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1 = INTRODUCTION

Health planning is an effort to introduce cationality
into the political and adainistrative processes of a
Society in.order to obtain specified goals for health.
Althougn there nave been many improveaments in planning
techniques, these improvements alone are not suttficient to
guarantee the achievement of the desireg goals. Hence,
probleas must arise elsewhere 1n the planning process that
account for failure of implementation and a snortfall in
targets attained,

The purpose of the seven chapters tha: fullow 1S to
contrioute to tne developaent ot an intejrated theory of
the health planning process which involves its polattcal,
tecnnical, and adainistrative aspects, with the objective
of formulating implementanle plans.,

To negin building a model of the planning process,
i7e Das1s ror understandiny sclentific models in general
1s descrived in Caapter [l.

The concept vt a model 13 introduced oy presenting
the steps required 1n constructing one: selecting the
ixportant aspects of ne phendowenon peliag studied,
classilying tnese variables as exogenous or endogenous,
specifying the forms of thase variaoles, and detecsining

the cause-effect relationsnips among the variaoles. The
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consequences of the aspects of reality excluaea fcom the
model, verification of the model and the actual process of
constructing and verifying the model are also discussed.

In the third chapter, a conceptual model ot health as
a component of the social processes is presented. Four
Systeams are defined which nave outputs tnat influence the
health status of the members of a society. 4an empirical
index of health is established in order to analyse health
by statistical aetnods. Statistical studies of factors
that deteraine the level of health and their ~upply and
demand are provided f{or illustration.

Planning tor health is gescripea in Chapter IV as a
set of functions: decision-makiny, technicai prepacration
ot tne plan, luplewentation ana control. Thes.: functions
are pertormed by five planning yroups: hiyn Jovecnment
otticials, tecnnicians, punlic adminlstraturs, private
grodps withir the same country, and foreiyn jovecnaents
and 1nternational oryanizations. A basic Nygathesis for
analysinj the planning procass is sxetchea, di8cussing how
the or;Inizativn and participation of tne plannany groups
and the eay 1n wnich the functions ara v2riscsied tnfluence
the Jegree oI ichievement of the targets of tae slane

The fitth cnapter introduces tne use of Juantifiable
models 1in the performance of the technical Lunctione The
ldeas about scientitic mousis and their teatures presented

in the secon¢ chapter are discussed 1n relation to the
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training. A linear programming model is 1niroduced for
the optimal selection of health petsonnel;

Planning for the nuaper, size, and locatioa of nealth
tacilities 1is discussed in Chapter VIII. Facilities are
Selected so that the need for thea can be sitisfied using
the resources availaple Wwhenever possibple. 4 description
of and a comparison among the different types eof hnealth
facilities are introduced. Factors «hicn influence
hospital utilization and the impact of hospital location
on their wutilization are also discussad. An integer
pProgramming wodel for the optimum seiection of nuaber,
size, and locations of the various types of  health

facilities is presented.
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LI = BASIC IDEAS AHOUT SCIENTIFIC MODELS

II-1 INTRUDUCTION

This cnapter introduces the basic 1instruasnt to be
utilized 1in the remainder of tne manual - abstract aodels. It
begins by assuaming some conCeptual framewe¢rk on the part of the
observer with whicn he foras analogies to the phenocaenon being
exaained and describes the necessary steps in constructing an

abstract model,

LII-2 CUNCEPT OF A MODEL

15;The concepx of a model will be introduced Dy aeans of a
step-by-step discription of the construction of one

First, 1t 1s assumed tnat the observer has some intuitive
idea or mental image of tne pnenomenon ne intengs to study,
which will be called a conceptual framework of the phenomenon,
He does not approach the investigation wita an suply aind - He
has 1deas, concepts, and expectations uwnich are Jenerally
regarded as nis “knowledge”, ™experieace®, or “scientific
background®, The existence of these ideas permits his to
establisn analojies Dpetween familiar concapts and thne less

fagiliar phenomeron Dbpeing studied. This concaptuaiization
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particular illinesses, tor example)and different observers would
likely choose differant variaoles. A nuadDer 6! variaoles may
not be selected, for many reasons. The observer mdy deem them
irrelevant., Every ooserver has limitations in cosprehending

and detining a phenuvmenon. Also, not every variable can be
included, since the .putpose ot the model 1is to simplity
teality. The aspects of reality excluded from the model
1ntroduce a margin of error, ana the consequences of this error
will be discussed later.

For the second step, the observer will specity the various
forms of the varirables included, which may be either
quantitative or qualitative. If uitferent nuamerical values can
be 3pecified corresponding to different amounts or different
maynituaes of degree or iatensity, these ace called -
quantitative varlaoles. It tne foras of a variaole are
classiticatory, for instance,,different tyges of diseases, or
if the wmaynitude of the 1intensity ot the ditfereat toras of a
variable, tor instance whenr the forms are good/oad, then one is
dealing «i1th Qqualitative variaoles. NumDers, tnough, aay oe
assigned to qualitative variables, such as 0, 1, ana so on for
the purpose JOf distingulsalaj caltegories, Tals i3 not to de
contused with 3Ctual numerical properties. The set of all the
foras tnat 3 varlable takes is callea its range. Different
rtanyges mdy be specilfied tor the same phenosenon. L(f one range
includes all the forms of another plus some adaitional ones, it

is said to 2e "more rerined”™ or to Jive more "precision® to tno
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variable. ‘

One will also obsarve that not every fora of one vaciable
appears together witn every foram of any otner variable. For
instance, not every level of infant mortality appears together
with every level of income. Froam observations of reality, one
can deteramine wnich forms of tne variables appear together)
leee, which variables are correlated.

Next, the observer links the variables in cause-effect
celationships, stating that whenever a4 variable cause
(exogenous variable) takes a specific form, a varianle effasct
(endogenous variable) will also take a specific torm. This
relationsnip is the basis for tne concept of explanation of a
ghenomenon i.e., a phaenoaenon 18 explained wnen, given a
compination ot forms ot exogenous variaples, one can determine
tne form that e@acn endoyenous variaole will take. ror examplae,
healtn worxers have ooservea tnat, witn an increase in  the
nusaoer of vaccinatioas for a 3pecific diseasa, tnat specific
disease rate decreases, and coacluded tnat tha incremsnat itn
vaccinations 1s  tne ®™cause” ot tne Jdecreas2 in the disease
sSpecific rates, l.e., decr=ased m0rpidity rates &C@ explained
by 1increased vaccinations. [t 13 tne oo3:2rvac «no links tae
variables in the causal relationsnip, ana :hat Lling does not
necessarily exist in rsality.

There are several characteristics of tns cause-effect
relationsnip tnat should be discussed. First, a earticular

variable eftect aignt have more than oiie cause. It is alse
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possitle for 2no variaole to pe simultaneously 2 cause in one
telationship ana an effect in another. Finally, since tho
Cause-effect relationship depends upon the point ot vieuw of the
observer, thsa relationship aight change if he alters his
viespoint. An  example of different Zocmulations of
Cause-effect relationsnips arising froa different viewpoints
will Dpe presented. A radic.l perspective on health would
maintain that the probleas of tne health care System are caused
by variables outside the systea; 1l.8., that the reiationships
in the nealth care system reflact the relationsniys in the
soclety at large. On the other hand, a conservative
perspective would view these same proolems as a result of
varlables aithin the health care Systea. A case 1a polnt is
the lack of care available to poor rural areas. A radical
perspective may look to the distribution of <eaita and power
within society and the relationsnip of the fural sector to the
urban sector for an explanation, «hile a conservative
Perspective aljat attrioute tha oproblem to a opreakdown of
market mechani3as 1n tne healtn sactor, Cesulting 10 saoctages
of doctors, atcz,

Variables a4y ©0a classitisd as elither endogsnous or
éxogenous. 7Those tnatl «4re¢ dSSuasd to be causes oniy ace called
exogenous variaples. This means that they 1nfluence the
pnenomenon peiny stuired, but are not influenced by it.
Endogenous variables are those tnat appear both as causes and

effects or as effects only. ~oc example, in a disease smodel
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concerning malaria, the acreage of marshy land would be an
¢Xogenous variable, wnile 1in a wmodel of famil, planning
proJgraas, population wuld be an endogenous variable. The
exojenous variables are considered the explanatory variables,
and the endogenous variables are considered tne explained
variables.

The same exogenous variaples wused in Several varying
causal chains may lead to different forms for the one or more
endogenous variables, les, there are contradictory
explanations for endogenous variaples, Coatradictory
explanations should not exist in a model if, wnenevec tne fora
of the exogenous vacianle is known, it 1is possiple to determine
in one ana oniy one way the fora of each ot the sanaoganous
varlables. The relationships 1n a model are consistent and
complete 1f, given the toras of all the exogenous vartables,
the tocaes ol the endogenous vartables can oe deterained.

Thus, we can see that a model nas the toiioeing basic
eleaents: (1) wvarlasles; (2) thear classitication as either
endogenous oc exo0,enous; (3) tae cdusal relatiousaips aaong
them; anag (4) tne consistency condition.

In the !3iiv.ing sections, a amore 12%aiiad presentation
will Dbe gis:n 4t tne variaplas appeariang i1n 2 aodel and tne
relationsniys imony them. Also the consequences ot the aspects

of reality excluuec troa the aodel will be aiscussed.

BEST AVAILABLE COPY
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I11-4 VARIABLES IN A MODEL

Tne observer sust keep in aind that the main reason for
constructiny a amodel is to simplify and Systematize reality.
Therefore, the nuaber of variables that one includes should be
manageable,

In the previous section, it was mentioned that variables
take different forms. Specification of the forms of the
variables may be made according to the nature of aeasurement,
i.e., whether they are nominal, ordinali, interval or ratio.
Nominal refers to a level of measurement snich grouys objects
into classes so that ali of those in a sinyle class are
equivalent with respect to some attribute, Examples include
the variapble sex, which can oe classifired as aais or famale,
and tne variable healtn services, which may bé classfied as
matecnal and cnila nealth services, emerjency secrvices,
surgical services, etc. In other Wwords, they aca slots for
classification as amentiloned previously. QOrdinal weasurement is
possible when one can detect differing degrees of an attribute
Of property in objects, ana thus tne opjects can oe ordered or
ranked. An example would be diffarent degrees of disability =
little, moderate and severe. fnterval level adasurement
distinguishes ditferent amounts ot an attribute in objacts and
additionaily discerns equal difrarences betueen oblects. For
example, one can say that there is a ditference ot 1 wunit for

every degree on the temperature scale, dut one can not say that
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the differences among good, fair, and poor categories are egqual
to sSo many units. The zero pointc is'arblttary, as on the
temperature scale, and does not reflect aonsence of the
attribute. Ratio measurement has all the characteristics of
interval measurement ana in addition has a true zecro point 4as
its origin. Examples woulcd be weiyht and heignt. Measurement
of morpidity and mortality as- cate§ per thousands would be
another example. Those variables which are nominal or ordinal
level are qualitative; those tnat are interval or ratio level
are quantitative. The characteristic that separates tnese tuo
categories of variables 1is not 1innerent to tne quantitative
variables; 1t 1is siaply that a method has beaen discovered to
quantify the aifferent torms that a particular variaple takes.

Scieatitic models deal witn both types oz variables.
However, the definition and analysis of qualitative variaoles
Is wmore difricult.

One elem=nt common to all phenomenon 13 tiae. Models
which incluas time ace xno«n as dynamic amodels, ina those waich

"do not include tiae are known as statice.

II-5 RELATIONSHIPS AMONG VARIABLES

Another element of a model 1s the causal celationships

among tne variables. The oDserver first asserts tnat a
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Once the relationships asong the variables in a sodel are
specified ana their consistency verified, it is possible to use
ths aodel to study in the abstract the phenomenon it
represents, However, one aust consider the fact that the
aspects of the phenomenor left out of the aodel 1nfiuence 1its
cause-effect relationships, ’Whfch are discussed 1in the

following section.

II-6 CONSEQUENCES OF THE ASPECTS OF REALITY EXCLUDED FROM THE

MODEL

In constructing a model , the obsServer leaves cut some of
tna aspects of the ceality ne is studyinJ, due to huaan
limitations 1n comprehending the phenomenon, in specifying and
aggcregating the variapnles, and exclusion ot variables
considered irrelevant oy the observer. Tn1is somswnat acbitrary
elinination from a wodel of some aspect of raality nas
important consequences.

First, the relatisnsaips aavng tne vaciables 1a a model
usually do .iot reprsiuce exactly the value of tas endoyenous
variaoles. 1t is possible to specify tne fora of tne effect
variaole only up to an error tars® 1i.e. 3 it i3 not possible
to state the specific tora of tae effect variable, but only a

specified set that includas several alternataves. The
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difference netween the observed and the computed vajues is
known as random error. Another consequeénce is that the aspects
Oof reality excluded frua the model characterize the Iorms of the
relationsnips.

The relationship betwsen the variaples in a model can be
specified on two levels: with or without taking 4into
consideration the aspects of reality not included in the aodel.
When these aspects are not considered irn the relationships, a
genaral model is constructed uhich does not cefer to any
particular reality . 1in order to apply these general models,
the aspects of reality left out of them aust pe included.

‘'These observations show that another element 1(a addition
to tne variables appears 1n the relationsnips oetween tha
variables in a wmodel. Tnis element 13 dependeant upon the
aspects ot reality excludec froa the model -~ parameters. Ffor
instance, nutritional level may ne excluded fora a mocel, but a
given value for it would be assigned in ordec to caiculate the

other causae=-eftect relationships.

II-7 VERIFICATION OF A MODEL

The proolem ot verification is tpat of deciding shetner or
not the model descripes satistactocily the phenowenon being

Studied. In ordet'to tind out, it is necessary to syscify the
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link between the varliables, takxing 1into consideration the
values of the parameters. When the values of the pacamaters
and the terws of the exogenous varlables are kaown, it is
possible to determine tne formas of the endogencus vaciables.

To test a model, the first step is to observe the foras
taken oy the exogenous and endogenous variables in reality.
Next, the observed forms of the exogenous variadbles are used in
the model. The relationships asong the variables in the model
make possible the determination of the forms of the endogenous
varliables. Thus two sets of foras of the endojenous variables
are available: those observed in reality, and those obtained
frou tne reiationships among the variables in tne awodel. These
two sets of forms ace compared. The aodel i3 verified and
acceptedq, it ror the observer”s purpose these twWo sets of foras
do not aiffer significantly. 1In this compacison, the existence
of randou errors snouid be kept 1n mlnd by using statistical
techniques to test hypotheses i.e., tests of significance are
used to ascertain wnether the difterences are due to chance -
randoa ercor - of not.

Of course, it 1s the scientist who determines how close
the agreeaent Dpetwmeen the observed and derivad foras of the
variables snould be. In some cases, he may feel (Lnat o Yery
close aqgreeement 1s required, wnile in others this ®ay not bDe

necessary.
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II-8 ACTUAL PROCESS

In practice, the sequence described for constructing and
verifying a model 1is not feasible. It is very uniikely that
all tne data needea are available foc evaluating tne parametecs
of a wmodel at the time the observer has defined tne variables
and tne cause-effect relationships in 1it. Consequently, he
aust proceed 1in a stepwise fasnion from one model to another.
The first few models would utilize wnatever intoramation is
available and also initial observations and sestimations of the
variable values, in  order to discover and Clarity the
cause-effect relationships and to verify the sodel. If these
érove successtul, there may be a4 motre systesmatic collection of
data, and the additional data may suygest naw variaoles and
cause-effect relationships. So the process of constructing and
verifying a wmodel is reinitiated, and the gmodel can be
continuously refined and updated until tnhe obsecrver is

satisfiede.

[f -9 SUMMARY

This chapter has descrined the process of analyzing

ceality and conceptualizing a particulac phenomenca into an
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abstract model. Any 1idea wnich 1s logically coasistent
constitutes a model, since models are the basis of systematic
thinking All the steps in building a model - seiection of
iaportant aspects of the phendbmenon peing studied, their
classification as excgjenous or endogenous, and the
deteraination of cause-effect relationships among the variables
- are tﬁen.included in any thinking process. The consequences
0f the aspects of reality excluded troam the model, varitication
of the model and the actual process of constructing and

verifying a model are also discussed.
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111 QUILXXE OF 4 CONCEPTUAL MOQEL OF HEALTH AS A COMBOMENT OF
IHE SOCIAL RROCESSES

Before developing an empirical index of healtn and an
input/output model of the healtn process, we will examine the
place of health as a component of the social pcocesses, bi
viewing some of the many inter-relationships that exist between

thea.

I1I-1 HEALTH AS A COMPINENT OF THE SOCIAL PROCESSES

Health, using the W.H.0. detinition, 1s not just the
absence of aisease, but a state of complete physical, emotional
and social 4e2li-deing. Health contrioutes diractiy to human
well-being ana 1s one deterainant of welfare. &o00c¢ nealth
peraits particClpation 1in personal, faaily, social, and
political astivitiess The direct consumption aad investaeat
value of health is wseasured in part 0y cresourzes devoted to
healtn care. fflealth care satisfies felt numan ueeds and has
important human support functioans, wnether it cures the disease
or not. However, health nas not always been consideced
important in the socio-economic planning process, given the

bias toward investaent i1n physical elements of economic growth.
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The implication of tnis bias has been that ®™non-physical
capital factors™ such as health and education and other forms
of human investment have been disregarded.

Ill health is thought to impose economic costs 1in the
productive sector by (1) reducing the availanility of labor;}
(2) 1mpai:ing the productivity of employed workers and capital
goods; (3) wasting current resources, particulariy nutrients;
and (4) 1lapeding the cevelopment of natural resources, animal
wealth and tourism potential, The availability of labor is
reduced botn by premature geatn and by absenteeisa due to
illness, 1I11 healtn affects the productivity of worxers, since
their strengtn, stamina and aoility to concentrate suffer.
Current rescurces are wasted by the costs of diagnosis and
treatment. and by the increased caloric needs of tne population
caused oy tevers, helaainthic and enteric diseases. A wasSta of
Cesources also occurs <hen poor nedlth conditilons restrict
settlement in are¢as with factile land or octaer natural
resourcas, The presence of oncnocarctiasis, waiaria and
Sleeping sickness has cestricted access and developzent 1n aany
areas.

There exists a cswelex inter-relationsnip Deteden nealth
and many soclo=-econoaic factors., The examgie of the
telationsnip bpetween neaith and education will be considered.
*s= For a chnild to wutilize the scacoling he ootains to the
fullest extent, he aust nave good healtn. Likewiss, an adult

aust ode aentally and physically fit to use the knosledge and
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skills he has acguired. Chronic sickness 1In a school-age
population can lead to a -decrease 1in the averajs years of
education received, affectiny the future quality of the work
force. Chronic sickness and disaoility will affect the quality
of the present work force, decreasing lanotl productavity. Ca
the otner hand, the extent to which health conditions can be
improved depends on people’s xnowledge and attitude toward
health practices. In turn, these standards of health and
education depend on the social environment, especially the
prevalling attitudes and institutions.

In tact,‘nost of the diseases that are important fros the
point of view of public bhealth 1importance 1a developing
countries are basically socio-environaental in nature. Some
examples of @ajor health prooleas, that aay be classifiea as
"social proolems with sedical aspects™ are:?

(1) malnutrition;

(2) aany coamunicaole diseases sucn as

gastro~intestinai conditions, including
parasitoses, tatanus, tuberculosis and laprosy.
Althouyh a germ ajent 1s part of the etiolagy,
causdtion is aultiractorial and these conditions
would not be public healtn procleas At
socio-environmental conditions were differentc;

(3) aneuwia in non-industrialized countries. 7This
1s due mostly to factors related to the environaeat

(extarnal and internal): inadequate intake oc
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absorption of iron, and chronic blood loss for such
rfeasons as hookwora infestation (Martin, 1976:
185).

Now that we have outlined some aspects of nealth as a
component of the social processes, we will proceed to construct
a moael of the health process. One of the first steps 1is
establishing an empirical definition of health which will be

terwed a health index.

I11I-2 CONCEPT AND EMPIRICAL INDEX OF HEALTH

In qefining the concept of nealtn, a distinction will De
made bpetween individual health and societal nealth. The
essential cnaracteristic 1in tae process of healtn 1s its
relationship with a natural range of oshysical and mental states
of well-oeing, 1llness ana deatn. [llness 1s assuwea to be a
state that reduces tne nealth of an individual and oﬁentually
leads to deatn 1f it is not cured. The existencs or diseases
that cause a1 great deal of discomfort out do not involve any
risk of deatn w1ll be ignored in developing an empirical index
at present tiae. An example could be soma forams orf aental
illness.

Once tne concept of individual healtn has been defined,

one can proceed to specify the concept of social health by msany
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different methods. For our purposes, societal neaitn will be
derined as an averaye of the health status of the individual
members of a society. To obtain tnis average, a healtn index
for each individual must first be tound that describes the
position an inuividual occupies on the scale of 4ell-being,
1llness, and death. The value of this health index represents
the relative distance between the individual®s state of health
and deatnh at a given point in time. It 1S seasuced by life
expectancy, the average number of years an tnaividual can
expect to live (Mausner and Bann, 1974: 198), given his
present state of health. For exaample, if an indfviaual is in a
State of well-peing so that nis lite expectancy is SO0 years,
his health index is S0. If he pecomes 1ill, and subsequently
his l1fe expectancy is requced, nis nealtis index is
proportionately reduceds If the person returns to tne 1nitial
conditions of well-peing nis healtn 1index wlll 1ncrease
likewise. [n order to prepare th1s 1individual heaith index,
one would requlre knowledge of all tne 1llnesses and diseases
that a person will experisnce ani tne nuaoer of years that each
one will suotract from nis lite esxpectancy. Or, at the time of
an 1ndiviaual®s death, one can evaluate precisely the health
index as the number of vears liveg.

For purposes of illustration, we will assuae tnz% the
health 1indices of the neabers of a society are known. Then,
the healtn inagex for aa <¢ntire population can be represented by

one numerical tecm (a siaple average) for the agyrejate of all
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individuals” nealth indices in that population, This average
health index approacn ofrers soae operational advantages.
Taole III-1 snows the health findex of a population of 100

persons, using the individual health indices of such a

population.
Iable III=1
Exauple of the Estimation of the Popylation Healtn ladex
Health 1ndex<1> Nuaper of Persons
(a) (b) (a x b)
40 | 50 2400
35 30 1050
1 i P} S|
Totals 100 3460

Health Index of Population = 3460/100 = 34.60

<1> average nuader of years of life

Source: Correa, 1968: S.

An observer of the above population studying a span

of life of 40 years would write down the nuader of people
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«no die at the end of the first year, whica in this
example 1is 10; next he will write doun the number of
those dying at the end of the 35th year, in tais case, 30;
and finally the number of people who die at tne end of the
40th year, which is 60. At this point ne will estiamate
the average number of yaars of life of the population -
which is 34.60 yearse.

The great advantage of the average number of years
approach is that tnis can be extlmated witaout xnowing the
health index of the individuals who constitute the
population,. As a basis for these estimates, statistical
gata or mortality /5te750 rates by sex and age oreakdosns,
1f available, are used. This average nuabec of years is
expressed in terms of life expectancy at birta as an index
of health of a population. However, due to lack of
statistical data and to aifficulties in calcu.ation, it is
useful to have a rough approximaticn of life expectancy at
birth shich can be obtained by tne foraula

100 /¢
where r 1is the rate of uaortality in tne specific
population. These wmortality rates and life expectancies

Will be used as a basis tor later analysis.

I1I-3 FACTORS WHICH DETERMINZ THE LEVEL OF HEALTH OF A
PQPULATION
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The tactors that influence the health status of the
memoers of a society can be classifiea along four aisensions:
(1) human genetics and 1intrinsic opiological
characteristics;
(2) physical and social environment;
(3) health care organization; and
(4) nuaan benavior.

The first factor involves all the processes that
occur within the body and affect health, such as
genetic endouuen:,vinternal metabolic systems, amental
aspects, and processes of deveiopment and maturation.

The second tactor, tne physical and sacilial
environment, 1is external to the individual and ne
exercises little control over it. The paysical
enviconment includes exogenous chemical, pniologyical
ang pghsycial factors such as air and @ater poliution,
foods, noise, drugs, climate and so forth. The social
environment is tne entire array ot social, cultural,
economic and political patterns within tne nuaan
community that infiuence healtn, such as shaced pelief
systeas, family structures, education, and economic
status. The interaction of some Of these factors with
health «as previousiy aentioned in discussing nealth
as a component of the social processes.

Health care organization, the third ractor,

encompasses ail institutions, providers and services
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of a wmedical nature. The quantity, quaiity,
arrangesent, nature and relationship of geople and
medical resources comprise tnis element.

Human behavior, or “lifestyle™, is viewed as all
aspects of a person’s decisions and nabits sdich
affect health and over which a person has Substantial
Control. This includes decisons about diaet, exercisa,
and cigarette and alcohol consumption.

Healtn status, tnerefora, is the end result of
the interaction or all thesae diwensions. dithin each
dimension, there are both factors which Militate
against health and ftactors wnich defend health. For
example, pacteria and parasites exist in tne eaysical
environment and serve to detract froa the individual“s
level of healtn. Some of these agents reJuire
carriacs sucn as insects, artnropods, ana rodeats, to
deliver tne disease ajents to the host. The existence
of tnese agents aad carriers, 1in turn, depends on
conditions in the mnysical and social environment such
as climate, sedage anz garvaqe disposal ametnods, ewater
treataent tacilities, types or acusing, and health
education. Malaria 1s ons exawple of a disease in
which all tne four ractors are presant, Genataically,
tnose 1ndividuals 4o posSess the sickle celi trait
are less susceptible to aalaria. tactors dependent on

the physical environment,such as temperature and
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altituae, determine which species of mosquitoas aexist,
some of which do not transait malaria. Topograpaical
teatures affect the existence of breeding places for
mosquitoese. Social environmental factors detecaine
nousing, education, insecticlide availability and the
like Which can serve elither to increase or decrease an
individual“s susceptibility to malaria. Healtn care
organizational factors would detecaine whether
preventive and curative services are administered.
Lastly, aspects of human behavior would iniluence
whether an individual would take prophylactic
medicines, use bed nets or install screens in housiny.

The disease agents only constitute the necessary
conaitions bput not tne sufticient cause 1or tne
disease to occur. 3esldes harboring of the Jisease
agent, an 1individual must be susceptible to tnat
disease. A partial list of agents which affect tne
susceptibility of individuals to disease is snoen in

the following diagram:
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Qiagcas III=]1

Agepnis ubich Determine the Susceptibility of
lodividuals Lo Digaase

Geaetic

/
/ |
i INutcition
IGeneral jHousing
| i0ress
i IShoes
| <Alcohol
{ i consumption
{
i

Preventive

-]
=
[+

Therapeutic |Tobacco
| consumption
I Medical
| exaalnation

\

4

|

|

|
Agaents ! /
{Specific fVaccination
| <Matecnal A
| | child care
\ \
/ /
|Personnel fdedical
1 <Ancillary:Nutses,
| letce
| \
i
<

—— D G G S G amp WS B wm A-—_-—-—_---—--\

jOnly
i Therapeutic /

| Medical {Equipment fHospitals
jServices {Medication |Beds

| 1(Drugs) ILaboratoriassetce.
\ \ \

Sources Correa, 1968: 14.

The majority of the factors that defend or enhance
health originata in the social environment (aiso

encompassing health services) and thelr proauction
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depends amostly on the economic conditions of the
community.

These four dimensions constitute a concaptuzl
framework which nas been termed the ™Healtn Field
Concept® (Lee, 1977: 11), ana it emphasizes the
importance of lifestyle and the physical and social
environment relative to healtn care 6rganization. Health
Care services are not considered to be the greatest
contributor to nealth, both at a national and inaivadual
level, althouyn health planning has generally
concentrated on tnis input. Utilization of this
fraaework fosters a systems approach to the planning of
healtn, givinj adequate consideration to the influence of
non-health tactors. |

Several assumptions are made: (1) that an
individual, 1n order to demand and utilize agents which
reduce nis arsease susceptibility, aust know <nat taese
agents are and recognize his need for theuw; (2) tnat
this knowledge depends on the level of esducation of tnhe
indiviaual; and (3) tnat tne 1ndividuai®s 1acoame
determines his capapnility to express his need for cnese
agents in tne amarket.

This past section defined four sSystems witn outputs
that influence health, and the tactors within eaca tnat
serve to derend or militate aganist health. Next, we

proceed to study these factors and their supply and
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deaand with the aid of of statistical methods.

