  is b e t t er , 

and t he r e  are only minor re s t r i c t i ons o n  y our d i e t  and 

a c t i vit i e s .  You mus t  t ake drug s against rej e c t i on wh i c h  

make y o u  more s u s c e p t i b l e  t o  i nfe c t i on s  and o t her d i s e a s e s . 

In add i t i o n  t he drug s wi l l  produce s i d e - e f fe c t s  s u c h  a s  a 

s t r ik ing l y  Cush ing o i d  app e aranc e ,  and p o s s ib ly o ther maj or 

e f fe c t s  ( eg .  d i ab e t e s ) . 



EXH IBIT 5 
RELIABILITY OF THE STANDARD GAMBLE 

Data 

x .  = the value obtained from the unmodi fied que s tion J. 
y 

i 
= the value obtained from the mod i fied ques tion for 

the s ame s tate and the s ame i ndividual 

ll .  X .  - Y .  J. J. J. 

s ll = 
s = . 0 1 7 9  

- 2 2 2  -



t 
calc 

t2 0d f  
. 9 7 5  

= 

= 

- 2 2 3  -

= . 5 3 0 7  

2 . 0 9 

Since . 5 3 0 7  < 2 . 0 9 ,  the di f ference i s  not stati s tically 

s igni f i cant at the 5 per cent leve l .  

Coef f i cient of Correl ation 

L:X . = 1 4 . 2 1 5  l 

L: Y . = 1 4 . 0 1 5 l 

L: X . 2 
l = 1 1 . 3 4 1  

L:Y . 2 = 11 . 2 9 8  l 

L: X . Y .  = 1 1 . 2 5 1 l l 

Then the coefficient o f  correl at ion p i s  e stimated by the 

s ample correlation coefficient r ,  given by1 

N L: X . y .  -l l r = 

[N  L: X . 2 
-l 

= . 9 6 5  

( L:X . ) ( L:Y . ) l l. 

( L: X . ) 2
] 

1/2 
l [N  L:Y . 

2 ( L:Y . ) 2
] 

1/2 
-l l 

and the 9 5  per cent c on fidence l imits for p are ob tained 

. by us ing the trans formation 

z = 
1 
2 ln 

whi ch , for s amples from b ivar iate normal populations , i s . 

approximate ly norma l ly distributed wi th mean � ln < i�� ) 
and vari ance l/ (N- 3 ) . 2 Hence 9 5  per cent c on fidence l imits 

1 
Freund , 19 6 2 , p .  3 1 0 . 

2 Freund , 1 9 6 2 ,  p .  3 1 1 . 



for z are 

z + l . 9 6 crz 
= 

- 2 2 4  -

1 
ln (

l+r ) + 2 1 -r 

= 2 . 0 1 5  + . 4 2 8  

1 .  9 6  

VN=3 

By means of the above trans formation , the corresponding 

limi ts for p are . 9 2 0  and . 9 8 5 . 

l 
I 

d c � 



2 Data 

x . 7 5 
y . 8 8 
D. - . 1 3 

x . 9 1 
y . 9 4 
6. - . 0 3 

N = 2 1  

EXHIBIT 6 

RELIABILITY OF THE TIME TRADE-OFF1 

. 7 9 . 7 1 .  0 . 1 7 . 7 3 . 8 4 . 9 1 . s  

. 9 1 . 8 5 1 .  0 . 4 1 . 8 2 . 8 8 . 9 4 . 5 
- . 1 2  - . 1 5 0 - . 2 4 - . 0 9  . 0 4 - . 0 3 0 

. 6 7 . 9 5 . 9 . 6 4 • 9 4 . 6 1 . 7 2 

. 7 5 . 9 7 . 8 4 . 6 7 . 8 4 . 3 4 . 7 7 
- . 0 8 - . 0 2  . 0 6 - . 0 3 . 1 0 . 2 7  - . 0 5 

Test for S igni fi cant D i f f erence Between Replicates 

EA . = - . 5 4 0  J. 
6. = - . 0 2 5 7  

ED.. . 2 . 2 2 1 2  = 
J. 

s = . 1 0 2 0  

s- = . 0 2 2 3  6. 

t calc 
= 1 . 1 5 3  

t
2 0df 
. 9 7 5  2 . 0 9 

. 8 7 

. 8 7 
0 

. 8 6 

. 8 6 
0 

Since 1 . 15 3  < 2 . 0 9 ,  the di ff erence i s  not s tati s tically 

s ignifi cant at the 5 per cent level . 

1s ee Appendix I ,  Exhib it S ,  for a d i s cu s s ion o f  
the notati on and method . 

. 9 2 

. 8 8 

. 0 4 

1 . 0  
1 .  0 

0 

2The omi s s ion of one pair of data is  due to the 
mi s s ing ob servation of respondent n�mber 3 .  See Appendix 
I ,  Exhibit 9 below . 

- 2 2 5  -
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Coefficient of Corre l ation 

E X . 1 6 . 3 8 0  E X . 2 
1 3 . 5 3 8  E X . Y .  1 3 . 8 0 9  = = = 

J_ J_ J_ J_ 

E Y . 1 6 . 9 2 0 E Y . 2 
1 4 . 3 0 0  = = 

J_ J_ 

r = . 8 5 8  

and 9 5  per cent conf idence l imi ts for p are . 6 7 6  and . 9 4 1 . 

l 
d � �i 



EXHIB I T  7 

TEST FOR S I GNIFICANT DIFFERENCE OF REL IABILITIES 

To tes t  for s ignificant dif ferent between the reli-

b i l i ties of the Standard Gamble ( r  = 
1 

. 9 6 5 )
1 and the Time 

Trade-Off ( r 2 
2 compute = . 8 5 8 ) ' 

z
l 

1 
ln 

l+r
1 2 . 0 1 4  = 2 (

1-r ) = 

1 

z 2 
1 ln 

l+r 2 1 . 3 4 2  = 2 (
1-r ) = 

2 

whi ch are norma lly dis tributed with s tandard devi ations 

cr z 
1 

= 1/ jN
1

- 3  and a
z 2 

= 

0 z z · l - 2 
= I N :3 + N :3 

= 

" 1 2 

we have 

z = 
z

1
- z

2 
a . 

z
1

- z
2 

= 2 . 0 1 6  )' 1 . 9 6 

Henc e there i s  a s ignifi cant dif ference at the 5 per cent 

leve l . 

1see Appendix I ,  Exhibit 5 . 

2 
S ee Appendix I ,  Exhibit 6 .  

3 see , for example , Freund , 1 9 6 2 , p .  3 1 1 . 
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EXH I BIT 8 

EQUIVALENCE OF THE TWO TECHNI.QUES 

1 
Data 

X .  = the mean value obtained by the Time Trade-Off 1 
Technique for a specific s tate and individual .  

Y .  = the mean value obtained by the S tandard Gamb le 1 
Technique for the same s tate and individual .  

!:::. • = X .  - Y . 1 1 1 

N = 5 4  

Test for S igni ficant D i fference Between Techniques
2 

l. I:::. • = 1 .  9 7 5  
1 

!:::. = . 0 3 7  

l. I:::. • 
2 1 .  6 8 9  = 

1 

s = . 1 7 5  

s = . 0 2 4  
!:::. 

1
For the actua l data s ee Appendix I ,  Exhibit 9 . The 

omi s s ion of one pair of data i s  due to the mi s s ing ob s er
vati on of respondent number 3 . 

2s ee Appendix I ,  Exhib i t  5 for a detai led example o f  
the meth od . 

- 2 2 8  -
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t calc 

t5 3df 

. 9 7 5  

- 2 2 9  -

= 1 . 5 4 

= 2 .  0 1  

S ince 1 . 5 4 < 2 . 0 1 ,  the difference i s  not s tati stica l ly s igni-

ficant at the 5 per cent leve l .  

Coef f i ci ent of Corre l ation1 

The coeffic ient o f  corre l ation was found to be r = . 8 5 0  

with 9 5  per cent con fidence l imits of . 7 5 6  and . 9 1 1 .  

1
s ee Appendix I ,  Exhibit 5 for a detai led example o f  

the method . 



EXHIBIT 9 

DATA MATRIX 

HEALTH STATES 

Home Sanatorium Kidney Home Hos pital 
Confinement Confinement Transplant Dialy s i s  D i alys is 

( B )  ( C )  ( D )  ( E )  ( F )  

Subj ect t p t p t p t p t p 

1 . 6 1 . 2 6 . 0 2  . 0 1 . 6 1 . 4 3 . 5 5 . 1 9 . 1 0 . 10 
. 4 7 . 1 1 . 8 2 . 4 3 

2 . 4 7 . 3 1 . 5 0 . 0 5 . 9 4 . 8 4 . 3 9 . 3 6 . 4 0 . 2 5 
. S 2 . 3 1 . 8 2 . 7 9 

3 , 3 3 . 1 7 x o . o . 8 5 . 6 6 . 6 1 . 5 0 • 5 0  . 2 5 
. s o . 3 3 . 7 8 . 6 8 

4 . so . 5 0 . 6 7 . 8 8 . 9 6  . 9 6 . 9 3  . 9 3 . 8 0 . 9 0  
. 7 5 . 8 8 . 9 8  . 9 8 

s . 8 6 . 7 2 . 7 S . 4 2 . 7 8 . 8 5 . 8 8 . 8 7 . 8 0 . 5 8 
. 79 . 8 6 . 9 2 . 8 7 d Lj 

.� 

6 . 5 0 . 50 o . o  o . o  . 8 8 . 7 2 . 0 5 . 2 9 . 10 o . o 
. s o . 4 2 . 8 8 . s o l 

7 . 4 6 x . 2 5 0 . 0  . 9 1 . 9 0 . 8 6 . 8 6 . 8 0 . 8 0 
. 5 6 . 7 0 . 9 4  . 9 0 

. 8 . 1 2 . 3 7 . 1 1 . 0 1 . 6 3 . 7 0 . 5 5 . 1 5 . 3 8 . 4 2 
. 3 7 . 2 5 . 7 4 . 7 0 

9 . 8 1 . 8 9 . 1 1 . 7 S 1 . 0  . 9 7 . 9 7 . 9 1 . 9 9 . 9 0  
. 9 1  . 9 6 . 9 7 . 9 9  

1 0  . 7 1 . 9 1  . 2 5 o . o  . 8 4 . 9 3 . 6 3 . 8 1 . s o . 3 8 
. 8 5 . 9 1 . 9 2  . 9 7 

1 1  . 8 8 . 8 8 1 . 0  . 7 5 . 9 3 . 9 1  . 8 0 1 . 0  . 9 2 . 9 0 
. 9 0 . 8 8 . 9 2 • 9 1  

- 2 3 0  -
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Notes : 

1 . t repre sents the time trade-off technique 

p repres ents the standard gamble . 

2 X t . . 1 1 . represen s a mi s s ing va ue . 

3 . The calculation of the s e  values was performed with 

formulae ( 2) p .  9 6  and ( 8 )  p .  1 0 2 , wi th hi+l in each 

cas e equal to the mean of the two value s  of that s tate 

for that individual . 

1 The two mis s ing values are explained on p .  1 1 2 
above . 



EXHIBIT 1 0  

HEALTH STATE VALUE CALCULATI ONS 

S ample Calculation : 1 For s tate E (home d i a lys is ) . 2 

= 1 5 . 8 7 
2 4  

= . 6 6 1 3 

The e s timate of the variance in the population i s  

k 
r n

i
k 

- - 2 
-

N 
( X

l. 
-X)  i= l 

where k 

n .  l 
T .  

l 

N 

T 

and x .  
l 

s 2 

i s  

i s  

i s  

= 

= 

= 
k-1 

k T .  2 
T

2 
r ( -l-) -n .  N i= l = 

the number 

the number 

the sum o f  

k 
r n . 

i= l l 

k 
r T .  

i= l 

T . /n .  
l l 

l 

l 

N ( k - 1 )  

o f  subj ects ( = 1 1 )  

o f  respons es for 

the respons e s  o f  

subj ect i 

sub j·ect • i  

1 Method for homogeneous groups from D ixon and 
Mas s ey , 1 9 5 7 , p .  1 2 9 . 

2 For s ample values see Appendix I ,  Exhibit 9 .  

- 2 3 2  -
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11 T .  2 
T 2 

l: ( -
l-) - 24 

2 i-1 n .  
Then 1 1  l 

] SE 
= [ -

2 4 ( 1 0 )  

11  
( 1 2 . 2 2 14 10 . 4 9 4 )  = 

2 4 0  
-

= . 0 7 9  

The s tandard error o f  X
E 

i s  then 

and 9 5 %  confidence l imi ts for µ E are 

X
E 

+ t 
9
l 0

7
d
5

f SX-
= . 6 6 1  + ( 2 . 2 2 8 )  ( . 0 8 4 9 ) = . 6 6 1 . + . 18 9  

• E 

Summary of Res ults 
-

S tate x s 2 s¥ 2 .  2 2
.
8 sx 

B ( Home Confinement) . 56 4  . 0 6 0  . 0 7 4  - . 1 6 4  
C ( S anitorium Confinement)  . 3 4 0  . 1 1 7  . 10 3 . 2 3 0  
D (Kidney Transplant)  . 8 2 9  . 0 1 7  . 0 4 0  . 0 8 9  
E (Home Dialys i s )  . 6 6 1  . 0 7 9  . 0 8 5  . 1 8 9  
F ( Hospital Dialys i s )  . 5 3 4  . 1 0 2  . 0 9 6  . 2 1 5  



EXHIBIT 1 1  

REVIEW OF UTILITY MEASUREMENT TECHNIQUES 

S ix techniques for measuring uti l i ties on an inter-

val or ratio s cale are reviewed below for their sui tabi l i ty 

to the health scale measurement task . Comments are i ns erted 

des cribing how each technique cou ld be applied to health , 

or di s cus s i ng s ome of the experimental experiences i f  it 

was s o  app l i ed in thi s research . 

1 .  Von Neumann-Mo�gens tern s tandard gamb le 

The s tandard gamb le technique propos ed by von Neumann 

and Morgens tern ( 1 9 5 3 )  cons i s ts of the fol lowing s teps : 

( a ) The events to be valued are f i r s t  ranked by preference . 

( b )  Then two extreme events are taken fro m thi s  l i s t ,  one 

from each end , s ay event A and event z .  

( c )  The sub j ect i s  asked to choo s e  between two a lternative s ; 

Alternative 1 :  A 5 0 - 5 0  chance o f  either event A or 

event Z occurring , or 

Alternative 2 :  An intermedi ate event , s ay M ,  occurr ing 

with certainty . 

( d )  The intermediate event or the probab i l i ties are changed 

unt i l  the sub j ec t  is indifferent between a lternatives 

1 and 2 .  

( e )  The reference events , A and Z ,  can be arbitrar i ly a s s i gned 

any value , s ince thi s  is an interval s cale , and the value 

- 2 3 4  -
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o f  the intermedi ate event can then be calcul ated 

under the assumption that the respondent i s  maki ng 

rational choi ces ( i . e . , attempting to maximi z e  his 

expected uti l i ty ) . 

Von Neumann and Morgens tern es tab li shed a s e t  of 

cons i s tent axioms upon whi ch thi s  method i s  bas ed and 

showed that the method results in a l inear interval s ca le . 

S ome of the pitfalls in the s tandard gambl e  technique 

are d i s cus s ed by Dyckman , Smidt and McAdams ( 19 6 9 )  • 

[ i ]  I t  may be neces s ary to s imulate conditions 
s imi l ar to the ones under which the dec i s ion 
maker generally operates in order to approxi
mate his  uti lity function appropriately � 
Experiments with coins or other random de
vices may fail to do the j ob ( p .  3 14 ) . 

Thi s  was one o f  the probl ems encountered when the s tandard 

gamble technique was us ed in thi s  research to measure health 

value s . A number of the respondents remarked on the un-

reality of the interview s i tuation and were concerned that 

the i r  respons es might not be identical to what they would 

do i f  really faced wi th the s i tuation . Thi s i s  a general 

prob l em wi th any measurement taken in an arti ficial s itua-

ti on and the amount of error , if any , introduced c an only 

be determined by a proper validation s tudy . 

[ ii ]  Before us ing thi s  uti l i ty · function , i t  i s  
imperative that i t  b e  checked for cons i stency 
us ing s evera l new gambles . I f  neces sary , 
changes should be made unti l the decision 
maker i s  confident that i t  expres s es his  pre
ference s  (p . 3 1 6 ) . 
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Cons i s tency checks were performed in thi s  res earch by re-

peating one of the measures in a disgui s ed manner . I n  the 

early pi lot ver s ions , the respondent was confronted with 

serious incons i s tenc ies and asked to reconcile them . How-

ever , as the interview technique improved thi s  became 

increasingly unneces s ary and on the f ina l s ample thi s  was 

dropped altogether . 

[ i i i ]  An additional difficulty wi th the as s umptions 
made in uti l i ty theory arises when extremely 
unfavourab le outcomes ( or payo f f s ) near the 
boundary o f  the utility function are invo lved . 
Examples might inc lude war , bankruptcy or death . 
Near the lower end of the uti l i ty function , 
decis ion makers are like ly to be unab le to 
dis tingui sh rea l i s tically between smal l  d i f 
f erences in probabi l i ties that produce s ub s tan
tial change s  in the expected uti l i ty indices 
( p .  3 3 2 ) . 

What thi s  means in actual practice i s  that the alternatives 

should be phras ed so that th e indif f erence probab i l i ties are 

as near to 0 . 5  as pos s ible . Thi s s ugge s tion was followed 

in thi s proj e ct . 

[ iv ]  There i s  s ome evidence that individual manage r s  
may b e  considerably more c ons ervative than their 
s uperiors would des ire ( p .  3 3 2 )  . 

The implication here i s  that when a pro f e s s ional ( the mana-

ger ) is making a dec i s i on for another person ( the owne r t  

h e  tends t o  be more cons ervative ( le s s  r i sk taking) than the 

individual would be for himself . The analogy in the health 

s ervi ce sys tem would s ugges t that a phys ician when advis ing 

a patient would be more cons ervative than the patient would 

be for h ims e l f . Thi s  hypothe s i s  has not yet been tes ted , 

I 



- 2 3 7  -

but i t  would be pos s ible and worthwhile to do s o  as a 

direct extens i on of thi s  proj ect by applying the value 

meas uring instrument independently to a s ample of phy s i -

c i an s  and a s ample of patients . 

2 .  S impli f ied von Neumann-Morgens tern s tandard gamble 

Ackoff and Sas ieni outline the fol lowing procedure 

which they describe as " a  s impl i f icati on of that propos ed 

by von Neumann and Morgens tern" ( 19 6 8 ,  p .  4 9 ) . 

( a )  Preference r ank the outc omes - 0
1

> 0
2

> · · · > 0
n 

( b )  Let U ( O ) = 1 ,  where U ( O ) represents the uti l i ty of n n 

outcome n .  

( c )  Find a 1 
s uch that the s ub j ect i s  i ndif ferent between 

O
n with certainty and o 1 with probab i lity a 1 •  

( d )  Then U ( 0 1 ) = l/a1 . 

( e ) Repeat s teps ( c )  and ( d )  for a l l  remaining outcomes . 

. ( f )  Use  other outcome pairs to check the re ii ab i l i ty of 

the estimates . 

Thi s is  cal led a s impl i f i cation s i nce i t  appears to 

require the sub j ect to cons ider only 2 sub j e ctive value s  

and 1 probab i l i ty ins tead o f  3 and 2 respective ly a s  required 

by the von Neumann-Morgenstern s tandard gamble . But on 

c lo ser inves tigation , thi s  is not s o .  S tep ( c )  above can be 

rephrased as follows : find a
1 

such that the s ub j ect is in

different between al ternative 1 and 2 ,  where alternative 1 

i s  0 with certainty and a lternative 2 is  a gambl e  with pron 

bab i ii ty a 1 of o 1 and probabi lity ( l- a
1

) of  no change . No 
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change , by defini tion , has a uti l i ty of 0 .  Now i t  i s  

apparent that thi s  s impli fied vers ion i s  really j us t  a 

s pecial cas e of the original vers ion whi ch can be used 

when one of the outcomes has a uti l i ty of O .  

3 .  Decis ion-theore tic method 

At the I nternational Conference on Operational 

Res e arch and the Social Sciences in September 1 9 6 4 , F lagle 

�eported that he and his colleagues had been uns ucces s ful 

with exi s ting uti l i ty measurement technique s : 

Our e fforts to es timate disuti l ities , l os s es , or 
cos ts directly or to apply s tandard gamble tech
niques to meas ure them . . .  have not been succe s s fu l . 
S e s s ions with c linicians and pub lic health phy
s i c i ans have produced a cons i s tent s et of ob j ec 
tions . . •  ( 1 9 6 6 , p .  4 0 0 ) . 

Becaus e of these diffi cu l ties , F l ag le was experimenting 

wi th a dec i s i on-theoretic approach •
. 

The e s s ence of thi s 

approach i s  as follows : 

( a )  S tructure a rea l i s t i c  deci s ion s i tuation and let the 

dec i s i on maker s elect his s trategy . 

( b }  As suming his s trategy i s  optimal for the uti l i ties i n  

h i s  los s matrix , cal cul ate bounds o n  the unknown uti l i ty . 

( c )  Repeat thi s  proces s  changi ng the dec i s ion s i tuation 

( e . g . , changing the probab i l i ties ) to tighten the bounds 

and provide an interva l es timate of the uti li ty .  I n  

the limi t , the indif ference point f o r  the decis ion 

wi l l  provide a point es timate of the uti l i ty . 
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Computationa l ly thi s  l imiting case for point 

e stimates is identi cal to the von Neumann-Morgens tern 

s tandard gamble . So why should i t  work when the standard 

gamble did not? I t  would appear th at the s igni fi cant dif-

ference is  the fact that the decis ion-theoretic method is  

framed as a reali stic dec i s ion rather than an unnatural 

1 
gamb le . 

Thi s  approach was us ed as much as poss ible in the 

current res earch . That i s , the decis ion s i tuation posed to 

the s ub j ect was made as real i s ti c  as pos s ib le , given the 

unnatural environment of an interview s etting . 

4 .  D i rect meas urement 

The direct measurement method was proposed by S tevens 

( 1 9 5 9 )  who noted the s imi l arity between measuring uti l i ty 

and measuring perceptual respons es s uch as brightnes s  and 

loudne s s .  The l atter are measured directly on a ratio s c a le , 

by asking the s ub j ect , for example , to turn up the light unti l 

i t  i s  twice as bright or by changing the ' l ight and asking h im 

to e s timate the percentage change . S im i l arly S tevens s ugges ts 

one can ask whi ch event i s  twice as valuable ( preferred 

twi c e  as much ) as a given event , and by repeating thi s pro-

cedure , develop a ratio s c ale . Then one mus t aggregate the 

dif ferent s cales from diff erent s ub j ects into one common 

1Thi s  i s  essenti a l ly the s ame obs ervation as pit
fall number ( i ]  mentioned above on p .  2 3 5 . 
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scale . I n  thi s  regard , Stevens points out : 

I f  we are interes ted in s tandardi z ing a scale of 
brightne s s  for a given condition of viewing , we 
mus t forego the hope that our s cale wi ll repre sent 
the vi sual respons es of a l l  citi zens . We can , 
however , aspire to the les s ambi tious goal o f  
erecting a s cale that wi l l  describe the typical 
responses of the median obs erver in a popul ation 
of intere s t . Havi ng such a s c ale , we can then 
more e ffective ly press the ques tion of individual 
dif ferences and idiosyncras ies , i f  the problem 
proves important (p . 5 2 ) . 

I t  i s  c lear that a s cale of sub j ective values invo lved in 

health would dif fer for each s ubj ect but , assuming there is  

reasonable con s i s tency , we c an ,  as S tevens s ays , deve lop the 

scale which repre s ents the median s ubj ect . 

Thi s  technique o f  directly measuring uti l ities by 

ratio es timation was further devel oped by Mil ler in 1 9 6 6 , 

although he c al led i t  "worth a s s es sment" . 

I n  dis cus s ing the proper interpretation o f  worth , 

Mi l ler points out : 

( i )  Worth i s  not an external property o f  the 

s i tuation but i s  an internal property of 

the human dec i sion maker ( p . I - 1 2 ) . 

( i i )  Worth j udgements made by diff erent people 

wi l l  be different (p . I - 1 5 ) . 

( ii i )  Worth j udgements made by the s ame person 

over time wi l l  be dif ferent ( p . I - 1 5 ) . 

Mi l l er ' s  worth scale varies from 0 ( no worth ) to 1 

{maximum worth ) , i s  a ratio scale , and a l l  normal ari thmetic 

operations are valid { p .  I - 2 4 ) . 

t 
I . 
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The part o f  hi s method which i s  appli cable to 

this res earch is the fol lowing procedure for measuring 

the weights (worth ) of  his s ub-criteri a .  

1 .  All s ub-criteria s ubsumed under a given higher 
leve l  criterion are ranked in order of as cend
ing perceived importance ( p . I I - 4 6 )  . 

Success ive pair-wise comparisons are made to achieve thi s 

ranking . 

