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This issue of JOM is devoted to a consideration of the controversial subject of the cost effectiveness of oc­
cupational health programs. Most of the papers arose out of the proceedings of a NIOSH-sponsored conference 
held at Fontana, California, November 8-9, 1973. The subject was introduced by Professor Herbert E. Klarman of 
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developed in Kaiser Foundation International under a NIOSH contract. The approach is defined in a generic 
model of occupational health programs, utilizing the in-plant program of the Fontana Works of Kaiser Steel Cor­
poration in Southern California as the test site. 

Among those invited to attend were health economists, mathematicians, operations research personnel, health 
care delivery specialists, labor relations people, industrial hygienists and occupational health physicians. These in­
dividuals came from corporate management, organized labor, universities, private research organizations, foun­
dations and government. 

The conference was a lively two days consisting of a plant visit, a description of the generic model, and a 
broad-ranging, critical examination of its attributes and its relevance to the practice of occupational health. 
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NIOSH Interest 1 n the Cost 

Effectiveness of 

Occupational Health Programs 
!Uymond T. Moore, M.D. and A. Walter Hoover. M.D. 

Opening Remark.5 by Doctor Moore 

In 1971, when D H EVV's ad ivity in occupalio nal 

health was given lnslit ute slatus. Sec1e1ary Richa rdson pu l 
several queslions to the Departmen t. Among o lhers. he asked 
'' 'Nhal is the real va lue of you· JClivi l ies? \Vhat is the value o f 
a prevenl ive hea lth program or an occupa l ional health 
program ? Hovv have you evaluated your work? Hmv do you 

know you are doing any gvod?" 
This requesl eventual!~· reached us at NIOSH , ha ving been 

routed 1hrough the appropriale chan nels. By rhal lime. our 
quesl ions read: " Can you. by tomorrow . give us evidence of 
1he value of an occupalional hea lth program? If not. how 
much time do ~·ou need'" Of course, we couldn' I do ii in a 
day, so we started by looking al what had been written on the 
subject \Ne found a few helpful entries . but in general , the 
lilera lure was sparse. We were qui re heav) in NIOSH on the 
industrial hygiene aspecH of occupat ional hea lrh . and we had 
a pret ly gocxf lead inlo epidemiology. bul \ve did net then 
have a foc us for in-plant occu pational hea lth p rogra ms. 

Early in 1972 I was told by the staff of o ne large industrial 
medical department. " Ra y, we have never looked at !he 
benefit!> side. V!/e assume thal we are doing good because we 
are able to keep our budget and the company continues to 
employ us. But we don '! have any iigures of the type yo u are 
looking for. " 

Fonunarely for us. when NIOSH was set up, ii was given a 
uni! ca ll ed the Division oi Occupaliona ! Health Programs. \Ve 
didn' I have anyone 10 man it. bul we put it o n the organization 
chart and we wrole slatements for !he Federal Register anc:! we 
got !he statements approved. Lo. we w'!:'re in business. 

Then we began t!ie search for personnel 10 sla ff !he division 
and to develop o ur answers to the Secreta ry's q uestions. Al 
that lime, we were operating under severe personnel hiring 
restrictions . but we found Dr. Walter Hoover, and wi th the 
help of lhe Intergovernmental Personnel Act . we persuaded 
Columbia Universi ty to re lease him to us. This was 1he firs! 
lime !hat HEW had used lhe new law. and it took a w hile lo 
get people accustomed to the idea . Eventua ll y. we were able 
10 bring Or. Hoover and Mrs. Nelson 10 Rockvi lle. With the 

Dr. Moore 1 ~ A~YX•a!c D1rec1or. -..i1QSH. and Dr Hoover 1• Dm."CIOf, Dwr~ 1on 
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help of a secre!a ry, 1hey ~et ou1 ro demonstrate 1he benefits oi 
occupa1io nal health programs. 

Over the pas! ~'ear 1here has been growing emphasis on 
cos1-benefi1 evaluat ion of health services. The program of the 
,\>1edical Care Sec1ion of the 1973 annual meeting of APHA 
carried ten or more papers o n the subject. rangi ng from studies 
o n the cos! effectiveness oi prenatal cen1ers to the cos1 ex­
perience of a projecl 10 care for 1he vic1ims of stroke. 

I lhink thal in 1he future we are goi ng to have to show more 
o n the benefits side of the equalion 1han we have in the past 
On man ~· pro jects we can count the cost. adding up the 
dolla rs. ahhough it becomes a liule more difficu ll when one 
gels dow n 10 the fi ne points. But on the benefil side. what 
va lue does human life have? I don't know quite l":ow to get 
into that question. Al one time in one area. an industrial dea1h 
was rela1 ively easy to seule. There was a SlD,CXXl paymenl and 
!hat was lhal ! 

Things have changed now . At NIOSH I know of hardly any 
of our programs lhal we are mo re exci led about !han 1he one 
thal brings 1his group together. The expertise is here. and the 
timing is favorable. The protocol fo r the study p rojecl is such 
that should you have sugges ti ons fo r changing ii . rhese may be 
considered. Bui from our viewpoint. NIOSH is very much in· 
terested in seeing a successful outcome of this effort . It has a 
green light as far as we are concerned. 

Secrelary Richa rdson is no lo nger w ith DHEW. We have a 
new Secreta ry, Mr. Caspar W. Weinberger. The Heal lh Services 
and Mental Health Adminis1ratio n disappea red afle r the mosl 
recent reorganization. and many w ho were in leadership 
positi ons a few months ago have gone. But there is something 
about federal bureaucracy thal stays on fo rever. Yo u may 
chuckle about 1ha1 . but 1his concepl o f proving thal there is a 
mea:r. urable benefi t lo your occ upalional health program will 
not go away. I susper:t 1ha1 io the future we w ill have to apply 
ii even more rhan we do now . We must learn how to do it. 
There is an inle resl by lhe Congress in !his problem . You are 
not in thi s alone. Many people a re looking over your shou'der 
and wishi ng you well. 

In an editorial entitled " Accounting lo the Public" the New 
England Journal oi Medici ne of Odober 11. 1973 had a num­
ber of interesting things to say about the eva luation oi hea lth 
services. II concluded thal " Cost effectiveness is new to rhe en­
tire heal th industry. not iusl 10 local and state health depart­
ments." 

I know that we must meel this cha llenge and I think we ca n. 



Commenr by Doctor Hoover 
Just over a year ago I came 10 NIOSH in a somewhal 

t::ie.vildered manner on loan from Columbia. A number of 
1hings happened during my period of indoarinalion. One of 
these was an attempl 10 clarify the role of a division Iha! had 
been an emply box in !he organizational slruaure. II was 
agreed 1ha1 1he box should be !here. bu! nobody had put 
anything inlo it Thal essenlia lly is why I was asked lo come in. 

The emphasis of NIOSH prior 10 1ha1 time had been very 
much o n 1he environmental aspects of occupational heahh. o n 
1he prevention of occupational disease. bul they now 
hoped - in the mandate I rec :!ived - 10 balance 1hi s ap­
proach by m~ving in 1he direction of s1imula1ing mo re gene al 
programs. laking inlo consideralion the prevenlive aspects of 
1he health of 1he worker, as well as his general medical care. 

After some soul searching w e decided upon cerlain aims ior 
lhe new Oivis!cn. fhe first is lo promole national educa1ion 
and ·:oiunlary guidetines for what an occupa1ional health 
program should be. ralher than for whal they have been. They 
aren ' t very much in a great man~· places. We want 10 em­
phasize 1he enlir~y of 1he occupalional health program in the 
plaril, and not iusl certai n elements of lhe program. We are 
di recting our thrusl al small industries in particular because 
they receive their medical care from vendors w ho may know 
very little about 1he nature of occupalions in the plant. 

We consider as o ur second task the development of new 
and innovative ways of combining community resources wi th 
!hose available in industry to meel the health care needs of 
workers in a more eifective manner. 

A third task. arising out of the second, would be lo try 10 in­
terface occupationa l health care. w hich has been parked 
somewhere out on the corner. wi1h 1he delivery of general 
hea llh care. All 1his was a big o rder for o ne person. so I was 
allowed to bring a second person with me from Columbia lo 
help to fill my empty box. 

O ne of lhe first things thal became clea r to me as we started 
sel ling plants on 1he idea of 1he enlire occupational healt:i 
program was 1ha1 managemenl always asked: " How much will 
it cosl and whal will ii do for us." My reference to the 
literalure didn't produce 100 much va lue. There \'\•as the paper 
by Peter Wolkonsky reporting lhe result s of a questionnaire 10 
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determine certain lhings from the medical records of different 
industries. II was conduded that a ceosl-benefil analysis could 
not be done very wetl since dala is being collected in so many 
different ways. 

Recently 1he Department of labor made an attemp1. again 
by the questionnaire and consensus method. lo determine 
whelher ii was feasible lo set: up a cost-benefit study of the 
plant safety program. which would seem at the outset lo be 
~ather e.tsy to eval uate. II was found thal the data . derived 
from over a thousand industries. was incompatible fo r 
reaching any conclusions. and the study was nol done. Most 
of 1he diffi cuhy was in the way 1he indirect costs were record­
ed. 

There is ana1 her possible way 10 go at thi s problem . Thal is 
to formulate a conceptual model. tiopefully evolved by an in­
ter-disciplinary group, and apply i1 in a practical sense lo a 
good medical department To do 1hat we had to find a gocx:t 
plan! medica l department We ca me lo the Fontana \-Vorks of 
Kaiser Steel and decided th.al ii was suitable. 

rhe second problem was to find someone with ~nough 
courage to tackle the job of cost-benefi t analysis. recognizing 
1Mt perhaps 1he initia l result s would n()( really indicale as 
much as we hoped because of the very great difficulties of 
doing 1his sort of a job. The only organizolion 1ha1 came for­
ward as wi ll ing lo a11empl thi s hazardous task was Kai ser 
Foundation lnternalional. \Ve are happy with the combination. 
and with a company tlia t is wi ll ing to cooperate in 1his effort 

\-\'hat do we hope 10 get out of thi s to help us sell oc­
cupational hea lth programs? Well. we may be able to show 
that many aspecls oi a goocJ program may be expected 10 
produce certain doll ar and non-dollar benefits. This has been 
deba1able in the past. ln addition. perhaps we can evolve a 
managemenr 1001 for use in an operal ing medical department 
1ha1 will tell us where we are spending money most ef­
fectivel y, and where we are not spending very effectively. so 
thal emphasis may be shifted to w here ii can do !he mosl 
good. 

We are intrigued with the conceptual mcx:fel that is being 
presented. \'Ve realize that the mult i-disciplir.ary group at ­
lending thi s conference w ill produce many crilicisms. and we 
hope that these criticisms will help in the evolu1io n of a betler 
model . So 1hank you very much fo r giving your attention to it. 
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A Method to Determine 

the Cost Effectiveness 

of Occupational Health Programs 
l•mes P. Hughes, M.D. 

A mong 1he ai ms of Public law 91-596. 1he Oc­
cupal ional Saiety and Hea lth Ad of 1970. Sect ion ?·b 1 slates 
rhe in1en1 " to ins1i1u1e new. and to perfec1 ex isring, p·ograms 
for providing safe and heal lhiul \\•orking conditions," and Sec­
tion 2.b.5 provides for .. developing innovative methods. 
techniques and approaches." The ··condud (of) experimental 
and demonstration pro1ec1s .. (Section :!.b. 11) is encouraged. 

Since PL 91 -596 has been in effect . a major eifon has cen­
lered on the preparat ion oi criteria on which siandards of per­
formance in maintaining a safe and heallhful \vorkplace may 
be based. As the employer is e nco'.Jraged - and increasingly 
required - 10 comply wi1h regularions 1ha1 may be expected 
10 ari se oul oi performance slandards, hi s costs are increased. 
He is obliged 10 weigh ca refully the req uire ments of the Acl. 
il em by ilem. against hi s abili1y to meel thi s added cosl oi 
produdion. As new standards are promulga led. !here is ex­
pectation of grO\ving emphasis upon monitoring rhe impact 
upon the health of the workman oi exposure 10 poten li ally 
hazardous physical conditions and harmful chemical s. Each 
doll ar spent for healt h proleclion and healt h survei llance is 
subiecled 10 closer scrul iny. Under 1hese ci rcumstances. the 
emplover is jus1i fied in ·req uiring reasonable Jssura nce thal 
specific bene fits will accrue from his expendilures on e m ­
ployee heallh measures. He is inclined 10 subjecl his busi ness 
opera tions to ca re ful COST-BENEFIT ANALYSIS. The oc­
cupa tional health program i no exceplion. especially in lhis 
period of growing empha sis o n the e nfo rce ment of PL 91-596. 

Need for Data on Costs and Benefits 
There ha ve been iew compre hensive COST ANALYSES of 

occupal ional hea lth programs. and even fewer atrempts 10 
assess objectively !he values derived. Cosl!i , incl uding lhe im­
pact of Pl 91-596, were considered by Wolkonsky 1 in a 
ques tionna ire survey of 29 major corporations. Remarkable 
va rialions in com pany policy a nd in occupationa l hea llh p rac­
tices were encountered. But little could be drduced from the 
dala presented as to !he effects of the Act upon organiza tions 
operating under a grea t variety of economic and en· 
vi ronmental cond itions. 

In lwo relaled fie lds. hO\vever, there is a rapidly growing 
literature on methods for !he determination of cosl-benefits of 
va ri ous public hea lth meas ures,z and of the element~· of 

medica l care delivery sys tems.l 4 ll is timely that occupational 
health practices be examined wi th eq ual determina1ion. There 
is an urgent need for a slandard method of cos l anal 1 - is tha t 
may be worthy of widespread adoption in induslry. 

01 Hught.~ 1~ be<:Ull\'l' \lice Prt...,•dl'nl. Ka1<.e1 foundatio n lnt('m.honal. JOO 
Lakt.'!tide Dm•t>. Oakland, CA 94604 
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Atlempts to jusli fy the Occupalional Health Program (OHP) 
in economic lerms have been genera lly unsuccessfu l. Some 
BE \l EFITS apparenlly derived from an effective OHP-such as 
reduced absenleeism. or improved t'"(perience of workmem 
compensation payments - ma y sometimes be transla red into 
doll ars wi1h fai r agreem ent. but even lhese result s are open to 
cha ll enge as being attributable in part to o ther fac lors in 1he 
employmenl s:tualion. Mose health professiona ls. and many 
business managers who have had direcl experience with a 
sound OHP in an industrial plant neverl heless recognize 1ha1 
there are o ther benefi ls. perhaps less fa ngible. thal slem irom 
such a program. W e asserl that lhese benefi ts have a 
measurable econom ic va lue. however diffi c ull to quanti fy. \ '\le 
propose 10 iden lify these intangible benefits. w hich we te rm 
" val ue" benefits . so Iha! the r"eal worth of the OHP may be 
calculated more precisely. 

In traditional publi c health practice, all e mpts have been 
made 10 calcula1e a dollar value for human li fe, a nd to assess 

diffe rent elements of lhe quality of li fe as rhesc ma y be affected 
by illness o r inju iy.s This effort res ull s in the idenlificalion of an 
a rra ~· of intangible factors. edch of w hich is re ntati vely assigned 
a dollar va lue . Bolh lhe clas:;iiica tion of bene!ils . and the doll ar 
va lues , are arrived at somewhat subjectively. 'A'hile it may be 
questi oned wherher doll ar values ass igned in thi s manner ha ve 
a real economic meaning. lhe approach has recognized meril. 
m the opinion of Hanlon a nd o thers. We are now applying thi s 
met hod lo the study of !he OHP, and will endeavo r lo 
ca lculate a dollar equiva le nl for certzi n no ndo ll ar "va lue" 

Input-output Yodel 

& Transformation 8 
Inputs outputs 

- POPULATION - NET CASH VALUE 

- CAPITAL - NON ~ BENEFITS 

- OPERATING COSTS 

- POLICY DECISIONS 

- Health Surveillance 

- Health Maintenance 

- Health Services 



benefits, utilizing mathemalical lechniques designed 10 deal 
with intangibles. as well as more sub;ective measures such as 
!hose thal may be derived from anitude survey. 

The "Generic Model/OHi'" 
II is dearly desirable 10 have a Slandard method. based 

upon a generic model. for examining and comparing the e(. 

feciiveness of occupational health •.mits of different size and in 
differenl settings . both in lerms of dollars and of nondollar 
benefits. 

A well-constructed mode! should provide the opportunity to 
examine. bolh statistically and dynamically. responses of 1he 
s~'Stem to changed conditions. It also should permil . through 
the simulalion of polential va riations. the accurale forecasl of 
cosls of an evolving OHP over a planning span of from three 
to seven yea rs. This capacity ('f the model should be based 
upon acceptable standards of OHP performance capable of 
application to a variety of enterprises of different size. lype of 
industry. and growlh rate. The mode! should be responsive to 
the need 10 accommodate ne-N requiremenl5 for health sur­
vei llance which may be imposu:f by future performance stan­
dards developed wilhin !he scope of PL 91-5%. II also should 
permit changes in health maintenance procedures based upon 
ne"\Y understanding 1ha1 may b'! acquired of factors of health 
risk in an employee group. 

The model should be formulated to accommodate changes 
in the OHP. it should be suitable for automation and com­
pulerizalion. and it should demonstrate a fresh approach lo 
solvi ng those problems of cosl effectiveness !hat a re unique lo 
OHP's. 
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Our concept of a " Generic .--.-k>del/OHP'' is outlined in the 
Figure. Tile present study is designed in part lo validate the 
mode! by means of demonstrating its application to a re.al-life 
siluation. the OHP of the Fontana Works of Kaiser Steel Cor­
JX>ralion in Southern C,alifomia. This OHP has been recognized 
as being of high calibre - it has been the recipient of the In­
dustrial Medical Association's " Health Achievement in In­
dustry Award." We propose to calculate its costs by a stan­
dardized accounting methOO. and to assess benefits de!"ived 
from it in a manner that is likely to command the concurrence 
of health professionals. economists . business managers. em­
ployees. and labor organizations. 

The Generic Model /OHP is described in anOlher paper.& 
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Cost-Benefit Analysis of 

the Occupational Health Program: 

A Generic Model 
Rond•I M. Phillips, B.A. and James P. Hughes. M.D. 

T he purpose of lhe NIOSH-funded Sludy of lhe cosl 
effectiveness of the occupal ional health program (OHP) is 10 

provide an effective tool for 1he measuremenl and analysis of 
costs on !he one hand, and benefits lo be anticipated on the 
other. The res ult musl be expressed in a manner lhal is un­
derstandable to physicians. nurses. engineers. and accountants 
alike. It also should be acceptable to business managers as 
well as 10 01her health professionals. 

A me1hod of interdi sciplinary communication and problem 
solving has been evolved from pioneering efforts lo apply 
scien1ific me1hod to the sludy of mililary problems during 
Wor1d War II. H is nO\v widely applied in the field of business 
management . and increas ingly in public health practice. The 
method has been referred 10 most often as operat ions research. 
although the terms " management science" and " quanti ta tive 
management" are coming more into vogue. 

Management science is characlerized by a "systems" ap­
proach; i.e .. an effort lo depid the relat ions hip~ between the 
different elements of a situation o r a problem. and the effecl of 
each element o n the o utcome. 

Problems are defined and analyzed in graphic terms, usuall y 
with symbolic modes of expression. The quantitative mod1?1 is 
the hallmark of the process. This approach to problP;.1 ; '"living 
in the heallh field was described recentl y b'( Levey and 
loomba 1 in a series of papers that should be of interest 10 

practitioners of occupational health. 
We have chosen to undertake the task of cost-benefit 

analysis of the OHP by first construding a model that would 
accommodate the large v.:.riety of conditions rhat occur in dif­
feren t industries and in plants of different size. 