IIT~4 STATISTICAL STUDIES OF THE FACTURS WHICH DETERMINE
THE LEVEL OF HEALTH OF A POPULATION

In a statistical study of the healtn processes, two
problems are to De considerad: (1) estimating the
influence of the nealth-determining factors on the ievel
of health of a population; and (2) studying the supply
and demand of such factors whicn defend tne individual“’s
nealtn. Tne following diagram 1ists the variaoles <hich

influence tne level of health:
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Reeendens ang Indeesndso: Yariaoles Used Lo Statistical
40alysis of Yealth Determining Factors
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IDependent: index of healtnh, i.e., crude

independent:
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|
!
|
|
|
!
|
|
|
!
|
|
|
|
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]
{
|
i
|
|
|
|
\

/
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{

{
i
|
|
|
|
]
{
|
|
|
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!
<
|
{
[
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lof agents which
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fprotect heaitn
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lagents «hich
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\

mortality rate ana specific mortality
rate by age (d<i>)

, .
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{ more (U)
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| protein per
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] nouses with
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| of nouse (a)
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! per pnysician (D)
fAuapar ot persons
i per hospital

| ped (4)

\

/

JEducation:

| percentage of
< literate

{ population (E)
lper capita

i 1ncome (Y)

N\




Chapter III: Conceptual Models Page 3%

Source: Correa,1968: 17.

with the first problea mentioned, lack ot sufficient
intormation on the use of such resources as physicians and
hospitals 1s a problea in the statistical analysis of tne level
of health. An  equation that can be utilized for statistical
analysis for estimating the influence of health detarsining

factors 1is:

aci> = ac<0i> + aclid? + ac2i>U + a<31>C +ac4irP +

acS1i>W + ack6idD + a<T7idd + a<BidE ¢ a<9id>yY

[
=]
o
"
[}

temperature

percentaygye of urban population
deficiency of calories per capita
deficiency of protein per capita
percentaye of houses with running water
tne number of pefsons per pnysicians
tne number of persons per nospital
percentaje of literate population

per capita incoae; and

1s the average mortality rate

Source: Correa, 196d: 21.

- e e P
0w

[l
U n o0

Ao v~
- >
[ t

In an analysis of 16 developed countries and 15
unaeraeveloped countries by Correa (1968), the percentage of
literate population 1is possibly the most iaportant factor

determining mortality rates.
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I1L=-5 STATISTICAL STUDY OF THE SUPPLY AND DEMAND OF AGENTS
WHICH DEFEND HUMAN HEALTH

In this section we describe the technical probleas found
in  tne statistical study of tne supply and demand ot agents
which defend the health of individuals, as well as a study of
tne relationship between level of health and agyents which
detfend human health.

For tne first, we confirmed tne problea of the lack of
sufficient’ data whicn would only refer to supply or demand.
All of the available statistical information treters to the
polnt of equiliorium between supply and demand, l1.e., to the
fesult of the interaction that occurs between tnesevtuo forces.
This coaplicates the proolem becausa the determining ractors of
the supply «hich contribute to an ifuproved level ot nealth also
influence tneic demana. For exaaple, in considering tha Supply
and deniana of medical services, tne educational level of the
population, tne rate of income, their health index, etC., .
influences simultaneously supply ana demand. It is possible to
solve tnis ™icentification® problem only with availapility of
Statistical aata which pertains only to either supply or
dewana. Unturtunately, such data 1s not availapie in many
countries.

In order to obtain some idea of the celationsnip betdeen

supply and 1emand of aedical services, with ooth level of
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education znd per capita incons, one can perfora two Fegression
analyses with per .Caplta income and per-centays of litorat;,
population as independent Virianles and number of inhabitants
per pnysxcian. as the tirst gepenuent variable and inhabitants
per hospital ped as the second. The results of tnese tuo
analyses by Correa (1968) using data for 106 countries show
that income and per cent literacy have a marked intluence on
each dependent variable. However, looking at tne coefficient
of aultiple regression indicates that these variables explain a
small part of the variation in each dependent varianle. Table

1II-2 provides a suamacy of the results.
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TABLE XII=2

Cosfricisnts ovtained in the statistical analysis
of toe factors wbich deteraine supely ang Jemdnd
of pbysician 3nd bespital serxices

Dependent Coefficients Coefficients Coefficients
varianles of per capita of per cent of multiple
constant income of literacy reyression
Y E
Hanitants
per
physi- 26489 « 276 =-305.58 51
cian (D) (2.58) (57.6)
Habitants
per hospital
bed 1737 -0064 -17014 044
(H) («18) («13)

Note: Tne first figure in coluamns 3 and 4 is the tegression
coefficient. The tigures 1n parentnesis Tepresent the stan-
dard deviation of the coefficient.

Source: Correa, 1968: 33.

III-6 SUMMARY

This chapter outlines some aspects of health as a
Coaponent of tne social processes by examiniag tne aany
inter-relationships that exast aaong health, education, labor

productivity, economic growth, etc. The value of investaent ia
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health is recognized by a description of its economic impact.
Then 1t proceeds to establish an empirical index ot health at
the individual and societal level in order to analyse health by
Statistical methods. The health index for a poyulation is
ultimately defined as life expectancy at birth.

Four systems are defined which have outputs tnat influence
the healtn status of the aembers of a Soclety. Tnese are:

(1) human geneticslinttinsic pioloyical

characteristics;

(2) physical and social environment;

(3)health care organization; ana

(4) huaan behavior.,
Witnin each system, there are poth factors wnicn militate
against health, and those that defend health. A 11st ot agents
uhich determine the susceptibility of an individual to disease
is presenteu.

A discussion of statistical studies of these tactors which
aetermine the level of .ealth ana their supply ana demand
follows, with statistical studies by Correa (1968) provided as

examples.
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1 A MODEL QF IHE RLANNING PROCESS

IV=-1 INTRODUCTION

This chapter presents a model of the planning process,
following the ideas of tie genaral moael introduced in Chapter
2. Planning 1is analyzed from tnree perspectives: (.) by its
outcoames; (2) by its formal elements; and (3) by the soclal
groups involved in the process. These three points of view
will provide the basis tor a detinition of the variables used

in the analysis of nealth planning, to be dicussea later.

IV-2 QUTCOMES OF THE PLANNING PROCESS

The outcomes of tne planning process can be cliassified as:
(1) intended, and (2) unintended. Among tne ficst, the aost
oovious is the achievement of tne plan“s objectives. Among the
unintended outcomes, tne following can be mentioneu:
(a) collection of useful intoraation, Lor
lnstance, to prepare healtn plans; collection of
data on the health status of the population and
chacacteristics of the healtn delivery systes;

(b) creation of useful adainistrative
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organizations and improvesent of existing ones;

(c) 1introduction of amore rationality in tne
decision making process.

On the other hand, there may also bpe negative unintended

consequences:

(a) increased centralization and
bureaucratization in decision making, hindering the
provision of services;

(b) legitimation of current poliitical conditions.

Despite the importance of unintended consequences of

planning, 1t will be assumed for the purpose of tnis Manual
that the outcoae of a plan is characterized by its 1intended

consequencese.

IV-3 FORMAL ELEMENTS OF THE PLANNING PROCESS

The formal eiements of the planning process to be
considered are: (a) the process being planneqa; (b) the
functions that nave to be performed witii respect to thne process
in order to plan; and (c) the level of aggregation with which
the process is considereds Eacn 0of tnese elements «ill be

studiaed in detail below.

IV=-3.1 PROCESSES BEING PLANNED
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values, whicn were shaped by their particular environaents.
The preferences of the members of society should be raflected
in all socizi goals. The aanner by miich individual
preferences are‘aggregated and integrated into social goals is
through the.political process. This poiitical wmecnanisa 1is
characterized by coalitions and their tocrmation and delegation
of power. The more attributes that individuals snars = age,
social, economic or ethnic - the more likely they are to have
coamon values and set similar goals. Groups ot such
individuals will fora coalitions to increasa tne likelihood
that their common social goals are achieved, and these
coalitions will yield the power of all their aeuoers. The
preferences of those society meupers who have more power will
weignh aeavily in the getecralnation of tne 5ocletal goals of a
coalition, including a winniny coalition. Once yoals are set
for tne process being planned, tne tecnnical Prepdcation can
begin.

The technical Preparation of the plan involves
determination of the ainisum 1inputs requicred to attain the
goals or tne plan, of tne actions and proceauces to be
performe. to make these inputs availaole at the roguer time and
Place, ana of the feasioility of these actions anag procedures.
Actions and procedures can and should oe Suasarized in a
general time table whicnh contains a list of actions tnat sust
be pecforaeda. Tecnnical preparation 1s coapleted w«hen

feasibility of actions ana procedures is verified.
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A basic element of the tecnnical function is a sclentific
model of the process being planned, which deteramines the inputs
of the process and their relation to the outputse. Tais model
will contain all the characteristics mentioned in Chapter 11l.
As observed above, given tne limitations of our knowledge,
there 1s a marygin of uncertainty in the relation between inputs
and outputs. Tnis model is what makes it possiple to specify
the inputs required to attain the goals of the plan.

During the plan’s implementation, tne third function, the
general directions resulting from the technical preparation are
transiated into actual day-to-day decisions and actions. The
fourtn tunction, <control, deteramines whethar tne actions
requicred py the plan are pecrformed, and wnether taesa actions
produce tne expected results.

These functions must be considered siaultaneously in any
stage of the preparation of the plan, altnougn tney nave been
descrived sequentially above. Thls is to say that «hen goals
are Deing set, one aust give attention as to whether tnese
goals are feasinle, can de iaplemented and will produce the

expected resultse.
IV=3.3 LEVEL OF AGGREGATIOHN
The third formal alement 1in planning 1is tne level of

aggregation in —regardas to content, time and space. 4 plan of

tne healtn services only would pDe at a lower Alevel of
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aggregation than a comprehensive plan which would include other
sectors in addition to nealth, such as education, industry,
environment, agriculture, etc. Long term planning would
Fepresent tne highest aggregation in time, and international or
national! plans would represent the highest aygregation in
space. In actual planning it 1is necessary to pass from
aggregated to disaggregated plans. One assigns tasks and
procedures from the highest to the lowest levels of
administration, froa the region as a whole to all of the
political subdivisions, and specifying shorter time intervals
than than in the overall plan. For instanca, actions to be
performed will be stipulated for provincjial healtn otficers for
one year periods in all regionse.

The four main functions previously described can coabine
among tneaselves on wmany levels. For exaaple, the technical
preparation of the plan and control may pDe onoth at the
aggregata ana disaggregate levels, wnile iapleaeatation aay
mainly be at disagyregate levals, decision =waxing asembly
reters to aggregated levels of contant and Jpace, but it is
also involved in disagyregated levels in tiae, for iastance,

with respect to annual budgets.

IV-4 SOCIAL GROUPS INVOLVED IN THE PLANNING PROCESS
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The planning functions Just described are necessary for
the planning process to be operative, but the perroraance of
these functions alone is not sutficient. The persons «no carcy
out these functions also influence tae success or rfailure of
the plan.

The social groups to be considered in the anaiysis of the
planning process are: (1) the gJovernaent of tne country; (2)
private groups in the same country; and (3) other jovernments
or international agenciese.

The governaent of a country seen as a planning group is
further subaivided into: (1) nigh officials; (2) technicians;
and (3) public administrators. High officials or pollicy makers
Wwould Dbe ©@meambers of tne legislative and e*ecutiva oranchies of
government, such as members of Congress or Pariiament, the
prfesigent or primse ainister ana tne otner winlsters or
secretaries of state, Technicians or planning experts are
those «n0 carry out tne tecanilcal aspects ot tne planning
process anc usually ars attached to tw0 organizations: (1) a
national planning 1astitution formed oy a Centrali Board and a
Technical Secretariat (eg. the °ian and Budget frjanlzation of
Iran) aro {¢) a2lanntayg bodies «1%:in tne ditferent ministries
and departaents oI the jovernmaants. ¢fuolic adalnistrators are
the planning yroup tnat has as 1ts principal function the
implementation of a sian. For exaaple, provincial or state
health and medical orficers wouli be in this category.

The second planniag group, l.e., the private individuals
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or 1nst1tutions,‘ would include all those persons or
orjanizations outside the governaent in tne saae country who
have soae 1mpact on the healtnh process or ar« stfected by the
health process. Some of the private groups have some snecfic
vested interest, such as amedical, hospital, pharmaceutical, and
insurance assoclations, and would -ake'tnclr prefereaces knosn
by lobbying among the high levels of government. Uthers, such
as consumers, are represented on many of the broad aspects of
the health processes oy national, regional or coamunity level
advocacy yroups. Examples of aavocacy groups are Coamon Cause
and Ralpn Nader®s Healtn Research Group in the United States.
These groups would also lobby among the government, presenting
the viewds of its consuaer aembers on nealth issues or providing
fesearch results to decision makers on behalf of tns general
pudblice. It the public nas elected representiiives in the nigh
levels of government, tnese officials would licely monitor
public opinion to Jeteraine tne Qrerersnces ot taeic
constituents,

Foreign governaents and orjanizations and wniernational
agencies are those watcCh dara axtacrnal to the countcy, but can
affect the health processes in ;ome manner. Exawples of such
organlizations are the 4dorle eaith 0Organization, Food and
Agricultural than;zatton, Agency for InternaZional
Development, and the Medical issistance Progras, CaKE-MEDICO,
and the International 3ank for Reconstruction ani Developsent.

Thnese organizations {nfiuence the planning process by giving
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p
the welght of their prestige to some specific targets, by

entering into international agrecments, and by coatributing

loans and grants to the achieveaent of targets.

1V~-5 DEFINITION OF THE VARIABLES TO BE CONSIDER:D IN THE

ANALYSIS OF PLANNING

Four sets of variables will be used for tne analysis of
planning. These four sets, derived froam the three perspectives
discussed earlier in tnis chapter, define (1) tne outcomes of
the plannanv process; (2) the planning groups; (3) tne
planning functions; and (4) the participation of the planning
qgqroups in the planning functions.

The variables relating to the outcome of tne planning
processes deal primarlly witnh the yuestion of snether or not
the targets of the plan wefe Aachieved. It 1s possiblie to
construct a quantitative index to evaluate tne degree of
achievement of the tacjets. This quantitative index would
exdress the similarity between 1ntended consequencas ana actual
acnievementse

The main variables relating to tne planning groups are (1)
their organization, the different forms of orjanization being
the 61fterent forms of this variable; ana (2) the

characteristics of the persons playing roles in tne planning
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groups, such as their values, peliefs, sociazl class, education,
age, etc. Any plan 1s a result of the cooperation of the
Persons in the plannning groups, and the msain variadles
assoclated «ith these persons are isportant in accounting for
the characteristi s of that cooperation.

An important point is the legal and actual periods during
which indivuals play roles 1in the different planning groups
because of the influence their characteristics and 1deas exert
on the planning process. The period for whicn the plan is
prepared should be syncnronized with the period ducing which
the memoers of the planning groups remain in these functions.
For exaample, a change in the high officials of tne government
is likely to aodity the planning process.

The planning functions can be regarded as input-output
Prncasses. The inputs and outputs of these processes aca the
variaples tnat must be detined. The principal outputs are the
targets of the plans for deciston makinyg, verification of the
feasipility of these taryets, and actions to be performed to
achieve thes Ior technical preparation, actioas already
performed tor implementation, and cocrrective 1ntoraation and
actions tor coatrol. Ta= main inputs of the planaing tunctions
are the activities of tne planninyg groups. The dJeterainaZion
and observations of tae 11f{farent foras that tnese vaciables
@ay take present serious proclems that, for the eost part.
temain to be solved. , . :

The tinal set of varianles deals with tne participation ef
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4) It the actions recommended by the technical
function are performed, and tne control functioa 48
developed appropriately, the taryets of the plaé
Will be acnieved.

In summary, the hypothesis presented goes troa the
organization and .participation of tne planning groups, and
the way in which the planning functions sre pecfocrmed, to
the degree of achievement of tne targets of the pian. This

18 schematically diagramamed as folious:
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Empirical verification ot the oasic hypothesis presents
Serious problems, due io the 1spossibility of oonserving
certain variables, the lack of data on others, and on the
Characteristics of the hypotnesis itself. These proolenms
make it iwpossible to establisn a clear 1link based on
observed information between the organizations and
pacticipation of the planning groups, tne performance of the
functions and the success or failure of the planning
process.

There is a missiag link in tne model between the
actions recommended to achieve tne targets and their
performance. Thls appears at oevery step realatiny the
orgjanization and participation of tne planning jroups to the
success or the plan by the performance of the functions of
decision makilny, tecnnical preparation, impleamentation and
control. Jnce the actions required to achieve the targets
are detecrined as output of the technical functions, its
pertormance depenas on the will and capacity of tne persons
designated to perfora theme. It 15 1apossidvla to observe
tnis will to act, and uniixeiy tnaf tne persons Assl jned the
tasks woula state taey ace un4illing to perforw thea, even
1f such is the case.

An indirect aetho1 should os found to determine whether
the will to act exists. QOne possioility is to considar the
actual perforwance or non-perforaance of the actions as an

index. However, non-péctotlanco of the actions 23y not mean
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lack of will, but rather lack of ability to act. Sacondly,
there is no recorda kept ot the performance or
non-pecformance of the actions required to iamplemeant the
plan, So the possibility of testing the existence of the
will to act must be abandoned.

Another aissing link 1is that the perforaance or
non-perforaance of the actions recoumended does not
guarantee the achieveaent ot the targets. The targets might
be achieved even without the performance of the actions, .
and, conversely, they aight not be achieved even if the
actions are performed. fFor 1nstance, a particuaar target
for a reduced birth rate aijnt be realized dithout
implementing family planning programs. On the other hand,
operation orf family planning projrauws may not cause oirth
rates to decrease. The main reason for this 1s that the
method used to carry out the tecnnical preparation of tne
plan has liaitations, Random errors do not oermit exact
determination of the values of targets, but only an

approximation of the range of values.

IV=7 SUMMARY

The model of the planning process can be used to study

any planning process, including that used ip pcivate
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indusicty or government. This general -odol is descrioed
according to the concepts presented in the second chapter.

Planning is examined from three perspectivas: (1) by
its outcoames; (2) by its foraal elements; and (3) by the
social groups 1involvad. Froa the first pecrspective,
planning is assumed to be characterized by its intended
consequences, of which the most obvious is tne achieveaent
of the plan®s objectives. Unintended consequences, both
positive and negative, are not included.

with regard to the second perspective, tne formal
elements are: (1) tne process being plannea; (2) the
functions that have to 02 performed ; and (3) the lavel of
aggregation. Planning deals with one or several
input-output processes. The four functions that agagust be
performed to plan an input-output process are: (1) setting
oL goals tor the output ot the process being planned; (2)
the tecnnical preparation of tne vlan; (3) impliementation ;
and (4) control. The sattiny of gyoals 1S accosplishad
througn a political process of aggregating and integrating
individual greferences 1ato social goals. Taechnical
preparation is the specification of the inputs required to
achleve tne targets, and ‘ot the actions to wake thea
available. During the technical function it snould be
vecified that tne actions needed are feasible. To specifty
the required rnputs, a scientific model ot the process being

planned nas to oe used. Inplementation translates the
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directions obtained from the technical prepacation into '
day-to-day decisions 3and actionse. Control determines
Jhether the required actions are pecrformed, and whether
these actions produce the desired resultse.

The level of agggregation, the third foramal element, is
considered with regard to content, time and space. It 1is
observed that the four main functious can c¢ombine among
theaselves on many levels.

For the planning process to be operative, the
performance or the four functions jJust described alone is
not sufficient; the persons wno perform tnese functions
affect the success or failure of the plan. Tha social
groups that are presented are: (1) the gJovernwent of the
country; (2) private groups in tne saae country; and (3)
other governments or international agencies. Tne jovernaent
of the country is turther suodivided 1into: (a) high
officials; (b) technicians; and (c) puolic adaministratorse.

The planning prucess was analyzea accoraing | to
variables defining: (1) the outcomes of the planning
process; (2) the planning jroups; (3) tne planning
functions; and (4) the participativn of the planniny groups
in the planning functtions.

A pasic hypothesis for analyzing the planning process
is given, along sitn a diagram describing now the
organlization and partilcipation of the planning yroups and

the way 1n whicn the functions are performed infiuence the
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degree of achievement of the targets of the plan. Probleas

of verifyiny tnis hypothesis are also discugssed.
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Y IECHNICAL EUNCTION IN HEALTH PLANNING
V-1 CONCEPT OF THE TECHNICAL FUNCTIOH

Tne planning process, as amentioned eariiec, can be
analyzed as an input-output system. Health planning has
as its output the health of the members of society, and
the various inputs are those that were dascribed in
Chapter I[II. These inputs themselves are outputs of
Subsystems 1in the soclety, each having its oun inputs,
eventually including sowe physical resources and some
actions,.

In health planning, the technical tunction is
basically the use of a 3scientific modal of the health
proczsses outlined in the second cnapter for the following
purposes:

(1) to aid in determining, first, the guals

of tne output: of tne anealtn systeam and
Subsysteams that contributute to it, and tnen
the targets for those outputs. A goal becomes
a target when 1t is verified that the
necessary inputs for its achievement are.
available.

(2) to determine the levels tnat the 1inputs

of this systea and subsysteas should reach to

attain the goals and targets; and
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(3) to verify that the input levels can and

will be attained.

Since these objectives are carried out for each
System and subsystems in the process peing planned, a
serie2 of aggregation and dlsaggregation steps is
involved. This wakes 1t possinle to proceed from the
output of the aggregate systems to those of tae subsysteas

and vice versa.

V=2 OVERALL VIEW OF SCIENTI?IC MODELS IN THE TECHNICAL

FUNCTION

In nealth planning, tne system to be planned_ is
health in society, and the subprocesses defined by it. At
least three types of models are necessary to perfora the
technical function:

(1) An holistic model of nealtn roc tne entire society,
the output being health and «ell-oceing, and tne input
Processes being tne social ana pnysical environaent,
medical services, behavior ot wmeadecs of society, and
numan biology, in wnich the interactions Dpetween output
ana  1nputs and among the 1nputs theasselves are
considered;

(2) A model of each process whose output contcioutes to
health, for instance, a amodel of the healtn services

Prfocesses in wnich the main variables type of servicses,
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personnel and distribution of personnel, heaith care
tacilities, etc., appear; and

(3) Models of each of the divisions of the processes

considered in (2); for example, a detailed model of
preventive services.

The concept of a model and its features were introduced in
the second chapter. It was mentioned there that a scientific
model does not have to include only quantitative variables or
relations expresssed as wmathematical equations. Quaiitative
models are frequently used by hiygh government officials and by
puolic administrators to make decisions. However, because oOf
availaole information, most of the subsequent analysis will
examine quantitative models ratiher than qualitative onhes.

The endoyenous varlaplas in a scientific modei include the
outputs oI the process. The foras of these output variabled
ara expressed by the yoals of the plaaning process. For
example, output for preventive nealth ssrvices amay be expressed
as the number of children to oe immunized for garticulear
diseases, the naumber 0Of lactating mothers and 1niants to De
given suppleamental foouds, ang 39 on. The exogenous variaoies
include the 1inputs of the p»rocaess, i.e., tna resources and
actions that deteraine tne levels reached by tne enaogenous
variables. Some of the exojenous variables ace subject to
control by government officials ana public adamsiunistrators,
wnile some are not. Those which can be controlled are called

instrumentse.
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1t is useful to distinguisn the behavioral celationships
that are included in a wmodel. For example, a consumption
function may describe how people alter their consumption of
health care services when there are changes in tneir income or
level of education. These relationships are iaportant in the
tecanical function because they are often used to describe
behavier in the private sector.

The first problem faced by technical planners 1S to choose
or construct an appropriate model of the process tor a specific
country. Once this is couwpleted, the second Step 15 to collect
data and use statistical methods to estimate thne vaiues of the
paraaeters. Then it is possible to utilize a model ftor the

purpvoses of tne tecnnical function.
V=3 SELECTION OF MODELS TO BE USED

The coastruction or seiection or amodels in the technical
function in planning and the construction of one for purely
scientific purposes do not difrer in any oasic respect. There
are differences concecrning tne persons involivad in designing
and using the models and the purposes orf the wmodeis (acadeamic
VSe administrative orientation).

The main opnjective of moaels for scientific dnalysis is
the explanation of a process or the investigation of ita
caaracteristics, and 1s not usualiy concerned wita tae acttonsv

that governuent ofticials or puolic adoinistratocrs have to
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perfora in order to direct the process studied.

However, models for planning have to serve as the basis
for action and control of the performance or yovernaent
officials ana administrators. The three maia Jroups,
officials, public adainistratocrs, and tecnnicians, <ould agrees
on tnis polnt, but disagreement aaong thea would Likely occur
because of their different points ot view and social
characteristics. For example, hign officials and pubdlic
administrators would prefer variapbles closer to their
experience, such as tnose dealing with actuai political
supdivisions of the country and organizational sundivisions of
the government, rather than some artifical ad noc subaivisons
created by the technicirans for scientific purposaes. They might
also fail to comprenend the detailed relationsnips among the
variables defined 1n a health model, or to undarstand complete
models of that process, because they are used to aealing with
smaller, wmore manageanle, aspects, mhile the technicians take
an overall view for granteds On the other hand, hypotheses
tnat tne officials deea acceptable and actually use as yuides
for their actions wmight not satisty the criteria of the
technicianse. However, the solution ot- iho contliicts aaong
these groups is 1mportant to the success of the planaing
process. The wmodel selected snould satisfy a ainimus of the
requirements of all the groups involved.

Since models in the technicai tunction ace to be used as a

basis for action, vValues of the pacraseters have to be knoun.
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As a consequence, w'ien selecting a model, one amust constdir
availability of data required for farameter estiamation, the
possibility of obtaining them ia a certain amount of time, or
the possibtlity of using parameters estiaated tor similar
countries, depending upon tnhe time and resources available for
data collection and upon the consequences of using unreliable

information,
V=4 STATISTICAL DATA REQUIRED

Empirical information is requirea for both qualitative and
quantitative models., However, there is little experience in
the collection of purely qualitative information for wuse 1in
plénnlng, and this section will be restricted to the analysis
of quantitative statistical data.

The characteristics of a scientific model will deteraine
the characteristics of the data required, Tane data are
observations of the values takan siaul taneously by independent
and  dependent variables. Usually many sets of these
simultaneous obsarvations are required, correasponding to
different times ot places; 1l.e., tiae series or cross section
data. Since tha relationships opetween cause and effect
variap.es are hypotheses regaraing the change in the effect
variabies brought about oy the changes in the cause variaocles,
these changes can only be studied if Bany observations are

avallabple,
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Usually, some data which were previously collected by a
Statistical office or another administrative depactsent are
available at the time <hen the paraaeters of a model are going
to be evaluated. sSince these offices have collected the data
for administrative purposes not directly related to planning,
the data often are not well suited to planning purposes and
aignt have to be adapted. Additionally, the data would have to
be examinea for its }eliabillty and consistency, and possibly
moaifiea for use in tne model, sucn as foraing aggregates that
can be identifiea wilth the variaoles of the model. The data
that are not available at the time when the parameters are
being estimated must be collected by the technical secretariat
in many cases, because tne statistical offices may not nave tne
extra personnel and other resoucrces needed for this special

collection.
V=5 DIAGNOSIS AND FORECAST

Aggregating and integratiny the desires and interests of
mempers of a society with respect to nealth goals tnrough the
political process does not produce information that can De used
to specify the resources needed to achieve thnem in the
tecnnical function,

The first step toward concrete goals is diagnosis of the
present healtn conaitions, whicn 1s divided into evaiuation and

explanation of future conditions. [n evaluation, the values of
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the varlables in the aodel of the particular country for which
the health process is being planned are compared in several of
1ts regions or with the values in similar countries if values
are not known, or if better estimates are not available within
the country itself. 1In the explanatory part of tae diagnosis,
the causes tor the values taken by the endogenous variables in
the model are deternmined, i.e., the values taken by “*h:
exoyenous variables. ODuring the diagnosis, the information
contained 1in the amodel w@must be interpreted properly. Wwhere
required, one should take into consideration Jualitative
variables wusually 1left oui of the model. The second step is
the forecast witn tne 2ojective of determining the most likely
future evolution of the endogenous variables ldentirtied in the
Process beinqg planned. The forecast is obtained by projecting
the past trends of the exogenous variables. [f there is some
aoupt tnat the past trends will continue in tne future, a
forecast based on additional considerations can be made.