2 .  Then s tarting wi th the mos t  important pair o f  
s ub-criteria appearing at . the head o f  the li s t ,  
succes s ive pair-wis e  comparisons are made be
tween contig uous s ub-criter i a , and deci s ion 
makers are asked to indicate in terms of a 
ratio the degree of perceived relative impor
tance of the two . S tated a lternative ly , 
dec i s i on makers are asked to indicate the rate 
at which they would be wi l ling to accept reduced 
s atis f action o f  one sub-criterion in return for 
increas ed s atis faction of the o ther ( p . I I - 4 6 ) . 

In each pair�wi se compar i s on , the t op i tem o f  the pair i s  

given a value o f  1 and the deci s ion maker as s igns an appro-

priate fraction to the other i tem indicating i ts relative 

value . Then s equential multipl ication provides the appro-

priate weights . 

I f  a group of dec i s ion makers i s  involved , thei r  

individual answers mus t  be aggregated i nto a s ingle c ommon 

scale . Mil ler recommends a discus s ion among the dec i s ion 

makers to reduce the vari ation in the answers , fol lowed 

by a s imple ari thmetic mean to provide the required s ing le 

number ( p . I I - 4 9 ) . 
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Stims on ( 1 9 6 9 ) reported an appli cation of thi s  

direct meas urement technique in the health area . He us ed 

it as a s econd measuring technique along with the Churchman-

Ackoff method ( s ee be low )  to measure the uti li ties of ob j ec -

tives of dec i s i on-makers in a public health agency . 

I n  thi s  res earch proj ect , the direct meas urement 

technique was used as one of the m�thods in the ear ly pi lot 

s tudies . However , a s  the proj ect progre s s ed ,  the technique 

was modified and evolved into a time trade-off method . 

5 .  Churchman-Ackof f  method 

Thi s method was deve loped by Churchman and Ackoff 

( 19 54 )  to app ly to qualitative outcomes wi th addi tive 

independent uti lities . For examp le , if O
j 

and O
k 

have 

I 
j · 

uti l i ties U j and Uk respective ly , the uti l i ty of the combined J .  
outcome O J and Ok mus t be Uj + Uk . S ince heal th s tates are 

mutua lly exc lus ive , comb i ned outcomes are impos s ib le and the 

method is not applicable . 

6 .  Method of indi fference curves 

The indi f ference curve technique i s  us ed by econo-

mi s ts to determine uti l i ty functions . Given two commod i ties , 

A and B ,  and a fami ly of indifference curves ( l i nes of con-

s tant uti l i ty )  a s  shown in figure 14  be low , one can s o lve 

for the uti l i ty functions f (A)  and f (B )  by f itting the curves 

f (A)  + f ( B )  = k i , i = 1 , 2 ,  . . .  , n .  l 
1 



r 
Amount o f  

A 
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Amount o f  B 

F ig . 1 4 . - -Family o f  Indifference Curves 

As an example of how thi s  technique c ould be applied 

to health s tates , cons ider a s i tuation where the amount o f  

A repres ented time in one parti cul ar hea lth s tate ( fo r  

example , month s of home confinement under treatment f o r  tuber-

culos i s ) whi le the amount of B repres ented time in a differe nt 

s tate ( for example , months of s ani torium c onfinement under 

treatment for tuberculos i s ) . Then , i f  a respondent were 

indi f ferent between . 6 months of A and 4 months of B ,  the two 

points ( 0 , 6 ) and ( 4 , 0 )  would represent two points on a s ingle 

indi f ference curve . 
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Thi s  variation on the indi fference curve method 

( obtaining inter s ects only ) was us ed in this res earch al-

though i t  was deve loped as an outgrowth of  the direct mea-

s urement technique rather than of the indifference curve 

technique . 

7 .  Summary 

The following s ix uti l i ty measuring technique s have 

been revi ewed : 

1 .  Von Neumann-Morgenstern s tandard gamble . 

2 .  S imp l i f ied von Neumann-Morgens tern s tandard gamb le . 

3 .  Dec i s i on-theoretic method . 

4 .  Direct meas urement method . 

5 .  Churchman-Ackoff method . 

6 .  Method o f  indifference curve s . 

Number 5 was determined to be unsuitab le .  Numbers 

2 and 3 were found to be variations on number 1 ,  the s tandard 

gamb l e . The s tandard gamble ( 1 )  was selected as one of the 

me thods to be us ed , with the alternatives phrased as 

real i s t i ca l ly as pos s ib le as sugges ted by F lagle ' s  dec i s ion-

theoretic approach . The direct
.
measurement method was the 

other technique s elected for use , and thi s  approach evo lved , 

in application , into a time trade-off technique which had 

some aspects in c ommon wi th the method o f  ind i f ference 

curves . 

I 1 

J = L-1 
� 



APPENDIX I I  

HEALTH PROGRAM EXH I BITS 

List o f  Exhibits 

1 .  Pro j ection of Tuberculos i s  Prevalence 

2 .  Method of Detection Versus Extent 

3 .  Ferebee Epidemiological Mod e l  

4 .  E f fect of Tuberculos i s  on Life Expectancy 

5 .  Average Annual Earnings for Tuberculo s i s  Patients 

6 .  S ens itivity o f  Results to Number of Years Calculated 

7 .  Frequencie s  of Hemolytic Disease and Its Out comes 

8 .  Additional Treatment Cos ts for a Case of Hemolytic 
Di seas e of the Newborn 

9 .  L i fe Expectancy for Heart Attack Survivors 

10 . Li s ting of the Tuberculo s i s  Ca lcul ation Program ( TBCALC ) 

1 1 . Output of the Tuberculo s i s  Calcul ation Program 
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EXHIBIT 1 

PROJECTI ON OF TUBERCULOS I S  PREVALENCE 

The incidence of active tuberculo s i s  in Ontar io for 

the years 19 6 0 - 1 9 6 8  is summari zed below : 

Year 

1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
19 6 6  
1 9 6 7  
1 9 6 8  

Rate per 1 0 0 , 0 0 0  
Populationl 

3 3 . 3  
2 7 . 3  
2 7 . 8  
2 6·. 4 
2 2 . 9  
2 0 . 9  
2 0 . 3  
1 9 . 5  
1 8 . 3  

The preva lence rate has dec lined s teadi ly s ince 19 6 0  

(wi th the exception of 1 9 6 2 } . By the method of lea s t  

squares , the best-fi tting2 exponential function was found 

to be 
R ( X ) = 3 3 . 7 4 5 2  e- · 0 7 11 0 8 1

x 

where R (X )  i s  the active tubercu los i s  rate i n  year X 

(X= O  for 1 9 6 0 ) . 

Thi s function i s  plotted in f igure 1 5 . 

Since e- . o 7 l l O S l = 0 . 9 3 1 , the annual decreas e in the 

incidence rate of tuberculo s i s  i s  1 - 0 . 9 3 1  = . 0 6 9  or 6 . 9  

1
ontario Department of Heal th , 19 6 9 c , p .  4 .  

2 I ndex of Determination = . 9 4 3 7 . 
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per cent . This figure i s  ver i f ied by Hawthorne who c ites 

a f igure o f  7 per cent in a s tudy of tuberculo s i s  in 

Scotland ( 19 6 9 , p .  2 2 3 ) . 

0 0 4 0  0 
0 
0 r-l 
H Q) Pi 
Q) 3 0  
.µ i:: . @  ro 0 {S) 
P:: ·r-1 '-,G . .µ . Cll ro ·r-1 r-l 
Cll � 0 P.i r-l 0 2 0  @ � Pi u G> 
H ® 
Q) ..0 � 8 
Q) 

---------------l> 1 0  ·r-1 .µ -----u .o::i:: 

0 -'--��-��-t--����-+�����-t--����--t��--1 
1 9 6 0  1 9 6 5  1 9 7 0  19 7 5  1 9 8 0  

Fig . 1 5 . - - Active Tuberculos is Rate , 1 9 6 0 - 19 6 8 , with 
Proj ections to 1 9 8 0  



EXHIBIT 2 

METHOD OF DETECT ION VERSUS EXTENT 

Data ( 1 9 6 7 - 1 9 6 8 ) a 

Extent of Di seas� 

.Moderately 

Method o f  
Advanced Advanced Minima l', 

Detection Number % Number % Number % '-

Mas s  Survey 4 4 . 6 2 8  3 2 . 2  5 5  6 3 . 2  

Symptoms 2 2 7  2 9 . 5  2 9 7  3 8 . 6  2 4 5  3 1 . 9  

Contact 
Follow-'Up 4 6 . 8 1 2  2 0 . 3  4 3  7 2 . 9  

Routine 
X-Ray 2 5  1 2 . 4  7 4  3 6 . 6  1 0 3  5 1 . 0  

Survey of 
Special Groups 4 0  1 5 . 3  8 6  3 3 . 0  1 3 5  5 1 . 7  

. 

Total 3 0 0  2 1 � 8 4 9 7  3 6 . 1  5 8 1  42 . 1  

a Source : Wigle , 1 9 7 0 . 
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EXHIBIT 3 

FEREBEE EP I DEMIOLOGICAL MODEL 

The future cour se of tuberculo s i s  was analyzed using 

the epidemiologi cal model by Shirley H .  Ferebee ( 1 9 6 7 ) . 

The analy s i s  was requi red to determine the decrease in 

future cas e s  from the e l imination of one case now . 

The Ferebee model i s  bas ed on f ive assumptions : 

1 )  That the pres ent population [ of the Uni ted 
States] contains approximately 2 5  mil l ion truly 
infected persons who harbor l iving tubercle 
bac i l l i ; 

2 )  That , each year , one of every 6 2 5  previous ly 
infected persons wi l l  develop active tuber
culos i s ; 

3 )  That , on the average , each new case wi l l  in
fect 3 per sons among the 1 6 5  mi l l ion unin
fected ; 

4 )  That one o f  every 1 2  new infections will  pro
gress  to c linical d i s ease during the f i r s t  
year of infection ; and 

5 )  That the infected and uninfected populations 
are subj ect to the s ame age spe c i f i c  death 
rates from all  causes ( p . 4 ) . 

Note that thi s  model breaks the infected popula-

tion into two categories : new infections and o ld infections . 

When a person i s  first infected he enters the category o f  

new infections . One-twelfth of the s e  people progres s to 
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active di sease in the first year ( as sumption number 4 above ) . 

The remaining e leven-twe l f ths , who do not ac tivate , move to 

the category of old infections at the end of the year . In 

thi s category , their chance of activation in any one year is 

only 1 in 6 2 5  ( a s sumption number 2 above ) . 

A tuberculos i s  screening program dis covers active 

cases ear lier than they would have been discovered other-

wise (as sumed to be one year ear l i er ) . Let F (N )  repres ent 

the number of thes e  cas es discovered in year N .  Wi thout the 

s creening program , thes e F (N )  cases would have initi ated a 

chain of future infections and activations as outlined by 

the Ferebee model . We · wi sh to calculate the s i z e  of thi s  

chain , and particularly the number of new ac tive cases 

created each year as a direct result o f  thi s  chain . To do 

thi s , two additional a�sumptions are required : 

( 6 ) Al l infections from an active case are assumed to occur 

at the mid-point of the infectious per iod . For the 

original F (N )  cases , this would be s ix months after the 

time they would have been dis cove red had there b een a 

s creening program . For sub s equent cases infected from 

the chain reaction , thi s  would be six months fol lowing 

activation . 

( 7 )  All new infections that are going to activate do so at 

the mid-point o f  their time period -- that i s , s ix 

months after infection . 
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The chain o f  infections and activations initi ated 

in year N by the F (N )  cases can be computed as fol lows . Let 

VN ( J )  = the number of new active cases ari s ing in year 

J as a result of the chain of infections initi-

ated in year N by the F (N )  cas es . 

WN ( J )  = the number of o ld infected pers ons exi s ting at 

the end of year J ,  as a result of the chain of 

infections initiated i n  year N by the F (N )  cas es . 

New active cases in year J come f rom two s ources : from the 

pool of new i nfections and from the pool of old infections . 

From as s umption 3 ,  the s i ze of the poo l of new infections 

in year J is three times the number of new active cases in 

year J- 1 .  From assumption 4 ,  one out of every twe lve of 

thes e  wi l l  activate in year J .  Combining these two assump

tions , the number o f  new active cas es in year J from the pool 

o f  new infections i s  3 x 1/1 2 VN ( J- 1 )  = 0 . 2 5 V
N

( J- 1 ) . The 

number of new active cas es in year J coming from the pool 

of old infections is 1/6 2 5  times the s i ze of the poo l , or 

. 0 0 1 6  WN ( J - 1 )  . Thus 

VN ( J )  :::: . 2 5VN ( J- l )  + . 0 0 1 6  WN ( J- 1 ) , 

J = N + 1 ,  N + 2 ,  • • •  ( 1 )  

VN (N ) = F (N )  ( 2 )  

The s i ze o f  the old infected pool i s  required to 

s olve equation ( 1 ) . The old infected pool at the end o f  

year J ,  WN ( J ) , is  the previou,s pool WN ( J- 1 ) , plus ne t 

additions minus deaths . The net addi tions are the new infec-
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ti ons from the previous year , 3VN ( J- l ) , less  all  activa

tions , VN ( J ) . The deaths are removed by multiplying by 

. 9 7 8 8 , the age-specific survival rate for infected per-

1 s ons . Thus , 

J = N+ l , N+ 2 ,  . . .  ( 3 )  

I n  the f i r s t  year! year N ,  there i s  no poo l o f  o ld infec-

tions resulting from the F (N )  c ases . Thus 

W
N 

(N ) = 0 ( 4 )  

I n  s ummary , then , the number of new active cases 

ari s i ng in year J as a direct result of the chain of infec-

ti ons ini tiated in year N by the F (N )  cases can be calculated 

from the recurs ive formulae , ( 1 )  and ( 3 ) , us ing the initial 

conditions expres s ed by ( 2 )  and ( 4 ) . 

1calculated from Ferebee ( 1 9 6 7 , p .  5 )  who us es 
age- specific death rate of 5 3 0 , 0 0 0 / 2 5 , 0 0 0 , 0 0 & = . 0 2 1 2 . 

an 

1 
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EXHIBIT 4 . 

EFFECT OF TUBERCULOS I S  ON LIFE EXPECTANCY 

Introduction 

Only two studies could be located which measured the 

reducti on in life  expectancy from tuberculos i s . Unfortunately , 

nei ther repres enned local experience . Trauger ( 1 9 6 6 )  reported 

a Hawai ian s tudy that determined the average reduction in l i f e  

expectancy for a patient with active tuberculos i s  t o  be 11  . . 6 

years . He es timated the c omparab le figure for the United 

States to be & 2  years . ( The figure calculated below for 

Ontario is  7 . 8  years . )  Trauger ' s  data a l s o  s howed that 

es s entia l ly a l l  of thi s  reduction in life  expectancy 

came from patients on the active tubercul o s i s  regis try . Those 

people who had been cured and placed on the inactive regi s try 

exhibi ted normal morta l i ty rates . 

I versen ( 19 6 7 a  and 1 9 6 7b )  s tudi ed the progress  of 

Dani sh patients who suf fered from active tuberculo s i s  during 

a four year period ( 1 9 6 1  to 19 6 4  inclu s ive ) . Based on their 

cure and death rates he was ab le to calculate l i f e-tables 

for thes e  patients which would a s s es s  their progno s i s  accord-

ing to the s everity of the ir disease . That i s , it would show , 

for a given cohort , how many patients would be cured and how 

many would die each year until they had a l l  done one or the 

other . The following tables and calculations are bas ed on 

the application of Ivers en ' s  cure and d eath rates to the 

Ontario tuberculo s i s  popul ation . 
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Life Tables for Tuberculos i s  Patients 

Year Advanced Moderately Advanced 

1 x 

0 1 0 0  

1 9 6 . 0 0 

2 9 1 . 2 0  

3 '7 5 . 7 0 

4 5 2 . 0 8 

5 3 5 , 7 3 

6 2 2 . 9 4 

7 1 4 . 9 5 

8 9 , 6 2 

9 6 . 3 0 

1 0  4 . 1 3 

1 1  2 . 7 0 

1 2  1 .  7 7  

1 3  1 . 1 6 

1 4  , 7 6 

1 5  , 5 0 

1 6  . 3 3 

1 7  . 2 1 

1 8  . 1 4 

1 9  . 0 9 

2 0  . 0 6 

2 1  . 0 4  

2 2  . 0 3 

2 3  . 0 2 

2 4  . 0 1 

2 5  . 0 1 

2 6  . o o 
2 7  {-
2 8  

2 9  

3 0  

d 1 x x 

4 1 0 0  

2 . 8 8 9 '7 . 0 0  

2 . 7 4 9 2 . 7 3  

2 . 4 2 7 6 . 1 3 

1 .  7 7  4 4 . 5 4 

1 .  3 6  2 6 . 8 6 

1 . 1 0 1 6 . 1 5  

. 8 5 9 , 8 5 

. 6 3 6 . 2 5 

• L� 1 4 . 2 0  

. 2 7 2 . 8 3 

. 1 8 1 .  9 0  

. 1 2 1 .  2 8  

. 0 8 . 8 6 

. 0 5 , 5 8 

. 0 3 , 3 9 

. 0 2 . 2 6 

• O J  . 1 8 

• () l . 1 2 

. 0 1 . 0 8 

. 0 0 . 0 5 

t . 0 3 

. 0 2 

. 0 1 

. 0 1 

. 0 0 

t 

d x 
"" . .  

3 

2 . 3 3 

2 . 2 3 

1 . 9 0 

1 . 2 0 

. 8 3 

. 6 1 

. 4 5 

. 3 3 

. 2 2 

. 1 5 

. 1 0 

. 0 7  

. 0 5 

. 0 3 

. 0 2 

. 0 1 

. 0 1 

. 0 1 

. o o 
t 

""��-= 

Minimal 

1 d x x 

1 0 0  2 

9 8 . 0 0 1 .  7 6  

9 4 . 2 8 1 .  7 0  

7 6 . 5 5 1 .  3 8  

3 3 . 8 4 . 6 8 

1 6 . 9 2 . 4 1 

9 , 3 2 . 2 6 

5 . 1 9 . 1 8 

3 . 2 5 . 1 3 

2 . 5 7 . 1 0 I 2 . 0 3 . 0 8 

1 .  6 0  . 0 6 I 1 . 2 7  . 0 5 

1 .  0 0  . 0 4 

. 7 9 . 0 3 d = 

. 6 2 . 0 2 
L� 

. 4 9 . 0 2 

. 3 9 . 0 2 

. 3 1 . 0 1 

. 2 4 . 0 1 

. 1 9 . 0 1 

. 1 5 . 0 1 

. 1 2 . o o 

. 0 9 t 

. 0 7 

. 0 5 

. 0 4 

. 0 2 

. 0 1 

. 0 1 

. o o 
f 
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Notes : 

1 )  The l i fe tables were compiled by applying the cure and 

death rates c ited by Iversen ( 1 9 6 9b , p .  8 9 9 )  to c ohorts of 

1 0 0  cases . Iversen gives four rates for b i l atera l  and uni-

l ateral les ions both wi th and wi thout cavity . Although the s e  

four categories are not precisely equivalent to the categor-

ies advanced , moderately advanced and minima l , it was felt 

that an approximate equiva lence did ex is t ;
1 

wi th advanced 

equival ent to bilateral les ion with cavi ty , minimal equiva l-

ent to uni l ateral lesion without aavity , and moderately ad-

vanced encompas s ing Iversen ' s  remaining two categor ies . 

2 )  For durations o f  d i s ease exceeding ten year s , the rates 

were assumed cons tant at Iversen ' s  ten year leve l . 

3 }  The tab les are compi led by deducting the number of deaths , 

d , and number o f  cures during year x from the cases in the 
x 

cohort ,  lx , at the beginning of the year to give the cohort , 

l
x+l ' at the beginning of the next year . 

Years o f  Life Los t  

The following two assumptions are requi red t o  compute 

the years o f  life lost from thes e  life tab le s : 

1wigle , 19 7 0 . 
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1 .  Trauger d i s covered tha t  only active tuberculo s i s  patients 

have exc e s s  morta l i ty ;  cured patients have normal morta l i ty . 

Thi s  finding i s  assumed to apply to Iversen ' s  data . Thus 

the entire exce s s  morta l i ty is represented by the deaths of 

active cases , d , in  the l i fe tables . x 

2 .  I t  i s  a s sumed that all  patien ts with active tuberculo s i s  

are diagno s ed at age � 4 ,  the average age for the active tuber

cu lo s i s  population of Ontario . 1 This would give them a normal 

2 l i f e  expectancy of 3 0  additional years . 

S i nce a per s on who dies in year n loses 3 0 �n year s o f  l i fe , 
3 0  

the years los t by the cohort i s  E d ( 3 0 -n ) . For example , 
n= O xn 

for the cohort of 1 1  advan ced c a s e s , the year s o f  l i fe lost i s  

4 ( 3 0 - 0 )  + 2 . 8 8 ( 3 0 -· l )  + � - -· + . 0 1 ( 3 0 - 1 9 ) 

S imi larly , for th e modera tely advanced and minimal cohorts , 

the l i f e  years lo s t  a r e  8 0 0 . 5 6 and 7 0 0 . 4 3 respectively . 

D i s count i ng a t  8 per c ent , the pres ent value of l i f e  

years l o s t  f o r  the advanced , moderatel y  advanced and minimal 

cohorts are 1 6 6 . 7 3 ,  1 2 2 . 4 9 and 8 2 . 4 4 years re spective ly . 

1ontar io Department of Health , 1 9 6 9 c , p .  6 .  

2
Dominion Bureau o f  Statistic s ,  1 9 6 4 , pp . 1 2 - 1 5 . 

d ��j !--=I 
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Years of Working Life Los t  

T o  d etermine the years of work ing l i fe los t  the 

following addi ti ona l a s sumptions are required : 

1 )  Men retire at age 6 5 . 

2 )  Hous ewives never retire and working women retire to become 

hou s ewive s . 

Bas ed on the s e  as sumptions , the average remaining work-

ing years for a patient diagnos ed with active tuberculos i s  

i s  2 5 . The working years los t  to the cohort o f  1 0 0  through 
2 5  

death i s  E d ( 2 5-n) . The results are : advanced , 4 1 4  
n= O 

xn 
years ; moderate , 3 0 1  years ; and minimal, 2 0 0  year s . On a pre-

s ent value b as i s  at 8 per cent thes e f igures are respectively 

1 5 6 , 1 1 5  and 7 7  years . 

Summary o f  Results 

Extent of Disease Years of L i fe Los t  Years of Working L i fe 
on Di agnosis  Per Patient Lost P er Patient 

Years PV Years Years PV Years 

Far Advanced 9 . 14 1 . 6 7  4 . 1 4  1 . 5 6 
Moderately Advanced 8 . 0 1 1 . 2 2 3 . 0 1 1 . 1 5  
Minimal 7 . 0 0  0 . 8 2 2 . 0 0 0 . 7 7  

Al l Cases 1 7 . 8 3 1 . 1 5 2 . 8 3 1 . 0 8 

1wei ghted average based on the number o f  cases in each 
extent -- see Appendix I I , Exhibit 2 .  



EXHI BIT 5 

AVERAGE ANNUAL EARNINGS FOR TUBERCULOS I S  PATI ENTS 

Occu ational 

Employees of Bus ine s s es 
Employees of Ins titution 
Teachers and Profes s ors 
Federal Employees 
Provinc ial Employees 
Muncipa l Employees 
Unclas s i f i ed Emp loyees 4 

Farmer s 
F i shermen 
Accountants 
Phy s i c i ans 
D enti sts 
Lawyers 
Engineers & Architects 
E ntertainers & Artis ts 
O ther Profess iona ls 
S a lesmen 
Fores try Operator s 
Manufacturers 
Cons truction 
P ub l i c  Utility 
Retai lers 
I nsur ance & Real E s tate 
S ervice Operators 
Non-Earner s 5 

"""""�� 

Number o f  Average 
Patients l I ncorne 2 

1 6 1  $ 5 , 5 6 5 . 3 8 
s 5 6  4 , 0 3 5 . 4 2 

1 2  6 , 8 2 4 . 2 2 
9 6 , 1 4 6 . 6 5 
6 5 , 8 5 0 . 0 3 
6 5 , 6 7 9 . 1 2 

3 2 5  3 , 7 2 3 . 7 3 
1 3  5 , 8 8 7 . 1 7 
1 0  4 , 7 6 8 . 8 4 

1 1 5 , 4 6 4 . 3 0 
5 3 0 , 9 7 3 . 8 6 
1 1 9 , 9 5 7 . 6 1  
2 2 6 , 0 8 9 . 4 1 

1 3  2 1 , 5 9 4 . 2 4 
3 6 , 1 7 0 . 8 2 
2 ' 7 , 5 6 9 . 2 1 

3 1  7 , 4 4 6 . 0 7 
11  5 , 7 7 1 . 2 6 
6 2  7 , 1 3 9 . 3 8 
3 3  6 , 5 2 0 . 3 9 

1 5 , 6 0 3 . 1 9 
3 6 , 9 8 3 . 6 4 

2 5  10 , 4 1 4 . 9 7 
6 6  5 , 5 4 6 . 3 4 

4 2 0  ·- - -"-' -

' 

1 , 2 7 7  L co; "--A<·�"'.,..,-- .,-,-;;:,_·.c>=!';.'.>- -:.:_"�'.-'" - �·.>,_, ."•' - '"�-�,-���..,,,,..-

Total 
I ncorne 3 

$ 8 9 6 , 0 2 6 . 1 8 
2 f 5 , 9 8 3 . 5 2 

8 1 , 8 9 0 . 6 4 
5 5 , 3 19 . 8 5 
3 5 , 1 0 0 . 1 8 
3 4 , 0 7 4 . 7 2 

1 , 2 1 0 , 2 1 2 . 2 5 
7 6 , 5 3 3 . 2 1 
4 7 , 6 8 8 . 4 0 
1 5 , 4 6 4 . 3 0 

1 5 4 , 8 6 9 . 3 0 
1 9 , 9 5 7 . 6 1 
5 2 , 1 7 8 . 8 2 

2 8 0 , 7 2 5 . 1 2 
1 8 , 5 1 2 . 4 6 
1 5 , 1 3 8 . 4 2 

2 3 0 , 8 2 8 . 1 7 
6 3 , 4 8 3 . 8 6 

4 4 2 , 6 4 1 . 5 6 
2 15 , 1 7 2 . 8 7 

5 , 6 0 3 . 19 
2 0 , 9 5 0 . 9 2 

2 6 0 , 3 7 4 . 2 5 
3 6 6 , 0 5 8 . 4 4 

-- --

$ 4 , 8 2 4 , 7 8 8 . 2 4 

The average annua l J ncome for a p atient with active tub ercu
l o s i s  is $ 4 , 8 2 4 , 7 8 8 . 2 4 / 1 , 2 7 7  = $ 3 , 7 7 8 . 2 2 .  