The model (Fig 1) is construded around the concepts of IN­
PUTS, OUTPUTS and TR ANSFORMATIONS. This approach 
provides for the construdion of several transitional matrices 
onto which collected data may be entered. 

I. System Inputs 
There is one primary input to the system - Populali.: . .>11. 

There are three secondary inputs - Capital , Operating Costs 
and Policy Decisions. 

From Kai!Joer Founda1ion International. JOO lak~de Dr . . Oakland. Ca. 94604. 
Reprim reque<t> to Dr. Hughe!. 
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POPULATION is lhe Fonlana planl work force. II fulfills 
lhe criteria for what is termed a "Markov Chain": i.e .. a 
cohort suilable for foreca sting ils future slate based upon 
its hi storical characteristics. This type of populatio n may 
be said to consist of several catego ries. termed states. 
based upon age. For example. Stale I may include em­
ployees under age 25. Stale II those from 25 through 35, 
and State Ill those 36 yea rs and over. One year after 
startup of lhe system, some individu.1l s will have ad­
vanced from State I to State II . and others from II to Ill. 
This is said to be a Markovian property. and the entire 
group constitutes a Markovian population. It has the ad· 
d itio nal characteristics of being affected by attrit ion and 
migration. Attritio n is due 10 lhe expected coming and 
going w ithin any employee group as from hiring, 
retirements and terminations. Attritio n is distinguished 
from migration. a planned change in population due to 
incrPases in plant production or the addition of facililies. 
Both types of change affect the states of the population 
during a subsequent time period. As the primary input of 
lhe model. POPULATION-ralher lhan company 
policy - is regarded as it s driving force . It is so 
designated because in the construdion of the model . the 
employee is regarded as the central figure in the Oc· 
cupational Health Program (OHP) . It is to meet his job-

• POPll.ATIOll 
•CAPITAL 
• OPERATlllG COS1S 
• POLICY DECISIOllS ---------

NET CASH VALUE 
• NON S BfNEFITS 



related health needs that the OHP is designed_ While 
company p_olicy, or federal regularions , mighl also have 
been considered as alternate possibilities for the primary 
input. we have elected to focus on the workman as he is 
represented in the pla:it population.. 

CAPITAL As a system inpul, capital is the monetary in­
vestment in plant and equipment that is in direct supp:>rt 
of 1he OHP. referred to as MEDICAL CAPITAL. plus ex­
penditures on physical modificalions in plant process 
equipment designed 10 eliminale or to reduce health 
hazards, referred to as PLANT CAPITAL MEDICAL 
CAPIT Al can be calculated from historical data. PLA NT 
CAPITAL. in contrast. is usually more difficult to 
calculate because of generally poor historical in­
formation. and because ii is often lumped with the 
overall investment of the industrial enterprise in produc­

tion facilities. The diversion o;" capital from srridly 
production facilities to heahh-related facilities is 
discretionary on the part of the parent enterprise. Capital 
is here considered as a system input because the funds 
come from outside the OHP system. are not produced 
by lhe system. but are demanded by the system for its 
operation. In this respect, the model differs from the 
customary system diagram describing a financial trans­
action in industrial management. where capital is 
usually listed as a resource, rather than an input. 

OPERATING COST includes the adual dollar cost of all 
of the resources - facilities , equipment. supplies and 
personnel - required to condud the OHP. The cost 
items. termed " prices" in some financial systems, are ex­
ternal to the system, and considered to constitute an in­
put . since a small entity such as a plant OHP seldom has 
much control over the price of goods and services that 
are required in its fundion. and even less -control over 
the supply of, and demand for. these resources in the 
communiry al large. 

POLICY DECISIONS cover Health Surveillance. Health 
Maintenance and Health Services. These anributes of the 
model are termed "decisions," since one may decide 
whether the OHP is to provide a specific service. such as 
a hearing conservation program. If adopted, it becomes 
a system input. The OHP physician. in consultation with 
management. usually decides upon instituting a new 
program. as specific needs are recognized, perhaps 
srimulated by the expressed desire of employees, or by 
the anticipation of regulations. Then as the physician or 
the industrial hygienist identifies an adverse condition, a 
preci se action can be laken according to the policy 
decision that has been reached. Performance under the 
policy can be monitored; both the physician and 
management can evaluate the effectiveness of ap­
plication of the policy in relation to its cost and the 
benefits resulting. This feedback to the system may in­
dicate the need for changes in the policy decision. 

Health Surveillance is defined here as the policy 
decision that specifies the combination of biologic 
monitoring (such as urinary lead level or audiometry) . 
and of environmental monitoring by industrial hygiene 
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lechniques . that together constitute those measures 
designed for the early detection of risks 10 health arising 
from the work environment Each set of monitoring 
procedures is a subsystem related to a single hazard; for 
example, one subsystem may indude audiometl)' and 
noise level ~easurement as related to a noise exposure. 
Different mixes of subsystems of Health Surveillance 
yield different outputs from the r:omplete system. 

Health Maintenance is here defined as the plant poficy 
that guides the condud of periodic health checkups of­
fered certain personnel to assisl them in achieving and 
maintaining an optimum state of heallh. This is the 
examination of the well person. perhaps in a managerial 
or technical assignment , who may or may not also be 
exposed to specific physica l or chemical hazards in the 
work environment. 

Health Services refer lo the policy decision that provides 
for all of the other health services rendered by the 
medical and industrial hygiene functions. such as cour­
tesy treatments for non-occupational illness occurring 
during the work shift . or the in-plant care of job injuries . 

II. System Outputs 
The system has two outputs - Net Cash Value. and Non­

dollar Benefits. 

NET CASH VA LUE is defined as the fund produced by 
cash flovv from two sources: Operating Costs, and cer­
lain Dollar Benefits derived from services provided in 

the OHP. such as reductions in outside medical charges, 
or the savings in insurance payments achieved through 
the provision of in-plant physiolherapy treatments. If 
Operating Costs exceed the amount of the Dollar 
Benefits. then Net Cash Value is a negative quantity. 

NONDOLLAR BENEFITS are tho~~ which cannot be ex­
pressed readil y in dollars from the point of view of the 
industrial enlerprise. Among the apparent nondollar 
benefits deri ved from an OHP, three are emphasized. 
First , the assurance that the plant conforms with all of 
the rfGuirements of PL 91-5%; second, favorable em· 

ployee react ion to !he OHP. and third; recognition of ex­
cellence of the OHP by its peer health professionals. 
perhaps formalized by some type of accreditation. Non­
dollar Benefits are subject to analysis by accepted 
mathematical 1echniques.2 

Ill. Transformations 
Inputs to the model proceed to outputs through trans­

formations . A transformation is said 10 have occurred when an 
input vector, such as Population. is aded upon by some other 
factor: such as utilization of health services, thus producing an 
output, such as Nondollar Benefits. 

The process of transformation may be quantified by 
developing matrices onto which data collected in the OHP 
may be entered. An example of a transformation matrix is 
given in Fig 2. " Population to Service." This matrix is derived 
from a simple numerical array (Table) which represents the 
utilization of all services by each member of the population as 
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divided in10 age categories. The procedure is useful in 
forecasting lhe consumption of resources by 1he system . 

Another type of matrix. termed the lransitional malrix, may 

also be employed 10 describe. or lo predict , passage irom o ne 
state to another within a single vector, such as Population (P) 
acted upon by the vector. time (I) . (Fig 3) . 

IV. Qu~ntifying Nondollu Benefits 
In calculating the benefits derived from an OHP, ii is 

customary to measure savi ngs derived from certai n tangible ef­
fects. such as a reduction in absenteeism. by providing services 
at an in-plant medical treatmenl facility, or a reduction in 
payments to outside vendors of health ca re. The more difficult 
task is lo assign a value to !ess tangible benefits, such as lhe 
enhancement of employee altitudes loward the work place 
that might be expected to result from a well run OHP. 

O ne approach might be to identify some norms of employee 
health status, measure deviations from tt'iose norms. and then 
auempt 10 demonstrate improvements in hea lth status as ser­
vice aspects of the OHP are applied. 

Another approach would be to set goals fo r different com­
ponents of the OHP, such as the numba of employees ex­
pected to participate in a hearing conservarion program. and 
then score performance in meeting the goals. Employee al ­
tit udes toward the O HP might al so be scored, or the 
achievement of accreditation of the O HP could be assigned a 
va lue for scoring purposes. 

An intriguing concept is used in opera t ion~ research to deal 
mathematically with multivalued goals. This is termed the 
" fuzzy variable." When adjectives such as large, small , sub­
stantial, significant or approximate (value) must be employed 
to quantify a goal , such as the level of employee part icipation 
to be expected in the hearing conservation program , the con­
cept of the fuzzy va riable is useful. 

The concept provides a mechanism to determine probability 
where there is uncertainty as to wherher a system output - a 
benefit, fo r example - might be attributable to a specific in­
put. Mathematicians speak of degrees of fuzzir.ess in relat ion 
to a certain value, and there is a method for dealing with fuzzy 
goals and fuzzy constraints in relation to an operations 
system.3 There is even a mechanism for decision making by 
considering the confluence of the goal s and lhe constrainl'> 1ha1 
are characteristic of certain types of program. (Fig 4) . 

In spite of the whimsical terminology, these methods appear 
to be useful in dealing w ith data derived from the OHP, and 
with values calculated from these data through the use of 
transfonnation matrices. 

Cost Benefit Analysis: A Generic Model/Randal and Hughes 
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Fil 4. - A Decisiol lllatriL 

A basic precept of our approach to this project is that at 
each poinl along the way we will have progress to show for 
the effort expended. Having developed a conceptual model, 
we are now proceeding to veri fy its applicttlion 10 a real -world 
occupational health program . that of the Kaiser Steel Works at 
Fontana:' From this experience an improved model may be 
clarified. 

II is through this evolving process that we hope fo realize a 

sound cost-benefits system. 
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The Fontana Occupational Health 

Program as a Data Base 
Hallett A. lewis, M.D. 

The Fontana VVorks of Kai ser Steel Corporalion is a fullv 
integraled manufact uring facility employing 90CX) persons al 
Fonrana. Cal i fornia. 50 miles east of Los Angeles. Opera1ion!" 
include bias! furnaces. open hearth, oxygen shop, coke ovens. 
rolling mill s for sheet. plate . pipe. hot s1rip. merchant bars and 
fo rms; galvanizing and ti n plat ing; and va rious fabrica ting 
opera tions. Iron and steel prcxiuctio n began in 1942. 

The Occupational Health Program 
The present Fonlana in-plant medical department, 

established in 1956. provides hea lth care around the clock in a 
7<XX> sq. ft facility. Equipment includes x- ra y, labora tory. 
audio metry. pulmonary function unit s. and other clinical res t 
modalities . There are three full-time physicians. ten nurses, an 
x-ra~· technician. a physical 1herapis1. a dispensing oplician. 

two industrial hygien ists. and office sta ff under the direction of 
a clinic administrator. 

Occupational heahh services include preplacement physical 
examinat ions. periodic examinations of several types . and 
specia lized examinations of employees who are either exposed 
to specific occupational hazards. or are required to operate 
certai n mobile equipment. such as overhead c ranes or 
vehicles. Ancillary services include the firting of safety 
eyewear. a rehabilitation program for problem drinke rs. and 
drug counseling. Courtesy treatments are provided for medical 
cond itions of non-occupational origin that require allention 
during the workday. There are approximate ly 30.000 visits per 
yea r to the depa rtment . 

Some workmen a re exposed lo env ironmental conditions 
w hich incl ude noise. heat , coal tar pitch volati les , and carbon 
monoxide. The three most hequent types of minor injul)· are 
chemical or thermal burns, abrasions or lacerations. and 
foreign bodies in the eye. Most injuries are fully treated in !he 
plant medical department. More seri ous injuries are trans­
ported by ambulance to a nearby genera l hospital for defin itive 
care by consultants. 

The medical department supervi ses the plant Hearing Con­
servation Program . Preemployment audiometric examinations 
ha ve been done since 1957 and periodic audiograms on cer­
tain groups of employees since 1960. Ear protection devices 
are fitted and dispensed by this unit. 

An industrial hygiene unit is housed in the medical depart­
men t, providing environmental sampling, monitoring en­
vironmental exposures, consulting with engineers on ap­
propriate controls for new plant const ruction, and evaluating 
the toxici ty of raw materials and chemicals used on the plant 
premises. 

Dr Hi!llen .A,,. Lewr~ is Direc101 of Occupi!lional Heilllh Services. Kiliser Foun­
da1ion ln1emation.1I . ]()') Lilke!oide Drive. Oakl.?nd. Cilifomiil 94f:i()4. 
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Classification of Services Rendered 
For the purposes of this study. lhe occupational health St'l'­

vices provided by the medical department are categorized as 
fo! lows: 
I. Treatments 
II. Examinations 
111. Health survei llance 
IV. Health maintenance 
V. Counseling 

The scope of services within each category: 
I. Treatments 

A. Industrial injury - first and repe.?I v i ~ its 

B. Industria l illness - first and repeat visits 
C. Nonindustrial injury - first and repeat visits 
0 . Nonindustrial illness - firsl and repeat vis it s 

II. Examinations 
A. Preemployment 
B. Periodic 

1. Firemen 
2. Moving equipmenl operators (cranemen. etc. ) 

C. Special evaluations 
1 . Return 10 work 
2. Job placement 
3. lob waiver 
4. Chronic absentee 
5. Disability pension 
6. Inspectors 
7. Tra nsfers 
8. Apprentices 
9. Special driving privi leges 

Ill. Health surveillance 
A. Hearing conservation 

1. Audiometric tes ting 
2. Sound level analysis 
3. Di s;:~n s ing of hearing protection devices 

B. Safety eyewear 
1. Dispensing 
i . Maintenance 

C. Radiation exposure 
1. Film badges 
2. Monitcring of sources 

0 . Coke oven examinations 
E. Silii:a and asbestos examinations 

IV. Health maintenance 
A. Management health examinations 
B. Alcoholism program 

1. Testing for insobriety 
2. Physician consulta1ions 
3. Union represen tative counscling 



C Drug abuse program 
1. Drug screening 
2. Physician counseling 
3. Union counse(ing 

V. Counseling supervisors and employees 
A. By physician 
B. By nurse 
C. By physical therapisl 

Composition of the Plant Population 
Employees of 1he Fontana steel facilities are distribu1ed as 

follows : 

Salaried 
Hourly 
Total 

Male 
1057 
ni1 

8768 

Female 
124 

271 

395 9163 

Each e mployee is identified by badge number. Numbers are 
issued in sequence of dale of hire: i.e .. the longer term em­
ployees have the lower numbers. The badge number is per­
manenlly assigned to the individual. and is not reissued after 
termination. The badge number is the key to 1he employee's 
name. age. length of service. department and job classification. 

The departmental lisling includes: 

Coke planl 
Blast furnace 
Open heanh 
Oxygen shop 
Blooming mill 
Slabbing mill 
Plate mill 
Hot strip rolling 
Finishing 
Strudural mills 
Merchant mills 

Pipe mill s 
Tin mill 
Galvanizing 
Cold rolling 
Masonry 
Maintenance 
Roll shops 
Central shops 
Transportation 
Materials handling 
U1ili1ies 

There are over 10CXl job classifications. of which some 
typical ones are: 
Melter Craneman 
Mixer operator 
Casting man 
Roller 
Manipulator 
Shearman 
Transfer operator 
Piler 
Stamper 
Scrap man 

Tractor operator 
Buggy oper.uor 
Car dumper operator 
Conveyor operalor 
Bin tripper operator 
Crusher operator 
Scale preparer 
laborer 
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The Medic~I Record Syste1n 
For purposes of the study, a daily register form was designed 

on which each visil lo the medical department is logged 
manually by lhe receplionist or nurse when the employee en­
ters. The badge number and purJX>Se of the visit is recorded_ 
The completed register is senl out to be key punched and en­
tered on tape. Information on each visit is also entered on the 
employee's personal heallh record. A census tape on the entire 
plant popula1ion carries badge number. job classification, and 
other biographic data_ 

A daily log of employee visits compiled by a slightly dif­
ferenl melhOO has been maintained since 1956. and is 
avai lable for review . 

Cost Accounting 
Budgeting and accounting in !he Fontana planl is done on a 

departmental basis. Medical and industrial hygiene represent a 
cosl center. Budgeting is by a traditional line item method. 
covering such categories as wages. fringe benefits, supplies, 
and ou1side services. A monthly printout records cost per­
formance in comparison with a standard. 

Costing Medical Services for Study Purposes 
The conceptual mOOel 1 requires that each service rendered 

by the medical department ca rry a specific cost This cost is 10 
be arrived at by observation of a random sample of employee 
visil s on which lime-motion studies ma y be made. Added lo 
the cost of personnel time wi ll be factors for overhead. main­
lenance and the use of supplies . The unit cost of sWices 
arrived at in this manner. multiplied by service utilizalion. will 
be corrected 10 the total cos! of medical departmenl operation. 

Cost records are available for over ten years of medical 
department aclivity. providing a means of historical review in 
relarion 10 changes that hav'= been made in lhe services ren­

dered. 

Comment 
Having described the Fontana occupalfo;ial health program 

and eslablished its cos•. we proceed to a definition of lhe 
benefits derived from ii. Obviously, this is the mosl difficull 
part of our 1ask. One of the main purposes of conve ning the 
critique conference was to oblain 1he viei.vs of a group of ex­
perienced observers in helping to arrive at an appropriate set of 
likely benefits that might be quanlified in some manner. Their 

comments appear elsewhere.:? 
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The Value of an 

Occupational Health Model : 

A Systems Approach 
Bela H. Banathy, Ed.D. 

Mv point of view is of one who has been 
working in sys tems research - conslruaing system model s 
and applying mcx:tel s 10 solve real problems. During the past 
two decades we have been faced with increasingly more com­
plex technological and social problems. II has not been 
possible to find solutions to many of these pro blems by ap­
plying the ski lls of a single analytically-oriented discipline. We 
have had to develop a new way of thinking and a new ap­
proach to disciplined inquiry. 

That new way of thinking is known as systems science. 
Systems science aims to examine isomorphism among con­
cepts and principles operating in different fields of discipline 
and in many different applications. More specifically, ii at­
tempts to design models which can be used across disciplinary 
boundaries. It is devel6ping a meta· language which can be 
used to communicate among different disciplines. 

II has been obvious in this conference thal such a mela· 
language would be extremel y useful for communication 
among health profes sionals on lhe one hand. and economists 
or mathemat icians on the other. We have had problems in 1he 
clarification of concepts and in lhei r terminology. What 
sys lems science aims 10 develo p is a common language which 
would be highl y fund ional in use. along with specific generic 
models within the framework of which people can interad 
and solve complex problems. The integration in one's thinking 
of these concepts and principle:s enables a person to develop 
what we call sys lems thinking or a syslems viewpoint. 

In examining 1he elements of the present model, 1 I see a 
demonstral ion of lhis systems viewpoint. I now wish 10 
examine the concept of isomorphism as it may apply 10 the 
model , and to certain general systems models. 

Let me relate to the model a few sys1ems concepts and prin· 
ciples in the functional context of occupational health services 
and, more specifically, a cost·benefit analysis of these services. 

One of the main e lements of systems inquiry is the un· 
derstanding lhat one must first specify quite definite ly what the 
key entity of the sys tem is. In the study of many of our socia l 
and our service systems there has been confusion because of a 
lack of clarification of the key entity. 