These procedures make it possiple to Judge wnether tne
values for the yoals obtained throuyh the political process are
Cfeasonable tor the actual health situation. For example, thne
outcome of the political process through <hich individual
preterences are aggregated into social goals may be the demand
for the installation of cardiac care units in certain
hospitals, put an analysis of health conditions miynt sShows that
a small .percentage of the population would actuaily utilize

such a service.
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Diagnosis and forecast are steps controlled mainly by
technicians. {f the results of these procedures are not
communjcated to the high levels of government and public
adainnistrators, these will not pe used in saetting goals for
the health plans, and make goal setting difficult. Using these
resuits alone, however, results in the setting of goals without
taking into consideration those formulated through the
politizal process. In fact, it can be easy for technicians to
rcpiace other planning groups in setting goals for tne health
plan that may reflect only the interests of this one groupe.
For instance, the technicians, with their usuatly nigher
educational levels, may favor curative, hospital based health
investments, while the needs of tne majority of the public may
demand investment in preventive healtn saervices. Howevaer,
after a period of time with no input from other groups in
setting goals, ptoblems may arise, For example, 1if the
technicians® choice of yoals does not meet the approval of the
aaministrators, these may choaosSe not to implement the plan,
since their interests have been negiected. The private sector
and the consumers wmay likewlse be dissatisfied, and withdraw

critical support of the plan, resulting i1n its failuce.

V-6 CONTRIBUTION OF THE TECHNICAL FUNCTION T0 THE DETERMINATION
OF TARGETS FOR THE PLAN

During the deteraination or goals for the nealth
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Processes, little attention is given to their feasioility, or
to the various asethods by <hich they can oe achieved.
Consequently, they are deemed tentative.

For these goals to be attained, the inputs of tne process
sust coabine in a certain manner in relation to quantity, tiame
and space. Some actions are necessary fo provide these inputs.
A scientific model of the health process aids in deteraining
all the resources required, the actions that nesed to be
performed so that the resources acre made availapie, and the
manner in which the resourcas snould be coabined. For example,
one must combine the resources of personnel and vaccines and
perform particular actions to deliver these resourcss to the
target population in order that an iammunization campaign bDe
successful. All these relevant variables are specified in the
model. In many cases, it 1s found that the required resources
are not available because they are being used for alternative,
more important objectives, or that the persons required to
perform the necessary actions cannot or do not «isha to perfora
thea, Knowing these limitations, it is necessary to speclify
goals that can pe achieved with what is available. Alternative
possipilities are stuaiea botn going trom tne goals to
resources and actions and froa resources to goalS. This
process ends when a consistent set of goals, resources, and
actions is tound in tnq Sense tnat the resources can be used
and the actions will be performed, and as a conseuence, the

goals will pe achieved. Thus the goals become the tacrgets ot
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the plan, and the resources and actions ace determined

sSiaultaneously.
¥=7 AGGREGATION AND DISAGGREGATION

The step from yoals to targets includes disagyrfegation and
aggregation 1in twWo aspects: content of the process being
planned and the governmental organizations involved in
planning. The disaggregation 1in content goes frow a general
view of nealth to one of the pdrticiilar processes, such as
preventive services, curative services, etc., and then from
each one of these processes to tneir subprocesses and 1inputs.
Disaggregation in organization is the step from the nilgh levels
ot government dealing witn the aggregate view OL heaitn to the
lower levels dealing with pacticular health ptocessés, such as
the administrative units, dealing with the preventive services,
curative services, atc., ana then to even s-allér
aaministrative units, reaching finally the level of the
individual health tunctionary and the acts he is supgosed to
pecrform. The agyregation goes from the resources ana actions
in the departaments and sections at the lower lLovels up to the
goals of health as a whole as consigered by the ni;n levels of
the governament.

[t is possible to divide tizease processes into four =sain
steps:

(1) Ovurall targets ot health ars determined that
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are cousistent «1th tne inputs for heaitn ani tne general
policies tnat can oe carried out. For this step 1t is
fécessary to have an 1integrated aodel of neaith shich
souid 1nclude nealtn as a tuaction or all 1ts 1nputs and
the 1interaction among these inputs, and tne contribution
0f nealtn to social mell-being.

(2) A progressive disaggreyation is pecrforamed,
In tnis step, the levels required of all tne 1npuis for
healtn and the general policies to be carried out as
determinea in the first step become induced goals; These
induced goals and scientific gmodels of each ot these
processes maKke it possible to reinitiate at a
disagyregate level the comparisons of godls with
. forecasts, and to study tne resources and actions
required. If the goals induced froam the aggregated
analysis appear reasonable when compared with the
forecasts and are consistent with resources and actions,
the analysis 1s completed at the disaggregate levelse.
The goals then pecoae targets ana the lecessary frasources
and actions become second order induced goals. If
consistency is not acnhieved, the goals have to be
modified, The overall targets may even have to be
modified. Examples of such second order 1inducea goals
are the outputs that medjcal education, immunization
campaigns, environmental sanitation proqréms, ana health

education programs, etcC. should have to reach targets of
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reduced mortidity ana mortality;

(3) The tnird step is that of aggregation that
goes from actions and sources to goals;

(4) The fourth step 1S a comparisou of the
results of steps one and two with Step three. when there
is complete agreement petween steps one, two and three,
the technical preparation of the plan is completed.

For tne first step, close interaction is needea among tne
technicians, the high levels of the legislative praunch and the
hignh levels of the executive branch. For the last two steps,
interaction between technicians and wmempers of public

administration is required.

Y-8 TIME USED IN PERFORMANCE UF TECHNICAL FUNCTION

It is sugygested that only a short period of time bpe used
to perform the technical tunction, for two reasons: (1)
synchronization or the period of the plan with tne period
served by the high government officials sc¢ that taose who make
tne decisions about the goals of a plan are directly related to
implementation; and (2) repetition of the technical function
during implementation and control which requires the results

for guidance of government actions.

V=9 FINAL OUTCOME OF THE TECHNICAL FUNCTION
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Tne final outcome ol the tecnnical preparation of a plan
shoula Dpe 3 timetaple or actions to be taken, inciuding : (1)
a description of eacn action on potn aggregate and disaggregate
levels; (2) tne time in wnich each one should oe pecrformed;
and (3) who should perform them.

Since the plan is an instrument for action, 1t snould be
presented in such a way as to facilitate and encouraye 1ts use,
Tnis can pe accomplishea by presenting it (1) in small
subdivisions, one for each organization responsiole for the
iﬁplementation of a part ot the plan; and (2) «itnout niénly
technical, lengthy details of the diagnosis and foiecast of the
Processes planned, making it readable for those invoived in its

implementation.

V=10 CONCEPT OF IMPLEMENTABLE PLANS

The final outcome of the technical function can be called
the publisnhed plan, This published plan will e considered
implementanle it there is a strong possipility ot perforaing
the actions required to achieve the targets by tne levels of
government responsible for their performance. The anility to-
take care of the implementation of the plan depends upon the
following factors:

(1) Capacity as determined by public opinion,
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laws, regulations, anc iunternal organizations;

(2) Availaoility of physical, tinancial, and
numan resources;

(3) w1ll, knoaledge and abirlity of indiviauals in
the levels of governuent responsible for plan 4ch/
implementation.

Tne process oI implementanie plans 1is, in principle,
similar to tne process of preparation ot technically sound
plans, This involves attempts to determine whether the goals
of tne plan are consistent with the capacity, wiil, knouledge
and apility of the nign levels of government and of the public
administratione. Present inconsistencies have to be corrected
by modifyinyg the goals of the plan. in the future,
discrepancies can De avoided gitn noditicailon -.0f the
characteristics of the high levels of government and the public
administration, in addition to moaitication of the goals of the
plan. The preparation of impleamentable plans is a part of the
tecnnical preparation of the plans, eaphasizing the governaent
and administration responsible for its implementation, rather

than the resources required to reach the targets.

V=11 CONTENT OF ACTUAL HEALTH PLANS

Although a planssnould be a timetable of actions, health
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plans in wmany countries or Latin Aaerica and West Africa, and
ot Iran, tor instance, do not 1include any clear noras of
action. 4 review of health plans published Ior the Kepublic of
Lioeria (1967-1976), Sierra Leone ((1965-1975), Niger
(1965-1974), Gabon (1966-1980), and Mali (1966-1976) reveals
the following contents:

(1) nealth situatijon;

(2) nealth organization and administration;

(3) nealth resources (physical and personnel);

(4) description of other healtn relateg activities;

(5) nealth budget 1n relation to other government

expenditures;

(6) appraisal of tne health probiems;

(7) determination or relevant priorities;

(8) plan of action; and

(9) detinition of plan ana budget;
The “plan of action" gives a broad Statement of objectives, but
Q0es not specify the actions tnat are required at all levels to
attain the goals of the plan, In addition, background
information for eacn country is provided, describing geography,
natural resources, national esconomy, the political and
administrative organization, and social and nealtn legislation.
Health plans contained in the general social and economic
development plarzs for Colompia (1970-1973), Venezuela
(1970-1974), Argentina (1971-1975) and Iran (1973-1978)

describe tne broad objectives and goals of ths nheaith sector,
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outiine the pasic policies and guidelines ror tne sector, and
give details of the number of nospital beds, nuamber of
physicians, and otner énysxcal and numan resources, or the
training prograss for technical personnel, and of the budget
allocations tor tne various health programs. In general, they
are more resource-oriented than action-oriented, i.e., they are
directed more to the physical and human resources required than
to the actions needed to make them available and to the
individuals who should perform them. They coatain primarily
diagnoses of the health conditions of the countfies and
forecasts of the health processes to be planned, but no

indication of the targets or the actions needed to attain them.

V=12 SUMMARY

The technical <function in health planning is viewed
conceptually as a scientific wmodel of the healtn processes
which assists in deteramining:

(1) The goals of the nealth system and its

subsystems and tne targets for those outputs;

(2) The levels that the inputs of this systea and

subsysteams snould reach to attain the goais and
targets; and

(3) That the input levels can and will be achisved.
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Tne 1deas about sclentific models and tneir tcatutcg
introducea 1n tne secona chapter are aiscussed 1a relation to
the technical function ana the tnree models required for nealtn
planning. The various steps tor performing the techaical
function wnich include selection of models to he used,
collection and adaptation of statistical data, ulagnosis and
torecast, aggregation and disaggregation{ etc. are outlined.

The Iinal outcome of the technical preparation of a plan
1s descrived as & timetanle of actions to pe taken and the
possibility of the 1iamplementation of the neaith plan is
corsidered, Finally, the content of actual health plans of
several countries 1is provided and its lack of action

orlientation notede.
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VI CHOICE BSTSEEN PUBLIC HEALIH AND INDIVIOUALIZZD MERICAL CARE
Vi-1l.~ Introauction ¢

The 1instrurents available to health planners to
improve the healtn of a population can be classitied into
two @main categories: individualized health care and
public healtn services.

The term “health care* refers to treatsent, of a
single patient, whether it be through a public clinic or
by a private physician after tne onset of a disease in
order to cure tnat disease or to reduce its undesireable
effects. Althougn the individualized medical care option
may sometimes provide services to those other than the
victim, e.g., counseling to tne parent of a sick child,
tor the most part the services are restricted to the
pPatient himself, and are disease specific.

The advantage of individualized care is tnat health
personnel, supplies, and financial resources are
concentrated only on the afflicted, in the hope that al:
who contract a disease will be treated, regardiess of the
Specific nature of the disease. The drawWnack of this
approach is that the <cost of disease treatment,
particularly high .in later stages of a disease, Bmay
prohibit adequate treatment of all victims. In aadatior
by allocating resources to individualized trsatasnt,
diseases that could have been prevented or detectad and

treated in early stages may result in deaths or in tne
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spread of infection .

The terws "punlic nealtn” will be used to describe any
disease control program wnich alLs to provide services to
an entire population or sub=-poputation in oraer to
ainimize i1llness or death within that group, regardless of
the current nealth status of meabers of that groupe. The
Services 1included in the public health cateyory can be
divided into two types: prevention and mass screening,
each of which can be diseasa Svecitic or non-spacific.

Prevention, as the name isplies, attempts to avoid
the appearance 0of a disease througn action taken pefore
its onset. A disease specific prevention proyram, such as
the U.S. Suine-flu program ot 1975-76, aias to eliﬁinate
potential cases through a particular prevention device,
such as vaccination. 0n the . 6thet nand, non-specific
prevention Eroyrams attempt to control diseases
simul taneously tnrougn environmental ameasures, such as
todent or garbage control, or host improvement steps,
- P P nutrition  supplementation or Personal hygiene
education programs.

The major advantages of a Prevention proyram are that
it successful, deaths are 8ininized by reductions in the
morbidity rates, and healtn resources are spread over ' the
entire population. Therefore, all citizens oenefit from
the decrease in the number - cases of the disease, and

subsequent deatns are g8-. -4 without costjy treatment,
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waje loss and general suffering.

Prevention ‘Programs,  nNowever, also have -
disadvantages. Prevention costs, althougn ainimal at the
inadivicual level, a3y bDe gquite substantial when the
measures are applied to the entire population. These
costs may be so high that they consume resources to the
extent that treatment of those for whom puolic health
measures have failed may not be possible. In aadition,
becauce prevention prograas are usually specific to one
a1sease or group of diseases, 1nvestment of money in them
may result in tne total disregard of victias of other
diseases that may not be apptopriate for preventive
measuress.

For diseases for wnich prevention - options are
non-existent or 1ineffective, the other pubiic nealth
option, mass screening, may oe an appropriate method of
disease control. Through its use, public nealtna cfficials
atteapt to lessen the effects of 'a dlsease upon 1ts
victims through detection in 1its early, sometimes
symptosless stages, in which, on the one hana, treataent
1s often more effective and less expensive, and on the
other nand, the spread of 1infectious diseasa throughout
the population can be avoided. Screening progyrams can be
usea for a single disease such as tuberculosis or cancer,
or for a nuamber of different diseaseé. One such multiple

disease approacn is thne EDSPT (Early Screening for
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Prevention Detection and Treatment) prograa which 1is
currently in operation under tne sponsorship of the U.S.
Departaent of Health, Education and Waltare. 1In this
program, partjcipating low- income cnildren are examined
at specitied intervals to detect any signs ot illness and,
1f needeq, treatment referrals are provided.

Llke prevention, early sScreening prograuws distribute
feSources througnout the population, but also can be very
costly. Screening programs, which have bpecome .very
popular since world War Ii, tor the most part have been
unsuccessful because of these fiigh costs and wvecause of
low aetection rates,

with an unliaited availability of nealtn personnel,
tacilities and financial resources, health plannners could
must appropriately wutilize all public nealthi and
1ndividualized treatment options so that all disease
w»ithin a society could be reduced as far .@s current
medical Knowledge would perait. However, health
Fesources, like tnose in any other area, are limited;
this liawitation eliminates the possivlity ot reducing
Gisease to the lideal minimum. In the absence of unlimited
fesources, the health authorities® most reasunaple course
of action is to use the resources availapble to impleaent
the combination of alternétives that waximizes health
‘benetits, In Sunaary » and in applyang the 1aeas above to

health planning and policy making, the pbest combination of .



Chapter VI: Puplic vs. Indiviaualized Page 85

puolic health and individualized medical care tnat can bpe
obtained within the resources availapjie aust ve selected.

In orager to rationally choose fne Dest cowdination of
Program alternatives, the nealth planner wust 1dentify the
objectives sought py tne alternatives, the oenefits of
each program, i.e., how much they contribute to the
achievement of ob)ectives and tne COoSts, or tne amount of
resources used in the attainment of those penetits,

As observed, the health plannner must ficrst idéntify
the objective sought by each alternative. The basic
opjective of every health program is the improveaent of
well=peingy, Froa this puint of view it can pe said that
before cost factors are considered, prevention programs
tnat avoid disease shoulq/oe preferred to early detection
programs that minimize disease impact after its onset, and
that early detection should pe preferred to sirple cure of
advanced cases., It should pe observed, however, that once
tne cost factors or the alternatives are considered, the
actual choice of the programs might differ from that of
the original preference rankinge. This 1is particularly
true 1if the nealth of all the members of tne community 1is
Lo be considered.

" The rteason for this can be seen with an exanﬁle. In
a costly prevention prograuw the scarce rssources available
miyht be sufficient only to protect a spmall Segaent of the

community from disease. However, if a large nuader of the
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un-protected persons are lixely tc contract it, and if all
resources have Dpeen expended in prevention, many members
of the community aay sutter severely due to non-treatament.
Clearly, therefore, the cholce cannot be made solely on
tne basis of preference; the cost of alternatives must
also be taxen 1nto consideration.

Intuitvely, tne nealtnh pLanner Wign cesource
constraints should choose the individual treatment option
for diseases with low morbidity ana infection rates and
with treatment costs that are low in comparison with ths
costs of prevention. He should opi for prevention when-:
its costs are low and morpidity and intection rates and
treatment costs are hnigh, and for screening «hen the
differential cost Detween early and late tteatmentlis
significant so as to warrant ‘an extra investaent in a
screening prograa.

There 1S some possipllity of wusing the above
opservations as a Dasis to construct the numerical indices
needed for selecting the healtn programs hich are mast
desirable for a community. W¥With this objective, we could
select the most appropriate program in such < day 80 as to
minlmize tne number of cases within tne resources
availaple. Another possibility would be to ulnilizo the -
numper of disability days caused by a disease.

The indices just mentioned, however, would be only

rough approximations, because they would not take into
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consigeration tnhe severity oOr the disease ana its ultiaate
outcoms. A different prooles tor the use of the nuaber of
sick days produced by a disease is the lack 0of reliable
inforaation.

Anotner objective that can be seen as an extension of
each of the above indices, and that can be considered the
common end of all health programs, is the minimization o}
deatns.

In addition to its clear and intutive meaning, the
main advantage of using tne number of deatns as an index
of health service efficiency is the availability of some
of the statistical aata neeaed for its use. One of the
disadvantages 1s that all aeaths are not equally
important; for 1instance, the death of a tather of a
tamily represents a larger social loss than tne death of
an intant. This type of limitation, however, can be
avoided with an appropriate system of weights. Another
limitation is that such an index-exclur'es iosses due to
morbidity alone. This limitation is pacticularly
1mportant when a choice between acute and chronic disease
has to be made, since the former might produce 1amnediate
deaths while the later, mainly years ot sutfeting.
Despite the disadvantages listed, for want ot a better
index, the wminimization ot deaths will pe used as the

objective of the different health programse.

The intuitive ideas Just presented can be
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operationalizec w«itn matnematical wmethods for aecision
kakers. Reloe, the simplest, most coamonly used ot these
metnods, namely linear prograaming, «ill De appliied to the
tollowiny three probieas: |as3 screeniny vS.
individualized care, prevention vs. 1individualized care,
and nutrition and prevention vs. individualized care. A
rathematical wmodel and a nuperical example will be

presented for each case.

Vi-2.Mass Screening
Vi-2.1l.- The Model

The purpose ot tne.early-screening model is to find
the optimal number of people to participate in a disease
screening prograa and/or treétment programs' 1n order to
minimize deaths due to the disease, given various costs
and resource constraints. In developing tane nodei,
saeveral simplifying assumptions are made. First, the
problems associated with tne passage of time are not
empodied 1n the model. Second, it is assumed that all
occurences of a disease are aetected between the time of

~inception of tne disease and the t;ne of death. Other

assumptions will be mentioned 1n the folliowing paragraphs.

The total nuaber of paople 1n the target pooulatioﬁ
susceptible to the disease is denoted P, Thus,

N1 ¢« N2 =P
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where N1 indxcates the numper of people that, according to
the results of tne model, snoula be in the screening
prograa, and N2 denotes the number tnat snould not be 1in
the programe. .

Ir «e assume that occurences of the disease appear
randomly tnrougnout the target population, we can say that
persons potn in ana outsiée of tﬁe prevention prograa are
equally lixely to contract the diseasee Tnus,

D*N1 + bD*N2 = B*p
shere b 1ndicates the occurence rate of the disease in the
target population, and as a consequence, pn*N1l is the
nuaver or persons tnat are affected by the disease and
tnat snould be in the screening programe. The otner iteas
in the equation nave simllar meaning. |

Below it will be assumed that all cases of tne
disease are eventually detected. It E indicates total
number of early detections of the disease and L denotes
the total number of late detections, we find that

del*b*N1 + de2*b*N2 = E
and
(l1-del)*b*N1 ¢ (l-de2)*»p*N2 = L
wnerc del is the early detection rate in tne program, and
de2 1is the early detection rate outside of tne programe.
Tnus, (1 ~ del) and (1 - de2) arc¢ the proportioas of cases
detected at a late stage in the disease”s development.

Depending on limitations in resources, not all pecple
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contracting the Jisease elll De abple to De treated. Thus,

E

Ml ¢ w2
ana

M3 ¢« MG =L
snere M! ana ™3 inaicate the number of early and jate
detected cases, respectively, which are treated. M2 and
M4 denote tnose early and late detected cases which ar;
not treated.

The total costs of detection and treatment cust
satisty the tollowing constraint:

Cl*N1 + c2*v]l + ¢c3*M3 <= R
wnere cl i1s the cost per person participating in the
progyram, ¢2 1s the cost of treating cases which are
detected early, c3 1s the cost of treating cases detected
late, and R denotes the total resources available for
treatment ana detection.

The numoer ot deaths caused by the dissase is a
function of tne‘fnumber cf persons treatea and the
mortality rates associated with the patients® condition
upon entering into treatment. Tnus,

T = M2 ¢« M4 + t1*M1 ¢ t3*M3
where T is the total number of deaths and tl is the
mortality rate of cases detected early and treated, and t3
is the mortality rate for cases detected late and treated.
We assume that those persons who are not treatea will dig,

i.e., the mortality rate equals 1. In Suamary, the wasodel
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1s:
winizize T = M ¢ M4 ¢ tl*u] o f3'n3
Subject to:
N1 ¢ N2 =p
del*p*nl ¢+ de2*b*n2 = E
(1-del)*o*nl ¢ (l-ae2)*o*n2 = L
Ml ¢+ M2 = g
M3 ¢+ Mg = L

Cl*N1l + c2*Ml + c3*M3 <= R

VI-2.2 Choice peteeen Mass Screening and Treatsent in

Breast Cancer

Breast cancer is the leading type of cancer in
incidence and as a cause of death among American women,
with an occurence rate of 60 per 100,000(2). However, one
in 13 w~omen will develop it sometime during their
lifetime(3), When discovered at the early localized
Stage, the five-year mortality rate is «lo, but when
detected after spread to the axillary lympn node the rate
lncreases to .44(3). The average economic losses to a
victim with a ™less severe cancer," taken in tms casé to
be an early detected one, are $18,000, and siawilar average

losses for victims of "more severe® or later detected
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cancers are 540,000. Tnese economic losses iucluae not
only treatment costs, but exgected wage loss as well(4).
Because of tne significant difference in boto treatment
costs and mortality rates, screening Seeams to be
warranted.

The American Cancer Society and The Breast Cancer
Institute have Jointly sponsored a nusper of detection
demonstration projects to test the feasibility of breast
cancer screening. The early published results report that
of all breast cancers detected by the program, 77% are
Sstill in tne early stages as compared to the 453 rate of
early cases among women with cancers detectea by all other
means other than the program(3). The CosSt ot screening is
516 per woman(4). ‘

The inforwation apove is summarized in Taple Vi-2.1
and can be used to apply tne model in Section Vi-2.1.

The results optained from the application ot the
model are presented 1n Tapnle VI=2.2. They snow, sith the
aata used, tnat to minimize the number of deaths ot preast
cancer patients, treatment and not mass screening for

early aetection snould be emphasized.
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TABLE VI-2,1
data

Dreast cancer screaniny progran

Bacameter Resgription
total num~~r of women in target

populat.on

gel proportion of total cases in
program detected early

de2 proportion of total cases
not in program detected early

tl tive-year nortality rate of early
detections with treatgent

t3 flve~year mortality rate ot late
detections with treatment

cl COsSt per woman screened

c2 cost of treatment to cases

detected early

c3 cost of treatment to cases
detected late ’

D occurence rate of breast cancer

R resources available (10*=6)

Yalue

15,000,000
«17
45
16

- 44

16,00
18,000

40,600
«0000

250
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TABLE VI=2.2
variables to be determinea

preast cancer screenlny program

Nl number of women in progras 0
N2 numper of women not in prograa 15.0 million
M1 number of cases detected early 4050

and treated

M2 number of cases detected early 0
and not treated

E total number of early 4050
aetections
M3 number of cases detected late 4427

and treated

M4 number of casas detected late 522
and not treated

L total number of late detections 4950
E/L early detection/late detection .81
T deaths due to cancer 3119
M deaths per 1 million target 208

population
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“o5t data are subject to statistical error, and most
parawaters are likely to varv, even if only slightly, froa
tiae to time. Keeping these 1ractors 1in aind, it 1s
important to evaluate tne effect of changes 1in the
parameters on the resuilts ot mathematical procedures.
because of the variabpility of data, only resuits that do
not change witn swall or medium adjustments in the
parameters should oe implemented. Tables V1~<.3 through
VI-2.8 snows the results of sensitivity analyses in the
breast cancer probleg.

In Table II-3 tne effect of reaucing tne cost per
w0man 1n a mass screening program is studied. 8y reducing
the cost per woman screened from $16 to $19, no changes
result when the total resources amounrt to 3250 aillion.
At St per wouwan, however, more lives are saved if enough
resources are allocated to tne program to scresn all women
(Nl= 15 * 10 ** 6, N2 = 0) But, this increases the number
Of late detected cases (M4) whlch cannot pe treated due to
lack of resources. As program costs decrease, the number
of late detected cases that are not treated diuinishes to
zero, wnile the number of deaths falls to 2020,
Tneretorg, according to these results, aass screening
should only pe implemented if the cost per WwomaRh can be

reduced to 50% or less of its current value.
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OP=1MAL
oReAST

dJollars

dcmen
in millions

mOomen
in millions

mOomen
WolRen
somen
somen
women

wOmen

wolnen

T/oer
million
women

Puplic vs, Individualizea

TABLE VI-2.3

SOLUTIONS AT VAKIOUS PROGRAM COSTS

CANCER SCREENING PROGRANM

16

15.0

4050

4050
4427
522

4950
.818
3119
208

15.0

0930

69390
131
1938
2070
3.348
3105
207

15.0

6930

5930
1631
438
2070
3.348
2265
151

Total resources (R) = $250,000,000
Taryet population (P) = 15,000,000

15.0

6930

6930
2070

2070
3.348
2020
135
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In Taole VI-4 the 1mpact of changes in tne resources
avallable 1s studied. There 1t can be Sseen that with
resources petween 250 and 450 aillion dollars, all early
and late daetected cases would bpe treated, le€@e, M2= M4 =
0, and there would De some resources not used for
treatment that could be devoted to mass screening (Ni
bpecomes alfterenf from zero).

The number of persons in mass screening programs(N1)
lncreases with tne 1increments in resources, and should
cover the intire population (N1 = 1S5, * 1) %% §6) ghen
resources reacn apout $450 amillion. At the same time, the
ratio ot early to late detections i1ncreases to the point
wWhere any aaditonal tunds over approximately $478 million

do not add to the number of lives saved.
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TABLE VI-2,4
OPTIMAL SOLUTIONS AT VARIOUS RESOURCE LEVELS

BREAST CANCER SCREENING PROGRAM

R $ml 100 256 3o 350 400 450
N1 in mrllions 0 0 2.471  6.717 10.963 15.000
N2 in mllions 15.000 15.000 12.529 8.283 4,037 ¢
M1 somen 4050 40590 4524 . S34n 6155 6930
M2 vomen 0 0 0 ' 0 0 0
[ women 4050 4050 4524 5340 6155 6930
M3 women 677 4427 44175 3660 2845 2070
M4 wWomen 4272 522 0 0 0 0
L somen - 4950 4350 4475 3660 2845 2070
E/L -318 .818 1.011  1.459 2.163 3.348
? women 5219 3119 2693 2465 2237 2020
L T/per 348 208 180 164 149 135

arlilion

woman )
slack $ in millions 2.400

Target population (?) = 15,000,009
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In Table VI-5, the consequences ot increasing the
costs (c2) of treating early detected cases 1s studied. A
tirst consequence 1s equivalent to a reduction of
fesources, and, as a result, the number of deaths (T)
caused by cancer tends to increasee. In addition, there
are some changes 1n the allocation of resources froa
treatment of cases aetected late (M3) to the treataent of
Ccases detacted early (Ml). The reason for this is that
gespite the increasing cost of treating the cases detected
early, this type of treatament should be preferred because
its relative cost of saving lives is lower tnan that of

treatment of cases detected late.



c2
c3

N1
N2
M1
M2

M3
M4

E/L

Chapter VI: Public vs. Indiviacualized

TABLE VvI-2.5

OPTIMAL SOLUTIONS AT CHANGING EARLY TREATMENT COSTS

BREAST CANCER SCREENING PROGRAM

in dollars

1n dollars

13,000 25,000
40,000 40,000

1n millions 0

in millions 15.0

wolel
woaen
women
Wwomen
wonen

women

women

T/per
million
wOomen

4059
0
4050
4427
522
49590
818

3119
208

0
15.0
4050

4050
3719
1231
4950
«818

3515
234

30,000
40,000

15.0
4050

4050
3212
1737
4950

«318

3799
253

Total resources (R) = $250,000,000

35,000
40,000

15.0

4050

4050
2706
2244
4950
- 818

4082
272

40,909
40,000

15.0
4350

4050
2200
2750
4950-

4366
292
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Taole VI-6 presents results tnat can Da callea the
counterpart o! tnose in Tavole Vi-5, namsely,the results
obtained by decreasing c3, the cost of treating cases
detected late. The first eftect of this reduction is that
resources are available to treat more late detected
patients and, as a conseguence, their nuaber (M3)
increases and the nuamber (M4) of late detect;d not treated
Cases decreases, becoming zero for costs between $30,000
and $18,000. For tnese values, i.e., when ali patients
are treated, it 1s also possible to begin a mass screening
prograse. This result shows once more that with the values
of the parameters in Table VI-1, treatment of early and
late detected cases 1is more efticient in reducing deatas '

than macs screeninge.
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TABLE VI-6

OPTIMAL SOLUTIONS AT CHANGING LATE TREATMENT COSTS

c2
c3
N1l
N2
M1

M2

M3

M4

E/L

BREAST CANCER SCREENING PROGRAM

dollars
dollars

in millions
in millions
women
wWomen

women
somen

women

momen

somen

T/per’
million
women

Total resources =

18,000 18,000

40,000 30,000

0
15.0
4050

4050
4427
522

4950

818

3119
208

2,088
12.912
4451

0

4451
4549

4549
978

2714
181

$250,000,000

18,000
20,000
5.001
9.999
S01¢

0

3010
3990

3990
1.256

2557
170

18,000

. 18,000

5.500
9.500
5106

5106
3894

3894
1.311

2530
159
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Tahhle V]e2e7 <¢hows the results of increasing
treatment costs simultaneously, As both treastment costs
increase, resources are best diverteog from thne screening

projram tc treatments jin crder to minirize ceaths,



OPTI'"AL SOLUTIC'S AT CHAMGING EARLY AnD LATE TREATMEWNY COSTS

ce

cl}
1y

e
"y

Ho

13

Cratter V] Tyolic vs.