Tab le 9 .  

1ontar i o  Departme n t  o f  Heal th , 1 9 6 9 c , p .  5 6 . 

2 The Depar tmen t o f  Na tion al Revenue , Taxation , 1 9 6 9 , 

3calculated by mu ltip lying the number of patients by 
average income . 

4
Hous ewives are inc lud ed in thi s  category , with an 

i ncome equal to th at of domestic servants . 

5
Thi s  category inc ludes 4 4  pre - s chool chi ldren , 1 9 1 

retired , 7 3  unemp loyed and 1 1 2  s tudefits . 

-· 2. 5 8 � 

j 



EXH IBIT 6 

SENS ITIVITY OF RESULTS TO NUMBER OF YEARS CALCULATED 

In the ana ly s i s  of the tuberculos is s creening program 

the pres ent va lue of the hea lth improvement created by the 

program is calcu lated from 

00 

E = l 
n= l 

m ' ( n )  -m ( n )  h 
( l+ i ) n 

( from equation 9 ,  p .  6 4  ) 

and the pre sent va lue of the cos t of the program to society 

i s  
00 

c = l 
n= l 

C ( n )  

( l+ i ) n ( from equation 2 7 , p .  1 5 2  } 

I n  both cas es , due to the ef fect of the dis counting , the 

computation can be truncated after a f inite number of years 

(N) wi th a known los s in accuracy . To determine the effect 

o f  N on the results , a number of sens i ti vi ty runs were made . 

The results of these runs for three of the programs are tabu� 

lated below . I t  can be s een that , i f  the summations are 

truncated after 7 5  years , the maximum error is approximately 

0 . 1  per cent and many of the values have cons iderably les s 

error than this . Hence , a value of N�7 5  was s e lected as a 

reas onab le balance between computational cost and accuracy . 

- 2 5 9  -
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EXHIBIT 7 

FREQUENCIE S  OF HEMOLYT IC DI SEASE AND ITS OUTCOMES 

Newborn with Hemolvtic Disease 

Exchange No Exchange 
Still- Neonatal Trans- Trans-

Year Deliver ies Total born Death fus ion fus ion 

1 9 6 6  3 , 5 0 4  3 3  1 1 1 8  1 3  

1� 6 7  3 , 4 1 3  3 7  3 1 1 3  2 0  

1 9 6 8  3 , 2 2 8  2 6  3 3 9 1 1 

1 9 6 9  3 , 3 7 7  2 3  6 1 9 7 

TOTAL 1 3 , 5 2 2  1 1 9  1 3  6 4 9  5 1  
( . 8 8 % )  ( 1 0 . 9 % )  ( 5 . 0 % )  ( 4 1 . 2 % )  ( 4 2 . 9 % )  

Note s : 

1 .  Cases referred from areas norma lly s erviced by other hospi-

tals are exc luded . 

2 .  Source of data was a manual s tudy of a l l  fi les of Rh cases 

for Henderson General Hospita l , Hami l ton . 
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EXH I B I T  8 

ADDI T I ONAL TREATMENT COS'l'S FOR A CASE OF HEMOLYT I C  
D I SEASE OF' 'rHE NEWBORN 

A case of hemo lytic d i s ease of the newborn creates 

additional treatment cos ts in two ways : ( 1 )  additional 

days stay in the hospital for the baby and mother , and 

( 2 )  additiona l tests and procedures performed on the baby 

and mother . The data to determine these addi tional costs 

was obtained from a s tudy of the Henderson General Hospital , 

Hami lton , Ontar io for the per iod 1 9 6 6  to 1 9 6 9  inclus ive . 

Much of the s tudy cons is ted o f  a laborious manua l search of 

the charts for all  cases of hemo lytic d i s ease of the new-

born dur ing this period . 

Additional Days Stav : 

The average l ength o f  s tay for a l l  babies delivered 

at Henderson Genera l Ho s p i t a l  is 7 . 8 days , whi le the mother 

averages 7 . 1  days s tay . The additional days s tay for babies 

with hemolytic d i sease are a cos t  o f  UH::: d i s e a s e . For mi ld 

cases of hemo l y t i c  d i s e a s e  ( no exchange trans fus ion required ) , 

the days s tay are 9 . 1  for the baby and 7 . 2  for the mother . 

The corresponding figures for a s evere case are 9 . 6 5 and 

9 . 3 7 days . 1 At a per diem gro s s  operating cos t  of $ 4 7 . 6 4 ,  

1 
Ontario Ho spital Servi ces Commis s ion , 1 9 6 9 , pp . 1 0 3 -

1 0 9 .  This figure is  an average for 2 2 9  hospitals i n  Ontari o  
and i s  used in preference to the corresponding f igure for 
Henderson Genera l ( $ 4 4 . 0 9 )  as the latter includes cos ts of 
Chronic and Conva lescent Uni ts . 

·� 2 6  2 -

l -
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the additional costs of a cas e of hemolytic di sease are 

summari z ed below : 

' 

Severe Mild 

Additional Additional 
Days Cost Days Cost 

I t 
Baby 1 . 8 5  

1 $ 
I 8 8 . 1 3 1 . 3  

' 
$ I 6 1 . 9 3 

Mother 2 . 2 7 I 1 0 8 . 1 4 . 1  I 4 . 7 6  I 
Total 4 . 1 2 1 $ 1 9 6 . 2 7 1 . 4  ' $ 6 6 . 6 9 

I I 

Additional Tes ts and Procedures : 

The frequencies o f  tests and procedures performed on 

babies  wi th hemo lytic di sease were c omp i led by a manual 

s earch o f  the charts . Because of the d i f fi culties in obtain-

ing corresponding data for we l l  babies , i t  was assumed that 

the obs erved tests and procedures are a l l  addi tional to 

tho s e  required by we ll babies . 
1 

In the fol lowing di scus s ion , 

a l l  cos ts , except where noted , were obtained from the Ontario 

Medical Association ( 1 9 6 9 ) . 

Addi tional tes ts for babies with hemolytic di sease 

are summari zed below : 

1
This i s  a reasonab le assumption , according to Dr . 

A. Z ipursky , Chairman , Department of Pediatric s ,  McMas ter 
Univers i ty .  
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Additional procedures required by a case of hemolytic 

disease are summari zed be low : 

Per Severe Case Per Mild Case 

Procedure Cost Frequency Cost Frequencv Cost 

Intra-Uterine 
Tran s fus ion $ 1 4 0 . 2 5a. . 1 9 $ 2 6 . 6 5  - - - - - -

Induc tion o f  
3 7 . 5 5

b 
Labor . 5 6 2 1 . 0 3 • 0 5  $ 1 . 8 8 

Caes ari an 
Del ivery 2 3 8 . 0 0 . 0 4 9 . 5 2 . 3 0 7 1 . 4 0 

Ster i l i zation 9 8 . 0 0 . 19 1 8 . 6 2 . 3 5 3 4 . 3 0 
Exchange Tram f -

fus i on : 
- I nitial 1 6 0 . 2 5 c . 8 2 1 3 1 . 4 1  --- - - -
- Subsequent 1 1 0 . 2 5 . 4 0 4 4 . 1 0 - - - - - -

Total $ 2 5 1 . 3 3 $ 1 0 7 . 5 8 

aTncludes $ 1 0 0  for a specialist and $ 3 0  f or radio
logi cal c ontrol ( Ontario Medical As sociation , 1 9 6 9 )  and 1 . 2 5 
uni ts o f  blood (estimated by Dr . A .  Z ipursky , Chairman , 
Department of Pediatri c s , McMas ter University )  at a cost o f  
$ 8 � 2 0 per uni t (Dr . Tieman , National Di rector , Canadi an Red 
Cros s .  

b Dr . D . L .  Sackett , Chairman , Department of C l in ical 
Epidemio logy and Biostati s tic s , McMas ter Univer s i ty , e s ti 
mates that 6 0  per c ent of thes e  inductions are s urgical (at 
$ 3 9 . 2 5 )  and 4 0  per cent medical . The figure us ed is a 
weighted average of the cost of each . 

c i ncludes speci a l i s t  at $ 1 5 0  ($ 1 0 0  for subsequent 
trans fus ion) plus $ 10 . 2 5 for b lood . 
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Summary 

These addi tional cos ts for a case of hemolytic d i s ease 

of the newborn may be summari zed as fol lows : 

= 

Severe Case M i ld Case 

Addi t i onal days s tay $ 1 9 6 . 2 7 $ 6 6 . 6 9 

Additional tes ts 1 1 5 . 7 5 5 0 . 8 8 

Addi tional procedures 2 5 1 . 3 3  1 0 7 . 5 8 

� . 

Total $ 5 6 3 . 3 5 $ 2 2 5 . 1 5 



EXHIBIT 9 

LIFE EXPECTANCY FOR HEART ATTACK SURVIVORS 

The average age of a per s on with definite heart 

disease is 57 for males and 6 1  for fema les . Thi s was cal� 

cul ated by assuming that the age�specific rates for 

def inite heart disease found by the President ' s  Comm i s s ion 

on Heart Di seas e , Cancer and S troke 1 apply to Ontari o ,  and 

by determining from this , how many people in each age 

category have definite heart disease and hence their aver-

age age . S ince thes e  are the people who take heart attacks , 

i t  c an reas onab ly be as sumed that the average age of a 

pers on taking an attack i s  also 5 7  for males and 6 1  for 

females . 

For those who survive an attack a l i fe tab le can be 

compu ted to determine their remaining life expectancy . 

1 
The Pres ident ' s  Commis s ion on Heart D i s eas e , C ancer 

and S troke , 1 9 6 5 ,  p .  2 5 . 
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LIFE TABLE FOR MALE SURVIVORS 

Year Normal Morta l - Coronary Number 
After Death i ty Death Number of 

Attack Rate 1 Ratio 2 Rate3 Alive Death s  

1 . 0 1 6 3 1  1 3 . 8  . 2 2 5 0 8  1 0 0  2 2 . 5 1 
2 . 0 1 7 9 6  5 . 3  . 0 9 5 1 9  7 7 . 4 9 7 . 3 8 
3 . 0 19 7 3  6 . 8  . 1 3 4 1 6 7 0 . 1 2 9 . 4 1 
4 . 0 2 1 6 1  5 . 4  . 1 1 6 6 9  6 0 . 7 1 7 . 0 8 
5 . 0 2 3 5 9 5 . 0  . 1 1 7 9 5  5 3 . 6 2 6 . 3 2 
6 . 0 2 5 6 7  5 . 7  . 1 4 6 3 2  4 7 . 3 0 6 . 9 2  
7 . 0 2 7 7 5  

J 
. 1 5 8 1 8 4 0 . 3 8 6 . 3 9 

8 . 0 2 9 8 5  . 1 7 0 1 5  3 3 . 9 9 5 . 7 8 
9 . 0 3 2 0 9  . 1 8 2 9 1  2 8 . 2 1 5 . 1 6 

1 0  . 0 3 4 5 8  . 1 9 7 1 1  2 3 . 0 5 4 . 5 4 
1 1  . 0 3 7 4 7  . 2 1 3 5 8  1 8 . 5 1 3 . 9 5  
1 2  . 0 4 0 7 1  . 2 3 2 0 5  1 4 . 5 5 3 . 3 8  
1 3  . 0 4 4 2 5  . 2 5 2 2 3  1 1 . 1 8 2 . 8 2 
1 4  . 0 4 8 0 9  . 2 7 4 1 1  8 . 3 6 2 . 2 9 
1 5  . 0 5 2 2 7  . 2 9 7 9 4  6 . 0 7 1 . 8 1 
1 6  . 0 5 6 8 2  . 3 2 3 8 7  4 . 2 6 1 .  3 8  
1 7  . 0 6 1 6 6  . 3 5 1 4 6  2 . 8 8 1 . 0 1 
1 8  . 0 6 6 7 9  . 3 8 0 7 0 1 .  8 7  . 7 1 
1 9  . 0 7 2 3 0  . 4 1 2 1 1 1 . 1 6 . 4 8 
2 0  . 0 7 8 2 8  . 4 4 6 2 0  . 6 8 . 3 0 
2 1  . 0 8 4 8 3  . 4 8 3 5 3  . 3 8 . 1 8 
2 2  . 0 9 1 9 0  . 5 2 3 8 3  . 1 9 . 1 0 
2 3  . 0 9 9 4 0  . 5 6 6 5 8  . 0 9 . 0 5 
2 4  . 1 0 7 4 5  . 6 1 2 4 7  . 0 4 . 0 2 
2 5  . 1 1 6 1 3 . 6 6 1 9 4  . 0 2 . 0 1 
2 6  . 1 2 5 5 4 . 7 1 5 5 8  . 0 1 . 0 1 

0 
-

1From Dominion Bureau of Stat i s ti c s , 1 9 6 4 , pp . 1 2 -
1 5 . Thi s  is the morta l i ty rate in the general population , 
commenc ing at age 5 7  for males and 6 1  for fema l e s . 

2
The ratio of obs erved deaths in the population of 

heart attack survivors to the normal expected deaths . Thi s 
ratio i s  assumed cons tant at 5 . 7  after 5 years sub s equent 
to a ttack ( P e l l  and D ' Alonzo , 1 9 6 4 , pp . 9 1 9 - 9 2 0 ) . 

3 Coronary Death Rate = Norma l Death Rate x Mor ta l i ty 
Ratio . 

J 
_ t  = El �] 
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LIFE TABLE FOR FEMALE SURVIVORSl 

Year Normal Mortal- Coronary Number 
After Death i�y

2 
Death Number of 

Attack Rate l Ratio Rate3 Alive Deaths 

1 . 0 1 1 6 7  1 3 . 8  . 1 6 1 0 5 1 0 0  1 6 . 11 
2 . 0 1 2 9 1  5 . 3  . 0 6 8 4 2  8 3 . 8 9 5 . 7 4 
3 . 0 1 4 3 1  6 . 8  . 0 9 7 3 1  7 8 . 1 5 7 . 6 1 
4 . 0 1 5 8 4  5 . 4  . 0 8 5 5 4  7 0 . 5 5 6 . 0 3 
5 . 0 1 7 53 5 . 0  . 0 8 7 6 5  6 4 . 5 2  5 . 6 5 
6 . 0 19 3 9  5 . 7  . 1 1 0 5 2  5 8 . 8 6 6 . 5 1 
7 . 0 2 1 4 2  . 12 2 0 9  5 2 . 3 5 · 6 . 3 9  
8 . 0 2 3 5 1  . 13 4 0 1  4 5 . 9 6 6 . 1 6 
9 . 0 2 5 6 4  . 14 6 1.5 3 9 . 8 0 5 . 8 2 

1 0  . 0 2 8 0 0  . 15 9 6 0  3 3 . 9 9 5 . 4 2  
11  . 0 3 0 7 9  . 17 5 5 0  2 8 . 56 5 . 0 1 
1 2  . 0 3 4 2 1  , . 19 5 0 0  2 3 . 5 5 4 . 59 
1 3  . 0 3 8 1 8  . 2 1 7 6 3  18 . 9 6 4 . 1 3 
14  . 0 4 2 5 8  . 2 4 2 7 1  1 4 . 8 3 3 . 6 0 
1 5  . 0 4 7 5 0  . 2 7 0 7 5  11 . 2 3 3 . 0 4  
1 6  . 0 53 0 6  . 3 0 2 4 4  8 . 19 2 . 4 8  
1 7  . 0 59 3 5  . 3 3 8 3 0  5 . 7 1 1 . 9 3  
1 8  . 0 6 6 2 9  . 3 7 7 8 5  3 . 7 8 1 . 4 3  
19  . 0 7 3 8 4  . 4 2 0 8 9  2 . 3 5 . 9 9  
2 0  . 0 8 2 0 8  . 4 6 7 8 6  1 . 3 6 . 6 4 
2 1  . 0 9 11 2  . 5 1 9 3 8  . 7 2 . 3 8 
2 2  . ]:0 1 0 6  . 5 7 6 0 4  . 3 5 . 2 0  
2 3  . 11 1 8 3  . 6 3 7 4 3  . 15 . 0 9 
2 4  . 1 2 3 3 7  . 7 0 3 2 1  . 0 6 . 0 4 
2 5  . 1 3 57 7  . 7 7 3 8 9  . 0 2 . 0 2 

0 

1 
See footnotes under Life Table for Male Survivor s . 



- 2 7 0  -

As suming that a l l  deaths occur at the mid-point of 

the year ( a  per s on dying in year n has survived his  heart 

attack for n - 1/2 years ) , the expected l i f e  of survivors 

is 5 . 5 4 9  years for males and 6 . 9 8 1  for females .  As 6 0  per 

cent of heart fata l i ties in Ontario occur in males , 1 the 

average l i fe expectancy for a f atal i ty avo ided by a coron-

ary emergency res cue service i s  

0 . 6 ( 5 . 5 4 9 ) + 0 . 4  ( 6 . 9 8 1 )  = 6 . 1 2 years 

l 
Domi nion Bureau o f  S tati s ti c s , 1 9 6 8 a .  Thi s  f igure 

has remai ned cons tant (within l per cent ) s ince 1 9 6 5 . 



EXHIBIT 1 0  

LISTING OF THE TUBERCULOS I S  CALCULAT ION PROGRAM ( TBCALC ) 

TB C A L C  1 3 : 5 8 PC - T OR T UE .  1 1 / 0 8 /7 0  

1 0 0  
1 1 0 
1 2 0  
1 3 0  
1 4 0  
1 5 0  
1 6 0  
1 7 0 
1 8 0 
1 9 0 
200 
2 1 0 
22 0 
23 0 
24 0 
25 0 
26 0 
27 0 
2 8 0  
2 9 0  
3 0 0  
3 1 0  
3 2 0  
3 .3  0 
3 4 0  
35 0 
3 6 0  
3 7 0 
3 8 0  
3 9 0  
4 0 0  
4 1 0  
420 
43 0 
44 0 
45 QJ 
4 6 0  
4·1 0 
4 8 0  
4 9 0  

I 
' - - - PA R A M E T E R  D A T A - - -
DA TA . 03 4 , . 1 1 9 , . 24 3 , 3 7 7 8 , 7 , 6  
DA TA 1 , • 5 6 ,  • 3 4 , 0 
• 

' - - - M .  E .  S E T  T A B LE D A TA - - -
DA TA 2 3 , 23 , 2 8 , l , 3 0 , 3 3 , 4 7 , 3 , 4 9 , 2 6 , 5 0 , 5 4 , 1 1 , 3 8 , 2 4 , 4 6 , 2 1 , 1 7 , 3 5  
DA TA 1 , 2 , 3 , 4 t5 , 6 , 7 , 8 , 9 , l 0 , 1 1 , 1 2 , l 3 , 1 4 , l 5 , 1 6 , 1 7 , 1 8 , 1 9 , 2 0 , 2 1 , 22 , �3 
DA TA 24 , 2 5 , 2 6 , 2 7 , 2 8 , 2 9 , 3 0 , 3 1 , 3 2 , 3 3 , 3 4 , 3 5 , 3 6 , 3 7 , 3 8 , 3 9 , 4 0 , 4 1 , 4 2 , 4 3 
DA TA 4 4 , 4 5 , 4 6 , 4 7 , 4 8 , 4 9 , 5 0 , 5 1 , 5 2 , 5 3 , 5 4 
. . 

' - - - B A S I C  P R O GR A M  D A T A - - -
DA TA . 4 ,  1 84 73 5 9 ,  2 7 . 2 ,  . 4 ,  6 6 7 5 7 1 ,  4 8 . 9  
D A TA . 4 ,  2 88 9 93 , 2 0 . 3 ,  . 4 ,  2 8 94 1 4 ,  2 6 . 4  
D A T A  . 4 ,  1 9 6 4 20 , 2 1 . 5 ,  . 4 ,  1 9 1 7 62 , 23 . 9  
DA TA . 4 ,  2 7 7 6 9 ,  6 8 . 9 ,  . 4 � 5 4 6 6 5 , 3 0 . 0  
DA TA . 4 , 4 3 7 1 6 , 2 4 . 5 ,  . 4 ,  9 8 0 5 9 ,  2 3 . 3  
DA TA . 4 ,  8 43 6 1 , 2 1 . 9 ,  . 4 ,  9 4 9 2 1 ,  2 1 . 1  
D A T  A • 4 , 4 4 7 4 4 , 2 0 .  3 , • 4 , ·9 4 9 5 6 , 1 7  • 8 
DA T A  . 4 ,  5 9 1 5 0 ,  1 6 . 0 ,  . 4 ,  '74 7 9 1 ,  1 5 . 3 
DA T A  . 4 , 7 9 7 6 9 � 1 4 . 6 ,  . 4 ,  , 4 414', 1 3 . 2  
DA TA . 4 ,  5 5 3 93 , 1 2 . 8  
D A TA . 4 6 5 ,  4 3 3 20 0 ,  2 0 . 7 , . 6 , · 1 72 0 0 , 1 4 . 0  
DA TA . 4 9 ,  1 0 23 0 0 ,  22 . eJ ,  . 6 ,  1 820 0 ,  2 4 . 2  
D A T A  . 5 3 , 2 3 8 0 0 , 2 5 . 6 ,  . 5 ,  4 1 80 0 , 1 4 . 0 
D A T A  . 5 , 5 0 00 0 ,  7 . 3 , . 5 3 , 2 7 1 00 ,  , 1 7 . 7  
DA TA . 5 2 , 90 5 0 0 ,  1 0 . 1 ,  · . 6 ,  1 5200 , 7 . 6  
DA T A  . 4 5 , 6 0 8 0 0 , 1 9 . 1 ,  . 5 2 ,  4 64 0 0 ,  9 . 0  
D A T A  • 6 , 83 0 0 , 1 0  • 3 , • 4 9 , 9 5 6 0 0 , 1 3  • 0 
DA TA . 6 ,  2 6 0 0 0 , 1 0 . 3 ,  . 5 3 ; 4 6 80 0 , 1 0 . 6 .  
DA TA . 4 7 ,  84 4 0 0 ,  1 2 . 9 ,  . 6 ,  2 1 2 0 0 , 1 2 . 2  
DA TA . 5 2 , 3 20 0 0 ,  2 3 . 9 ,  . 4 2 ,  1 7 1 0 0 0 , 1 2 . 8  
D A TA . 4 5 ,  1 83 5 0 0 ,  1 2 . l ,  . 4 4 ,  2 1 5 1 0 0 ,  1 0 . l 
DA TA . 4 1 ,  2 1 0 2 7 0 0 , 2 6 . 5 , . 4 6 ,  94 7 �0 ,  1 3 . 6  
DA TA . 5 7 ,  3 1 HiH'l , 1 7 . 3 ,  . 4 5 ,  1 5 5 2 0 0 , 1 9 . 6  
D A TA . 4 5 ,  1 8 6 7 0 0 ,  2 2 . 4 ,  . 4 4 ,  3 9 7 90 0 ,  1 7 . 1 
DA TA . 5 2 ,  6 2 2 0 0 ,  1 2 " 9 ' . 4 5 , 2 6 93 0 0 ,  1 8 . 9  
DA TA . 5 5 ,  5 23 00 , 7 . 9 , . 5 ,  7 8 6 0 0 , 1 2 . 6  
DA TA . 4 5 ,  2 9 2 5 0 0 , 2 0 . 9 ,  . 5 ,  1 0 1 5 0 0 ,  1 7 . 8  
DA TA . 5 ,  1 1 4 80 0 ,  9 . 4 , . 6 ,  5 6 5 0 0 ,  6 . 2  . 