Or. &n;nhy is associated wilh Far West Laboratory for Eduolional Research 
and Development . 18S5 Folsom 5free1. S;a n Francis.co. Califomia 94103. 
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For example , o ne could have sa id that in an occupalio nal 
heahh program the key entity is 1he professional staff, or a uni! 
of medical service. In education it was said for many years that 
the key entity of the educ.atio nal syslem is the teacher. rather 
than the pupil. 

Of course, these arc false assumptions. As !his modcl in· 
dicates. its key entity, or 1he reality which lhi s model 
represents, is the individual user, the employee. Solutions are 
built around the individual. The model in fact follows thi s kind 
of syslems thinki ng because it has demonstrated its consistent 
commitment to the key enlity, the employee. 

We must then clarify relationships between the key enti ty 
and those other entities which surround it. Those relal ionships 
have been indicated clearly in lhe presentation of this model. 

A further refinement of those relationships. however, would 
be helpful ; i.e., a deeper analysis of what other entilies might 
be involved bo1h in lhe systems space and in the larger 
systems environment which might influence the behavior of 
the system, or may be affected by it. 

We must examine the relationship of 1he system to its en­
vironment in order to display certain laws which govern the 
interact ion between 1he syslem and ils environment. I am 
going to come back to thi s later. 

The establishment of boundar ies for both the system and its 
implementation is another requiremenl 

Although we are considering here what might be termed 
"open" systems, the more sharply we are able to clarify the 
boundaries, the better that we can identify the breaks on these 
boundaries over which interchange takes place , then the more 
likely we are to be able to control the system in questio n. 

And so a further delineation and refi nement of boundaries of 
the target system , its peer systems and its su~systems would 
be helpful. 

We should next consider specification of system levels. Ob· 
viously, tht:re is a hierarchy in your model , and it is well stated 
and well defined. This is important because another common 
source of confusion is that we ohen fail lo specify just whal 
level we are talking about in any hierarchy of syslems, either as 
a basis for design , or as a basis for ana lysis. A sta lement of the 
specific level of examination has to be made. 

We must now make a sharp distindion between goal s and 
object ives . Goals can be derived from the study of the syslem 's l 



environmental relationships. The goals of cost-benefit analysis. 
should be stated as benefi1 goals. From these benefit goals we 
can then derive performance required in meeting the ob­
iectives of the large! system. which in this case would be the 
occupational health services system. Based on rhe specified 
objectives. we can talk about the cost effectiveness of the per­
fo rming sys tem. 

There is a dislindion between cos1-benefi1 analysis and 1he 
determination of cost effectiveness. There is a need. and th is 
model ca ll s for it . for a quite refined specification of per­
fo rmance objectives of the larger system. w hich can be derived 
from 1he accurate deerminalio n of benefit cost goals. We can 
then examine further bo1h cost effect iveness and cost-benefi l at 
1wo different levels within lhe sys tem. 

The benefit goals can be stared in terms of the individual 
user. in terms of the service personnel w ho serve the in­
dividual user . or in terms of the interests of the management of 
the plant 

For example. lowering the rate of absenteeism - or more 
precisely, achieving a stated level of work allendance - might 
be considered as a management goal . but also as an individual 
goal. Therefore. it becomes an overall goal of the produdion 
system of the plant. 

But we should go beyond rhe individual . and think also of 
the benef ' 'o his family of reduced absenteeism. to his com­
munity , and in the larger sense. even the effect upon ht..Jman 
resources at the national level. 

I would suggest that we examine more closely 1he broader 
aspects of the sys tem , in order to identify a larger set of 
benefit s in terms of impact upon other various systems. 
displaying these benefi ts as priorities. and putting some va lue 
on them. We could then ask the quest ion. " Given improved 
work attendance as a benefil requirement. how can we state 
the expected performance of objectives for the sys tem itsefi?" 
We need a performance specification which the sys tem has to 
display and then sat isfy. Then we have something tha1 we can 
measure in terms of cos t effecriveness. 

We might consider what may be termed the isomorphism of 
your model in relation to lhree types of basic. or generic, 
sys tems model : 

1. As a Systems Envi ronment Model 
2. As a Process Model 
3. As a Strudural Model 
Of these types you have used the Process form in con­

struding your model - adually a set of models w hich are 
basically process-oriented. By this I mean the model handles 
inputs, transforms inputs into outputs, and then dispatches 
outputs. However, there is one operation missing here - a 
feedback adjustment, as a fourth key step in the operation of 
the model . I suggest th.ti by examining and displa yi ng the 
characteristics of a feedback adjustment you would complete 
your process moctel . 

The Systems Environmenl model provides a mechanism for 
examining the larger systems space in which the target system 
is placed. It also would help us to clari fy the questions of why 
the target system exi!:ts. what requirements. coming fro m the 
environment, are imposed upon the target system, and what 
are their relationships. 

The systems environment model that you now have can 
become a powerful planning model. You might spend more 
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time in exploring lhe further refinemt'Ot of the model in view 
of certain systems environment conceplS and principles. There 
are a few specific laws that govern the relationships that have 
been mentioned. 

Your structural model has a sec of perhaps five subsystems. 
or service syslems. which together represent the occupational 
health service of this plant. 

I suggest a two-pronged approach to further exploral ion and 
refi nement of 1he model . The first is to ask these questions. 
start ing out with the five subsystems: whal fundio ns do the 
subsystems. each as a component of lhe larger target system. 
carry out; and then, having defined those fundions. the nexl 

question is - lo wha! objectives should 1hese funct ions 
respond ? Apparently you have not iully clarified your per· 
formance objectives. 

The second approach would be to re-examine the benefit 
goals. develop from them a definite structu re, a hierarchy of 
performance objectives, and then move from objectives to the 
specification of fund ions w hich have to be carried ou t to al · 
lain those objectives. Finally, you would move from a con­
sideratio n of functions lo a cl arification and a selection of 
components which have the capabil ity lo carry out those func· 
lions. integrating those into a complete and viable sys tem. 

The conceptual model would then appear as follows : 
1. Establish benefit goals 
2- Derive performance objectives 
3. Identi fy functions affecting performance 
4 . li st capabilities required 10 carry out fundions 

Select components having these capabilities 
6. Integrate the components 
7. Test the system 
8. Feedback to goals and ob jectives 
In the matter of improving work anendance as one of our 

goals. fo r example. we might sel a performance objective of 
perhaps a ten per cent improvement. This might require the 
c_a pabil ity of influencing employee health and attitudes. Com­
ponenls thar we would wish to influence would include 
physical fi1ness and motivation. We could test these assump­
lions in practice. ar.d if successful . we might set a higher per· 
formance objecti ve. 

Resources could be made available to effect favorable 
change of this type. perhaps providing a physician or a 
physical education speciali st to guide a physical fi tness 
program , or a ski ll ed counselor in helping to improve 
motivat ion. We certainly could help superJisors to become 
more sens it ive to the human needs of those responsible to 
them. 

A number of alternatives which might be expected to lead to 
increased motivation could be considered. and if successful. 
the resu lt would be improved attendance. 

In conclusion. I am favorably impressed by the design of the 
Phillips model. 11 is a pioneering effort. innovative in many 
ways. It should have some predidive value. ev~n beyond the 
scope of tt.o occupat ional t.oalth program (OHPI for which it 
was tlesigned. It has lhe potenrial for generalizarion to other 
systems. 
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Critique of the Fontana Model 
Editor's Note. The proposed model for s1udy of lhe cost effectiveness of occupational health 

programs was examined by a mul tidisciplinary group meeting at Fontana, California, Novem­
ber 8-9. 1973. The defibera1ions were recorded by stenotype. and the record was edited to 
capture the principa l contributions of each participant. The resource panel is lisled below . 

BeU. H. B;ina.thy, Ed.D., Di rector of Training. Far West 
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Professor Herbert E. Kl~nn~n 
You should distinguish between lhe aims of a study of cosl 

effectiveness, and an analysis of cost benefits . Cos1 ef­
iectiveness simply identifies the effects (benefil5) of a program, 
while cost-benefil analysis measures certain va lues placed on 

rhose benefits. I would suggesl that you defer placing precise 
va lues on the benefits de-ived from your occupational health 
program until your model has been refined through operation. 

The mosl important thing in the entire exercise is 10 define 
and to understand the link between a cosl and a benefit. Once 
you have clea rly established this link you can begin to count 
the benefits. measure lhem . and perhaps even place a va lue on 
1hem. If you can apply a dollar sign. then you can add up the 
apples and the oranges. But whether or nol you can come up 
with a set: of ul timate val ues. the important thing is 10 develop 
the measuring stick. You may have to sett le for cenain ra nkings 
of benefits. rather than precise va lues . This sti ll permits 1he ex­
pression of preference among possible benefits . each of which 
could be traced back to cosl5. I would like to see you push this 
project as far as possible in thal direction before concentrati ng 
on a fixed dollar va lue of benefits. 

In response to the commenl Iha! the scope of the oc­
cupational heal!h program should be didaled b~· the expressed 
needs of lhe consumer, the employee. I would point out tha1 
this approach has nor paid off in other s1 ud ies of the impact of 
heahh measures provided c given population. An individual 
decision as 10 which health services a person uses is usually a 
matte r of w hat is available o r what is convenient to use, rather 
tha n a n expression of need in a ny medical sense. I would 
rather be in the position of saying 1ha1 for a given cosl you get 
a cer1ai n benefit . rather than get involved in the ques ti on of 
how necessary is that par1icular service from the consumer's 
viewpoint. The latter rack fo rces yo u 10 make assumptions that 
are unwarranted. You should make o nly those assumplions 
that are absolutely necessary. 

It is likely thal you will have to try different methods of 
allocating costs to different elements of the program before 
arriving al a satisfactory met hod. You may have problems wilh 
lhe accounta nts in doing this. 

It is extremely difficult to make a cost-benefit analysis of a 
given heahh project unless one has the means to modi fy ex­
perimentally the inpul elemen ts of lhe program . II may be 
possible. however, to examine the results of pas! changes in 
the program o n the basis of historical review. This requires the 
ca reful reconstrudion oi events that have occurred. an in­
teresting exerci se. This is a va lid approach. although not as 
good as observi ng the results of cha nges made d~iberately 
during the study period. One must also be aware of the effects 
of variations that may occur in the input element, as well as 
overt change . You must have either change or variation in in­
puts in order to decect effects. If you don't have change or 
variati on. then statistica l techniques w ill not produce rhe 
resu lls you seek. 

I understand that you have considered using the concept of 

discounted cash flow in ca lculating the value of benefits. This 
is an added technicality. 

I would be inclined to simpl ify the input side of the mod~ 
under the general heading of costs. I don't favor the assump­
tion of fixed coefficients for resources required to deiver cer­
tain serv ices; for example. stating that a given unit of service. 
such as a physical examinalio n, always requires a fixed unit 
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of resources . such as faci li ties or staff. This approach does no< 
work oul weU in pract ice. For one lhing. the use of fixed coef­
ficients in prediaing the cost of a given program does not take 
into account the economy of sca le that accrues to the larger 
employee population versus 1he smaller. One of lhe best con­
tributions that your model could make would be to develop a 
s1ochas1ic methcxJ lo dea l with populations of differenl size. 

Your most difficult lask will be to calculate the val ue of in­
ta ngible benefits . such as a possible reduoion in the statistica l 
probabi lity of death. 

Nol much of this work has been done_ The most serious ef­
fort lo measure !he intangibles derived from a health project is 
lhat of Schelling. 1 I would reco mmend consideration of that 
approach , at least in arriving al judgments on the cost ef­
fect iveness of your program. 

Dr. Lowell Bellin 
The determination oi benefits derived from any procedure of 

preventive medicine is extremely difficult. especially if one 
does not have access to a control population. Influenza im­
munization is a case in poinl Aside from the difficulty in 
measuring a change in morbidiiy that may res uh in a group 
1ha1 has been immunized. 1he impad of adverse readions must 
be assessed. If a lawsuit against 1he company fo r a case of 
anaphylactic shock happens 10 result. the benefits tend to be 
diminished. Yet we should seek specific justifi cation fo r each 
procedure !hat is undertaken. rather than just moralize that .. ,, 
is the thing lo do." Of cou r~. peace of mind among ii-n­
munized employees. enhancing their job satisfad ion. mighl be 
considered. Bui we don·1 know hcr..v lo quantify il We do 
knOW" that for a procedure thal is repeated periodically. any 
favorab le effect on employee anilude tends to diminish with 
time. We might say !hal. in the econo misl's terms. a nebulous 
val ue such as emplo~·ee atli lude mighl have a more rapid rate 
of discount than we have fo r something like dollar savings in 
\.vorkmens compensation costs. Attitude depreciates more 
rapid ly. 

In any event. o ne needs a bas~ine against which such an 
unce rtain factor as change in a11i1ude might be compared. 
From an established baseline. it should be possible to set up a 
scale of values on which attilude might be rared . The d if­
ficulties of determining attitude. whether b~· queslionnaire sur­
vey. o r by random interviews. or by level of employee par­
ticipation in a voluntary procedure. should not be un­
derestimated. 

One oi the hazards of assessing attitudes is that what the 
consltmer perceives as the value of a program or a procedure 
may be quite different from its intended purpose. The famous 
Trusse l study2 of the quality of medica l ca re provided the 
beneficia ries of a union health insurance program in New York 
G1y a few years ago showed that in abou l one third of cases. 
the ca re was rated by objective observers as poor. Yet 85% of 
1he palien ts w ho received poor care were actually pleased 
with i

0

t. Somehow it made them fee l better. While there may be 
a cer1ain social value in being satisfied w ith poor medical care, 
the program was. in an objective sense. inadequate. I have no 
idea how one might go about adding an element of human 
gra tification to the dollar benefils derived from a program. but 
as physicians. we must be. and often are. satisfied with such 
nebulous res ults in our patients. 

I am troubled by 1he difficulty of identifying nondollar 
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benefits. We are templed to make a series of subjective 
judgments. such as, " This procedure results in improved job 
satisfaction." We then regard job sa1isfa.:1ion as a " fuzzy 
variable." In doing thal we may be departing further and fur­
ther from objeclive truth . That is w hat wo rri es me. 

In determining the costs of the program, there may be a 
problem in assessi ng charges for certain backup administrative 
services provided the medica l department by the parent entity, 
the plant or 1he company. For example. payroll services, or 
securily. Some cost accounting methods simply pul aside 
minor administrative costs as not being worth the time to 
calculate. However. thi s cosl could become significant when a 
medica l departmenl is a large factor in a manufactu ri ng facility 
such as a chemica l plant 

I agree wi th the view expressed by others in the conference 
1ha1 fo r the results of thi s project to be useful to health ad­
ministrators. it is imperative that descriplions be couched in 
language that we understand and ca n ap ply to real-life 
problems. Perhaps some specialized terminology is useful in 
lhe conceptualiza ti on of the model , bul ii mus! be tra nslated 
into accepted language if the material is to be usefull y applied. 
There must be a degree of simplifica tion, even popularization. 
of the concept if the ideas and the findings are to be diffused 
throughout industry and the field of occupational medicine in 
part icula r. Jt should be wonh the effort. 

Dr. James L Craig 
The Fontana occupational health program seems to be 

suitab le as the base fo r a cos t-benefit study. The model is an 
interes ting idea. and with some refinement. should result in a 
significan t conlribution to occupationa l health practice. 

I believe . however, that the proposed method of data collec­
ti on could be improved. As I understand it . you w ill manuall y 
log visits to the medica l department, using a fo rm arranged in 
columns according to the categories of service available. 
Moreover, you plan lo project your tota l experience from a 
randomized sample in order to calculate the utilization of ser­
vices by the entire plant popu lation. While your conceplual 
model is a sophisticated one, you seem to be usi ng a rather an­
tiquated method of recording the data required by ii. 

I would suggesl that a mark sense card be considered for use 
in compiling ~·our dai ly log of visits 10 the medical department. 
It is simple . eas y to use, and it leads quite readily into the elec­
tronic processing of medical data . Based uµon some ten yea rs 
of experience al 1V A with thi s method, I can recommend it to 
you. 

l et me explain how our medical record sys lem operates, 
based upon the use of a mark sense ca rd to record each vis it lo 
the medical deparlmenl. The card is ini tiated by the recep­
tionist or by a nu rse when the employee walks in. O ne side of 
the ca rd serves as a flow diagram for moving the patient 
through the department , starting usually w ith the nurse, then to 
the laboralory, perhaps X·ray and electrocardiography, and 
finaiiy seeing the physician if his services are requi red. On 1he 
reverse side of the card the services performed are recorded, 
and whethe r or not the visi t is for an occupational condition. 

These results are tallied at the end of the day and the week. 
The cards remain avai lable to make analyses of different 
aspects of the program at a later date. 

Utilizing the mark sense ca rd 10 record visits to the depart­
ment . we have been able to calculate our costs with con-
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sidet;able accuracy. We firsl did a modified type of ti me and 
moti on study of each of the services provided in the medical 
depa rtment. We assigned a value of one unit to rhe simples1 
and lowest cost service, such as an employee's quest io n an­
swered by the receptionist or a clerk. If a simple treatment by a 
nurse if required, that service has a va luf" l'lf two units . Each 
laboratory tes t is a lso assigned one or morf' uni: c;, depending 
upon the time req uired to perform ii. Thr: ca1t: • •' .m industrial 
iniury, requi ring the a tten tion r,f ? ;wrse and a physician, 
amounts to perhaps seven unit;. A comple te hea llh appraisa l, 
including a physical examina1ion by a physician. adds up to 
ten unils for a preplacement ell.Jmi nation. and fifteen uni ts for 
a periodic . 

It is a rclatively sim ple matter le total the units of serv ice 
provided during a time period of one rnonth or one year, and 
then to divide the tota l cost of operation of the department for 
that period by the number of unit s of service provided, 
resulting. in a doll ar figure that is the basic cost per unit of ser­
vice . The cost of each medical procedure. or of each type of 
examinat ion provided, is arrived at by multiplying the number 
of units the procedure represents. by the current cost per unit 
The tolal cost of providing a given service over a given period 
of time is ca lculated from 1he volume of 1his service limL-s the 
cost per service. In thi s way, we can read ily determine the cost 
of our preplacemenl examination program. as an example . 

In calculating the cost effectiveness of a procedure. we com­
pare our determined cost with the cost of providing that 
procedure by 1he cheapes l alternative that is available, perhaps 
sending out lhe employee to a hospital emergency room, or to 
t~e office of a private physician. The costs of tra nsportation of 
the employee, as well as time losl from the job, are included. 
We are then able to determine if we have the more cost ef­
fec tive practice by providing the service in the plant medical 
department. 

When the benefit s to be anticipated from an occupat iona l 
health program are mentioned. we a ll can make quite a list of 
ways in w hich we think the program makes life a 1i1tle belie r 
fo r the employee. Bui in discussing benefits w ith management. 
I like to sli ck to things 1ha1 I can measure. such as sav ings in 
the cost of workmens compensation. Tha t is usuall y un­
derstood quite clearly. By idenlifying Sl:Ch savings wi th specific 
elements of the occupational health program. such as 
preplacemenl examinations, or in-plant medical treatments for 
job injuries , we can relate dollar benefits to costs. That is 
always an impressive demonstration. 

O ur entire system is based upon 1he use of the simple mark 
sense card to record employee vis its. Ur.less thi s ta sk is per­
fo rmed wi th precision, you don' t have much to work wi th. 