BYEALST CANCER SCREENING PRUGRAM

gdellars

dJollars
millson

millcns
waren
wOomen
woren
woren
wofren

wCcmren

women

T/oer
million
women

TABLE V]e2~7

2000

5000
14,079

0,921

0353

oc'

6753
2aeu7
0
2au7
3,005
2069

138

Incivicyalizeo

u50¢

10000
12,197

2,602
6392

6391
2603
0
2608
2,451
2170
145

Resources (r) = $250,000,000

9000

20000
8.248

6,752

5634

5634
3366

33606
1,674
2383
159

18000

40000

15,0

4050

4050
a427
522

4950
«818
319
298
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25000 32000

47000 54000

0
15,0
4050
0
4050
3165
1785
4950
818
3826
255

0

15,0
4050
0

408¢
2230
2720
4950
0818
4349

290

39000

61000

15,0

4050

4050
1509
344y
u9%59
.818
4753
317
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The ontinuous higyner =2:ticlency of treataent, mainly
treatrent ol early qetectel cases, over mass screening is
Soaemnat surprising, tssentiasly, 1t treatsent 91 sarly
getected <cases 15 substantlally more efrXicient tnan that
ot late treated ones, it snould pe appropriate to increase
the numpel ot early ones tnrouygh screening. Intuitively,
1t can be salda tnat eariy detection alynt De inetiicient
becduse the detection rates are lowe To study this
possibility, tne results of 1ncreasing eariy oetection
rates 1n Table VI=2.8 can be used. They Show tnat with
the resources avallable, even with a 100% eariy detection
fate o« cancer patients, screening programs wouid not save
lives wmore etficiently than treating patients detected

late.



4
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TABLE vi-2.8
OPTl%iL SJLUTIONS AT INCREASING PROGRAM EFFECTIVENLSS

HRCAST CANCih SCRZIENING PHRUCKAM

17 32 87 «97 1.00
in e#illions 6,72 Te12 T7.56 e 66 9,05
in willions 8,28 S -T T.43 6.34 5.35
women 5340 5630 5956 6751 70317
women 0 0 0 0 0
women 5340 5530 5956 6751 7037
women 3000 3376 3044 2294 1963
wonen
women 3060 3379 3044 2249 1963

1.459 1.670 1.957 3.002 3.585
sonen 2405 2384 2292 2070 1999
T/per 164 159 153 138 133

million

woumen

Resources (R) = $350,000,000

Frow the above analysis it can pe concluded that
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at 1ts current costs and ocetection rates, Bmass
acleenlng 1s not an advisanle alternative. Tne present
COSTtS ana successes ol treatment proyrams <arcant their
continued use.

The Conclusisdn that resources snould pe cnannelled
to 1treatwent of oDreast cancer is consistent with
previous evaluations ot other mass screening
proyraas(norowitz,1970). However, a ctecent article on
sCreeniny ftor cervical cancer staunchly supports the
Pap test as a cost-effective means of coampating
cervical cancer(schsietzer,1974). Through the use of
propability analysis and decision trees, Scneeitzer
develops a decision rule wnereny tne cost of detection
and possible treatment are compaced to the value of
aaditional and/ or improved lite beyond tné screening
test., By applying tnis decision rule to current data,
Schweltzer concludes that the Pap test is a
Cost-efrective, one-time screening device from the
Viewpolnt of societye.

Altnougn Schaietzer’s model was not applied to the
breast cancer proolem due to lack of appropriate data,
the results of such an endeavor might have proved
interesting. | .

However, because of basic daifferances in the
underlying assumptions of the two models, it would not

nhave been surprising if conflicting resultis nad
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occurred. Two ol tnese dlfrerencas involva resources,
ScnweltZer assumes that resources are availaole to
treat all disease victims Lt screeninyg 13 iagleaented.
The =pove wodel, nowever, proposes that screening
expenditures liamit tne resources avalladle ftor
treatment. Secondly, 1in Schaeltzer®s modeil present
costs are welghed against future benerits, wnile the
linear vrogramming model compares present costs to
current resources. Tae tnird major difrerence lies in
the etrectlveness 1indices used. Shuweltzer measures
elfectiveness in terms ol the economic value of
aaditional lenygth or quality ot Lite, the above model,
1n  the number ot deaths avoided by tne healtn weasures
lwplementeds The Joros and cons of each oI these
1indilces were discussed earlier,

l1a conclusioan, Althougﬁ poth wmodels ciaim to
measure "cost-etfectiveness" of early detection and
treatment, it appears that tney are measuring two

different effectiveness dimensions,

V1=3-- Cholce Betwseen Prevention and Cure of One
Disease

VI=3=~1- The Model
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1 tni1s section, the pr.oieas 0 choosiny Detwesn
¢feventlve ana curative measures in order tu &lnimlze
deatns cdused 0y one clsease wilt de studled. Unlixke
tne above moael, wnere aortality rates and suroidity
COSls were aitterentiatea accoraing to the time oOf
getection ot the disease, this model assumes that the
dlsease considerea nas only one averaje treatwent cost
and one averagye morbidity rate. Once again, proplees
associlated altn tne passage O0f time wila not bpe
addressed,

At the risk of some repetition, twc foras of the
proolea to be studied will ne considered. Initially, a
basic approacn will pe introduced. Some of the
Ssimplirications of this approach will be removea in the
Second version, but the linear relatlonships will be
uiaintained.

As mentionea before, the problem to be studied in
thls section 1is thne influence on the nuader ot deaths
caused by a disease of expenditures on preventive and
curative measures. The Dpasic wodel to pe introduced
allows us to see the relationships among tne amain
variables in a rather simple way. This model aoes not
have any practical application; ' however, its
modification (to be introduced later) can pe used in
actual pianningy.

Tne following notation will be used:
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¢ susceptivle pogulation
b total nurper ot people affected Dy the
dlsease,

(1.e.,who Decoae sick)
T total number of deatns
E(1) total expenaiture 1n preventive agasures
E(2) total expenditure 1in treatment of sjck
pevple
R total resources available (Datum)
R = E(1) + E(2) (1)
1t w1ll oe¢ assumed that tne total nuaper of people who
oecome sick 1s a decreasiny function of tne total
eéxpenditures on preveation. Specifically, it aill be
assumed that
B =P = s(1)*2(1) (2)
wnere s(l) i3 a parameter that can pe called tne number
of cases tnat can be avolded witn an expenditure of one
dollar. In the sacond modal, the method to evaluate
s(1) starting with actual data will pe Presented, and
there we w1lll 4lso remove tne aSSumption in equation
(2) tnat every person in tne population wiio has not
been protected wWwith a preventive @easure Wiil Decoae
SiCKe
Next, se w1ll assume that tne number of geatns is
the following linear function of the numper ot people

51CK anda the expenditures on treatmente.
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T =8 = 5(2)%2(2) (3)

wsderfe s(2) 1s a parameter tnat denotes the nuawber of
deatns thal can de avoided with the expenditure of one
gollar. 1In the second moael, a more detailed analysis
oL tnls equatiol 1s made aiong lines siailar to those
1n equation 2,

sltn  equations 1, 2, ana 3, the provlemw oOf
zinlmizing tne numper of deaths takes tne following
fora:

Minlalze
T =P = s(1)*E(1) = s(2)*E(2) (4)
supject to
R = E(1) + E(2) (5)
anag
™= 0

Since 1n practice tne amount of resources available
usuatly wi1ll not oe enouygh to make T = v, we will
iynore the condition T > = ) in the analysis Deiowe

From 4 and 5 1t tollows that

T =P (s(1) =s(2)*E(1) = s(2)*R (6)
and |
0= E(1)= R
Hence T Wili pe a minimum 1f
E(l) = R when s(l) >»= s(2)
E(2) = R when s(1) = s(2)

Tne results optained, i.e., spend everytning on the



N(1)

N(2)

D(l)

b(2)

M(1)
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wedsure wlth tne niqgner retuths per aqullar, adaxkes
fertect 1ntultive sense.

Tne wain liwitation ot the wodel Just presented is
that 1l does not i1nclude any 1ndication of the aethod
that snoulu be used to evaluate the parameters s(l) and
s(2) using statistical data. Tnis limitation 1s
feuwoved 1n tane moiel to pe presented next. For this,

the tollowlny Notation and equations will de uswed:

Susceptidla popuiation
Number of persons who snould pe protected
wlth preventive measures such as vaccinations
1n order to minimize deatns
Number of persons who snould not be protacted
P = N(1) + N(2) (8)
morbidity rate among the people protected
(Vatum);
MOorblaity rate awong the people not
protected (Datum);
Total nuamber ot céses, i.e., people
affracted oy tne disease;
B = b(1)*N(1) + D(2)*N(2) (9)
Numper ot sick persons who should pe
treated with curative measures

1n order to winiaize deatns
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M(2) tkumpef 0t si1Ck rersons «no snould

nut pe treatea

B = M(1) + M(2) (10)
t(1) Mortality rate among people treatea
t(2) Mortality rate among people not tceated
T Total nuwber ot deatns
T = t(1)*M(1) + t(2)*#(2) (11)

c(l) Cost of protecting one person (Datum)
c(2) Cost ot treatinj one person (Datua)
£(1) Amount tnat snhoula be spent on prevention

1n oraer to ainimize deaths
£(2) Amount tnat should be spent un treatment

1n order tu winimize deatns

R Total resources available (Datum)

R = E(1) + E(2) (12)

£(1) c(1)*N(1) (13)

E(2)

c(2)*M(1) (14)

Tlie problem is to determine E(1) and E(2) 1n such a way
as to minimize T. A coaparison of the two models in
equations (4) and (5) with thne one in equations (8) to

(14) SNoOwWS that they are essentilally identicale.
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Yowever, tne number of pariseters and variadles needed
in the second wnodel maxkes 1t uirfticult to unuerstand
the basic principle 1ntroduced in tne first. iIn order-
to reduce the secona proolea to tne first tne fullowing
transtorwations are requised:

Frou 10 ana 11

T (t(l) = t(2))*M(1) + t(2)*B (15)

From 8 and 9

H (0(1) = D(2))*N(1) ¢ D(2)*P (15)

From 15 and 16

T = t(2)*p(2)*P + t(2)*(b(1) = b(2))*n(1) + (t{1) = t(2))*M(1l) (17)
ana from 13, 14, and 17

T = t(2)"0(2)*P + t(2)*(D(1) = B(2))*E(1)/c(1) + (t(l) = t(2)*E(2))/c(2]
The problem reduces to minimize T 1in (18) supject to
condition (12). 7Tnis probiew 1s equivalent.to tne one
1n eyuations (4) and (5) with

= 5(1) = t(2)*(b(1)=b(2))/c(1l) ((19)
=5(2) = (t(1)=-t(2))/c(2)
With (19) tne solution in (7) can be applied to this
Case,
Frow eguation (18) it snould be clear tnat s(2),

das aefined in (19), 1s the numper of deaths thal can be
avoldeu with the expénditure of one doliar ’on
treatwent, «nhile s(l) is tne nuamber ot deaths that can
be avoided Wwith the expenditure of one aoilar on

prevention of tne disease, but without treating those
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=0 rall sick. It 13 possiole to verity directiy tne
Peaninys just given to s(1) ana s(2) witn tne followiny
ayproach.
First, let us ovserve tnat from (11) we nave
aT = t(1)*aM(l) + t(2) * dm(2) (20)
whére d denotes difterentiation,
ana troaw (v), since 8 is assuwed to remaln coustant, we
nave
0 = am(1) +d a(2) (21)
Hence, tfrow (20) ana (21)
aT = (t(l) =t(2))* am(l) (22)
Froa (22), =1th 4T = 1, «e ovtain thnat
=dM = = 1/(t(1)=t(2)) (23)
15 the nuaper of people to pe treated to avoid une
death.
Since ¢(2) is tne cost per person treated, the cost to
avola one death with treataent is
= c(2)/ (t(l)= t(2)) (24)
and its 1nverse, L.e., s(2) 1S the number of deaths
that can be avoladed with the expenditure ot oue unit.

A similar analysis 1s valid tor the case of s(l1).

V1-3-2- Choice Between Prevention and Treatmeat-

whooping Couyn
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In this section a nuaerical exawm.le of tne second
codel n V]-3-1 w1ll De presented.

Tiae pdsic statistical data are presented 1n Tapile
Vi-3-1, Tnese aata refer to wnooping cougn i1a Nortnern

Santiago, tChile, 1n 1963(aluwnaqa,1965).
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TAYLE V1=3-]

basic data needea to apply tne moael in this section rerercing to

whoopify couyn in Nortrnern Santiago, Cnile, 1963

Synpol Definition value

b(l) Morcidity rate in protected 0Ce 45

population

b(2) Morbiaity rate in non-protected pop 00.60
t(l) Mortality rate witn treatment 00.01
t(2) Mortality rate witnout treatment 00,03
c(l) Cost of protecting one person 00,30
c(2) Cost ot treating one person 28.86
R Total resources availavle(Escudos) 314317

Source: Anumada,J.(et, al.) Hdealth PilanningiPrapless af Cangcept
8049 Melpod, Table 7(p.39),

Pan Amerlcan Healtn Organization, wasnington, DeCe, Aprat, 1965.
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Upon apnlication of tne linear projramming amodel
introducey 1n tne previous section, it 1s laacrned that the
optirur solution will be ontainea when £(1) = R= 31,317
ang £(2) =U. In this case tne total number of ueaths that
could ve avoideu is 470,

It 1s wortneanile to opnserve tnat accoraing to the
1ntormation in reference (6), the distribution of
resources eas E(1) = 7,153, £(2) = 24,149, and the nuaber
of deaths prevented was 124, i.e., with a planning
approach, a total of 346 deaths could nave been avoidede

Although tne above model was useful with tne shooping
cough proplem, 1n 1ts present torm, 1ts utlllty is limited
to allocation prodlems dealing with one Jiscase with a
single preventive and a single curative gdeviceos A model
wilchn wlil take these limitations into consideration will
be presented in section 4,

For a more dgetailea treatument of the aonove wmodel

please see Cnapter 11 of Reference(7).

VI-4.- Choice between Prevention and Cure wnen Several

Diseases are Considered

Vi-4,1- The #Model
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In tnis section the aodel for ¢hoice between
vrevention and cure of one disease will De expanded to
consider tne case when saveral dlseases ace included.
#l1tn tne incluslon of several alseases, tne prouliem 1s not
only to Cnoose between prevention and treatwent, but also
tne dlsease to whlcn eitner or botn of tue t«o option
snould be appliea to reduce deaths. In adiition, now it
1s possidle to consider metnods of prevention taat are not
dlsedse specitic.

Pernaps the sost 1important non-specific prevention
uertnoa dvailaole 15 good nutcition. Adequadte nutrition
wil! pe reyarded as a genefal weans of disease prevention
=Nlcn can Dpe wused alone or as a suppletent to disease
specific preventive measures sucnh as vaccination, 1in the
lapcovement or tie neailth of a population. Nutrition atso
will pe introduced as an influential factor towards the
final outcome of an 1llnesse.

In arinciple, a person can deviate from
"satistactory" nutritional conditions, 1n aun 1infinite
nuader of ways. 4Hodever, Dalow it will pa assumed that
only one wunsatisfactocy status is possipDle. For tne
satistactory and unsatlisractoly nutritionai sonaltions,
rreclse values ot moroidity éna aortality rates are
assumeu to be xnowhe. Finally, 1t =1ll De dassuuaed that by
Paking certain expenditures per person it 1s possiole to

Supelzaent tne ai12t of tne population all the per3ons in
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1t w2ll achieve the "“satistactory™ nutritional level,

slth tne explicit consijeration of satistatary and

unsatisfactory nutritional conaitions of tne population,

tne question ot optimum allocation of rasvurces asong

Oetter nutrition and prevention or cure of Jdisease can be

Studied 1n detail.

Ajain to simplity, the analysis will Ds restricted to

tne case 1n wnich a healtn and nutrition plan 1s

designed

to compat three uJdlseases., [t will pe assumed that there

1s only one specific metnod of prevention aua one method

of treatment tor each of tnem. These assumptious
simplify the presentation ot tne model anag

needed. Houwever, they can easily be dispenseu

Jreatly
the data

with |if

necessary. As in the previous models, it will pe assumed

nere that the objJective is to ainiwmizZe deaths.
To torwalize tne model, leat
P denote the population considered for
the nealth and nutrition olan
N(1,)) number of persons with nutritional conditionss
1 =1 satisfactory
i =2 cucrent unsatistactory

danNd preventivon status

J=2" none
=1 ajainst ulsease 1 only
1 =2 against aisaase 2 only

J =3 ayainst disease 3 only
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) = 4 against Jdiseases 1 and 2
J =5 against aqi1seases 1 and 3
J =6 against c¢iseases 2 and 3
3 =1 against aiseases !, 2, andg 4

A first condition that must De satisftied s

P = sum N(i,})) (1)

i
J

1,-.,2

0100’7

i n

Tae number of cases of aisease x amaonyg pecsons With
nutritional condition i (to be denoted witn b(1,k)) 1is
b(i,K) = sum d(1,3,k) * N(i,3)
for (2)
J = 0see,7
whege
b(1,),X,) LS the morpidity rate for nutritional
condition, i, preventive catre, ), ana for disease, x.

As observed, oniy one tééatment 1s assuded to oe
POossible tor each disease. However, tnis Joes not mean
tnat evecy patient nas to pe treated., Actually, one
Possibility oren to a decision-saker 1s not to treat soae
Or all patients sufteriny from a Particuiar aqaisease.

b2noting .1th VM (1,%,v) the numper of sersons with

nutritional cenaativns i = 1,2, gisease k = 1,3 «4no snould
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De Lreated (v = 1), or wno should not pe treated (v = 2),
tne tollowinyg constraint {s ootained:
B(1,k) = sun M(i,x,v) (3)
V 2 1,0es2
the number ot deatns of patients sutfering from the
three alseases becomes

T= sum t(i,x,m) * M(1,k,v) (4)

vy = 1,-.2
k = 1’-.3
1= 1,--2
where t(i,k,m) 1s the aortality rate for persons with

nutritional conditions i = 1,..,2, affected by disease k =
l,ees3, ana witn treatment v = lyjees2.

The above four equations “‘explain® tne number of
deatns, out do not deal «1ta resources neeued to reduce
tnat numpbet. To consider this element, let r(i,j,k,u)
denote resources ot type w = l,..,u, needea per person,
tor prevention i = 1, and treatment i = 2, for persons
=lth nutritional level i (1 = 1,2), and ror methodq of
2tevention 3 (J = 0,7), or treatment of disease Kk (k =
1,3); and with #(w) total resources of type w available.

Then the followiny constraints can pe defined:

R(d)> = sum t(1,3,k,0)*N(5,K) + Sum €(2,3,ks0)* M(Jpx,1) (5}
3 20,0, 1 21,0002 (5) 1 2 1s00s2 K = 1,0e,3
3 =20,7
) = 0pee,7
K = lseerd
kT lseel

In the exawple velow 1C will be assumed that R = 3,
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l.®., that tnre2 resources are used to prevent or cCure
alsease. Tnese ra2;ources are qoctors”’ services, nucrses’
services, ana financial means, As a counsequences,
r(1,J),k,1) will De ameasured 1n minutes of doctors® tiae
per patient, r(i,)3,k,2) 1u =minutes oOf nucses time per
Patient, r(i,J),k,3) expenditures per patient.

¥1tn the notation aocove, the problem of integrating
health and nutritional planning reduces to that of
@1n1a1ziny (4) suzject to the constraints in (1) to (3)
and (5).

Ia the wodel »jresentei 30 tac, nutricivn appears
Siamply as one possible way to use the resources available
to 1improve the nealth conditions of the gopulation,
However, 1t can also pe used to study the iapact of
qetricient nutritional conditions on 40rbrdity and
mortality. For this, it 15 necessary to compare the
filumber of dgeatns wnen tne population enjoys satisfactory -
Autrlitional conditions and «hen it does not. The first
alternative is siaulated in the model, assuming tnat the
cost of satistactory nutritional conditions is zero, and
the second assuming that it 1s so niyn that aone of thne
resources availadle snould pe used tor tt. sutritional
COSts petween these two Dounds will show the impact on
deaths of wusiny some resources to lmprove nutrition and

Some to grevent or treat disease.



Chapter VIi: Public vs. Individualized Paae 124

VIi-4.2-HEALTH AND NUTHRITIIN PLANNLiG== AN EXAMPLE

Tne rodel presented above will pe applied below to
tne planniny ot nealtn and nutrition for infants and
chilaren 1n the Unlted Arap Republic (Eyypt).

As oDserved, two nutritional levals will be
considere.d, The 1tnree 1iseases to be included are
dronchitis, diarcnoea, and measles, which tojetner .cause
90 per cent ot tnhne deaths ot children Detween 0-4 years of
aye.

better nousing and clotning are considared to be the
preventive weasures aqgainst bronchitis, 3 sanitary w<ater
S5upply ajainst ararrnoea, anu vaccination ajainst measles.

The data required on morbidity and mortality rates,
uses 0Of resources, anad costs were estlamated, using
Intormation tcom aifferent countries, different
governorates ot tne UAR, and the opiniouns ot nealth
officlals 1n that country. 0{ata were collected i1n such a
wdy as to reflect the conaitions existing in 1970-73.

These data are presented in Table vi=4-l.
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TABLE VI-4-1

Unlited arap Republic:
Data Used to Specify Optiaum Allocation qt Resoucrces

for the Integrated Nutrition and Health Plan

NO. Equation Constant N10 N1l N12
Dascription
objective 0. 0. De . Ce 0.
copstraints
Population 5000 = 1.0 1.0 1.0 1.0 1.0
PDisease 1 0 = 0051 0.011 00045 0.051 00015
no nutrition
Disease 1 0 = 0. 0. 0. 0. 0.
nutrcition
Disease 2 0 = 0.35 -0e75 0.4 0.8590 0.40
no nutrition
disease 2 Q = 0. Qe e Oe 0.
nutrition
prsease 3 0 = 0.70 0.85 Ue. 68 0.90 0.63
no nutrition .
Disease 3, Q0 = O. 0. Q. 0. 0.
nutrition
Doctors”’ 90000)>= 0. 0. 20 ' Qe 0.
tlae ‘
Nurses”® 180000)3 00 3.0 3.0 3.0 5‘0
tiae

Financial R> = 0. 7.15 1.0 0.018 8.15°
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Na, Eauation Constant NiIS Nie NLT N2O " N21
Nescriptiaon
Ubjective 0, 0, 0, 0, 0,

Constraints

Populatfon  S009 1.0 1,0 1,0 1,0 1,0
Disease |, 0. 0,017 0,048 0,018 0, 0,

no notrition

Disease |, 0 s 0, 0, 0, 0,039 0,013
nutrition

Disease 2, 9 s 0,750 0,40 0,350. 0, 0,

no nutriticon

0"":‘ 2' 0 3 o. o. o. 0.300 0.700
nutrition

Uisease 3, 0 = 0,085 0,090 " 0,085 0, 0,

no nutriticn

NDisease 3, 0 2 0, 0. 0, 0,650 0,690
nytrition

Doctors'time 90000 = 2.0 2.0 2.0 0, 0,
Murgses' 130000 »>= 5,0 S.0 ' 7,0 8.0 7.0
time

Fimancial R>s 7.168 1,018 8.168 ¢ €+7,15
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Equation
Description

Objective
Caaatcaliats
Population

Diseases 1,
no nutrition

Disease 1,
nutrition

Disease 2,
no nutrition

Disease?,
nutrition

Disease 3,
no nutrition

Disease 3,
nutrition

Doctors~”
Tlme

Nurses”
Time

Financial

Constant

500C =

90000 =>»

180000>=

R>=

N22

0.

1.0

0.

0.0344

g.

0.350

0.

0.5610

0.0

7.0

crl.?

N23

0.

1.0

0.

0.039

0.

0.80

0.

0.070

2.0

6.0

c+0.018

N24

0.

1.9

0.

0.0115

O.

0.87

0.

0.690

0.9

10.0

c+3.15

N2S

1.0

0.

0.013

R

0.70

0.

0.075

2.0

10.0

c+7.168
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u26

0.

1.0

0.

0.0345

0.

0.35

0.

0.075

2.0

10.0

c+1.018

2.
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Equation
Ob)ective
Constraints
Population

Disease 1,
o nutrition

Disease 1,
nuttition

Disease 2,
No nutrition

Disease 2,
nutrition

Disease 3,
0o nutrition

Lisease 3,
nutrittion

Doctors*
time

Nurses”
Tiae

Financial

x
[ ]]

Constant

90000 >=

180000 »>=

R>

N27
0.

1.0

0.

0.0115

0.

0,075

2.0

12.0

c+l.168

T111
0.

0.

0.

0.

0.

0.

2000,5000,10000,15000,20000,25000
0.,0.10,0. lS,O.20,0.50,1.0,2.0,5.0,10.0

T112
0.

0.

0.

0.

0.

0.

0.

25.

T211
0.

0.

O

0.

0.

0.

0.

T212.
0.

0.
0.

0.

0.

0.

0.

25.

32.5

6.15
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T121

0.

0.

0.

0.

0.