DA TA . 5 ,  6 20 0 0 , 7 . 6 ,  . 4 4 ,  2 3 4 1 00 ,  1 3 . 4 ' 
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5 �1 Vi D A T A  . 4 8 ,  1 0 �l RO VJ ,  1 0 . 6 ,  . 6 ,  4 3 9 0 0 , 6 . 0  
5 1 �·) D A T A  . 5 3 ,  l W1 0 0 ,  4 . 7 , . 5 ,) ,  ()3 2 0 0 ,  8 . 6  
5 � �  DA T A  . 6 ,  ?. 90 0 0 , 1 8 . 1 ,  0 6 ,  2 8 0 0 0 ,  1 0 . 6  
5 3 0  D A T A  . 5 1 ,  1 5 6 80 0 , 1 0 . 7 , . 4 5 ,  1 1 7 9 0 0 ,  1 9 . 5 
5 L1 0  DA Tf\ . 5 , <:) 7 1 0 0 ,  4 4 . 2 , . 6 ,  1 0 8 0 0 ,  2 8 . 5  
5 5  0 D �  T A  • Li 3 ,  80 7 0 0 , 1 5 .  7 ,  • 4 C) ,  1 � 4  7 0 0 ,  2 l • 5 
5 () 0  DA TA . 6 ,  4 6 1 0 0 ,  3 2 . 2 ,  . 5 5 , 5 4 5 0 0 ,  6 4 . 1  · 

5 7 0  D A T A  . () , 2 5 3 0 0 , 1 3 . 2 , . 4 7 ,  1 4 5 6 0 0 , 2 7 . 6  
5 � f'! • 

5 9 Vi  ' - - - I N I T I A L I ? A T I ON- .;. -
60 0 D I M P C 2 0 0 ) , R < 2 0 0 ) , A ( 2 VJ 0 ) , 8 ( 2 0 0 ) , F < 2 0 0 ) , 
6 1 0  D I M  K ( 80 ) ,  L ( 6 0 )  ' 

V C 2 0 0 ) , W C 2 0 0 ) , X C 2 0 0 )  

6?0 D I M  T C 20 0 , 3 ) , M C 2 0 0 , 5 ) , 
63 0 'P R I N T  " 

C < 2 � 0 , 5 ) , E ( 2 0 0 ) , 0 ( 20 0 )  
T U B E R C U L OS I S S C R E E N I N G  P R O G R A M "  

64 {� PR I N T " 
65 0 P R I N T " 
66 0 P R I N T " F "  
6 7 0  P R I N T " D R "  
6 8 0  P R I N T " l J  E "  
6 9 0  P R I N T " R R 0 "  

G W T OR RA M C E "  
A U G U S T ,  1 9 7 0 "  

t 
l 

7�H� P R  I N T  " E A l J  E C "  
7 I e  P R I N T " G T E P R E� E N T  VA L U E  P R ES E N T V A L U E  
720 P R I N T " I I N O F  Ht A L T H  O F 
73 �1 P R I N T " P R O GR M -1 0 O C R E N E F I TS C OS TS 
74 �� P R I N T  " N U M li F. R  �l N Y ( LJ 1'J I T S O F  H E A L T H )  ( D OL LA RS ) 

1 00 0E/C " l 
F. F FE C T I VE NS 

C OS T R A  T m  
C X 1 0 00 ) "  d 

75 0 : # # - # #  # #  # #  # # # # # # # # #  # # # # # # # # # # # #  # # # # # # . #  
76 ('} R EA D  R l ,  8 2 ,  B � , K ,  X ,  Y 
7 7 'lJ R E A  D H < I ) , H ( 2 ) , IH 3 ) , H C 4 ) 
7 R D  F OR I = l T O  B 
7 9 (1 R EA D  K ( I )  
80f1 N EX T  I 
8 1 0 F OR I = ! T O  () 0  
82 0 L < I ) =  Vl 
s:. �5 N E X T  I 
()Lt 0 ' 
35 0 ' - - - MA J OR L O OP F OR E A C H  R E G I O N - - 
% 0  P =  1 
8 7 �' 0 =  1 9  
3� 7i F OH L = P T () 0 
'.�9 0  S = K < L )  
9fH1 P R  I N T  
9 1  0 R EA [) A , P < X ) , n < Y ) 
9?. 0 F OR T = 1 T O  3 
93 0 O N  T G O  T O  9 4 0 , 9 6 0 , 9 A0 
94 r: T 1 = l 
95 �' G O  T O 9 9 0 
96 0 T 1 = 5 
9 7 �1 G O  T O  9 9 0 
9 2 71 T I =  1 5  
9� '.� F OR J =  l T O  l Vl  

I 
l 
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1 00 0  F OR I =  1 T O  3 
1 0 1 0  T C J ,  1 ) : 0  
1 0 2 0  N E X T  I 
1 03 0  N E X T  J 
1 0 4 0  F ( l 0 ) : 0  
1 0 5 0  F OR J : l T O  2 0 0  
1 0 6 0  X C J ) : 0  
1 0 7 0 N E XT J 
1 0 8 0  C : 0  
1 0 90 E : 0  
1 1 0 0  Z : 0  
1 1 1 0 • 

1 1 2 0  · - - - L O OP F OR E A C H  YEA R- - -
1 1 3 0  G : l l 
1 1  4 0 H : 1 0+ T l . 
1 1 5 0  F O R  N : G T O. H 
1 1 6 0  I F  Z = 2 G O  T O  1 8 0 0  · 

1 1 7 0  P < N > : l . 0 1 5 6 t < N - X > *P C X >  
1 1 8 0 B C N ) : A *P ( N ) /2 
1 1 9 0 R C N > = . 93 l t ( N - Y > *R < Y >  
1 2 0 0  A < N > : . 80 2 *R C N >  
1 2 1 0  F C N > = . 6 9 *A C N > *B C N ) / l 0000 0 
1 22 0  V C N ) : F C N )  
1 23 0  W C N ) : 0  
1 2 4 0  I F  Z : 2  G O  T O  1 3 00 
1 2 5 0  F OR J : �+ l  T O  85 
1 2 6 0  V ( J ) : . 2 5 * V C J- l > + . 00 1 6*W C J - 1 )  

. 1 2 7 0  W < J > = . 9 7 88* C W C J- 1 > +3 * V C J- 1 > - V C J ) ) 
1 2 8 0  X C J ) : X C J )+V ( J )  

. 

1 2 90 N E X T  J 
1 3 0 0  T C N , l > = . 04 6* F C N > - . 29 5* C F C N · l )+X C N ) )  
1 3 1 0  · T C N , 2 ) : . 3 2 2* F < N > - . 3 86* C F C N · l ) +X C N ) )  
1 3 20 T ( N , 3 ) : . 63 2* F < N > - . 3 1 9* C F C N · l > +X C N > >  
1 3 3 0  M C  N ,  2 )  : 93 *8 l *T C N ,  l ) + 73

.
*B 2*T C N , 2 > + 4 4 * B 3 * T  C N  , 3 )  

1 3 4 0  B : l 8 2 . 5 * T C N , 1 ) + 8 6 . 2* T C N - l , l )  
. 

1 3 5 0  M C N , 3 ) : B* C l - 8 1 ) + 1 7 9 . 3 * C l - B2 ) *T C N , 2 )+ 1 3 0 . 2* C l - B3 ) * T C N , 3 )  
1 3 6 0  M C N , 4 ) : 3 6 5 * C l . 6 7*T C N , l >+ l . 2 2*T C N , 2 >+ . 82*T C N , 3 ) )  
1 3 7 0  M C N , 1 ) : 0- M C N , 2 > - M C N , 3 > - M C N , 4 )  
1 3  8 0  E C  N )  : M C N ,  l > *H C  1 )+M C N , 2 > *H C 2  )+M C N , 3  > *H ( 3  > +M C N ,  4 > *H· C 4 >  
1 3 9 0 D : l . 0 8 t C N - l 0 )  
1 4 0 0  �: E+E C N ) /D 
1 4 1 0  C C N , l ) : l . 25 *B C N )  
1 4 2 0 C C N , 2 ) : 2 3 . 5 6*M C N , 3 )  
1 4 3 0  S l : 0  
1 4 4 0 S 2: 0 
1 4 5 0  S 3 : 0  
1 4  6 0 F' OR I : l T O 3 
1 4  7 01 S 1 : S l + T C N , I >  
1 4 8 0 S 2: S 2+T C N - 1 , I > 
1 4 9 0  S 3 : S3+ C 4 - l ) *T C N - 2 , I )  
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1 5 0 0 N EX T  I 
1 5 1 0  S 4 = 12l . 5 *S l + S 2+0 . 2 5* S 3  
1 5  20 C ( N ,  3 )  = 2 2 . 7 7*S 4+4 5 .  76*M ( N ,  3 )  /3 6 5  
1 5 3 0  C C N , 4 > = 1 7 . 3 5 * < SA · M < N , 3 ) /3 6 5 ) 
1 5 4 0  M C N , 5 ) = 3 6 5 * C l . 5 6*T C N , l ) + l . 1 5 * T C N , 2 ) + . 7 7*T < N , 3 ) )  
1 5 5 0  C C N , 5 ) : ( K /3 65 ) * C M C N , 2 ) +M C N , 3 ) +M C N , 5 ) )  
1 5 6 0  D C N ) : C C N , 1 ) +C < N , 2 ) +C C N , 3 ) +C C N , 4 )+C < N , 5 > 
1 5 7 0  C = C+D C N ) / D 
1 5 8 0  N E XT N 
1 5 9C:1 I F  Z = 2  G O  T O  1 6 6 0  
1 6 0 0 G = H+ l 
1 6 H J  H : 85 
1 6 20 Z = 2  
1 6 3 0  G O  T O  1 1 5 0  
1 6 4 0  • 

1 6 5 0  ' - - - PR I NT R OU T I N E - - -
1 6 6 0  F OR M =  1 T O  3 
1 6 7 0 L ( S ) : L C S ) + l  
1 6 8 0 WR I T E : EC FI L E : L NM C 1 0 l > ; S ; L C S > ; E ; C 
1 6 9 0  P R I N T  US I N G  7 5 12l , S , L C S > , L , T 1 , 2 t M , E , C , l l2l l2ll2l*E /C 
1 7 0 0  E :  E / 2  
1 7  1QJ C = C /2 
1 7 2 0  N EX T  M 
1 7 3 0  NEXT T 
1 7 4 0  N EXT L 
1 7 5 0  I F  L = 7 3  G O  T O  1 8 2 0  
1 7 6 0  P :: 2 0  
1 7 7 0  Q : 73 
1 7 8 0 Y = 7  
1 7 90 G O  T O  8 80 
1 8 0 0  B C N ) : 0  
1 8 1 0  G O  T O  1 1 9 0 
1 8 20 E N D 



EXH IBIT 1 1  

OUTPUT OF THE TUBERCULOS I S  CALCULAT ION PROGRAM 

T U R E R C U L OS I S  S C R E E N I N G  PR O G R A M  
G \iJ T OR R A NC E 
A lJ GUS T ,  1 9 7 0  

F 
D R 
IJ E 

H R Q 
E A u E c 
G T E P R ES E N T VA L U E P R ES E N T V A L U E  l 0 0 0 E /C 
I 1 N O F  H E A L T H  O F  E F FE C T I V E N ES S -

PR O G R A M 0 0 c B E N E F I TS C OS TS C OS T  R A T !  0 
NU M�� ER N N y < U N I TS O F  H E A L T H >  ( D OLLA RS > < X l 0 0 0 ) /' 
23 - 1 1 1 2 1 'H 2 ?.  2 5 2 8 4 8 4 2 . 4  
2 3 - 2 1 1 4 5 3 f) 1  1 2 6 4 2 4 4 2 . 4  
2 3 - 3 1 1 8 2 6 80 6 3 2 1 2  4 2 . 4  
23- 4 1 5 2 4 l 8 2 Cil  1 23 0 8 9 :3  3 4 . 0  
23 - 5 1 5 4 2 09 1 21  6 1 5 4 4 6 3 4 . 0  
2 3 - 6 1 5 8 1 0 4 5 5  3 0 7 7 23. 3 4 . 0  
23 - 7 1 1 5  2 7 4 3 8 8  3 1 9 3 6 6 2  2 3 . 3 · 
23 - 8 1 1 5  4 3 7 1' 94 1 5.9 6 83 1 2 3 . 3  
2 3 - 9 1 1 5 8 1 85 9 7  7 9 8 4 1 5  g3 . 3  

2,� - 1 0  2 1 2 · 6 9 6 5  3 3 1 0 7 2 1 0 . 4 
23- 1 t 2 1 4 3 4 32 1 6 5 5 3 2 1 0 . -4 
2 3 - 1 2  2 1 8 1 7 4 1 82 7 6  2 1 0 . 4 
23 - 1 3  2 5 . 2 2 7 1 6 9 2 1 7 5 5 4  1 2 4 . 9  
2 3 - 1 4  2 5 4 1 3 5 8 4 1 0 8 7 7 7  1 2 4 . 9  
23 - 1 5  2 5 8 6 7 92 5 4 3 8 8 1 2 4 . 9  
2 3 - 1 6  2 1 5  2 . 4 83 2 7  74 9 8 63 '64 . 4  
2 3 - 1 7  2 1 5  4 2 4 1 63 3 7 4 9 3 1 6 4 . 4  
23 - 1 8  2 1 5  8 1 2 0 8 1 1 8 7 4 6 5 · 64 . 4  

2 8- 1 3 1 2 1 2 5  1 4 7 5 74 2 6 . 3  
2 8- 2 3 1 4 6 2 5  2 3 7 8 7 2 6 . 3  
28- 3 . 3  1 8 3 1 2 l 1 ·893 2 6 . 3  
28- 4 3 5 2 4 8 82 

) 2 1 . 8 2 23 83 6  
2 8- 5 3 5 4 2 4 4 1 1 1 1 9 1 8 2 1 .  8 
28- 6 3 5 8 1 2 2 0  5 5 9 5 9  2 1 . 8 
28- 7 3 1 5  2 8 6 84 5 5 5 2 4 3  1 5  �· 6 
28- 8 3 1 5  4 4 3 4 2  2 7 7 6 2 1 1 5 . 6  
2 8- 9 3 1 5  8 2 1 7 1  1 3  8 8 1 0  - · 1 5 . 6  

- 2 7 5  -



- 2 7 6  -

1 - 1 4 I 2 I 6 3 0  4 0 5 4 3 4 0 . 2  

1 - 2 4 1 4 8 1 5 2 02 7 1 4 0 . 2  

1 - 3 4 I 8 4 0 7  . 1 0 1 3 5  4 0 . 2  

1 - 4 4 5 2 63 5 9  1 9 6 4 6 8  3 2 . 4  

1 - 5 4 5 4 3 1 7 9 9 82 3 4  3 2  o 4 

1 •  6 4 5 8 1 5 8 9  4 9 1 1 7 3"2 . 4 

1 - 7 4 I 5 2 I I ?> 1 1 5 0 6 7 9 1 2 2 . 3  

1 - 8 4 I 5 4 5 6 5 5  2 5 3 3 9 5 2 2 . 3  

1 - 9 4 1 5  8 2 82 7  1 2 6 6 9 7  2 2 . 3  

3 0 - 1 5 l 2 9 0 1 3 1 3 8 7  2 8 . 7  
3 0 - 2 5 1 4 4 5 0  1 5 6 9 3  2 8 . 7  
3 0 - 3 5 1 8 2 2 5  7 8 4 6  2 8 . 7 
3 0 - 4 5 5 2 3 5 1 4  1 4  8 4 3  7 2 3 . 7  
3 0 - 5 5 5 4 1 7 5 7  7 4 2 1 8  2 3 . 7  
3 0 - () 5 5 8 8 7 8  3 7 1 0 9 2 3 . 7  
:rn- 7 5 1 5 2 6 2 5  l 3 7 0 8 0 5 1 6  .. 9 

3 0 - 8 5 1 5 4 3 1 2 5  
' 

1 8 5 4 02 . 1 6 .  9 

3 0 - 9 5 1 5  8 1 5  6 2  9 2 7 0 1 1 6 . 9  l 
3 3 - l 6 1 2 9 7 7  2 8 7 9 1- 3 4 . 0  

33 - 2 6 1 4 4 8 8 1 4 3 9 5 3 4 . 0  l 33 - .) 6 1 · 8  2 4 4  7 1 9 7 · 3 4 . 0  

3 3 - 4 Ei 5 ?. 3 8 1 4 1 3  7 69 7  2 7 . 7  

3 3 - 5 6 5 4 1 9 0 7  6 8 8 4 8  2 7 . 7  d 33 - 6 6 5 8 9 5 3  3 4 4 2 4  2 7 . 7  

33 - 7 1 5  2 6 7 8 4  3 4 9 1 7 0 1 9 . 4  
F 

6 L l 
L1 

3 3 - 8 Ei 1 5  4 3 3 9 2 1 7 4 5 85 1 9 . 4  

33 - 9 6 1 5  8 1 () 9 ()  8 7 2 92 1 9 . 4  

4 7 - 1 7 I 2 4 0 8  - 8 5 6  - 4 7 6 . 7  

4 7 - 2 7 I 4 2 0 4  - 4 2 8  - 4 7 6 . 7  

4 7 - 3 7 l 8 1 02 - 2 1 4  - 4 7 6 . 7  

4 7 - 4 7 5 2 1 5 92 3 3 7  4 7 2 0 . 6  

4 7 - 5 7 5 4 7 9 6  1 6 8 4 72 0 . 6  

4 7 �  6 7 5 g 3 9 8 8 4  4 7 2 0 . 6  

4 7 - 7 7 1 5  2 2 83 2  1 5 6 9 5  1 8 0 . 5  
4 7 - 8 7 1 5  4 1 4  1 6  7 8 4 7  1 8 0 . 5  
4 7 - 9 7 1 5  8 7 0 8  3 9 23 1 8 0 . 5 

3 - I 8 1 2 3 4 9  6 8 6 6 5 1 .  0 
3 - 2 8 l 4 1 7 4 3 4 3 3  5 1 .  0 
3 - 3 8 I 8 8 7  1 7  1 6  5 1 . 0 
3 - 4 8 5 2 1 3  c:; 4  3 4 0 2 2  4 0 . l 
3 - 5 8 5 lj 6 82 1 7 0 1 1  4 0 . l 
3 - () 8 5 8 3 4 1 8 5 0 5  4 0 .  l 

3 - 7 8 1 5  2 ?. 4 ?. 7  9 0 2 3 2  2 6 . 9  

3 - 8 g I 5 4 1 2 1 3  4 5 1 1 6  2 6 .  9 
3 - 9 8 1 5  8 6 0 6  2 2 5 5 8  2 6 . 9  



4 9 - 1 9 1 2 
4 9 - 2 9 1 4 
49- 3 9 1 8 
49- 4 9 5 ?, 
4 9 - 5 9 5 4 
49- 6 9 5 8 
4 9 - 7 9 1 5  ?. 
49- 8 9 1 5  4 
49- 9 9 1 5 8 

2 6 - 1 1 0 1 2 
26 - 2 1 0  1 4 
26- 3 1 0. 1 8 
26- 4 1 0  5 2 
26- 5 1 0  5 4 
26- 6 1 0  5 8 
2 6 - 7 ; 1 0  1 5  2 
26- 8 1 0  1 5  4 
26- 9 · 1 0  1 5  8 

5 0- l 1 1 1 2 
5 0- 2 l 1 1 4 
5 0 - 3 1 1 1 8 
5 0- 4 1 1 5 2 
5 0 - 5 1 1 5 4 
5 0 - 6 1 1 5 8 
5 0 - 7 1 1 1 5  2 
5 0 - 8 1 1 1 5  4 
5 0 - 9 1 1 1 5  8 

5 4 - 1 1 2 1 2 
5 4 - 2 1 2  1 4 
5 4 - 3 1 2  1 8 
5 4 - 4 1 2  5 2 
5 4 - 5 1 2  5 4 
5 4 - 6 1 2  5. 8 
5 4 - 1 1 2  1 5  2 
5 4 - 8 1 2  1 5  4 
5 4 - 9 1 2  1 5  8 

1 1 - 1 1 3  1 2 
1 1 - 2 1 3  1 4 
1 1 - 3 1 3  1 8 '  
1 1 - 4 1 3· 5 2 
1 1 - 5 1 3  5 4 
1 1 - 6 1 3  5 8 
1 1 - 1 1 3  1 5  2 
1 1 - 8 1 3  1 5  4 
1 1 - 9 1 3  1 5  8 

- 2 7 7  -

2 2 8  
1 1 4 

5 7  
8 9 1 
4 4 5  
2 2 2  

1 5  8 5  
7 92 
3 9 6 

4 8 7 
2 4 3  
1 2 1 

1 9 0 1  
9 5 0  
4 7 5  

3 3 82 
1 6 9 1  

8 4 5  

3 9 4 
1 9 7 

9 8 . 
1 5 3 7 

7 6 8  
3 84 

2 7 3 5 
1 3  6 7  

6 83 

4 2 7  
2 1 3 
1 0 6 

1 6 6 6  
83 3 
4 1 6 

2 9 65 
1 4 82 

7 4 1 

1 93 
9 6  
4 8  

7 5 5  
3 7 7 
1 8 8 

1 3 4 4  
' 6 7 2  

3 3 6  

. .... � 
� -

64 5 8  3 5 . 4  
3 2 2 9  3 5 . 4  
1 6 1 4  3 5 . 4  

3 0 9 7 9  2 8 . 8  
1 5 4 8 9 2 8 . B 

7 7 4 4  2 8 . 8  
7 8 8 6 8  2 0 . 1 
3 94 3 4  2 0  . 1  . 

1 9 7 1 7  2 0  . 1  

1 4 9 5 9  3 2 . 6  
7 4 7 9. 3 2 . 6  
3 7 3 9  3 2 . 6  

7 1 3 3 5  2 6 . 7  
3 5 6 6 7  2 6 . 7  
1 7 8 3 3  2 6  .. 7 

1 8 0 1 92 1 8 . 8  
9 0 0 9 6  1 8 . 8 . 
4 5 0 4 8  1 8 . 8  

1 3 3 4 4 . 2 9 . 5  
6 6 72 2 9 . 5  
3 3 3 6  2 9 . 5  

6 3 2 2 3  2 4 . 3  
3 16 1 1  2 4 . 3  
1 5 8 0 5  2 4 . 3  

l 5
°
8 3  1 6  1 7 . 3  

7 9 1 5 8  1 7 . 3  
3 95 7 9  1 7 . 3 

1 5 3 20 2 7  . 9 . 
7 6 6 0  2 7 . 9  
3 83 0  2 7 . 9  

7 23 2 8  2 3 . 0  
3 6 1 64 2 3  . 01 

1 80 82 2 3 . 0  
1 8 0 2 5 3  1 6 . 4  

9 0 .1 2 6  1 6 . 4  
4 5 0 63 1 6 . 4  

7 3 6 5  2 6- . 3 
3 6 82 2 6 . 3 . 
1 84 1  2 6 . 3  

3 4 6 5 6  2 1  . B  
1 73 2 8  2 1 . 8 

8 6 6 4  2 1 . 8 
8 5 9 6 6  1 5 . 6  
4 2 9 83 1 5 . 6  
2 1 4 9 1 1 5 . 6 



I 
- 2 7 8  - I 

3 8 - 1 1 4  l 2 3 6 0 1 6 5 8 6 2 1 .  7 
3 8 - 2 1 4 1 4 1 80 8 2 93 2 1 .  7 ' l ·3 8 - 3 l 4 1 8 9 0  4 1 4 6 2 1 . 7 
3 8 - 4 1 4  5 2 1 4 0 6  7 7 2 7 1 1 8 . 2  
3 8- 5 1 4 5 4 7 0 3 3 8 63 5 1 8 . 2  l 3 8 - 6 1 4  5 8 3 5 1 1 9 3 1 7 1 8  .. 2 
3 8 - 7 l 4 1 5  2 2 5  02 1 8 9 0 6 3  1 3 . 2 
3 8 - 8 1 4  1 5  4 1 2 5 1  9 4 5 3 1 1 3 . 2  1 3 8 - 9 1 4  1 5  8 6 2 5  4 7 2 6 5 1 3 . 2 

2 4 - 1 l 5 l 2 2 0 1 1 0 7 6 0  1 3 . 8  
24 - 2 l 5 1 4 1 0 0 5 3 80 1 8 . 8  [ 2 4 - 3 1 5  l 8 5 0  2 6 9 0 1 8 . 8  
2 4 - 4 1 5  5 2 7 8 7 4 9 8 0 3  1 5 . 8 
2 4 - 5 1 5  5 4 3 93 2 4 9 0 1 1 5 . 8 I - 24 - 6 1 5 5 8 1 9 6 1 2 4 5 0  1 5 . 8  
24 - 7 1 5 1 5  2 1 4 0 1  1 2 0 7 4 2  1 1 .. 6 
2 4 - 8 1 5  1 5  · 4 7 0 0  6 0 3 7 1  1 l • 6 
24 - 9 1 5  1 5  8 3 5 0  3 0 1 85 1 1 . 6  

46 - t 1 6  1 2 2 4 4  1 3  8 1 6  l 7 .  7 
4 6 - 2. 1 6  1 . 4 1 22 6 9 0 8  1 7 . 7  I 4 6 - 3 1 6  1 8 6 1 3 4 5 4 1 7 . 7  
4() - 4 1 6  5 2 9 5 2  6 3 7 9 4  1 4 . 9 
4 6 - 5 1 6  5 4 4 7 f:.  3 1 8 9 7  1 -4 . 9 d 4 6 - 6 1 6  5 8 2 3 8 1 5 9 4 8  1 4 . 9 F1 