We have not made any surveys of employee attitude toward 
1he medical program. but we get a fair number of fa vorable 
comments. We also cons ider it signi fica nl that when we offer a 
program in which participation is vo luntary, such as periodic 
multiphasic examinatio ns, we gel around 95 percent of em­
ployees taking part in ii. 

Dr. Richard W. Stone 
I agree that you may not be able to achieve your objectives 

in this study if the data collection system has loo many con­
straints on it. The minimum essentials for each employee visit 
10 the medical department should be (1) Whal service was 
rendered? {2) How much time was required to perform it? and 
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(3) What was the resull? Since there are so many variables to 
de.al with in the equation of health care, both the numerator­
Costs, and the denominator - Benefits. must be clearly 
defined. In our company, AT&T, we concluded - somewhat 
reluaantly - that a recording system that provides for the 
electronic data processing of results was the only solution. in 
spite of its high initial cost. The value of a sound data base 

cannot be overstressed. 
We employ a mark sense card to record each employee visit. 

It is initiated with identifying information on the employee as 
he enters, and it accompanies him as he moves through the 
department, clipped to his medical record. The services 
provided are entered on the card as the visit proceeds. Finally. 
diagnoses coded by the ICDA system are entered, a notation 
made of disposition of the case. and what follow-up may be 
required. 

At the end of each week cards are processed through an op­
tical scanning device, where errors are edited out, and the data 
translated into machine language. A paper tape is then 
prepared, providing a cumulative record of the week's ac­

tivities. 
Al the end of each month the data contained on the paper 

tapes is transmitted by teletypewriter to a remote computer for 
processing, and a monthl y report ior each medical unit 
prepared. The computer reports are returned by telelypevvriler. 
providing a monthly printout of all medical depJrtment 
operations. 

As I toured lhe Fontana plant medical department it oc­
curred to me that it includes a unit that may be ideally suited 
as a subsystem ior cost-benefit analysis. This is the 
physiotherapy seciion. !\ is neatly confined to one area . There 
is equipment which carries a definite capital assessment. Other 
costs can be deri ved quite readily. The functions are easily 
identifiable and arE time-oriented. The man in charge seems to 
be attuned to a systems approach. Why not use that unit as a 
sub-model to put to a first lest the concepts that you have 
developed? lt might be expected lo yield interesting res ults of a 
cost-benefit nawre. 

The possibility of doing lime-motion studies in the medical 
department has been mentioned. 1 wonder if that is feasible? 
There are other sampling techniques that may be used. such as 

the time-slice method. 1hat do not produce as much bias as a 
person standing over one's shoulder saying, " You are taking 
t\vo minutes for this task. and thirty-seven minutes for that". As 
attention is drawn to normal pallerns of work flow , distortions 
may result. 

Dr. Jean S. Felton 
On examining the proposed operation of the model in the 

medical department. I don't see provision for recording the 
item of who has rendered a particular service during an em­
ployee visit. Most minor injuries can be fully cared for by a 

nurse alone, especially if a physician is available on stand-by. 
In the case of the physical examination. we see increasing 
numbers performed by nurse-examiners. rather than by 
physicians. Variations of these types should be accommodated 
by your system. since costs will be affected. 

I would urge that before applying the model. each term that 
is used be defined with precision. For example. the pre­
employment examination should list all of the procedures that 
it includes, and these should be standardized. As regards the 
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job classifications of employees, it would be helpful if each 

job were described in the manner developed by Bert HanmanJ 
at the Kaiser shipyards during World War II. You will recall that 
jobs were defined as to requirements for lift ing, stooping, 
squating or pushing. It would be ·even better to add an in­
dustrial hygiene characterization of each job; i.e., expo'.:lure to 
carbon monoxide, or silica dust. or heat stress. together with 
some indication of the usual magnitude of the exposure. 

In attempting to assess the benefits derived from a given 
type of physical examination, I would expect that your first ef­
forts may result in only very rough findings. Then. as you 
develop better information with experience, you should 
produce stronger evidence in which you can h.ive more con­
fidence. But lo assume that you can derive absolute data on 
benefits at the outset might be a delusion. 

As regards the method of budgeting medical department ex­

penditures. I understand that Fontana has utilized a traditional 
line item approach to listing expenses. such as wages and 
salaries. supplies. maintenance and so on. I would suggest that 
program budgeting be considered, at least as an adjunct This 
would forecast the cost of health surveillance examinations, for 
example. or of an immunization program. This method has 
proved to be of considerable value in public health practice:• 

l agree that there is great risk in this type of interdisciplinary 
effort that poor communication may be a bar to development. 
There is a serious problem of terminology. For example, the 
term "vector" means one or two specific things to me as a 

physician; either it is a line of force, as in an elec­
trocardiogram. or it is an agent of disease transmission. The 
same word apparently means something entirely different in 
systems language. We should not take for granted that the ter­
minology peculiar to our respective discipline is clearly un­
derstood by others. Each term and each concept should be 
carefully defined. Unnecessary specialized jargon should be 
avoided. 
. r believe that placing some introductory papers in the 
literature of occupational health. and adding to them as the 
project develops. is preferable to presenting the complex struc­
ture of the model in its entirety at the ou1set. 

Professor Wilfred Malenbaum 
From the viewpoint of the economist. the concept of Capital 

is not fully developed in the model. The distinction between 
Plant Capital z.nd Medical Capital may be useful to the authors. 
but the significance of this distinction should be clarified. 

The identification of " prices". as a synonym for medical 
costs, does not seem lo me to be an appropriate input to the 
sys tem , any more than " technology", or "tastes" should be 
broken out separately. These characteri stics all bear on capital 
cumulation or depreciation. They cannot become independent 
variables, like population or services. 

The outputs of 1he system need further definition. both the 
dollar benefits and the nondollar benefits. I would encourage 
the continuing search for a mechanism lo combine the quan­

titative values expressed for both. 
The now of revenues through the system has the built-in 

property of diminishing returns. This has not been recognized 
in the model. Moreover, the relationship of revenues to system 
outputs should be considered more carefully. 

It is essential 1ha1 the data collection phase of the project 
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now be pushed along. As data is accurnulated. and rried out in 
1he syslem. olher aberra1ions of 1he system will become ap­
parent. and can be corrected as they arise. 

I believe that lhe inpu1-ou1pu1 sequence described for 1he 
mode{ needs further clarificalion. In ils present form ii does not 
fit my experience. at any rate. 

I would like to see a description of me1hods side·by·!.ide 
with da1a accumula1ed in the condua of a specific aspect of 
the Fontana occupational heallh program . such as hea ri ng con· 
servation. The subsys tems underl)i ng the data accumulal ion 
could be presen ted as an appendix. 

The model that has been described is a comprehensive. 
imagi nat ive. and quality syslem. But we have not had suhicienr 
opponunity during this initial critical revieo..v lo gel into a num· 
ber of troub!esome problems that occur to several of us as 
conference participa nts. For example. we have not explored in 
sufficient depth the idea of d iscounting costs over projected 
periods of lime into the ful ure. That is a minor point. but ii 
should be clarified in the sys1em. We really feel the need for 
additional feedback from lhe system to us as observers if we 
are to make iurther contriburio ns 10 the successful operation of 
the model . 

Professor Emmett Keeler 
Your 1ransi1ional matrices would be clear o r if you were 

to use represenlat ive numbers in the matrix cell s ralher than 
the notat ion which you propose: 1.1: 1.2; 1.3: e!c. A matrix 
mighr then show that 90% of the population would remain in 
State I at t + 1, or tha t each individual in Slate I uses . on the 
average. 2.4 units of a certain health service in a given time 
period. r would port ray the sequence in th is way: 

Average no. of 
Populat1on x services used 

per person 

To1al 
~r.·1Ces 

Resource 
x usage by 

service 

Total 

usage 

Total 
~rvices 

I ~ieve it would be belter to keep " hard" (dollar) benefits 
and ··soft" (no ndollar) benefits separale, rather than to attempt 
to inlegrate them. 

You have listed compliance w ith PL 91·596 as a goal. One 
usually regards the necessity to obey the law as a constraint, 
rather than a goa l. However, if minor infractions of the law are 
no! challenged by government. o r if the law is o nl y oc­
casionally enforced, then compliance might be considered a 
fuzzy objective. 

l would reaffirm the impor1ance of being cerlain thal lhe 
language used in 1his type of project be clear 10 everyone. The 

language of sys tems analysis is, like Esperanto. fully un­
derstood by o nly a few . It is not necessary or even desirable to 
thrust ii upon rhe users of a system when English w ill serve. 

Professor Preston Probasco 
I would like 10 offer a slighlly differenl approach 10 the 

model . slarting off w ilh the employee, the user of the sys1em. A 
set of ob jectives might be assembled for him. For each ob­
jective, certai.1 tasks might be d'3igned to meet ii. The 1asks 
would then be weighted, w ith cost as one consideration, and 
performance effectiveness as another. The results could be en-
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tered on a decisio n matrix. One might even convene an expert 
panet 10 help rate lhe effec1iveness of different measures by a 
Delphi method. 

Dr. Alonzo S. Yerby 
In the determination of bu1efits rierived from the OC· 

cupalional heallh program, I would suggesl lhal the findings of 
all health examinations. whether for purposes of health sur­
veillance (occupational) o r hea lth mainte nance (non­
occupat ional). be searched to iden!ify previously unde1ec1ed 
conditio ns th<!t mighl be expected lo produce morbidity or 
mortality if untrealed. There are methods for the calculation of 
lhe anticipated costs of medical neglect of a given condition. 

Lei us assume th.al your periodic examinatio n of coke o·,1en 
workers !.hmvs that these men in rhe Fontana plant have a 
lower level of mo rbidity, both in general and for specific 
diseases. ihan their counlerparls in o lher sleel plants. This is 
some!hing on which you can place a definite va lue. Then . sup-­
pose that you could relate 1ha1 experience. in part al least. 10 
1he effecliveness of your medical and industrial hygiene efforts. 
If you succeed in 1ha1 , you may have the kind of resuhs Iha.I 

you seek fro m the study. 
The proposed classification sys tem for hea lth se:vices 

provided is not clear lo me. Perhaps. you could more precisely 
define lhf> scope of the different types of phys ical examinalion 
tha t are offered. 

Dr. Carl Zenz 
I would be concerned that lime-motion studies. or even 

time sampling. of tasks in the med ical department may not 
give sufficient attention 10 the large individual va riation in per· 
sonal style among health professionals. Here is a phys ician 
who is quite meticulous. He acts slowly and deliberately. He 
mighl require one hour to condua a physical examination 1ha1 
another physician mdy do in fifleen minutes. This is al so true 
of nurses. and of clerical personnel as well. 

There also is variatio n in lhe complexi ty of diagnostic 
problems 1ha1 a sel of physical examinat ions may produce. 
each requiring a different time input by the professional Slaff. 
This factor should also be accommocfa1ed in the cosl analys is 
of a given service. 

Certain servic.es provided in the medical department are 
required by law , rega rdless of lhe cost incurred; fo r example. 
testing the vision of over· the·road truck drivers. I don' t quite 
see how one determines 1he cos t effecliveness of such a 
procedure. unless it be by comparing lhe cos t between two or 
more methods of making the test 

Dr. M. A. El Batawi 
The evaluation of lhe elfec1iveness of an occuparional 

health program requires thal its achievements be :neasured 
against stated objeclives. The essentia l first step, therefore, is 
the identificalion of a hierarchy of objectives. These might in· 
elude a reduction in the rale of absenteeism. or a reduction in 
the incidence of certain disorders. or even an increase in 
worker output The second slep is 1he definition of a basel ine 
for each of the conditions for which improvement is sought. 
With these two elements established, it becomes possible to 
measure performance. and even to calculale lhe value of 
benefits derived from the program. 
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fohn J. McCuthy 
A matter that has not been !ouched upon in open session, 

although it has been discussed in some of our corridor con­
versations , is the importance of keeping employees well in­
iormed on what you are doing, and trying to do. in the 
medical departmen t There is a difference belween informing 
employees directly, and letting them find o ut what is going o n 
from some other source. Their labor representatives also 
should be provided with adequate and accurate information. 
although I realize that some of the technical things being done 
may not be easy lo describe. 

It is essential that the medical department have cred ibility in 
the eyes of the employees. We have been fonunate in this 
respecl at the Fontana plant , due to the acceptance earned by 
Hal lewis and the other physicians. That rapport is extremel y 

important. especially if you hope 10 get into somerhing like an 
attitude survey. which has not been used much in heavy in­
dusll)'. There may be a tendency fo r some employees. 
especia ll y the o:der ones. to resen t being considered "guinea 
pigs." as they might term it. They w ill always want to know; 
''What is being done l o us. and how is it going to benefit us?" 

If a survey is considered. and I believe 1ha1 ii should be ap­
proached cautious ly, there must be a rrangements fo r feedback 
of information to each employee w ho participates. What was 
the result of the survey, and what does it mean? 

If the communication aspect of the project is handled 
wisely, the study itself can have a positive industrial relations 
va lue. since it is likely to show that lhe occupational health 
program benefits the employee. The inlention that ii should 
must be spelled out so that everyone can appreciate it. 

We should recognize, however, that describing the an­
ticipated benefits of the program in advance of adually 
demonstrating these benefits brings some ri sk of experiencing a 
Hawthorne effect as the study proceeds; i.e .. employees may. 
consciously or not, want to benefi t from it. That could bias 
your results . Perhaps you have some mathematical means of 
era sing that bias. 
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Robert K. Hayden 
I share the vie-w that ii is mos1 important lo inform the 

worker of what is going on in a project of this type, so that he 
does not get the idea that he is being placed in a test tube.. The 
earlier that thiS is done. the better. Facts are always better than 
rumors. 

In response to the question as to how the average worker 
might react to the idea of considering a good plant oc­
cupational health pr~'!fam as a trade-off for some other 
benefits in hi s compensation package. I doubt . firs l of all. that 
the health program can be quantified that precisely. There are 
too many variables in the equation. I just don't think that you 
could come up with a set of numbers thal could be traded for 
something else in the course of labor negotiations. Al most. the 
occupatio nal health service might be considered J S just one 
element of a company's industrial relations program. I just 
don't see it standing alone as a trade-off item. 

Dr. James P. Hughes 
We are grateful 10 you all for examining with us this mOOel 

for a cost effectiveness study of occupational health programs. 
We needed 1hese crilicisms. and you may be assured that we 
will try to heed them. I want to emphasize that the study 
project is sti ll in its ea rly stages. and the conceptual model is 
subject to some significant changes. What we have presented 
is simply a first cut at the problem. We now wanl 10 take suf­
ficient lime to refine a model 1ha1 can have the widest possjble 
application in industry, and we feel a need for your continuing 
inte rest in it In the meantime. we will do our best to 
disseminate info rmation o n the study as ii deve lops. 
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Application of Cost-Benefit Analysis 

to Health Systems Technology 
Herbert E. Klarman 

Introduction 
The purpose of lhis paper is to discuss 1he application of 

cost-benefit (C-B) analysis 10 rhe assessment of technology in 
the health services. With the fe-.v exceplions rhat are noted. the 
focus of the paper is on services. not research. 

To accomplish 1his task there is no substanlial body of em ­
pirical research literature 10 draw upon. analyze. and syn­
thesize. According!~·. I propose ro carry r)UI my assignmenl in 
three steps. Rrs t I shall review the theory and practice of C-B 
analysis in general. Next I shall discuss ils applications 10 1he 
heallh ficld. Finally. employing concrete illusrrations. I shall 
suggest the po tentials and Hmi1a1ions of this rype of analysis for 
the assessment of developments in health sys1ems 1echnology. 

Cost-Benefit Analysis in General 
As a formal and syslematic approach to choosing among in­

vestments in public projects , CB analysis is only a generalion 
old. It derives from a marriage of necessity , if nol conven ience. 
of theoretical welfare economics ;ind lhe previously un­
dernourished public expendi1ures branch of public finance . In 
reviews of the C-B literalure few references are encountered 
Iha.I antedate 1958.20 B-1 101 Mos! of lhe theoretical. as well as 
empirical. resea rch was carried out in connection wi1h water 
resources projects.19 .aa 6 1 &2 &; ro 

Aims and Criteria of Choice 
C-B analysis aims to do in the public sector what the beuer 

known supply and demand analysis does in lhe compelilive 
private sector of the economy. When marker failure occurs, 
whether lhrough the absence of a marker or through 1he 
existing marker' s behaving in undesirable ways, public in­
tervention comes under consideration.5 C-8 ana lysis is helpful 
in determining lhe nature and scope of such inlervention. 

The mosl egregious example of lzck of a markel is given by 
the case of the pure public good. Such a good is collective. 
usually entai ls governmenta l action, and is characterized by a 
particular feature: when more cf ii is consumed by A, 8 need 
not consume less.98 National defense is one example. and the 
lighthouse is another. Certain aspects of basic research and the 
dissemina1ion of research findings share this fea1ure. since 1he 
acquisition of new kn01Nledge by D does not diminish its 
value for C, the origi nal investigator. 

In the context of C-8 analysis , the mos! important cause of 
markel failure is the presence of substantial exlernal effects. 
They are ca ll ed economies if positive and diseconomies if 
negative. Vaccinat ion against a communicable disease is 
perhaps 1he most commonly cited example of benefils ac­
cruing to a third party or to the commuriity, in addition to lhe 
benefits received by the patient and the health worker. who 
are directly engaged in the transadion 1 1-t (p. 18) . Still another 
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example from the heitlth field is the protection accorded to the 
community I.Jr hospitalizing persons with severe mental 
illness'°' (p. 12) . 

The goal of public policy is to adopt 1hose projects or 
programs of service that yield the greatest surplus of benefits 
over costs. Evaluation of projects is a lways prospective and 
oriented toward the future. The criterion of choice. analogous 
to that of maximizing profits in 1he market economy. :s 10 

maximize present value. Staled differently, the criterion is to 
equalize marginal benefit and marginal cos t Strictly speaking. 
as Stigler notes , maximizing presenr val ue is also the crilerion 
for optimum behavior in the private sector 1°" (p. 150) . As 
Fuchs points out in his paper at this conference. 1his crilerion is 
quite different from thal of atlaining the maximum amount of 
some indicator of benefit_µ 

However. the notion of balancing benefits and costs is not 
alien to medicine. lasagna states. " Since no drug - free of 
toxicity - has ever been introduced thal is effective for 
anything, those of us who Me pharmacologists have learned to 

live reasonably comfonably with the notion of paying some 
son of toxicologica l price for welfare17 (p. 2) ." 

A possible source of misunderslanding about C-B anal ysis is 
that benefits are usually costs presently borne that would be 
averted if the program in question proved to be effective. It is 
essentia l to distinguish 1hese present and potentially avertable 
costs from the resource costs required for mounting thal 
program . Since the two types of cost are not always jux­
taposed, the distinction is not an obvious one and the fai lure 

to make it is not evident. 
The essentials of C-B analysis consist of two aspects: breadth 

of scope and length of time horizon. The idea is to include all 
costs and all benefits of a program. "to whom soever they ac­
crue," over as long a period as is pertinenl and practicable. 8-1 

Counting. Me~suring. and Valui:ig Benefits and Costs 
When an agency wishes to under1ake a projecl or program. 

it may be tempted to go far afield in counting benefits and lo 
neglect some costs. 

In water resources projects, certain secondary benefits may 
be included improperly. In voca lional rehabilitation programs 
both savings in public assislance grants and income iaxes on 

subsequent earnings are sometimes counled as benefits, even 
though neither item entails a saving in the use of resources. 
Bolh grants and taxes are transfer payments, that i'.'i, represent a 
transfer in command over resourcess2 (p. 47) . 