Cranter V1I: Pyblic vs, Indivioyalized Page 129

Doctors' enc nurses' time dic not appear to be
scarce factor in any of the analyses made on the basis of
these dgata, This was true without assuming that additona!
personnel time coula be obtainen by using some financial
rgsources for that purpose, Therefore, in the following
analysis attention is paid only to restrictions imposed by
scarce financial resaurces,

Tables viede2 through vieded make 1t cossible to
study the influence on morbigity ang mortality rates of
satisfactory and unsatisfactory nutritional conditions,
They are obtained by assuming, firstly, that the cost of
satisfactory nutriton is zero, i.e,, that the nutritional
conaitions of the population are satisfactory, and
seconaly, that the cost of improving nutritional
conditiaong is so high that it prohibits resource
utilizaticn for this purpgse; because greatar reduction of
moroiaity and mgrtality can obtainez by using the
resgurces in other ways, Table V]=lda2 shows that
aporoxinately 40 per cent of the ceaths of infants anc
chi'zren could be avoideo if their nutritional status were
Sat184aciory, Tanles viede? ang vieded gheow haw financial
ras2Lrcas 59Culd oe used, The fact tnat tne rcattern in
rre ¢tn tjries s Jaentical s a consecuence of the

33:°uti~~ oplicit in the data that a satistfactory

=ater%y ! 3tatus resuces in an agcroximately

“ru.carenAagl 43y @'l morritity amc mortality rates, It is
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lfcxely trat this dssumctione== acrectable for the three
diseases teing congigeregee will not hold trye in the cese
of other ofseases, For this reason, it shoula obe

emofrically verified in each specific case,
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TABLE VI=dep
LARS Minimum nymber of ceaths per year among
5030 infants anc chilaren w~ith gifferent nutritiona!

status ang nealth expenditures

Health Nuteritional status

Exvenitituyre

per yaar Satisfactory NonSatisfactory 100(a)/(b)
(a) (b)
2000 238 y 302 65,7
5090 75 | 134 55,9
VAT 37 ol | 60,7
15000 34 S7 59,6
20091 LD S 52 59,06

250100 28 47 59.6
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In the mucel, nutrition ¢poears as one of the
alternative ways tc use the human and finsancial resources
svailuble, This makes it possible to stuay the inflyence
on the nunber of geaths of gifferent levels of exvenditure
neejeac tc rafse the current nutritional level of the
oopulaticn to a satisfactory level, The results of this
analysis aprear in Table Viedey, An increase in
nutritioral expenditures when part of the resources are
usel for petter nutrition simply means less rescurces for
nther wuses in health care, A3 a consequence, the numper
of ‘Jeaths increases, Finally, the position is reacheg
where the cost is too hign to justify any excemaiture on
nytritior, Although this conclusion might seem
surprising, it simply means that nmnre lives can be savea
with one mcnetary unit useqa, Say, for vaccination than
witn one unit uysed for improving nutrition, The reason
for this s not that tne lifewsavirg praogcerties of
nutrition have been regucea, tut taat their cost is too

hiagh,
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r«a990}
®
TAGLE V]=dal
VARt tiurber of chiloren that shoyld receive preventive
measures and the nurber of patients that should be treated
to minimine chilcren's deaths (assuming satisfactory

nutﬁitional conaitians)

I 11 IlI Iv v VI
Children in popylation S000 5000 S0n0 59017 5000 5000
Financial Resources 2000 S009 10000 1S020 20000 25000
available (Lgyctian
poynds)
“inimyn ng, of 2348 75 37 34 31 23
eaths
lngshouly receive J b} 0 0

9 ]

no protectian

Yo, Shoyld receijve 0 0 0 0 0 0
protection fromn |

‘I0s Snoyla receive 3 0 0 ] 0 0
protectian feom 2

*'v, shouly receive 5000 5004 0 0 0 0
from 3

Moe Should raecefve ¢ 0 0 0 0 0
from =2

Mlo, shoula receive b 0 ) 0 0 0
from |=3

loe shoulag recejve ] 9 4784 496s 3346 2627
from 2«3

Mg, shoylc receijve 0 0 216 35 1654 2374
from 1,2,3

Patients of | that 19S 131 0 0 0 0

snould mnot be tpreated
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Patients c? 2 that 231y
shouly rot he treateo

Patimats of 3 that 350
should not be treatec

Patienrtg gt 1 that 0
Shou!ld pe treatec

Patients cf 2 that 1690
sShouly ce treated

Patients of 3 thae 0
shouly te treateq

350

63

4000

{68

1739

375

151

1703

375

134

log?

375

Page 34

118

1031

375
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TABLE V]ed=y§

tiumter that shou'd receive preventive
measures ang nurber of patients that should be
treateyg to minirize chila ceaths (assuming current
nutritional comditions)

Case \No,

I II 111 T v V1
Children in the 5000 5000 S0N0 5300 5000 5000
population
Financia)! resources 2000 5000 16000 1S000 2000C 25000
available £ lbhs,
Yinimum ng, of deaths 362 134 61 s7 52 47
‘iymber shoulgo recetve 0 0 ] 0 0 0
no protection
lymbher shaula receive ) 0 0 0 0 0
orotection from 1
yymber shqoula receive g - 0 0 0 0 0
orotectian from 2
l,umber shoula receive 5000 5000 H] 0 0 0
nrotection from 3 ’
wmber shoulo receive ) ) J 0 0 0
nrotectiorn from t ard 2
‘iumher shoulag receive 0 \) 0 [\ 0 ]
protection from | ana 3
*"ymber shaulg receive J 0 4880 d156 3432 2708
protection fruom ¢ and 3
number shculd recaive ] 0 129 84d 1568 2292
protection from 1, 2, 3
Patients of | that 255s 237 0 0 0 0
shouyla not be treated
Patients of 2 that 2599 0 0 0 0 0

should not ne tredtag
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Patients of 3 that
should not pe treateq

Patients of | tnat
shouly be treated

Patients cf 2 that
shou'ld te treaten

Patients of 3 that
should be treatea

450

1691

459

13

42590

221

1994

449

199

1958

440

178

1922

a4

Page 138

1S¢

1888

439
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TABLE VIey=S

UAR: “'inimym nymber of ceaths arong 5000
crildren wner financial resources are used
for health ana nutrition

Resources Costs nf Nutrition Per Parson Per Year (E lbs,)
Available

(C Tbs,) L0 JA7 G118 L2090 ,Su i, 2, Se 10,

ELDTi 238 267 269 270 3A2 362 362 362 362
S000 75 9 92 94 134 134 134 134 134
10050 37 37 37 37 42 55 59 61 o1
15000 34 34 34 34 35 37 46 56 S7
2uuln 31 31 32 32 33 34 37 51 S2

25000 24 a9 a9 a9 30 31 34 46 47
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uponrn review of the Qbovo models, it seems srocarent
that there are numerous simi{larities among them, All of
the mo3lels are linear programming algorithms whose
objective is to minimrize deaths through {inafvidual
treatment anao Fublic health options, Because of this the
objective functions assume the game basic structyre:
Minimi2e

T = tiIMl ¢ t2M2

where the total number of deaths equals the mortalitv rate
for those treatea times the number treateo plus the
mortality rate of those not treatea multiplied by the
number nct treatea, Although this specific formula 19 the
objective function of only the secona moge! cresented, it
can be easily dJdemonstratea that the functiaons of moaels }
ane 3 are variations ot it,

In tne cperatianalization of ai) of the mocels, one
should ircluce a conaition tnat tne number of geaths to be
minirizec for any niscase be largar than or eaua) to zero,
Since in reality it is net possitle to reduce ceaths to a
negative level, taig reguilt i~ a mathematical operation
woulo simcly mear tnaf scre spsourcus are being wasted,

Just as the unjective ?.actions of the moaels are
similar, the rescurce constraints of all of the mogels
assume the same basic form, that the cost of all treatment
ostions must te less than or equal to the total amaynt of

resources avaflable,
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In acaition, all of the mocels are static ones,
however, they coulo be <converted to aynamic ones with
minima) aitficuley, Lnfortunately, lack of the
appropriate statistical data prohibits the imclementation

of such rooels at the present time,
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alternatives, 1t tollows that an important pcobles that
healtn planners awust face 1S the specification of the most
appropriate «xinas of nealth personnel tnat a country
should have. This is the problem that will be studied in
this chapter.

For this analysis, in Saction [, a briet description
of the main characteristics of the differeat types of
health personnel are presented. In saection I{ an attempt
1s made to compare their efficiency as factors in the
production of nealtn. In Section III, the inforamation
prasented 1n Sections I 2and II1 «ill pe used in a linear
proqramming amodel for tne optimal selectioa of naalth

personnel.

Section I
DIFFERENT TYPSES JF HEALTH PERSONNEL

VII-1 Intcoduction

For tne purpose of this study, it will be assumed
tnat mfdical personnel c¢an 2de classified as foliows:

1- Physicians;

2= Auxiliary parsonnet;

3- "Barefoot zoctorsY;

F-
]

Traditional medical practitioners.

These four classes are dascriped below utilizing



Chapter VII: Personnel Page 143

information from the United States, Ejypt, China, and
Inata to {illustrate the prevailing trends in ngnealth
planning in developad and dsvelopinyg countries. In this
respect, Fgypt will be presented as an example of a
developing country which adopted the Yestatrn health
system, while ‘India and China will be presented as
examples of countries using unique tcadational health
Systeams on a nationwide basis, {in addition to wusing

mestaern medical systeas.

VII-2 Physicians

Medlcdal education varies signiticantly froa. one
country to anothar regarding the criteria of auaission to.
medical school, curricula, duratioa ot medical education,
tora and naturs of postgraduate traininyg. (n the United
States, following the Flexner report, medical education
became rigid because the American Medicai Assocgatlon
specified the courses and programs required for medical
school accreditation in a detailed aannsr, 3ince
physicians aust have graduated froa only accredited
medical scnools ta have been licensed. (Rafterty p.126).

In general, 1n the U.SeRe, a college deycrse (usualiy
BeS Or B.A) is required for adamission to meaical school,

and the duratlon of medical education is four years plus
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one year of internsnip followea usually by a peciod of
rfesidency whicn may range from one to three yeacs 1n soae
jpecialities.

In other countries, sucn as Egypt, adaission to
medical schocl is airectly atter tne high scnool (12 years
general education), but the amedical curriculua 13 for six
years (instead of four), followed Dy one yedr compulsory
intecrnship, and teo years residency in most cases.

Physicians have traditgionally occupied tne top of the
income nierarchy in the nealtn field. For iustance, in
the United States, the asedian net income for solo
practitioners (definea as tnose sharing neither incoae nor
practice expenses) i1n 1966 Was $29,740 (Rattecty p.47),
compared to 54,272 tor a practical nursa, and to 55,736
for a gene¢ral futy nucse, and to $6,336 for a dead nurse
in tne same year. (Ureentield 1969).

JIn the other hand, whan compdariny physicians® income
to othar nonmedical protessions, e find tnat the medfian
earnings (1969 dollar3) wecs 55,103 tor a secvice worxer,
$7,265 for clerical worxers, anda $9,15! for teachers
(Statistical Apstcact JSA 1375).

An 1dea ot tu+ activities pecrformed by pnysiclans can
De ootailned frue the services provided Dy pnysicians to
amoulatory patients in primary health cara . Tals type of
care may be defined as the 1nitial assessaent of the

patient condition. Thas include tnhne area of general
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practice, esergency aedicine, internai wmedicine,
pediatrics, raamily medicine, and obstetrics. After the
initial assessment, ths patient may be treated by the
prxnary>cato physician or referred to the Secondacy level
or the wmore specialized types of care, e.9., cardiology,
uroloqy, surgery, orthopedics etce.

In Table VII-1 a 1ist ot the services provided to
ambulatory patients in primary healtn care 13 presentea.
Tnis list represents 82,6t ot the activltlos of this type

of practice. (Smith 1972).
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TABLE Vv11-1
SERVICES PER 1000 VISITS TU AMBULATORY PATIENTS
OF VARIOUS PRIMARY CAREZ CENTERS, USA

SERYICES NUMRER SERVICES NUNBER
PHYSICAL EXAMINATION URINARY INFECTION 4
WELL CHILD (AGE 0-1) 40 HEART DISEASE
WELL CHILD (AGE 1-16) 141 WITH ECC 1
ABBREVIATED 30 dITHDUT ECG 1
COMPLETE FEMALE 24 EXDGENOUS OBESITY 21
CUMPLETE ‘ 55 HYPERTENTION
COMPLETE WITH ECC 14 WLTHOUT OBESITY 4
PRENATAL EXARINATION WITH OBESITY 2
ROUTINE 42 ELDERLY 6
A1TH GENETIC COUNSELIAG 14 . wITH ABBREVIATED PHYSICAL 2
FIRST VISIT-PREGNANCY 10 FRACTURES 18
BIRTH CNNTROL RELATED PROBLENS 10 LACERATIONS
DESENSITISATION SHOTS 56 FIRST VISIT 4
SKIN ALLER(.:Y 30 CHECK AND REDRESS 26
IMMUNIZATION 47 KEMOVE SUTURES 20

SODRE THRAAT S4 NMUSCLE CONTUSTNY
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HENATOMA
REMOVE EAR WAX
WARTS

EXCISE

FOLLOW-UP

15

U
U

BURNS

ABSCESS

WOUND INFRECTLONS
ARTHRITIS

ALL GTHER SEAVICES

SOURCE: Kenneth H. Suith;

The Optimal Use of Inputs

Resources 7:209-25 (Spring 72)

Marlanne Miller; Fredrick L.
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8
12
6
176

soliavay,“An Analysis of

tn The Production of Medical Services™, The Jornil of Human
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It 13 sorth mentioning that tne percentage of
physicians® time devoted to aspulatory care 1s sore than

70% of their total practice time (rough estimate).

V1I-3 Auxiltacy personnel

“Auxtltary personnel® can be turther Subdivided {into
the tollowing types of assistants: (ref., 1)
A= All1ed nhealth workers or traditional sedical aides;
8= Interamediate-level hnealtn Workers or “Paysician
extendars”";
C- Hedical technicians;
D- Nonaedical assistants.

These four types will be described belou.

A- Allied health workers also known as traditional
medical aides include Registerad Nurses (R N), Licensed
Practical Nucrses (LPN), and medical Assistants (MA). The
tole of these personnel s mostly liaited to indirect
patient care since, 1n real practice, taney spend a
relatively vLessar amount of their total working time 1in
direct contact with patieats, and during the time which
they spena with patients tnev are mostiy engaged 1n

mechanical and social tasks, and the Jaount of
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substitution of tneir timse for physicians® tiase in the
4rea of direct patient care has typically been minimal in
actual practice. Table VII-2 presents the educational

background, activities, and income of these personnel,

B- Intersediate~lavel health workecs or “Physician
Extenders” include the Medices, Pediatcic Hurse
Practittoners (PNP), Nurse Midwives, and tne Physician
Assistants (PAr).

Duriny the past decade, over one hundred prograas
have been developed fn tne U.SeA. for training of the
various types of ?hysician Extenders (Rotorenco 1). The
initial experience, duratfion, and level of training as
Well as the tasks that could be delegated ditrer widely
amony these groups, The Medix is trained to deal with
medical emergencies at the site ot the scene, shile a
Pediatric Nurse Practitioner (PNP) 15 trained to work side
by siude wiltn tne pediatrician and to peciora some
delegated tasks such as Welghing, body measuremunt, vision
ana nearing screening, iamaunization. 0On the otner hand,
4 nurse miduife is trained to substitute for the physician
in normal geliveries and some other ocostetrical and
dynecotogical tasks while a physician assistant (Pa)
usuaily perforas the following tasks: (Saitn 1972).

Removiny warts and rollow up
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Treating sofe tnroats

treatiny sinusitis

performing well-child examinations

freating sinor burns

treatiny muscle contusion (without x=cay)

BiLcth control counsaeling (1in conjunction «ith the
physician)

taple VII=2 suumarizes the educational packground,

activities, and incode of this group ot haaltn pecrsonnale.

C- Medical technicians? X=rcay and laporatory
technicianse tns role of tne foruer group 15 to utiiize
Xx=-ray and electron beam equipment in order to diaynose and
treat patientse. They also assist 1n preparing and
handling radioactive materials tor therapy purposesS. The
role of the latter group 1s to adainister tne various
giagnostic laboratory techniques. For e«ducational

background and income, rafer to Table VIiI-2.

5- Nonmedical assistants such as ciarical and
administrative yersonnel. Thelr role may De gook=Keepings
processinyg insurance claias, filing aqata, jecretartial

w0oCK, and otner siailac adainistrative taéxs.
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It should be noted that the classification of
auxiliary health personnel described above 13 used in the
UsSeAs Uther countries say estanlish diffecant prograas
to train and graduate difterent categories og auxtliacy
health personnel according .0 the needs and resources
availavle in eacn coun‘iy. To illustrate tnis point, a
brler description of the auxiliary healch ,ersonnel in
Egypt 1s presented below as an exam¢'e fromx a developing

country.

t-Auxiliary Health Personnel ain E£gypt:

1= Nurses

Baslcally the. following types of nursas® training
exist in Egypt:

a= The nigh Institute of Nursing Curriculiua

This 13 a five year curriculum leading to a B.S.
degree. Admission to this program 15 artar coapletion of
the high school (12 years of general educatlon).

b= The technical secondary nurse program

Candidates are admitted after completion of the
middle scnool (9 years of general education) and tne
curriculus ls for three years lLeading to a diploma.

C=- Midwives

Gradyate nurses may specialize tn arawifery by

attending a special proygram for another tuo years. In
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fact, these nurses are nignly trained Bidvives and are
usually utilized in obstetrical nospitals,

d- Assistant nurses

This program s for one and a half years atter the
middle scheol, and tratning is usually for one Specialty
(tnrs program was abanaoned recentliy).,

e~ Ass1stant nurse midwives

Adarssion to tnis Prograa is atter the ajrdule school,
and training is tor one and a half years,

2= Alliea heaitn workers

a= Laooratory technicians, X=ray techaicians, and
dental technicians

The curriculsa for these prograas is for two years
after nigh scnool leadiny to a diplosma in thesse .
speclalities,

D= Sanitarians

The curriculua tor this prograa is also £Or ta0 years
after tne hiyh scnool.

C= Others

Such as healtn visitors, laooratory assistants,
dental assistants, administrative assistants. The
prograes for thosa Speclalities ars usually two years

after the middle school,

Taole VII-3 Presents a comparison a8on3] the salartes
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ot the vartous Egyptian health personnel.

There ts an i=mportant point which aust be made
fegarding tne above presentation. In the description of
the possibilities of substitution asong the pnysician, the
allied nealth dorxer, and the paysician extender, it
should be noticed that physicians have to fully utilize
thetr versonnel. Consequently, in actual practice,
physiclian extenders and allied health workers may be used
by pnysicians in essentiaily thne 3ame way. For instance,
a Physician Assistant (PA), w«ith much less formal training
than a Registered Nurse, may be delegated the same tasks
as are norwally delegated to the RN.

Because of this, some idea will pDe yivan nere about
the educational packground or thess groups. Table VIL=2
presents a comparison between physician extenders, allied
healtnh workers, ana medical technicians teyarding their

formal educatton, main activities and incoae.
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PA NO STANDARDIZED TRAINING REMDEN DIRECT AND SPECIFIC $9216
ENTIRE SPECTRUM OF DIFF- ASSISTANCE TO PHYSICIANS 1IN
. ERENT TRAINING CLINICAL AND RESEARCH wDRPF,

TAKING MEDICAL [ISTORIES,

NEDEX ROUGHLY THE SARE PERFPOKNING DETAILED PHYSICAL NA
PupP ANQUNT OF FORMAL EXANINATIUNS, AUDITURY AND A
NURSE MIDWIFE TRAINING AS THE YISUAL SCREENING,AND HA

REGISTERED NWYRSE LABNRATURY TESTS.

MEDICAL TECHNICIANSS
R=RAY VOCATIOnAL SCHOUL MAINTAL«S AND SAFELY USES
TECHNICIAN LEVEL (12-36 MONTHS) EQUIPMENTS AND SUPPLIES
MECESSAKY TU DEMUNSTRATE
PARTS UF HUMAN HUDY ON X-RAY

FILNS Uk SCREFRS TO D1AGNUSE

D1SEASES.
$3696
LAPURATURY VOCATIONAL SCHOOL WNRSS UNDER THE SUPCRYISIUM
TECHRICTIAN LEVFL (12~24 moONrHs) UF PHYSICLAN, MEDICAL TFCHNOLUGEST,

UR PATIHULOCIST, IN PELRFOPMING
THE nURE SPECIALLIZED NN
COMPLEX BIOLOGICAL, RACTERIVLOGICAL,

A0 CubmICAL TESTS TU uRLP
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From the economic point of vieu, it was sstimated by
Schetfler and stinson (Scheffler 1972) tonat the mean
stacrting salary of a PA in 1972 was $10,501 while the
possible gain to the physician is two or tancee times as
BUCh. Moreover, it has bedn shown by Reinhardt and Smith
(1974) that “...the physician time can be reauced by S0
percent by the use of 1.5 pediatric nucrse practitioner®™
(Raffecty 1974).

It was also estimated by Reinnardt (Reinhardt, 1972)
that the marginal productivity of an auxiliary tended to
increass up to the level of aoout one aide per physician,
then diminishing, wuntil becoming negative at a level
betueen 5 and 5.5 aides per physician. Accoraiag to this,
at prevailing wages, "the average solo practitioner could
profitably employ almost tuice as many ancillary persoanel
as are currently being used, i.e., from 1.9 to 4 atdes per
physician* ( Raffacty, p. 157 ).

On the other hand, Kehrer and Zaretsky ( 1972 ) found
that  dounbling of the allied health personnel input
increased the total patient visits per physician by 20 to
25% (Kehrer, 1972).

In other studies, it was shown that roughly 40% of
the patients are well and about 50% of the pediatrician”s
patient contact time is devoted to well-cnlld cars. In
addition, -about 30% of the pediatrician’s time is devoted

to ainor illnesses (Ratferty p.25).



Tavle VL1-3

Starting Salaties bec Yoa

For Health Persvnnel 1o cgypt

Catuyory of parsonnel

tdyptian Pound

U.5. Doltars

U gh lastitute yursn
Techie Seconluty Hurse
Aldeives

Asilste.  Nurse
Assistaut M. Miduwives
Technictans
Sanitartaas

Health Visitors

Pnysicians

00
140
198
144
144
204
204
140
Meudran Sdlary Per Year

3000

429
297.4
243,14
205,92
205.92
291.7¢
291.72
297.4

4290
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A3 8 consequence, one obvious direction of change 1is
to substitute the less expensive units of health sanpower
(PA, PXP, etc) for the more expensive ones, especially
physicians. In this respect, the tasks which are
tepetitive and require less training are delegated to the
allied health workers or the pnysician extenders. Data on
the characteristics that delegation takes 1in differeat
specializations is availlable from the American Medical
Association’s seventh periodic survey of physicians,
conducted 1in 1971. This survey included questions about
gelagation otr tasks by physicians in office based
practices. Ten tasks wele identified in the
questionnaire.

Table VII-4 presents the peccentages of times these
ten tasks are delegated in various specialities (Kehrer,

1974).
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From Table ViI-4 it 1s obvious that the precedures which
can be easily routinized are delegated moce frequently than
those tequiring clinical Jjudgement. Table VII-5 shows the

types of personnel to whom those tasks are delegated
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Vil-1,4 “Barefoot doctors®

®Barefoot doctors® is the name given to medical
practitioners in rural wsainland China. As background to the
way they contribute to the health system in that country, it
should be observed that the administration of Chinese rural
areas falls under a hisra:chy of local governaents, starting
with the perfecture, which is divided into several counties. A
county, 1in turn, 1is divided into several comaunes, each
covering from 15,000 - 30,000 people. A comaune is further
subdivided i1nto several origades of sizes tanging from 2,000 -
5,000 people, which is furtner subdivided into saaller work
teaas of 2000 - 8000 psople (New, 1975:. '

The barefoot doctors (BMD®s) are usally youny production:
brigade meabers of the "“poor and lower-aiddie® peasants,
usually selected by their fellows or recoamended by the
political cadres on the basts of their willingness and their
ability to serve the peopla. The prior education of the BMD’s
is minimal, and differs widely from one BMD to another. They
are given a short period of training which ranges from few
months to aora than a year, with three to six aonths being the
average, Table VII-6 presents the educational bacxground,
training, and medical spevialities of BMD”s in some selected
locations. As 1is shown 1in tnis Table, the educational
background ranges froa Primary education to a college lavel.

However, as observed from this Taole, the aidale school level
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is the sost frequeat one. Consequently, this level of
education will be used as a term of reference throughout this
chapter. In other words, the average education of 8MD°s vill
be considered here as middle school level, which is equivajent
to nine years schooling, besides a pertod of training of sbout

six montns.
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In=service training 1s usually given when needed or feasible.
It can be conducted by physicians at city or comaune hospitals,
Or soametimes by medical teams consisting of MD°s and BMD’s froa
the Red Aray or even by some experienced barefoot doctors froa
other comaunes, in soss circumstances. In general, there is no
national or regional professional standard for selection and
training of 8MD°s (Hsu, 1974),

BMD“s spend approximately half of their time doing medical
work in various health clinics placed throughout the coasune,
and the other half working in the fields as farmers or in the
factories as usorkaers.

The barefoot doctors” medical duties vary fros one comaune
to another and even from one brigade to another within the same
commune. In general, they are able to treat about 70% of the
patients 'tncy see, and refar the othofs to smedical doctors
(Quinn). Thay usually use a combination of Chinese hetbs,
acupuncture, and Western medications. Some of them can perfora
vasectomies, insert intrauterine devices (I.U.D"s), and remove
some types of tumors (Kong~Ming, 1975).

Becauss the Chinese program emphasises disease prevention
and health education as the 2rimary function of BMD®s (Hsu,
1974), the responsibilities of the 8MD”S can be classified into
the following categories:
a= Disease prevention

includes:

1- Environmental sanitation.



Chapter VII: Personnel Page 171

.2- Health education.
3- Imaucization.

b= Aspects of patient primacy health care (defined before)
Includess -

1

Ficst aid.
2= Initial assessaent of the patient condition.

3

Adainistecing treatments.

4- Refural of cases to MD”s when needed.

C~ Post-illnaess follow-up by means of home visits in order to
monitor the effect of treatment given to the patient and to
detect any late complications or recurrence of disease as early
as possible

d- Other patient-relatad services

Includes:

1- Providing continued contact with tﬁ. patient and often
his family.

2~ Acting as the patient advisor in the area of health
care.(Healtn Services Research, 1975).

As stated in the 1968 China Medicine (Sidel, 1972) "all of
thea can prescribe around a hundred medical preparations and
diagnose and cure around a hundred comaon ailaents of frequent
gccurrence in the country side...some of them have shown
greater ability in practical ;ork than some of the doctors in
the cosmune clinic, who are graduates of medical scnool but
lack practical experience™.

It {s worth mentioning that each BMD, aftec coapletion of
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his primary training, 1is given a "Bacefoot Doctor”s Manual®™
which may differ from one region to another, depending on the
relative importance of diseases in each region (Hossain, 1974).
The manual serves as a reference to the BMD°s for diagnosing
and treating their patients. A list of diseases discussed in
one of these BMD“S manuzls {s presented 1in appendix =A%,
(Running Press, 1977).

As already mentioned, the BMD’S are usually aple to treat
about 703 of the patients they see. The spectrum of diseases
shich they can treat varies according to prevalent diseases in
the region 1in which they receive their training. For the
purpose of this study, a trial {s made to specify among the
tasks performed by physicians and presented in réblo Vil-1,
those that BMD’s can also perform. <This is presentsd in Table
128 LY This Table 1is only an educated guess at the services

which may be performed by BMD°S in a primary care facilitye.
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‘Regarding the income of 8MD°s, communes pay for thair
Services through funds that they collect froa their residents.
The BND“s sonthly salary differs troa one commune to another
With an average squivalent to $20 to $60 per moath. This is
slightly nigher than the average fara worker’s salary. 1In soame
cosaunes, the BMD’s salary is equivalent to other faram workegrs*
salarles (New, 197S). '

In coamparison, the monthly salary of personnel uith
siamilar training in the UeSeA., may be as low as 5230 {n the
€ase of medical assistants, or as high as $768 in the case of

physician assistants (1971 estimates).

VII-1.S Traditional medical practitioners (IMP”"s3)

In virtually every developing countgy, and even in some of
the amost advanced ones, providing adequate medical care is
considered a major problem. Due to the scarcity of qualified
health personnel (WH2, 1968), the vacuum is usuaily filled by
traditional or indigenous medicai przctitioners (TMP) that at
worst are practicing without any medical training, and at best
have soae information ot traditional medical Practices, many of
thea witnout scientific bazis. However, aue to their immediate
availability and ability to sell theaselves, they nave sanaged
to gain tne confidence of the _PopPulace they serve. NMany

countries, such as Turkey (Taylor), have formally outlawed
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NP3, Moreover, othets are considering the pessibility of
using traditional or 1indigenous aedicine practationers fer
@edical cate amainly 1in rural communities. Exasples of these
countries are: [India, Iran, tanzanla{ Cuatemala, and Cuba.
(Newell, 1975).

The extant of using TMP"s is likely to differ widely fros
one country to another depending on the cultural and suppotting
institutional and social structures of each. India bhas tried
to strengthen and standardize the teaching of lndlgonoul.
medicine througnout the country. A brief historical note will
help explain the strength of this system of medical care in
India today. The Ayurvedic system of medicine ("Science of
Knowlege of Life") originated in India more than 3000 years agoe
as a part of the Hindu ruligion. It 13 concerned wuith the
whole of life, with aemphasis on the spiritual aspects of
healthful living. This system was amphasized by the Indian
Universities as early as the second century 8.C. During the
Moghul pertod, the Unani medicine was introduced. The Hakimes
(who practice the finani System) are still nuaerous in India and
practice a combination of Ayuvedic and Arabd Systeas of
Medicine, Moreover, amodern aedicine was introduced to India
during the period of British colonizatione Starting around the
1920°s, efforts have been made to revive and modernize the
complex systes of Ayurvedic medicine by establishiny programs
leading to diplomas. rhe length of the proycaas range troam tuwo

to five Years with an average of three yeazgs. Moreowvet, a
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deriod of foraa} trairing and apprenticesnip ranging frem 3 fow
80aths to fiye Years was not uncoason,

chatdtng their basic education, gt %38 shown {n ong study

fee paid to TMP*s for their services ¥as adbout tyo Rupess per
visite, However, the RNumbar of visits Varies Widely from one
TMP %0 another, and there 1s no available e3timate giyen.
(Neuman, 1971).