4 6 - 7 1 6  1 5  2 lfi \) 4  1 5 4 1 3 0  1 1 • 0 ! i  
0 

4 6 - 8 1 6  1 5  4 8 4 7  7 7 0 65 1 1 • 0 
46 - 9 1 6  1 5 8 4 23 3 85 3 2  l 1 • 0 

2 1 - 1 1 7 1 2 2 4 g  1 4 9 60 1 6 . 6  
2 1 - 2 l 7 1 4 1 2 4 7 4 8 0  1 6 . 6  
2 1 - 3 1 7 1 8 6 2  3 7 4 0  1 6 . 6  
2 1 - 4 I 7 5 2 9 6 9  6 8 9 1 6  1 4 .  1 
2 1 - 5 1 7 5 4 4 8 4 3 4 4 5 8  1 4 .  1 
2 1 - 6 1 7 5 8 2 4 2 1 7 2 2 9  1 4 D l 
2 1 - 7 l 7 1 5  2 1 7 2 4 1 6 5 9 4 7  1 0  .. 4 
2 1 - 8 1 7 1 5  4 8 62 82 9 73 1 0 . 4 
2 1 - 9 1 7 1 5 8 4 3 1 4 1 4 8 6 1 0 . 4  

1 7 - 1 1 8 l 2 1 5 3 1 0 5 1 9 1 4 . 6 
1 7 - 2 . 1 8  1 4 7 6  5 2 5 9  1 4 . 6 
1 7 - 3 1 8  1 8 3 8  2 6 2 9  1 4 . 6 
1 7 - 4 1 8 5 2 5 9 8 4 8 2 4 1 1 2 . 4  
1 7 - 5 1 8  5 4 2 9 9 2 4 1 20 1 2 . 4  
1 7 - 6 1 8  5 8 1 4 9 1 2 0 6 0 1 2 . 4  
1 7 - 7 l 8 1 5  2 1 0 6 4  1 1 5 4 1 0  9 . 2  
1 7 - 8 u� 1 5  4 5 3 2  5 7 7 0 5 9 . 2  
1 7 - 9 1 8 1 5  8 2 6 6 2 8 8 5 2  9 . 2  I 

J 



- 2 7 9  -

3 5 - 1 1 9 1 2 1 5 1 1 0 7 8 9 1 4 . 0 
3 5 - 2 . 1 9 1 4 7 5  5 3 9 4  1 4 . 0 
3 5 - 3 1 9 1 8 3 7  2 6 9 7 · 1 4 . 0 
3 5 - 4 1 9 5 2 5 90 4 9 4 2 1 1 l .  9 
3 5 - 5 1 9  5 4 2 95 2 4 7  n'l l l • 9 
3 5 - 6 1 9 5 8 1 4  7 1 23 5 5  1 1 • 9 
3 5 - 7 1 9 1 5  2 r n 4 9  1 1  8 0 1 9  8 . 9  
35 - 8 1 9  1 5  4 5 2 4 5 9 0 0 9 8 . 9  
3 5 - 9 1 9  1 5  8 2 62 2 9 5 04 8 . 9  

1 - r n  2 0  1 2 23 � 9  7 8 9 8 5  3 0  . 2  . 
1 - 1 l 2 0  l . 4 1 1 9 4  3 94 9 2 3 0 . 2  
1 - 1 2  2 0  1 8 5 9 7 1 9 7 4 6 3 0  . 2  
1 - 1 3  2 0 5 2 93 1 9  3 7 4 7 7 4 2 4 . 9  
1 - 1 4  ·2 0  5 4 4 6 5 9  1 8 73 8 7  2 4 . 9  
1 - 1 5  2 0  5 8 23· 2 9  9 3 6 9 3 2 4 . 9  
1 - 1 6  2 0  1 5  2 1 6 5 7 6 94 03 8 0  1 7 . 6  
1 - 1 7  2 0  1 5  4 82 88 4 7 0 1 90 1 7 . 6  
1 - l 8 2 0  1 5  8 4 1 4 4  23 5 0 95 1 7 . 6  

2- l 2 1 1 2 82 4 7 93 1 7 . 3  
2 - 2 2 1  1 4 4 1  2 3 9 6  1 7 . 3  2- 3 2 1  1 8 20 1 1 9 8 1 7 . 3  2- 4 2 1  5 2 3 22 2 2 1 1 2  1 4 . 6  

· 2- 5 2 1  5 4 1 6 1  1 1 0 5 6  1 4 . 6 
2- 6 2 1  5 8 80 . 5 5 2 8 1 4 . 6  
2 - 7 2 1  1 5  2 5 7 4 5 3 3 5.8 H� . 8  
2- 8 2 1 1 5  4 2 8 7  2 6 6 7 9  1 0 . 8 
2 - 9 2 1  1 5  8 1 � 3 1 3 3 3 9 1 0 . 8 

3 - 1 0  2 2  1 2 6 3 1 . 1 8 9 5 1 3 3 . 3  
3 - 1 1  2 2  l . 4 3 . 1 5 9 4 7 5  . 33 .- 3  
3 - 1 2  2 2 1 8 1 5 7 4 73 7  3 3 . 3  
3 - 1 3  2 2  5 2 24 6 4 9 0 5 1 6  2 1 ·. 2  
3 - 1 4  ' 2 2  5 4 1 23 2  ' 4 5 2 5 8  I 2 v . 2  
3 - 1 5  2 2  5 8 6 1 6  2 2 62 9  2 7 . 2  
3 - 1 6  2 2  1 5  2 4 3 33 2 2 9 1 2 7 1 9 . 1 
3 - 1 7  2 2 1 5  4 2 1 9 1  1 1 4 5 6.3 1 9 . l 
3 - 1 8  2 2  1 5  8 1 0 95 5 72 8 1 1 9  .

·
1 

4 - 1 2 3  1 2 I 1 5 1  3 8 6 9  3 9 .  l 
4 - 2 23 1 4 7 5  1 93 4  3 9 . 'I 
4 - 3 23 1 8 3 7  9 6 7  3 9 .  I 
4 - 4 2 3  5 2 5 9 0 . 1 8 7 0 6  3 1 .  6 
4 - 5 2 3  5 4 2 9 5  ·-9� 5 3  3 1 .  6 
4 - 6 23 · 5  8 1 4 7 4 6 7 6  3 1 . 6  
4 - 7 2 3  1 5  2 1 0 5 0  4 8 1 1 4 2 1 . 8 4 - 8 . 23 1 5  4 5 25 2 4 0 5 7  2 1 . 8 
4 - 9 2 3  1 5  8 2 62 1 20 2 8  2 1 . 8 



l 
- 2 8 0  -

5 - 1 2 4  1 2 1 85 4 2 7 8  4 3 . 2  t 5 - 2 2 4  1 . 4 92 2 1 3 9  4 3 . 2  
1 0 6 9  4 3 . 2  

I 

5 - 3 2 4  1 8 4 6  
5 - 4 2 4  5 2 72 1 2 0 8 64 3 4 . 6  l ' 

1 04 3 2  3 4 . 6  5 - 5 2 4  5 4 3 6 0 
5 - 6 2 4  5 8 1 80 5 2 1 6  . 3 4 . 6 
5 - 7 2 4  1 5  2 1 2 83 5 4 2 5 5  2 3 . 7  

5 - 8 2 4  1 5  4 6 4  1 2 7 1 2 7 2 3 . 7  l 5 - 9 2 4  1 5  8 3 2 0 1 3 5 6 3 2 3 . 7  

6 - 1 2 5  1 2 1 6 7 9 7 0 7  1 7 . 3  

6 - 2 2 5  1 4 83 4 85 3  l 7 . 3  
6 - � 2 5  l 8 4 1 2 4 2 6  1 7 . 3  

6 - 4 2 5  5 2 6 5 3  4 4 7 83 1 4 . 6 

6 - 5 2 5  5 4 3 2 6 2 23 9 1  1 4 . 6 
6 - 6 2 5  5 8 1 63 1 1 1 9 5 1 4 . 6 
6- 7 2 5  1 5  ') 1 1 6 .� 1 � 8 0 6 0  1 0  .. 8 I &.. 

6 - 8 2 5  1 5  4 5 8 1  5 4 0 3 0  1 0 . 8  l 6 - 9 2 5  1 5  8 2 90 2 7 0 1 5  1 0 . 8  

7 - I 2 6  1 2 1 0 4 1 3 4 2 0 7 . 8  l 7 - 2 2 6  l 4 5 2  6 7  .1 0 . 7 . 8  
7 - 3 2 6  l 8 2 6  3 3 5 5  7 .. 8 
7 - 4 2 6  5 2 4 0 7  6 0 6 2 4  6 . 7  
7 - 5 2 6  5 4 2 0 3  3 03 1 2' 6 . 1  d 7 - 6 2 6  5 8 1 0 1  1 5 1 5 6 6 . 7  Fl 

I i  
7 - 7 2 6  1 5 2 7 2 5  l 4 · 1 8 0 9  5 • 1 � 

7 - 8 2 6  1 5  4 3 6 2  7 0 9 0 4 5 .  1 
7 - 9 2 6  1 5  8 1 8 1  3 5 4 5 2 5 .  1 

8- 1 2 7  1 2 1 4 5 6 0 9 7  2 3 . � 
8- 2 2 7  1 4 7 2  3 0 4 8  2 3 . 9  
8 - 3 2 7  1 8 3 6  1 5 24 2 3 . 9  
8- 4 2 7  5 2 5 6 8 2 85 3 .7 1 9 . 9 
8- 5 2 7  5 4 2 8 4 1 4 2 6 8  1 9 . 9 
8 - 6 2 7  5 8 1 4 2 7 1 3 4 1 9 . 9  
8- 7 2 7  1 5  2 1 0  1 Vl 7 02 7 9  - 1 4 .  4 
8 - 8 2 7  1 5  4 5 0 5 3 5 1 3 9 1 4 . 4 
8- 9 2 7  I 5 8 2 5 2  1 7 5 6 9  1 4 . 4 

9- 1 2 8  1 2 2 72 2 3 8 4 0  l 1 • 4 
9 - 2 2 8  1 4 1 3 6 1 1 9 2 0  1 1 • 4 
9- 3 2 8 1 8 6 8  5 9 60 1 1 • 4 
9- 4 2 8  5 2 1 0 62 1 0 85 6 8  9 � 8  
9 - 5 2 8  5 4 5 3 1 5 4 2 8 4 9 . 8  
9 - 6 2 8  5 8 2 65 2 7 1 4 2 9 . 8  
9.., 7 2 8  1 5 2 1 8 8 9  2 5 7 0 6 8  7 . 4 
9- 8 2 8  1 5  4 9 4 4  1 2 8 5 3 4  7 . 4  
9- 9 2 8  1 5  8 4 7 2 6 4 2 6 7  7 . 4  



- 2 8 1  -

1 0- 1 2 9 1 2 3 9 4 8 6 6  8 . 2  
1 0 - ·2 2 9  1 4 1 9  2 4 3 3  8 . 2  
1 0 - 3 2 9  1 g .  9 1 2 1 6  8 . 2  
1 0 - 4 2 9  5 2 1 5 4 2 2 0 0 0 1 . 0  
1 0 - 5 2 9  5 4 7 7  1 .1 0 0 0  7 . 0  I Vl - 6 2 9  5 8 3 8  5 5 0 0 1 . 0  
1 0 - 7 2 9  1 5  2 ?. 1 5  5 1 5 2 7  5 . 3 
1 0 - 8 2 9  1 5 . 4 L� 7 2 5 7 63 5 . 3 
1 0 - 9 2 9  1 5  8 6 8  1 2 8 8 1 5 . 3  

1 1 - 1 0  3 0  1 2 2 9 9 1 1 2 0 0  2 6 . 7  
1 1 - 1 l 3 0  1 4 1 4 9 5 6 0 0  2 6 . 7  
1 1 - 1 2  3 0  1 ·8 74 2 8 0 0  2 6 . 7  
1 1 - 1 3  3 0  5 2 1 1 6 7  5 2 7 4 7 2 2 . 1 l 1 - 1 4  3 0  5 4 5 83 2 6 3 73 2 2 . 1 
1 1 - 1 5  3 vJ 5 8 2 9 1  1 3  1 8 6 2 2 . 1  
1 1 - 1 6  3 0  1 5  2 2 0 '7.7 1 3  1 0 0 5  1 5 . 9  
1 1 - 1 7 3 0 1 5  4 1 03 8  6 5 5 0 2  1 5 ·. 9 
1 1 - 1 8  3 0  1 5  8 5 1 9 3 2 7 5 1 1 5

·
. 9 

1 2- 1 3 1 1 2 1 24 1 25 0 9  9 . 9  
1 2- 2 3 1 1 4 62 . 6 2 54 9 . 9  
1 2- 3 3 1 1 8 3 1  3 1 2 7 9 . 9  
l 2 - 4 3 1 5 2 4 85 5 6 7 8 1 8 . 5  
1 2- 5 3 l 5 4 2 4 2 2 8'3 9 0  8 . 5  
1 2- 6 3 l 5 8 .  1 2 1  1 4 1 9 5 8 . 5  
1 2- 7 3 1 1 5  2 863 1 3 3 7 8 9 6 . 5  
1 2- 8 3 1 1 5  4 4 3 1 6 6 8 9 4\ 6 . 5  
1 2- 9 3 1 1 5  8 2 1 5 ' 3 3 4 4 7 6 . 5  

1 3 - 1 3 2  1 2 2 9  2 5 1 2  1 l .  7 
1 3 - 2 3 2  1 4 1 4  1 25 6  1,1 .  7 
1 3 - 3 3 2 I 8 1 6 2 8  1 1 • 7 
1 3 - 4 3 2  5 2 l 1 4  1 1 4 4 6  1 0 . 0  
1 3 - 5 3 2  5 4 5 7  5 ? 23 1 0 . 0 
1 3 - 6 3 2  5 8 2 8  2 8 6 1  1 0 . 0 
1 3 - 7 3 2  1 .5 2 203 2 7 1 2 9 7 . 5  
1 3 - 8 3 2  1 5  . 4 1 0 1  1 3 5 6 4 7 . 5  
1 3 - 9 3 2 1 5  8 5 0  6 7 82 . 7 . 5  

1 4 - 1 3 3  1 2 3 4 8  I . 2 2 2 63 1 5 . 7  
1 4 - 2 3 3  1 4 1 7 4 1 1 1 3 1 1 5 . 7  
1 4 - 3 3 3  1 8 8 7  5

.
5 6 5 1 5 . 7  

1 4 - 4 3 3  5 2 1 3  6 1  . 1 0 2 3 4 7  1 3 . 3  
1 4 - 5 3 3  5 4 . 6 80 5 1 1 7 3 1 3 . 3 
1 4 - 6 3 3  5 8 3 4 0 2 5 5 8 6  1 3 . 3 
1 4 - 7 3 3  1 5  2 2 4 2 0  2 4 5 7 1 0  9 . 9  
1 4 - 8 3 3  1 5  4 1 2 1 0  1 2 2 8 5 5  9 . 9 
1 4 - 9 3 3  1 5  8 6 05 6 1 4 2 7  9 . 9 



- 2 8 2  -

1 5 - l 3 4  l 2 92 · 7 8 6 9 l 1 .  1 l 1 5 - 2 3 4  1 4 4 6  3 9 3 4  1 l • 7 
. 1 5 - 3 3 4  1 8 23 1 9 6 7  1 1 . 7 I 

1 5 - 4 3 4  ' 5 2 3 5 9  3 5 8 5 7  1 Ql . 0  
1 5 - 5 . 3 4  5 4 1 7 9 1 7 9 2 8  1 0  .. 0 t 1 5 - 6 3 4  5 8 8 9  8 9 64 1 0 . 0  
1 5 - 7 3 4  1 5  2 6 3 8  8 4 9 82 7 . 5  
1 5 - 8 3 4  l 5 4 3 1 9 4 2 4 9 1 7 . 5 l 1 5 - 9 3 4  1 5  8 1 5 9 2 1 2 45·  7 . 5  

1 6 - 1 3 5  1 2 1 5 0 1 2 4 3 1 1 2 .  1 
1 6 - 2 3 5  1 4 · 7 5  62 1 5  1 2 . l 
1 6 - 3 3 5  1 · 8  3 7  3 1 0 7  1 2 . l 
1 6 - 4 3 5  5 2 5 8 7  5 6 7 0 0  1 0 . 4  
1 6 - 5 3 5  5 4 2 9 3 2 83 5.0 l Ql .  4 r 1 5 - 6 3 5  5 8 1 4 6 1 4 1 7 5 1 0 . 4  
1 6 - 7 3 5  l 5 2 1 0 4 5  1 3 4 5 6 4 7 . 8  
1 6 - 8 3 5  1 5 4 5 22 I 6 7 2 82 7 . 8 t 1 6 - 9 3 5  1 5  8 2 6 1 3 3 6 4 1 7 . 8  . } 

1 7 - 1 0  3 6 l 2 2 93 1 88 95 1 5 . 5  
1 7 - 1 l 3 6  1 lj 1 4 6 94 4 7  1 5 . 5 I 1 7 - 1 2  3 6  l 8 7 3  4 7 23 1 5 . 5 
1 7 - 1 3  3 6  5 2 1 1 4 3 8 6 8 3 5  1 3 . 2 
1 7 - 1 4  3 6  5 4 5 7 1  4 3 4  1 7 . 1 3 . 2 d . 1 7 - 1 5  ' 3 6  5 8 2 85 2 1 7 0 8  1 3 . 2 p I i  
1 7 - 1 6  3 6  1 5  2 2 0 3 4 2 0 8 3 6 7  9 . 8  w 

1 7 - 1 7  3 6  1 5 4 1 0 1 7  1 0 4 1 83 9 . 8  
1 7 - "l 8 3 6  1 5  8 5 0 8 5 2 0 9 1 9 .. 8 

1 8- 3 7  l 2 8 8 6 1 5 5  1 4 . 4 
l B - 2 3 7  1 4 4 4  3 0 7 7  1 4 � 4 

' 1 8- 3 ,·n l 8 22 1 5 3 8  1 4 . 4 
1 8- 4 3 7  5 2 3 4 6  2 82 1 9  1 2 . 3 
1 8· 5 3 7  5 4 1 73 1 4 1 0 9 1 2 . 3  
1 8 - 6 3 7  5 8 8 6  7 0 5 4  1 2 . 3  
1 8- 7 3 7  1 5  2 6 1 6 6 7 4 82 9 . 1 
1 8- 8 3 7  1 5  4 3 0 8 3 3 7 4 1 9 • l 
1 8- 9 3 7 1 5  8 1 5 4  1 6 8 7 0  9 . 1  

1 9- 1 3 8  1 2 2 2 7  5 9 4 9  3 8 . 3 
1 9- 2 3 8  1 4 1 1 3  2 9 7 4  3 8 . 3  
1 9- 3 3 8  1 8 5 6  1 4 8 7  3 8 . 3  
1 9- 4 3 B  5 2 8 8 8  2 8 7 1 5  3 1 .  0 
1 9- 5 3 8  5 4 4 4 4  1 4 3 5 7  . 3 1 .  0 l 1 9- 6 3 8  5 8 2 2 2  7 1 7 8 3 1 .  0 

1 9- 7 3 8  1 5  2 1 5 8 0 73 6 9  l 2 1  .. 5 
1 9- 8 3 8  1 5  4 7 90 3 6 8 4 5  2 1 . 5 

1 9- 9 3 8  1 5  8 3 9 5 1 8 4 ?. 2  2 1 .  5 J 
t 



- 2 8 3  -

20- 1 3 9  1 2 5 2 6  3 4 2 88 1 5 . 4 
20- 2 3 9  1 4 2 63 1 7 1 4 4 1 5 . 4  
20- 3 3 9  1 8 l 3 1 85 7 2  1 5 . 4  
20 - 4 3 9  5 2 2 0 5 4  1 5 7 5 2 1 1 3 . 0 
20 - 5 3 9  5 4 1 0 2 7  7 8 7 60 1 3 . 0  
2 0 - 6 3 9  5 8 5 1 3 3 93 80 1 3 . 0 
20 - 7 . 3 9 1 5  2 3 65 4  3 7 7 7 �2 9 . 7 
2r. - 8 3 9  1 5 4 1 82 7  1 8 8 8 9 6  9 . 7  
2k1 - 9 3 9  1 5 8 9 1 3 9 4 4 4 8  9 . 7  

2 1 - 1 0  4 0  1 2 5 7 2 4 0 0 4 7  1 4 . 3 
2 1 - 1 1 4 fl l 4 2 86 2 0 023 - 1 4 . 3 
2 1 - 1 2  4 0  1 8 1 4 3 1 0 0 1 1  1 4 . 3  
2 1 - 1 3  4 (1 5 2 2 2 3 3  1 83 5 4 4  1 2 . 2  
2 1 - 1 4  4 0  5 4 1 1 1  6 9 1 7 7 2 1 2 . 2 
2 1 - 1 5  4 0 5 8 5 5 8  4 5 8 8 6  1 2 . 2  
2 1 - 1 6  4 0  1 5  2 3 9 7 2  4 3 8 69 7  9 . 1 
2 1 - 1 7  4 0 1 5  4 1 9 8 6 2 1 93 4 8  9 . 1 
2 1 - 1 8  4 0  1 5  8 9 9 3  1 0 9 6 7 4  9 . 1 

22- 1 4 1  1 2 5 4 7  4 7 9 4 5  1 1  . 4  
22- 2 4 1 l 4 . 2 7 3  2 3 9 72 1 1 . 4 
22- 3 4 1 1 8 1 3 6  1 1 9 8 6  1 1 . 4  
22- 4 4 1  5 2 2 1 3 6  2 1 83 4 4 9 . B  
22- 5 4 1  5 4 1 �' 6 8  1 0 9 1 7 2 9 . 8 
22- 6 4 l 5 8 5 3 4  · 5 4 5 8 6  9 i8 
22- 7 4 1  1 5 2 3 8 0 0  5 1 7 0 00 7 . 4  
22- 8 4 1 1 5  4 1 9 0 0  2 5 8 5 0 0  7 . 4  
22- 9 4 1  1 5  8 9 5 0  1 2 92 5 0  7 . 4  

23 - 1 9  4 2  1 2 1 3 0 90 2 8 4 0 3 5  4 6 . 1 
23 - 20 4 2  l 4 6 5 4 5  1 4 2 0 1 7  4 6  .o' l 
2 3 - 2 1  4 2  l 8 , 3 2 72 7 1 0 0 8  4 6 . l  
23 - 2 2 4 2  5 2 5 1 0 5 8  1 3 9 3 3 1 6  3 6 . 6  
23 - � 3 4 2  5 4 2 5 , 2 9  6 9 6 6 5 8  3 6 . 6 
23 - 24 4 2  5 8 1 2 7 6 4 3 4 83 2 9  3 6 . 6  
23 - 25 4 2  1 5  · 2 9 0 82 0  3 64 9 9 4 9 "  2 4 .;.9 
23 - � 6 4 2  1 5  4 4 5 4 1 0  1 82'4 9 74 2 4 . 9  
23 - 2 7  4 2  1 5  8 2 2 7 0 5  9 1 24 8 7  2 4 . 9  

24 - 1 0  4 .� l 2 3 3 9  " 2 0 4 2 1 1 6 . 6  
24- 1 1  4 3  1 4 1 6 9 . 1 02 1 0  1 6 . 6 " 
24 - 1 2  4 3  1 8 8 4  5 1 05 1 6 • 6 
24 - 1 3  4 3  5 2 1 3 2 4  9 4 0 7 5 1 4 • 1 
24 - 1 4  4 3  5 4 6 6 2  4 7 0 3 7  1 4 .  1 
24 - 1 5  4 3  5 8 3 3 1 23 5 1 8  1 4 .  1 
24 - 1 6  4 3  1 5 2 23 5 5  . 2 2 6 5 3 6  1 0 . 4  
24 - 1 7  4 3  1 5  4 1 1 7 7  1 1 3 2 6 8  1 0 . 4 
24 - 1 8  4 3  1 5  8 5 8 8 ' 5 6 6 3 4 1 0 . 4 



. l 
- 2 8 4  -

2 5 - 1 4 4  1 2 1 7 5 7 6 0 1 2 3  . 1  
25 - 2 4 4  1 4 8 7  3 8 0 0  2 3 . 1  
2 5 - 3 4 4  1 8 4 3  

. , 
1 9 0 0  2 3  . 1  

25 - 4 4 4  5 2 6 8 5  3 5 5 1 9  1 9 . 3 
25 - 5 4 4  5 4 3 4 2 · 1 7 75 9  1 9 . 3 
25 - 6 4 4  5 8 1 7 1  8 8 7 9  1 9 . 3 
25 - 7 4 4  1 5  2 1 2 1 9 8 7 2 7 1 1 4 . 0  
25 - 8 4 4  1 5  4 6 0 9  4 3 6 3 5  1 4 .  QJ I 2 5 - 9 4 4  1 5  8 3 04 2 1 8 1 7  1 4 . 0  