The distindion between costs and transfers is nol mean! to 
imply that the sole justification of public projects o r programs 
is an increase in output o r in gross national product (GNP) . 
On the contrary, there is an increasing recognition that public 
projects or programs may e ntail multiple objec~ ives , including 
income distribution , more jobs, regional growth , 
etc.ls "" 69 11s There is no reason why earnings on a job can-



no! be assigned greater weigh! 1han 1he same amounl of 
money received in public assistance grants. Hoy..·ever, such 
weights are judgmental, are likely 10 be arbitrary al leas1 
inilially, should be derived in 1he public arena. and above all 
must be given ex;:>licit stalemenL 

Similarly. as shown by our progressive individual income 
fax, we seem lo tx..>lieve in !his counlry th.al an extra dollar ac­
cruing lo a low-income person is worth more 1han an extra 
dollar accruing 10 a high-inco me person.12 Again. assigning 
relative weighlS may hclp to improve analysis for policy. There 
is no rea!ion 10 believe and no in1en1ion to claim. however , 
1ha1 agreemenl on such weighlS is novv impending. 

O n lhe cosl side a good example of a general rendency 
1oward underslalemenl is the neglec1 of compliance coslS im­
posed on individuals and firms in es limaling the costs of ad­
ministering the individual inco me lax. Medicare fo r 1he aged, 
ei:c . Once the installalion of seal belts in au1o mobiles is mad "! 
mandatory. lhe lemplatio n ari ses lo d isregard lhe cosl of seal 
bel ls lo lhe car owners111 (p. 1) . 

The preceding discussion deals with counting benefits and 
cos ts. whal lo include and w hat to exclude. If whal may be 
properly included can be measured. the problem is lhal of 
va luatio n. The ease of valualion. indeed its possibility. depends 
largely on whether the item in question is traded in the markel 
and therefore bears a price. In that case there are many good 
reasons for simply adopting that price.71 When the marker 
price is deemed to be a defective measure of va lue. however. 
an attempt is made 10 estimate an imputed or shadow price. 
O ne modifica tion of marker price that is generally accepted is 
to set a lower value o n unemployed rc~ources; the size of this 
adjustmen t may vary not only wilh the sta le of 1he economy 
but also by geographic region and o..:cupation. 46 

When an item lacks a markel price. it may be omitted from 
the ca lculations regardless of i:s importance. If IOtal benefits 
are thereby understaled. the program may be e rroneously 
deleted. More important perhaps, programs with a sizable 
proportion of unvalued to total benefits stand to lose in com­
petitio n for funds w ith programs that have few. if any, un­
va lued bcnefits.n 

Among the items most like ly to be omitted are the so-called 
intangible benefits; such benefits are especially prominent in 
the health field. It is not thal they can never be va lued. 11 6 

Rather, one will distinguish between intangible benefits that 
still are difficu lt to value and pure public goods. for which 
there is no market and which therefore cannot be valued at all. 

The dilemmas of valuation can be escaped by retreating 
from C-B analysis to cost-effectiveness (C-E} analysis. The lat­
ter is the less demanding approach, in that it d~ not require 
the valuation of all benefi ts in terms of a common numeraire. 
C-E analysis requires only that benefilS be measured in 
physical terms. Once an objective or output is specified, the 
aim is lo minimize the cosl of atlaining it The cosl dala 
required for C-E analysis are, however·, the same as for C-B 
analys is.60 

Retreating from the valuation of benefits to their mere 
measurement entails a substantial lo~ .. · analysis no longer 
assists in determining priorities among several fields of public 
activity. The reason is simple. While C-B analysis cuts across 
diverse objects of public expenditure, C-E analysis can only 
help in choosing among alternate ways of achieving a given. 
presumably desired. outco me. "1 And it is C-E analysis that has 
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been incol'JX)rated as a major element in the planning.. 
program , and budgeting (PPB) syslems of 1he federal govem­
menL After initial devclopmenl by the Rand Corporation, PPB 

was inlroduced by the Depa.1ment of Defense in 1961 and ex­
tended to other depanmenlS and agencies by Executive Order 
in 1965"7 {pp. 1-34) 110. 

Bolh C-B .lnalysis and C-E analysis imply the measurement 
of outcomes that are associated with particular projects or 
programs of service. Presumab ly there is a link between inputs 
and outputs that is measurable and known. Wnether behavior 
follows a det:erminislic or probabi li stic patter-n is of no con­
sequence. 

In lhe development of waler resources , 1he design of a par­
licular project almost guarantees the emergence of certain 
physical outcomes. So much land will be losl to flocxfing, so 
much more land wi ll be prolected from fl ooding. so much 
la~d wi ll be irrigated. elc In nat ional defense the ou1come of a 
proposed course of action is much more uncer1ain, since other 
countries can take evasive and retaliatory adion. In the health 
field, as we shall learn. the presumed link between inpulS and 
outpuls is sometimes lenuous. The task of measurement. 
w hich necessarily precedes va luation. has been neglected 100 

of1en. 

The Rate of Discount 
A wide consensus exists in economics that a dollar today is 

worth more than a do lla r a yea r o r f\vo laler, even if the overall 
level of prices remains constant. Consumers are believed to 
have a pos iti ve time preference as lo ng as asSEcis are safe. and 
for producers investment is prOOudive either through the Sheer 
lapse of time. as in wine making, or through !he adoption of 
more roundabout methods of production. Borrowers are 
therefore willing lo pay interest for the use of cap ilal . and lend­
ers in a capi tal ist economy expect to receive interesl In a 
socialist economy an accounting or imputed rate of inlerest is 
employed for allocating resources over time. The interest rate 
that helps 10 calculate the present values of future streams of 
benefits and future strea ms of costs for public projects or 
programs is the wel l-known discount rate of C-B anal ys isS2 (p. 
165) . 

In marked contrast 10 the state of opinion among public 
health workers. there is little disagreement among economists 
that a discount rate is necessary for rendering benefits accruing 
and costs incurred at different times commensurate. 
EconomislS do not agree, however. on the level of the 
discount rate. Marked differences of opinion prevail for a num­
ber of reasons. One is that a diversity of interest rate structures 
exists in the real wortd. owing 10 capital markel imperfections, 
differences in ri sk. and governmenta l monetary policies.20 c "' 
There is controversy on which imperfections to allow for and 
l"K>w 10 allow for them. Another reason for differences of 
opinion, as Musgrave makes plain, is whether the source of 
financing is private consumption or investmenl ;,, Still another 
reason for differences of opinion is a value judgment, whL>ther 
the proper measure of lhe di scount rate for public projects is 
the opponunity cost of capital in the private sector or. 10 the 
contrary. is the social. rate of time preference. The private rate 
may be high, well cibove 10%. particularly when the cor­
poration income lax of 50% is allowed for. & 1he social rate of 
time prefe rence is usually much lower, based on a longer time 
horizon or greater readiness by the community than by in­
dividuals to postpone gratification in favor of future 
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generarions. The social rate. which has been justified in terms 
of future risk and uncertainty. prob.ability of personal survival. 
and 1he diminishing marginal utility of additional income or 
consumption as per capita income grows over time. is nor a 
number th.at w e know how to ascertain empirically"' (pp. 99· 
100) . Accordingly, slill another procedure. which combines 
pri\•are opportunity cost and social rime preference. is dl so nol 
measurable. 

In practice. the dgencies of rhe federal governmenl have em· 
ployed a wide range oi discounl rares . usuall ~· without giving a 
reason. ~1 Nevertheless . the consequences of choosing a high or 
a low discount rare are clear. A low discount rare favors 
projects or prograrrs wilh benefits accruing in the distant 
future; a high rai e iavors projects \vi lh cosls in 1he ~ 
future. In effect . as Boulding has suggested , a high interest ral e 
favors the aged and a lo,v one favors rhe middle aged. 10 \\!hen 
a projec1 or program is short lived , wilh both benefits and 
costs concenlrafed in li"le nea r furure. the choice of discounl 
rale is of minor or no consequence. Indeed. for a short-lived 
program discounring may be dispensed with. 

Some economisls are averse ro se{ecting a discount rate, on 
the ground that they are in no posirion to choose bel:ween 
generationsm (p. Si ). The tendency is lo display calculations 
of rhe present va lues of benefils and costs under rwo or more 
discoun1 rares . Ir seerT's tc me 1ha1 such alrernative calcularions 
do nol afford helpful guid<!.nce lo rhe policymaker. unless he is 
also advised when lo employ fhe one or the orher. 

Even in lhe present slate of lhe controversy. there may be 
some merit lo employi ng a single number ior alt public 
projects or for all public human investment projecls. The com­
bined melhod. recommended by a pancl of consultants to 1he 
Bureau of the Budget in 1%1 and subsequently developed by 
,\.\artin Fe!dstein. can furni sh an adequate ralionale even if it 
does not ~·el yie{d a specific number .!' .-a Such a number ad­
mittedly would be arbi1rary, a reflection of a value judgmen1. io 
Henderson reports that lhe French have adopted a centrally 
determined rare of discount of 7%. to be applied to all public 
enrerprises"; (p. 11 i ) . This is a higher rate th.an that en· 
counlered in many American srudies. 

Applications to the Health Field 
The health services literature contains man~· stalements thal 

espouse the importance oi C·B analysis for improving the 
alloca1ion of resources 10 and within rhe health field. II may be 
a source of astonishmenl thal relar ively few complere C·B 
sludies have been carried oul. 

Perhaps fevver C·B studies should be undertaken than are 
advocated. Where the aim is to minimize the cost of prOOucing 
a given gocx:t or service. or even of construding a hospital of 
specified size and wilh su itable appurtenances. the apparatus 
of C·B analysis clearly is superfluous.S6 ll suffices 10 compare 
unit costs . 

Criteria for Inclusion 
Nevertheless. the major reason for 1he shortness of the list of 

complete studies in the health field is a definite lack in one or 
more respects on rhe part of mos! studies. Certainly in 1972 
there seems tirtle poinl to dealing with ana lyses thal are other 
than empirical, rhat is, conlain quanlilative findings. The result 
is lo eliminate from consideration Mushkin's seminal work in 
conceptualizing the applicarion of C·B analysis 10 the heallh 
field."' 

A second. perhaps more crilical. requirement for including a 
sludy in lhe presenl contexc is that both 1he benefits and cash 
of specified programs be measured and valued simultaneously, 
with their respec1ive present values juxtaposed and compared 
As a resuh . lhe majority of empirical studies so far performed 
in the heahh f:eld are excluded. including 1ha1 by Fein on 
menial illnes., , by Rice on a number of diagnostic caiegories. 
and my own on syphilis and on hea rt disease.!! 51 i;o; M !'! 

\.Yhile all rhese srudies atlempl lo measure and value the cost 
of a disease. thereby in effect measuring and valuing the lolal 
benefits of eradicaling Iha! disease. none auempts to estimate 
the cosls of mounting and operating programs with specified 
conlents and aims. Ahhough each sludy had made a con· 
rribution 10 the counling. measurement. and valua1ion of direc1 
and indirect rangible benefirs. and lwo have explored the 
valualion of intangible benefits. none has presenled a com­
parison of costs and benefits undP.r specified condit ions. 

ThP. above lwo requirements . quanlificalion and ju11:· 
1aposilion of cosls and benefits. strike me as inconrestable. r 
am prepared lo defend a third requirement as equally 
necessary. namely, that of reflecting a known link, alluded 10 

above, between program and outcome. between inpuls and 
outpurs. Such a :ink should be ascertained empirically; 
speculative o; hypotherical relationships no longer suffice 1n 
19i2. a decade or more after !he ea rly phases of con· 
ceptualizarion. • J To apply economic va luation lo hypothetical 
relalionships between programs and ourcomes is to indulge in 
an academic exercise for lhe results of such va lualio n cannot 
lranscend the qualily of lhe u11derlying measurements. Al thi ~ 

rime such an exercise is not only idle. in rhat ii makes no con· 
tribution to policy formulation. but ii may be coun· 
terprodudive if ii obscures the fact that the relatio nships be· 
tween inputs and outputs are not ye! known and are still to be 
ascertained 1m (p. 29) . 

In anolher context Fuchs has shO\vn rhe importance of in­
formation concerning the efficacy of health serv ices.JJ The 
economi!it can indicate rhe 1ypes of data required . Seldom is 
he in a posirion to procure them by himsel f. and he mu.,t rel)' 
on other invesligators in health services research 10 help him 
get lhem . 

The third requiremenl implies an -important corollary. The 
size of a problem . as measured by the total costs of a di sease. 
is not a reliable guide for policy:" S.l Even in communicable 
diseases , less 1han eradication may be an acceplable goal. For 
mosl diagnostic condirions. it is essential to know !he amount 
by which a given program is likely 10 reduce the size of rhe 
problem. 

This poinl is often overlooked. II lends itself to oversight par· • 
licularly when benefits and costs are not juxtaposed. Jn the 
early (.B s1udies in rhe health field there may have been a fur· 
ther tendency to attribute greater efficacy to medical care than 
was perhaps warranled. n 

Weisbrod performed the earliest of a small number of such 
studies, and his is still one of the most systemaric. 1 u He com· 
pared lhe benefits and costs of intervening in three diseases: 
cancer, polio. and ruberculosis. Drawing in a creative way on 
Bowen's work in deriving the demand for a public gocx:t, 11 

Weisbrod was frequently reduced to obtaining cosl dala and 
some notion of 1he link betwee1~ inputs and outcomes from 
personal communicalions with clinicians and adminislralors. 
His threefold classificarion of benefits. which followed 
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i\1ushkin, has become conventional. The 1hree lypes of benefit 
are: direcl . indirect. and intangible. 

\'\'hat fo llows is a d iscussion of how such benefits are 
measured and va lued. as well as an assessment of rhe stale of 
the art . The assessment presents both accompli shments to dale 
and poss ible shorti::n mings in lhe accepted procedures. 

Direct Benefits 
Direct benP.fits are thal portion of averled cosls currently 

borne thal are associated with spending for health services: 
1hey represent potential tangible savings in lhe use oi heahh 
resou rces. Certainly in the lo ng run. manpo'\ver nol required to 
diagnose and !real disease and injury does becomJ? available 
for olher uses. II is reasonable to suppose thal o ur economy 
like 01hers has a vast variety of wants in the face of relatively 
scarce resources. so lhat making resources available fo r o ther 
des ired ends represents a contribution to economic welfare. 

In rhe absence of a specific program of services lo be 
evaluated. the measure of direct benefits is u suall ~' taken lo be 
iota! resource costs currently incurred. The appro priateness of 
thi s measure as a basis for policy is questio nable. as previously 
noted. Jn lerms of resou rce use. diminishing marginal produc­
t;vi ty is likely to sel in. In terms oi va luatio n oi benefits. 
di minishing marginal utilit y may be a plausible assump1io n. 

Jt seems to be taken ior granted that direct benefits. or the 
cost of care. can be measured wi th precision. This is lrue onl ~· 

when a fi rm prcx:luces a single gocx:I or service. such as mater­
nity care in a special hospital. In most insta nces several goods 
or services are produced fointl y. Under cond it ions of joint 
prcx:l uct ion. it is possible to calculate extra cost o r marginal 
cos l for each produd, but not its average cos tro (pp. 44-45) . 
When average unit cosl figures are presented. they are the 
resuh of an allocation of overhead and joint cos ts; the latter is 
always an arbitrary accounting procedure. though it may be 
systematic and not at all capri cious. An alte rnative procedure. 
which is no less arbit ra ry , is to assign to a diagnostic ca tegory 
its proport ion of total costs. with the proportion taken from the 
percentage distribution of patients or oi services. In the ab­
sence of facilities that prcx:luce but a single produd, ii might be 
helpful lo analyze cost data ior facilities with varying 
diagnostic composilions of patient load. However. other fac ­
lors are al ~o at play. and [here is no logi cal solution to the 
problem of determining average cost under conditions oi joint 
produdio n of multiple outputs52 (p. 166) . 

Another complica1ion, which affect s the calculation of direct 
benefits and also of indirect benefits, is the simultaneous 
presence of two or more di seases in a patient. The presence of 
disease B when intervention is auempted in disease A serves lo 
rai se or lower the costs of intervention and therefore the 
corresponding benefit s. 153 

The reason Iha! indirect benefils, defined in the next section. 
are also affected is that the presence of diseases A and B in a 
patient may reduce the probability of successful outcome from 
lhe treatment of either. The effect is to overstate the benefits ex­
pected from reducing the incidence of one or the other 
diseaseF The magnitude oi thi s effec1 is not known. 

The prevailing tendency is 10 take direct benefits from a 
single-year estimate of costs.8 ':1 Since survivors will also ex­
perience morbidity in the future. some medical care costs are 
being neglected. Initially thi s procedure may have been 
associated with an emphasis on single-year esti mates lo the ex­
clusion of present valu.:- estimales.s-1 Once the necessity of the 
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latter is recogn ized. other explanations must be found for this 
s ho~cuf. One explanation is that survivors wi ll experience only 
avPrage morbidi ly in the future: \vhen extra morbidi ty is ab­
sent . there is r>erhaps no need to deal with mo rbidit y at all. A 
more plausible explanation lies in the lack of lo ngitudinal data 
on the mo rbidity· experience of specified populatio n cohorts . 

Hmvever. the one-year estima1e reflects the prevalence of a 
disease. nol incidence. 11 may be !ha! the prevalence figure is 
sufficien ll y grea ler for chronic conditions. so that ii makes am­
ple allowance for futu re events. Indeed. the prevalence figure 
in the base year is rhe same as the sum oi the incider.ce figures 
for survivors to !his year . ii certain constanls may be assumed 
in lhe size oi :JO?u lation. death rates for the par1icular 
diagnostic grouo, .1nd the incidence rate. VVhen any of these 
faclo rs fo ll <Jw s a rising rrend, 1he prevalence figu re exce-eds the 
sum of the past and p resent incidence figures and fall s shon of 
lhe sum ci ir.cidence figures in the future. 

To the extent that unir costs o r prices tend to increase faster 
in the health services sector 1han in the economy at la rge , the 
value of direct benefits wil l al so increase. In my own wo rk I 
have incorporated an adjustment for thi s fac1or into the 
discount rat e. deriving thereby a net discount rate.SJ ;; If 
economic growth were 10 slow down in thi s country. the lag 
in produaivi ly gains oi the hea lth services sector behind the 
economy at large would be reduced. as would the size of thi s 
adjustmenl. 

Transportalion expenses fo r medical care are a resource cost 
thal is di sregarded in C-8 anal ys is. although they are allO\ved 
as dedudions under the individual income lax. \Vhen th~ 
physician made home ca ll s. hi s !ravel expenses were 
automalically included in health services expendit ures. The 
fo remost reason fo r neglecling them 1oday. I suppose, is lack of 
reliable data . Perhaps there is the iurther implicil assumption 
that patients' lransportation costs are oi a small order of 
magnitude. 

Indirect Benefits 
Earnings lost due to premature death o r disabilily are in­

direct benefit s. Debility as an impairing factor ha s not attair:ed 
the prorr.mence in empirical studies thal 1\.olushkin attached lo 
it from a conceptual slandpoinl. ;; ;a 

Since rhe publication of Rice's s1udies it is no longer 
necessary :o es timate loss of earnings.90 Drawing fully on the 
dafa resources oi 1he Federal governmenl and using un­
published tabulations almost as much as published ones. Rice 
prepared her es timates in sys tematic fashion : apply 10 the 
population cohort in question labor force participation rates . 
employment rates. and mean earnings. inclusive of fringe 
benefits. She derived ior men and women separately estimale5 
oi 1he presen t va lues of lost earnings due 10 mortality under 
alterr.ative di scount :--ates and a 1-year estimate of lost earnings 
due to d isability or morbidity.88 ~ 

5el'eral elements of the benefit calculafion thal were at issue 
a decade or so ago appear to be more or less settled now . 
perhaps prematurely. A brief summary follow s. 