On the other hand, in Other countries TMP*s Rdy not haye
any basic education or foramal training. Exanples are the
needleman in Turkey, the Curandero in Latin America, ang the
¥itch doctor 1p Africa. However, al} of them should have a
period of apprenticesnip to other THP*s fn otder to pe trained.
Many of thess TNP’s may be trained by means of formal Prograas
and function as medical workers who give 8Rergency care and
treat ainor 1llnesses,

The differences batween TMp-g aNna BMD’s are Bainly that
the latter group shows total devotion to the health of their
Pedple, witnout thought of aay personal material gajn, This
should pe one of the main points eaphastized during the training
of the TNP’g, Horeover, BMD*s are not totally Comaitted  to
Bedical services only; they also perfora otner duties as

tarmers or factory Workers.
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SECTION I1I
VII-2 A COMPARISON OF THE EFFICIENCY OF DIFFERENT
TYPES OF HEALTH PERSONNEL

In order to specify the type or types of health personnel
that should be formed 1in a country, it is necessary to have
some idea about the health probleas of that country. .

In general, it can be said that acute, infectious, and
parasitic diseases are still the main threat to health in
developing countries. (Furnia).

One of the criteria that should be used to decide the type
of health perscnnel that should be used is their capacity to
combat disease. To do so, some 1dea of the diseases they are
likely to treat has to be presented first. This «1ll be done
in Section II-1. A cosparison of the impact that the different
types of health personnel are likely to have is presented in

Section II=2.

VII-2.1 Some observation on the health probiems of a
typical

developing country

To desonstrate tne healtn problems ot developing
countries, some of the healtn problems of 2Jypt are pressnted

hete. I[n this reyard, an attempt i3 made to aelineate aisolscl
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of critical importance to the health of the E9yptian populace.

1- Schistosomiasis: this is regarded by alsost all public
health officials in Egypt as the most serious health prodles.
The prevalence of this disease i{s on the increase despite all
the efforts and the costs envolved in its controi. The Cause
of the increasinyg prevalance of this disease is attributed teo
the change {n the irrigation system after the High Das. It vas
estimated in the 1960°s that 60% of the population was infected
with Schistosomiasis. It was also estimated tnat one in every
22 Egyptians in the Northern part of the Delta died of this
disease, {n wuwnich ths patient is condemned to live in grouing
pain and exhaustion, and in m0st cases this exhaustion limits
the productivity of the individual to the extent that the work
day {s reduced to only three hours.

2~ Gastrointestinal diseases: This group of diseases
includes ' intestinal pacasites, diarrheal diseases and
dysenteries. Among these diseases, acute gastroentritis is the
second sajor public health proolea 1n Egypt. Generally
speakiny, this group of diseases are due to inadequate sanitagy
conditions and lack of health aducation.

3- Diseases of infancy and childhuod: the most important
disease 1in this group is infantile diarrnea, whicn accounted
for wore than half the deaths of infants in cural areas during
the sixties. Other ' diseases are measles, amuaps, whoopii
cough, chickxenpox, and German measles. These diseases usualy

occur in periodic epidemics.
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4~ Typhotd and Pacatyphoid Infections: these diseases are
still frequent in Egypt, with an estimated annual rate of 1500
cases per 100,000 population.

S- Malaria: by 1973-74, tne incidence of amalarta wvas
approximately 10,000 cases. Plasmodium vivax {s the cause ef
the majority of the cases.

6~ Trachoma: although this disease does noc cause death,
it 13 responsible for total blindness or impairnent of eyesight
in a large portion of the population,

7= tuberculosis: although the incidence of this disease
has declined substantgally since 1960°s, it is stiis coasidered

one of the sndemic dissases in Egypt.

VII-2.2 The iampact of the various types of health
Pecrsonnel

on the health of the populationt

Because the diseases which constitute the major health
proolems are not necessarily the leading causes of death, an
attempt is made here to separate these two issues. Table ViI-g
presents tne significant Egyptian nealtnh pronleas and Comparss
the ispact of utilising the Services of physicians only, BMD°’s
or TMP®s only (wnen thay are used), or a coabination of them on
the estimated case tatality rates of these diseases. Froa this
Taole it is oovious that the most laportant nealtn yrobleams in

Egypt are the parasitic and the
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acute (nfectious diseases, most of which are preventable
through environaental sanitation, health education, and'
imaunization; tasks which could be achieved with very
satisfactory results using well trained TMP“s or BMD°sS. On the
other hand, the increase in the case fatality rate as a result
of substituting pnysicians by TMP“s in treating tne diseases
presented above seems reasonable in ROSt cases. '

Table VII-9 compares the impact of substituting physicians
By TMP°s (or BMD°S) on the case fatality rate of the ten
leading causes of death in Egypt (classified according to the

aboreviated international list, 1965 rfevision).
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And bronchiolitis (466)

Empyema (510) 45717
Lung abcess (513) 45717
Pulmonary collapse (519.0) 4577

Other diseases of the

lungs (519.2) 6865
Urinary diseases:

Hydronephrosis (591) : 71724

Calculus of kldney

And ureter (592) 3862

Acute tubular nephrosis 3862

(593.1) |

Urinary tract infections 15448
(599.0)

Diseases of arteries and veins:
Arteriosclerosis (440) - 2574
Arterial embolisam and
Thrombosis (444) 5149
-Pulmonary embolism and
Infarction (450) 5149

Portal vein thrombosis (452) 2574

Diseasas of the nervous system:

10-30
15-50
100

10-90

80-100

20-80
20-80

10-20

80-90
90-100

100
100

1-5

20-60

1-5
5-30

20-40

20-100

80-109

60-90

1-6

20-65

1-17

S=135

0'205

20-59

20-10¢

90-100

60-90

l"os‘

1=t

Hy=164

2-1¢

HY=- 199

Ho-s(:

29=:10"

ge-1ur

100
100
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As can be observed from Tables VII-8 and VII-9, the impact
of substituting physicians by TMP’s on the case fatality rate
13 greater in case cf the leading causes of death (Table VII-9)
than in the case of the isportant health problems (Table
VII-8). This may be attributed to the fact that the (former
group of diseases requires more sophisticated tecaniques for
diagnosis and treataent than the TMP®s or the BMD”s are trained
to handle. However, 1t 1is clear from Table VII-8 that the
IMP s (or the BMD?s8) can handle most of the diseases w«hich
constitute the major health problems, and which coatribute to

the marked decline of the pogilation productivity.

Raegarding the preparation of Tables VII-8 and VII-9, it is
to be noted that since the case fatalit} rato of any diséaso
differs widely according to many factors such as the type and
nature of the disease, the age of the patient, the wvirulance of
the organisa, the physical condition of the patient and his
body resistance, occurrance of complications, presence of other
diseases, effectiveness of a given trz2atment, availability of
medical and hospital facilities, social and economic factors
related to the patient, environaental factors, etc., aﬁ
accurate estimate of this rate requires a good systes of
reporting of all cases of disease, all deaths, and standirdlzod
reporting of the causa of death.

Houwever, for the purpose of this stuay, and because of the
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As can be observed fros Tables VII-8 and VII-9, the impact
of substituting physiclans by TMP’s ok the case Latality rate
15 greater in case of the leading causes of death (Table VII=9)
than 1in the case of the important health probiems (Table
V1i-8). This may be attributed to the fact that the former
group of diseases requires more sophisticated tecaniques for
diagnosis and treatament than the TMP”s or the BMD”s are trained
to handle. However, it 1is clear fros Table VII-8 that the
TMP“s (or the BMD”s) can handle most of the dissases which
constitute the major health problems, and which contribute to

the marked :iecline of the population productivity.

Regarding the preparation of Tables VII-8 and VII-9, it is
to be noted that since the case fatality rate of any disease
differs widely according to many factors such as the type and
nature of the disease, the age of the patient, the virulance of
the organisa, the physical condition of the patient and his
body resistance, occurrance of complications, presence of other
diseases, effectiveness of a given treataent, availability of
medical and hospital facilities, social and economic facters
related to the patient, environamental factors, etc., :an
accurate estimate of this rate requires a good system of
reporting of all cases of disease, all deaths, and standardized
reporting of the cause of death. |

However, for the purpose of this study, and because of the
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lack ot statistical '1ntor-atxons, an attempt is sade to
estimate the case fatality rates of the diseases presented in
Taples VII-8 and VII-9 based on clinical experience in Egypt
and on the discussions presented about those diseases in

references (21-26).

At the same tise, it is emphasized here that tne figures
presented are still rough estimates that are useful as

illustration of the data needed.

SECTION IIX
VII-3 A MODEL FOR THE OPTIMAL CHOICE
OF HEALTH PERSONNEL -

VII-3.1-Pfesentation of the Model

| In the previous section, it has been observed that . the
different types of health personnel have differeat impacts on-
the health prospect of patients of different diseases. It will
be assumed in this section that health decision makers can
Select the type of-health personnel that i{s most efficient to a
countr; or a region. The most aﬁfiéiant health personnel will
‘be considered here toc be the one that llnlllziq the number of

deaths.
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the model above are ths following:

{1) The death rate per 1000 population per Yyear without
using any medical service.

(2) The death rate per 1000 population per year when using
the ith type of medical personnel, where i = l,ee0,Ne

(3) The cost per person of using the ith type of medical
personnel per year whete 1 = 1,...,N.

(4) The total resources available for one year.

Table VII-10 summarizes the aata needed to solve the model
in equations (5) thtouqh-(7).

For the purpose of illustrating the aata neaeded, tne death
rate per 1000 population of the United States (9.4) is used,
and an assumption is made that tnhis deatn rate wili aouble when
using BMD*s only (18.8); it will be one and nalf times its
original value (14.1) when using a combination of BMD®s and
MD°s; and it will reach three¢ times its original value (28.2)

With no medical attention.
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In tnis section, only an aggregate modedl will be
presented, that is, a model in which only the average mortality
rates of the population are considered. A more realistic model
would consider seperately each of the differant aiseases that
affect the povulation 2f a country, their incidence and the
deaths that they cause. Such a model is perfectly feasible
with the mathematical aethods presently available, and it would
be advisable in actual practice. However, for instructional
purposes, it is more convenient to use the aggregate model that
includes the essential points and is auch easier to understand.
In the consideration of the amodel, it will be assumed that
there are N (where N 1s a positive integer) different
categories of health personnel that can be used to deiiver the
healtn services. Each category will be deéignated with a
number that ranges from 1 to N. 0Only the effect of each amethod
on tne mortality rate of the population is considered; that
s, the differences in effectiveness of the methods of
delivering the medical care, for example, when patients having
different socio-economic sStatus use them, are not considered,
Finally, only the personnel costs of using those methods of
delivering the medical care are considered. The costs of
medicines, equipment, and facilities are excluded.

To present the model, the following notations will be
used:

Beta(i): yearly death rate per 1000 persons

1 = 0 witnout medical care
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TABLE v{I-10
DATA NEEDED TO SOLYE THE MOVEL

(I) Type ot death cate cost per
asdical pver 1000 Person
pecsolnel Heta(l)

o No madical service 28.2 0

1 MD°s 9.4 20.752¢

2 MD + assistant 9.4 14.649*

k) BMD*s 18.8 J. 198

4 BMD ¢« ND 11.1 ToS58%w

*Elaborated froa Kenreth R. Samith; 'Marianne Millers Fredrick L. Golladay "an Analysis
ot the Uptimal Use of Inputs in the Production ot Medical Services,® the Journil of Human
Resources, Yol. VIl No.2 (Sprin, 1972).

**Estisation based on the salary of workers in the U.S.A. with an average numper of years
ot education and training sisilacr to HMD"s.

Resources are assumed to be $700 willlon, that is

R = 700 ®* 10 ** 6 (100 million)
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In tnis sectlonf only an aggregate modes wili be
presented, that 1is, a aodel in which only tne average mortality
fates of the population are considered. A more realistic model
would consider seperately each of the different aiseases that
affect the population of a country, their incidence and the
deaths that they causa. Such a model is perfectly feasible
with the mathematical aethods presently available, and it would
be advisable 1in actual practice. However, for instructional
purposes, it is more convenient to use the aggregate model that
includes the essential points and is auch easier to undsrstand.
In the consideration of the model, it will be assumed thit
there are N (where N 1is a pesitive integer) different
categories of health personnel that can be used to deliver the
health services, Each category will be designated with a
number that ranges from 1 to N. Only the effect of each method
on the mortality rate of the population is considered; that
is, the differences 1in effectiveness of the methods of
delivering the medical care, fo: example, when patients having
different socio-economic status use them, are not considered.
Finally, only the personnel costs of using those methods of
delivering the medical care are considered. The costs of
medicines, equipment, and facilities are excluded.

To present the model, the following notations will be
used:

Beta(i): yearly death rate per 1000 persons

-]

i = 0 without medical care
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} = lseee,N with medical attention froa personnel

i).

Alpna(i): deaths avoided per 1000 persons when attended

by personnel (1). AS a consequence,

Alpha(i) = Beta(0) - Beta(i), 1 = loeceol

X(1): number in thousands of persons who should be
treated by personnel type (i) to maximize deaths avoided.

C(i): cost of treating one patient by personnel type (1).

R: total financial resources available (in 1000 dollars).

P: total number of persons in the population.

With the notation above it can be said that

Alpha(i) * x(1) 1 = lseee,l
is the number of deaths avoided with treatment by type (i), and
Z = Sum Alpha(i) * x(1)
1 =1,00e0M

i1s the total nuamber of deaths avojided.

Similarly,

C{i) * X(1)
1 = 1seee,N .
is the total cost of treating patients by ﬁtilizlng type (1) of
medical personnel and |
Sum C(i) * x(1)

. 12 1s0ee/H
1s the total cost of treating patients with the different types
of medical personnel.

Similarly,
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Sum X(1)
1 = 1,eee,M
is the total number of persons treated.

With the notation above tha problem of selecting the aost
appropriate type of health perscnnel becomes that of maximizing
the total number of deaths avoided, i.e.; maximizing

Z = zum Alpha(i) * X(1) 1)
1 = 1se0e,N
Subject to the resource constraint
Sum C(i) * X(1) <= R (2)
1 = 1,eee,N
to the population constraint
‘Sun X(i) <= P (3)
1 =2 1,e00,N
and to the non negati ity constraint
X(1) >= 0 (1)
1 = 1/e0esN

It is interesting tn obtain the algebraic solution of the
problenm above, assunming that only the rasources $to=-2
constraint “s binding, and that tnere are only two types of
medical personnel. With this, the problem becomes :

_ Hazimiie:
Alpha(l) * X(1) + Alpha(2) * X(2) (5)
subjeét to:
C(1) *X(1) + C(2) * X(2) =R (6)

from the constraint (6) one obtains :
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1 = 1,0ee,N with medical attention froa personnel
(1).
Alpha(1): deaths avoided per 1000 persons when attended
by parsonnel (1). As a consequence,
Alpha(i) = Beta(0) - Beta(i), i = loeeeyll
X(1): number in thousands of persons who should be
treated by personnel type (i) to maximize deaths avoided.
C(1): cost of treating one patient oy personnel type (1i).
R: total financial resources available (in 1000 dollars).
P: total number of persons in the population.
with the notation above it can be said that
Alpna(i) * Xx(i) 1 2 1,000,N
1s the number of deaths avoided with treatment by type (1), and
Z = Sum Zipna(l) * X{1)
1 = 1lse0e,N
is tne total number of dcatnhs avoided.
Similarly,
C(1) * X(1)
L = 1,00e,N
is the total cost of treating patients by utilizing type (i) of
medical personnel and
Sum C(i) * X(1)
1 21,0060l
1s the total cost of treating patients with the different types
of medical personnel.

Siailarly,
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X(1) = (R=C(2)*X(2))/¢C(1) n
Replacing (7) in (S) and simplifying, one obtaius the following
expression for adeaths avoided :
Z = Alpha(l) * R/C(1)
¢+ “Alpha(2) - Alpha(1) * C(2)/C(1)) * x(2) (8)

Froa equation (8) it follows that the total aumber of

deaths avoided will be maximized if:

(Alph2(2) = Alpha(l) *C(2)/¢€(1)) > 0 (9)
and X(2) is made as large as possible; or if the coeificient
of X(2) is negativ., making X(2) = 0

From the observation above, the interpretation of the
coefficient of X(2) 1in (8) becomes crucial. From (9), it
follous that X(2) should be maximized if:

C(1)/Alpha(1) > c(2)/Alpha(2)  (10)

Since C(2) is the cost per person treated by personnel
type 2; 1000 * ©(2) is the cost to treat 1000 persons. With
the attention to 1000 persons, Alpha(2) deaths are avoided.
This means that |

1000 * c(2)/Alpha(2)
1s the cost to avoid one death, with type 2 gedicalu attention..
In a similar way
- 1000 * C(1}/41pha(1)
is the cost to avoid one death with treatment 1.

From (10) and the observations above, it follows that to.

qaxilize deaths avoided, the numbers of persons treated with

typre 2 «f medical scrvices should be maximized, 1if
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Sum X(1)
1 2 lyecerl
15 the total number of persons treated.
¥ith the notation avove the problem of selecting the most
appropriate typs of health personnel becomes that of maximizing
the total number of deatns avoided, fe.e«j saximizing

Z

Sus Alpha(i) * x(1) 1)
1 2 1rece,k
subject to the resources constraint
Sum C(1) * X(1) €<= R ' (2)
1= 1,e00e,l
to the population constraint
Sum X(1) <= P 3)
1 =1,0ee,N
and to the non negativity constraint
X(1) >=0 - (4)
| 1 = lseae,N |
It is interesting to obtain the algebraic solution of the
problem above, assuaing that only the resources Sto=2
constraint is binding, and that there are only two types of
medical personnel. With this, thd proﬁiel becomes :
. Mazimize:
Alpha(1) * X(1) + Alpha(2) * X(2) (5)
subject to: ' .
CL D v C@D XD =R ()

from the constraint (6) one obtatins 3
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X(1) = (R=C(2)*X(2))/¢c(1) 7
Replacing (7) in (5) and simplifying, one obtains the following
expression for deaths avoided :
Z = Alpha(l) * R/C(1)
+ (Alpha(?) - Alpha(l) * C(2)/C(1)) * X(2) (8) .

Froa equation (8) it follows that the total number of

deaths avoided will be maximized if:

(Alpha(2) = Alpha(l) *C(2)/C(1)) > 0 9)
and X(2) is nade as large as possible; or if the coefficient
of X(2) is negative, making X(2) = 0

From the observation above, the interpretation of the
coefficient of X(2) 1in (8) becomes crucial. From (9), it
follows that X(2) should be maximized if: |

C(1)/Aalpha(l) > c(2)/Alpha(2) (10)

Since C(2) is the cost per person treated by personnel
type 2; 1000 * C(2) is the cost to treat 1000 persoans. With
the attention to 1006 persons, Alpha(2) deaths are avoided.
This means that

1000 * C(2)/Alpha(2)
1s the cost to avoid one death, with type 2 aedical attention.
In a similar way '

1006 * C(1)/Alpha(l)
is the cost to avoid one death with treataent 1.

From (10) and the observations above, it follows that to
maximize deaths avoided, the nuabers of persons treated uith

type 2 of medical services should be :axinized, if
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1090 * C(1)/alpha(1l) > 1000 * C(2)/Alpha(2)
that is te say, if the cost per deaih avoidad with treatment
type 2 is lower than tne cost per deatn avoided 4itnh treatment
type 1. Froam equation (7), it follows that the largast number
that X(2) can attain is:
X(2) = R/C(2) (11)

and that this occurs when X(1) = 0.

If the number of patients treated is R/C(2), %tne maximua
nuaber of deaths avoided is

Alpha(2) * R/C(2) (12)

Similar resulis can be obtained with respect to X(1) 1f the

inequality (9) is inve-ted.

VII-3.2 Explanation of the data needed:

It is to be noted that the case fatality rates froms
different aisesses presented in section II are the number of
deaths per 100 cases of disease, and they are wused 1in that
section to illustrate the impact of different types vf health
personnel on the health prospcct of patients With different
diseases. Houever, for the purpose of this aggregate model, an
averagye mortality rate from all these diseases is needed. In
This respect, and with the assuaption that each mesber of the
pPopulation nay have one or another of these diseasss during a
period of one year, the death rate per 1000 population per year

can be used here. Consequently, the basic data neuded to use
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1000 * C(1)sAlpha(l) » 1000 * C(2)7alpna(2)
that 1s to say, 1f the cost per death avoided with treataent
type 2 1s lower than tne cost per death avoided with treatasat
typs 1. From equation (7), it follows that the largest nusber
that X(2) can attain is:
X(2) = R/C(2) (11)

and that this occurs when X(1) = 0.

If the number of patients treated is R/C(2), the maximua
nuaber of deaths avoided is

Alpha(2) * R/C(2) (12)

Similar results can be obtained with respect to X(1) if the

inequality (9) is lnverted.—

¥11-3.2 Explanation of the data needed:

It is to be noted that the case fatality rates from
different diseases presented 1in section II are the number of
deaths per 100 cases cf disease, and they are used in that
section to 1iliustrate the impact of different types of health
personnel on "he health prospect of -patients wuith different
diseases. Houwever, for the purpose of this aggregate model, an
average mortality rate from all these diseases is needod; In
this respect, and with the assumption that iach mesbesr of the
population aay have one or another of these diseasss ducring’ a'
period of one year, the death rate per 1000 population éct year

can be used here. Consoquently,lthc basic data needed to use
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the model adove are the folloxings

(1) The death rats per 1000 population per year without
using any medical service. '

(2) The deatn rate per 1000 population per year when using
the ith type of medical personnel, where i = lsese M.

(3) The cost per person of using the ith type of wmedical
personnel per year where 1 = 1,....k.

(4) The total resources available for one year.

Table TII-10 summarizes the data needed to solve the model
in equations (5) through.(V).

For the purpose of illustrating the data needed, the death
rate per 1000 population of the United States (9.4) 1is used,
and an assumption i{s made that this death rate will double when
using BMD®s only (18.8); it will be one and half times its
original value (14.1) when using a combination of BMD”s and
MD®s; and it will reach three times its original value (28.2)

wWith no medical attention.
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Now the proolea can be restated as follows:

Maximizae:

Z = 1848 X(1) +18+8 X(2) +9.4 X(3) +14.1 X(4)

sudject to:

20,752 X(1) + 14.649 X(2) + 3,19 X(3) + 7.58 X(4) <= 700,000
ancs
X(1) + X(2) + X(3) + X(4) <= 200,000
Table (12) gives the number ot deaths avoided with

expenditure of 1000 dollars wusing the ith metnod Where { =

0100-140
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TABLE VvII-11
ESTIMATING THE DEATHS AVOIDED

(i) Beta(0) - Beta(i) Alpha(i)

0 28,2 ~ 28,2 0

1 28,2 - 9.4 18.8
2 28.2 - 9.4 18.8
3 28.2 - 18.38 9.4
4 28,2 - 14.1 14.1
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TABLE VII-12

THE NUMBER OF DEATHS AVOIDED PER 1000 DOLLAKS

(1) Rlpha(i)/C(i)

0 0/0 =0

1 18.8/20.752 = .9059
2 18.8/14.649 = 1.2834
3 9.4/3.19 = 2.941

4 14.1/7.58 = 1.8602
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From this Table 1t is obvious that the hignest nuaber of
deatns avoided per 1000 dollars usad 1s Alpha(3)/C(3) =2.947,
ana tne rotal deaths avoided is Alpha(3)/C{(3)*R = 2.947%700,000
= 2062696 which is equivalent to:

Alpna(3)*R/C(3)=9.4%100,000/3.19=2062695 deatas avoided.

These equations can pe solvea by using linear programaing
(for the technical details of linear programsminy, refer to
Correa, 1977).
Results
VII-3.3 Table VII-13 presents the effect of changing the
amount ot resources (R) on the choice of the type of personnel
that should be used in order to maximize the number of deaths

avoided,
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The estimated values of Alpha(i) (the nuaber of deaths

avoided per 1000 persons in the population) are presented in

Taolie VII-1l1.
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In Table VII-13 it can be observed that the types of
personnel uJelivering tne medical care depend on the aaount of
resources available. wWnen the resources availaple equal $300
aillions, tne BMD’s snould be used in Jrder to waximize tne
nuaber of deaths avoided. Wwith this value of resources, the
humudber of people traated by BMD°s <=X(3)- is 94044 and the
numper of people left without any medical attention -X(6)- |is
105960 (note that the values of X“s are in thousands). It can
also be seen that the aumber of people treated by BMD’s ~X{3)~
lncreases with the increase in the value of resources available -
while the numoer of persons witnout treataent =-X(6)~ decreases
wltn tne increase in the value of K until this vaiue reaches a
certain point (640 ailiions in the case presented hare) where
the value of X(3) reachs its maximum and the value of X(6)
reachs zero. At this point (R = 640 millions), the amount of
fesources available is enougn to deliver medicai care to the
total population using BMD’s -as in X(3)- and MD”’sS + BMD“s -as
in X(4)-. From this point on, the value of X(3) decreases
proportionally with the increase of R, whlle tne value of X(4)
increases proportionally with the increase of R til the value
of R reacnes a cectain point (2000 awiilions in tnis case) whare
the number of people treated by BMD®s =X(3)- beconmes zero, the
number of people teated by BMD“s + MD’s =X(4)= starts to
decrease proportionally wiih the increase of R, and the nuaber
of people treated by MD’s + Assistants -X(2)= chanyes “rom zero

to 68468. At this vailue of resources (R = 2000 allilons), the
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types of personnel that should pe used in order to maximize the
Nuaber of deaths avoided arse MD°s & Assistants and MD°s +
BMD®s.  From this point on, x(2) starts to increase
proportionally with tne increase of R while X(4) starts to
decrease proportionally with the increase of R until R reaches
a certain value (3000 millions in tn’s case), where X(4)
becomes zero, X(2) reachs its maximum value, and tne numper of
pPeople treated by MD’s =X(1)- cnanges from zero to 11503,

At thnis value of resources (R = 3000 millions), tne types
of personnel that shouyld be wused to maximize tne nuaber of
deaths avoided are the MD’s and the MD°s + aAssistants. From
this point on, X(1) starts to increase witn the iacrease of R,
enile X(2) starts to decrease Wlth the increase of R until a
point is reached where X(2) becomes zero and X(1) attains its
maximal value (R = 4500 millions in this case). At this point,
tne type of personnel tnat shoula pe used in order to saximize
the nuaber of deaths avoided is the MD*s.