• 

26 - 1 0  4 5  1 2 7 84 2 82 1 41 2 7 . 8  
2 6 - 1 1  4 5  1 4 3 92 1 4 1 0 7 2 1 . s  l 26- 1 2  4 5  1 8 1 9 6 7 0 5 3_ 2 7  .. 8 
2 6 - 1 3  4 5  5 2 3 0 5 9  1 3 3 1 73 2 3 . 0  
2 6 - 1 4  4 5  5 4 1 5 2 9  66 5 8 6  2 3 . 0  r 2 6 - 1 5  4 5  5 8 7 64 3 3 2 93 2 3 . @  
26 - 1 6  4 5  1 5  2 5 4 4 1  3 3 1 7 9 2  1 6 . 4  
2 6 - 1 7  4 5  1 5  4 2 72 0  1 6 5 8. 9 6  1 6 . 4  l 2 6 ..,  1 8  4 5  l 5 8 1 3 6 0 8 2 9 4 8 1 6 . 4  

2 7 - l 4 6  1 2 1 0 7 8  3 1 4 0 0 3 4 . 3 
2 7 - 2 4 6  1 4 5 3 9 ·  1 5 7 0 0 3 4 . 3  I 2 7 - 3 4 6  1 8 2 6 9 7 8 5 0 3 4  _.3 
2 7 - 4 4 6  5 2 4 2 0 5  1 5 02 9 3  2 8 . 0  

. 2 7 - 5 4 6  5 4 2 1 02 7 5 1 4 6 28 e 0  cl 2 7 - 6 4 6  5 8 1 0 5 1  3 7 5 7 3 2 8 . 0  
2 7 - 7 4 6  1 5  2 7 4 8 1  3 8 1 5 0 8  1 9 . 6  
2 7 - 8 4 6  1 5  4 3 7 4 0  1 9 0 7 5 4  . 1 9 .  6 
2 7 - 9 4 6  1 5  8 1 8 7 0  9 5 3 7 7  1 9 . G  

28- 1 0  4 7  1 2 1 7 1 5 7 5 4 5 5  2 2 . 7  
2 8 - i 1 4 7  1 . 4 8 5 7 . 3 7 7 2 7  2 2 . 7  
2 8 - 1 2  4 7  l 8 4 2 8  l 8 8 63 2 2 . 7  
28- 1 3  4 7  5 2 6 6 9 0  3 5 2 2 7 8  1 9 . 0  
28- l .11 4 7  5 4 3 3 4 5  1 7 6 1 3 9  1 9 . 0  1 28- 1 5  4 7  5 13 1 6 7 2 · 8 8 0 6 9  1 9 . 0  
28- 1 6  4 7  1 5 2 1 1 9 0 1 8 6 4 5 3 9  1 3 . 8 ' 
28- 1 7  4 7  1 5  4 5 9 5 0  4 3 2?. 6 9  1 3 . 8 
2 8 - 1 8  4 7  1 5  8 2 9 7 5  2 1 6 1 3 4  1 3 . 8 

2 9- 1 4 8  1 · 2  2 3 9 1 5 4 0 6 1 5 . 5 
2 9 - 2 4 8  1 4 1 1 9  7 7 0 3  1 5 . � t 2 9 - 3 4 8  1 8 5 9  3 8 5 1  1 5 . 5 
29- 4 4 8  5 2 9 3 2  7 0 8 03 1 3  . 2 · 
29 - 5 4 8  5 4 4 66 3 5 4 0 1  1 3 . 2  l 29- 6 4 8  5 8 2 3 3  1 7 7 0 0  1 3 . 2  
2 9 - 7 4 8  1 5  2 1 6 5 8  1 6 9 8 9 5  9 . 8 
2 9 - 8 4 8  1 5  4 8 2 9  8 4 9 4 7  9 . 8  
2 9 - 9 4 8  1 5  8 4 1 4 4 2 4 7 3 9 . 8  1 

j 



- 2 8 5  -

' 3 0- 1 0  4 9  l 2 1 3  1 2  4 9 8 7 3  2 6 . 3  
3 f_., - 1 1  4 9  l 4 6 5 6 ' 2 4 9 3 6  2 6 . 3  
3 0 - 1 2  4 9  l 8 3 2 8  1 2 4 6 8  2 6 . 3  
3 0 - 1 3  4 9  5 2 5 1 1 8  23 4 6 5 2  2 1  . 8  
3 0 - 1 4  4 9  5 4 2 5 5 9  1 1 73 2 6  2 1  . 8  
3 0 - 1 5  4 9  5 8 1 2 7 9  5 8 6 6 3  2 1 . 8 
30- 1 6  4 9  1 5  2 9 1 �5 5 8 2 0 7 6  1 5 . 6  
30- 1 7  4 9  1 5  4 4 5 5 2  2 9 1 0 3 8  1 5 . 6  
3 0 - 1 3  4 9  1 5  8 2 2 7 6  1 4 5 5 1 9  1 5 . 6  

3 1 - l 5 0  l 2 1 �0 1 5 2 5 5  8 . 5  
3 1 - 2 5 0  l 4 6 5  7 62 7  8 . 5  
3 1 - 3 5 0  1 8 3 2  . 3 8 1 3 8 . 5  
3 1 - 4 5 0  5 2 5 0 7  6 9 0 2 6  7 . 4  
3 1 - 5 5 0  5 4 2 5 3  3 4 5 1 3  7 . 4  
3 1 - 6 5 0  5 8 1 2 6 1 7 2 5 6  7 . 4  
3 1 - . 7  5 0  1 5  2 9 03 1 6 1 8 7 2  5 . 6  
3 1 - 8 5 0  1 5  4 4 5 1 8 09 3 6 5 . 6  
3 1 - 9 5 0  1 5  8 225 4 04 6 8  5 . 6 

32- l 5 1 1 2 2 83 11 8 8 4 7  1 5 .  1 
32- 2 5 1 1 4 1 4  1 94 23 1 5 � 1  
3?.- 3 5 1  1 8 7 0  4 7 1 1  1 5 .  1 
32- 4 5 1 5 2 1 1 0 6  8 6 5 2 6  1 2 . 8  
32- 5 5 1 5 4 5 5 3  4 3 2 6 3  1 2 . 8 
3 2- 6 5 l 5 8 2 7 6  2 1 6 3 1 1 2 . 8  
32- 7 5 1 1 5  2 1 9 6 8  2 0 7 3 1 7  9 . 5 
3 2 - 8 5 1 1 5  4 9 84 1 0 3 6 5 8  9 . 5 
32- 9 5 1 1 5  8 4 92 5 1 82 9  9 . 5 

33 - 1 0  5 2  1 ?. 1 5 7 6  5 1 3 2 6  ·3 0 .  7 
33 - 1 1  5 2  1 4 7 88 2 5 6 63 3 0 . 7  
33- 1 2  5 2  1 8 3 94 1 2 83 1 3 0 .  7 
33 - 1 3  5 2  5 2 6 1 4 8  2 4 3 1 7 8  2 5 . 2 
33 - 1 4  5 2  5 4 3 0 74 1 2 1 8 8 9  2 5 . 2  
33 - 1 5  5 2  5 8 1 5 3 7  6 0 9 4 4  2 5 . 2  
3 3 - 1 6  5 2  1 5  2 1 0 93 6 6 1 24 9 7  1 7 . 9  
33 - 1 7  . 5 2  1 5  4 5 4 6 8  3 0 62 4 8  1 7 . 9  
3 3 - 1 8  5 2  1 5  8 2 7 3 4  1 5 3 1 24 1 7 . 9  

3 4 - 1 5 3  1 2 5 1 7 .  2 1 4·gg 2 4 . 1  
' 3 4 - 2 5 3  1 4 2 5 8  l ff7 4,4 2-4 . 1 
3 4 - 3 5 3  1 8 1 2 9 5 3 72 2 4  . 1  
3 4 - 4 5 3  5 2 2 0 1 8  1 0 0 6 1 9  2 0! . 1 
3 4 - 5 5 3  5 4 1 0 0 9  5 03 0 9  . 2 0  .. 1 
3 4 - 6 5 3  5 8 5 04 2 5 1 5 4 2 0 .  1 
3 4 - 7 5 3  1 5  2 3 5 9 1  2 4 7 9 4 5  1 4 . 5 
3 4 - 8 5 3  1 5  4 1 7 95 1 23 9 7 2  1 4 . 5 
3 4 - 9 5 3  1 5  8 8 9 7  6 1 9 8 6 .  1 4 . 5 



- 2 8 6  - \ 
3 5 - 1 0  5 4  l 2 3 09 - 2 9 5 1 2  1 0 . 5  
3 5 - 1 1  5 4  1 4 1 5 4 1 4 7 5 6  1 0 . 5 
3 5 - 1 2  5 4  1 8 7 7 73 7 8  1 0 . 5  
3 5 - 1 3  5 4  5 2 1 2 05 1 3 4 1 1 5 9 . 0  
35 - 1 4  5 4  5 4 6 02' 6 7 0 5 7  9 . 0  
3 5 - 1 5  5 4  5 8 3 eJ 1  3 3 5 2 8  9 . 0 
3 5 - 1 6  5 4  1 5  2 2 1 4 4 3 1 6 5 6 2  6 . 8  
35 - 1 7  5 4  1 5  4 1 0 72 1 5 82 8 1  6 . 8  
3 5 - 1 8  5 4  1 5  8 5 3 6  7 9 1 4 0 6 . 8  

36- I 5 5  1 2 1 20 1 8 6 0 1 6 . 5  t 3 6 - 2 5 5  1 4 6 0 . 93 0 0  6 . 5 . 
3 6- 3 5 5  1 8 3 0  4 6 5 0  6 . 5  
36- 4 5 5  5 2 4 6 9  83 7 77 5 . 6  l 3 6 - 5 5 5  5 4 2 3 4  4 1 8 8 8  5 . 6  
3 6 - 6 5 5  5 8 1 1 7 2 0 9 4 4  5 . 6  
3 6 -. 7 5 5  1 5  2 83 5 1 9 5 0 8 7  4 . 3 t 3 6 - 8 5 5  1 5  4 4 1 7 9 7 5 4 3  4 . 3 
3 6 - 9 5 5  1 5  8 . 2 0 8  4 8 7 7 1 4 . 3 

3 7- 1 5 6  1 2 1 3 5  1 6 5 4 1 8 . 2  [ 3 7 .;.  2 5 6  1 4 6 1  8 2 7 0  8 .. 2 
3 7 - 3 5 6  1 8 3 3  4 1 3 5  8 . 2 
3 7- 4 5 6  5 2 ' 5 2 6  74 7 82 7 . 0  d 3 7 - 5 5 6  5 4 2 6 3  3 73 9 1  7 .. 0 I 'J 3 7 - 6 5 6  5 8 . 1 3  1 1 8 6 9 5  1 . 0  c__:i 

3 7 - 7 5 6  1 5  2 9 3 6 1 7 5 1 4 6 5 . 3 l 3 7 - 8 5 6  1 5  4 4 6 8  8 75 73 5 . 3 
3 7 - 9 5 6  1 5  8 2 3 4  4 3 7 8 6 5 . 3 ·  

,) 8 - 1 0  5 7  1 2 7 90 4 8 5 0 9 1 6  . 3  l 38- 1 1  5 7  I 4 .3 9 5  2 4 2 5 4 1 6 . 3  
3 8 - 1 2  5 7  l 8 1 9 7 1 2 1 2 7 1 6 . 3 
3 8- 1 3  5 7  5 2 3 0 84 2 2 3 3 1 3  1 3  . 8  l 3 8 - 1 4  5 7  5 4 1 5 4 2  1 1 1 6 5 6  1 3 . 8  
3 8 - 1 5  5 7  5 8 7 7 1 5 5 8 2 8  1 3 . 8  
3 8- 1 6  5 7  1 5  2 5 4 8 6 5 3 7 1 9 8 1 0 . 2 i 3 8 - 1 7 5 7  1 5  4 2 7 4 3 2 6 8 5 9 9  1 0 . 2 
3 8- 1 8  5 7  1 5  8 1 3  7 1  1 3  4 2 9 9  1 0 . 2  

0 9 - 1 5 8  1 2 2 93 ' 2 4 2 4 9  1 2 . 1 i 3 9- 2 5 8  1 4 1 4 6 1. 2 1 24 1 2 . 1 
3 9- 3 . 5 8  1 8 73 6 0 62 1 2 . 1 
3 9 - 4 5 8 5 2 1 1 4 6 1 1 0 6 03 1 0 . 4  l 3 9- 5 5 8  5 4 5 73 5 5 3 0 1  1 0 . 4  
3 9- 6 5 8  5 8 2 86 2 7 6 5 0  1 0 . 4  
3 9 - 7 5 8  1 5 2 2 0 3 8 2 6 2 4 8 8  7 . 8  
3 9- 8 5 8  1 5 4 1 0 1 9  1 3  1 2 4 4  7 . 8  l 3 9 - 9 5 8  · 1 5  8 5 0 9 6 5 6 2 2  7 . 8  



- 2 8 7  -

4Vl - 1 5 9  1 2 9 0  1 4 5 0 9 6 . 2  
4 0 - 2 5 9  1 4 4 5  7 2 5 4  6 . 2  
40- 3 5 9  1 8 22 3 6 2 7  6 . 2  
40 - 4 5 9  5 2 3 5 3 6 5 3 1 5  5 . 4 
4 0 - 5 5 9  5 4 1 7 6 3 2 6 5 7  5 .. 4 
40 - 6 5 9  5 8 8 8  1 63 2 8  5 . 4  
40 - 7 5 9  1 5 2 6 2 8  1 5 1 9 7 6  4 � 1 
40- 8 5 9  1 5  4 ·3 1 4  7 5 9 8 8  4 . I  
40 - 9 5 9  1 5  8 1 5 7 3 7 9 9 4  4 • 1 

4 1 - 1 6 0 1 2 2 6  5 5 0 8  4 . 8  
4 1 - 2 6 0  1 4 1 3  2 7 5 4  4 . 8  
4 1 - 3 6 0  1 8 6 1 3  7 7, 4 . 8  
4 1 - 4 6 0  5 2 1 02 2 4 7 1 6  4 • 1 
4 1 - 5 6 0  5 4 5 1  1 23 5 8  4 • 1 
4 1 - 6 6 0  5 8 25 ' 6 1 7 9 4 • l 
4 1 - 7 6 0  1 5  2 1 82 5 7 2 1 6  3 . 2 
4 1 - 8 6 0  1 5  4 9 1  2 86 0 8  · 3  . 2  
4 1 - 9 6 0  1 5  8 4 5  1 4 3 04 3 . 2 

42- 1 6 1 1 2 1 65 1 7 5 1 1  9 . 4  
42- 2 6 1 1 4 82 8 7 5 5  9 . 4  
42- 3 6 1 1 8 4 l 4 3 7 7  9 . 4  
42- 4 6 1 5 2 6 4 3  7 9 3 92 8 .  1 . . 
42- 5 6 1 5 4 3 2 1 3 9 6 9 6  8 . 1 
42- 6 6 1  5 8 1 6 0 1 9 8 4 8  8 . 1 
42- 7 6 I 1 5  2 1 1 4 5  1 8 6 7 3  9 .  6 .  1 
42- '- 8  6 1 1 5  4 5 7 2 9 3 3 6 9  6 . 1 
42- 9 6 1  1 5  8 2 86 4 6 6 8 4  . 6 . 1  
43 - l 6 2  1 2 1 80 73 1 1  2 4 ., 7  
43 - 2 6 2  l 4 9 0  3 6 5 5  2 4 . 7  
43 - 3 6 2  1 8 4 5  1 82 7  2 4 . 7  
43 - 4 6 2  5 2 7 0 3  3 4 2 7 8  . 2 0 . 5  
43 - 5 6 2  5 4 3 5 1 1 7 1 3 9  2 0 . 5  
43 - 6 6 2  5 8 1 7 5 85 6 9  2 0 . 5  
43 - 7 6 2  1 5  2 1 2 5 1 . 8 4 6 1 8  1 4 . 8  
43 - 8 6 2  1 5  4 62 5 \ 4 2 3 0.9 .1 4 . 8  \ 

43 - 9 6 2  1 5  8 3 1' 2  2 1 1 5 4 1 4 . 8 

4 4 - 1 6 3  1 2 1 02 . 8 4 1 9  1 2 . 1 
44 - 2 6 3  1 4 5 1  4 � 0 9  1 2 . 1 
44 - 3 6 3 l 8 2 5  2 1 04 · 1 2 . 1  
4 4 - 4 6 3  5 2 3 9 7 3 8 4 03 1 0 . 4  
4 4 - 5 6 3  5 4 1 9 8 1 92 0 1 lC� . 4  
4 4 - 6 6 3  5 8 9 9  9 60 0  1 0 . 4  
44- 7 6 3  1 5  2 7 0 7  9 1 1 4 1  7 . 8  
44 - 8 6 3 1 5 4 3 5 3 4 5 5 7 0  7 . 8  
44 - 9 6 3  1 5  8 1 7 6 2 2 7 85 7 . 8  



- 2 8 8  -

4 5 - 1 6 4  1 2 4 90 3 9 9 9 2  1 2 . 3  
4 5 - 2 6 4  1 4 2 4 5  1 9 9 9 6  1 2 . 3  
45- 3 6 4  1 8 1 22 9 9 9 8  1 2 . 3  
4 5 - 4 6 4  5 2 1 9 1 2 1 82 4 6 6  1 0 . 5  
45- 5 6 4  5 4 9 5 6  ' 9 1 23 3  1 0 . 5  
45 - 6 6 4  5 8 4 7 8  4 5 6 1 6  1 0 . 5  
4 5 - - 7 6 4  1 5 . 2 3 4 0 1 4 3 3 23 6  7 . 9  
45 - 8 6 4  1 5  4 1 7 0 0  2 1 6 6 1 8  7 . 9  
45 - 9 6 4  1 5  8 8 5 0  1 0 83 0 9 7 . 9  

46- 1 0  6 5  1 2 5 92 2 1 4 9 0  2 7 . 6  I 
46- 1 1  6 5  1 4 2 9 6  1 0 7 4 5  2 7  .. 6 
4 6 - 1 2  6 5  I 8 1 4 8 - 5 3 7 2  2 7  0 6 l 4 6 - 1 3  6 5  5 2 23 1 2  1 0 1 3 90 2 2 . 8  
46- 1 4  6 5  5 4 1 1 5 6  5 0 6 9 5  2 2 . 8  

. 4 6 - 1 5  6 5  5 8 5 7 8 • 2 5 3 4 7  2 2 . 8  
4 6 - 1 () 6 5  1 5  2 4 1 1 2 2 5 2 4 4 9  1 6 . 3  I 4 6 - 1 7  6 5  1 5  4 2 0 5 6  1 2 6 2 2 4 1 6 . 3  
46- 1 8  6 5 1 5  8 1 0 2 8  6 3 1 1 2 1 6 . 3  

47- 1 0  6 6  I 2 1 2 2 9  6 7 1 4  1 83 . 1 r 
4 7 - 1 1  6 6  1 4 6 1 4  3 3 5 7  1 83 . 1 
47- 1 �  6 6  1 8 3 0 7  1 6 7 8  1 83 .  1 d 4 7 - 1 3  6 6  5 2 4 7 95 4 2 2 6 6  1 1 3 .  5 
4 7 - 1 4  6 6  5 23 9 7  2 1 1 3 3 1 1 3 .. 5 

= 

4 I 1 

4 7 - 1 5  6 6  5 8 1 1 9 8 1 0 5 6 6  1 1 3 . 5  D 

4 7 - - 1 6 6 6  1 5  2 85 3 0  1 4 1 1 6 0 6 0  .. 4 
4 7 - 1 7  6 6  1 5  4 4 2 6 5  7 0 5 8 0  6 0 . 4  
47- 1 8  6 6  1 5 8 2 1 3 2  3 5 2 9 0 6 0 . 4  

4 8 - 1 6 7  1 2 1 V'l 5 1 9 94 5 3 . 0  
48- 2 6 7  1 4 5 2  9 9 7  5 3 . 0  
4B- 3 6 7  1 8 2 6' 4 9 8  5 3 . 0  
48- 4 6 7  5 2 4 12 9 9 2 6  4 1 .  6 
4 8- 5 6 7  - 5  4 2 0 6  4 9 63 4 1 .  6 
48- 6 6 7  5 8 1 03 2 4 8 1 4 1 . 6 
48- 7 6 7  1 5  2 73 4 2 64 63 2 1 . 1  
48- 8 6 7  1 5  4 3 6 7 -1 3 23 1 2 7 . 7  
48- 9 6 7  1 5  8 1 83 6 6 1 5  2 7 . 7  

49- 1 0  () 8 1 ?. 3 4 8  1 7 2 8 0  2 0 . 2  I 
49- 1 1 6 8  1 4 1 7 4 8 6 4 0  2 0 . 2  
49- 1 2  () 8 1 8 8 7  4 3 20 2 0 . 2  
49- 1 3  6 8  5 2 1 3 5 9  8 02 2 6  1 6 . 9  { 49- 1 4  6 8  5 4 6 7 9  4 0 1 1 3  1 6 . 9  
49- 1 5  6 8  5 8 3 3 9  2 0 0 5 6  1 6 . 9  
49- 1 6  6 8  1 5 2 2 4 1 7  1 9 5 3 4 4  1 2 . 4  1 49- 1 7  6 3  1 5  4 1 2 0 8  9 7 6 7 2 1 2 . Lj 
49- 1 8  6 8  1 5  -s 6 04 4 8 83 6 1 2 . 4  

J 



- 2 8 9  -

5 (1 - 1 0  6 9  1 2 1 1 1 4 3 4 7 0 4  3 2 . 1 
50 - 1 1 6 9 1 4 5 5 7  1 73 5 2 3 2 . 1 
50- 1 2  () 9 1 8 2 7 8  8 6 7 6  3 2 . 1 
5 0 - 1 3  6 9  5 2 '1 3 4 8 1 6 5 3 3 0  2 6 . 3  
50 - 1 4 6 9 5 4 2 1 7 4 8 2 6 65 2 6 . 3 
5 0 - 1 5  6 9  5 8 1 0 8 7 4 1 3 3 2  2 6 . 3 
5 0- 1 6 6 9  1 5  2 7 73 5  4 1 7 0 73 1 8 . 5 
5 �)- 1 7 6 9  1 5  4 3 8 6 7  2 0 8 5 3 6 1 8 . 5  
5 1-J - 1 8  6 9  1 5  8 1 9 3 3 1 0 4 2 6 8  1 8 . 5  

5 1 - 1 7 0  1 ?. 5 1 0 7 4 1 0  6 8 . 9 
5 1 - 2 7 0  1 4 ?. 5 5  3 7 0 5 6 8 . 9  
5 1 - 3 7 0  1 8 1 2 7 1 85 2  6 8 . 9  
5 1 - 4 7 0  5 2 1 9 90 . 3 8 0 6 2  5 2 . 3 
5 1 - 5 7 0  5 4 9 9 5  1 90 3 1 5 2 . 3  
5 1 - 6 7 0  5 8 4 9 7 9 5 1 5  5 2 . 3  
5 1 - 7 7 0  1 5  2 3 5 4 0  1 0 5 2 92 3 3 . 6 . 
5 1 - 8 7 0  1 5  4 1 7 7 0  5 2 6 4 6 3 3 . 6  
5 1. - 9 7 0  1 5  8 8 85 2 6 3 23 3 3 . 6  

52- 1 7 1  1 2 1 1 0 0  - 2 2 9 6  - 4 79 . 4  
5 2- 2 7 1  1 4 5 5 0 - 1 1 4 8 - 4 7 9 . 4  
5 2- 3 7 1 l 8 2 75 - 5 7 4 - 4 79 . 4 
52- 4 7 1 5 2 4 2 94 9 68 4 43 4 . 9  
5 2- 5 7 1 5 4 2 1 4 7 4 8 4  4 4 3 4 . 9  
5 2- 6 7 1  5 8 1 0 73 2 42 4 43 4 . 9  
5 2- 7 7 1 1 5  2 7 6 3 8 4 2 4 5 8  1 7 9 . 9  
5 2- 8 7 1 1 5  4 3 8 1 9  2 1 2 2 9  1 7 9 . 9 
52- 9 7 1  · 1 5  8 1 9 0 9  1 0 6 1 4  1 7 9 . 9 

5 3 - 1 7 2 1 2 1 1 4 .7 1 8 1  1 6 . 0  
53 ":"" 2 7 2  1 4 5 7  3 5 90 1 6 . 0  
5 3 - 3 7 2  1 8 2 8  1 7 9 5  1 6 . QJ 
5 3 - 4 7 2  5 2 4 4 7  3 3 0 3 8  1 3 . 6 
53 - 5 7 2 5 4 2 23 1 6 5 1 9 1 3  .• 6 
53- 6 7 2  5 8 1 1 1 82 5 9  1 3 . 6  
5 3 - 7 7 2  1 5  2 7 9 6  7 93 95 1 0  . 0  
5 3 - 8 7 2  1 5  4 3 9 8 3 9 6 9 7  1 0 . 0  
53 - 9 7 2  1 5  8 1 9 9 1 9 8 4 8  1 0 • QI 