Our ordinary concern is with ~;::mings. nol income. The lat ­
ler includes income from property. 

Consumption by survivors is no longer subtracted from gross 
earnings to arrive at net earnings . From a prospective 
viewpoint everybody is considered a member of society. in­
cluding patientsJ4 
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The value of housewives' services is recognized, despite the 
facl 1hat such services are not traded in the market and are 
omined from the GNP. Weisbrod developed and applied a 
complex method for measuring the cost of a subslilute 
housekeeper." ~ {pp. 114-19). but subsequent writers have 
followed Kuznets in employing a simpler approach. putting lhe 
value of the services of a hou se-..v ife at the level of earnings of 
a full-time domestic servant6J (pp. 22-23) . To employ a single 
number is the more practical procedure by far. The magnitude 
of thal number is a separate question. however. It seems in­
creasingly doubtful !hat the value given by lhe earnings of a 
domestic servant is adequate. Thus, the value of 1he 
housE?\vife's contribution would increase substantially if day 
care centers for working women were expanded at public 
cost. 

An al1ernative approach has been suggesled by Edwin Mills. 
namely, to value the housewife's contribution at the op­
portunity cost of her sta yi ng our of 1he labor force.SJ lm­
plementa ri on of this approach is impeded by two con­
siderations.101 One, the method is complicated because values 
would vary with the individual housewife's educational at­
tainments. lype of occupatiori. amount of job experience, full ­
or part-time employment status. etc. Two. nonpecuniary fac ­
tors . which certainly influence the labor force participation 
rates of women. are difficull to measure and may behave 
erratically. If total family income permits it . the pecuniary op­
portunity cost of the wife's staying home has been known 10 
be as low as zero or even negative. Accordingl y, the op­
portunity cost approach has been sidetracked. 

The employment rate has been typically taken at 96% , or an 
overall level of 4% unemployment at the level of full em­
ployment. 119 In 1972 the magnitude of this rate is at issi.;e. 
Whatever the magnilude. Mushkin's argument is accepted thal 
1he health services sys tem should not be charged with failures 
by the economy to provide jobs to all who seek them.78 

What is usually not taken into account is the 1endency for 
persons rehabilitated after serious illness or injury to find fewer 
iob opportunities than persons who have remained healthy 
and on the job. In my stud~' of syphilis I recognized the loss of 
earnings due to the sligma attached to this and similar 
diseases .SJ When preven1ion is feasible, it seems appropriate to 
assign an extra weight or bonus to the indirect benefits of 
preven:ion. 

Calculations of indirect benefits rest on the implicit assump­
tion 1ha1 the life expectancies of cohorts of potential survivors 
are known. Usually standard life tables are employed, 
separately for men and for women. For diseases of low 
frequency ii seems reasonable to disregard any effect on the 
total death rate occasioned by the deletion of a particular 
cause of death. For major diseases the problem is important, 
although simple deletion may be incorrect. As Weisbrod 
recognized more than a decade ago, survivors who have 
avoided a particular cause of death may have a higher or lower 
susceptibility lo other, competing causes of death1u (pp. 34-
35) . I compared the effects of simply deleting heart disease as 
a cause of death on life expectancy and on worldife ex­
pectancy. The former was large, 11 to 12 years, and the laner 
was small . less than a year.55 For a disease with heavier impact 
at the younger ages, the effect on work.life expectancy would 
be relatively larger; correspondingly greater attention would 
therefore have to be paid to the effect of competing causes of 
dea1h. 

lnt~ngible Benefits 
Pain, discomfort, and grief are among lhe costs of illness, 

and their lack constitutes the intangible benefits of an effective 
program of health services thal averts them. The benefits ac­
crue in part to the patients and in part to their friends, relatives. 
and society at large, to the extent that we take pleasure in the 
happiness of others. Positive external effects in consumption 
cannot be ruled out, and Vickrey points to 1he presence of per­

sonal gifts that are not subsidized by the deductibility 
provisions of the income tax.112 Looming even larger perhaps i5 
the averted premature loss of human life. 

None of these effects is traded on the market. Accordingly, 
none carries a price tag. In attempting to put a value on them 
the question is whal one would be willing to pay in order to 
avoid them. 

In my paper on syphilis I attempted to estimate willingness 
to pay for escaping the early and late manifes tations of the 
disease by looking at expenditures incurred in connection with 
other diseases 1hat met certain conditions. After consultation 
with clinicians 1 adopted psoriasis as the analogue for early 
syphilis and terminal cancer as the analogue for ils late stage.>J 
The conditions specified were that rhe expenditures for 
medical care represented principally a willingness to pay for 
freedom from the particular disease. since in neither ca5e 
could either direct or indirect tangible benefi ts. as defined 
above , be expected. To the extent that payments were made 
only by the patient, directly or through health insurance. 
willingness 10 pay by others was neglected and total willing­
ness 10 pay was understated. 

Neenan estimated the consumer benefit of a community 
chest x-ray program for luberculosis.eo With the help of some 
fee data indicating willingness lo pay. he obcained very high 
estimates of value. 

Five years and more have elapsed since the analogous 
diseases were valued. The approach has not been copied. 
which suggests that neither the eslimates 1hemselves nor the 
procedures for getting them have been found useful. One 
reason is obvious; the approach is highly specific, calling for 
the development of estimates disease by disease. 

A larger body of literalure exists on the value of human life 
than on the other lyp~ of intangible h~alth benefits . Life in­
surance holdings are clearly not applicable 10 bachelors. and 
jury verdicts are inconsistentll-t (p. 37) . The implications of 
policy decisions are difficult to elicit in 1he ab~ence of in­
formation on the alternatives that faced the deci sionmaker.ll 
Moreover, such valuations may lack stability and consistency' 
(pp. 133-34). 

Schelling has proposed a different approach. He would 
measure the value of human life, as distinguished from 
livelihood. by the amount people are willing to spend 10 buy a 
specified reduction in the slalistical probability of death.% Ac­
ton applied this approach in his recent doctoral dissertation 
and derived an estimate of the value of human life of $28.0001 

(p. 258). This is a substitute for the net value of lost earnings, 
nol an additional amount, as Mishan would agree. 1~ 

I am not sanguine about the applicability of .A.c1on's 
numerical estimate 10 lhe evaluation of program alternatives. 
The author was the first to criticize the small size of his sample, 
its apparent biases, etc. These are remediable defects in the 
future. What troubles me is the likelihood that respondents to 
this type of question may not grasp its meaning. Do the 
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respondents kncMt what are the aclUal probabilities of their 
dying in the coming year? How is a small , perhaps 1 percent. 
reduction in statistical probability perceived? How much more 
is a 10% reduction worth tha n a 1 percent reduction? 
Moreover. does not the va lue of a gain depend somewhat on 
the starting point'oe (p. 134)? If al l payments come from the 

consumer, the distribution of income must exert a sizable in· 
nuence; by how much would willingness to pay change if the 
ta sk of reducing the death rate were viewed as a collect ive 
responsibility that is fu ll y financed from public funds? 

Titmuss, in his book on blood. regards the value of human 
life as priceless and beyond valuation 100 (p. 1'18) . Yet implicit 
values are placed on human life whenever public policy 
decis ions are made on highway des ign, auto safely, airport 
landing devices and traffic control measures. mining hazards, 
factory safeguards. etc. It seems to me that in his emphasis on 
volunta ry giving. on the sense o f community that the gift 
relationship in blood both reflects and promotes. Titmuss is 
pointing 10 a large external benefits component tha t tends to 
be neglected when li fetime earnings are taken as the proxy for 
the value of human li fe. Al though the concern fo r the altruistic 
motive is c; alubrious and appropriate. the conclusion that 
human life ca nnot and should not be valued quantitatively 
does not follow . 

As Misha n observes. a rough meas ure of a precise concept is 
superior to a precise measure of an erroneous conce pt. 7~ II is 
agreed that the notion of the value of human li fe, apa rt from 
livelihood, is sound. And a numerical estimate of thi s value 
would be useful in comparing how worthwhile alternativt= 
programs are. Comparisons o f programs would gai n in 
relevance and aptness if all benefits were counted. including 
saving of human life or gains in life expectancy. This potential 
gain is much more likely to be reali zed if all benefits are en· 
tered into the model , rather than having some appear only in 
foot notes. 

I am unable 10 say at thi s time how such a number o r set of 
numbers for the several age groups can best be derived. Cer· 
1ainl y Schelling's questionnaire method can be improved. 
Perhaps the implications of past or existing public policies wi ll 
yield a narrower range than one expecls. II is conceivable that 
a commillee can do a be!ter job in the rea lm of va lues than in 
the realm of fact. In any event, the value of human life is 
probably higher for identified and known individual s than for 
members of statistical populations.% If so, incurring ex­
lraordinarily large expenditures in behalf of the former is hardly 
concl usive evidence of irrat ional behavior. 

Weisbrod avoided dealing with the problem of valuing in­
langible benefits by assum ing that they were proportional to 
1he tangible benefits 114 (p. %) . This is an unsati sfactory 
solution it seems to me in view of the differeniial impact s of 
va rious diseases on life expectancy, disabiiity, and morbidity. 
Nor was a solution to this problem needed w hen the emphasis 
of public expenditures analys is shifled from C-B to C· E 
analysis. To repeat , in C·E analysis outcome is expressed in 
physica l terms. e.g .. years of life gained. and the task oi 
analysis is to discover the program that will yield the desired 
outcome at the lowest unit cost . In the health services it goes 
without sayi ng that desired outcome incorporates a constant 
level of quality or at least an acceptable level. 

Cost of Program 
The estimate of the cost of a proposed program with which 
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benefits are compared poses no special difficulties_ A budget is 
prepared in terms of the market prices of inputs, which may be 
adjusted by shadow prices if warranted. 

If programs vary in size. it is appropriate lo examine the 
possibility that economies of scale exis1102 (pp. 82·83) . 
However. since heal th servic~ are rendered in the local area , 
the prospects of realizing such economies are much more 
limited than in the manufacture of goods. Moreover. when the 
size of program increases. factor costs may ri se. Finally, as the 
scope of program approaches the size of the population at risk. 
the extra cost of additiona l units of output increases when in· 
creasingly res istant groups are encountered. 

Conversely, it has been suggested that in the ea rl y phases of 
a program unit cos t is likely to be higher than later on. since 
people learn by doing 102 (p. 24) . 

Cost-Benefit Versus 
Cost-Effectiveness Analysis 

While it is not espec ially difficult to estimate the costs of 
programs. it is difficull to formulate the contents and expected 
outcomes oi programs. In my judgment this has been the chief 
obstacle to the useful application of C-B or C-E anal ysis in the 
health fielJ. 

Elseo.Yhere I have li sted the data requi red by the economist 
for va luing outcomes. A clear statement of each type of out· 
come is necessary. Certain events. such as dea th. disability, ex· 
tra unemploymenl , and the use of medical care must be en· 
lered o n a calendar, beginning with the base yea r. and 
assigned a duration. The data should extend as ~lose to a per­
son's li fetime as possible. with particular attention to possible 
recurrence of illness and its exacerbation.ss 

This li st of data requirements implies a degree of knO\vledge 
about the effecls of health services on lhe health of a 
population that is oflen lacking. The obstacles to the al­
tainment of such knO\vledge are many. Medicine is not an 
exact science. and physicians may disagree among themselves 
and the same physician may disagree with his own past find· 
ings. Field stud ies are complicated by w har Morris ca ll s 1he 
iceberg phenomenon. Member~ of the des ignated control 
group. who are presumably normal. ma y in fact have the 
disease under investigation in asymptomatic form 7'> (p. 45) . 
The possibility of inducing iatrogenic disease means 1hat only 
studies performed on normal populat ;ons in the community, 
w hich are far more costly lhan studies of captive clinical 
populations. can yield valid results.95 

A serious gap in ex isling data arises from the lack of 
longitudinal studies of popularions over long intervals. Not 
many investigators possess the requisite patience and 
dedication or experience the necessary ca reer stability. The 
funding agencies . under budgetary restraints . have even shorter 
time horizons. Alt hough statistical manipulation or exisling 
cross section and time series data is a much cheaper and 
always avai lable approach. ii may not afford an adequate sub-­
slitule in many instances. especially when a high degree of 
correlation exists among the independent variables under 
scrutiny. 

In 19&5 I reported that only one study, Saslaw's on 
rheumatic fever , met the longitudinal data requirements listed 
above.9" Unfortunately, the report on thi s study was lruncated 
in publication. 

Neenan's 1964 study of chest x.rays for tuberculosis con­
centrated on the short term, on the ground thill a recovered 
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palienl suffers no impa irment of earnings while ea rl ~· detedio n 

alone does nm alter lhe long·lerm oullookM (p. 2i ) . No 
evidence is adduced for rhese assumptions. 

Acton has rl'Cently concluded a C-8 analysis of alternat ive 
programs for ~educi ng dealhs from heart allacks. He con· 
sidered five programs: an ambulance w ith spec 1all ~· 1rained 
nonphysician personnel : a mobi le coronary ca re unil with a 
ph).·sician: a community triage cen1e r: a 1riage center combined 
\Vith the ambulance: and a program lo screen. monito r. and 
pretreat 1he populalion. The largest net bene fi t. whether 
measured b~· the number of lives saved or valued b~' !he 
criterion of ea rnings or that of wi llingness lo pay. is given l.Jy 
lhe screening. monito nng, and pretrealmenl program 1 (p. 258) . 
Hcl'\vever. the va lue oi personal lime losl in screening is 
neg lected. and lhe screening program seems 10 display great 
variabili1y m o utco me. 

The C· B analysis fo llows :\cla n's C·E analys is. in which lives 
saved are not ass igned a value. The screening. mo nitoring. and 
pretreatment program yield 1he largest number of lives saved , 
but the average cosl per life saved is second from the highest 
and rhe margina l cos! of saving lwo addit ional lives is S2·U:XXl 
each. co mpared w ilh the es11ma1ed average and marginal cosl 
of SJ.200 for saving 1he first 11 lives ender the ambulance 
program 1 (p. l li) . 

Acton 's work is notew ort hy for 1he weahh oi deta il on 1he 
epidemiology of hear! allacks. ph).•siologv. trealment . and 
delivery sys rems for t;ear menl o r pre"enrion. He drew ex­
tensively on the exper<1se of hea l1h serv ices specia lisls and in­
vestiga1ors. 

The Gonschalk Comminee 's report 10 the Bureau of the 
Budget (BO B) conla ined a C-E anal ys is of alternative methods 
for lreal ing chronic fina l-stage kidney disease."'2 The pro blem 
facing !he BOB and posed 10 rhe commillee was to defrne the 
appropriate ro le of the Federal government in 1his field. The 
concl usio n that a substanlially expanded Federal ro le was 
warranted was reac hed o n o ther grounds. w hich did not enta il 
any ana lysis . The grounds included lhe fo llowing reasons. 
Some vereran were alread~, receiving free care in Vererans Ad· 
min is rrat ion hospilal s: several foreign count ries . each poorer 
rha n the United States. we re commilled lo deli vering this ser ­
vice 10 lhe ent ire populat ion: vo luntary hea llh insurance in 1his 
count ry was nol meeling !he cost of hemodialys is and il s 
leaders ~aw no prospects of doing thi s: rhe group requiring 
treatment '"'as largely composec:! of middle-aged adults: and 
what was still a unique lifesavi ng measure was availab le ior 
application lo known individua ls. persons w ho would othe r­
wise di~ in sho rt o rder. Once the recommendation was mad e 
in favor of an expanded ro le fo r lhe Federal governmenl and a 
fea sible mechanism w as designed 10 fi nance 1he ca re rendered 
to ind ividual s. lhe p roblem thal remained fo r analysis was hovv 
bes t to discharge I hi s responsibiliry. through hemodia lys is in an 
ins1i1u1 io n. hemodial ysis in the patient's home. kidn t.')" trans­
p!anla lion. o r some mi xt ure of lhese merhods. 

The C-E anal ys is clearl y poinled 10 !he superiori ly of the 
transplantation route. w hich incorporates hemodia lysis both 
for initial and backup support . When hemodia lysis is 
necessary. doing it at home is much cheaper."° These findings 
influenced the Gollschalk Commillee's recommendal ions 10 
lhe BOB. Agai n. as noted in Acton' s study, the economic 
analysis drew heavil y on lhe underlying epidemiological . 
physiological . and clinical data developed by and fo r the Com· 
minee. 

Had 1he Gonschalk Commiltee performed a C· B anal ~-s is. ii 
~s plausible 10 postulale 1ha1 a shortage of kidneys for 
lransplanlalion and the relat ively grealer ease w ilh which 
hemodialys is facili ties can expand might have )•ielded a higher 
net: benefil value fo r dialysis. al least in the near future 
Ho.vever. allO'\Yance for lhe super ior qua lity of life under 1rans­
planra1ion would conslilule a part ial oiiset . "° 

Conlra ry 10 some impressions:o the Conschalk Comminee 
did examine prevention programs and decided lhat fo r lhe for· 
see.able future lhe number of eligible palienls would remam 
unchanged. The comminee d id not inquire into the d ispers ion 
of 1he distribution of life yea rs gained. Thus. ii did nOI consider 
whelher an average gain of 10 years is worth the same when 11 
is lhe prOOuct of 10 years each gained by 100"0 of rhe 
populat ion at risk. o r o f 20 ~·ears each gai ned by 50"., o f 1he 
popular ion. or o f 40 yea rs each gai ned by 25"0 of !he 
populalion. May ii be sa id thal lhe marginal ulil ily of an ~d­
di lional year is conslanl . or does lhe princip le of dimin i hing 
margi nal ut ility govern? 

The Commillee did nOI have lo dea l w ith lwo problems th.al 
might ari se under differenl circum!-lances. One is Iha! even C-E 
analys is is nor so simple as it appears 10 be w hen two or more 
types of o ulcome are sough! as goals. If only one ou1 come. 
such as li fe yea rs ga ined. is preeminenl . o ther ou1 comes may 
be neglected. \-\'here a ll outcomes. reduced mortal ity, lowe1 
mo rbidily. and less disabil ity. are important . ii becomes 
necessary o nce again. ;.;5 under C B analysis. 10 arrive al ccm­
mo n or weighted measures oi o utcome for al1erna11 ve 
program s . z~ Only 1he problem of va luing inlangi ble benefi t!! is 
escaped. However. in C-E anal ys is 1he focus is confined to out­
comes common to health services programs. The weighling 
problem is serious o nl y when the severa l rypes of o u1 come do 
not occur in the same proport ions for every program. The 
s~ond problem not faced by the Go tt schalk Commillee is 
wh.a l the appropriate role fo r government wouiJ be if ex­
pensive lifesavi ng measures became practicable fo r o ther 
organs of rhe body. 

Nor did rhe Gonschalk Committee a11emp1 10 dea l wi th 1he 
queslion of increases in patient load if the very success of 1hi" 
program led 10 the relaxatio n oi crileria gove rning pa1ien1 
eligibility for 1rea1ment. The effec1 of such relaxa rion may be 
apprec iable. 