From Table VII-13 it is also observed that tne value of
tne nuaper of deatns avoideg -Y¥- increases proportiondlly with
the increase in the value of R until Y reaches jits saximuas
value, wuhere no fuctner increase in its value can pe attained.
In the case presented here, this maximum value of Y is attained
when R equals 3000 milliions. 4nen the value of R lncreases to
4500 millions, it is observed that tne value of the excass
money after treating all the Population =X(7)- i1ncreases from

Zero to 349600. With the increase of R to 5000 millions, i.o.,
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500 mt)i;0ns increase, the value of X(7) becomes 849600 (sgo
31llons Increase), l.e., the Increase jp fesources ;5 Not used
in deliveriny the 1edica) Care Utilizing th Previously
Specifieqg Personnel, ang this treng continues with the increasse

in the value of Re

depenq on  tne awount of [esources, the valuye of the @ortalicy

Fates used, and the cost of utilizing each type of wedical

Cost of utilizing the dlfterent types of Personnel Change, the

dvoided - Alpha - that Correspong to each @ortalicy fate arg
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Iaole ¥ii-15
The Etlect 0Ot Changin) Tue Value 0t The Mortality

Rate Nn The Cuauice Ut Persounel

Case Y x(1) X(2) X(J) y(3) X(35) ¥(o) vy
No. Veaths avoided Treatea by Tredated by Traated by Tieated by % 0. o1 jpeuple Lacess
MU’s MD“s+Asst, BMO“s MDsedMD s not tredteq nONEY
1 1946000 C.0 0.0 18544V 14123 0.0 Vov 6.0
2 18406000 .0 0.0 195300 14123 0.0 v.0 0.0
3 1746000 0.9 0.9 18548y 14123 0.3 a0 v.¢
4 1616000 0.9 0.2 14598y 14123 0.0 0.C 0.0
H 1546000 0.1 0.2 185389 14123 0.0 0.0 o.c
6 1440000 0.0 0.0 18534y 14123 0.0 L.0 .0
7 1347300 0.0 541C.b 191599 0.0 0.0 0.¢ 0.0
'8 125000¢ 0,0 5110.0 19459, 0.0 0.0 0.0 0.0
) 1153000 0.0 5110. 06 191590 0.0 V.9 V.0 0.u
10 1055000 0.0 5410.0 19439y a0 .0 0.0 L.0
11 957900 0.0 : €410.06 191459y 0.0 0.0 0.0 0.0
12 89800 0.0 471785 0.) C.0 V.0 152220 0.¢
13 894400 0.0 17745 0.0 0.0 0.0 152220 c.0
14 894400 0,0 47785 ¢.) 2.0 0.0 15222¢ 0.0
15 895400 0.0 47785 0.9 0.0 0.0 152220 0.0
49484920 0.0 471785 0.2 N.0 0.0 152220 . Cet

.-
L
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As can be observed from Tables VII-14 and VII-15, with the
decrease of the value ot deaths avoided by using BMD’s - Alpha -
(1.e., 1ncreasing the mortality rate of the population attended by
BMD®s), the total numper of deaths avoided - Y ~ decreases until it
reaches a certain point (Alpha = 3.9 in this case) where it remains
constant with any furtner decrease in the value of Alpha
(1.e.,increase in the value of mortality rate). At the same .tll‘,
when Alpha equals 9.4 (case nuaber 1), the nuaber of people treated
by BMD®s - X(3) - is 185880, the nuaber of people treated by MD’s +
BMD®s = X(4) - is 14123, and the types of personnel tnat should be
used in order to maximize the number of deaths avoided are BMD’s =
as 1in X(3) - and MD’s + BMD’s - as in X(4) - and these results
remain constant with the decrease of the value of Alpha untill a
point 1s reached (Alpha = 6.4 in this case) where the nuaber of
people treated oy BMD’s =X(3) = becomes 194590, the nuaber of
people treated by MD°s + BMD’s - X(4) - becomes zero, and the
number of people treated by MD”’s + Assistants changes from zero to
4510, At tnis point (Alpha = 6.4), the type of personnel that
should be usea to maximize the number of deaths avoided is the
8MD°s =~ as in X(3) - and MD’s + Assistants as in X(2). These
results remain constant until a point is reached (Alpha = 3.9 in
this case) where the total numper of deaths avoided =Y~ stabilizes
at 898400, X(2) stabllizes at 47785, X(3) becomes zsego, and the
resources available are not enough to give medical attention to the
total population, so the Aumber of people not treated =~ X(6) =~

changes from zero to 152220. At this point, the type of personnel
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that snould be used to saxiaize the number of deatns avoided is the
MD°s ¢ Assistants, and tnese results resain constant with fur ther

decrease in the value of Alpha.

On the other hand, when the cost of utilizing tae different
types of personnel changes (keeping all other variaties constant),
the types of personnel that should De used in order to maximize the
nuaber of deaths avoided &will also change. Tanles VII-16 and
VII-17 present the effect of changing the cost of utilizing BMD’s
wnen the value of resources avajilable is also $700 sillioas and all

other variables kept constant.
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Table V1I-16

Chanyiny The Cost Ut Uti1lisiny HBMD’S

Case Cost of utllizing Cost vt utilizing
No. BMD®s MD®s ¢ BND®s

1 3.19 7.5%

2 1.19 .58

3 9,19 9.59

4 6.19 10.54

H) 7.19 11.58

2 8.19 12.58

7 9.19 . 13.548

L] 10.19 14.58
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From Tables VII-16 and VII-17 It can be observed that when the
cost of utilizing BMD*s {s $3.19 (case numper 1), tne total nuaber
of aeaths avoided is 1946600, the number of peoplg treated by BMD°’s
= X(3) =~ {s 185880, and the nuaber of people treated by MD*s +
BMD®s - X(4) - is 14123. In this Case , the types of personnel
that should be used in order to maximize the numdber of deaths
avoided are the BMD”S =-as in X(3) - and the MD’s + BMp°s - as in
X(4).

With the increase of the cost to $4.19 (case numper 2), the
nuamber of deaths avoided - Y - decreases to 1570000, the nuaber of
people treated by BMD’s - X(3) - decreases to 167060, the nuaber of
people treated by MD*s + BMD®s =~ X(4) - becomes Zero, and the
Number of people not treated - X(6) =~ changes from zero to 32936.
4ith further increase in the Cost of utilizing BMD’s to $5.19 (case
Nuesber 3), the total number of deaths avoided - Y - becomes
1268000, x(3) becomes 134870, X(6) becomes 65125, Wrth further
increase in the cost, the total nuapver of deaths avoided ~ Y -
decreases, X(3) decreases, and X(6) increases untill a point is
reached (case number 6) where Y stabpilizes at 898400, the number of
people treated oy Mp~s + Assistants - X(2) - changes from zero to
47785, X(3) becomes zero and X(6) becomes 152220 and taese results
remain constant wWwith further increase in the cost. At this point
(case number 6), the tyee of personnel that should be used in order

to maxiaize the number of deaths avoided is the MD®s + Assistants,
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Appendix ™A%

Diseases treated by BMU°’s

Epiagemic influenza, wmeasles, chickenpox, pertussis, dipntheria,
infantile paralysis, pulamonary tuberculosis, epidemic parotitis,
eplidemic encephalitis, bacterial dysentry, amebic dysentry,
typhoid, 1nfectious hepatitis, epidemic encephalitis o, malaria,
leptospirosis, tetanus, rabies, schistosomiasis, filaariasis,
ankylostomiasis, ascariasis, fasciolopsiasis, enterobiasis,
taeniasis, upper respiratory t. infections, acute opronchitis,
chronic bronchitis, asthma, lobar pneumonia, lung abcess, acute
gastro entritis, gastric and duodenal ulcers, liver cicrhosis,
prolapse of rectunm, glomerulonephritis, chronic nephritis,
Pyelonephritis , calcull in the urinacy systea, retentioa of urine,
theumatic arthritis, rheumatoid arthritis, heart failure,
hypertention, stroke, epilepsy, neurosthenia, trigeainal neuralgia,
maigraine headache, sciatica, anemaia, thrombopenic purpura,
anaphylactic purpura, leukaemia ,endemic goiter, beriberi,
neurodermatitis, contact dermatitis, drug dermatitis, menstrual
irreqularities, dysmenorrhea, amenorrhea, pelvic inflamations,
leakorrcnea, uterine bleeding,prolapse of uterus voaiting of
pregnancy, mastitis, purperal sepsis, post partua bleeding,
infantiie convulsions, marasmus, rickets, 1atantile. diarrhea,
enuresis, colic, favism, summer fever, rhinitis, sinusitis, nasal

polyp, acute tonsillitis, 1laryngitis, toothache, otitis externa,
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otitis media, deaf-sutisas, Styes, acute conjunctivitis, trachoama,

keratitis, trichiasis, eye injuries.

Surgical Conditions
Fractures, dislocations, sprains, carbuncle, cellulitis,
erysipelas, tuberculosis of tne cervical nodes, acute appendicitis,
acute cnolicystitis, acute peritonitis, intestinal obstruction,

hernia, internal hemorrholds, external hemorrhoids, leg ulcers.

Other diseases
Frostbite, chapping, imptigo, urticaria, eczema, tinea czpltis,

tinea corporis and pedis. flrs; aid, otner nedical'energencies.



Chapter VII: Personnsl Page 219

REFERENCES

1= John Rafferty; “Health Manpower and Productivity®
Lexington, 1974, |

2- Greenfield, "Allied Health Manposer®”, Columbia Universit,
Press, 1969. .

3- statistical Abstract of The U.S.A., 1975, pp 408-411

4= Kenneth R. Smith; Marianne Miller; Feo Golladay, ™ar
analysis of the optimal use of inputs in the production of medical
Services', The Journal of human Resources 7:  209-25 (Spring 1972)

5= Scheftler, Richard M., and D. Stinson, “An Analysis of The
Supply Of Physicians® Assistants", working paper, {dealth Service
Researcn Center, University of North Carolina 1972.

6- Reinhardt, U. E, "A Production Function For Physiciana“’
Services," The Review of Econoaics and Statistics, Vol. 54: 55-66
(Feb. 1972) |

7- Kenrer, B.H., and HedeZaretsky, “Preliainary Analysis of
Allied Health Personnel in Primary Medical Practice,” working
Paper, Research and Development, AMA, Chicago, 1972,

8- Barbara H. Kehrer; Michael 0. Intriligator, "Task
Delegation in Physician O0Office Practice”, Inquiry Vol XI, Dec.
1974,

9~ Peter Kong=Ming New and Mary Louie New;™IHE LINK BETWEEN
HEALTH AND POLITICAL STRUCTURE IN NE& CHINA",Hurman Organization,
Vol 34, number 3, Fall 1975.

16- Robert C. Hsu, “The Batet&ot Doctors 0f ‘The Peonlo’h

Republic of cninaQSone Problems™ The New England Journal of



Chapter VII: Personnel Page 220

Medicine, July, 1974.

11- Joseph R. Quinn, “China Medicine As We Saw It® DHEW
publication No. (NIH),75-684

12- Peter Kong-Ming: New Mary Louie New, “healtn Care in
Peoples Republic o¢f China: The Barefoot Doctor®, Inquiry
suppleaent to Vol XII, June 1975.

‘ 13= "Phe study of Physician Extenders in Primary Care™ Health

Services Research. Spring 1975 PP 5§=12

14- Victor W. Sidel, The Barefoot Doctors of Tha People”’s
Republic of China", The New England Journal 0Of Medicine, Vol. 286
No. 24, June 15, 1972,

15~ Hossain A. Ronaghy; Steven Solter, "Is tne Chinese

Barefoot Doctors Exportable to Rural Iran?%, The Lancet, June

29,1974.

16~ "A Barefoot Doctors Manual® the American translation of
the official Chinese Paramedical Manual, Runaing Press,
Philadelphia, Pa. 1977

17- WHO Chroncle, Vol 22, No. 3 March 1968 “The Urban and
rural distrioution of medical manpower™

18- Taylor, C.E, Drican, R. and Deuschle, Ke.de Health
Manposwer Planning 1in Turkey, 1n press. Johns Hopkins Press.
Quoted by Reference 20,

19~ Newell, Kennetn we.,"Health by the people®, Geneva, W.H.0.,
1975

20- Alfred K« Neuman; J.C., Bhatria; S.Andreus,“Role of the

Indigenous Medicine practitioners in two Aceas of India%, Social



Chacter VI1i Personne! Page 221

3cience ana Medicine 1971, Vol S, pp, 137149

21= Artnue H, Furnia,"SYNCRISIS $THE DWNAMICS OF HEALTH" XvVls
ARAB REPURLIC OF EGYPT®, U,S,D,H,E,N,, pPublic health service office
of international health,

22- PRINCIPLES OF INTERMAL MEDICINE
HARRISON T,R.s ADAMS R,D, BERNNET I.L,, ET AL}
“CGRAW « KILL, INC, NEW YORK 1962, 1974

23

CURRENT MEDICAL DIAGNOSIS AND TREATMENT
MARCUS A, KRUPP AND MILTON J, CHATTON, LANG 1977
2d= VIRAL AND RICKETTSIAL INFECTIONS OF MAN
HORSFALL AND TAMM, LIPPNCOTT, PHILADELPHIA 1965
25= CONTROL CF COMMUNICABLE DISEASES IN MAN
ABRAM 3, BENENSON, A P HgA, !97S
26= KEY PROBLEMS [IMPENDING MODERNIZATION OF OEVELOPING
COUNTRIES: THE HEALTH ISSUE |
LEE M, HOAARD, A,I,0, WASHINGTON D,C,, DECEM3ER 1970
27= Correa, Hector "Notes On Principles Of Guantitative
Methods For Planners And Administrators,” GSPIA, University of

Pittsburgh 1977,



YITI PLANNING NUMBSR,SIZE AND LOCAZION O

HEALIH EACILITIES
VIII-1 INTRODUCTION

The problem to be considered here 13 that of
selecting the optimum nuasber, Size, and location of
hospitals, clinics, dispensaries, etcCe

The basic reason why such selection is necessary 1s
that not enough resources are available to provide all
facilities to all the population. As a consequence it is
necessary to select the facilities so that the need for
them can be satisfied using the resources availalble,

the different contributions that different types of
facilities can make to the health of the popuiation smust
alsc be understood. Comparison of small and large
facilities suggests that the large ones usually have more
or better means for restoring the nealth of the patients,
and wusually they can use more spacialized pecsonnel with
the same purposee.

However, the contributions of small facilicties aight
be gfeater because a larger number of them can be made
available. when aany units are available it is wusually.
'possible to have some facility close to the persons sho
demand medical services. This iamplies that tney will be

used more frequently.
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In susmary, Lt can be said that tne probies to be
considered here 13 that of selecting the appropriate
distripution of resources batween large and saall
tacilities, considering that the large ones can make a
greater contribution teo the health of the patients once
they have checked 1into them, while the smailer ones are
more likely to be in frequent contact with the patients.

However, the size of the hospitals 1S not the only
criterion that snould be used in planning for the number,
size and location of health facilities. In hospital
planning, hospitals should be evaluaced realistically in
teras of the personnel available to work in tnem. It is a
waste of resources to build hospitals on-the assumption
that certain types of personnel «w1ll become available.
After they are opened, many wwards and clinics remain
under-used or unused because of shortage of necessary
personnel to og¢pecrate theas, or shortage of money to pay
those personnel. Moreover, the hospital system {in a
country depends to a large extent on the social
institutions, level of development, needs and resources of
that country. Tne hospital adainistration in each country
1s- also-the result of historical developments over long
periods of time. As a result, it 13 1iapossible to
recommend a unifora scheme of hospital organization to all
countries of the worla. Houever, witnin the framework of

redional planning , definite functions can be assigned to
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each type of hospital. Tnerefore, hospital organization
should be a coapromise Dbetween <cCentralization and
decentralization. In general thnis comprosise should be
telated to the econoamic, social, and cultural developaent
of each country.

A description of the different types of health
tacilities and a method to select the aost appropriate
type(s) to improve health conditions of the population are
presented, taking into consideration the availability of
health personnel and other resources, is presented in this
chapter. In section 2, definitions of fne indices of
hospital utilization are presented. Section 3 describes
and compares tnhe differant types of health racilities.
Their organization, structure, and quantitative guidelines
necessary ftor their departamentalization and staffing are
presented. In section 4 , the factors <nich influence
hospital wutilization and tne impact of hospital location
are briefly discussed. In section 5, an integer
programming model for tine optimum selection of number,
size, and locations of the various types of health

facilities is presented.
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Viif-2 DEFLNITIONS OF TERMS AND [IMNDICES DEALING WITH
HOSPITALS AND HOSPITAL UTILIZATION

gefore proceeding to discuss the various types of
hospitals, it 1s advisaole to define the terms used.
petinitions used by the dorld Health .Orqanxzation are
summarized below (Davis, 1966).

- Hospital beds:
those beds that are regularly maintained and staffed for
the accomodation and full time care of a succession of
in-patients and are situated in wards or areas of the
hospital in wnich continuous medical care for in-patients
is provided. This definition excludes tne cots for
nocmal, healtny, newborn babies 4in maternity wards but
includes incubators and bassinets for premature babies.

- Hospital admissions:
The nuaber per year of acceptances by a hospital of
patients receiving medical care while in residgence therein
and who are expected to remain for one or gmofle nightse.
Normal, nealthy, newborn babies should not be counted as
in-patient admissions, while bables requiring special care
should be included.

Adaission rate:
leo known as the hospital frequentation rate or the

hospital attendance rate and usually expressed as the
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number of hospital admissions per 1000 of the population
per year, In calculating this rate, all adaissions,
including readamissions for the same pathological
condition, are countede.

Bed-days or patient-days:
The total number of days spent by inpatients in a
hospital. In soae hospitals, the day of adaission and the
day of discharge are counted as one dai. In others, a
full day is counted only when admission is before aid-day
or discharyes is after mid-day. Patient-days should not
include the data for healthy, newborn 1infants. one
"bed-day" or ™patient-day" is the unit denoting the
services rendered to one inpatient between two successive
days.

Discharges and Jdeaths:
The annual numoer of discharges 1includes the nuxber of
patients who have left the hospital (cured, improved, or
died), and the nuamber transferred to another nealth or
soclial inistitution.

Average length of stay:
The average period in hospital (in days) per patient
admitted.

Bed-occupancy rate:
This rate reflects the ratio between the average nuaber of
beds used and the tdtal nuamper of beds provided. It is

calculated by dividing the average nuaber of beds occupied
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per day, by the bed cospleament (the nominal nuaper of beds
in the facility) and msultiplying by 100,

Bed-occupancy ratio:
The average daily number of persons hospitalized per unit
population (usually per 1000 population).

Turnover interval:
Expresses the average period, in days, that a bed resains
empty, lee., the average time elapsing between the
discharge of

Hospitalization rate per person:
Expresses the volume of hospitalization in teras of number
of hospitalization days per person per year. It is
calculated by dividing the total number of hospitalization
days in one year 2y the mean population in the same year.

Bed/population index:
Expresses the availapility ot nospital beds 1in teras of

the number of beds per 1000 of the populatione.
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VIII-3 DIFFERENT TYPES OF HEALTH FACILITIES

VIiII-3.1~- Introduction
Hospitals are alike 1in certain respects, but

different in others.

Some are large scale organizations with hundreds of beds

and thousands of

employees, while many of them are smaller institutions
witn only a few dozen beds. Some are located in large
urban communities, while others are ‘scatteted in siail
cities or villages. Many are only concerned wsith
providing patient care and treatment, while some are also
envolved in teaching medicine, training medical personnel
and conducting research. Some offer the most up-to-date
speclalized medical, surgical, and nursing services, while
others deal with only the more common acute diseases and
the relatively routine cases. Because of tnis, a need
arises to categorize and define the various types of
hospitals. Below, health facilities will be classified as
follows:

a) Relatively 1large health facilities, 1.e., regional
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Hospitals, District Hospitals, Local Hospitals.
b) Relatively small health facilities, e.g., Rural Hea}:h

Centers, Rural Health Clinics, Rural Health OtfiCes.

VIII-3.2- Large health facilities

VIII-3.2.1 Definitions
The following categories of hospitals Were
estanlished and defined by the WHO Expert Comaittee on the

Organization of Medical Care (wWHO,1972).

(1) The regional hospital, designed to provide z completas
range of treataent, including such specialities as
radiotherapy, neurosurgery, thoracic surgery, and plastic
surgery. where possible, such a hospital woula coaprise,
or be closely associated with, an undergraduate medical
teaching center. This hospital would be strategically
placed in the region so that patients in need of its
highly specialized services could be readily referred to
it.

(2) Intermediate (or district) hospital of sewvecral hundred
beds providing a high standard of medical, surgical,
obstetrical, and specialized treatment.

(3) The small, local (rural) hospital of 20 to 100 beds,
probably undifferenciated, providing where necessary,
general medical, surgical, and matecrnity care.

The various kinds of hospitals defined apove may be
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divided into two categories: special nospitals and
general hospitals (Davis, 1966). The first category deals
only with certain specific organs or systeas ot the body.
Examples are: eys, ear, nose, and throat; tupecrculosis
hospitals; infectious diseases hospitals. On the other
hand, the second category deals with a wide range of
specialist services, provides medical care to all age
groups suffering from any form of 1illness (except the
highly infectious and dangerous conditions, e«ge,
smallpox, cholera, and similar diseases). In addition,
rural hospitals may vary among themselves regarding their
siZe, number of personnel needed to operate tnem , and
nuaber of people they servee. A comparison of the
different types of large hospitals is presented in Table
VIII-1. A detailed description of theam is presanted

below.

VIII-3.2.2- Regional hospital center or medical center
This consists of a group ot' hospitals integrating
their services to fulfill a complete range of functions.
It snould be located in the largest city in a region,
where the most complex elements of modern 1life are
co-ordinated (3ridgman). It is usually a hospital group,
consisting of institutions and integrated services and

comprising or closely associated witn a medicai teaching
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canter. This center should offer a complete range of
specialized departments where patients suffering froa the
rarest diseases can be treated. Other coamon specialties
should be also 1included. Table VIII-1 presents a
comparison betuwaeen this type of hospital and tne district

and local ones,
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CONPARISUN UF THE DIFFeREGT TYPES OF HEALTH FACILITIES

1~ RELATIVELY LARGE FACILITIES

Variable

Meldical center

District nospital

—— > 2 ———

Local hos»itati

Goals

Service, traininj anu

fesearchn

Service, tratning and

resgzarch

- - —— - - -

Matnly secvice

Services (l1tferea

inpatient, outpatlent and

emeryency services

In patient, outpatient and

emeryency services

Inpatient, ogutpdatient and

emergency services

Specialties

Compiete range of specralt-
¢2ed departuwents Jnere
patients suftering frop
the rartest disease can
be treated. These janclude
cancer Jdepartment whten
1ncludes;

radLoioyy lab.
nuclear-physics lab.
neurosur jery depariment
dadvanced chest sur jery

special operations

Coamnon specialties
such 4s3
paediatrics
gastru-entrology
obstetitcs
dermatoiogy
cardioloyy
otorninvlacryngology
uroloyy

vesfdes;

Jenardql medicine

Jenaral surygery

General aadicine
General suryery
Maternity secvices
Communicarle diseases
Endemic Jdiseases

Some vt tae comsmon
specialti3s such ass
vaediatrics
gynaecolopy

obstetrics



Page 2))

vesides other comaon matetnily services
specialties such as: cvawunicahle diseases
pavdiatrics endemic dliseases

gastro-entioloyy
yynaecoloyy
dermatoloyy
cardioloyy
otorhinoiaryngolojy
ophthalmologyy
urology

Resides:

general mwadicine
youeral surgery
matetnity setLvices
commulificable dilssases

endenlic diseases

Hluwber ot beds 609+ 300 - 440 70 - 159
Numver ot population 1.9 = 2 malltons 300,000 - 500,000 100,000 - 150,000
served

Personnel eeded to
vperate the tactility:
Adrinistrative and supportive setvices?

administration 30 7 2



pusiness ottice
diatary
engineering and
maintenance
fiouskeeping and laundary
medical records
nursing services
outpatient
versonnel
pﬁaruacy
anesthesia
clinical lab.
rhysical therapy
radiology

yurchasing

tiedical statf?
yeneral practitioner
surgical start
opstetrical starf
vediatrics stali
tadioloyists
vatnologists
anesthesioloyists

oturhinolaryugoloyists

70
99
75

80
35
600
60
15
45
20
65
16
80
24

200
90

~N
[~

& b B oD

410
54.
25

44
12
232
31

15

10

22

16

24

B T S -

10
15

10
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ophthzlaologists 4 1 1°

dermatologtsts 4 1

*Part-time
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VIII=-3.2.3~ General district hospitals

General district hospitals are usually considered %he
basic units 1in the hospital systea, and for this reason
the main departaments of a hypothetical'snort-totl general
care {faclility are descriped and discussed in some detail
in this section. These hospitals are assumed tc provide
general' acute care in the following four areas: medical,
surgical, obstetrical, and pediatrics. However, it 1s
important for the reader to be aware that there are no
known ratios and standards which are universally accepted
as definitive measures of "“what should be® (Chaampion,
1976). Hospital structure varies froma hosplital to
hospital, from one point in time to another, and from one

geographic region to another,

JQutpatient dapartment
The outpatient department is assumed to consist of
the following clinics:

(1) General medicine (2) General surgry

(3) Pediatrics (4) Obstetrics

(5) Gynecology . (6) Cardiology

(7) Orthopedic (8) Physical therapy

(9) Well baby (10) Ear, nose , and throat

(11) Family planning (12) Ophthalaic

It is advised that the outpatient departaent should



Cnapter VIII: Location Page 237

be located on the ground floor, because many patients may
have difficulty in climabing stairs, otherwise adequate
lift comamunication should pe available. In addition, the
clinics should be located so tnat 1t is fapossible to loosk
into the examination fooms from the outside. In general,
the location of tne department should be such tnat traffic
of outpatients through the in-patients wards is reduced to
a ainiaua. In many cases, it 1s recoamended that various
clinics bpe <combined in such a way that a number of
specialists make use of the same rooms.

A laboratory for routine tests incorporated 1in the
outpatient departwment is only economically justified from
the point of view Of staff, 1f the available work 1load
constitutes a full time task for the personael in charge
(Bouwcentrum, 1961).

Following is a summary of rooms required to operate
an average outpatient clinic:

Entrance, office (for keeping the economic and medical
records), space for parking perambulators, waiting rooas
(thelr sizes and nuabers depend on whether adopting an
appointment system or not), canteen, patients® bathrooams,
policlinic for nose , ear, and throat (consulting rooms,
treatment room, dark room, and rest room), ophthalmic
policlinic (combined consulting and treatment coom, dark
roos), five dual-purpose policlinical suites (five

consulting rooms and ten examination rooas, operating



Chapter VIIl: Location Page 238

theatre, and plaster room), laboratory for routine tests,
fest rooas, space for storage of wheelea stretcher,

closets for cleaning materials, and staff toilets.

In-patient units

There are cectain services which require in-patient
facilities of a special type. Examsples are pediatrics,
maternity and infectious diseases. However, in-patient
care for most patients can be discussed in gyeneral terms
(Davis, 1966).

In planning a hospital , the in-patient areas should
have easy communication with certain parts of tne hospital
such as the kitchens, the supply and sterilizing
departments, and the pnarmacy. On the otner hand,
Particular attention should oe devoted to the routes by
which infected of used materials of all kinds are dispased
of.

The traaitional nursing unit from wnich most
contemporary  arrangeaments nave arisen ~as the ward
containing 25 to 35 patients. Because of increasing
complexity, technical difficulty, and responsibility of
the nurses today, it has been found that planning large
wards leads to less personal contact between patients and
nurses., Consequently, smaller nursing units are

recommended, These are especially desiraole from the
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point of view of privacy ana comfort of tne patients.
Generally speaking, modern hospitals are composed
principally of roomas for four or six patients, together
with a nuaber of single -bed rooms. It is recoammended
that apout 203 of the beds be provided in single rooms in
order to be aole to Lisolate certain categories of
patients, especially those whose condition is distressing
to the others. It is also necessary to isolate patients
having infectious conditions. Since single-bed rooms are
frequently occupied by seriously 11l patients who need
special care, the area of these rooms should be large
enough to allow for the use of bulky medical apparatus
such as respirators, x-ray machines, oxygen tents, etc.
Consequently, a nursing wunit of 20 beds mignt have two
six-bed roons, one four-bed room, and four single roomse.
Apart from rooms and toilets for patients, other
important facilities are needed, such as a nurses® statisn
for each nursing unit, provided with chairs and a desk, a
telephone, and other facilities. A treataent rooa should
be provided for every 30 to 40 beds in order to carry out
dressings and other surgical treatments under aseptic
conditions. Other facilities are needed oy the ward
staff, such as taoilets and changing rooms, private office
for the head nurse, and offices for ne§1cal statf. An

intervies room and a seminar room are also useful.
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The discussion so far has been concerned with
outpatient and fn-patient departments as examples of major
departaents of a general district hospital. A comparison
between tnis type of hospital, on the one nand, and the
medical center and local hospital, on the other, is

presented in Table VIII-1

VIII-3.2.4 Local nospitals

These institutions are mainly concerned with general
medicine, general surgery, maternity services and
communicanle diseases. All or some of the coamon
specialties may also be offered. Table VIII-1l presents a
comparison between this type of hospital and tne aedical

center and district hospital.

VIII-3.3 Relatively small facilities
VIII-3.3.1 Definitions

A brief description of the Egyptian rural health
system 1s presented as an example of small or rural health
facilities.

Egypt 1is divided into tuenty five governorates
(regions or provinces), each ot which is subdivaded }nto a
nusber of districts termed "Markaz®, the total nuaber of

"Markaz" being 123. Each district or "Marxaz® consists of
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3 number of villages. the total number of thess is 4200,

The ainistry of health establishes tne technical
policies and plans the programs, which then implemented by
the governorate health adainistration and oy the district
and rural health levels., In other words, the central
administration 1is responsible for supervising the
technical policias and programs throughout Egypt, and is
also responsible for the recruitment and staffing of the
health services throughout the country. The governorate
health administrations are responsible for the
administration of the personnel of the healtn services in
their area (Furnia, 1975).