5 4 - 1 0  7 3  1 2 1 0 82 2 1 7 3 3· 4 9 . S  
5 4 - 1 1  7 3  1 4 5 4 1 1 0 8 6 6  4 9 . 8  
5 4 - 1 2 7 3  1 8 2 7 0 5 4 3 3  4 9 . 8  
5 4 - 1 3  73 5 2 4 22 1 1 0 7 4 2 7  � 9 . 3 
5 4 - 1 4  7 3  5 4 2 1 1 0 5 3 7 1 3 3 9 . 3 
5 4 - 1 5  73 5 8 1 0 5 5 2 6 8 5 6  3 9 . 3 
5 4 - 1 6  73 1 5  2 7 5 0 8  2 8 4 0 84 2 6 . 4  
5 4 - 1 7  7 3  1 5  4 3 7 5 4  1 4 2 0 4 2  2 6 . 4  
5 4 - 1 8  7 3  1 5  8 1 8 7 7  7 1 02 1  2 6 . 4  
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EXH IBIT l 

LI STING OF THE COST-EFFECTIVENES S  RANK ING PROGRAM ( CERANK ) 

r E R A N X 1 3 : 3 9 PC - T OR F R ! .  1 8 / 0 9 / 7 0  

1 0 0 D I M  A ( 6 0 ) , B C 6 0 ) , C C 6 0 , 3 0 ) , D ( � 0 ) , E C 6 0 , 3 0 ) , F ( 6 0 )  
1 1 0 :  # # # #  # # - # #  # # # # # # . #  # # # # # # # # # # # #  # # # # # # # # # # # #  
1 2 0 :  # # # #  # # - ## N . A .  # # ## # # # # # # # #  # # # # # # # # # # # #  
1 3 0  L = 0  
1 4  0 
1 5  0 
1 6 0  
1 7 0  
1 8 0 
1 9 0 
2(1 0  
2 1 0  
220 
23 0 
24 0 
25 0  
2<1 0 
2 7 0  
2 8 0  
2 9 0  
3 0 0  
3 1 0  
3 2 0  
3 3 0  
3 4 0  
35 0 
36 �1 
3 7 0  
3 8 0  
3 9 0  
4 0 0  
4 1 0  
4 2 0  
4 3 0 
44 0 
4 5  eJ 
4 6 0 
4 7 "  
4 8 0  
4 9 0  

G : Vl  
H = 0  
P R I N T  " 
P R I N T " 
P R I N T " 

C OS T  E F FEC T I VE N ES S . R A N K I N G" 

P R I N T " 
P R I � T " P R I OR I T Y  P R O GR A M  
P R I N T " R A N K I N G N U M B E R  
P R I N T 

' - - - L OA D  D A T A - - - , 
F OR I = 1 T 0 !) 0 
F OR J :  1 T O  3 0  
E C I , J ) : 0  
C < l , J ) : 0  
N EX T  J 

I NC R E M E N T A L" 
E /C 

X l 0 0 0  

N EX T  I 
I NPU T : EC F I L E : E N D : 3 7 0 , I , J , E , C  
E < I , J > = E  
C ( J , J ) : C _ 
G O  T O  3 1 0 
• 

· - - - I N I T I A L  L I S T - - 
F OR I =  1 T O  6 0  
W : 0 

X = 0  
Y = 0  
F OR J :  1 T O  3 0 
I F  C C  I , J ) > X G O  T O  4 9 0 
I F  C < I , J ) : X G O  T O  4 5 0  
G O  T O  4 6 0 
I F  E < I , J ) c : W  G O  T O  4 9 0 
W = E < I , J ) 
X = C < I , J > 
Y = J  
N EX T  <J 

- 2 9 1  -

C U M U LA T I VE 
E 

G W T OR RA NC E "  . 
A U G US T , 1 9 7 0 "  

\ 

C U M U LA T I VE" 
C "  

. , i 



5 0 0  
5 1 0  
5 2 0  
53 0 
5 4 0  
5 5 0 
5 6 0  
5 7 0  
5 3 0  
5 9 0  
60 0 
6 1 0  
620 
63 0 
64 0 
65 0 
66 0 
6 7 0  
6 8 0  
6 9 0  
70 0 
7 1 0  
720 
73 (1 
74 0 
75 0 
76 0 
7 7 0  
78 0 
79(1 
80 0 
8 1 0  
82 0 
83 0 
84 0 
85 0 
86 0 
87 0 
880 
8 9 0  
9 vJ 0  
9 1 0  
92 0 
93 0 
94 0 
95 0 
96 0 
97 0 
98 0 
9 9 0  

- 2 9 2  -

I F  X < 0  G O  T O  6 2 0  
F OR J = 1 T 0 3 0 
I F  C C I , J ) : 0  G O  T O  6 1 0  
T = I N T C 1 0 0 00 *E C I , J ) /C C I , J > + . 5 )  
I F  T <X G O  T O  6 1 0  
I F  T = X G O  T O  5 7 0 
G O  T O  5 8 0 
I F  C C I , J ) > : W  G O  T O  6 1 0  
W : C C I , J )  
X = T 
Y : J  
NEX T J 
A C I > = Y  
I F  A C ! ) : 0  G O  T O  6 70 
B C I > = E C I , Y ) 
D < I > = C C I , Y > 
F C I > = I N T C l 0 0 0 0 * E C I , Y ) /C C I , Y > + . 5 ) / 1 0  
N E X T  I 
' 

' - - - SE LEC T F R OM T H E  L I S T - - 
W = 0  
X : 0  
Y = 0  
F OR I =  1 T O  6 0  
I F  A C I ) : 0 G O  T O  8 2 0  
I F  D ( ! ) > X  G O  T O  8 2 0  
I F  D < I > = X G O  T O  7 80 
G O  T O  7 90 
I F  B C ! ) < : W  G O  T O  8 2 0  
W : R  ( ! )  
X = D < I > 
Y = I 
N E X T  I 
I F  X < 0  G O  T O  9 5 0  
F OR I = l T O  6 0  
i F  A C I > = 0  G O  T O  9 3 0  
I F  F' ( l ) <X G O  T O  93 0 
I F  F < I  ) : X G O  T O  8 90 
G O  T O  90 0 
I F D ( I ) > = W G 0 T 0 93 0 
\v : D < I )  
X :  F C I )  
Y = I 
N E X T  I 
I F  X = 0 G O  T O  1 2 9 0  
L = L+ l  
G : G+B < Y >  
H = H+D C Y >  
I F  F C Y ) < 0 G O  T O  1 0 1 0  
PR I N T US I N G 1 1 0 , L , Y , A < Y > , F < Y > , G , H  

r 

r 
el 
l 

r 
l 
l 
l 



- 2 9 3  -

1 00 0  G O  T O  1 0 20 
1 0 1 0  PR I NT US I N G 1 20 , L , Y , A C Y > , G , H  
1 02 0  • 

1 0 3 0  · - - - UPDA T E  L I S T - - -
1 0 4 0  I = Y  
1 � 5 0  R = A C ! )  
1 0 6 0  W : 0  
1 0 7 0  X : 0  
1 0 8 0  Y : 0  
1 0 9 0  FOR J : l T O  3 0  
1 1 0 0  I F  E C I , J > - E C I , R > <= 0  G O  T O  1 20 0  
1 1 1 0 S: C E C I , J > - E C I , R ) ) / C C C I , J > - C C I , R > >  
1 1 20 S : I N T C 1 00 00 *S+ . 5 ) / 1 0  
1 1 3 0  I F  S < X  G O  T O  1 20 0  · 

1 1 4 0  I F  S : X  G O  T O  1 1 6 0  
1 1 5 0  G O  T O  1 1 7 0 
1 1 6 0  I F  C C I , J > - C C I , R ) > : W  G O  T O  1 20 0  
1 1 7 0  W : C C I , J > - C C I , R >  
1 1 8 0  X : S 
1 1 9 0  Y : J  
1 20 0  N EXT J 
1 2 1 0  I F  X : 0  G O  T O  1 2 70 
1 2 20 A C  I ) : y  
1 23 0 B C  I ) :  E C  I ,  Y > - E C  I ,  R.) ,,. ' 
1 2 4 0  D C I ) : C C I , Y > - C C l , R >  
1 25 0  F' C l ) : X 

, 

1 2 6 0  G O  T O  7�0 
1 2 7 0  A C I > = 0  
1 28 0  G O  T O  7 0 0  
1 29 0  E ND 



COMPLETE 

PR I OR I TY 
R i'\ N J< I N G 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
l l 
1 2  
1 .3 
1 4 
1 5  
1 6 
1 7 
l R 
l 9 
?. l� 
2 1  
2 2  
2 3  
2 4  
2 5  
?. f) 
?. 7 
?. 8 
2 C}  
3 0  
3 1 
3 2  
,� 3 

EXHIBIT 2 

COST-EFFECTIVENESS PRIORITY RANKING 

C OS T  

P R O GR A M  
N U M B ER 

5 5 - 4 
5 2 - l 
4 7- 1 
5 7 - 1 
5 7- 2 
5 7 - 3 
5 7 - 4 
4 7 - 4 
5 2- Lt 
5 6 - 1 
5 () - ? '-· 

5 6 - Lt 
5 F, - () 
5 1) - 8 
2 3 - 1 2  
2,� - 1 1 
2 3 - 1 0  
23 - 1 3 
4 7 - 7 
5 2 - 7 
4 7- 1 3  
5 1 - 3 

5 1 - 2 
5 1 - 1 
LJ 8- 3 
4 8 - 2 
4 8- l 

3 - 3 
?i - 2 
3 - l 

5 4 - 1 2  
5 4 - 1 1  
5 4 - 1 0  

E F FFC T I V E N ES S  

I NC R E M E N T A L  

- -- ---- - - -
R A M !<  I N G 

- -

G W T OR R A �I C E  
A U GU S T ,  1 9 7 0  

F. /C C U M U L A T I VE C U M U LA T I \/E 
X l 0 0 0  E c 

N . A . 1 2 8 5 9 03 6  - 4 7 2 9 9 3 20 
N . A .  1 2 8 6 0 1 3 6  - 4 73 0 1 6 1 6  
N . A .  1 28 6 0 5 4 5  - 4 7 3 0 24 73  

25 0 5 . 8  1 2 9 3 2 0 4 6  - 4  7 2 73 93 9 . 
2 5 0 5 . 8  1 3 02 3 2 6 7  - 4 7 23 7 5 3 5  
25 0 5  . 8  1 3 1 4 6 5 5 1 - 4 7 1 8 8 3 3 6  
2 5 0 5 . 8  1 3 5 1 1 4 3 3  - 4 7 04 2 7 23 

9 9 1 . 8 1 3 5 1 26 1 7 - 4 7 0 4 1 5 2 9  
9 7 8 .  l 1 3 5 1 5 8 1 0  - 4  7 (13 82 6 5  
2 5 5 . 5  1 4 7 0 6 .1 5 8 - 4 23 7 9 3 C3 2  
25 5 . 5 1 6 1 0 7 7 0 4  - 3 6 8 9 3 7 2 4  
2 4 2 . 7  1 85 7 00 00 - 2 6 7 4 9 1 82 
2 2 9 . 9  2 0 9 02 7 1 5  - 1 6 6 0 4 6 4 1 
2 1 7 . 2 23 1 0 5 8 1 9  - 6 4 60 H r n  
2 1 0 . 4  2 3 1 07 5 6 1 - 6 4 5 1 823 
2 1 0 . 11 23  1 t� 93 02 - 6 4 4 3 5 4 6  
2 1 0 . 4  2 3 1 1 2 7 8 5 - 6 4 2 6 9 92 
1 0 9 . 5  23 1 3 2 9 8 9  - 6 2 4 2 5 4 6  ' 

�rn .  1 23 1 3 4 2 2 9  - 6 2 2 7 1 8 8 
q0 . 6  23 1 3 7 5 73 - 6 1 85 6 9 8  
7 3 . 9  2 3 1 3 95 -71 ()  - 6 1 5 9 1 2 7 
1) 8 . 9  ?.3 1 3 9 6 6 4  - 6 1 5 7 2 74 
6 8 . 9  23 1 3 9 7 9 2  - 6 1 5 5 42 1  
() 8 . 9  23 1 4 0. 0 4 7  - 6 1 5 1 7 1 6  
') 3 . Yl  23 1 4 0 0 7 3  ;. 6 1 5 1 2 1 8  
5 3 . 0  23 1 4 0 1 0 0 - 6 l 5 0 7 1 9  
5 3 . 9l 2 3 1 4 0 1 5 3  - 6 1- 4 9 72 1 
5 1 . 0 23 1 4 02 4 0  - 6 1 4 8 00 5  
5 1 .  0 2 3 1 4 03 2 8  - 6 1 4 62 8 8  
5 1  . 0  23 1 4 05 03 - 6  l L1 2 8 5 5  
4 9 . R  23 1 4 0 7 73 - 6 1 3 7 4 22 
4 9 . 8  23 1 4 1 0 4 4  - (? 1 3 1 9 8 8  
4 9 . R  ?.3 1 4 1 5 8 5  - 6 1 2  1 1  22 

- 2 9 4  -

1 

r 
I 
r 
( 
r 
r 

d i=;:::;:i 

l_J r-=-1 

1 
r 

1 



- 2 9 5  -

3 4  5 1 - 4 4 8 . 3  2 3 1 4 3 0 65 - 6 0 9 0 4 7 0  
3 5  5 - 3 4 3 . 2  2 3  1 43 - 1 1 1 - 6'0 8 9 4 0 0  
3 6  5 - 2 4 3 . 2  2·3 1 4 3 1 5 8 - 6 0 8 8 3 3 1 
3 7  5 - 1 4 3 . 2  2 3 1 4 3 2 5 0  - 6 0 8 6 1 9 2  
3 8  1 - 3 . 4 0 .2 2 3 1 4 3 6 5 8  - 6 0 7 6 0 5 6  
3 9  1 - 2 4 0 . 2 2 3 1 4 4 0 6 5  - 6 06 5 92 0  
4 0  1 - 1 4 0 . 2  2 3 1 4 4 8 8 0  - 6 0 4 5 6 4 8  
4 l 2 3 - 1 6  3 9 .  7 2 3 1 6 6 0 3 8 - 5 5 1 3 3 3 8 
4 2  4 - 3 3 9 . l 2 3 1 6 6 0 7 6  - 5 5 1 23 7 1  
43  4 - 2 3 9 .  1 23. 1 6 6 1 1 4 - 5 5 1 1 4 0 4 
4 4  4 -· 1 3 9 . l 23 1 6 6 1 90 - 5 5  0 94·6 9 
4 5  4 8- 4 3 3 .  7 23 1 66 4 9 7  - 5 5 0 1 5 3 7  
4 6  1 9- 3. 3 8 . 3  2 3 1 6 6 5 5 4  - 5 5 0 0 0 5 0  
4 7  1 9- 2 3 8 . 3  2 3 1 6 6 6 1 1 . - 5 4 9 8 5 62 
4 8  1 9- 1 3 8 . 3  2 3  11 6 6 7 24 - 5 4 9 5 5 8 8  
4 9  4 7- 1 6  3 7 . 8  2 3 1 7 0 4 5 9  - 5 3 9 6 6 9 4  
5 0  3 - 4 3 7  •. 4 2 3 1 7 1 4 7 4 - 5 3 69 5 3 8 
5 1 . 5 4 - 1 3  3 6 . 6  2 3 1 7 4 6 1 3  - 5 2 8 3 84 4 
5 2  4 9 - 3 3 5  . 4· : , 23 1 -7 4 6 7� � 5 2 82 23'0 
5 3  4 9- 2 3 5 . 4 23 1 7 4 7 2 7 - 5 2 80 6 1 5  
5 4  4 9  .. 1 3 5 . 4  . · 2 3 1 7 4 84 2 - 5 2 7 73 8 6  
5 5  2 7 - 3 3 4 . 3 , 2 3  t7 5  l H - 5 2 6 9 5 .3 6  

. 5 6  2 7 - 2 3 1 . 3 23 1 7 5 3 8 1  - 5 2 6 1 68 6  
5 7  2 7- 1 3 4 . 3  2 3 1 75 92 0 . - 5 24 5 9 86 
5 8  3 3 - 3 3 4 • 0  - 2 3 1 7 6 1 65 • 5 2 3 87 8 8  
5 9  3 3 - 2 3 4  

·
. 0  2 3 1 7 6 4 0 9  - 5 23 1 5 9 0  

6 0  3 3 - 1 3 4 . 0  2 3 1 7 6 8 9'8 - 5 2 1 7 1 9 4 
6 1  2 6- ·  3 3 2  .. 6 23 1 7 7 0 2 0 - 5 2 1 3 4 5 4  
6 2  2 6 - 2 .3 2 . 6  2 3  1 1 1 1·4e - 5 2 0 9 7 1 5  
6 3  2 6 - l 3 2 • 6. 23 1 7 7 3 8,6 - 5 2 0 22 3 5 
6 4  5 - 4 3 2  .. 4 23 1 7 7 9 g2 · - 5 1 85 6 4 9  
6 5  5 0- 1 2 3 2 . l 2 3 1 7 8 20 1 - 5 1 7 6 9 72 
6 6  5 0 - 1 1 3 2  . 1  . .  2 3 1 7 8 4 80 ,- 5 1 6 8 2 9 6  
6 7  5 0- 1 0  3 2 . 1 2 3 '1 7 9 03 7  ... 5 1 5 0 944 
6 8  l �  4 3 0 . 3 . 2 3. 1 83 7 66 _  - 4 9 95 0 1 9  
6 9  4 - 4 2 9 . 6  2 3 1 8 4 2 05 - 4 9 8 0 1 82 
7 0  1 9- 4 2 9 � 0  23 1 8 4 8 66 - 4 9 5 7 4 1 5" 
7 1  3 0- 3 ?. 8 . 7 2 3 1 85 0 9 .l - 4 94 9 5 6 9  
7 2  3 0 - 2 2 8 . 7  23 1 8 5 3 1 7  - 4 94 1 7 2 2  
7 3  .3 0 - 1 ·2 8 .  7 2'3 1 8 5 7 67

. 
·- 4 92 6 0 2 8  

7 4  4 6 - 1 2  2 7 . 6 2 3 1 85 9 1 5 ·- 4 9 2 0 6 5 6  
75 4 6- 1 1  2 7 . 6  2 3 1 8 6 0 6 4  - 4 9 1 5 2 83 
7 6  4 6 - 1 0  2 7 . 6  23 i 8 63 6 0  - 4 9 0 4 5 � 8  
7 7  4 9 - 4 2 1 . 0  2 3 1 8 7 0�3 - 4 8 8 0 0 1 6  
7 8  1 1 :- 1 2 2 6 . 7 23 1 8 7 0 9 8' 

- 4 8 7 72·1 6 
7 9  l 1 - l 1 2 6 . 7  23 1 8 7 t7"3 .;.. 4 8 7 4 4 1 6  



- 2 9 6  -

8 0  1 1 - 1 0  2 6 . 7  23 1 8 73 22 - 4 8 6 8 8 1 6  
8 1  3 3 - 1 0  2 6 . 6  2 3 1 8 7 9 2 1 - 4 8 4 62 80 
82 2 8- 3 2 6 . 3  23 1 8 8 2 3 4  - 4 83 4 3 8 7  
83 2 8- ?. I 

2 6 e 3  23 1 8 85 4 7  - 4 82 24 93 
8 4  28- l 2 6 . 3  2·3 1 89 1 73 - 4 7 9 8 70 6  ' 
85 2 7 - 4 2 6 . 3  23 1 92 3 0 0  - 4 6 7 9 8 1 3  
86  3 3 - 4 2 5 . 9  23 1 94 5 3 8  I - 4 5 93 4 4 2  
8 7  2 6 - 4 2 5 . 1 23 1 95 95 2  - 4 5 3 7 0 6 6  I 8 8  5 0 - 1 3  24 . 8  23 1 9 9 1 86 - 4 4 0 6 4 4 0  
g 9  4 3 - 3 2 4 . 7  2 3 1 9 923 1 - 4 4 04 6 1 2  
9 0  4 3 - 2 24 . 7  2 3 1 9 92 7 6  - 4 4 02 7 8 4  I 9 1  4 3 - 1 2 4 . 7  2 3 1 9 93 6 7  - 43 9 9 1 28 
9 2  3 4 - 3 2 4 . I 23 1 9 94 9 6  - 4 3 93 7 5 6  
93 3 4 - 2 2 4 . I 2 3 1 9 9 6 2 5  - 4 3 8 83 8 4  
94 3 4 - I 24 . l 23, 1 9 9 8 84 - 4 3  7 7 63 9 
95 s- 3 23 . 9  2 3 1 9 9 92 1 - 4 3 7 6 1 1 5  
9 6  8- 2 23 . 9  23 1 9 9 � 5 7  - 4 3  7 4 5 9 1 ·  
9 7  8 - I 23 . 9  2 3 2 0 0 03 0  - 4 3 7 1 5 4 2  r 9 8  2 5 - .� 2 3 . I 2 3 2 0 00 7 4  - 4 3 6 9 64 2  
9 9  2 5 - 2 2 3 . 1  2 3 2 0 0 1 1 8  - 4 3 6 7 74 1 

1 0  0 25 - 1 �3 . l  2 3 2 0 0 2 0 6  - 43 63 9 4 0  d 1 0 1  5 1 - 7 2 3 . l  23 2 0 1 7 5 6  - 4 2 9 6 7 1 0  
1 02 3 0 - 4 22 . 3  23 2 0 4 3 6 9  - 4 1 7 9 65 9  
l 03 3 3 - 1 3  2 2 . (1 2 3 2 0 6 7 0 3  - 4 0 73 5 7 8  
1 0 4 3 8- 3 2 1 . 7 23 2 0 6 7 93 - 4 0 6 9 4 3 2  
1 05 3 8- 2 2 l o 7 2 3 2 0 6 8 8 3  - 4 0 6 5 2 8 5  
1 0 6 3 8 - l 2 1 . 7  23 2 0 7 0 6 4  - 4 0 5 6 9 9 2  
1 0 7 4 6- 1 3  2 1 .  5 2 3 2 0,8 7 83 - 3 9 7 70 92 
Hr n 1 1 - 1 3  2 0 . 9  23 2 0'9 6 5 2  - 3 93 5 5 4 5  
1 0 9 2 8..; 4 2 0 . 6  2 3 2 1 3 2 8 2  - 3  7 5 92 83 
1 1 '1 3 - 1 3  1 9 . 5 23 2 1 43  82 - 3 7 0 2 7 8 9  
1 1 1 4 8- 7 1 9 . 4  2 3 2 1 4 7 0 4  - 3 6 8 62 5 2  
I 1 2  43 - 4 . 1 9 . 4 23 2 1 5 2 27 - 3 6 5 9 2 8 5  
l 1 3  3 4 - 4 1 9 .  (il 2 3 2 1 6 72 8 - 3 5 80 1 5 4 
1 1 4  24 - 3 1 8 . 8  23 2 1 6 7 7 9  - 3 5 7 7 4 64 
1 1 5  2 4 - 2 ns .  ?J 2 3 2 1 6 82 9  - 3 5 7 4 7 74 
1 1 6 24 - l 1 8 . 8  23 2 1 6 9 3 0  - 3 5 6 93 9 4  
l l 7 8- 4 1 8 . 8  2 3 2 1 7 3 5 3  - 3 5 4 6 9 5 3  I 1 1 8 2 6 - 1 3  1 8 . 7  2 3 2 1 85 1 1  - 3 4 85 1 1 6 
l 1 9 3 0- 1 3  1 8 . 6  2 3 2 2 0  1 1 5 - 3 3 9 89 0 1 

. 1 2 0 5 4 - 1 6  l 8 .  f. 23 2 2 3 4 02 - 3 2 2 2 2 4 4  



- 2 9 7 -

1 2 1 2 5 - 4 1 3 . 3  2 3 2 23 9 1 2  -3 1 9 4 3 2 6  
1 2 2 2 - 3 1 7 . 3  2 3 2 2 3 9 3 2  - 3 1 93 1 2 8  
1 23 2- 2 1 7 . 3  2 3 2 23 9 5 3  - 3 1 9 1 9 2 9  
1 2 4 2 - 1 1 7 . 3 2 3 22 3 9 94 - 3 1 8 9 5 3 3" 
1 25 6- 3 1 7 . 3  2 3 2 2 4 0 3 6 . - 3 1 8 7 1 0 6 
1 2 6  6 - 2 i r . 3  23 2 2 4 0 7 8  - 3 1 8 4 6 7 9  
1 2 7 6 - 1 ' 1 7 . 3  2 3 2 2 4 1 6 2 - 3 1 7 9 82 5  
1 2 8 3 8 - 4 1 7 . 2 23 22 5 2 0 8  - 3 1 1 9 1 4 1  
1 2 9 5 - 7 l � . 8  2 3 2 25 7 7 �' - 3 0 8 5 7 5 0 · 
1 3 0  2 1 - 3 1 6 . 6  23 22 5 83 2  - 3 0 82 0 1 0  
1 3  1 2 1 - 2 1 6 . 6  2 3 2 2 5 8 9 4  - 3 0 7 8 2 7 0  
1 3 2  2 1 - 1 1 6 . 6 2 3 2 2 6 0 1 9  - 3 0·7 0 7 9 0  . ·  