In 1he years 1966-67. wirh 1he spread of PPB in lhe Federal 
governmenl. a number of CE stud ies were carried out in !he 
Deparlmenl of Hea hh. Educatio n, and \.Yelfa re."'1 H 11 1 

Although costs and beneii ts w ere calc ula1ed simultaneously. 
the link between 1he inputs and outpuls of p rograms wa 
measurt.-d 100 of1en b~· means o f h~·po1he1ical numbers. Once 
the relationships were postulated. no e fio rl was exened to pur­
sue the measure rnenl problem th rough empirica l inquiry in 
subsequent budgelary pe riods. In cert ai n instances only ex· 
pendilures chargeable 10 the federal budgel were counted as 
cosls. neglec ting expenditures incurred by individua ls o r by 
o ther levels of governmenl 111 (p. ·1) . 

Problems in Assessing Health 
Systems Technology 

The discussion of the poten lial and hitherto modest 
achievements of C-B and C-E analysis in the healrh field bears 
directly on the analysis of the development and spread of 
heahh systems technology. How ever. changes in technology 
bring 10 the fore an addit ional factor. namely, a heightened 
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degree of uncertainty conceming fulure benefils and cosls. 
One appropriate response ro the ~·o·.~ "'' 1.1ncP!1~inty. ac­
cording lo systems analysis . is 10 perform a s~s: ;,,_ j ; . ~r. ;:il y:, i ,, 

concenlrat ing on a few key factors or assumptions io wrn ... ~ 
the measure of cosls o r benefi1s seem s 10 be especia lly sen­
si1ive. "7 e:; This proposilion. 100. strikes me as a fo rmal one. 
which awai ts empirical content 

Yet. within a decade. a ny allO\vance fo r uncertain[)• due lo 
developments in lechnology may be excessive. \.Vhal will be 
c!pplied in the nexl 10 years. ii has been suggesled. is a lread y 

known. and the pallern of lechnologica l difiusion is discern-
1ble 1~ (p. 31)°. This ma y be 100 sanguine a vie-."· of the maner . 
bul the record of the Go11scha lk Commillee does nor con­
tradict ii. By wisdom o r good luck. it s pro1ec1ions of sur­
vivors hip of patien ls wi th transplanled kidneys and 1he cosl of 

hemodialysis at home. bo1h of which were originall y sup­
por1ed by scanty data , have been borne oul. ;a 

Ii. in effect. 1echnologica l developr.ients over the nexl 
decade are alread ~· known to those gifted with early 
recognition. wha l can be said about lhei r prospedive benefils 
c!nd costs? In a plea al a health services research seminar in 
New York Ci ry fo r more resea rch and developmenl funds. Ivan 
Bennett argued tha.I the ha lf-finished invention is lhe m osl 
costly prOOuct . so tha.I technological progress is bound lo bring 
lower unit cost of serv ice and improved performance.' 

In those cases where srraightforward de-.•elopment lakes 
place and serious adverse side effects are not encountered. 
Bennen's vie-.v of the cost-reducing and benefil-enhancing ei­
fects .of technological progress is undoubtedl y co rrect 
However. in many respects the future is shrouded in un­
certai nli es . The s ize and geographic dislribution of population. 
value structures. political deci s ions. etc. are unce rta in fo r rhe 
future. even when technologica l deve lopments are not Public 
poli cies are also known 10 create unintended and unan­
ticipated side effects. An accepled way to deal wilh un­
certain ty is 10 provide for flexib le operation by avoiding a fine· 
tuned operalion Iha! yields a minimum cost only for a par­
tic ula r scale of output Similarly, if manpower is to be used 

flexibly in 1he futu re. it must be endowed with a more general 
education tha n olherwise. Thus. flexibi lity, wha1ever il s cause 
or source. imposes a mOOerate exlra cos! over a modera te 
range of oulpulS" (pp. 105. 123-24) . 

The Historical Record 
Rather than pursue thi s pro and con argumenf I propose to 

examine !he hislor ica l record. What have been the effects of 
pas! changes in hea lth sys tem s technology on costs and on 
benefits? A review of the modest lit erature on !his subject. 
which is still subterranea n fo r !he most part. reveal s a sharp 
difference of opinion. 

In a new monograph on hospita l expenditures sponsored by 
the National Cenler fo r Heal lh Services Research and Develop­
ment , Mart in Feldstein attributes mosl of the posf\va r increase 
in hospilal cost to an increase in demand or. mo re precisely. lo 
an upward shift in the deniand curve?7 (pp. 36-51) . To 
paraphrase hi s argumenl. lechnical change in lhe absence of 
scientific progress may occur for l\vo different reasons. 
Economic analysis has emphasized technical change in 
response to a shift in the relative prices of inputs.8 If wages rise 
faster th.an the price of other inpuls, for example. hospi la ls wi ll 
economize on labor by using more disposable items. by 
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automat ing laboratory procedures. E1c.. The effect of such sub­
stitution is 10 prevent costs from rising as fasl as !hey otherwise 
w.~·· .. .1 fd have. 

TtY.! ~eco1 ..-:1 r-"'i;St:-n for techn ica l change wi1hou1 scientific 
progress. which· Feici~e-i:; err·p~ :.izes, •s a change in demand 
for hospital care. This type of change general:y yields a fl(>\/\' 

prOOud. The spread oi high-cost techniques is primarily due to 
rising income and increased hea lt h insurance coverage. As in­
come increases. patients tend 10 raise 1he valualion of more 
cosily care by relat ively more than the val ualion of le5s cosil y 
care. An increase in the proportion of 1he hospilal bill pa id by 
insurance will necessarily shifl hospital s to mo re expensive 
technology as lhe price per uni! of benefit is lowered. 

Gai ns in scientific knO\vledge. including ma nageria! in­
novations. that have the po1en1ia l of low ering rhe cost of care 
ma y adually have the opposite efiect . This happens again if 1he 
new scien rific knowledge rai ses 1he benefils of expens ive care 
by relat ively more than the benefits of inexpensive care. In ~d­
di1ion . 1f f>atienr preferences do no1 pre-.•ail and hospila ls 
produce with the mosl expensive technique'i at which benefils 
are nOI less than cost. scientific progress cannol lower cost per 
palient day. 

In a compleled mo nograph on physician expenditures by 
Fuchs and Kramer. w hich the National Cen te r wi ll publi sh in 
the near future. a sharp d istinction is drawn between rhe ei­
iects of demand faclors and those oi technology. Thei r 
argumenrs concerning technology reflecl a hi slorical per­
specl ive. and ma~· be pa raphrased as fo llowsn (pp_ 35--$2) . 

The late 19-$0' s and ea rl y 1950's were marked bv 1he in­
trOOudion and widespread d iffusion of many new drugs. pa r­
ticularly the ant ibiotics . w hich had a pronounced eifecl on 1he 
length and severity of iniec1ious diseases. Since 1he mid-1950's. 
advances in medica l technology have not broughl aboul a 
simi lar improvement in rhe abi lity of physicians lo improve 
heall h. Renal dial ys is. cancer chemolherapy. and o pen-heart 
surgery may achieve drcmatic eifects in particula r cases bu1 
make only marginal improvemenls in genera l ind ices of hea l1 h. 

Moreover . 1he ea rl y advances tended to be physician savi ng. 

whi le 1he later o nes were characlerislically physicia n using. 
The improvement in hea lth resull1 ng from 1he early advances 
was so great thal it lumed the anlicipated slight rise in demand 
ior physic ian services info a slighr decline. The reason is . 
fo ll owing Grossman; thal healthier people have less objective 
need for physicians' services . By conlrasl. Fuchs and Kramer 
conclude 1ha1 changes in demand factors had linle effeci on 
expendilures fo r physician services before the advent of 
,\.1edica re and Medicaid in the mid-1960's. 

In effect . the Fuchs-Kramer vie-.v is that lechnology and the 
conventional demand iorces are independent of one ano ther. 
Feldslein holds that the effects of technology may al so be exerl­
ed 1hrough a shift in demand. 

Each monograph makes its case ably and forcefu ll y. As often 
happens. each ra ises more questions rh.:n it can answer. II 
would be premature therefore to allempl to pass judgment on 
the va lid i!y of the respective findings concerning the effects of 
technology in lhe postwar era. 

I should like to tum 10 some of my own work. which 
focused o n the marked accelera:ion in the upward !rends of 
costs and expendilures for hospita l and physician services in 
1966. I have argued. though by no means conclusively, Iha! the 
large expansion in the vo lume of hospital services subject to 
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cos! reimbursement and lhe adopcion of a new. previously un­
lried melhod of payi ng physicians at reasonable and customary 
cha rges. subject to the prevailing dislribution of fees in a local 
area . must have exerted strong effects of 1heir O\vn. 59 To con­
centra1e on hospitals. cost reimbursement ior most patients 
leads to an impairment of financial self-discipline since a 
dollar spent is reimbursed. In my judgment. thi s proposition 
holds lrue for any instilution, whether it be under voluntary 
nonprofit . governmental. or proprielary au spices. So iar I am 
not persuaded by the empirical studies Iha! have reached con­
clusions to the contrary_ :;-; 8! 

A number of works have recently appeared thal anempt to 
expla in the behavior of the nonprofit hospital. '8 J<J 81 8 7 They 
are for the most part far rangi ng and therefore enlightening. 
One is even entertaining. posi l ing a theory o f conspicuous 
production, with rhe hospi:al's objeclive taken 10 be the 
closing of a status gap.&-1 None really allempts to deal wilh the 
sharp d iscontinuity in hospi tal cost behavior beginning in 

1966. 
A rise in personal income may lead to greater reliance on 

technology for sri ll another reason. For example. many persons 
are unable lo stop smoking. A higher income enables them to 
pay more for cigarettes wi th a filler and wi th reduced lar and 
nicotine contents. Similarly a higher income permits people to 
spend more on automobiles w ith safety gesJgels, reducing the 
need for exerti ng influence on !he behavior of drivers. II has 
been suggested that it is more effective to operate on im­
personal environmencal forces than to try to change the 
behavior of individuals. 92 

From the above I conclude that there is no general answer to 
the ques tion of the effect of changes in heal!h systefil s 
technology on costs and on benefi ls. II happens only once in a 
generation. perhaps even less frequently, that an idea like early 
ambulation after surgery is born of necessily, effecls huge 

savi ngs in the use oi health resources. and al so exerts a 
positive effect on health. In most cases. the effects of 
techno logy wi ll be mixed. Often the product is new in !he 
sense that a trea tment is created that w as not available 
previously and therefore could not have been demanded. The 
decision w hether or not to adopt a piece of technology and 
the extent of its spread w ill depend on a number of factors, in­
cluding !he va lues of consumers. the motivations of providers. 
the ava ilability of funds. methods of provider remuneration. 
and the cos! and efficacy of the serv ice in ques tio n. 

The Hospital as Example 
Once again ii strikes me 1hat such a general formulation of 

the problem affords practically no guidance to decisionmaking. 
Only the concrete circumstances surrounding a project or 
program can indicate the special problems of measurement 
and valuation and lhe unique opportunities for solving lhem 
and what is to be emphasized in the analysis and what may ·Je 
neglected wi th only a moderate degree of trepidation. Ac­
cordingly , I hav2 selected two examples for detailed 
examination: the hospilal , about which I know from ex­
perience and study, and automated muli iphasic screening, 
about which I have read. la 

Economists have offered essentially three views about 
capital investment in the hospital. One view is that hospitals 
inves l too linle capital, hence their lag in productivity gains 
behind the economy at large40 (p. 55) . The second view is that 
hospital s inves t too much because grants and bequests accrue 

to them al zero price.66 The lhird view is that there is no op­
timum amount of investment in hospital beds if all beds built 
lend to be filled under conditions of third-party payment' 
Conceivably, each position may have some merit i f it refl ects 
whal happens in different sectors of the hospital. 

For simplicity I employ a threefold classification of hospital 
capilal investment: patienl beds. supporting housekeeping ser­
vices. and ancillary medical services. l'l For each sector I at­
tempt to explore the unique problems of measurement and 
valuat ion facing the application o f C-B o r C-E analys is. 

Patient Beds 
The heart of rhe exercise in evaluating a project to expand 

hospital bed capacity, in my iudgment. lies in one's ex· 
planation of the phenomenon of hospital use. At one pole. if 
the primary determinants of use are biological in nature, an in· 
crease in bed supply beyond a certain point must result in ad· 
di l ional empty beds. If hospitals are paid at stated charg~ . 

emply beds innid a heavy financial burden on each in­
st itulion.57 The reason is that fixed costs const itule two-thirds 
10 three-quarters of total operating costs.28 Each institu1ion 
would therefore be subject to financial self-disci pline in 
building beds, and there would be little occasion for 01Jtside 
intervention beyond the provision of information on the 

· b:.Jilding plans of other hospitals. The effect of introducing 

more technology might well be ro increase the proportion oi 
fixed costs 10 total operating costs. thereby reenforcing finan- \ 
ciaf self-discipline. 

On the other hand, if all beds built tend to be used under ! 
condi:ions of prepayment, as Roemer first suggested, there is 
no automatic criterion for an optimum bed supply.'l1 98_ ln the 
absence of evidence that low hospital use has an unfavorable 
effect on health. the appropriate public po licy is invariabl y ro 
clamp a tight lid on bed supplyY . The application of more or 
less technology in the hospital is beside the point. allhough 
operating cheaper exlra beds would seem to be the preferable 
policy. 

Palient census is a iunction of bed supply in the long run. 
Combined with patient mix, it sels the requirement for nursing 
pP.rsonnel , which may be vie'\ved largely as a requirement for 
personal services, wilh little or no substitulion of equipment 
permitled. However. subslilution :s possible among levels cf 
nursing personnel. The extent of actual substitution of low­
paid for high-paid staff is probably overstated by the fa ilure of 
hospital budgets to incorporate expendilures for special-duty , 
nurses. 

Housekeeping Se.-vices 
I do not see any problems of sophisticated analysis in the 

area of supporting housekeeping services. Here 1he appropriale 
c.riterion for decisionmaking is that of cost minimization. Bed 
sheets and towels are to be washed as cheaply as possible for 1 

a given specification of whiteness. Patients' rooms and 
corridors are to be kept clean as cheaply as possible. :vteals of 
a given quality are to cost as linle as possible. 

Once ii is recognized that certain products or services need 
not be produced by the hospital but can be purchased from 
the outside. the problem is thal of developing valid com­
parisons of unit cost. In addition, some administrators may 
wish to allow for certain risk factors. In the absence of com· 
pelition among suppliers, the sales price may be quoted ar­
tifically low at 1he outset. only to be raised later. Also. in the 
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absence of compet:ilion. purchases from lhe oul5ide may in­
crease the risk of running out of inventory. 

Apart from an allowance for lower risk associated with 
production w ilhin the hospital . estimates of inlernal cost of 
production should include o nl y differential cost No portion of 
ove rhead cosl should be altribuled, because these would con­
ri nue in entirety after inlernal production ceased. Moreover, 
1op managemenl will perform !he same role as coordinator 
whether some goOOs and services are produced inside the 
hospital or acquired by purchase. 

In fact . the ri se in hospital wages and ga ins in product ivity 
anainab le in Jarge-sca le manufacturing have led hospitals to 
increase !he purchase and use of disposable ilems and already 
packaged supplies. As Ragle reports. gains in prOOuctivi ly from 
inveslmenl in large-sca le plan t have been achieved outside lhe 
hea llh ca re system. w hich shares in 1hem 1hrough purchase.JO 

If the ob jective of cosl minimization is fo r a given level of 
clean liness or nutrition. the question of how 1his level is de!er­
mined ari ses. I doubt th.al much would be accomplished by 
searching for effects o n lhe health of patienls. Rather the 
criteria mus! be either pa11ents ' sat isfaction or acceptabilily 10 
management. Expressions of satisfaction are somewhal suspect 
since patients are likely lo be impressed by an y display of in­
terest on the part of management in 1heir opinions. The most 
practicable approach. it 5eems 10 me. is ro compare a lternative 
sta ndards of service. none of them fa lling be!ow adequacy 
with the additional cos! of attai ning successively higher level s. 

In some respects the compute r partakes of a supporting 
housekeeping serv ice and in other respects. when participating 
in diagnosis, ii is akin to an ancil lary medica l service.99 The 
computer is a housekeeping service when ii processes 1he 
payroll and issues bills to patien ts and insurance plans. As a 
subslitute for o lder ways of bookkeeping and billing. the 
ev;il uation o f compuler performance is slraightforward. Does it 
red uce cosls and by hO\v much? 

Medical S"rvices 
Even when !he compute r helps in diagnosis the tesl is still 

cost redudion, if an older w ay of perfo rming 1he same 1ask is 
being replaced. There may be a complication. however. The 
cos! of operaling the compuler fall s on 1he hospital , while 
savings in physician time accrue 10 rhe attending physician. 
The presence of dis1ributional cons idera1 io ns suggests tha l the 
decision reached is not independenl of w ho is or who exerts 
predominant influence o n 1he decisionmaker. 

Apart from lhe d is tributi onal consideralion~ of w ho pays and 
w ho saves, e-va luation of 1he worthwhi leness of the computer 
in a;sisting in diagnosis is no differen1 from the way another 
ancillary medical service. the laboratory, is evalualed. With 
respecl to services that were rendered in the pasl. the 1es1 is 
simple . Does the new equipmenl save money, or does it ex­
pand services for lhe same amount of mo ney? In the 
laboratory additional and more cost ly equipment does replace 
techn ica l personnel. A possible offsel is lhe iendency 10 
prescribe more services.? although within 1he limits of ex isting 
capaci ly of equipment and staff, the marginal cost of ad­
ditional unit s of service is low. What is no! known is how 
much good is accomplished. parlicularly in lhe absence of in­
fo rmat ion o n the timeliness of the reports on 1hese services. 

In his paper at thi s conference. Ragle re~ort s economies 
achieved in patien t surveillance due 10 continuity of use of the 
mo nitoring system in infusing bloOO. 30 This finding strikes me 
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as analogous 10 the finding in his own ea rl y work that a singje 
channel is more efficient than two channe!s when the demand 
for services va ries s1ochas1ic.ally.11 

The intensive ca re uni! is a more complex operation to 
evaluate . To the extent 1hat ii substitutes equipment for nurses 
ii should coSt less. However. !he uni I is al so intended 10 save 
lives. The yi~d in years of life gained is properly subject to 
more sophisticated analysis. 

From the preceding discussion ii appears th.11 C-B or C-E 
anal ~·s i s should be used only if lhe service rendered is a new­
one or lhe o ld product has changed appreciably , gaining new 
d imensions. When all benefits take the form of savings in 
health resO\Jrces , that is. are direct and 1angible benefil5. lhe 
appropriale form of analys is is cost-benefiL When !he prepon­
derant benefits are inlangible or lifesaving. 1he dilemma is lo 
choose between C·B and C-E analys is. On the o ne hand. C· E 
analysis is eas ier 10 perform since intangible benefits need o nly 
be measured bu1 n(){ valwed. Indeed. according to Martin Feld­
stein. even the problem of choice of disco un t rale is simpler in 
the case of C· E ana lys is. wilh only the social time preference 
rate being relevanL !!> On the o lher hand. to reson to C-E 
analysis is 10 give up in advance whatever help analysis can 
offer in choosing among several objectives or program areas. II 
!hen becomes neces~ry lo make the choice on other grounds. 
as 1he Gonschalk Comminee did. 