On the rural nealth level or tne village Jlevel, the
Egyptian government has created a systeam of rural health
centers and rural nealth units to provide neaitn care to
the entire rural population. Each rural nealth unit
serves about 5,000 people, with the unit beiny no more
than three kilometers from the most distant meaper of this
population. It was estimated that there should be a rural
healtn center (which frequently coabined comaunity
development activities) for every three rural health units
(serving up to 20,000 persons). 'The stafiing pattern dnd
services offefed by these units are described in Table

VIII-2.
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COMPARISUN OF THE DIFFZPLUT TYI'ES UF HEALTH FACILITIES

2= WRELATIVSELY S4aLL FACILITIES

variable

Rutal health cente:

Kur3l health unit

Goal

Service and ttaining

- ———-—— - . = - —————— - —

Small ofttce

Service

Services Ufferea

Inpatfent, outratient

and Lirst atd

outpatient and

tirst aid

outpatient ang

{irst atd

Specialties:

General medicine

General surgery

Fublic nealth services
such as:

maternal and child weltare
communicavle disease
coutrol

elivironmwental sanitation
housing control

tood control

healtnh educattion

school health secvices

Laboratory examination

General weuicine and
pupolic nealth services,

as in rural nealth center

teneral practice

some public health setvices,
such as:

vaccinatiin and

health edication



tor endemic diseises
keeping statistical
records

in-service trainij ot

medical personnel

Paze 24)

-— -——— ——— - - —

Humpet of beds 15 - 20 o beas no bads
tiuwiber of population about 29,000 abouyt 54720 about 150)
Serveds

Personnel needad to

opetatas the tacility physicians 2 physician | UMD 1

dentist 1+

sanitartan 1

assistaat wmidwives 3
assfistant nurses 3
assistant sanitarian 1
lavoratory technician 1
male and temale
orderlies 8 - 10
ambulance driver 1

couk 1

sanitarian 1

assistaut mduwives 2
assistant nurse 2
laooratory assistant 1
male ordeclies 2

temale orderltes 2

* Part-time
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VIil{-3.3.2 Rural nealtn centers:

A rural health center consists essentially of an
out-patient department, in-patient depactaent, small
operating room, saall laboratory, dispensary, kitchen and
annexes, and a place for accomodating the medical staff.

Qut-patient department

This consists of waiting rooms with woodan benches
(separate rooms for aen and Women), separate sanitary
facilities for men and women, medical examianation room,
dressing and first aid rcom, a rooam for nurses (containing
scales, sink, necessary shelves for medicines and
dressings to Dpe wused for preparing injections and
instruments at the physician’s fequest), and a room for
dental examinations (served regulacly by a dentist once or
tuice a week). |

In-patient department

Accomodates 15 to 20 patients in two separate wards
for men and women. FEach ward may be divided into smaller.
rooas containing six beds, three peds, and one bed.
Hospital furniture is simple and to easy to maintain and
repair locally. Beds, tables, chairs, openches, and
cupboards are wusually metal, in ocrder that they may be
easily cleaned and disinfected. Thne in-patient departaent
also contains the following fac;lities:

Nurses® workroom with a. table - for preparing

injections, a counter and sink for cleaning usad
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instruasents.

Built-in cdpboatds for clean linen, cleaning
utensils, spittoons, bedpans, urinal etc,

Ficre extinguishers.

Sanitary installations for patients: onhe sanitary
installation for every four patients.

Operating room

used for aseptic minor surgeries such as reamoval of
foreign podies, simple hernias and varicoceles. This room
i3 Joined by a sterilizing room.

Delivery rooa

used for normal deliveries and some complicated
‘deliveries .uhicn do not require major obstetrical
intervension.

Laboratory

a spacious room with central table to receive samples
from the out-patient and the in-patient departaeats. It
also contains a centrifuge (electric and/or manual), a
refrigerator, and laboratory equipment for exaamining
parasitic and endeamic diseases.

Dispensary

Used to prepare certain types of drugs and distribute
drugs for both in-patients and out-patients. It is also
used to store drugs and vaccines. It contains a sink,
balances, a number of cupboards, and a special place for

keeping poisons ana narcotics.
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Accomodations for staff

These present a reasonable standara of coafort in
order to make the stay 1in cural areas as pleasant as
possible. Accomodation is free of charge (including

lighting, laundry and house keeping).

VIII-3.3.3 Rural health units:

These wunits are located in saall villages with
populations of about 5,000. They provide out-patient
services only. A rural healtn unit consists of the
following facilities:

An out-patient department similar to that of the
rural healtn centers, except for the abscence of the
dental services.

Saall laboratory, dispensary, and a place for
accommodating the medical staff, similar to that described
under the rural health centers. For the staffing pattern
and services offered by these types, of health facilities
refer to Table VIlI-2.

VIIT=3.3.4 Dispensaries:
Another type of smaller rural health facility is the
small dispensary type of facility. This type 1s suitable

for use by a “Barafoot doctor® such as those in China, or
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by other health personnel of similar training in other
®

countries. A comparison between this type of  health

facility and the Egyptian rural health units and centers

1s presented in Table VIII-2.

VIII-4 DETERMINANTS OF HOSPITAL UTILIZATION

VIII-4.1 Introduction

“he extent and form of utilizing hespital beds are
influenced by many factors that depend on the
socio-economic, educational, and cultural characteristics
of each population, and on the attitudes and special
hadvits of the medical profession. For instance, 1in
developing countries, people @ay exert pressure on the
attendiny physician 1in order not to be hnospitalized,
because of their  fear of the hospital or their
unwillingness to be separated from their famiiias. On the
other hand, the reverse may occur in developed countries.
Some of the factors that 1nfluence hospital utilization

(1, 7-12) are presented in section 4.2, ana a method to
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evaluate the 1impact of hnospitals® location ‘on their

utilization is presented in section 4.3,

V11I.2 Factors affecting hospital utilization
ViIl.2.1 Factors refering to facilities
1- Availability of hospital beds: a
Although it has been observed in @any countries that the
larger the nuamber of available hospital peds, the higher
the volume of their utilization, it is unlikely that one
of these factors caused the other. Both are the result of
other factors which are linked to the Socio-econoamic
developaent of a country, such as better health sducation,
better health consciousness, and higher standard of.
living. A saturation level will eventually oé reached,
especially for specialized services. $to585 Sometimes a
direct relationship may ©be found  opetween the
bed/population ratio and wutilization indices such as
bed-occupancy rate, admission rates, and per person '
hospitalization rate (Davis, 1966, p. 320).
2- Distribution of hospital beds:

An even géographic distripution of hospitals increases
their wutilization by making thea more easily avaible to
all'the people. A high bed /population index in 1itself
does not guarantee a full * population coverage Lf most

hospitals are concentrated in “.«han areas (Davis, 1966 p.
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32).

'3- The efficiency of the supporting sevices:
Supporting sevices in a hospital are very important to the
efficiency of the overall hospital services. &xasples of
such services are X-ray departments, operating rooas, and
laboratories. Lack of aquipment or persoanel in these
departaents prolongs the average length of stay, decreases
the admission rate and 1increases the cost per patient
(Davis, 1966, page 33).

4- (Other hospital functions:

Teaching hospitals are usually more selective 1in their
admission policies. They tend to accept cases which are
of value for training medical personnel or tor research
"Purposese. The average length of stay also tends to be

longer.

VIII-4.2.2 Factors referring to physicians
5- Availability of physicians:

In areas with shortage of physicians, the admission rate
tends to be low. As the number of physictans increases,
this rate also increases as the result of detecting wmore
cases of 1llness, until a maximum point is reached where
Physician/population ratio beccwmes such that tnere 1is
practically. complete coverage of the population, but the

nuaber. of patients per doctor is very niga. At this
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point, physicians become overburdened and they tend to
refer to hospitais patients who could normally be dealt
with efticiently on an out-patient basis. A further
increase in the number of physicians reduces the load on
thea, and allows for more medical attention for patients
outside the hospital. Consequently, the adaission cate
tends to level off.
6= Attitudes of the wedical professiont

Medical customs differ froa one country to another. For
instance, 1in some countries, hospital deliveries for
almost all births are the rule. In other countries,
hospital deliveries are only confined to abnoraal cases
and primiparas. doreover, the length of stay in hospitals
in nocmal obstetric cases varies considerably from one

country to another.

VIII-4.2.3 Factors referinj to tne patient popuiations

7- Age of the populations

The higher the proportion of aged persons in a
Population, the greater is the volume of nospitalization.
This is reflected as a high per psrson hospitalization
rate and a high average lengn of stay per patient.

8- Morbidity pattern:
The morbidity pattern in a community greatly affects the

pattern and volume of hospital wutilizaiion. Acute
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inlectious dJdiseases 1li\crease the demand tor beds 1in
®"short-stay™ 1tnstitutions, while chronic and degenecative
ones tenu to Increase the average stay in hospitals.

9- Housinyg conditions:
Many hozprtal adamtssions are due not to the real need for
hospital «care, but to the inconvenienceés encountered when
caring tor patients in small houses or apartasents.

10- Capacity to pay dnd method of payaent:
Payment tor hospital services may be either directly by
the patients, or 1ndirectly through a third party such as
an insufrdance company . Tne nmethod of paysent usually
intluences the decision of weather to be hospitalized or
not. Also, the dsmand tor a hospital should decline as
the costs of reaching it increase (Morrill, 1964d).

11~ Religton:
Religious preferences may play a decisive role 1n hospital
attractiveness. In the work done by Morrill and Earickson
(1969), 1t was found that tne averagae Jew evaluates the
aistance to non-Jewish hospitals to be apout three times
as yJieat as 1t actually is. Meanwhile, Cathoiics evaluaty
distance to non-Catholic nhospitals as about twice as far,
and Protestants evalute Catholic and Jewisn hospitals as
about ‘tulce as ftar, but evaluate the nontgligiously-'
oriented hospitals about the same as Protestant ones.

12- Social class:

In their coaparisons betusen the middle and uworking
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classes, weiss and Creenlich (1970) concluds that distancs
affects the medical care process difterentially by secial

class.

VIII-4.3 Quantitative evaluation of the 1mpact of
hospitals® location on their utilization

In agreement with the observations in section 4.2,
distances traveled to hospitals are a complex function of
the location of patients with respect to pnysicians and
hospitals, together with various characteristics of the
hospital itself such as size, quality of care offered,
possible discrimination according to race or method and/or
ability of payment, religious affiltation and so forth.

In order to examine the impact of locating nospital
facilities within certain distances froa population
centers, Morrill and Kelley (1970) have developed the
concept of "distance decay%. These are convenient
mathematical formalizations designed to reflect real
behavior or perception and response to distancee.
Considering a simple gravity type model as expressing the
relative attractiveness of equivalent facilities with
increasing distance, Morrell and Kelley nypothesized that
attractiveness “R" can be related to distance “D* with the
foraula |

R =1 I (D ol b)ooo (1) .
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shere "**" denotes exponential, and "o™ is a paramster to
be estimated from actual data. Assuaing tnat b = 1 for
medical facilities located at distances = (1, 2, 3, 4, S,
6], one obtains "attractiveness® = [1, 1/2, 1/3, 1/4, 1/5,
1/61. As a perceptual model, this say exprass logically
and reasonably the patients” view of distance, sSince it
takes three times as much effort to get to a place three
times as far away. On the other hand, if b = 2, one will
obtain “attractiveness® = Cl, 1/4, 1/9, 1/16, 1/25, 1/361.
In tnis way, a place three times as far away as another is
1/9 as attractive.

The equation in (1) can be modified to consider that
the different types of health facilities described abovs
may have different degrees. In this case it can be
written as: | ‘

R(i) = K(1) / (D ** b)
where the subscript ™i"™ denotes that the variable refers
to the type of health facility %i%, The wmore
attractiveness a tacility has, the higher wiil be the
value of K(i). If a simple exponential model is used, for.
instance, R = 2 / (2 ** D), in this case, for the given
distances, "attractiveness* = (1, 1/2, l/4, 1/8, 1/16,
1/321. Here an additional unit of distance involves a
constant degree of decrease in attractiveness, i.e., each
additional mile reduces attractiveness to the same

facility by half. It, is still quite logical that soame
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persons may perceive and respond to distance in this way.

Since a person’s percoptlon.ot distance coula be a
msixure of both the gravity and exponential cases described
above, other forms of distance decay were also suggested.
For instance, R = 2 / (D ** 0.5) (2 **D) or R =1/ D #** «
0.5 + 0.5 D

If the closes,t hospital is more distant, at eight
alles for example, with others at ten, elaven, and
thirteen miles, Morrill and Kelley (1970) noticed that
patients tend to discount the distance to the closest
facility, since they must nave medical care. They view
the distance to tne closest facility as a unit effoct (as
one mlle) and then view the other as three, foucr, and six

miles.
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VIII-S AN INTEGER PROGRAMMING MODEL FOR THE OPTINOM
SELECTION OF NUMBER, SIZE, AND "LOCATION OF HEALTH
FACILITIES.

VIII-5.1 Presentation of the model .

In the presentation below it is assumed that in a
country ot gJeographical area, N locations uwnere health
facilities could be located have been identified. These
locations can be cities, villages, or other
collectivities. They will bDe designated below with a
subscript that taxes values from 1 to N.

The numper of inhabitants in the locations will be
designated by P(I), with I = 1,...,N to indicate the
location.

The total nuzher of persons in the reyion being
considered will be denoted with P, i.e.,

P = SuUM P(I)
I=1/ece,l

In the simplified.problem to be considerd here, only
two types of medical facilities will be considered: small
and large. The saall ones will be called dispensaries,
and the large ones nospitals, Subindices with values from
1 to N will be used to designate a dispensary in location
I =1s0ee¢N, and a subcript I= N+l,ee.,2N, will indicate a

hospital in location 1 to Ne. In what follows, the
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dispensary 1n location | will be called dispensacry I, and

the hospital in location I to N, will be hospital I. °®

For the analysis'beIOd it 1s useful to introduce the
variable B(J), where J =1,...,N for dispensaries and J =
N¢l,...,2N for hospitals. B(J) can be defined as the
index of location as well as of type tacility. That is ,
the value of J indicates botn the location of a facility
and the average of number indicates , as mentioned above,
the type of facility. To illustrate this, let us take
B(18). Because J is betwean 11 and 20, the facility would
be a nospital. To identify its location, one would have
to subtract ten from 18 (i.e, froa the nuaper between 11
and 20). Thus the hospital would be at location 8. When
a facility 1is available B(J)assumes the value of 1, and
when one is not available,it assumes the'value of 0

As observed, the number of persons demanding services
in a specified facility plays a basic role in the model.
To introduce tnis concept, tne following notation will be
used:

A(I,J) = proportion of persons froa location I
that would use facility J, for J = lyeceg2Ne

It snould be observed that the proportions A(I,J)
reflect the preferenqes of the persons of the different

localities with respect to the medical tacility that they
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would use 1if it were available, and not their actual
benavior. For this reason, it is not only possible, but
likely that

SUM A(L,J) > 1.
J=1;...,2M

This point can be {llustrated by the following
examples It is reasonable to assume that if a facility is
availaple in a coamunity, 90 per cent of the population
would utilize its services. If one is not available, then
60 per cent would probably go to a facility in another
community. In this case, the sum of the A(I,J) would be
1.5. However, this does not mean that 150 per cent of the

persons from that community receive medical attentione.

Witn the notation above, it follows who the nuaber of
persons from locality I who demand medical attention in
facility J, if available, is

A(I,J)*P(I)*B(J), I=1secerN 1)
J=1l,ee0,28
From formula (1) it follows that the number of
persons who demand services in facility J is
SUM ACL,J)*P(I)*B(J), J=1,eee2N (2)
I=l/0ee,N
Forma fromula (1) it also follows that the nauaber of

persons from locality I who are treated in all tne medical
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tacilities availaole is
SUM A(I,J)*P(I)*B(J) ) ) PR | 3)
J=llooo'2~
and the number of persons from locality 1 not treated in

any medical facility is

P(I) = SUM A(1,J)*P(1)*B(J) (4)
J=1'cco[2N
1.e., 1t s equal to the nuaber of persons in locality [
minus the total treated in all dispensaries and hosplitalse.
The total number of persons from all localities

treated in all the medical facilities availabie is

SUM A(I,J)*P(I)*B(J). (5)
I=1'occ’N :
J=1,...,2N
and the total number of patients not treated in any

medical facility is

SUM P(I)*C 1 - SUM A(I,J)*B(J) ] (6)
ISl 000, J=1,e00,28
Denoting with V(J) the survival cate for persons with
no amedical attention (J=0), and for persons with attention
in a dispensary or hospital J, (J = 1,eee,28), one
obtains, using foraula (1), that the number of persons

from locality I treated in
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dispensary or nhospital J, and who survive is

V(J)*A(1,J)*P(I)*B(J) J=0,e0002N N

Y

Froes formulas (2) and (6) it follows that the total nuaber

oL persons surviving from among those demanding medical

services at facility J is

SUM V(J)*A(I,J)*P(I)*8B(J) (8)
I=1,0e0,N
Fron formulas (2) and (6) one also obtains that the total
number of persons 1in I who demand medical attention and
survive is
SOUM V(J)*A(IL,J)*P(I)*B(J). (9)
J=1l,seee,2N
Foramulas (8) and (9) iumply that the total number of
persons in all hospitals and dispenaries who survive is
SUM V(J)*A(IL,J)*P(I)*8(J) (10)
I=l,00e,N
J=ljeees2N
To Compute tne total nuamber of persons surviving,
those surviving among those not treated in any medical
facility must be specified. This result i3 ootained by
multiplying the number of people in region I =ho are not
treated in any facility - that is, focmula {3) = by the
survival rate, V(0). As a result, one ootains the

following expression
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V(0)L P(I) = SOM A(I,J)*P(I)*B(J) I (11)
J=1'ooo'2~
and the total survival for the non-assisted population
will be
V(O0)C SUM P(I) - SUM ACL,J)*P(I)*B(J) 1 (12)
I=1'ooo,N I=1,...,"
J=1,...,2N
dith the meaning given previosly to P s leges the
total population in the region being considered, formula
(10) becomes
V(0)*C P ~ SUM A(I,J)*P(I)*B(J) 1
I=1,...,N
J=1100012N
In the model being presented it will pe assumed that

the objective is to maximize tr-al survival. With the

foraulas above, total survival is equal to

V(O)*P + SUM C V(J) = V(0) I*A(I,J)*PCI)*B(J). (13)
I=1/eee,N
J=1l,e00,2N
The maximization of total survival must be done
Subject to the constraints imposed by the resourcas
avaiiable, and the demand for amedical services, woich is
dependent on the lLocation and size of the facility. These
tuwo types of constraints will be discussed belode
In principle, many types of resources can be
considered in the type of model being presented. For the

Sake of simplicity, only two of them will o»pa considered

here: Human and financial resources. To formalize thea,
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the following notation wil be used:
C(R,J) = Units of resource R, )
R =1, for husan, and R = 2, for financial

resources, needed for facility J, for J =
lyeee,2Ne

K(R) = Total amount of resource R availabple.

With the notation above, the total amount of resourcs

R used by all the facilities available will be

SUM C(R,J)*B(J) (14)
J=1,...,2N
and these total asounts must be, at most, equal to the

total amount of resource R available, i.e.,

SUM C(R,J)*B(J) <= K(R). (15)
J=1100-12N

To 1introduce the coastraints imposed Dby the
population®s demand for medical services, it should be
remeabered that when presenting the definition of the
coefficients A(I,J), it wWwas observed that they are likely
to count each meaber of the population more than once,
since one person could look for medical facilities in
several localities until he finds one that is available.
In the model being counstructed, this cnaracteristic of

the A(I,J) should be eliminated, since in actual practice,
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a person cannot attend several medical faciiities at the
same time. For this reason, the following constraint must
be introduced
SUM A(T,J)*B(J)*P(I) <= P(I). (16)
J=1lyee0es2N
This constraint siaply says that the total number of
persons from locality I attending all tne different
medical facilities must be less than or equal to the total
population of that locality.
It should be observed that the constraint (16) can be
written as follows:
SUM A(I,J)*B(J) <= 1. (17)
J=1,e0e,2N
In summary, the model can pbe reduced to the following:~
| Haximizef
V(O)*P+SUM[V(J)-V(0)J*A(I,J)*P(I)*B(J)

I=1,ooo’N
J=1100012N

Subject to:

SUM C(R,J,'B(J)(zK(R)l R=1,2
J=1pooa12N

SUM A(L,J)*B(J)C=1, I=1,eeeN
J=1,...,2N

with variables B(J),J=1l,eee2N, being the decision

variables which take on the v2lues 0 and 1.
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¥111~5.2 Numerical example

The data needed for the application of tne model as
well as for its solution are illustrated in tnis section

with a judicious numerical exasple.

In the numerical exaample 1t will be assuaed that the
number,size and location of tne health tfacilities for the
ten villages represented in Figure 1 has to be specified.
The number of persons living in each of these villages is

presented in Tapblas VIII-3,

TABLE VIII-3:

Anoual Population in ¥Yillages
in froiect

Total
Yillage Bopulation

1,529
1,1013
2,014
2,211
1,621
1,041
891
8,721

W @©® 2 & 0 b W N e

4,901
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10 5,213

Tne simplest way to estimate the propoctions A(I,J)
of persons in location I wno would attend facility J is to
assume that they are deterained by the distances 0(1,s)
for I and & =l,.e.N, from one village to another. The
distances assumed for the present example are presented in

Tavle VIII-4,

TABLE VIII~-4

Assumed Qistances froa Qpne
Yillage to Anatner

13 18 38 13 7

36 36

Ve =] - [, (8] F (™) ~N [l ]
]
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Table VIII-4 {ndicates the distance bstwesn cne
village and another by reading the (figurs at the
intersection of row and colusn. For example,the distance
between village 3 and village 5 i1s 25 kilomeiers as can be

seen froam row 3 and column 5.

Since the preference for attending a particular
medical facility decreases with distance and increases
with the quality of medical care, the A(I,J) are computed
here witn the following foraulas:

ACL,J)=2" 1/D(1,S8))s I=1s00al
[=8=1/00c,N

and
A(I,J)=6"(1/D(1,S))s I=1yeeeN
J=N+S=Nt1, 000020

The first formula above states that the projection of
patients attending a dispensary is equal to 3 times the
inverse of the distance between the village where the
‘patients live and the village where another health
facility is located. In the second foramula, i1t is assumed
that a hospital 1is twice as attractive as a aispensacty.
It should be emphasized again that although tae parameters

for the formulae above can be estimated froam actual data,

this is not the cass for tne figuras usad
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in our example. Trhe results obtained are presented in

Table VIII-S,.

TABLE VIII-S

tceportions, ACI.J). of Persons in legcality I
Ibat Mould Attend Facility J

(a) DISPENSARIES

1 «70 .18 .16 423 .17 .14 .11 .14 .19 -18

2 eT0 oS1 .17 413 .11 .09 .84 .27 .16
3 «70 W15 W12 W11 .09 .84 .27 .16
4 e70 60 .37 .22 .09 .38 1.0

5 «70 .22 .17 .84 .23 .42
6 ; «70 .60 .07 .19 .33
7 «70 407 .14 .21
8 .70 .08 .08
9 <70 .43
10 .70

(b) HOSPITALS


http:Ea�1�.tx

Chapter VIII: Location

b 11 12 13 14 15 16 17 18 19 20

1 1.0 .35 .31 .46 .34 .29 .23 .29 .39 .35
2 1.0 1.0 .34 .26 ¢23 .19 .16 .55 .27
3 1.0 430 424 .22 .18 .14 .46 .25
4 1.0 1.0 .75 <46 18 .75 1.9
5 1.0 .46 .37 .16 .46 .84
6 (1.0 1.0 .14 .38 .67
7 1.0 <13 .29 .43
8 1.0 <17 .17
9 1.0 .86
10 1.0

The next parameter to be considered nere is the
survival rates of those without medical attention, and of
those using elther dispensaries or hospitals. For
simplicity it will be assumed that the survival rate of
persons «ho receive medical attention is the same for all
dispensacrles and all hospitals. The values to be used in

the example are given in Table VIII=-6.
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Table VIII~-6

suryival Rates for Patients of
Diseepsaries and Lospitals

No medical attention ¥(0)=.,97
For dispensaries J=1,...,10 V(J)=.98
For hospitals J=1l,¢04,20 V(J)=.99

Next, the human and financial resources needed for
health facilities will be considered. The rogurzements of

dispensaries and nospitals are presented in Table 7.

Table VIII-7
Assumed reguircements 9f human
and fipancial resources

Facility Number of personnel tinancial resoucces

needed for unit operation*
Dispensaries 30 15
Hospitals 120 225
Maximua
available 800 600

*1000°< of Dollars
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AUALYSIS: Using the data given in our nusecical
example in tne previous section, that 1is, in
Tables | o S, several runs uere aade using a
Hized Ipteger Programaind sglutien. In eacn tun
the value of K(2) (wnich indicates the quality of
l.ospital) uas.changed. The results are presented

in Table VIII-8.

In Table VIII-8, the following data {is
presented:~- (a) (1) and £(2): the co=-efficients
of dispensaries and hospitals respectively--when
compared (li.e. K(2)/K(1)), they indicate the
preference for hospitals over dispensaries based
on quality; (b) B{J): the locaticy selected ror
a medical facility--for J=1 o 10  i:,ensaries)
and J=11 to 20 (hospitals); (c) lerceantaya of
Ropulation: the percentage of the population
covered by medical services; (d)¥3lue 9of tna
goblective functioni the number of people w«ho
survive as a result of medical services; and (e)
R€1) and R{2): the amount ot financial and nuaan

resources that are usede.
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TAPLE Y11=y
SUSLTIVITY ALALYSLS Els wlEtLBL4T EREEcdaulES EUK HOSELIALS

(Coelticients tor Wispensartes s(1)=3)

Coetficienty ¥2lue ot duman Eidaucaal
Lok Ueseltals Batie Lecaulion tParcept Upluctaive Besgurces 2wmigucces
KL22 EL124K€2) BLJ2 Leps tunctign gL1) (22
3.9 1.9 4,9,10 25.7 285€2.55 90 225
3.5 1.2 8,9,10 29,7 <48502.55 90 225
.0 1.3 4,9,1C 25,7 28902.55 90 225
4.5 1.5 18 39.1 28507, 35 120 223
S.0 1.7 14 3%.9 <¥8512,35 120 223
6.0 2.0 20 41.3 28527.35 120 225
1.0 2.3 b1 46,6 248551435 120 225
H.9 2.7 20 50.7 28575.00 120 223
9.9 30 23 4.8 28599,35 120 225

10.0 3.3 1y 59.0 28623,55 120 223
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Accoraing to our results, when the quality of
the dispensary and the h;;pltal are the same (le.
K(1)=K(2)=3), dispensaries are selected for 8(4),
B(9) and B(10). The results remained the saae
when the quality of the hospital was 1.16 and 1.33
times better than the dispensary. In all three
cases the value of the objective function was

28502.55 and the peccentage of people covered by

medical services was 25.7 per cente.

When the quality of the hospital was 150
percent and 167 percent better than the
dispensary, a hospital was selected for location
8. Here tne number of people who sSurvived was
28507 and 28512 respectively, and 39 and 40.
percent of the population had access to medical

Services.

Increasing the differences even
more--200,233,267 and 300 percent--a hospital for
location 10 was cnosen. As shown in -Table 6, the
number of people who survive ranged froa 28527 to
28599, Similarly, the percentage of the
population covered ranged from 41.3 to 54.8

percent.
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Finally, when the difference in quality was
333 percent, a hospital was chosen for location 9.
The nuaber of persons who survive was 28623, and
the percentage of the population coverea, 59

peccent.

A close examination of the results for the
first three runs indicated tnat in all instances
the three most populous locations in the £egion
were selected. With respect to the choice of
hospital, the first location chosen hai the
largest populatione However, as differences
between nospitals and dispensaries increase, the
next most populous rather than the most was
chosen. It would seem, then, that a factor other
than population size is determining the choice of

location,

A possible explanation is the interaction
between distance and quality of facility. This
can be illustrated by the following two factors:
(a) 1/p(1,S) and (b) K(I)=--FOR I<1l and 2. Wnen
the value of K(I) is high, that is, when one type
of facility 1is far superior to the other, the
proportion of people attending tnat facility would
also increase. Thus, as the quality of a facilaty

increasas, there is a shift away froa the location
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with the higher population to the one that offaers
greater coverage of the reyion”s population. Tais

1s borne out in Table VIII-T7.

With respect to the constraints, it caa be
observed that the most iaportant of thea is not
the resource constraints, but tne proportion of
people attending a facility--that is, the sum of
the A(I,J)°S. Because we aestablished earlier tnat
no more than 100 percent of the people troa a
region can attend a facility in the saae location
and that the sum of the A(I,J)°S can not exceead 1,
only one hospital can be chosene. It is tals
constraint, and the above influences tnat
determine the selection of a location for a

medical facility.
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