1 3 3 1 - 1 3  1 6 . 6  2 3 2 2 8 9 7 9  - 2 8 9 2 4 83 
1 3 4  5 3 - 3 1 6 . 0  23 2 2 9 0 0 7  - 2 8 90 6 8 7  
1 3 5 5 3 - 2 1 6 . 0  2 3 2 2 9 03 6 - 2 8 8 8 8 9 2  
1 3 6  5 3 - l 1 6 . 0  23 2 2 9 0 93 - 2 8 85 3 0 '! 
1 3  7 1 4 - 3 1 5 . 7  2 3 2 2 9 1 8 1  - 2 8 7 9 7 3 5  
1 3 8  1 4 - 2 1 5 .  7 23 2 2 9 2 6 8  ' - 2 8 74 1 6 9 
1 3 9  1 4-- 1 1 5 . 7  � 3 2 2 9 4 4 2  - 2 8 6 3 0 3 8  
1 4 0  4 - 1 - 1 5 . 6 2 3 2 2 9 9 02 .- 2 8 3 3 63 (1 
1 4 ,l 2 9- 3 1 5 . 5  2 3 2 2 9 9 6 2  ' . ' - 2 82 9 7 7 8  
1 4 2 2 9 - 2 1 5 . 5  2 3 23 0 0·22 � 2 8 2 5 9 2 6  . 
1 4 3 1 7- 1 2 1 5 . 5 2 3 2 3 0 0 9 5  - 2·82 1 20 2  
1 4  4 1 7 - 1 1  1 5 . 5 2 3 2 3 0 1 6 8 -28 164 78 
1 4 5 2 9- 1 1 5 . 5 2 3 2 3 0 2 8 8  - 2 80 8 7 75 
1 4 6  1 7 - 1 0  1 5 . 5  23 23 0 4 3 5  - 2 7 9 93 2 7 . 
1 4 7 2 0 - 3 1 5 .  4 ' · 2 3 23 0 5 6 6  - 2 7 9 0 7 5 5 . 
1 4 8  2 0 - 2 1 5 . 4  23 23 0 6 9,8 - 2 7 82 1 83 
1 4 9 2 0- 1 1 5 .  4 . 2.3 2 3 0 9 6 1 - 2 7 65-0 3 8  
1 5 0  1 9- 7 1 5 . 4 23 2 3  J 6 5 3  ... 2 7 2 0 0 6 2 · . 
1 5  1 3 2- 3 1 ,5 . l ' ,2 3 23 1 7 2 4  . - 2 7 1 5 3 5 0  
1 5 2  3 2 - 2 1 5 . l ' 23 23 1 7 95 - 2 7 .1 0 6 3 8 
1 5 3 3 2- 1 1 5 .  1 ' . 2 3 2 3  1 93.7 - 2 7 0 1 2 1 4  
1 5  4 1 - 7 1 5 .  1 2 3 2 3 3 9 29 • 2 5 6 9 1 9 8 (  . 
1 5 5 2 4 - 4 1 5 . 0  2 3 23 4 5 1 �  - 2 5 3 0 1 5 5 j 

1 5 6  23 - 2 5  1 4 . 7  . 23 2 7 7 0 08 3 69 93 0  I 

1 5 7  4 9- 7 1 4 . 5 . . . 23 2 7 7 7 02 4 1 7 8 1 9  
1 5  8 1 8- 3 1 4 . 4 2 3 2 7 77 2 �  4 1 93 5 8  
1 5 9  1 8- 2 1 4  . 4  . 2 3 2 7 7 7 4 7  4 2 0 8 9 7' 
1 6 0  1 8 - 1 1 4 . 4 23 2 7 7 7 9 1 423 9 7 5  
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1 6 1 2 7 - 7 1 4 .  2 2 3 2 8 1 0 6 6  6 5 5 1 9 1  

1 6 2  ? 8 - 1 3  1 4  • l 23.2 82 8 7 5  7 83 63 2  

1 63 3 5 - 3 1 4 . 0  2 3 2 82 9 1 3  7 8 6 3 2 9  

1 6 4 3 5 - 2 1 4 .  0 2 3 2 8 2 9 5 0. 7 8 9 0 2 6  

1 6 5 -71 5 - 1 1 4 . 0  2 ,3 2 83 0 2 6  7 9 4 4 2 1 

1 6 6  2 - 4 1 3 . 9 2 3 2 83 2 6 6  8 1 1 7 4 1  

1 6 7 6 - 4 1 3 . 9 2 3 2 83 1 5 2  8 4 6 8 1 7  
1 6 8 3 .. 1 6  1 3 . 8 2 3 2 8 5 6 7 2  9 35 4 2 8  ( 1 6 9  5 0- 1 6  1 3 . 5 ' 2 3 2 8 9 0 5 8  1 23 7 1  7 1  
1 7 0 2 1 - 4 1 3 . 4 23 2 8 9 7 7 9  1 2 9 1 1 2 7 
1 7 1  3 3 - 1 6  1 3 .  0 2 3 2 9 4 5 6 7  1 6 5 9 8 4 5 l 1 7 2 5 3 - 4 1 2 . 9  2 3 2 9 4 9 0 0  1 6 8 5 7 0 1 
1 7  .3 1 4 - 4 1 2 . 6 2 3 2 9 5 9 1 2  1 7 6 5 7 85 
1 7 4 2 9 - 4 1 2 . 5  23 2 9 6 6 0 5 1 82 1 1 8 l 
1 7 5 1 7 - 1 3  1 2 . 5  2 3 2 9 7 4 5 6  1 8 8 9 1 2 1 . 

1 7 6 2 0 - 4 1 2 . 4  23 2 9 8 9 8 4  2 0 1 23 5 3 

1 7 7  4 5 - 3 1 2 . 3  2 3 2 9 9 1 0 6 2 0 2 23 5 1  

1 7 8 4 5  ... 2 1 2 . 3  23 2 9 9 2 2 9  2 0 3 2 3 5 0  f 1 7 9 ti 5 - 1 1 2 . 3 2 3 2 9 9 4 7 4  2 0 5 23 4 6  

1 8Vl 3 2 - 4 1 2 . 2 2 3 3 0 0 2 9 7  2 1 20 02 5  

1 8 1  4 4 - 3 1 ?. • 1 2 3 3 0 0 3 2 2  2 1 2 2 1 3 0  d 1 B 2 4 4 - 2 1 2 .  1 23 3 0 0 3 4 8  2 1 24 23 5  = 

1 83 1 6- 3 1 2 .  1 2 3 3  rrn 3  8 5  2 1 2 73 4 3 u 
P� 4 1 6 - 2 l ?.  • 1 2 3 3 0 vl 4 2.3 2 1 3 0 4 5 1 

1 85 4 4 - 1 1 �� • 1 2 3 3 0 0 4 7 4  2 1 3 4 6 6 1 

I R 6 ,3 9- :� 1 ? .  1 2 3 3 rrn 5 4 g  2 1 4 0 7 2 3  

1 S:S 7  3 9- f) , , 1 ?. • 1 2 3 3  0 0 6 2  1 2 1 4 6 7 8 5  

ur n 1 6 - 1 ?.  t) 1 ?.3 3 C1 0 6 9 6  2 1 5 3 0 0 1  

1 8 9 3 9- 1 1 ?. .  1 2 3 3 0 0 3 4 3  2 1 6 5 1 2 6 

1 9 0  ?.4 - 1 3  1 2 .  1 23 3 0 1 3 8 0 2 2 0 93 9 8  

1 9 1  1 - 1 6  I ?. • 1 2 3 3 0 6 () 4 5  2 6 4 2 9 8 8  

1 9 2 2 6 - 1 6 1 ?. .  0 2 3 ,) 0 9 0 2 7  2 8 4 1 60 8  

1 93 4 6 - 1 6  1 1 • 9 2 3 3 1 0 82 8  2 9 9 2 () 6 6  

1 9 4 1 3 - 3 1 1  • 7 2 3 3 1 0 83 5  2 9 9 3 2 9 4  

1 95 1 3 - 2 l l • 7 2 3 3 1 0 3 4 3  2 99 3 9 2 2  I 1 9 6 1 3 - 1 1 l • 7 23 3 1'11J8 5 7 2 9 95 1 7 8 
. l 9 7  1 5 - 3 1 1 • 7 2 3 3 1 0 8 8 0  2 9 9 7 1 4 5 

1 9 8 1 5 - 2 1 1  • 7 23 3 1 0 9 il3 2 9 9 9 1 1 2 f 1 9 9 1 5 - l 1 l • 7 2 3 .3 1 0 9 4 9  3 00 3 0 4 7  

2 0 0  1 8- 4 1 1 • 7 2 3 3 1 1 2 0 7  3 0 2 5 1 1 1 
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2 0 1 l 1 - 1 6  1 1 .  6 2 3 3 1 2 1 1 7 3 1 0 3 3  7 0  
20 2 3 8- 1 3  1 1  • 5 ., 2 3 3 1 3 7 9 5 3 ?. 4 9 4 1 2  
2 03 3 0 - 1 6  1 1 • 5 2 3 3  l .7 7 8 1 3 5 9 6 8 3 6 
2 0 4  9 - 3 1 1  • 4 23 3 1 7 8 4 9  3 6 02 7 9 6  
2 0 5  9 ... 2 1 1 • 4 2 3 3 1 7 9 1 7  3 60 8 7 5 6  
2 0 6  ' 9 - l 1 1  • 4 2 3 3 1 80 5 3  3 620 6 7 6  
2 0 7  2 2 - 3 1 1 • 4 2 3 3 1 8 1 9 0 3 63 2 6 62 
2 0 8  22 - 2 l 1 • 4 2 3 3 1 "83 2 7  3 6 4 4 6 4 9 
2 0 9 2 2 - 1 1 1 • 4 2 3 3 1 8 6 0 1 3 6 6 8 6 2 1 
2 1 0  3 5 - 4 1 1 • 4 23 3 1 9 0 4 � 3 7 0 7 2 5 3  
2 1 1 2 1 - 1 3  1 1 . 0 2 3 3 2 0 3 0 4 . 3 82 1 8 8 1 
2 1 2 4 3 - 1 1 0 . 9 23 3 2 0 8 5 2  3 8 72 22 1 
2 1 3 3 4 - 7 1 0 . 1  2 3 3 2 2 4 2 4  4 0 1 95 4 7  
2 1 4  8 - 7 1 0 ., 6 23 3 2 2 8 66 4 0 6 1 2 9 0  
2 1 5  2 5 - 7 1 0 . 3 2 3 3 23 4 0 0  4 1 1 3 0 4 2  
2 1 6  2 8- 1 6  r n . 2 2 3 3 2 8 6 1 1  4 6 2 5 3 0 3 
2 1 7  4 5 - 4 1 0 . 0  2 3 3 3 0 03 3  4 7 6 7 7 7 6  
2 1 8 1 2 - 3 9 � 9 2 3 3 3 0 0 6 4  

-

4 7,70 90 4 
2 1 9 1 2- 2 9 . 9 2 3 3 3-00 9 5  4 7 7 4 03 1 . 
2 2 0  . 1 2 - 1 9 . 9  2 3 3 3 0 1 5 7  4 7 802 8 6  
2 2 1 4 4 - 4 9 . 9  2 3•3 3 0 4 5 3  4 8 1 02 7 0  
22 2  1 6- 4 9 . 9  23 3 3 0 8 9 0  4 8 5 4 5 3 9  
2 2 3  3 9- 4 9 . 9  2 3 3 3 1 7 4 2  4 9 4 0. 8 92 
224 1 3 - 4 9 . 5 1 23 3 3 1 82 8  4 94 9 82 7 
225 1 5 - 4 9 . 5  2 3 3 3 2 0 9 5  · 4 9 7 7 8 1 6  
2 2 6  . 4 2 - 3 9 . 4  2 3 3 3 2 1 3 6  4 982 1 94 
2 2 7  4 2 - 2 9 . 4  2 3 3 3 2 1 7 7  ' 4 9 8 65 72. 
2 2 8  42 - 1 9 . 4  23 3 3 2 2 6 0 . 4 9 95 3 2 8 .  
229 9 - 4 9 . 3  2 3 3 3 3 05 0  5 0 8 00 5 $  
23 0 2 2 - 4 9 . 3  2 3 3 3 4 6.3 8  5 2 5 0 4 5 5 
2 3 1 3 1 - 3 8e 5 _, 2 3 3 3 4 .6 7 1 5 25 4 2 5 9  
23 2 3 1 - 2 8 . 5 23 3 3 4 7 03 5 2 5 8 0 83 
23 3 3 1 - 1 8 . 5  ·- 2 3 3 3 4 7 69 5 2 6 5 7 1 1  

. 23 4 teJ - 3 8 . 2  2 3 3 3 4 7 78 5 2 6 6 9 2 7; • .  

2 3 5  HJ- 2 8 . 2  2 3 3 3 4 7 8 8 5 2 6 8 1 :4 4,: . 
23 6, f0 - 1 8 . 2  2 3 3 3 4 8 0 8  5 2 7 0 5''77: . 
23 7 3 7 - 3 8 . 2  233 3 4 8 4 2  5 2 7-4 7 1 2 
23 8 3 7 - 2 8 . 2  2'3 3 3 4 8 7 6  5 2 7 8 8 4 8  

t 2 3 9 3 7 - 1 8 . 2  2 3 3 3 4 9 4 3  5 2 8 7 1 1 8  
24 0 . 1 2- 4 8 � 2  2 3 3 3 5 3 04 5 3 3 1 3 9 0 . 
24 1 . 2 - 7 8 . 0  . 2 3 3 3 5 55 6  5 3 6 2 6 3 5  
2 4 2 6 - 7 8 . 0  23 3 3 6 0 65 5 4·2 5 9 1 2 
2 4 3  7 - 3 7 . 8  . 2 3 3 3 6 0 9  l 5 4 2 92 6 7  
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24 4 7 - 2 7 . 8  23 3 3  6 1 1 7  5 4 3 2 62 3  
2 4 5  7 - 1 7 " 8 2 3 3 3 6 1 6 9  5 4 3 93 3 3  I 24 6 2 4 - 1 6  7 . 8 2 3 3 3 7 2 0 0  5 5 7 1 7 9 4  
2 4 7  4 2 - 4 7 . 7  2 3 3 3 7 6 79 , 5 63 3 6 7 5  
24·8 3 8- 1 6  1 . 1  2 3 3 4 00 8 1  5 9 4 7 5 6 0 
2 4 9  5 3 - 7 7 . 5  2 3 3 4 0 4 3 0 5 9 93 9 1 8  
2 5 0 1 4 - 1 7 . 4  23 3 4 1 4 9 0  6 1 3 72 8 1 
2 5 1 3 5 - 1 3  7 . 3  2 3 3 4 2 1 0 6  6 2 2 1 9 75 
25 2 2 9 - 7 7 . 3 23 3 4 2 8 3 2  65 2 1 0 6 8  
2 5 3  l 7 - 1 6  7 . 3 2 3 3 4 3 7 2 3  6 4 4 2 5 99 
25 4 2 0 - 7 7 . 3  23 3 45 3 23 6 6 6 2 8 7 1 
2 5 5  4 9- 1 6  7 .  1 2 3 3 4 6 1 5 5  6 7 7 93 4 7  
25 6 3 2 - 7 7 .  l 23 3 4 7 0 1 6  6 9 0 0 1 3 8  . 
2 5 7 3 1 - 4 7 . 0  2 3 3 4 7 3 9 4 6 9 5 3 9 1 0  
2.S 8 1 8- 7 6 . 9  23 3 4 7 6 6 4  6 9 93 1 7 2 r 2 5 9  2 1 - 1 6  6 . 8  2 3 3 4 9 4·0� 7 2 4 83 2 5  
2 6 0  1 0 - 4 6 . 7  2 3 3 4 9 5 1 8  7 2 6 5 4 6 0  

' 2 6 1 3 7- � 6 . 7  2 3 3 4 9 9 1 0  7 3 2 3 7 00. 
2 6 2  3 6 - 3 6 . 5 23 3 4 9 9 4 0  7 3 2 83 5 1 f 2 6 3  3 6- 2 6 . 5  2 3 3 4 9 9 7 0  7 3 3 3 0.0 l 
2 6 4  3 6- 1 6 . 5 2 3 3 5 0 0 3 0 7 3 4 23 0 2 . 
2 6 5  7 - 4 6 . 4  2 3 3 5 03 3 4 '  7 3 8 9 5 0 5  I 2 6 6  4 0 - 3 6 . 2 2 3 3 5 03 5 6  7 3 9 3 1 3 2  
2 6 7  4 0- 2 6 . 2  2 3 3 5 0 3 7 9  7 3 9 6 7£ 0  
2 6 8  4 0 - 1 6 . 2· 23 3 5 0 4 2 4  7 4 0 4 0 1 5  d 2 6 9  4 4 - 7 5 . 9 2 3 3 5 0 73 4  7 4 5 6 7 5 3  

� 

2 7 0  1 6 - 7 5 . 9 23 3 5  1 1 9. 2  7 5 3 4 6 1 6  , _  ' I 

2 7 1 3 9- 7 5 . 9 2 3 3 5 2 0 8 4  7 6 8 65 02 
f_=:j 

27 ?.. 4 5 - 7 5 . 9  2 3 3 5 3 5 7 4  7 9 3 7 2 7 2  
2 7 3  1 3 - 7 5 . 7  2 3 3 5 3 6 6 3  7 95 29 5 4  
2 7 4  1 5 - 7 5 . 7  23 3 5 3 9 4 2  8 0 0 2 0 7 8  
2 7 5  9- 7 5 .. 6 2 3 3 5 4 7 7 0 8 1 5 0 5 7 9  
2 7 6  2 2 - 7 5 . 6 23 3 5 6 4 3 3  8 4 4 9 23 4  
2 7 7  3 6 - 4 5 . 4 2 3 3 5 6 7 83 8 5 1 4 4 1 0  
2 7 8  4 0 - 4 5 . 2 23 3 5 7 0 4 5  8 5 6 5 2 1 6  
2 7 9  . 3 5 - 1 6  I 5 • 1 2 3 3 5 7 9 8 4  8 7 4 76&3 
2 8 0  1 2 - 7 4 . 9 23 3 5 8 3 6 2  . 8 8 2 4 6 72 
2 8 1 4 1 - 3 4 . 8  23 3 5 83 6 9 8 82 6 0 4 9  
2 8 2  4 1 - 2 4 .. 8 23 3 5 8 3 75 8 8 2 7 4 26 I 2 83 4 1 - 1 4 . 8 2 3 3 5 8 3 8 9  8 83 0 1 8' 1  
2 8 4  4 2 - 7 Li • 1 2 3 3 5 8 8 9 0  8 93 15 2 7  
2 85 3 1 - 7. 4 . 3  2 3 3 5 9 2 8 5  9 0 3 03 7 3  r 2 8 6  1 0 - 7 4 .  l 2 3 3 5 9 4 0 6  9 0 5 9 90 0 
2 8 7  3 7- 7 4 . 1 2 3 3 5 9 8 1. 6  9 1 6 0 2 6 5  
2 8'8 4 1- 4 4 . 0 23 3 5 9 8 92 9 1 7 9 4 7 2  
2 8 9  7 - 7 3 . 9  � 3 3 6 02 1 0  9 2 6 0 6 5 7  l 2 9 0  3 6 - 7 ·3 . 3  23 3 6 0 5 7 6  9 3 7 1 9 68 
2 9 1 4 0 - 7 3 . 2 2 3 3 6 0 85 1 9 4 5 8 6 2 8  
2 9 2  4 1 - 7 2 . 5  2 3 3 6 0 9 3 1 9 4 9 1 ! 2 9  



EXH I B I T  3 

MATHEMATICAL PROGRAMMING APPLICATI ON 

This pro j e ct used the 0 - 1  integer linear programming 

a l gorithm developed by Lemke and Spielberg . 1 It is a 

d irect s earch algorithm for the solution of prob l ems of the 

form : 

Here , £1 

Min z = c x 

Ay � b 

Yi 
= 0 or 1 ,  i = 1 , 2 ,  . . .  n .  

( the cos t  vector ) and y ( the vector of variables y . ) l 

are n-component vector s , b ( the right-hand s ide vector ) i s  an 

m-component vector , and A ( the matrix of constraint coe f f i --

cients ) is  an mxn matrix . The elements of £1 b · and A are 

integers unres tricted in s ign . The program is  written for 

m<t 5 0  and n, 1 5 0 . 

The fol lowing example shows how thi s  algori thm was 

applied to the optimal s election of health programs . Con-

s ider the fol lowing four health programs : 

1see Lemke and Spielberg ( 1 9 6 7 )  for a des cription of 
thi s  algorithm . A more detai led operations - or iented des 
cription plus a FORTRAN source deck may be obtained from 
I BM by reques ting a copy of 3 6 0 - 1 5 . 2 . 0 0 1 ,  Direct S earch 
Z ero-One I nteger Programming 1 -D Z I Pl . 

- 3 0 1  -
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i 
Program 

E c Number 

1 5 2- 1  1 , 1 0 0  - 2 , 2 9 6  
2 5 2- 4 4 , 2 9 4  9 6 8  
3 5 7- 1  7 1 , 5 0 2  2 8 , 5 3 4  
4 5 7- 2 1 6 2 , 7 2 2  6 4 , 9 3 7  

Pince the prob lem i s  to s e lect that sub-set o f  programs 

whi ch wi l l  maximi z e  the health bene f i ts for a g iven cos t , 

thi s  leads to the following 0 - 1  i nteger l i near program wi th 

four var iables and three constraints : 

Min Z = -110 0 

- 2 2 9 6  

y -
1 

Y1 + 
Y1 + 

4 2 9 4  

9 6 8 

Y2 - 7 1 5 0 2  Y3 - 1 6 2 7 2 2  

Y2 + 2 8 5 3 4  Y3 + 6 4 9 3 7  

Y2 

Y3 + 

Y4 

Y4 � K  

� l  

Y4 � l  

Here , ( 2 )  i s  the cos t cons traint , K i s  the total cos t 

( 1 )  

( 2 )  

( 3 )  

( 4 )  

not to be exceeded , and ( 3 )  and ( 4 )  are the cons traints to 

ensure that only one program from each mutually exc lus ive 

s et i s  in s o lution at any one time . 

I n  this pro j ect , the 0 -1 integer l i near programmi ng 

algori thm was appl ied in exactly thi s  manner , except , o f  

course ,  the number o f  programs was cons iderab ly l arger . 

l 
t 
I 
f 
f 
\ _ d  

l 
l 

r 
l 

i i i.-:-::::=l 



EXHIBIT 4 

SELECTED RESULT FROM THE MATHEMAT ICAL P ROGRAMMING 
ALGORITHM 

Optima l Set of Cos t 
Program s  E f fect ivenes s Cost Constraint 

3 , 5 1 , 5 0 8  - 3 , 1 5 2  - 1 , 0 0 0 
3 , 7  2 , 5 5 5  - 3 7 2  0 
3 , 6 . 4 , 7 0 2  1 1 2  1 , 0 0 0  

3 , 6 , 1 0 5 , 2 12 7 , 5 2 2  1 0 , 0 0 0  
1 , 3 , 6  8 , 1 8 4  1 6 , 6 6 5  2 0 , 0 0 0  

1 , 3 , 6 , 1 0 8 , 6 9 4 . 2 4 , 0 7 5  2 5 , 0 0 0  
3 , 5 , 8  7 3 ' 0 10 2 5 , 3 8 2  2 5 , 5 0 0  
3 , 6 , 8  7 6 , 2 0 4  2 8 , 6 4 6  3 0 , 0 0 0  

3 , 6 , 8 , 1 0 7 6 , 7 1 4  3 6 , 0 5 6  4 0 , 0 0 0  
1 , 3 , 6 , 8  7 9 , 6 8 6 4 5 , 19 9  5 0 , 0 0 0  

1 , 3 , 6 , 8 , 1 0 8 0 , 1 9 6  5 2 , 6 0 9  6 0 , 0 0 0  
3 , 5 , 9  1 6 4 , 2 3 0  6 1 , 7 8 5  6 5 , 0 0 0  
3 , 6 , 9  . 1 6 7 , 4 2 4  6 5 , 0 4 9 7 0 , 0 0 0  

3 , 6 , 9 , 1 0 1 6 7 , 9 3 4  .7 2 , 4 5 9  8 0 , 0 0 0  
1 , 3 , 6 , 9  1 7 0 , 9 06  8 1 , 6 0 2  8 5 , 0 0 0  
1 , 3 , 6 , 9 , 1 0 1 7 1 , 4 16 · 8 9 , 0 1 2 9 0 , 0 0 0  

1 , 4 , 6 , 9 1 7 3 , 3 3 0  9 8 , 1 5 3  1 0 0 , 0 0 0  
1 , 4 , 6 , 9 , 10 1 7 3 , 8 4 0  1 0 5 , 5 6 3  1 1 0 , 0 0 0  

2 , 3 , 6 , 9 1 7 4 , 2 1 6  1 1 9 , 4 3 7  1 2 0 , 0 0 0  
2 , 3 , 6 , 9 , 1 0 1 7 4 , 7 2 6  1 2 6 , 8 4 7  1 3 0 , 0 0 0 
2 , 4 , 6 , 9 1 7 6 , 6 4 0 1 3 5 , 9 8 8  1 4 0 , 0 0 0  
2 , 4 , 6 , 9 , 10 1 7 7 , 1 5 0  1 4 3 , 3 9 8  1 4 5 , 0 0 0  

- 3 0 3 -
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