I am unable to see a genera l resolu lio n lo this dilemma. (er. 

tai nly ii is nol ev iden1 how 10 eslablish priorities in a 
sys1ema1ic \vay when C-B anal )-5is is abandoned. Perhaps the 
choice can still be made in a practicable way w ith reasons e:x · 
plicitly slaled when remarkable benefits are under con­
sideration, as in lhe treatment of fi nal-stage kidney disease. 
When !he benefits in question are modest bul diff1Cult to value. 
the problem of deciding \'\·herher or no[ to adopt a particular 
piece of 1echnology is very difficult. Following the lead of 
pace-seuing o rganizalions almosl always leads to ado ption. 
Perhaps we should pul trust in our ability to continue 10 im­
prove the va luation of intangible benefils in the future. 110 Set­
ti ng conventiona l va lues on gains in life expectancy at various 
ages would seem wonh exploring. However. I can also see in­
creasing difficulty in 1he future in va luing direct tangible 
benefits if fewer market prices are avai lable fo r heahh services 
in the event that provider reimbursemenl shi fts away from a 
fee fo r service and toward capitation and salary melhods. 

Automated Multiphasic Screening 
as Example 

Often cited and discussed as an example of technological 
development in rhe health field is auto mated multipha.sic 
health screening 7'9 (pp. 96-104) . The reports issued fro m the 
Kaiser-Permanente laboratories in Oakland and San Francisco 
have revealed a good deal about the organizalion and staffing 
of such a service and presented data on unit cosrs.12 · 16 

No evaluation akin 10 C· B or C-E analysis has yet been at-
1emp1ed. and none is cla imed. Coll er. and associates report 
that total coslS for screening an individual are 5~1.32 . which, 
they note, is onl y one-fourth or one-fifth of lhe cost of a 
periodic heallh examination employing more conventional 
methods. 14 The position of 1he authors. I take it. is tha t lhis 
comparison will serve for 1he time being. pending det:er­
mination of the efficacy of multiphasic health screening. The 
fact is that some people do obtain a periodic health 
examination, whatever il5 efficacy may be. 
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Garfield's posi1ion differs from Collen's for he considers the 
effectiveness of screening in arresling or curing previously 
unknown disease beside 1he point For Garfield au1omated 
multiphasic screening has assumed a useful social fundion by 
serving as a sorting mechanism for pal ients wilh prepayment 
who would o therwise flood the health services sys1em. x. 17 

I have diffic ulty with both positions_ Collen' s comparison of 
cost wi1h rhat of rhe periodic health e.xaminar ion reminds one 
that the !alter procedure is nororiously controversia l. with the 
central issue revolving precisely about its effectiveness. Among 
physicians there appear lo be true believers. persistent skeptics, 
and ambivalent prescribers.so 100 111 Furthermore. as em­
phasized in the Nuffield report , screening implies an invitation 
to lhe pat ient to come and see rhe doctor who promises him a 
favorable our come. n This is in conlrasr 10 lhe more usual visit 
initiated by the patient who has symploms a id seeks relief. 

My cri ri cisms of Garfield's posilion are mme s1?fious. His 
vi e-.v that aulomated mull iphasic sc~ning be reg,Hded as a 
sorting mechanism, a substitule for the rationing of services by 
price. ra ises a hosl of queslions. Apparentiy. judging fro m Dr. 
Garfield's paper at this conference. a good deal of his 
argument is based on an interpret-l.lion of w ha1 happened un­
der Medicare and Medicaid_ To my knO\vfedge. rhe Medicare 
program experienced but a modest increase in the use of ser­
vices and a huge. unexpecled. increase in uni! cost. I knO\v of 
no way 10 inlerpret 1he unanricipated rise in expenditures un­
der Medicaid. in the absence of data on trends in size of the 
eligible populat ion. per capita use. and unit cost. My own 
guess is that the first component may have been a ma jor 
culprit. 

In hi s paper at rhis conference Garfield hypothesizes a dif­
ference in price elasticity of demand between the sick and his 
other 1hree catego ries of patient: 1he well. the worried well. 
and !he early sick. How ever. !here are no empirical studies of 
the demand for phys icians services in which peoole were so 
classified. From other studies ii would appear 1hat a hos! of 
fadors. such as heahh ins urance. earnings as an expression of 
1he va lue of time. age. and the supply of providers. are im­
portant determinants of the demand for physician services . ~ 

The assert ion 1ha1 1he supply of services fo r sick care is 
inelastic is not unique to Garfield. My own reading of trends in 
the educat ion of physicians, w hich takes longer and 1herf'fo re 
responds morP slow ly than any olher health occupario n. is that 
even this syslem ha s been somewhat responsive while insisting 
that class size must be kept small and still more responsive af. 
ter the policy decision 10 expand enrollment was made and 
implemented by funding. Whether the supply response has 
been sufficient to meet ri sing demand is. of course. a differenl 
issue. 
M~· mosl serious reservalio n touches closely on 1he nature 

and fu nctio n of C. B anal ys is. If complete prepaymenl serves 10 
create a condition of excess demand. then some rationing or 
control measures are clearly indicated. Why assume. without 
comparing al ternat ives. that automated multiphasic screening 
is the mosl appropriate instrumentality? II seems lo me that 
when the slated purposes of a program change. so should the 
al ternat ives to be considered. 

Collen 's 1wo papers on the cost of screening fill a rea l 
need. H 1s Two measures are presenled: cost per test and cost 
per screening. Cost per test reflects only direct departmental 
costs, w hile cos! per screening incorporates an allocation of 
overhead expense. The second article offers a cosling rule: to 

allow for all costs incurred, double rhe reported cost per test. 
My reading of the earlier article. which appears 10 present 
essentially 1he same data. suggesrs an inflation of o nly 50% . I 
am unable to account for 1he discrepancy. 

Since the screening process is automalic. 1he capital equip­
ment is indivisible, all procedures are schedulab!e. and 
economies of scale are to be expected. The larger the scale or 
operation is, 1he lower !he average un ir cost HO\vever. to 
achieve the lower cost, the full ulilizalion of existi ng facil ilies is 
essential. Accordingly. it is said lo be advan rageous 10 have 
avai lable a source of standby patients. such as those awaiting 
admission 10 rhe hospital. 1& 

Collen 's second article goes beyond cosl per test o: per 
screening and reports cosl per posilive case.15 For mam. 
mography a prevalence rale of 1.2% converts 1he unil cosl of 
54. 90 into a cost per posilive case o f S408.00. Since one-fifth of 
the women wilh posi live mammograms have cancer of the 
breast, the screening cost per true posilive case is 52.<:X:Xl The 
cost of diagnosis for all five women and of treatment for one is 
still E!l<cl uded. 

II will be recalled from Bluml _-rg's classic article that the 
proport ion of false positives is a fundion not onl)· of the ac­
curacy oi the screen ing lest bu1 also of 1he preva lence rare.q 10· 

There are two reasons for aiming 10 keep dO\vn the number of 
false posilives: to avoid needless anxiety and to prevenl 
ia1rogenic disease due to the diagnostic process itself. 

The data reported so far from rhe Kaiser· Permanenle 
laborato ries suggest that au!omaled multiphasic screening is 
both feas ible and affordable. The ques ri on is w helher it is 
wor1hwhile. Answers are conceivable o n several levels. 

One answer is in terms of il s effecl o n health. The Advisory 
Comminee on Automated Multiphasic Health Tesring and Ser­
vices (Alv1HTS) states that much of disease uncovered by 
ies ting will be chronic or not revers ible; it will not yield a 
saving in the use of services or an improvement in healthJ (p. 
311 . 

The second answer is Garfield's, w hich I have criticized al 
length. No reason is really given for choosing this way 10 con­
trol lhe use of physician services. 

Possibly a third answer is that aulomated multiphasic 
screening is an integral pan of a package of comprehensive 
health services to which everybOOy has a right. Usually the ser­
vice is aspired 10 by the poor because the middle and upper 
cla;ses are already getting it. Evidently this answer would be 
premature al this time. 

I can see no reasonable alternative 10 a fourth answer. 
namely, an eva lualion of aulo maled health screening for its 
worthwhileness. The report by the Advisory Commillee slales, 
"There are elements of AMHTS 1ha1 def·,· (:.t: analysi s. but 
which depend primarily on medical, social , and scientific ob­
jectivesl (p. 29) ." If I understand the slatement , I must disagree 
wilh it. II is likel y, however. that I do not understand ii. Whal 
are the medical , social , or scientific objectives thal defy 
measurement? 

Following the formulalio n of dala requiremen '· in applying 
C·B analysis to the health field, I propose !hi s fram ework for 
compiling data to evaluate automaled mulliphasic screening: 
the volume of disease detected that was not previously known. 
what could be and in fact was done about all this d isease. 
w hat were the outcomes in terms of health slalus and sub­
sequent utilization of services, and al what cost, including 
diagnosis and treatmenl, were the outcomes attainedBJ · 1°" (p. 
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65) . 11 is only fair to add 1ha1 , as indicated by a recenl, nor yet 
published paper which compares Sludy and con1rol groups for 
such measures of outcome as work and heahh services 
utilization, Collen' s group is co mpil ing more and more of the 
requisit e dara _w. Still lacking is informat ion on cosls cor­
responding lo the specified benefit s_ 

Barriers to Systematic Analysis 
To give some focus to a discussion of the necessary steps 

ahead. I have prepared a li sl of barriers 10 1he sys tematic and 
rational analysis oi expendi1ures for health sysiems 1echnology. 
Al the same tirTie I allempt to assess the prospects fo r lowering 
or overcoming each barrier_ 

When rhe cosls of operation mounl beyond all proiections. 
the tendency is to argue 1ha1 the computer o r automated 
laboratory. as the case may be. is nol merely providing services 
but is performing a research fund ion. Yet doing 1hings we 
knO\v litt le abou1 does nor quile define research. Certa in 
features oi research. such as fo rmulat ion of hypotheses. des ign 
of study, capability for slalistical anal ys is of dala. elc. are nol 
available everywhere that serv ices are rendered . Although 
some dupli ca ti o n of resea rch is desirable . ii should be in-
1entional and need not be unive rsal. n II follows thal sources of 
research funds should exercise discrimination in allocating 
research funds. If 1he absorpli o n of so-called research cosrs by 
patients is also precluded. lhis tendency will be minimized. 

There is a 1endency to expand 1:--.e range of fundions s-aid 10 
be performed by new equipment Surel y. data on payroll could 
assist management in controlling cos l by depar1menl: data o n 
billings could provide a proxy fo r cost data by diagnosis. The 
fi rst of these applicalions can be eva luated according lo a strict 
criterion : whether potenlial cos l conlrol is achieved and 
whether savings are realized. The second application can be 
judged on its own merils as an intermediate good: of w hat 
value is such informalion and 10 whom. 

In 1he health field a tendency ex ists to adopt the bes t. 
available. and latest technology in every institution. Thts drive 
is promoted by the medica l elhic of doi ng 1he utmost for the 
individual patient and reinforced by currenl methods of paying 
providers by third parties. The voluntary nonprofit form of 
organizing the hospitals is frequer.tl~· mentioned as a factor. 
Still another factor is usually neglected. namely, the nature of 
lhe physician· hospital relationship in lhis counlry_ Phys icians 
who specialize in treating patients with a given disease will not 
accede to its exclusion from hospital A. where they hold a staff 
appointment. unless they are granted staff privileges in hospital 
B. where rhe planning agency would like to concentrate all 
facilities for diagnosis and trea tment. Only in part are financial 
interests involved; equally, or even more important , is 1he 
preservation and employment of professional ski ll s. 

Economic valuation has no meaning withour a firm basis in 
the underlyi ng data on the link between the inputs and outputs 
of specific programs. II is not likely that economists can 
develop such dara . Other invesligators must be persuaded and 
enabled lo do lhis by investing thei r time and energies in 
longitudinal studies of long duration. 

It is discouraging lo perform technical analysis. lo persuade 
the decisionmakers of its usefulness. to have it adopted. and 
then 10 discover 1ha1 funds are cut off because tolal govern· 
ment spending is ~ing curtailed. Adjusting aggregate demand 
in the economy lhrough changes in total expenditures is bound 
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ro result in the stop-and·go operation of individual programs. 
This is borh wasteful and frustrating and poses a substantial 
lhreat 10 continuity in 1he provision of health services through 
public financing. 

Since C·B or C-E analysis is economic eva luation of public 
projects o r programs, it must inevitably take place in a political 
climate. While 1he economic tool of C· B analysis implies a 
delineation of goals and an articulation of values . the im· 
peratives of 1he poli1ical process may call for a blurring of dif· 
ferences and potential conflids to facilita1e 1he building of 
coalitions aimed al the accomplishmenl of par1icular ends. 
Schultze has observed 1his paradox. PPB has been applied 
most in an area . national defense, where futu re uncertain ty is 
grea1~1 bul value differences among cirizens have been 
tradit ·onally leas!; PPB is not applied much in the human 
resources area . where the problem of uncertainty is nOI so 
serious. bul differences in va lues amo ng ci tizens prevail . as 
well as a greal many vesled interest_s97 (pp. n .102) _ 

Some political scientisl.s. like Wi ldavsky. would agree wilh 
the descriplion and say that such are the facts of li fe. m 11a 
Most changes in governmental budgets are incremental 
an)'\vay. and do nol . indeed cannot. derive from base zero.&s 
Within !he boundaries set by defined political understandings. 
there are ample oppor1unities to improve decisionmaking 
through systemati c anal ys is. There is no reason to believe that 
politicians prefer making poor dec isions over good ·~:ines . In 
cases that are of vital importance lo the body polilic . many 
politicians. when persuaded of the right thi ng lo do. would be 
willing lo use up some of the credil they have accumulated 
and make the lo ugh. though unpopular. choice. They cannot 
take ... uch a stand on every issue. however. To understand 
these complexities is 10 recognize the existence of a political (. 
B calculus. 117 One cha ra ~ ieristic of the unusually capable prac· 
titioner of economic C·B anal ys is is lo know how and when to 
make an allowance for the poli1ical C-B calculus. 

Summary 
C-B analysis is an economic 1echnique for eval uating 

specific projecls or programs in the public sector. The 
technique is characterized by both breadth and dep1h. 

The aim is lo include all benefils and all costs. lo whom­
soever they accrue . ,\ .folliple objectives. such as income 
dislribution. are increasingly recognized in principle. Ac· 
cord ingly. growth in the national inco me is nol the sole 
criterion oi the wonhw hileness of an under1aking. 

Usually benefils and costs are va lued at marke1 prices. 
However. inlangible benefits and public goods. neither of 
which is traded in the market. pose problems. When these 
prove intractable. C-E analysis is resoned 10. This Technique is 
less powerful because ii cannot contribute lo a determinalion 
of priori:ies among program areas . 

Whether the approach is thal of C·B or C-E analys is . it is vital 
10 ascertain 1he link between Wf>Uls and outputs. or between 
the activities of a program and its ou1co mes. Va luation based 
on poor measurement of effects is an idle exercise_ 

Evaluation through C-B anal ys is is always prospeclive. 
looking toward lhe future. To render benefits and costs com· 
mensurate over lime. a discounl rate is employed. The level of 
this rate is still a matter of controversy among economists . I 
suggest that a single rate would be most helpful to lhe 
decisionmaker in 1he absence of guidelines for choosing 
among alternative rates. 
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Within the health field relat ively few empirical studies have 
been carried oul that juxtapose cosls and benefits and 1hat 
base the va lua1 ion of benefits on a knovvn relationship be­
tween inputs and oulpuls . i\l\any studies have made substantia l 
technical cont ributions but do n<>I allow !he drawing of im­
plications for pol icy. 

Benefits of health services programs are classified under 
three headings. Direct benefits are potenlial savings in lhe use 
of health resources. Their estima:ion appears to be more 
straightforward 1han ii is in actuality. owing 10 1he neglect or 
side1racking or difficulr ies presented by joint costs of produc-
1ion. the simultaneous presence oi multiple diseases. and 1he 

substitution of prevalence data on morbidil y for incidence in 
the absence oi long itudinal ->ludies of population cohons. 

Indirect benefits represent gains in fulure earnings. Here 
Rice's conlribution is no teworthy in obtaining access to un· 
published dala fro m diverse sources and in preparing tables of 
the present value of earnings for various population groups. 

r\ consensus has almost emerged. perhaps premalurcl ~'. in 
handl ing the several elements for calculal ing ind irect benefits. 
For example . it is ea rnings. not income. that are sought. The 
average value is given by the mean. not !he median. By and 
large the va lue of consumption b~· survivors is no longer 
deducted. The services of house..\•ives are counted. but va luing 
them at the wage of a full-rime domes tic probably yields too 
low a figure. Employment potential is taken at the level of full 
employment for the economy as a whole. with no allowance 
for the special problem s of persons who undergo 
rehabilitation. Hitherto nothing has been done aboul adjusti ng 
1~ life table for competing causes of death. 

The thi rd set of benefits are intangible beneiits. Some work 
was done in the mid-1960's on va luatio n by the method of 
analogous diseases. w hich has nol been followed up. 
Valuation of human life. apart from livelihood or earnings. has 
received a new im pel us fo ll owing Schelling's paper. Here. too. 
I am inclined 1oward 1he application of a single set of num­
bers. varying by age. 

In assessing previous studies of C-B anal ys is in the health 
field. two c riticisms are stressed. One is the assumption of 
proponionality belween langible and intangible benefits. The 
other is the renuous nature of !he links between inputs and 
outputs. 

The C-E anal ys is of 1he trea tment of persons with final-stage 
kidney disease performed for lhe Gottschalk Commiuee in 
1%7 was based on close study of 1he effecliveness of alter­
native methods. The priority given to thi s group of patients was 
determined on other grounds. In retrospect. it is important 10 

note thal other expensive li fesaving measures were not lhen 
considered and multiple outputs. other 1han life years gained, 
could be safely neglected. Allhough C-E analysis appears easier 
to perform than C-8 analysi s, it may not be in actuality if 
multiple ou lputs are to be weighted. 

Acton' s r~ent work is recognized for its firm basis in 
medical technology, its implementation of Schelling's ap­

proach 10 rhe valuation of human life. and its application of 
bolh C-B and C-E anal ys is to the same set of problems and 
basic data . Questions are rai sed about how realistic current 
estimales of the va lue of human life are. 

In light of my persistent emph.lsis o n the applicalion of C-B 
analys is lo specific projects or programs. the method is applied 
to deve lopments of health systems technology in two senings, 
the hospital and automated multiph.lsic screening. The 

desirability of this approach is reenforced by connicting find ­
ings on the effects of technology derived from previous stud ies . 

For the llospital three rypes of capital investment are con­
sidered: patient beds. supporting housekeeping services. and 
ancillary medical services. The conclusio~ of the analysis are 
1ha1 the desirability of inves1ing in beds is a fundion of one's 
understanding of the phenomenon of hospital utilizatio n and 

has :inle. if anything, to do wilh technology; thal investing in 
supporting housekeeping services is z. slra ightforward ap­
plication of the criterion of cosl minimization; and lhat in ­
vesring in ancillary medical services enta ils simple cosl com­
parisons for rhe performance of old services and rai ses 
quesrio ns appropriate to C-8 analysis only whe:i new services 
or previously unanainable o uicomes are invo lved. 

In discussing automated multiphasic screening Collen's and 
Garfield's papers are reviewed. It is argued on several grounds 
lhat de1ermining the worthwhileness of rhi s procedure cannot 
be avoided. The ultimate basis ior valuing worttnvhileness is 
outcome in terms of health slatus. incl ud ing w o rk. 11 is noted 
1ha1 Collen's work is moving in this d irection. 

Finally. barriers to rhe performance of sound and sys temalic 
analysis are listed. To overcome them ii is necessary at least to 
acknowledge rheir existence and to recognize the polil ical con· 
texl of decisionmaking in the public sector. 
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